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FOR E W 0 R D 

The Concerted Act; on "Treatment and Use of Sewage Sludge" is a research 

programme impLemented jointLy by the European CommunHies and Austria, 

FinLand, Norway, Sweden and SwHzerLand. It aims at coordinating in the 

most flexibLe way aLL reLevant research receiving public funding in this 

area in the countries invoLved. 

ObviousLy, research in Europe cannot be isoLated from scientific progress 

abroad; informaL but fruHfuL working reLationships were estabL ished with 

scientists from non-European countries, in particular from Canada. 

The Concerted Action, continuing a more limited research programme execu­

ted in the earLy 70s, was running from 1977 to 1980. During this period 

some 400 nationaL research projects have been identified; an attempt is 

made now to evaLuate the resuLts of this effort in order to make them 

avai lable to the scientific community and to administrative bodies con­

cerned wHh the disposaL of sewage sLudge and its utilisation on cuLtivated 

Land. 

In early 1979, a first Symposium was organized in Cadarache, France, which 

permitted to outL ine the state of knowLedge at the onset of the programme. 

The second Symposium in Vienna wi lL serve as an important collection of 

scientific knowledge to enter the evaluation process mentioned above. The 

organizers stressed therefore to include a fair number of reviews which 

should summarize the major achievements of the Concerted Action. 

It seems indicated to reiterate briefly the general objectives of the 

programme : 

- to evaluate technological processes and equipment, 

- to elaborate and evaluate analytical procedures, aiming at 

establ i shi ng standardi zed or harmonized "European ll methods, 



- to assess the impact on the envi ronment of sludge treatment and 

disposal, 

to evaluate the constraints to the use of sludge and its conversion 

products (compost) in agriculture due to the content of pollutants 

and pathogens, 

- to contribute knowledge necessary for optimum uti l isation of sludge, 

considered to be a valuable resource. 

The reader of these proceedings may profit also from some information of 

the practical implementation of the programme. The research area 'Was 

subdivided in 5 areas and working parties were established in order to 

promote the coordination in these areas. These working parties are the 

following: 

Sludge processing 

- Chemical pollution of sludge 

- Biological pollution of sludge 

- Utilization of sludge 

- Envi ronmenta l effects of sludge 

The organisation of the Symposium followed this subdivision of the whole 

area. 

We hope that this volume wi II be a useful contribution to the important 

problems of treatment and util isation of sewage sludge. Moreover, it may 

demonstrate that coordination of research on European level is a rewarding 

task. 

The organizers wish to express their sincere thanks to the Austrian 

Government for hosting this Symposium. We appreciate in particular the 

support received from Dr. E. Pescheck and Dr. K. Stangel, Bundesministerium 

fur Gesundheit und Umweltschutz, Dr. R. Weiss, Osterreichisc.her Wasser-
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wirtschaftsverband und Prof. Dr. H. Supersperg, U.,iversitat fur Boden­

kuLtur - Institut fur Wasserwirtschaft, and from the regionaL government 

of BurgenLand. 

We wish to express our gratitude also to Andritz Maschinenfabrik AG, Graz, 

and Voest-ALpine AG, Linz, who kindLy supported the organisation of the 

Syrnposi urn. 

BrusseLs, January 1981 

H. OTT P. L 'HERMITE 
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LA POLITIQUE DE L 'ENVIRONNEMENT DES COMMUNAUTES EUROPEENNES ET LA 
VALORISATION DES DECHETS EN AGRICULTURE 

L. KLEIN 

Service de l'Environnement et de La Protection des Consommateurs 
Comm; 55; on des Communautes Europeennes, Bruxelles 

Abstract: The agricultural use of waste and sludge is considered 
as a priority by the Commission of the European Community. The 
treatment of waters leads obviously to a large production of 
sludge of about 6 million tons expressed in dry matter per year 
or 230 million cubic meters of raw sludge per year for the Community. 
A sensible increase is to be expected in the future. About 29 % 
of the sludge is used in agriculture. Regulations on the agricultural 
use of sludge are scarce in the Community; so, the Commission of 
the European Communities is aLready setting up a directive in this 
field aiming at the promotion of the agricultural use of sludge in 
emphasizing on their agricuLtural value taking into consideration 
the necessary steps for avoiding the negative environmental effects. 
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Les deux programmes d'action des Communautes Europeennes en matiere 

d'environnement du 22 novembre 1973 et du 13 juin 1977 soulignent 

La necessite d'une poLitique communautaire en matiere de dechets 

industriels et de residus de consommation. 

Toute action en matiere de dechets comporte un doubLe objectif : d'une 

part, La protection de La sante de L'homme et de L'environnement 

contre Les effets nocifs des operations Liees a L'eLimination de ces 

dechets; d'autre part, La protection des ressources natureLLes en 

luttant centre le gaspi llage et en prenant en particulier des mesures 

destinees iI faciliter le recyclage et la reutilisation des dechets. 

~ans le cadre du Comite de Gestion en matiere de dechets institue 

par la Commission en 1976 (1), qui formule des avis sur l',Habora-

t i on et La mi se en oeuvre d' un programme communautai re dans ce do­

maine, un groupe de travaiL a ete cree pour etudier les possibilites 

d'utiliser les dechets en agriculture. 

Par type de dechet utilisable en agriculture, on entend le terme 

general "matiere organique fermentiscibLe" et pLus speciaLement le 

compost, Les effluents d'elevage et Les boues de stations d'epuration". 

L'utilisation de ces dechets en agriculture permet, d'une part, de 

resoudre de maniere substantielle le probleme de l 'eL imination des 

dechets, et, d'autre part, eLle peut etre d'un interet non negLigeable 

pour l'agricuLture. 

Si de grandes possibiLites existent dans ce domaine, L'utilisation 

des dechets en agriculture comporte neanmoins certains aspects 

negatifs (pathogenes, metaux lourds ••• ). Il importe done de pre­

serve r, tant a moyen qu' a long terme, not re envi ronnement ai ns ; 

que les conditions de production les meilleures pour l'agriculture. 

C'est pourquoi l'action du groupe de travail developpe ses efforts 

dans les directions suivantes : 

~. nO L 115 du 01.05.76 

-4-



1. Faire le point des experiences tendant it promouvoir l'utilisation 

agricoLe des dechets dans La C.E. et Les pays tiers. 

2. Examiner Les possibi Lites actueLLes et potentieLLes d'une telle 

uti l i sation en tenant compte des aspects techniques, economiques, 

juridiques et ecoLogiques du probLeme. 

3. Recommander des mesures communautai res adequates, notamment dans 

les domaines suivants ! 

- normes visant la qualite des produits organiques 

- organisation de la commercia"l isation 

- recherche et deveLoppement 

Parmi Les differentes utilisations de dechets en agricuLture, ceLLe 

relative aux boues d'epuration a ete consideree comme prioritaire 

par La Commission. 

L'epuration des eaux residuaires aboutit, en effet, a une enorme 

production de boues d'epuration. En ce qui concerne La Communaute, 

ce Lle-c i est est; mee a que Lque 6 mi LL ions de tonnes de mat i eres 

seches par an ou encore Ii pLus de 230 milLions de m3 de boues fraiches 

par an. 

Chaque habitant produit done de L'ordr. de 800 kgs de boues/an 

auxqueLles i L faut ajouter Les boues industrieLLes biodegradabLes 

(brasser; es et ; ndust r; es a L imenta ires). 

Les perspectives futures Laissent supposer un accroissement sensibLe 

de La production de boues d'epuration au niveau de La Communaute. 

Ainsi, en 1980, pourrait-eLLe atteindre 15 II 20 x 106 tonnes de 

matieres seches/an (ERL, 1979). 

Le tabLeau en annexe donne un aperc;u des productions et des moyens 

d'H imination des boues dans Les differents pays de La Communaute. 

L'eLimination des boues se repartit de La fa~on suivante : (moyennes) 
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- 45 % partent en decharge contr6lee 

- 19 % sont deversees en mer 

% sont incinerees 

- 29 % sont utiLisees en agriculture~ 

Il est evident que Les 3 premieres pratiques ne constituent pas des 

solutions satisfaisantes pour l'eLimination des boues; en effet, les 

decharges en mer ou sur terre po sent des probLe-mes de nuisances 

ol factives, d'eutrophisation, de pollution bacteriologique et chimique 

de l'eau~ Merne si Lion procede a leur incineration, une poLlution 

de l'eau et de l'air peut encore se produire et le processus est 

onereux ~ 

Les 29 % utiLises en agriculture ne constituent done qu'un faibLe 

pourcentage alors que Les boues presentent un interet certain pour Le 

soL etant donne que Les boues sont sources de matiere organique, 

d'azote et de phosphore~ 

Pour ce qui est des legislations relatives aux boues, ceLLe~-ci sont 

assez rares : ou bien elles font partie de lois-cadre, ou elles sont 

a L'etat d'ebauche ou merne inexistantes~ 

La Commission prepare une proposition de La directive dans ce domaine 

visant a favoriser l'utilisation de ces boues en agriculture en sou-

l i gnant Leu r va leu r ag ranomi que rna is en etab l i ssant les precaut ions a 
prendre pour une bonne utilisation. 

IL est bien connu, en effet, que L'eLimination des boues des stations 

d I epu rat; on pose aux gest; anna; res de ces stat ions et aux co l Lett i v i tes 

locales des problemes compLexes~ Il importe, bien sur, de proceder 

a L'el;m;nation de ces boues en essayant de tirer part; de leur 

vaLeur: L'utilisation agricole des boues devrait done constltuer une 

voie privilegiee car elle bene-fie;e des remarquables proprietes 

epuratives du sol tout en lui off rant les proprietes non mains in­

teressantes qui caracterisent certaines boues. 
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Il est bien ce,rtain, cependant, que l'epandage des boues d'epuration 

ne se fera dans de bonnes conditions que si les agriculteurs sont 

convaincus de son interet. 

Il convient done de preciser les conditions de mise en place d'une 

telle voie en essa)1ant de satisfaire II la fois II quatre contraintes 

essentielles : 

1. la protection de l'hommt', des animaux d'elevage et de l'environ­

nement contre les effets prejudiciabLes causes par l'epandage 

incontrc3le des boues residuaires; 

2. La protection des mi l ieux natureLs recepteurs (sols et plantes) 

en L imitant llapport d'tHements-trace pour eviter toute intoxi­

cation et a long terme leur accumuLation dans le sol; 

3. La protection des eaux souterraines et superficieLLes en Limitant 

L I apport d I azote pa r Les boues; 

4. La recherche de La fi L iere de traitement et d'eL imination La mains 

one-reuse et La pLus pratique compte tenu des contraintes prece-den­

tes et des possibilites locales offertes sur le lieu de production 

des boues. 

La directive devra porter sur les boues ;'ssues des stations d'epu­

ration d'eaux usees domestiques au d'eaux industrielles LorsQu'elLes 

sont raccordees a ces stat ions. 

Les boues provenant de stations d'epuration de petite taille (le 

nombre d'equivalent - habitants reste a preciser) ainsi que les 

boues dont La teneur en metaux lourds ne depasse pas une certaine l i­

mite seraient exclues du champ d'application de la directive. 

Les aut res boues devront subir un traitement approprie suivant le 

type d'utiLisation envisage. Aucun traitement ne serait obligatoire 

pour les boues uti l isees en sylviculture, horticulture, restauration 

de sols VOl re meme pour certaines cultures industrielles. Pour les au­

tres types decuLture, Les boues devront au mains etre stabilisees, 
-7-



que ce soit par digestion anaerobie ou aerobie ou par traitement 

chimique. 

Les procedes de desinfection et leurs effets ntetant pas encore 

suffisamment connus a L'heure actuelle, La directive se bornera 

recommander de respecter un delai minimum entre L 'epandage des boues 

et la mi se en cuLture ou en pature. 

En ce qui concerne Les doses permi ssibLes de boues 

seront fonction : 

epandre, ceL Les-ci 

- de La concentration en elements-trace dans Les boues et dans les 

soLs; 

- de la teneur en elements fertilisants desboues; 

- du type de cuLture. 

Les boues ayant une concentration en elements-trace (en mg/kg matiere 

seche) superieure a certaines normes seront excLues; eLLes seront 

alors a considerer comme dechets toxiques et dangereux. 

Pour les boues ayant une concentration en elements-trace inferieure 

aces normes, Les Etats membres fixeront Les quantites d'eLements­

trace pouvant etre apportees par hectare et par an en tenant compte 

des conditions Locales (du type de soL, de La teneur "antecedente" 

des elements-trace dans les soLs); ils veilLeront toutefois a res­

pecter une concentration limite de ces elements dans le sol. 

Les elements essentiellement vises sont Le cadmium, le zinc, le cuivre 

et le nickeL. En ce qui concerne Les aut res elements, les Etats membres 

pourront en fixer les normes en fonction du type de sols et de 

cul tures. Les Quant i tes d I azote et eventueL Lement de phosphore appor­

tees par les boues ne devront pas depasser Les quantites utiLisees par 

La cuLture recevant l'epandage. 

Avant de pouvoir etre utilisees, Les boues devraient etre analysees 

au moins pLusieurs fois par an. Les analyses porteraient sur les 

parametres suivants : matieres seches, matieres organiques, cendres, 

azote, cadmium, zinc, cobaLt, nickel. S'il intervenait un changemeot 
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brutaL dans La quaLite des eau~ epurees, La frequence de ces anaLyses 

serait augmentee. Les echantiLLons de boues analyses seront constitues 

sur La base d'echantilLons moyens a partir de prelevements effectues 

a des periodes differentes. 

Il est a noter que ce type d'information ne devra pas etre dissocie 

des conseils d'utiLisation; l'analyse chimique sans interpretation 

n'est pas suffisante. 

D'autre part, les sols destines a recevoir les boues devront au preala­

ble fa;re l'objet des memes anal)Cses. En effet, les teneurs en azote, 

en phosphore et surtout en cadmium, zinc, cobalt, nickel varient 

enormement selon le type de sols, les types de cultures et surtout les 

types et quantites d'engrais chimiques au d'effluents d'elevage utili­

ses. ~L est done essentiel de connaitre "l'antecedent" d'un soL, avant 

de pouvoir determiner La quantite de boues appLicabLes et done Les 

quantites d'eLements-trace toLerabLes qu'elLes apportent. 

On vei Llera egalement a ce que le pH de ces soLs soit au moins su­

perieur a 6 - 6,5 , etant donne que les elements-trace sont moins 

disponibles pH eLeve qu'en conditions acides. 

La di rective devra egalement comprendre certaines contraintes 

d'epandage. On n'epandra pas sur les soLs fortement draines afin de 

ne pas poLluer les eaux de surface et Les eaux souterraines; on ne 

contaminera pas directement Les cuLtures afin d'eviter l'ingestion 

par les animaux d'eLevage et Les etres humains. Crest pourquoi un 

drHa i d I au rna; ns 3 serna i nes devra et re respec te ent re l' epandage des 

baues et La mise en cultures au en patures. Ce de-Lai sera meme d'un 

an Lorsque ce sont des fruits et des Legumes consommes crus qui seront 

cuLtives. 

TeLLes sont Les grandes lignes et orientations qui guideront La 

Commission dans son travai l. Certes, cette proposition ne pretend 

pas couvrir tous Les probl~mes que comporte L'utiLisation agricoLe 

des boues d'epuration. ELLe vise simpLement a etabLir, a travers un 

certain nombre de r~gLes, un equiLibre entre l'interet des producteurs 

de boues qui cherchent ales eLiminer et des utilisateurs qui trou­

veraient La un engrais a faible coOt. 
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Un Comite d'adaptation au Progres technique devra etre prevu daf-ls le 

cadre de la di rective pour permettre de teni r compte d'une maniere 

simple et efficace de l'evolution des progres scientifiques et des 

experiences qui decouleront de L'application de la directive. 

BOUES D'EPURATION : PRODUCTION ET UTILISATION AU NIVEAU DE LA C.E.E. ANNEXE 

PAYS Production Projection Utit isatio Incinera- Decharge Rejet 
totaLe (i) future en agricut tion contro- en mer 

______________________________________________________ t...~_':.. ______________________ 1:..~~ ________ _ 
IRELAND 

GERMANY 

BELGIQUE 

U.K. 

DENMARK 

18.000 Tfa 
(1977) 

2.014.324 rIa 
(1974) 

76.000 rIa 
(1978) 

1.250.000 114 
(197S) 

130.000 rIa 
(1972) 

_!!~!::r ____________________________ _ 
NEDERLAND 

LUXEMBOURG 

202.500 rIa 
(1974) 

11.000 rIa 
(1977> 

40.000 rIa 
(1977> 

4.000.000 rIa 
(198511990) 

augment at ion de 
Sa8'!./an 

4 % 

34 X 

27 X 

augmentation de 10 '!. 
28.000 rIa 

faible 
augmentat ion 

320.000 T la 
(1982) 

400.000 Tla 
(198S) 

6.S00 Tla 
(1982) 

44 X 

45 X 

31 % 

39 % 

8 X 51,6 '!. 

20 % 53 X 

10 X 80 X 

3 • 33' 

9,5 X 55 X 

2,6 X 4,9 X 

(1) Productlon totale brute (non stabillsee) expnmee en matlere seche par an 

(ii) 33 '!. epandues sur terres pon agricoles 
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SESSION I - SLUDGE PROCESSING 

Introductory remarks 

1.1 - Sludge production and characterization 

Characterization of sewage sludges 

Sludge production in the Netherlands 

Standardized sludge parameters and methods for their determination 

Differential thermal analysis for the characterization of the 
stability of sludge 

1. 2 - Sludge dewatering 

Dewatering of municipal sludges 

Dewatering of activated sludge 

Die Bedeutung von Kennwerten zur Charakterisierung del' maschinellen 
Fest-F1Ussig-Trennung von Kl~rschlamm 

Influence of precipitation on the behaviour of sludge in the case of 
dewatering 

An application of natural sludge dewatering at small sewage treatment 
plants in Finland 

Klarschlammbehandlung in Oesterreich 

I.3 - Sludge stabilisation 

A brief review of methods for stabilising sewage sludges 

Behandlung von Kl§.rschlamm mit Branntkalk - Voraussetzungen und Absatz­
mogli chkei ten 

Prefabricated systems for low-cost anaerobic digestion 

I. 4 - Economic aspects of sludge processing 

Etude de comparaison technico-economique des filieres de trai tement 
et elimination des boues residuaires ur-baines 

Experiences in large scale treatment and utilisation of sewage sludge 

Sludge generation, handling and disposal at phosphorus control 
facilities in Ontario 

Computer control of sludge fermentation: process monitoring and data 
treatment 
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ACTIVITIES OF WORKING PARTY 1 "SLUDGE PROCESSING" 

INTRODUCTORY REMARKS 

by 
A.M. BRUCE 

Water Research Centre, Stevenage Laboratory, 
Stevenage, 

Coordinator of the Working Party 

The interest of this Working Party was rather different to the four other 
Working Parties which comprised the COST 68 bis programme and was certain­
ly Less controversed. 
Thus, Working Party 1 was concerned with the chemicaL and engineering 
probLems associated with sewage sLudge rather than an evaLuation of the 
effects of its use. At the first Symposium on the Characteristics, Treat­
ment and Use of Sewage SLudge heLd at Cadarache in February 1979, the 
objectives of Working Party 1 were defined as "to render sewage sludge 
suitable for disposal at minimum cost and with maximum benefit". 

- Working Party 1 was formed in JuLy 1978 with U.K. as the pilot country 
and Norway and SwitzerLand as co-pi Lot countries. More than 80 technicaL 
papers had been produced by the Members. 

- The scope of Working Party was particuLarLy wide and covered aLL aspects 
of sewage sLudge from primary treatment to the finaL disposaL site. 
The key tasks of the Working Party were: 

10 Identify/classify national research projects on sewage sLudge: 
more than 100 projects had been identified to date and it was 
interesting to note regional variations in interest. For example, 
most of the projects on composting of sewage sLudge were carried 
out in the FederaL RepubLic of Germany. 
Additional projects covering characterization of sewage sludge, 
treatment of return liquors, economics and energy considerations 
had aLso been identified. 

20 Exchange of information 
3° Prepare "State of Art" reviews on aspects of treatment of sewage 

sLudge 
40 Identify need for further research. 

- The interests of Working Party 1 aLso extended to the harmonization of 
methods for the characterization of sewage sLudge and to the evaLuation 
and recommendations of new methods. 

- Seventeen papers wilL be presented at the Symposium on this session 
and' for convenience they have been grouped into the following four 
subject areas: 

1) Sewage sLudge characterization 
2) Sewage sLudge dewatering 
3) Sewage sLudge stabi L i zat i on 
4) Economics of sewage sludge processing. 
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CHARACTERIZATION OF SEWAGE SLUDGES 

B • E. HAUGAN and G. MININNI 

Norwegian Institute for Water Research, 

as 10, Norway and 

Istituto di Ricerca sulle Aque, 

Bari, Italy 

Sludge characterization involves description of sludge behaviour in 
treatment processes and disposal. Appropiate characterization methods 
facilitate understanding and prediction of sludge properties. The charac­
terization parameters belong to one of three cathegories: Indication of 
quantity, treatability or quality. Discussion of quantity and treatability 
revea 1 s a large number of proposed parameters. Unfortunate 1y tqere is a 
lack of universally accepted parameters to describe centrifugation. In 
stabilization one has no corrunon method suitable for sludges from anaerobic, 
aerobic and chemical stabilization. This makes the degree of offensiveness 
hard to compare between sludges of different origin. 

Sludge behaviour in thickening and most dewatering processes can be 
evaluated by several accepted methods. Characterization of physical pro­
perties is still in its infancy, but methods have recently been proposed. 

Common sludge characteristics are reflections of fundamental proper­
ties that can often be identified even if their influence is hard to quan­
tify. The diversity and complexity of the sludge microcosmos make generally 
valid relationships very hard to find. 
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INTRODUCTION 

The object of sludge characterization must be to get quantitative mea­

sures for sludge behaviour in treatment processes and when disposed of. 

Thus the incentive for characterization could be one of the following: 

1. Because sludges exist in large quantities we want to know the amounts 

and the expenees involved in their treatment and disposal. 

2. Because sludges are environmental nuicances/hazards, energy sourc:-es, 

fertilizers or even food sources; we want to know their potential. 

3. Because the processes change the sludge propert~es, we w~nt to know 

their "treatability". 

4. 5ecause sludges have a history, we want to know how the generation 

process affects the quantities and the properties of raw sludge. 

Parallel to the characterization of the sludges runs characterization 

of the sludge treatment-processes and the environment in which we dispose 

of the sludge. 

In the following discussion we will group parameters related to sludges 

into three cathegories: 

1. Sludge Quantity. Both total ~nd per capita sludge production data 

from all connnon sewage and sludge treatment methods are of "interest. 

2. Treatability parameters. These are characteristics of how a sludge 

behaves in a specific process. Typically; dewaterability and digesta­

bility. 

3. Sludge quality parameters. These are indicators of how the sludge 

could influence the environment when disposed of. Sludge quality 

changes through most sludge treatment processes (stabilization, ther­

mal etc.) and include concentrations of chemical compounds, pathogenes 

etc. 

Sludge quality in relation to final disposal is the object of Working 

Parties 2-5 in this COST-action. The sludge parameters defining chemical 

and biological composition, toxicity, fertilizer value etc. will therefore 

not be further discussed below. 

1 • SLUDGE PRODUCTION 

Sludge production can be given in mass or volume, in total or in per 

capita values. The production will depend heavily on the given sewage 
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treatment process and on the subsequent sludge treatment. The human body 

excretes approx. 110 g of organic matter pro day. This includes some 14 g 

of Nand 2 g of P. In sewage, other SOurces of pollutants are: "Grey" waters 

from househo ids, industrial effluents and urban storm drainage. Within a 

particular sewage works the sludge production will be related to the total 

volume of influent and to its quality. The amount of water and pollutants 

reaching the works will most certainly differ from that generated in the 

district served. This is due to infiltration and exfiltration in the servers. 

Table I (1) gives sludge production per capita pro day in a number of 

treatment processes. The figures are approximate. In chemical treatment the 

precipitating chemica} is dosed proportional to the volume of influent. 

The amount of chemical precipitates will increase with amount of coagulant 

added, and therefore with volume of influent. To achieve per capita figures 

one must assume a figure for the per capita water consumption, a very un­

certain venture indeed. The sludge production in biological processes will 

depend on the organic load on the plant, and could be very much influenced 

by industries with high organic effluents. The volume of sludge from the 

first separation process is reduced through thickening and dewatering. 

Table I 

Mechanical 

~jech.+Activ. 

Primary and secondary 

Simultaneous Preripitatian 

~ ___ M'_d_'"'r'i_C"_, ____ +-_",_"d_:e_,o_::r::_.c:_:_d_"O_'''_m+'_"_i"_'_'_O_'h,'r'k_,"_'_Og __ ~ ______ r-____ ~ 
g!nS!p·d l!p'd g!Ds/p'd l!p'd g!DS!p'd l/p'd g!DS/p·d l!p.d 1 

60 
60 

1.2-3.0 
80 

1.2-3.0 
4.0-8.0 

--.------J__-+----+---=-~J__---+----.:..---I----+_---.:..-__+--
Post pn·c:ipiUtllOn 

60 
GO 

2. SLUDGE TREATMENT 

Fig. 1 (2) shows processes and pathways available to alter properties 

and volumes of the untreated sludge. The treatment processes can be grouped 

according to their objective: 
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PROCESS STAGE 

PRELIMINARY 
TREATMENT 

PRIMAR.Y 
THICKENING 

lInUIO 
STABILIZATION 

SECONOARY 
THICKENING 

CONOITIONING 

OEWATERING 

FINAL TREATMENT 

STORAGE 

TRANSPORTATION 

FINAL SITE 

Primary 
Mixed 

UNTREATEO SLUOGE 

Surplus activated 
Humus 

Chemical 

Fig. 1 Sludge tre>atmE'llt prncesses and pathways. 
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2. 1 Thickening 

2.2 Dewatering 

2.3 Stabilization 

2.4 Final treatment and disposal 

Parameters relevant to these groups of processes will be discussed below. 

2.1 Thickening 

Through thickening of the sludge one can achieve a 1 to times reduc-

tion in velum. How well the sludge thickens can be estimated through a 

number of tests: 

Table II Thickening test. 

Parameter Measurement 

Sludge volume Volume of settled sludge after 30 min. in 
graduated sylinder. (ml sludge/l sample) 

Sludge Volume Index (SVI) Sludge Volume/Suspended Solids concen-
tration (ml/g) 

Stirred SVI (SSVI) SVI in a slowly stirred graduated sylin-
der (ml/g) 

Low speed centrifugation Sludge blanket settling velocity in a 
field of 10-100 G 

Ultimate Solids Dry Solids concentration after settling 
or centrifugation 

Flotation tests Specific air requirement in lab thickener 
Dry solids achieved 
Flux of thickener 

Of these the SVI (and lately in Britain the SSVI) have found wid spread 

use. In activated sludge, an SVI of less than 100 ml/g is considered "well 

settling" while sludges with greater values are often troublesome (3). The 

SVI can however be misleading if the SS value is high, as one can get a low 

SVI even with poor or no settling. 

Careful use of a low speed centrifuge (5) can directly model sludge 

performance in thickeners. A new device called "WRCfrozen image centrifuge" 

(5) is a promising tool for predicting thickener; - performance - flux and 

ultimate solids for a specific sludge. The method can also be employed to 

evaluate particle mobility and sludge compressibility. 
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The thickening tests can be used to design and determine operational 

parameters of thickeners. The tests all reflect more fundamental properties 

of the liquid and the solid matter in the sludge. Among these properties 

are: 

The suspended solids concentration (55) 

The specific gravity of the solids 

Chemical and electrical interaction between individual sludge partic-

1 es (surface charge) 

Particle 

Particle size distribution 

Compressibility of individual particles 

Presence of filamentous organisms 

Viscosity of sludge and sl udge liqu~ur 

Ionic strength 

Distribution of water around and in the floes 

Shear strength of sludge floes 

Aggregate volume index (('() = water volume 
sludge solids volume 

Nature and amount of exocellular polymers 

Etc. 

The fundamental properties that affect thickening are also important 

in dewatering. The parameters measured to evaluate dewatering are different 

however. The listed fundamental properties are of great research interest 

even if microlevel interactions in sludges to day are hard to quantify and 

relate to both process performance and sludge behaviour. 

2.2 Dewatering 

Prior to dewatering sewage sludges are nearly always conditioned. This 

operation can only be appreciated in the way it succeeds to improve the de­

watering properties of the sludge. The parameters related to conditioning 

are thus measurements of the dewatering properties and the amount of che­

micals and energy required. 
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The parameters of dewat£'ring model forces aC'ling in full scale de­

watering processes. They are often liable to scale effects and will 

sometimes better predict relative changes in dewaterability with condi­

tioning than give exact figures for fullscale process performance. The 

parameters are often as much functions of test variables as of sludge 

properties. The data are nevertheless useful when obtained under standar­

dized conditions. The parameters listed in table III are direct~y related to 

specific dewatering methods. Parameters related to dewatering by filtra­

tion (vacuumfilter, filterpresses and belt filters) are commonly used to 

caracterize sludges. Surprisingly there is a lack of universally accepted 

methods to predict sludge behaviour in centrifuges. This is all the more 

unfortunate as centrifuges are corrnnon in many countries. 

The dewatering parameters CST (10) and specific resistance to filtra­

tion have found widspread use and acceptance, and are by far the most com­

monly quoted indicators of dewaterability. Both are measured under standar­

dized conditions. t-Jith the CST a standardized test procedure is available 

indicating sludge shearstrength and conditioning dose demand. CST and 

specific resistance data are avai I ab 1 e from reported research works over 

a number of years. The CST method has been further developed (13) and the 

"multi radii CST" may facilitate very rapid deterulination of important de-

watering characterJ_st~cs. 

Filter Leaf Testing rcl.:.:!te directly to vacuumfilters, quite uncommon 

in Europe apart from France. 

Filter belt presses enjoy increasing popularity and recently a two 

stage test procedure was proposed (9) to investigate conditioning and 

dewatering with these machines. Experience with the method is still scarce, 

but it may help to achieve a more rational approach to polyelecLrolytic 

condi tion ing. 

Fil tration processes inevitabI e cause a resistance buildup in the 

filter cloth due to increasing sludge solids deposited in the pores. The 

degree and rate of resistance increase in the medium (referred to as blind­

ing) is dependent upon sludge quality after conditioning. Measurement of 

specific resistance in successive filtration cycles will give an indica­

tion of the degree of blinding. Little experience is available with this 

as a test method. 
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Table III. Dewatering tests. 

Parameter/related process 

Specific resistance to 
filtration (r) 

Capillary suction Time 

Mu1 ti Radii CST 
(fil tration) 

Compressibil ity 
(filter presses) 

Shearstrcngth 

Filter leaf yield 
(vacuum fi1 ters) 

Filter belt press yield 
(filter belt presses) 

Blinding index. 
(filtration) 

Extent of dewatering 

2.3 Stabilization 

Measurement 

Rate of solids bui 1 dllp in a fi 1 tcrcake 

Rate of 1 iquid with rawal from a sludge by 
capillary suction (sec()nJs) 

Modified CST-method. 

Rate of increase in "r" with increasing 
pressure in filtration. 

Rate of change in CST or IIr" with turbulent 
stress on sludge particles. 

Sludge solids captured pro unit area in a 
vacuum fiJter. Cake solids concentration 
achieved. 

1. Rate of gravity water drainage from slu­
dge on filter be]t 

2. Rate and extent of water removal from 
sludge subjected to compression subse­
quent to drainage 

Degree of in resistance bui 1 dup in fi Iter 
cloths though a sequence of filtration 
cycles. 

Dry Sol is measurement of sludge cake. 

The object of all stabilization processes are genereally to make the 

sludge 1I1ess offensive". The degree of lIoffensiveness" exhibited by the 

the sludge is primarily linked to the character and the intensity of its 

odour. The first COST-68 action proposed the following definition of an 

aerobically stabili~~ed sJudge: "A sludge where the odour intensity Index 

(011) does not exceed 11 at any time prior to 14 days of slorage at 20°C 

unless the odour can be classified as a typical "soil" odour. 1I (8). Odour 

is a highly individual perception and its measurement requires a panel 

of test persons and a rather laborious test procedure. Odour measurements 

have therefore found litt1e practical application in sludge treatment. 
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Rather, several researches have tries to link IIstability" to other more 

convenient characteristics of the sludges. The parameters measured to 

determine stability vary among the different stabilization processes. 

Table IV Stability Tests. 

r--------------.--------------;------------------------------, 
I Stabilization 

method 

All 
(Biological and 
chemical) 

Biological 

Anaerobic 

Anaerobic 

Chemical (lime) 

I 

I 

Property 

Odour 

Volatile solids 

Potential 
degradability 

Nutrients in 
sludge liquour 

Viability 

Gas Produc t ion 

Gas composition 
Volatile fatty 
acids 
Bicarbonate 
alkalinity 

Activity 
Nitrification 
pH 
Denitrification 

pH 

-21-

Test 

Odour: - intensity 
- number 
Number of liquid or gas dilu­
tions necessary to make odour 
indetectable. 

Odour identification: Gas chromato­
graphy followed by simulta­
neous concentration record­
ing and human detection. 

Time to colour lead acetate paper 
(Riiffer-test) 

Reduction of organic material 
through process 

Total organic carbon content 

Sludge liquour COD and BOD varia­
tion through reactor 

ATP concentration 
Enzyme II 

Carbondioxide and Methane produc­
tion rate 
CO2 /CH4 ratio 

Oxygen uptake rate 
Nitrate concentration 
Change of pH during process 
Flotation detection 
during storage 

Stability of high pH during storage 



In an-aerobic and aerobic stabiliz~tion, the biodegradable fraction 

of the volatile solids may vary with time, and from one sludge to another. 

Stability measurements based on volatile solids reduction, must therefore 

be made on the assumption that a specified fraction is biodegradable. 

This limits the accuracy and comparability of volatile solids mea­

surements as a stability indicator. Apart from pH and oxygen uptake rate, 

other parameters of stability are limited by either requirement of labo­

rious test procedures, limited reproducability or weak correlation with 

the odour emission. Oxygen uptake rate has been proposed as an indicator 

of sludge stability obtained in aerobic processes (7), while an elevated 

pH (>11) during storage indicates low biological activity after lime 

stabilization (7). 

Anaerobically stabilized sludge is characterized by process related 

parameters like gas-production, composition, fatty acid content and alka­

linity. These give useful informasion of digester performance, but less 

precisely indicate the appearance of the sludge. 

Recently a "biological evolution index" was suggested (14) as 

a general indicator of sludge stability. The index is defined: 

[ATP con<J [log interstitial BODS+ (~~/. (Enzymatic activity leveO] 

The index however, requires complex analytical procedures and equip­

ment. It's application wi11 therefore be restricted to research purposes. 

2.4 Final treatment and disposal 

Relating to the final sludge disposal a large number of parameters are 

of interest. In particulat" contents of pathogenes, heavy metals and nutrients; 

the potential hazards and benefits will be the topic of numerous papers at 

this Vienna conference. 

From the point of view of sludge treatment, sludge behaviour in drying, 

incineration, composting, transportation and disposal (spreading etc.) is 

of interest. Heat drying of sludges take place to convert wet sludge into 

a possible fertilizer, soil conditioner, or as a pretreatment ment to com­

bustion. Of interest is the energy required to evaporate the desired amount 

of water from the sludge. 
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Table V a. Characterization of physical properties. Identification of 

physical state. 

State 

Liquid 

Plastic 

Solid "with" 
shrinking 

Solid "without" 
shrinking 

Definition or test requirements 

Sludge will drain from a specified vessel through a 
calibrated orifice in a specified time. 

1. Not 1 iquid 
2. Sludge can be extruded in a continuous sylinder 

from a specified pressure cell. 

1. Not plastic or liquid 
2. Experiences reduction in volume upon drying 

No reduction in volume upon drying 

Table V b. Tests characterizing sludges within each physical state. 

-

State Property Test 

Liquid Viscosity Flow rate through a specified tube 
viscosimeter 

Plastic Degree of plasticity Pressure needed to extrude sludge 
through a specified orifice. 

Mechanical stability Casagr ande s shock apparatus 
(Adapted from geotechnical ana 
lysis) 

Shear strength Penetrometry test 

I IIdhes ion Force needed to ectract specified 
I cones from adhesion to plastic 

sludge 

So 1 id state Shears trength As above 

Degree of shrinking Volume reduction upon drying 
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Combustion of dry sludge solids will liberate energy. Any sludge will 

therefore have a specific heat value, typically from 8.000-20.000 Btu/kg 

dry solids. 

Economics of incineration are dependent of the specific heat value, 

the water content and ash content of the sludge. 

Sludge hand] ing after final treatment depend on the sludges physical 

state and rheological properties. 

The physical state of sludges is determined by the nature and amount 

of solids present. Methods developed in soil science and rheology can be 

adapted to fill the need for a system to characterize the physical state 

of sludges. In this COST-action has been suggested (11), table V a and b, 

that the physical state of a sludge can be classified in one of four groups: 

Liquid, plastic, solid "with" and "without" shrinking. A number of test have 

been defined to identify to what group a given sludge belongs. Within each 

group tests have been defined to measure important properties. 

Other useful information of the physical properties of sludges include: 

Specific weight, bulk weight, dry solids concentration and water retaining 

properties. 

Testing physical properties of sludges is almost a virgin area of re­

search. One has yet to see to what extent one in sludge treatment and dis­

posal can apply results obtained through research on physical characteriza­

tion. 

Characterization is an area of research where more fundamental know-

ledge is desired, but made hard to aquire by the extreme complexi ty and 

diversity of sewag2 sludges. 
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SLUDGE PRODUCTION IN THE NETHERLANDS 

by 

L.E. DUVOORT- VAN ENGERS 
Institute for Waste Disposal 
Amersfoort, The Netherlands 

Any solution of the problem of sludge disposal starts with the collection 
of reliable data on quantities and qualities of the produced sludges. 
Since 1959 the Standing Committee on Sludge Disposal of the Netherlands 
Association of Wastewater Treatment and Water Qual ity Management (NVA) 
undertakes inquiries of purification methods, methods of sludge stabili­
sation, sludge production, ways of sludge disposal, disposal costs and 
composition of the sludge. 
The paper describes the way in which the questions are asked in the 
inqui ry among the ci rca 30 Water Authorities and industries with private 
purification plants and the presentation of the results. Some results 
of the 1978 inquiry are given. 
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A sewage treatment plant delivers in principle two products, 

namely the effluent and the sewage sludge. 

Nowadays it is not really a prob~em to produce a good quality 

of effluent; 

However from the beginning of the practice of sewage treat­

ment the treatment and disposal of sewage sludge is the pro-­

blem child of those who are concerned with sewage treatment. 

Quantities and qualities of the sludge are dependent on the 

composition of the sewage and the process of sewage treat­

ment. 

The number of sewage treatment plants in the Netherlands in­

creased from 200, with a capacity of 2.250.000 i.e. in 1959, 

to 568 with a capacity fo 18.000.000 i.e. at this moment. 

This increase is attended with an increase in sludge produc­

tion and a more than proportional increase of the problems of 

the treatment and disposal of the sludge. 

However one will think about it, the sludge should be dis­

posed off in the environment in one way or the other. 

The actual method depends on factors like, among others, 

quality, quantity, local circumstances, and seasons. 

A right approach to the problem of treatment and disposal 

of sludge starts with the collection of reliable data on 

quantities and qualities of the produced sludges. 

With this in view the Standing Committee on Sludge Disposal 

of the Netherlands Association of Waste Water Treatment and 

Water Management (N.V.A.) undertakes inquiries among the 

circa 30 Water Authorities and industries with private sewage 

plants since 1959. 

In the beginning these inquiries were undertaken at intervals 

of some years, at present it is use to have an inquiry each 

year. 

As a matter of course every year the way in wich the ques­

tions are asked has impoved as well as the processing of the 

data. 

In the following the inquiry of 1978 is described. 
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In :the spring of 1979 we did sent two forms, A and B, to 

each Water Authority and industry with private sewage plant 

to be filled up before the Ith of September. 

Before half September we got back :!: 80% of the forms. 

We called upon those who did not reply and at the end of 

October the total response was 94%. 

The remaining 6 percent that did not send back their forms 

were small industries. 

Only data of the sewage plants with over 1000 i.e. are pro­

cessed. 

In form A details of the plants are asked, as location, capa­

city (both design and actual capacity), purification method, 

method of sludge stabilisation, sludge conditioning and de­

watering, the transporter of the sludge and the destination. 

With the exception of the capacity all these data are filled 

up in code according to a code list enclosed with the forms. 

Moreover figures are asked about sludge quantities before and 

after dewatering, the dry matter and ash content, costs of 

sludge transportation and disposalcosts of proceeds. 

Form B contains questions about the quality of the sludge, 

such as: organic matter, pH, nitrogen, phosphate, calcium, 

potassium, chloride, zinc, lead, copper, manganese, chromium, 

cadmium, nickel, mercury, cobalt, molybdenum and iron con­

tent. The methods of destruction and analysis of the samp­

les are also asked. 

The data are processed by a computer; therefore it is possi­

ble to combine the results in every possible way. Only the 

useful combinations are worked out because it has no sense to 

get more theoretical interrelationships. 

In 1978 we got the information of 479 sewage plants. (At that 

moment there were in the Netherlands 568 plants with more 

than 1.·000 1. e. ) • 

Some of these plants have more than one stream of sludge, 

often different in the dry matter content, sometimes diffe-
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rent by the purification method and so they can have two or 

more destinations of the sludge. 

With the 479 sewage plants went 537 streams of sludges. 

With all these detailed data corning from so many sewage 

plants we are pretty sure of the reliability of the results. 

So we have for instance no doubts about the quantity of 
20 sludge produced per inhabitant equivalent (a 54 g BOD 5). 

In 1976 these production was 13.9, in 1977 13.5 and in 1978 

12.6 kg dm/Le. 

In literature (Imhoff, Taschenbuch der Stadtentwasserung 

1969) a quantity of 25 - 28 kg dm/i.e. is admitted; in the 

Netherlands the situation clearly is different. 

The results of the inquiry are published in the Journal H20. 

(H20 (13) 1980, nr. 13). All the figures are summed up in 

eight tables. (See Appendix). 

An other interesting matter we were able to work out, is the 

so called base-concentration of heavy metals in sludge: the 

heavy metals content that satisfy 10% of the sludges. 

The underlying thought was that this figure would be about 

the concentration of the metals if all the industrial dis­

charge of these elements were eliminated. 

We found that 10 percent of the sludges can satisfy the fol­

lowing concentrations: 

Zn 820 ppm 
Cu 222 ppm 
Pb 156 ppm 
Ni 17 ppm 
Cr 25 ppm 
Cd 3 ppm 
Hg 0 ppm 

It is worth to strive after a good qualtity of sludge without 

affecting the qualtity of the effluent, which has proven to 

be possible! 

This way of processing enables us to follow trends in sludge 

production, destination and composition over the years. 
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ie ie kg/d. 
1e jaar 

--------._-------.---.---.----------------------------------------.--------
1. mechanische zuivering 66 2.212.700 3.040.460 13,1 

(idem zander Den Haag) 65 812.700 880.460 

2. aktief sl ib 88 7.462.300 5.492.060 13,6 

3. oxidatiesloot 216 4.887.110 2.954.420 14,1 

4. oxidatiebed 89 2.927.500 2.661.030 9,1 

5. compactinstal1atie 16.120 9.535 11,3 

6. combinatie aktief sl1b 0,0 
en oxidatiebed 

7. combinatie oxidatiebed 11 1.683.500 1.210.290 11,0 
en derde trap zu1vering 

----------------------------------------------

Totaal 479 

Totaal zander Den Haag 478 

Purification method number 

19.195.700 

17.795.700 

design 

15.367.800 

13.207.800 

actual 
capacity 
(inh.e.q. ) 

The purification plants surveyed 

Type inrichtingen in percenten 

type zui veri n9 

1. mechan;sche zuivering 

2. aktief s1ibinstal1atie 
(incl. ox. tank.) 

3, oxidatiesloot 
(incl. carroussel) 

4. oxidatiebed 

5. compactinstallatie 

6. cornbinatie aktief slib 
en oxi dati ebed 

1976 

15 

16 

45 

22 

1977 

14 

17 

44 

22 

1978 

14 

18 

45 

19 

12,6 

d.m.prod. in 
kg/inh.e.q./ 

year 

7. combinatie oxidatiebed 
en derde trap 

0,2 0,2 2,3 
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STANDARDIZED SLUDGE PARAMETERS AND METHODS 

FOR THEIR DETERMINATION 

R. LESCHBER 

Institute for Water, Soil, and Air Hygiene, 

Federal Health Office 

A short description of the development of standardization is 
given with regard to impulses which had corne from the research 
group "Standardization" in ECE's first concerted action COST68 
which ended 1975. 

At present, the German Institute for Standardization (DIN 
Deutsches Institut fur Normung) coordinates and leads all 
standardization activities in the Fed·eral Republic in the 
field of water, sewage, and sludge through its committee 
called "NormenausschuB Wasserwesen (NAW)" which coordinates 
the activities of seven special committees and a great number 
of subcommittees. The author is chairman of the committee 
"Sludge and Sediments" which was set up i" 1969 as a working 
group of the German Chemical Society. In a first phase, this 
group has worked out a number of German Standard Methods which 
were published in "Deutsche Einheitsverfahren zur Wasser-, 
Abwasser- und Schlarnrnuntersuchung". 

The second phase comprises work on the revision of these 
methods, transformation into German Standards of DIN (DIN­
Normen) and preparation of other methods not yet standardized. 
With a view to harmonizing all these methods and new ones 
required for sludge treatment and disposal, the above named 
committee has set up a table listing the necessary and de­
sired sludge characterization and investigation methods. It 
is hoped that the discussions and work within COST 6Sbis will 
influence progress in this field to give aid to scientists 
and technicians working in sludge treatment and disposal to 
improve processes and to corne to solutions acceptable both 
from the economical and environmental pOints of view. 
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As a consequence of increased efforts in the field of water 

pollution control, the treatment, utilization, and disposal 

of sewage sludges have gained in economic and technical im­
portance in recent years. During the coming years, continua­

tion of this development is expected to meet with a lot of 

success but also to raise numerous problems. There will be 

solutions for these problems if onward development of methods 
is accompanied by the development and improvement of proper 

conditions for sludge treatment and disposal. 

In this context, sludge examination and analysis are playing 

important roles. The significance of this field is examplified 

by the agricultural utilization of sludges where the analysis 

of heavy metals in sludges, soils, and plants is of prime im­

portance. There have been numerous comprehensive programmes of 
study on the international level, among them Project COST 6eis 

under the auspices of the Commission of the European Communi­
ties (CEC). 

Besides heavy metals, there are numerous other factors in­

fluencing the characterization and evaluation of sewage 

sludges. Within the first CEC Project COST 68 (1), the study 
group "Standardization" established a list of parameters and 

methods to be used in sludge characterization that has been 

a guideline for onward activities. Unfortunately, these in­
ternational activities of the past met with little response 

by circles outside the research programme proper. 

Thus, the international standardization work by ISO does not 

yet include work on sludge investigation and analysis although 

a basis for such activities has been provided by preparatory 

work in a number of countries, e.g. in the U.K. and in the 

Federal Republic of Germany(2, 3). 

The following is to give a brief account of German activities 

in this field and to submit proposals to be included in a list 

which is thought to serve as a basis for future international 

cooperation. 
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Intensive work on the German Standard Methods (DEV) (3) includro 

the formation of a specific working party within the Water 

Chemistry Division of Gesellschaft Deutscher Chemiker (GDCh) 

as early as 1969. This working party has been dealing with 

the elaboration of corresponding methods of characterization 

under the name of "Methods of examination of sludges and 

solid wastes". The author has participated in this work which, 

until 1975,has resulted in the following methods: S 1 -

Sampling, S 2 - l'later Content and Dry Residue, S 3 - Loss on 

Ignition and Residue, S 4 - Leachability (water), S 5 -

pH Value, and S 10 - Sludge Volume (activated sludge). 

Later on, there has been close cooperation between the above 

mentioned division of GDCh and Deutsches Institut fUr Normung 

(DIN) with a view to a future revision of DEV methods to form 

DIN standards. The working party has been re-named Special 

Committee "Sludge and Sediments". Thus, it has become a sub­

committee within the Standards Committee "Water Management" 

of DIN. When the long-standing chairman of this working party/ 

subcommittee, Professor Dr. F. von Ammon, Munich, retired in 

1979, the author was asked to become his successor. Work has 

since been continued in accordance with the programme which 

had been set up under Professor von Ammon's chairmanship. 

The transormation of the DEV methods into DIN standards 

(No. DIN 38 414/part 1 - part 10) is under way. The methods 

are revised and completed taking into account experience with 

their application after their publication in 1975. The first 

to appear in the near future will be DIN 38 414/part 5 

"Determination of pH value in sludge and sediments" and DIN 

38 414/part 10 "Determination of settled sludge volume and 

sludge volume index". A new item that has been included in 

the list of methods will be the one on "Determination of the 

anaerobic digestion of sludges". Methods for the analysis of 

surfactants will also be discussed. 
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Despite such progress, the number of standardized methods of 

analysis has remained a rather limited one and is not at all 

corresponding to the requirements of practice. Although the 

manuals, handbooks , and other publications in this field pro­

vide a number of other rules and guidance in matters of sludge 

investigation, these are frequently of a quite general nature 

and only rarely meet the requirements of binding standards. 

Fast progress in this field is a necessity to provide material 

that would permit e.g. a comparison of the performance of 

sludge treatment installations. Such material should have been 

developed on the basis of generally recognized and exactly 

described chemical, physical, and technical methods of char­

acterization. For this purpose, cooperation with a committee 

of "General Problems of Sludges and Solid Wastes" of Abwasser­

technische Vereinigung (ATV) which is also under the author's 

chairmanship has started. 

As a first result of such cooperation a table has been pre­

pared lrsting methods of characterization that have either 

been used in the field of sludge investigation or proposed 

for such purpose on the basis of scientific studies (4). This 

list has been related to an enumeration of the common methods 

of sludge treatment and disposal and includes a rating that 

provides information on the necessity of the application of 

the former. This list does not include the microbiological 

,methods needed for an evaluation of the agricultural use of 

sludges. Standardization of these methods is a task of hygi­

enists. As has been shown by work under the COST 6Sbis Project 

(Working Party 3), this task is still meeting with difficul­

ties and will take a certain time. 

The author and his colleagues within the working parties 

would welcome proposals by the experts of other countries that 

could help to improve and complete the list provided. 
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Temperature 
Density 
Dynamic viscosity 
Rbeolog. properties 
Settling behaviour 
Sludge volume/ 

sludge index 
Moisture content/to­
tal solids residue 

Volatile substance/ 
fixed residue 

Organic carbon 
COD of liquid phase 
Digestibility 

c Digestion behaviour 
.~ Digester gas composit 
.jJ pH value 
~ Acid consumption 

";1 Volatile acids 
~. 
4J Fats and oils 
~ Surfactants 
~ Heavy metals 

..c:: Other pollutants 
o (cyanides,halogenate 
~ hydrocarbons etc.) 

'tI Nutrients (N,P) 
~ Enzymatic acti vi ty 
t Conditionability 
~ Particle size distrib 

Dewaterabili ty 
Capi11. suet. time (CST) 
Spec. resist. to filtrat. 
Compressibili ty 
Centrifugabili ty 
Calorific value 
Heat.by autoxidat.etc 
Leachabili ty by water 

+ 
+ 
+ 

+ + 
(+) 

(+) + + + + + + 

+ 

+ 

+ + 

+ + 

(+) 
(+) 

+ 

+ 

+ + + + 

+ + + + 
(;J !Il ~) (tl 

+ + + + 
(!J 

+ 
+ 

+ + + 
+ 
+ 

+ + 
+ 
+ 

+ + 

+ 

+ + + 

(+) 

+ + 
(+) (+) 

+ + + + 
+ + + (+) + 
+ + + + 

(tl (!J (+) 

+ + + 
+ + + 

+ + 

+ + 

+ + 

+ + 

+ + 

+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

Table 1: Characterization of sewage sludges for 
evaluation of methods of treatment and 
disposal 
+ : necessary (+) : desirable 
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Abstract 

DIFFERENT I AL THERMAL ANALYS I S FDR THE 

CHARACTERIZATION DF THE STABILITY OF SLUDGE 

P. BALMER and B. KAFFEHR 

Chalmers University of Technology, Department 

of Sanitary Engineering, Gothenburg, Sweden 

In stabilization processes such as aerobic stabilization, composting 
and digestion, the organic matter in the sludge is transformed to products 
with a lower total free energy content. Differential thermal analysis (DTA) , 
is a method in which the weight and enthalpy changes in a sample are con­
tinuously registered during the heating of the sample. DTA should thus be 
of potential interest for the characterization of the stability of sludges. 

In this study DTA has been used to characterize the stability of 
sludges from 

- a pilot scale experiment with the composting of mixed biological­
chern i ca lsI udges. 

- a full scale composting unit for the composting of a bark -
biological mixture. 

- a laboratory scale aerobic stabilization unit and some samples 
from full scale aerobic stabilization units. 

The OTA-analysis of compost samples made it possible to study the 
transformation of the organic matter in the sludge. The transformation 
could be characterized as a shift of the combustion energy release to higher 
temperatures. 

The origin of the sludges seems to influence the shape of the thermo­
grammes, but some of the characteristics of the compost sample thermo­
grammes could also be found in the thermogrammes of the aerobic stabil ized 
sludge samples. 
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Introduction 

Sludge stabi 1 ization processes have been in use for many decades, but 

there are still not any generally accepted methods for the eharacteriza-

t" I of sludge stabil ity. The impl leation of this situation is that the 

design and operation of the sludge stabi! ization processes Jack elementary 

fundamentals. A large number of sludge stabi 1 ity parameters has been de­

veloped. These parameters can be classified into three categories; 

- parameters related to the objective of the stabilization process 

e.g. odour and hydrogen-sulphide production 

- parameters related to the properties of the sludge e.g. loss on 

ignition and 1 iquid content 

- parameters related to the biologicaJ activity of the sludge e.g. 

resp i ratory act i v i ty and the TTC-test. 

From the fundamental point of view a parameter for the characteriza­

tion of stabi 1 ity should be related to the principal process and that is 

the mineral ization of the biodegradable organics of the sludge. From this 

point of view the widely used loss on the ignition- mineral ization index can 

be justified. Experience has ruled out the mineralization index as a para­

meter for sludge stability. 

Differential Thermal Analysis (OTA) is a method that is largely un­

tried in sludge characterization. DTA is of interest as it is related to 

the fundamental process in the sludge stabi 1 ization and it could be re­

garded as a sophisticated loss on ignition method. 

The objective of this study was to make a prel iminary appraisal of 

the usefulness of DTA for the characterization of the stabil ity of sludges. 

The OTA method -------

When OTA is applied, a small sample (about 20 mg) is heated in a 

furnace. Simultaneously an inert reference sample e.g. A1 203 is heated. The 

sample crucible is coupled to a sensitive balance and the weight loss of 

the sample is monitored continuously. Any endo- or exothermic reaction in 
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the sample during the heating will give rise to a temperature difference 

between the sample 'and the reference. The temperature difference, ~T, is 

recorded continuously. Integration of the ~T-curve over a temperature in­

terval gives a relative measure of the enthalpy changes. 

Mater j a I and methods 

A Mettler TA-HE-20 instrument was used. The sample consisted of 10-

25 mg dry matter. An inert reference sample of A1 2 03 ignited to 900°C was 

used. The furnace was continuously suppl ied with air at a rate of 5 l/h. 

The llT curves were normal ized to a 1 inear temperature increase and to a 

100 mg sample size. The base 1 ine was establ ished at 100°C. The tlH-values 

in arbitrary units have been calculated in the whole of the 100-8500 C 

range and at g raduat ions of SOOC. 

Dehyd rogena se act i v i ty was determ i ned accord i ng to Ge rman Standa rds 

in the "Deutsche Einheitsverfahren ll • 

The compos ted sludge was produced from primary-chemical (AI) sludge 

compos ted in a batch reactor with forced aeration at the Norwegian College 

of Agriculture, Dep. of Microbiology. 

Compos ted sludge-bark mixture was obtained from a full-scale com­

posting plant in Gothenburg. The sludge originated from a high-rate acti­

vated sludge plant without presettl ing. The composting plant was run 

according to the Windrow principle. 

Activated sludge was obtained from six continuously operating labo­

ratory units. The activated sludge units were fed with unsettled and 

settled domestic waste-water. 
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Aerobic stabil ized sludge was produced in a Sapromat-B (Voith) unit 

operating at 250 C. Surplus activated sludge from a high-rate activated 

sludge plant without presettl ing (sludge age 1 day) was added to the six 

vessels of the Sapromat unit. Respiration was monitored continuously. Due 

to the limited oxygen transfer capacibility of the Sapromat unit, initial 

sludge concentration in the vessels was 1 imited to 2.0 gil. 

Results 

Samp 1 es have been ana 1 yzed after O. 4. 11. 30 and 40 days of com­

posting. The results are shown in figure 1. 

The heat of combustion of the sludge was reduced by about 30% during 

40 days of compost i ng. 

The enthaply changes are subdivided in temperature intervals (figure 

2 raw sludge. figure 3 composted sludge) and it is obvious that there is a 

shift in the I1b.H-distribution" towards higher temperatures. Table I gives 

additional data. 

Table 1. Percentage distribution of the heat of combustion versus tempera­

ture for a raw and a compos ted sludge. 

Days of Percentage distribution of the heat of combustion 

composting 350-400oC 500-550oC 600-650oC 

0 18.9 10.8 1.7 

40 17.1 9.4 7.9 

Sludge-bark mixture was analyzed after O. 3. 6 and 7 weeks of Windrow 

composting. The results are shown in figure 4. 

The "i1H-distribution" exhibits also here a shift towards higher 

temperatures, as can be seen for 0, 3 and 7 weeks of composting in figures 

5. 6 and 7 and table 2. 
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Table 2. Percentage pistribution of the heat of combustion versus tempera­

ture for a raw and a combusted sludge-bark mixture. 

Weeks of 

compost i ng 

Percentage distribution of heat of combustion 

350-400o C 500-550oC 600-650oC 

14,0 

15,5 

12,5 

10,7 

9,8 

9,5 

3,3 

8,9 

7,5 

In the 700-800o C temperature range the fraction increases from 1,9% 

in the 3 week sample to 13,0% in the 7 week sample. 

Activated sludge developed on unsettled domestic waste-water with a 

sludge age of 2, 5 and 13 days was analyzed (figure 8), as well as acti­

vated sludge developed on settled domestic waste-water with a sludge age 

of 5, 13 and 30 days (figure 9). 

There is a shift in the "I1H-distribution rr towards higher temperatures 

as in the compost samples. It should also be observed that the general 

appearance of the thermogrammes of the two sludge types (figures 8 and 9) 

are quite different. 

Samples were withdrawn for analysis after 1, 4, 7, 14, 18 and 21 days. 

The thermogrammes will be found in figure 10. Respiration activities and re­

sults of the TTC-test will be found in figure II. The heat of combustion 

was reduced by almost 40% during 21 days of stabi 1 ization. 

The "I1H-distribution ll for a and 21 days can be seen in figures 12 and 

13 and in table 3. The shift previously noted can again be observed. 
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Table 3. Percentage distribution of the heat of combustion versus tempera­

ture for raw and aerobic stab; I ized sludges. 

Stabilit:ation time Percentage distribution of the heat of combustion 

Days 350-4000 C 500-5500 C 600-6500 C 

4 

14 

21 

Oi scuss i on 

13.9 

12.3 

11 .4 

9.6 

9.5 

10.4 

10.9 

11 .2 

4.6 

7.0 

7.4 

9.7 

In this study activated sludge samples with sludge ages of 2-30 days. 

sludge stabil ized aerobically for 1-21 days and sludge composted for 0-7 

weeks have been analyzed. There are no fundamental differences between 

activated sludge treatment and aerobic stabil ization. Composting may also 

be regarded as an aerobic stabil ization process. Thus it could be expected 

that thermogrammes of these sludge types should exhibit some general simi­

larit ies. 

With increasing sludge age or stabil ization time the heat of com­

bustion has been observed to decrease. A general tendency that a greater 

part of the combustion occurs at higher temperatures for more stabil ized 

sludges has a 1 so been observed. Wi th the thermogrammes it seems to be 

possible not only to study the degredation of the organics to end products 

but also the transformation of the organics. 

It is interesting to observe that while parameters as respiration­

and dehydrigenaseactivity change only very little after 7 days of stabili­

zation at 250 C. (figure I J) the thermogrammes indicate that large trans­

formations of the organic material occur after this time. 

In the study some deviations from general tendency have been observed. 

There are no good explanations but shifts in bacterial populations and in 

the type of substrate util ized have been discussed by other investigators 

(McKinney (1960). Middlebrooks and Garland (1968). Obayashi and Gaudy 

(1973). Yang and Gaudy (1974). Molland (1980) et. al.). 
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When the thermogrammes of activated sludge derived from unsettled 

and settled waste-water are compared, the differences are obvious. These 

differences were not detected in the normal analysis of the sludge. OTA 

may thus have some possibi I ities as a general characterization tool. 

It should be stressed that OTA is a research tool. The operation of 

the equipment requires skilled personnel and the small sample size requires 

very ca refu I homagen i zat ion. 

It is too early to draw any final conclusions on the usefulness of 

OTA in the characterization of sludge stability or as a general sludge charac­

terization parameter, but it seems to have several interesting possibi I ities. 
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Dewatering processes considerably affect costs of sludge 
treatment and disposal. 

On the basis of a survey carried out in European Countries, 
the status and trends regarding conditioning and dewatering of 
municipal sludges are discussed. 

Conditioning methods and laboratory tests for determining 
optimal conditioner dosages and predicting sludge behaviour in 
dewatering are outlined briefly. 

The paper also presents a general description of dewater­
ing systems and attention is given to the influence of operat­
ing variables on dewatering performance. 

A literature data analysis allows us to outline typical 
conditioner demand and performance of each dewatering operation, 
as functions of feed sludge type. The discussion is completed 
with data on labour and energy requirements. 

Furthermore, a few results of experimental activity carri­
ed out within the EEC Concerted Action to study the mechanisms 
of conditioning and some dewatering operations are presented. 
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1. INTRODUCTION 

Sludge treatment and disposal is one of the major problems 

at wastewater treatment facilities, from both a technical and 

economical point of view. 

For sludge processing there are many alternatives. The ul-

timate disposal can,however, be made less costly by reducing 

the volume, i.e. the moisture content. Through dewatering, a 

volume reduction greater than that achieved by thickening is 

obtained and sludges result in a semi-solid material. This op­

eration can be accomplished by drying beds and lagoons or by 

different mechanical equipment. 

Dewatering usually requires sludge conditioning, in order 

to increase the efficiency of the operation. 

2. EUROPEAN SURVEY ON SLUDGE DEWATERING PRACTICE 

A survey on sludge conditioning and dewatering practice in 

Countries participating in EEC Concerted Action was carried out. 

The results are summarized in Table T. 

Drying beds utilization is very different, since percent-

age values in the whole range from 0 (Norway) to 100 (Ireland) 

are present. 

Lagooning is limited to the United Kingdom. 

As far as mechanical dewatering is concerned, centrifuges 

and filter-presses seem to be the mosL widely used. Where cen­

trifuge percentage exceeds the average (Finland, Norway and 

Sweden), the filter-press percentage is below the average. Oth­

er Countries (Belgium and the United Kingdom) show apposite fig-

ures. 

Belt-presses find quite uniform use (20%), while no inter-

est is shown in vacuum-f il ters, except for France. 
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TABLE I-Conditioning and dewatering practice in European Countries 

Percentage of sludge dewa- Percentage of sludge 
-;:: tered by: conditioned by: 

" ~ '"d 

bD " " '"d » ~ 

"'--- " .... ~ ., 
00 '"d " >< .", ) 

~ "" .... " ~ 

'"' 0 0 '"d ~ " Z ~ ~ ~ ., 00 ;. 
::> 00 " '"d ~ " " .... '" 

., r.. ., ~ 

0 '" » bD " 00 bD r.. .", ., .-< ., 
" "" U ~ r.. " .c " ::0 0- "" .... ~ " " H 

5 '"d ., r.. "" I I ~ ~ " r.. 
---c: bJ) c: 0- .", ~ 5 ~ .... ., 

.... ., " c: 0 I r.. " '" r.. S " N " " " .", 0 ., ., ., ::0 " c: » ., 
" " .,"" r.. » bJ) .-< c: .-< " "" 0 ::0 .-< ~ " "" 00 " r.. ~ " " .", " 

., 
" .... 0 " r.. ., 

'"'.e- o.. "" ..J 0:) U "- ;> 0 H « 0.. '" "- 0 

B 10 100 25 -- 25 -- 50 -- -- 75 -- 25 -- -- --

DK 89 95 15 -- 15 40 30 -- (,,) X X X -- -- --
FI 117 89 3 1 42 52 -- 2 -- 2 -- 94 -- 4 --

F 800 90 47 -- 3 10 22 17 1(0) 29 <1 10 17 -- --
D 1300 77 20 5 35 10 25 1 4 30 10 50 10 -- --

IR 14 31 100 -- -- -- -- -- -- -- -- X -- -- --
I 1200 95 15 -- 20 35 25 5 -- 25 15 60 -- -- --

NL 200 13 ~ ~ }+) 
37 

X -- X X -- --
NO 65 77 -- -- 20 75 5 -- -- 5 -- 95 -- -- --
SW 200 90 7 <1 28 62 -- 2 1 -- -- 90 -- 10(') --

CH 122 32 4 -- 7 35 54 -- -- 18 -- 41 37 -- --

UK 1240 56 20 25 10 3 35 5 2~') 20 24 15 1 -- 40<-

Notes: ( 1,> container (, ) natural 
( 0 ) thermal drying (II) rotoplug 
(+ ) incineration and drying (- ) none 

General trends show an increasing interest towards belt-

presses and filter-presses. The latter are still giving the 

driest cake. The percentage of sludge dewatered by centrifuges 

can be expected to keep constant. 

Regarding conditioning, polyelectrolytes and iron salts, 

with or without lime, have found widespread use; but there is 

an increasing preference given to polyelectrolytes. 
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3. SLUDGE CONDITIONING 

Prior to dewatering, sludges must nearly always be condi­

tioned. Conditioning is a physical-chemical process whose pri-

mary purposes are to enhance water removal and improve solid 

recovery. In some cases, a more hygienic sludge can be obtain,ed. 

There are three basic processes: chemical conditioning, 

thermal conditioning and elutriation. 

Chemical conditioners alter the surface characteristics 

of sludge (destabilization) and provide bridging of particle 

into a floc structure (flocculation). They can be inorganic or 

organic (polyelectrolytes). The inorganic chemicals normally 

used are iron and aluminium salts and lime. 

Investigations L-1_7 on the effectiveness of iron salts 

for raw mixed sludge conditioning showed that the best effects 

are provided by ferric chloride with lime. 

Sludge behaviour in dewatering and the optimal condition­

er dosage can be evaluated by laboratory tests. 

For filtration processes, Specific Resistance to Filtrat­

ion and Capillary Suction Time (CST) are the most widely used 

and accepted parameters. For vacuum filtration, the filter-leaf 

test can be useful, since it allows the simulation of the phases 

of the full-scale operation. 

A method for predicting the performance of a belt-press 

has recently been proposed 1-2_7, while there is a lack of ac­

cepted parameters for centrifugation. Floc strength measure-

ments can be used, however, as an indicator of sludge centrifu-

gability. Two methods have been developed 1 3, 4, 5_/; the one 

based on centrifugation by laboratory equipment 1-6_7 has found 

limited practical application. 

In full-scale operation, sludge often has worse dewatera­

hility characteristics than those determined by laboratorytes~ 
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mainly owing to different methods of conditioner/sludge mixing 

and to higher mechanical stresses in full-scale equipment. Ex­

perimental results [-7, 8_7 confirmed the importance of stir­

ring and mixing conditions. 

Thermal conditioning involves heating (180 to 240 oC) un­

der pressure (15 to 30 kg/cm 2 ) for a period of 15 to 40 min-

utes. Floes are lysed and water contained inside is released. 

This process allows us to obtain a sludge with verygooddewat­

ering characteristics (cake solids up to 50% are obtainable by 

filter-pressing) and, at the same time, to sterilize it. The 

disadvantages are high costs, production of an odorous gas and 

a concentrated supernatant which must be recycled to the plant. 

Thermal conditioning is adopted in France, Germany and Swit­

zerland for large plants. 

Eluatriation is the washing of the sludge and generally 

follows anaerobic digestion. Washing reduces the alkalinity 

and removes the fine solids, thus lowering the chemical de­

mand of sludge. When eluatriate is recycled back to the treat­

ment plant, the fine solids could degrade the effluent. Elua-

triation also tends to remove nitrogen from the sludge. 

4. DEWATERING 

The purpose of dewatering processes is to reduce sludge 

volume, in order to decrease the costs of the subsequent sludge 

processing and/or disposal. To meet this goal, natural (drying 

beds and lagoons) or mechanical (filtration, by vacuum-filters, 

filter-presses and belt-presses, and centrifugation) processes 

can be used. 

4.1. Drying beds and lagoons 

When land is available, dewatering by nature can he attrac-
tive. 
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On the beds, sludge is 15 to 30 cm in depth and the time 

required for dewatering to a liftable state ranges from a few 

days to several months, depending on sludge type and climatic 

conditions. For these reasons, the required minimum area was 

found to be between 0.05 and 0.10 m2 /person in Italy, 0.10 and 

0.21 in France, 0.33 and 0.53 in the United Kingdom, 0.40 and 

1.40 in Scandinavian Countri~s. 

Drainage characteristics can be improved by the addition 

of chemical conditioners and also by elutriation. In order to 

prevent re-wetting of sludge by rain and reduce bed area, dry­

ing beds are sometimes covered. Odour problems and potential 

health hazards often require that sludges are digested first. 

The use of drying beds is now much less common that it was 

some years ago. At some older plants, the beds have been re­

placed by mechanical dewatering equipment and, often, the sludge 

from small sewage works is transported to a central works for 

mechanical dewatering. 

Lagoons are simular to drying beds; however, the sludge is 

placed at depths 3 to 4 times greater than it would be in a bed. 

English experiences indicate that, in some cases, if the sludge 

is allowed to remain undisturbed for some years, vegetation 

grows on the surface and even large trees may developed. The 

lagoon can then represent a hazard because intruders to the 

works may fall through the crust into the wet sludge. For these 

various reasons lagoons are only used for long-term storage. 

They may be used also for cold digestion. 

4.2. Vacuum-filters 

From the European survey, it appears that the use of vac-

uum filters is declining. The main disadvantages in vacuum-fil-

tration lie in high power requirements and the presence of very 

noisy auxiliary equipment. 
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The performance of a vacuum-filter is characterized by the 

filter yield, in terms of kg solids/m2 'h. The most important 

sludge characteristics,which affect filtration performance,are 

the Specific Resistance, which must be of the order of 10 12 

m/kg at 0.5 kg/cm2 , and the feed solid concentration, which 

must generally be higher than 3%, although, in some cases, good 

results have been obtained at a lower concentration. Typical 

yields and cake solid concentration are shown in Fig. 1. 

Operating variables of the machine are: vacuum, drum sub­

mergence and drum rotational speed. A further important process 

variable is the filter media; filter aids can·be necessary to 

minimize clogging. 

Ferric chloride and lime are widely used for sludge condi­

tioning. However, use of polyelectrolytes has been reported 

L-9_7 with cost savings. Typical conditioner dosages are report­

ed in Table II. 

TABLE II-Typical conditioner dosages for vacuum-filters/9/ 

FeCI) CaO Polyelec. 
Sludge type (kg/t (kg/t) (kg/t) 

Raw Primary 20- 40 80-100 0.3-0.5 
Raw Activated 60-100 0-160 4.0-7.5 
Raw Primary+Activated 25- 60 90-160 2.0-5.0 
Raw Primary+Trickling filter 20- 40 90-120 1.3-2·5 
Anaer. Digested Primary 30- 50 100-130 0.8-2.0 
Anaer. Dig. Prim.+Activ. 30- 60 150-210 2.5-6.0 

Power consumption is 3 to 6 kWh/m 3 sludge treated. 

4.3. Filter-presses 

Pressure filtration is an advantageous process if high 

cake solid content ( > 30% up to 50%) is required. Disadvant­

ages include factors such as batch operation, low filter yield 
-61-
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and high labour cost, especially compared to belt-press and 

centrifuge. Recently, new systems have been developed to over­

come these problems. The introduction of mechanical plate move­

ment has allowed us to reduce labour costs, while the overall 

press cycle has been shortened by means of the membrane presses. 

Operating variables which influence the process are oper­

ating pressure and pressing time. Correlations between these 

variables and sludge characteristics have been studied in pilot 

scale-filter-press tests carried out with several types of 

sludge L-10, 11_7. 

In order to compare the performance of fixed-plate and 

membrane filter-presses, parallel dewatering tests were car-

ried out with a lime conditioned ferrichloride precipitated 

sludge L 12_7. Yields as a function of lime conditioning dose 

are shown in Fig. 2. The results indicate that membrane presses 

can dewater satisfactorily on lower conditioning doses and give 

... 

.", 

'" 0 

" 
'" ~ 
"' 

45 
o Fixed-plate (filtration time: 3 to 4 hours) 
• Membrane (filtration time: 22 minutes) 
Feed solids: 2.5 % 
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Fig. 2 - Yield of fixed-plate and membrane filter-presses b2} 
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higher capacities and drier cakes. They have, however, higher 

capital costs per unit filter area. 

Ferrichloride, with or without lime, and Aluminium Chlo-

rohydrate are generally used for sludge conditioning. Severa] 

English studies have indicated that polyelectrolytes can be ef-

fectively used, if done with care. 

The effect of ferrichloride and lime conditioning on chem­

ical precipitated sludges has been studied L 12 7. At low lime 

dose (5%), increasing the Fe dose caused an improvement in the 

yield. Increasing the lime dose to 17% showed the yieJ.d would 

decrease with an increasing Fe dose. 

Dewatering performance data and conditioner dosages are 

reported in Table III. 

T~.lt,J F: 11 [ _ f'eTf@orm ..... ""~ data of filter-presr;es 

Sl~e type 
solids 

(%) ... l""I"u'UI.1"Y [9] 5·0-10.0 

D-i~ested Pri.ary D'il 3.8- 4.0 

R .. Pr1 .. ary+Activat.ed f'lJ 1.0- 6.0 

i Dv 4.6- ,.6 

" Dige&ted Primary+Activated [9J 3.5- 5.0 

Dige",t.ed Activated [JOJ 4.4- 5.6 

Raw Priaary+Act.ivat.ed £9.1 4.0 

Anaer. Di~sted ?ri • .ar-y+,I,ctivated [9] 2. 'i- 6.4 

._1I.4'S 

(%) 

" 23-37 

45 

27-4\ 

42 

37-42 

40 

36-so 

Pressing 
period 

(.in) 

60-180 

'50 

290-390 

240-360 

I (kg/m2h) 

4.4 

3.0-9.8 

Cunditioner do-s.ces 
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Power requirement is estimated to be 1.5 to 3.0 kWh/m 3 

sludge treated. 

4.4. Belt-presses 

Belt-presses have recently been introduced for sewage sludge 

dewatering. First type machines have been widely modified, thus 

obtaining more compact equipment, although belts have been length­

ened. 
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Dewatering occurs in three phases: during the drainage 

phase (sometimes under vacuum) feed sludge concentration is 

increased 2 to 3 times, up to 10%. The sludge is then subject-

ed to increasing pressure between two belts and, finally, to a 

shearing action due to different relative movements of the two 

belts. Generally good performance is obtained with an initial 

concentration of not less than 4%. 

The operating variables which affect machine performance 

are sludge flow rate, belt speed, pressure and rinsing water 

flow rate. 

Input sludge flow rate varies between 1.5 and 7.0 m3 /h.m 

belt width. A linear relationship has been found between cake 

solids and belt speed. Low speed (0.01 m/s) is not economical, 

but gives a drier sludge cake, while belt speed above 0.10 mls 

gives a sludge which is not sufficiently dry. 

Variation in pressure can be obtained by adjusting the 

rollers. The influence of pressure and sludge solid flow rate 

on cake solids is reported in Fig. 3. 

Treatment plant effluent is generally used for belt clean­

ing at a flow rate of 50 to 100% feed sludge and at a pressure 

of 4 to 6 kg/cm 2 . 

For sludge conditioning cationic polyelectrolytes are used. 

Typical dewatering performance data and levels of conditioner 

addition are reported in Table IV. 

Power consumption is very low and ranges between 0.5 and 

1.0 kWh/m 3 treated sludge. 

4.5. Centrifuges 

The most widely used machine for dewatering by centrifu­

gation consists of a cylindrical-conical solid bowl shell with 

an internal Archimedean screw (the scroll) which revolves slight­

ly more slowly than the bowl. 
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Fig. 3 - Influence of pressure and sludge flow rate 
ke solids for belt-presses (by courtesy of 

on c~ 

Sern!. 
giotto S.p.A.) 

A - Raw Primary, 6-7% 
B - Anaer. Dig. Prim., 
C - Raw Activated, 4% 

4-5% 
D - Anaer. Dig. Act., 4% 
E - Raw Prim.+Act., 5-6% 
F - An. Dig. Pri •. +Act., 4-5% 

TABLE IV - Performance data of belt-presses 19,117 

Feed Cake Condit. 
Sludge type sol. (%) sol. (%) ~os. (kg/t) 

Raw Primary 3-10 25-44 0.6-4.5 
Raw Activated 0.5- 4 12-32 1.0-6.0 
Raw Primary+Activated 3- 6 20-35 0.6-5.0 
Aerob. Digested 1- 8 12-30 0.8-5.0 
Anael'. Digested 3- 9 18-34 I . 5-4. 5 
Thermal conditioned 4- 8 38-50 -

The machine variables, which dewatered sludge concentration 

and solid recovery depend on, are length/diameter ratio, beach 

angle, bowl rotational speed, liquid ring volume and bowl/con­
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veyor differential speed. There is not a generally accepted 

point of view regarding the effects of bowl speed. It seems 

L 9_7 that in most cases, low speed machines ( < 1400 rpm) give 

significant advantages (less energy, maintenance and noise lev­

el). In addition, low rotational speed gives less mechanical 

stress on the floes, thus reducing polymer consumption. 

Although a theoretical approach to the process is very dif-

ficult because of the many factors involved, statistical anal­

yses of experimental data were carried out 1-10, 11_7 in order 

to correlate dewatered sludge concentration and solid recovery 

to the operative variables and sludge characteristics. Results 

are reported in fig. 4. 
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Fig. 4 - Statistical correlations for dewatered sludge 
concentration by centrifuge [1qJ 

CK=dewatered sludge conc.(~); tbsbeach resid. tiae (s) 
hlr-liquid ring height ( .. ) 

a-Aerob. Dig. ActiT.;4.8~;-,z73.75; ~=0.215; ~a-O.273 
~_as a) deph. by Ali(S04)3; 3.2~; 81.79; 0.203; 0.093 
c= " " Fe 04'782°; 4.5~; 61.25; 0.244; 0.263 
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Cationic polyelectrolytes are used for aerobic sludge 

conditioning. The structural strength of the solids is in­

creased, and larger floes of the fine particles are produced, 

thus increasing the settling rate. Typical performance data 

and conditioner dosages are reported in Table V. 

TABLE V-Typical performance data for solid bowl centrifugeL~ 

Feed Cake Condit. 
Sludge type solid~ solids dosages 

Recovery 

(%) (%) (kg/t) (%) 

Raw Primary 5- 8 25-36 0.5-2.5 90-95 
28-36 0 70-90 

Raw Activated 0.5- 3 8-12 5.0-7.5 85-90 
Raw Primary+Activated 4- 5 18-25 1.5-3.5 90-95 
Anaer. Dig. Prim.+Act. 2- 4 15-18 3.5-5.0 90-95 

4- 7 17-21 2.0-4.0 90-95 
Therm. Condo Pr.+Act. 9-14 35-40 0 75-85 

13-15 29-35 0.5-2.0 90-95 

Power requirement is of 2 to 3 kWh/m 3 treated sludge. 

5. CONCLUSIONS 

Sludge treatment and disposal must be considered as a 

whole. Therefore, the selection of the dewatering system will 

be influenced by the disposal method planned for the sludge 

cake as well as the type of sewage treatment process used. 

If the aim is to maximize cake solid concentration, fil-

ter-presses are preferred. Lower solid concentrations in the 

cake are obtained by vacuum-filter, belt-presses and centri-

fuges. 

Although vacuum-filters achieve higher yields than filter-

presses and can be operated continuously, they have several 

disadvantages, such as a higher energy consumption (about dou­

ble)., higher initial costs, and a more complex and noisy ma­

chine. 
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The main disadvantage of filter-presses lies in the high 

labour cost (about five times higher than belt-press and cen-

trifuge). This can be overcome by automatization of filter-

loading and cake discharge. The filtration run can be remark-

ably reduced, with a consequent increase of the yield, by mem-

brane filter-presses, which are still very expensive. 

If it is not necessary to achieve high cake solid concen-

tration, the centrifuges and belt-presses are preferred. Belt­

presses consume less energy than centrifuges (two or three times 

less) but the machine costs more. Total cost analysis has not, 

however, pointed out any remarkable advantage in the use of one 

or the other machine. The above mentioned figures are summarized 

in Table VI. 

TABLE VI - Dewatering equipment comparison 

Vacuum Filter Belt Centri 
filter press press fuge 

Capital costs XXX xx xx X 

Operat. costs (energy, ch~ XXX 
micals, mainten. , labour) 

XXX X XX 

Cake solid concentration XX XXX XX X 

Solid recovery XXX XXX XX X 

It is necessary to carryon research regarding dewatering, 

so that the process can be optimized. Thel'e is also a need for 

l)eLter ways of predicting dewaterabili~y of sludges without us-

iog pilot-scale or full-scale tests; this is especially true for 

centrifugation, so that all the variable faclors involved can 

be evaluated and the performance of each dewatering machine op­

timized. 
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Di:NATEHI:KG OE' ACTIV~4I3D SLUDG~ 

T.J. C':"SEY* and J. DALY** 

*University College, Dublin. 

""''''Department of the Environment, Dublin. 

Activated sludge is often conditioned with the aid of polyelectrolyte 
to a highly flocculent state to facilitate dewatering by filtration. 
Activated sludges in this condition have excellent drainage character­
istics when subject to low solids stress, as in gravi ty drainage at low 
filter loadings. When subject to large hydraulic gradients, however, as 
in pressure filtration, the solids are compressed by flow-generated drag 
forces and resistance to filtration increases. At constant ap?lied 
pret:sure, the average specific resistance to filtration varies with time 
and filtrate volume discharged. The widely used simple model of cake-
fil tration, which i!!if'lies a linear correlation of reciprocal filtration 
rate and filtrate volume is not valid in such circumst9.nces. Thus, the 
specific resistance to filtratIon, as measured by the Buchner funnel lI'.ethod 
is of limited value as a measure of filterability. Using a scaled-up 
version of the Buchner funnel system, employing positive pressure in 
place of vacuum, the influences of applied pressure and solids loading on 
the filterability of polyelectrolyte - conditioned activated sludge were 
experimentally investigated. The results illustrate the dominant effect 
of compressibility in pressure-filtration and the need for a better 
understa..."1ding of compressible filtration mechanics. 
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The problem of p'case separ2-c:ion. in ~J"rticle/liquid mixtures is 

€!:cour.tereci in nany process technoloGies including the ",'ater pollution 

con"trol field. The :r:rocesses u!C'ed to effect pr~ase serc..~ation C2.TI be 

C~::LS2ified bro2clly ~nto -:;'I'W STOU1)S. TJ:-,e :ir2t erou'[ ir:clu8.es all procesSES 

·,.,hicn de~end on the existence of a c.ensi ty differer,ce bet",'een thE' 

rarticles OlnG t:~e surrounding liquid. The ~rcces~es of sedirr:entation, 

flotaticn ar:d centrifugation belong to this category. The second group 

cor~sists of filtration processes, of which there are tv/o kinds, depth-

fi 1 tra tieD and cake-fil tra tion. In uepth-fil tration, the particulate 

fraction is ~et8.ined wi thin the intel'stices of the filter medium as in 

the s2nd fil tre,tion process commonly used in potable \\'Ci ter production. In 

ca.\e-fil tre- tion, the filtered solid s are retained on the surface of the 

fil ter medium, thus forming a cake of increasing thickness, through which 

the expressed filtrate c:ust flow. Processes of this latter type are 

widely used in sludge dewatering 3...T1d l.:.lanufacturing industry. There is 

thus a considerable accumulated experience on the practical aspects of the 

process and, perhaps, a les2er knowledge 0':- its fur..dar:J.ental mechanics. 

The materials on which the process is used range from easily filtered 

inorg2.nio slurries to the more difficult corr.pressible materials. 

Activa ted sludge beloTIg2 to the latter category. Tl'Lis paper examines its 

cai-:e-fil trstion characteristics when conditioned to a highly flocculated 

state by addi tion of polyelectrolyte. 

2. '3CEAIIICS OF FILTRATION 

In the course of sludge dewatering by filtration, the filter medium 

forms a barrier to the passage of solids, which build up to form a cake 

of increasing thickness on the ITiedium surface. In the general practical 

application of the process, the hydraulic resistance of the medium is 

negligible compared to that of the sludge cake which develops on its 

surface. The cake may be regarded as a water-saturated porous medium 

through which liquid flows according to the Darcy (1) equation: 

v ; 
x 

where Vx is the volumetric flow rate per unit area in the x-direction, 

Kd is the Darcy coefficient of permeability and 'bp is the pressure 
tlx 
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gradient in the direction of flow. Flow is ta.ken to be laminar, hence the 

inverse relationship of flow rate to dynamic viscosi ty fl. It is often 

more cor..venient in filtratior: analysis to correlate filtration rate and 

p:::oessure gradier..t by means of hyd!'aulic resistance in place of hydraulic 

permeability. The resulting formulation of the Da:::'Cy equation is as 

follows: 

v 
x (2) 

where r is the specific resistance to filtration, Psis the density of the 

particle fraction and I! is the cake porosity i.e. t..l-).e ratio of void volume 

to total volume. The resistance to flow through a porous medium is 

obviously related to the size and. extent of its flow passages. The 

Carman/Kozeny (2/3) equation is often used to correlate porosity and 

pa::-ticle surface area to hydraulic resistance. It is based on a capillary 

tube model of pore structure and may be written in the following form: 

Ks2q_e) 
ps£ (3) 

where S is tr.e specific 8uxface of the solid fraction i.e. the surface 

area per u..'>'li t volume of solid and K is the Kozeny constant. If the 

particles in a filter cake are hyd.raulically equivalent to spherical 

uarticles of diameter d , for which S = d6 , the correlation of specific . e e 
resistance, porosity and particle diameter, according to equation (3), 
is as follows: 

r = 

while this idealised model might not be a very accuxate representation of 

ca."e resistance to filtration, it nevertheless highlights its sensitivity 

to porosity and particle size. 

The rate of filtrate discharge in ca.lce-fil tration is conventionally 

modelled (4) by an equation of the form: 

dV 

dV --E!....­
d't= ~+Rm 

A 
(5) 

where dt is the rate of filtrate discharge, p is the applied pressure, A 

is the filter surface area, c is the sludge solids concentration, r is the 

average specific resistance of the cake and Rm is the hydraulic resistance 
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of the medium. Equation (5) can be re-arranged in the form; 

(6) 

If p, r and Rm are constant, equation (6) may be integrated as follows. 

t rcV Rm 
V = 2pA2 + pA 

The foregoing filtration rate expres~ions imply a linear correlation of 

both the reciprocal filtration rate('aV) and its mean value (V) with 

filtrate volume V. While incompressible materials exhibit this linear 

characteristic, highly compressible materials, such as conditioned 

activated sludge, do not. Compressibility is measured by the extent to 

which pore volume is reduced by an increase in the solids compressive 

stress, the latter undergoing a plastic - type deformation, resulting in a 

more closely packed structure. As the liquid flows through the cake pores, 

it exerts a cumulative frictional drag force on the cake solids, resulting 

in a solids stress gradient, increasing in the direction of the medium. 

This stress gradient creates a porosity gradient, in which the porosity 

decre~ses from a IT'.aximum value at the sludge/cake interface to a minimum 

value at the medium. In constant pressure filtration of con:pre.ssible 

materials, therefore, specific resistance to filtration varies over the 

cake depth and the average specific resistance r is not necessarily time­

invariant. 

Kore detailed mathematical models of compressible cake-filtration 

have been presented in the literature (5, 6, 7, 8). IVhile the constraint 

in space in this paper does not penr.it a detailed discussion of such 

models, they can be said, in general, to treat filtration as an unsteady 

flow process in which there is a flux of both liquid and solid phases 

towa!'ds the filter medium. These fluxes are modelled by Darcy and 

continui ty equations, subject to the appropriate initial and boundary 

condi tions. The generally unknown factor however, is pressure/permeability 

relationsr-:ip within the filter cake. Its measurement is discussed in the 

following section. 

3. LABORATORY j"ill.5URES OF FIlT3.:u.:5ILITY 

The properties of a liquid sludge and its cake derivative, which may 

influence dewatering by filtration, include particle size, shape and 
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densi ty, viscosity of the liquid phase, suspended solids concentration, 

solids cornpressibili ty porosity and hydraulic permeability. Particle size, 

shape and density are very much stress-dependent in a flocculent material 

such as activated sludge and hence are greatly altered in the transition 

from liquid sludge to sludge ca..1{e. Hydraulic permeability, which is a 

function of solids stress in compressible cakes, can be measured in 

cOID?ression-perr::eabili ty cells, which are used in filtration studies in 

chemical engineering (5) and soil mechanics (9). In these cievices, the 

test sample is compressed between permeable faces by a mechanically 

applied load, while the ra te of water flow through the sample, under a 

srr.all external head., is measured. From the results, empirical correlations 

of permeability and applied ~'ressure are obtained (5). There is consider­

able doubt (8, 10) as to the applicability of compressibility data 

obtained in such cells to the conditions obtaining in cake-filtration, 

where the solids stress results fron:: flow-induced drag. To the authors' 

knowledge, cornpression-pern~eabili ty testine: has not been used in the 

sewage sludge field. 

The most widely used experir:.ental indices of sludSS'e filtration 

characteristics are the specific resistance to fl1 tration (SRF) measured 

by the Buchner funnel ",ethon (11) and the instrumentally determined 

capillary suction time (CST) (12). The shortcomings of the BUcf~ner funnel 

test for COr::l ~'essible r..aterials sucr~ as highly flocculated activated 

sludiSe are (ie::.or~strated in the follo'vling section; the CST apparatus 

quantifies sludge drair:abili ty under very low hydraulic gradients by 

measuring the tir:.e required to withdraw a fixed volun:e of filtrate. It is 

thus a very convenient tool for the ra~id carr.parison of condi tioning 

agents, but does not model cake-filtretion conditions, where steep 

hydraulic g-rac..ients ano l;igr~ drae:.; forces exist. 

A series of tests were carried out on an aerobically stabilised 

sluc.C'e (of mll.'1icipal oxidation di toh origin) to evaluate its filtration 

charactEristics when conditioned by polyelectrolyte. The cationic 

polyelectroly--::e Z~t2.2' 51, which was in use at the treatmer.t rlant, where 

the sludge 'vms ae'vlatered on dr~rinb beds, was used throughout the tests. 

The optimum polyelectrolyte dose was determined by CST rr;easUX'e~.ent (13). 

The IT.ear:. srecific gravity of thE sludge suspended solids was 1.4 and their 
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average volatile fraction 0.71. The results of tyr;ical Buchner funnel SRF 

tests on the sludge, in its uncondi tionfd state and after conditioning, 

are presented in Fig. 1 in the form of V versus V plots. The linear 

correlation of these variables for the unconditioned sludge indicates 

that its filtration characteristics are satisfactorily modelled by 

equation (7). Its computed r value of 12 x 1015 m.kg-1 is indicative of 

very low filt.erability (14). By addition of polyelectrolyte, the sludge 

was transfermed to a hiehly flocculated condition, in which its filtration 

characteristics were no longer tsatisfactorily modelled by equation (7) as 

its non-lineal.' correlation of if and V, plotted in Fig. 1, sho,,,s. It is 

clear that the Buchner funnel test is of limited value for this type of 

sludge because of scale effects related to pressure, solids loading and 

titre. In order to overcome these lirr.i tatior.s, a scaled-up version of 

Buchner funnel system was devised, as sr,own in seneral outline in Fig. 2. 

A positive air :pressure was used in place of a vacuum to irnyose a 

hydraulic pressure gradient on t.he test sample. 

Fie. 3 S110",'"8 tYT,ical cOITelations of reCiprocal filtration rate and 

iiI tra:'e volun.e, derived froIT' filtration tests using this apparatus. The 

shape of these curves corres}::onds with that re"ported by Tiller (5) as 

being characteristic of compressible filter ca-\:es. In tte early part of 

the filter run, tne reciprocal filtration rate and hence, the overall cake 

resistance, are non-linearly related to filtre.te volume, the relation 

becomin£,' effectively line3.r after about three t.ours filtration time. 

Fig. 4 shows the influence of filter solids loading on de·,...atering 

rate at given values of ini tial sludge solids concentration and. aFplied 

pressure. Examin"ttion of these plots shows that dewatering tirr;e is very 

ser:.si ti ve to iiI te:!:' solids loadir.g i.e. to fil ter ca.1.:e thickness. F'o;:' 

example, an increase ir. solids loadiD€ frolI 2 to 4 kg.r:-2 increases the 

dewatering tir:::e to reach a s;;ecified solids concentration (test range 

6 - 12%) by a ,,,-eto:: o~ approxik:a tely 3.1. 

FiC. 5 compares tbe filtration rates of hlo ide:r..tic8:lly prepared test 

sarr::;>:es of concii ticr:.ed activated slud~e, one su-oject to gravity draiYlag'e 

and the otr_e::::- subject to a filtration .fressure of 300 K~~.:r.-2 arFlied after 

an initial 15 :c:::nute I,eriod of gr'avity drainage. The t;T'2vity-drained 

sample :r~2.d an initial total pressure head of about 1.4 :t:l~.m-2, 
corres~ eno ir:.:; to its O\'m hydrostatic rressure, ,,,,hich decrea sed 1.>,ri th tift.e 

in direct f!'orortio:r-_ to the volU01E of filtI':::te Q~scharged. Its i::axir.;::,um 
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drainage driving force was therefore_less than 0.5% that of the 

pressurised sample, which was subject to a constant pressure of 300 KN.m-~ 
It is therefore remarkable that there was no significant difference in 

their drainage rates which could be attributed to the large pressure 

difference. The major part of the difference in the accumulated filtrate 

volumes occurred in the initial 1 S minute period, when both samples were 

undergoing gravity drainage. This suggested a slight initial difference 

in filtration resistance, possibly due to a variation in sample handling. 

The medium resistance was relatively low, discharging a clean water volume, 

equal to t~at contained in the sludge samples in 35 seconds. The 

effectively zero response in filtration rate to applied pressure indicates 

the development of a cake resistance which would appear to be directly 

proportional to the applied pressure. }!uch additional testing is however, 

required to more fully define the influence of pressure on filtration 

resistar:ce. 

The porosity graaieni across gravity and pressure-a.!'ained filter cakes 

is illustrated in Fig. 6 t which shows the variation in the water content 

of slices cut from these cakes. As rr.ight be exrected, there is a 

negligible porasi ty gra.dient in the gravi tY-drai:r.ed cak.e. '}l!le results 

also indicate that porosity ana. porosity graci.ier.t in the pressure-arained 

cakes are maximum at the filter r;:.eciium and Liinimum at the cake surface. 

It is interE'sti!~g· to note th2t Gale (15) fauna. a si:";-;ilar water conter:t 

profile ir. a cO:"1.8.i ticned raw slud~:e :proo.uced by pressure fil trntion at 

approxi:Y.2 tely 709 :O{.m -2 (pressir.g ti:!.e anJ ca\:e thickr:ess r..ot repor'ted). 

Similar results have also been reported. by Tiller (5) for' cot'lpressible 

ca};es suct as those formed frorr. fine silca and pOlystyrene latex. 

s. DISCI'SSIC;-'; A)J) CCLClUSICXS 

The degree of flocculatio::c o~ activ3tec. sludge, which can be ottained 

wi tt: curreT"tly available polyelect~olytes, greatly en..~ances its fil tratien 

c::aracteristics at low valves of hydraulic gradient and co::;,pressive stress. 

drag origir.., is 2.CcolJ'.par:.iec. by an increasin£~' resistance to fi: trz.ticn. 

'rhus, in de,\-::-:.tEring by a .£'il tr8tio:1 process, the desirable objectivE of 

increasinc fil tratio:-~ rate by iDcreasine.~· the a:;;plie:i pl"eSSurc- is 

frustrz.. ted. by tte d.evelopH:ent of a ca~..,:e layer on t.he TJ:edlu:.,_ wh.ich bas a 

}:igh ~'lya.rm~lic resistance '4ith the result tbat the filtr2ticD r",te is very 
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little different from that obtainable by simple gravity drainage. The CST 

test provides an excellent index of sludge drainage characteristics at low 

hydraulic gradient. Tr.ere is need, however, for the development of test 

procedures whicl: would provide a more complete picture of the hydraulic 

gradient/fil tre.tion resistance correlation for highly flocculated 

compressible sludges. Such knowledge would facilitate the determination 

of the optimum combination of gravity and pressuxe filtration for de­

watering of a particular sludge. It is clear that the Buchner funnel SRF 

test gives but a very limited insight into the mechanics of filtratio~ of 

such rr..aterials. The test results presented in this paper indicate that 

the overall cake resistance varies non-linearJ;y with time and hence the 

cmrJIDonly used IDo:iel of cake-filtration, based on a linear ca..'.<e resistance/ 

fil trate volu,7.e relatior.ship, cannot be applied to ti:e filtration of highly 

flocculated activated sludges. 

Solids loading also has a strong influence on dewatering by filtration. 

The data plotted in Fig. 4 ir.dicates that the output of dewatered sludge 

per unit area of filter, at a given solids concentration, increases, as the 

applied solic..s load decreases. In practice, however, tr..e influence of 

downtice in batch filtration and the a.ifficul ties in removing thin cakes 

from the filter rr:edium would have to be ta..'l(en into account in deterl!:.ining 

the most pro6.uctive loading rate. 

Two factors, which may influence the dewatering of conditioned 

activated sludge and have not been examined experimentally in this study 

are the initial sludge water content and the effect of shear stress on 

filtration resistance. The application of shear stress to filter cakes 

has been shown (16) to reduce fiI tra tion resistance and is considered to be 

a significant factor in dewatering by filter belt presses (11). Since all 

the fil tra te must flow through the compressed cake, it is clearly desirable 

that as much water as possible should be separated by thickening prior to 

fil tration. However, highly conditioned activated sludges release free 

water very rapidly by gravity filtration and where the latter is provided 

prior to pressure filtration, the influence of initial water content on the 

overall process may not be significant. 

The results presented in this paper are no more than generally 

illustrative of the filtration characteristics of highly flocculated 

activated sludges. Considerable additional work is needed to provide a 

basis for the better understanding of filtration mechanics and hence 
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exploi t the remarkable degree of flocculation which polyelectrolyte­

condi tioning can achieve. 

The experimental studies described in this paper were carried out in 

the Der;artmen.t 0:' Civil Engineeri!lg, University College Dublin with the 

aid of a srant frQ~. the 1ational Board of Science and Technology. 
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Summary 

DIE BEDEUTUNG VON KENNWERTEN ZUR CHARAKTERISIERUNG DER 

MASCHINELLEN FEST -FLUESSIG-TRENNUNG VON KLAERSCHLAfot.! 

E. ENGLMANN 

Wissenschaftlicher Assistent 

Technische Universitlit MUnchen 

Besides the generaL characterization of the dewaterability of sewage 
sludge, parameters are more and more used in the field of mechanicaL 
sludge dewatering for seLection and dimensioning of sLudge dewatering 
facilities. In this way large full scale trials can be reduced by the 
appl ication of prel iminary tests. This requ; res the exact knowLedge of 
the medium sludge, especialLy the qualities which are reLevant for dewa­
terability. In this context structure and quality of the sludge solids 
are primarily important as weLL as the water binding forces between the 
sol id-l iquid-components. 

By laboratory investigations the influencing factors were found out which 
are of importance for the dewaterabi l ity and by which technique of measu­
rement they can be determined sufficiently and finally which importance 
has to be attributed to these stateme~ts. 

Besides dry residue and non voLat; Le substance, the specific resistance of 
filtration, the compressibility, the capillary suction time and the par­
ticle size distribution were determined as the substantial parameters. 

Whereas sludge parameters are used with success for the comparison of the 
dewaterabil ity of different sludges and for estimation of the quantities 
of chemicals, which are necessary for a good conditioning, there is only a 
reduced information, dealing with the application of sludge parameters for 
dimensioning and control of sludge-dewatering facilities. 

Relations between technical dewatering with full scale trials and the labo­
ratory parameters of dewatering were elaborated. 
Hereby it was necessary to take into consideration the basic conditions of 
the dewateri ng machi ne. To tharacteri ze the dewaterabil i ty in filter pres­
ses, the specific resistance of filtration proved to be an appropriate pa­
rameter, whereas for dewatering in centrifuges the particle size distribu­
tion, which was determined by sieve analysis, was used for evaluation of 
the flocculant quantities. The capillary suction time is a versatile pur­
pose param.'ter, which on one hand can be used for documentation of the 
amelioration of dewaterability for the application of organic and non-orga­
nic chemicals and on the other hand for automatic control of the dewate­
ring process. 
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Zusammenfassung 
Sowohl bei der allqemeinen Kennzeichnunq des Entwasserunqsver­
haltens als auch bei der maschinellen Fest-Flussiq-Trennunq 
von Klarschlamm kornrnen Schlammkennwerte zur Anwendunq. Durch 
labormaBiqe Voruntersuchunqen kennen ohne qreBeren verfahrens­
technischen Aufwand Konditionierunqsmittelmenqen ermittelt und 
orientierende Bemessunqswerte fur die Aqqreqatauslequnq erar­
beitet werden. Ausqehend von der Kenntnis der fUr die Entwas­
serunq relevanten Schlammeiqenschaften und unter BerUcksichti­
qunq der verfahrenstechnischen Randbedinqunqen der einzelnen 
Entwasserunqsaqqreqate konnten durch Untersuchunqen die Anwen­
dunqsmoqlichkeiten von Entwasserunqskennwerten aufqezeiqt so­
wie Zusammenhanqe zur Entwasserunq in Filterpressen errnittelt 
werden. 
Neben Feststoffqehalt und GlUhrUckstand wurden der spezifische 
Filtrationswiderstand, die Kornpressibilitat, der CST-Wert und 
die TeilchenqroBenverteilunq bestirnrnt. Bei der Filterpressen­
entwasserunq hat sich der spezifische Filtrationswiderstand 
als qeeiqneter Kennwert zur Charakterisierunq des Entwasse­
runqsverhaltens erwiesen. In Abhanqiqkeit von der Schlammaus­
qanqsbeschaffenheit laBt sich die fUr eine ausreichende Kondi­
tionierunq erforderliche Chemikalienrnenqe mit Hilfe des spezi­
fischen Filtrationswiderstandes durch Vorqabe eines Zielwertes 
ermitteln. Zusammenhanqe zwischen dem spezifischen Filtrations­
wider stand des konditionierten Schlammes und dern erreichbaren 
Feststoffqehalt 1m Filterkuchen des entwasserten Schlarnrnes 
konnten unter BerUcksichtiqunq der Filtrationsdauer nachqe­
wiesen werden. 
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1. Einleitung: 

1m Zuge des wachsenden Klarschlammanfalles und der damit in Zu­
sammenhang stehenden steigenden Anforderungen an Behandlung und 

endgUltige Beseitigung, gewinnen geeignete Charakterisierungspa­
rameter sowohl zur Bewertung und Einordnung von Schlammen un­

terschiedlicher Art und Herkunft als auch bei der maschinellen 

Entwasserung vermehrt an Bedeutung. Aufgrund der Inhomogenitat 
und der Komplexitat des Mediums Klarschlamm ist jedoch die Be­

schreibung der im Hinblick auf die maschinelle Entwasserung 

relevanten Schlammeigenschaften mit nicht unerheblichen Schwie­
rigkeiten verbunden, da neben der Menge vor allem die Beschaf­
fenheit der in den einzelnen Verfahrensstufen anfallenden 

Schlamme starken Schwankungen unterliegt. 

2. Allgemeines zu Entwasserungskennwerten und Moglichkeiten 
ihrer Anwendung 

In Tabelle I sind die wichtigsten Kennwerte zusammengestellt, 
die fUr die Charakterisierung des Entwasserungsverhaltens von 

Klarschlamm eine Rolle spielen. Die Tabelle erhebt keinen An­
spruch auf Vollstandigkeit. Einen allgemeinen Uberblick Uber 

Charakterisierung und Bewertung von Schlammen gibt Leschber [1J 

Kennwert 

Trockenrilckstand 

Glilhruckstand 

spezifischer Filtrations­

wider stand 

Capillary suction time 

Kompressibi litat 

TellchengrOJ3en­

verteilung 

Kendi tionierbarkei t 

dynamische Vl.skositat 

Dichte 

Absetzbdrkel t 

Ahscheldegrad 

TS 

GR 

,'1 
,'1 

r.1O- 12 (m/kg) 

CST lsi 

I-I 

--~~u:1 

naah DE~n:-l~ I 
nach DEV und r 2J 

nach [2, 3, 41 
nach [2, 5, ,] I 

nach [2, 3J 

nach [71 
nach [2, 8] 

nach [2, 9, lOJ 

nach [2J 

~ ___ l_~_ ;;:l:~ __ _ 
Tabelle I: Zusammenstellung von SchlammentwasserungskenngroBen 
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Wahrend Kennwerte zur Charakterisierung des allgemeinen Entwas­

serungsverhaltens von Sohlammen unterschiedlicher Art und Her­

kunft in der Praxis bereits Einigung gefunden haben, befindet 

sich die praxisorientierte Anwendung von EntwasserungskenngroBen 

bei der masehinellen Entwasserung noch am Anfang. Bei Kenntnis 

der stoffspezifisehen Grundlagen und unter Berlieksiehtigung der 

daraus abgeleiteten entwasserungsrelevanten EinfluBfaktoren sind 

bei Anpassung der Kennwert-MeBmethodik an die verfahrensteehni­

sehen Randbedingungen des Entwasserungsaggregates folgende An­

wendungsmoglichkeiten denkbar: 

- Absehatzung der flir die Entwasserung glinstigen Chemikalienart 

und -menge bzw. der Konditionierungsbedingungen. 

- Auswahl des Entwasserungsaggregates 

- Erarbeitung von Orientierungshilfen bei der Aggregatauslegung 

- Steuerung von Schlammentwasserungsanlagen 

Uber Bedeutung, Moglichkeiten und Grenzen der Anwendung von 

Schlammentwasserungskennwerten liegen bereits verschiedene Ver­

offentlichungen vor [6, 11, 12, 13] • Sie befassen sich liber­

wiegend mit Untersuchungen im labor- und halbtechnischen MaBstab, 

wei sen jedoch libereinstimmend auf die Problematik der Ubertrag­

barkeit von im Laborverfahren ermittelten Aussagen auf groB­

technische Entwasserungsaggregate hin. 

3. Untersuchungen zur Anwendung von Entwasserungskennwerten 

3.1 Vorliberlegungen 

Die zur Beschreibung des Entwasserungsverhaltens von Klar­

schlamm wesentlichen Eigenschaften leiten sich aus den Grund­

lagen flir Zwei-Phasen-Systeme ab, wobei in erster Linie der 

GroBe, Beschaffenheit und Zusammensetzung der im Schlamm ent­

haltenen Feststoffpartikel sowie den damit in Zusammenhang 

stehenden Bindungsmechanismen zwischen den Fest-Fllissigkompo­

nenten besondere Bedeutung zukommt. Mit kleiner werdendem Teil­

chendurchmesser ist durch die zunehmende spezifische Gesamt­

oberflache ein Anwachsen der wirksamen Bindungskrafte und somit 

eine Verschlechterung der Entwasserungseigenschaften verbunden. 

Energetisch gesehen erfordert die Schlammwasserabtrennung die 
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ZufUhrung einer den im Stoffsystern herrschenden Bindungskr~ften 

~quivalenten Energiemenge [14] • 1nsofern zielen die der Ent­
w~sserung vorangehenden VorbehandlungsmaBnahmen prim~r auf ei­

ne Aufhebung bzw. Reduzierung der Bindungskr~fte abo 

Aufgabe von Entw~sserungskennwerten ist es nun, das Schlarnrn­
wasserabtrennungsverrnBgen und die Schlamrnwasserpartikelstruk­

tur- und graBe bzw. die durch Konditionierungsverfahren ein­

tretenden Ver~nderungen der oben genannten Eigenschaften zu 
beschreiben. Sollen Kennwerte zur Aggregatauslegung bzw. 

-steuerung verwendet werden, genUgt es jedoch nicht, nur die 
stoffspezifischen Eigenschaften auszudrUcken, vielmehr mussen 
die verfahrenstechnischen Randbedingungen im Hinblick auf die 

unterschiedliche Schlarnrnwasserabtrennungstechnologie der Ent­

w~sserungsaggregate berUcksichtigt werden. 

3.2 VersuchsdurchfUhrung 

1m Rahmen eigener Untersuchungen wurden im labortechnischen 
MaBstab Entw~sserungskennwerte ermittelt und im halbtechnischen 

und technischen MaBstab Entw~sserungsversuche durchgefUhrt. 
Folgende Kennwerte wurden nach den in der Literatur angegebenen 

Verfahren bestimrnt: 

- TrockenrUckstand 
- GIUhrUckstand 
- spezifischer Filtrations-

TS in % 

GR in % 

wider stand r.10-12 in m/kg 

- Capillary suction time CST in s 

- Kompressibilit~t s 

- TeilchengraBenverteilung 

1m Gegensatz zur Ublichen Verfahrensweise wurde die Messung des 
spezifischen Filtrationswiderstandes mit Uberdruck (10 bar) 

durchgefUhrt, urn 1m Hinblick auf die Filterpressenentw~sserung 

eine bessere verfahrenstechnische Ubereinstimrnung zu erzielen. 

Die Untersuchungen bezogen sich auf zwei Faulschl~e und einen 

aerob stabilisierten Schlarnrn, deren Eigenschaften durch ausge­
w~hlte Kennwerte in Tabelle i beschrieben sind. 

-~-



Schlammart TS OR r.1O- 12 CST Fraktions-
, 

anteil.( 63 fm 

! % m/kg , % -

Faulschlamm 

Oeiselbullach 2,7 45,5 ~64 600 68 O,9J 

Faulschlamm 
Dachau 4,1 47,6 339 381 62 0,89 

Schlamm Haim-

hausen, aerob 7,1 62,4 12 40 56 0,87 
stabilisiert 

I I 
I ------

TabelleII: Entwasserungskennwerte fur die untersuchten Schlamme 

(Mi t telwerte) 

3.3 Beschreibung des Konditionierungsverhaltens 

Der Nachweis der verbesserten Entwasserbarkeit infolge Konditio­

nierung ist als erster Schritt beim Einsatz von Kennwerten bei 

maschineller SChlammentwasserung anzusehen. Neben einer Quali­

fizierung ist Vor allem die Quantifizierung der Veranderung des 

Entwasserungsverhaltens im Hinblick auf die Konditionierungs­

mengenermittlung von Bedeutung. 

Bei der Konditionierung im LabormaBstab, durchgefuhrt entspre­

chend dem Verfahrensvorschlag von Leschber und Niemitz :8] 
gelangte Eisenchlorid (FeC1 3 6 H20) in Verbindung mit Kalk 

(Ca(OH)2) sowie ein kationisches Polymerisat zur Anwendung. Urn 

den Schwankungen der schlammausgangsbeschaffenheit Rechnung zu 

tragen, empfiehlt es sich, die aus der Konditionierung resul­

tierende Verbesserung des Entwasserungsverhaltens in Abhangig­

keit von den Ausgangswerten darzustellen. 

Organische Flockungsmittel bewirken neben einer Verminderung 

der Schlammwasserbindungskrafte vor allem die Ausbildung 

groBerer Teilchenverbande und damit eine Verschiebung der 

TeilchengroBenverteilung. In Bild 1 ist die Abnahme des 

Fraktionsanteiles < 63 fJ m in Abhangigkeit von der zugegebenen 

Flockungsmittelmenge fUr die drei untersuchten Schlamme dar-
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gestellt. Ein Vergleich mit der Ausgangsbeschaffenheit 

(siehe Tabelle Xl verdeutlicht d~n Zusammenhang zwischen dem 

Fraktionsante1l < 63 ~m der ungeflockten SchlXmme und der 
Flockungsfahigkeit, dargestellt als Abnahme· des Feinstkornan­

teiles <.63 )J m (Bild 1 l. Mit dem hOchsten Feinstkornanteil weist 
der Geiselbullacher Faulschlamm bei zunehmender Flockungsmittel­

dosierung auch die geringste prozentuale Abnahme an Feinstbe­

standteilen auf. Diese Aussage laBt sich durch die CST-Messung 

bestatigen. 

Abnahme des Fraktionsanteiies < 63 f.Jm 
% 
100 

20 

" Faulsc:hiamm Geisel­
bullach 

" fi:lulschlamm OGchau 

°0~~""T~--:-~--:!:--.",...~--:J20 g/kg TS 

Flockungsmittelmenge 

Bild 1: Abnahme des Fraktionsanteiles <. 63 fAm durch Zugabe or-
ganischer Flockungsmittel 

Wahrend durch das NaBsiebverfahren ausschlieBlich die infolge 

Flockungsmittelzugabe hervorgerufene Veranderung der Teilchen­
grBBenverteilung dokumentiert werden kann, erfaBt die CST-Mes­

sung mehrere durch die Flockung hervorgerufene Eigenschafts­
veranderungen. Zum einen das SchlammwasserabgabevermBgen, zum 

anderen jedoch auch in gewissem Umfang die damit verbundene 
PartikelgrBBe, wie aus Bild 2 zu ersehen ist. Am Beispiel des 

Faulschlammes Dachau wird der Zusammenhang zwischen dem CST­

Wert und dem Fraktionsanteil <: 63 fAm fUr Flockungsmittelzu­

gabemengen von a - 600 g/m3 verdeutlicht. 

Der in Bild 2 dargestellte Zusammenhang laBt sich fUr jeden 
Schlamm ableiten, verliert jedoch bei Konditionierung mit an­

organischen Chemikalien seine Gtiltigkeit, da es hierbei zu 
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keiner durch die NaBsiebung nachweisbaren Beeinflussung der 

TeilchengroBenverteilung kornrnt. 

gil Fraklionsant.iI < 63 pm 

50 

I ! ! II1I1 T 1 , 
I 

30 

! I i III I ! 

I Faulschlamm 

~[jllj" i 

" . 
! 

r / 
~ 1 Jt 

I I " 
I 

iL- I 

" ",/,f" " 
i I I 

f-
~ 

~ll!W~ ~t ; 

r I 1"1 i I I r 
! I 

40 

20 

10 

6 810 20 40 60 100 200 400 600 1000 sec 

CST 

Bild 2: Zusarnrnenhang zwischen dem CST-Wert und dem Fraktionsan-

teil < 63 fJ m 

Wahrend sich der mit Uberdruck ermittelte spezifische Filtra­

tionswiderstand zur Beschreibung des Konditionierungsverhaltens 

bei Verwendung organischer Flockungsmittel aufgrund der Insta­

bilitat der gebildeten Flocken gegenUber hoheren Druckkraften 

nicht als geeignet erwiesen hat, laBt sich bei Konditionierung 

mit Eisenchlorid und Kalkhydrat die Verbesserung der Entwasser­

barkeit zufriedenstellend beschreiben (Bild 3). Der Quotient 

des spezifischen Filtrationswiderstandes nach (rk ) und vor der 

Konditionierung (ro ) wird in Abhangigkeit von der Eisenchlorid­

menge aufgetragen, wobei zur Vereinfachung von einem konstan­

ten Kalk-Eisenchlorid-Verhaltnis ausgegangen wurde. Das optima­

Ie Verhaltnis muB jeweils untersucht werden. In diesem Fall er­

wies sich ein Verhaltnis von 3 : 1 als gUnstig. Nach Ermittlung 

dieser Eichkurve laBt sich in Abhangigkeit von ro nach Vergabe 

eines Zielwertes r k die benotigte Chemikalienmenge ablesen. 
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Bild 3: Ermittlung des Chemikalienbedarfs mit Hilfe des spez. 

Filtrationswiderstandes fur Ca(OH)2/FeCl3'6H20 ist 3/1 

3.4 Zusammenhang zwischen Laborkennwert und maschineller 
Entwasserung 

Am Beispiel der Filterpresse werden die MBglichkeiten der Kenn­

wertanwendung im Hinblick auf die maschinelle Schlammentwasse­
rung aufgezeigt. Bei der Filterpresse gliedert sich der Verfah­
rensablauf in Filtrations- und Entwasserungsvorgang, welche 

durch den spezifischen Filtrationswiderstand mit gewissen Ein­

schrankungen beschrieben werden kBnnen. Aus Bild 4 ist zu ent­

nehmen, in welchem MaB der erreichbare TS-Gehalt bei sonst kon­
stanten Betriebsbedingungen vom spezifischen Filtrationswider­

stand abhangt. Es bestatigt sich, daB Schlamme mit einem spe­
zifischen Filtrationswiderstand kleiner 1,0'1012 m/kg in ei­

ner Filterpresse gut zu entwassern sind 1131 • Die in Bild 4 

dargestellten Ergebnisse, gewonnen mit einer Modellfilterpresse 

(Filterflache 0,5 m2) konnten mit einer groBtechnischen Presse 
(Filterflache 300 m2) verifiziert werden. Infolge der grBBeren 

Abmessungen des Aggregates ist eine langere Filtrationsdauer in 
Ansatz zu bringen (Bild 5). 
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INFLUENCE OF PRECIPITATION ON THE BJ:liAVIOUR 

OF SLUDGE IN TEF. CASE; OF DE~';ATbRli'JG 

D. GLEISBERG 

Application Department, Eoechst AG, l'iorks Knapsack 

Surmnary 

The influence of sludge from precipitation purification on 
the dewatering behaviour of sludges was examined in four compa­
rative tests carried out in municipal sewage treatment plants. 
The same pilot plants were useci in all cases for sludge ~ewate­
ring: hy~rostatic bag, belt filter and filter press. Pure pre­
cipitation sludge from postprecipitation is difficult to dewa­
ter. A mixture (1:1) of precipitation sludge and conventional 
digested sludge displays the same dewatering behaviour as natu­
ral mixed sludge, e.g. from simultaneous precipitation. Intro­
duction of precipitation purification in the form of simultan­
eous precipitation increased the total solids content of the 
sludge and with that the absolute flocculant consumption; the 
specific consumption only increased in the belt filter in spite 
of the reduced volume of sludge produced. Iron III precipitants 
had a more favourable effect on flocculant consumption and dry 
matter content achieved than aluminium precipitants. This was 
not confirmed by the other dewatering units. Pre and simultan­
eous precipitation displayed sL~ilar results in sludge dewate­
ring. Simultaneous precipitation is to be given preference on 
account of the smaller amount of sludge produced. 
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1. INTRODUCTION 

The eutrophication control of stagnant and slcwly flowing 

waters requires that these are kept free fro~ phosphorus which 

is a plant nutrient. Phosphorus is eliminated from polluting 

sewage by means of precipitation purification. Approx. two 

thousand municipal sewage treatment plants allover the world 

work according to this process. Precipitation purification not 

only eliminates phosphates but also other substances found in 

sewage and is therefore used in particular to relieve sewage 

treatment plants. It can be introduced into existing sewage 

treatment plants at short notice and without structural alter­

ations. The additional costs are relatively low. 

A swift increase in the installation of precipitation purifica­

tion must therefore be expected in the future. The sludge from 

sewage treatment undergoes changes due to precipitation purifi­

cation; its solid matter content increases and its composition 

alters. The influence of this on the mechanical dewatering of 

sludge should be examined. Then the scope of sludge dewatering 

is increasing. It is necessary before depositing, incineration, 

composting and other sludge transformations. EnviroNaental pro­

tection and the protection of raw materials are bringing new 

aspects in this respect. 

2. INVESTIGATION PROJEKT 

The investigation project comprised four comparisons 

(fig. I): 

A Sewage treatnlent with and without precipitation purification. 

B Pre and simultaneous precipitation. 

C Aluminium al1d iron precipitants. 

D Pure precipitation sludge and a mixture with conventional 

digested sludge. 

Each part of a comparison was examined in the same sewage tre­

atment plant. There was an interval of more than 50 days bet­

ween two parts of a comparison. ~lithin this period the contents 

of a digestion tank were generally replaced to approx. 90 % 
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and more. This was .not necessary in the case of comparison D. 

Four well-operated municipal sewage treatment plants which 

were not overloaded were chosen for these investigations, and 

three of these in the region of Lake constance work regularly 

with precipitation purification (fig. II). In all four sewage 

treatment plants the waste sludge is stabilised by means of 

digestion and then dewatered. In the sewage treatment plant in 

Uberlingen post-precipitation sludge is not digested but de­

watered directly in a filter press. 

~'hree portable pilot plants were used in all cases for dewa­

tering the sludge with which it was possible to carry out prac­

tice related tests: 

A Belt filter, performance approx. 1,5 m3/h 

B Filter press, performance dependent on number of frames 

approx. 0,02 m3 /h 

C Hydrostatic bag, performance approx. 0,1 m3/h. 

The results of the dewatering units in the four sewage treat­

ment plants were taken into consideration in the evaluatibn of 

the investigations. 

The sludges were examined with respect to total solids, vola­

tile solids, pH-value, specific filter resistance, and capil­

lary suction time. Flocculation tests were carried out in the 

laboratory with one liter of sludge in order to select suitable 

conditioning agents. There were 33 organic polymers and four 

inorganic electrolytes to choose from. Conditioning agents 

were added to the sludge which was then decanted ten times. 

The fornation and settleablility of the flakes was observed. 

Stability of the flakes was tested by pressing a filter cloth 

bag filled with sludge by hand. The conditioning agents selec­

ted in this way were used in the pilot plants. Depending on 

the unit concerned and the expenditure of time between three 

and thirty tests were carried out per unit for each part of a 

comparison. Seven different measurements were generally taken 

on the sludge cake and the filtrate as a double test: dry 

matter, volatile solids, residue on evaporation, settleable 
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solids after 2 hrs, pH-value, conductivity and turbidity. 

3. PRELIMINARY EXAIHNATION OF VARIOUS CONDITIONING AGENTS ON 

THE SLUDGE UNDERGOING IhVESTIGATION 

The nature of precipitation sludge can be observed most 

distinctly when treated separately. But this is not often 

possible in practice because precipitation sludge resulting 

from pre and simultaneous precipitation flows together with 

the sludges resulting from other methods. Even when it flows 

separately as in postprecipitation it is usually mixed with 

the other sludges before dewatering. 

The other charge characteristic of precipitation sludge 

colloids is visible during treatment with cationic and anionic 

polymers. Precipitation sludge does not react or only poorly 

to cationic polymers; the same is true in part with combina­

tions of anionic and cationic flocculants (fig. III). This is 

in contrast with a mixture of precipitation sludge and conven­

tional digested sludge. 

As expected, inorganic electrolytes such as FeC1 3 do not achie­

ve a satisfactory dewatering structure of pure precipitation 

sludge. Lime which is used in practice together with polymers 

has a different effect. The reason for this is that the sludge 

has a high pH-value when lime is useci, 'irvhich weakens or re­

verses the electric charge of the colloids. 

'rhe comparison of digested sludge from mechanical-biological 

sewage treatment with and without simultaneous precipitation 

shows that these properties of precipitation sludge are no 

longer effective in mixed sludge (fig. IV); they are compen­

sated by the colloids of the other sludges which are in the 

majority. l-lixed sludge from precipitation sludge and conventi­

onal sludge can be best conditioned with cationic polyelec­

trolytes or combinations of anionic and cationic polyelectro­

lytes. 

These observations are confirmed by the flocculation test in 

the comparison of simultaneous precipitation and preprecipita­

tion. The flocculation properties were fair to poor in the 
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case of anionic polyelectrolyts fair to good in the case of 

cationic polyelectrolytes or combinations. 

In the comparison of the aluminium precipitant with the iron 

III precipitant it was noticed that two cationic polymers were 

classified IIgood" in the case of AI, but llpoor" or only "fair" 

in the case of Fe. A combination of precipitants achieved good 

results in both cases. 

It is obvious that these results must not apply to the same 

extent in all cases. 

4. DEWATERING RESULTS 

4.1 PURE PRECIPITATION SLUDGE "liND A HIXTURE \YUH CONVENTIONAL 

DIGESTED SLUDGE 

Pure precipitation sludge from postprecipitation with 

aluminium sulphate cannot be drained easily (Uberlingen). In 

compa~ison with mixed sludge from pure precipitation sludge 

and conventional digested sludge only approx. 60 % of the dry 

matter content can be achieved in the centrifuge and the fil­

ter press (fig. V). Pure precipitation sludge conditioned with 

polymers could not be dewatered in the belt filter. It ;cas 

only possible after adding large quantities of lipe (7,8 -

31,5 kg/m3). The specific flocculant requireLlent of pure pre­

cipitation sludge exceeded that of rr,ixed sludge by 65 to 75 %. 

The dry matter content achieved fer the artificial mixed 

sludge, which was produced in the ratio volume of 1:1, corres­

ponded to that of natural mixed sludge, e.g. from simultan­

eous precipitation. 

4.2 SLUDGE FRQ!.\ HECllANICAL-BIOLOGICAL SUiAGE TREATHEN'I IHTH 

AND WITHOUT PRECIPI'IhTION PURIFICATION 

The absolute coagulant requireraent per cubic rr,eter of 

sludge increase considerably by introduction of precipitation 

purification (fig. VI). 

The arithmetic nean of all results concerning the centrifuge 

and the belt filter proved an absolute flocculant requirement 

which was more than twice as high ~#hilst the mean dry r..latter 
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contents were alr.'Dst the same. A flocculant (A) which was used 

in comparison showed a considerably smaller difference in re­

quirewent with nearly the samE; dewatering result. The choice 

of suitable conditioning agents in the case of sewage treat­

ment with precipitation r.mst evidently be made with special 

care. 

The higher flocculant requirement in the case of precipitation 

purification is due to the approx. 80 % higher total solids 

content of the sludge before dewatering. However the final 

analysis in the above mentioned cases averaged an increase in 

the relative flocculant requirement per kg solids. This does 

not apply to the above mentioned individual case. 

The balance of conditioning agent in the case of precipitation 

purification is improved by the decrease in waste sludge vo­

lume, approx. 10 % less waste sludge occurred by introduction 

of precipitation purification (fig. VII). This more or less 

compensates the difference in specific flocculant requirement 

in the case of the centrifuge, but not quite for the belt 

filter dewatering. 

4.3 COMPARISON OF THE INFLUENCE OF ALUMINIUM AND IRON PRECI­

~ 

The results of the tests made with the belt filter de­

monstrate on an average a higher dry matter content together 

with a much lower specific flocculant requirement when iron 

salt is used as compared with precipitation purification with 

aluminium salt (fig. VIII) • 

In the case of the centrifuge and the filter press the average 

specific flocculant requirement turned out to be reverse; but 

the differences were smaller and the average dry matter con­

tents almost the same. The result of the test in the pilot belt 

filter are more important, because in this comparison it was 

possible to carry out a larger number of tests. The different 

properties of the sludge flocks in the different dewatering 

units can of course stand out here. 
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4.4 SLUDGE FRO~l SII1ULT1I.NLOUS aND PREPRECIPITZ,TION 

The average results of the cOIT.parison between sir.mltane­

ous and preprecipitation show hardly any difference in the case 

of the centrifuge and the belt filter (fig. IX). In both cases 

the process in the centrifuge of the sevlage treatment plant 

was operated with the same cationic flocculant and could not 

be optimised. In the hydrostatic bag the sa~p addition of 

flocculant combinaticns resultec~ in the san,e dry matter con­

tents in both parts of the cOITparison. 

In consideration of the fact that the volume of sludge resul­

ting from simultaneous precipitation is sr-,aller than that 

from preprecipitation, si~ultaneous precipitation must be given 

preference ever preprecipitation. 

4.5 FILTPATE BEHAVIOUR 

The cOlT'_parison of ITLechanical-biolcgical se'I:\Tage treatment 

\vithout and with precipitation, which was tested mainly in 

the belt filter, showed an increase in turbidity and settle­

able solids. Individual comparisons and tests in the other 

dewatering units did not always confirm this pattern. 

5. DISCUSSION 

This evaluation of the investigations was only concerned 

with conditioning with organic polyelectrolytes. 

In spite of numerous conditioning tests dispersion of the dry 

matter contents reached was in most cases about ± 10 %. 

1\'1 thin the scope of these inveatigations which took over 

six months it was not possible to treat all influencing fao­

tors systematically or to optimise all dewatering processes. 

The aim of the investigations was not to conpare dewatering 

units but to indicate the influence of precipitation purifi­

cation on sludge dewatering, and this was basically success­

ful. But there are still gaps in our knowledge. Above all the 

acquired results must be repeatedly supported and extended. 
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AN APPLICATION OF NATURAL SLUDGE DEWATERING AT SMALL SEWAGE 

TREATMENT PLANTS IN FINLAND 

J. PUOLANNE 

National Board of Waters, Finland 

Summary 

Increasing strict requirements for the quality of sludge 
are causing ever greater problems at small sewage treatment 
plants. Mechanical dewatering is not the answer, since costs 
and operational difficulties increase as the size of the plant 
decreases. Sludge drying beds are prone to failure in cold, 
damp climates. In 1977 a study was begun in Finland into 
various modifications of the sludge drying bed and application 
of the freeze-thaw effect to sludge dewatering. Laboratory, 
pilot-scale and full-scale experiments with peat-covered drying 
beds have been performed in conjunction with freeze-thaw ex­
periments. The use of a peat layer as the filter medium has 
the advantage over a conventional sand filter that it is more 
economical and that the sludge and peat can be composted to­
gether. Average winter temperatures, even in the south of 
Finland, are sufficient to freeze the top sludge layer of 
about 50 em, providing the insulating effect of the snow is 
minimised. Snow is no longer a problem if the sludge is al­
lowed to freeze in thin layers, something which is possible 
in even the mildest winters. After thawing, the sludge is dry 
and porous enough to start composting on its own on the drying 
bed or after lifting it onto flat land. The water obtained 
from the sludge is at least as clean as that obtained by me­
chanical dewatering. 
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1. INTRODUCTION 

Several different methods are available for the treatment 

of sewage sludge at sewage works catering for more thari 5'000 

inhabitants. The operation and efficiency of these methods 

have been investigated and are thus fairly well known. Sewage 

works catering for less than 5'000 inhabitants, on the other 

hand, often do not provide adequate sludge treatment due to 

high costs and lack of suitable methods. 

Public health and water authorities set certain criteria 

on the heavy metal concentrations and treatment methods for 

sludge to be utilized in agriculture. The sludge from small 

sewage works has so far seldom been used. The reason for this 

is not heavy metals, which are present in such sludges at very 

low concentrations, but inadequate dewatering and stabiliza­

tion. 

Sludge treatment at small sewage works is not a signifi­

cant problem in terms of total sludge quantity. The problem 

lies in the large number of these small plants. Three years 

ago about 85 % of Finland's 546 sewage works catered for less 

than 5'000 inhabitants. Seventy-nine per cent of these sewage 

works had no sludge dewatering at all and only 9 % had drying 

beds or basins. These statistics do not include several hundred 

of the smallest sewage works. The Finnish authorities intend 

to prohibit all disposal and utilization of liquid sludge in 

a few years time. Exceptions will be made only in well justi­

fied cases. Thus sludge dewatering will become a major under­

taking at small sewage works. 

2. AIM OF THE STUDY 

The objective of the study was to seek and develop econom­

ical, easily operated, reliable and reasonably effective sludge 

dewatering methods so that the sludge from small sewage works 

can be used more in agriculture instead of going for disposal 

on sanitary landfills. Since the operators of small sewage 

works often work only half a day, special attention was given 

to the simplicity of a plant's operation. 
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Mechanical dewatering methods at small sewage works have 

proved expensive and unreliable. Conventional mechanical de­

watering devices as well as filter bags and rotosieve-type 

concentrators have not been successful, either. Only small 

filter presses remain to be tried under Finnish conditions. 

The remaining alternative was the classical, almost forgotten 

sludge drying bed. 

Sludge drying beds have been studied very little in Fin­

land, although plenty of them were built at the end of 1960s 

and even at the beginning of 1970s. Their operation has not 

been satisfactory due to lack of operating and maintenance 

instructions, which led to the failure of measures that were 

essentially correct. The other common disadvantages - space 

requirement and odour - are not so pronounced at small sewage 

works. The study concentrated on improving the operation of 

sludge drying beds by utilising a peat filter bottom and 

sludge freezing. 

3. METHODS 

The study consisted of a literature review, laboratory 

experiments, pilot-scale and full-scale trials and planning 

examples of some full-scale applications. The study was per­

formed in Oulu Water District in northern Finland under the 

management of the Technical Research Office of the National 

Board of Waters. The experiments were performed at Oulu Uni­

versity and at the sewage works of the participating munic­

ipalities. 

The study deals with sludge drying bed dewatering by peat 

and the effects of freeze-thaw as independent phenomena, al­

though the experimental arrangements were often the same. In 

full-scale praxis the methods can be used to supplement each 

other. 

Preliminary experiments with peat as a filter medium were 

carried out in 1977 at the Ruukki sewage works. In summer 1978 

two sludge drying beds with peat filter bottoms were con­

structed and operation began (Fig. 1). The total area of the 
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beds was 135 m2 Sludge was taken from the plant's pre-precip­

itation basin. The precipitation agent used was ferric chlo­

ride. An initial sludge layer of 60-70 cm was pumped onto the 

beds. 

PLASTIG LINING 
I F THE SOIL IS 
PERMEABLE 

700-900mm 

,"_~:..---'-'=--r:::-=':::'----'-'::::-_.,f-300 mm GARDEN PEAT 

350 - 400 mm CRUSHED 
~~==~~=====-.+ ROCK 

Fig. 1. The principle of a peat filter bottom sludge drying 
bed. The banks are constructed from the local soil. 

The progress of dewatering and filtrate quality and quan­

tity were monitored for three months. The dewatered sludge was 

removed manually using spades and mixed with peat to form a 

compost which was analyzed the following spring. In summer 

1979 eight filters were constructed using 200 1 barrels at 

Kempele sewage works. During the summer sludge from the pre­

precipitation of sewage by lime was dewatered 2-4 times. The 

variables were the number of cycles, the thickness of the peat 

layer and the depth of the sludge layer. One barrel had a 

sand filter instead of a peat filter. The filter media were 

not changed during the experiments. In addition to these 

experiments the operation of two other drying beds with peat 

filter bottoms was monitored in summer 1979. 

In summer 1978 sludge freezing and subsequent thawing were 

studied in the laboratory using ¢ 120 mm acrylic plastic cyl­

inders and 40 I basins "ith insulated sides. Some vessels had 

a watertight bottom, some a filter bottom. The sludges tested 

were produced at existing treatment plants by direct precip­

itation with aluminium or iron salts or lime or by simulta-· 

neous precipitation with ferrous sulphate. During winter 1978-
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1979 freezing of ferric chloride sludge was monitored on 

sludge drying beds with peat filter bottoms at two sewage 

works. Freezing of lime sludge in watertight basins was moni­

tored at Gulu sewage works. Sludge temperatures were measured 

by thermocouples and the depth of frozen sludge by drilling 

the ice. Freezing in one deep layer versus several shallow 

layers, solids migration, the effect of snow cover on freezing, 

thawing and drying, the characteristics of the treated sludge 

and the sludge water quality were all monitored. 

COD, SS, N, P and pH were determined from the sludge fil­

trate and from sludge water separated after thawing. The total 

solids (TS) content, and from time to time the content of vol­

atile substances, macro- and micronutrients, and certain heavy 

metals were determined from sludge and compost. The C, Nand 

P contents of the peat used in the filters were also deter­

mined. 

The required weather observation data was obtained from 

weather observation stations nearby. Evaporation was measured 

by means of a CLASS A evaporation test. 

4. RESULTS 

Sludge was dewatered on the Ruukki drying beds from 4.6 % 

TS to 25-36 % TS. During this period the total evaporation 

was 127 mm and precipitation 46 mm. Most sludge water filtered 

during 2-3 weeks. Rain ran through the cracked sludge without 

wetting it. Initially some sludge escaped below the peat laye4 

as can be seen from the high filtrate concentrations shown 

in Table 1. Operating the sludge drying bed taught us practi­

cal measures such as sludge feeding, peat layer compaction 

and wetting. Table 2 shows the peat analysis. Table 3 shows 

the analysis of the peat-sludge compost. The same peat layer 

was left untouched for winter operation. The peat layer was 

replaced by a new one the following summer. However, at this 

time the drying beds were not operating satisfactorily be­

cause of clogging caused by sludge iron precipitation in the 

drains. 
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Table 1. Quality of sludge water from different dewatering 
methods (mg/l) 

Sewage 
Sludge works Time SS COD N P 

~ Peat filter Ruukki 1978 19-460 87-140 1.9-8.0 

~ Kempele 1979 14-43 190-710 27-140 0.4-3.4 

Kea Sand filter Kenpele 1979 12-37 160-280 62 0.8-1.0 

I1u Frozen and thawed Tyrnliva 1978 13-19 84-130 34-75 0.4-1.0 

~e Kenpele 1978 120 19-38 47-96 0.2-0.3 

~e Ruukki 1979 36-120 360-410 2.6-3.1 

Kea Oulu 1978 5-77 40-160 23-89 9.2-1.1 

B~e Muhos 1978 12 590-630 970-1200 2.2-6.0 

~l Belt press filter Tyrnliva 1975 870 78 41 28 

I).e Kenpele 1975 750 290 39 15 

~ Oulu 1977 35000 2000 420 

~e Muhos 1975 5900 650 200 100 

Table 2. Peat quality before and after use as a sludge filter 
medium 

Place Time Peat P (!!!;Ill) N (% of TS) C (% of TS) 

Ruukki 1978 Fresh 0.6 1.4 45 

1978 Used 0.4 0.9 22 

Kenpele 1979 Fresh 0.7-3.4 1.4-1.6 48-50 

1979 Used 0.8-4.0 1.6-1.9 44-55 

Table 3. The quality of sludge 
versus frozen, thawed 

composted together with 
and composted sludge 

Analysis 

pH 
TS 
Ash % of TS 
C 
N 
P 
K 
ea 
M:; 
Fe 

g/kg of TS 
" 

Pb rrg0,9 of TS 
Cd 

Peat-sludge COJ.JEOst 

4.3 
55.4 
68.2 
11.9 
0.8 
0.6 
1.0 
4.6 
1.9 

35.8 
24.1 
0.7 
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Frozen, thawed and 
COJ9?Osted sludge 

4.4 
48.6 
40.6 
14.4 
2.4 
3.9 
1.2 
8.9 
1.0 

207 
28.3 
4.5 

peat 



The Kempele pilot-scale filtering tests required a de­

watering period of less than one week for initial 70 cm sludge 

layers. Increasing the initial sludge layer to 100-140 cm pro­

longed the dewatering time to three weeks. The differences be­

tween this and the previous sludge dewatering times were due 

to the chemical used in sewage precipitation: sludge from lime 

precipitation dewaters more easily than that from ferric chlo­

ride precipitation. The sludge at Kempele was dewatered from 

5-7 % TS to 27 % TS. The dewatering times were shorter for 

thinner filter medium layers. The sand filter operated in a 

way comparable to that of ?eat filters. In terms of filtrate 

quality it was not possible to make a clear list of the dif­

ferent filter media, their thicknesses or sludge layer thick­

nesses (Table 1). The filter media and sludge layers were 

easily separated by sludge removal. The topmost peat layers 

had compacted and decomposed and the sand layers had started 

to clog. It is obvious that thin filter layers do not last 

more than a few filtering cycles. The peat analyses were very 

heterogenous (Table 2). 

Sludge freezing in the laboratory caused the expected 

gross migration of solids away from the freezing zone. Sludge 

water separated as crystal clear ice when freezing started. 

This also took place when freezing was by layers, resulting 

in the formation of clearly distinguishable water and solids 

layers. Thawing released the sludge water rapidly through the 

pores formed by the ice crystals. The porous structure of 

sludge also allowed effective evaporation of the remaining 

moisture. Water poured on the dry sludge no longer produced 

any permanent moistening. The sludge water could be removed 

through the filter bottom as well as decanted from the surface 

or sides of the vessels without any notable loss of sludge 

solids. The chemical and biological-chemical sludges tested 

dewatered in cylinders from 2-7 % TS to 20-33 % TS and in 

basins from 7-19 % TS to 31-37 % TS. After melting the sludge 

water was in general cleaner than the filtrates obtained from 

mechanical dewatering of the respective sludges (Table 1). 

Sludge material ceofficients used to describe the progress 
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of freezing were calculated from freezing and temperature ob­

servations at the sewage works and from weather observation 

data. Sludge freezing temperatures were -1.8 °c (sludge from 

ferric chloride precipitation) and -1.4 °c (sludge from lime 

precipitation). Soon after thawing the sludge dried to 31-49 % 

TS as a result of filtration and effective evaporation of the 

sludge water. Snow cover was found to have an insulating ef­

fect, and thus slowed down freezing. However, this is not a 

significant disadvantage in freezing by layers, provided that 

sludge is added frequently enough. The high concentration of 

sludge water solids is due to the pulverizing effect of frost 

on the peat layer. 

The depths of the sludge layers which can be frozen in an 

average winter in different parts of the country were calcu­

lated from freezing indexes and sludge material coefficients 

for one layer freezing and for freezing of several layers. 

Sludge dewatered on a peat bottom drying bed in summer and 

frozen and thawed sludge were so dry that they could be com­

posted without additional support material. Frozen and thawed 

sludge even started to compost on the drying bed due to its 

suitable porosity and moisture. Sludge soon turned into odour­

less humus, which was much more valuable as a fertilizer than 

sludge dewatered in summer and composted together with peat 

(Table 3). 

The total costs of full-scale sludge drying beds con­

structed in 1979 were 185 Fmk/tTS. Mechanical dewatering at 

such a small sewage works would have cost, according to the 

literature, at least 1 '000 Fmk/tTS, and probably well over 

1'600 Fmk/tTS. 

5. DISCUSSION 

A sludge drying bed with a peat bottom combined with nat­

ural sludge freezing and thawing proved more succesful than 

expected. In particular, sludge freezing and thawing and the 

subsequent compo sting gave good results. The treated sludge 

was dry and odourless. Freezing, long retention of sludge in 
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the process and compo sting even ensure that the sludge con­

tains relatively few pathogenic organisms. Separate stabili­

zation after freezing becomes unnecessary. The frozen, thawn 

and subsequently composted sludge was five times more valuable 

as a fertilizer than sludge composted together with peat, the 

latter being most suitable for use on its own as a nutrient­

rich topsoil. 

Both peat and sand (# 0.5-5 rom) are suitable filtering 

materials for sludge drying beds. Local prices dictate the 

most economical choice. In the cases studied peat was clearly 

more economical on site. Laying a sand layer is easier than 

wetting and compacting peat. The filtrate obtained from sand 

filters contains slightly less organic matter than that ob­

tained from peat, which contains dissolved humus. On the other 

hand, a 25-30 cm peat filter lasts longer than the comparable 

15-20 cm sand filter. Moreover, peat can be composted together 

with sludge and does not cause a separate waste problem. 

It must be remembered that operating a drying bed requires 

removal of dewatered sludge and replacement of the filter me­

dium by a new one. The life-time of a filter medium is at most 

two years depending on the mode of operation. This is due to 

the clogging of sand and decomposition of peat, both of which 

reduce the efficiency of dewatering cycle by cycle. Flushing 

and maintenance of drains is necessary, especially with sludges 

containing iron precipitates. Otherwise fluctuating dry and 

wet conditions in drains leads to clogging in such cases. 

Sludge freezing and thawing can be carried out either on 

drying beds or in separate watertight basins. In the latter 

case frozen sludge should be lifted onto flat land for thaw­

ing. The material coefficient of sludge in freezing was calcu­

lated to be 0.0230-0.0234 m/ VdOC for ferric chloride sludge 

and 0.0256 m/~ for lime sludge. Thus the formula describing 

freezing can, with adequate accuracy, be presented in the 

form 

d ; C fl, (1) 
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where d 

c = 

F 

thickness of frozen layer (cm) 

2 • 4 cml woe and 

freezing index (doC). 

This formula does not take into account the effect of snow cov­

er, which has to be removed. In an average winter a single 

sludge layer of 80 cm can be frozen in Oulu and one of 55 cm 

in Helsinki. Even during the mildest winter it is possible 

in theory to reach a total frozen depth of 200 m in Oulu and 

70 cm in Helsinki, provided the sludge is frozen in 10 cm 

layers. 

Both the filtrate and the water released from thawingchem­

ical sludge were usually so clean that they could, in prin­

ciple, be lead directly to the effluent from the sewage works. 

In case of any operational shortcomings they must naturally 

be lead to the influent. Sludges containing biological sludge 

produced much more polluted filtrates and thawing waters than 

plain chemical sludges., However, the thawing water and the 

filtrate obtained from the drying beds studied were always at 

least as clear as the water obtained from mechanical dewater­

ing. 

Detailed plans and dimensioning criteria for some new peat 

bottom sludge drying beds utilizing the freeze-thaw phenomenon 

were drawn up on the basis of the experience gained during 

the study. The aim now is to gain further experience with full­

scale treatment units and to study the separate treatment of 

septic sludge by the same method. How efficient and economical 

this method is will be judged finally after the remaining ex­

periments. 
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KLAERSCHLAMMBEHANDLUNG IN OESTERREICH 

W. LENGYEL 
UniversiUitsdozent am Institut fUr Wasserwirtschaft, 

Universitat fur Bodenkultur 
Zivilingenieur fUr Kulturtechnik und Wasserwirtschaft 

Wien 

Presently about 500 sewage treatment plants are operated in Austria trea­
ting the sewage of approximately 6,4 mill inhabitant-equivalents. About 
70 % of these plants treat the sewage biologically. 

The sludge treatment of the plants wi th a capacity of more than 10.000 
inhabitant-equivalents is performed mainly using one of the three follo­
wing processes: 

1 - In the majority of sewage plants sludge is treated by anerobic3 
digestion, ~i th gas utilization produced in digest~rs of 250 m 
to 11.000 m volume. Digestion gas engines between 80 kW and 750kW 
have been installed. 

2 - In numerous plants sludge is treated by aerobic stabilization (even 
with a capacity up to 300.000 inhabitant-equivalents). 

3 - The sludge of the main treatment plant of Vienna (2,5 mill inha­
bi tant-equi valents) is burnt in a special waste incinerator. 

The final storage of the sludge is mainly carried out by dumping it for 
sani tary landfill together wi th domestic solid waste j agricul tural utili­
zation of the digested sludge is of minor importance. 

Zusammenfassung 

Derzeit stehen in Oesterreich rd. 500 Klaranlagen in Betrieb, in denen 
die Abwasser von rd. 6,4 Mio EGW gereinigt werden. In rd. 70 % diesel' 
Anlagen wird das Abwasser biologisch gereinigt. 

Die Schlammbehandlung wird in den Anlagen mit Anschlussgrossen libel' 
10.000 EGW im wesentlichen nach drei Verfahren durchgefUhrt: 

1 - In der uberwiegenden Anzahl in anaeroben ~chlammfaUlanl~gen mit 
KHil'gasverwertung in Faulraumen von 250 m bis 11.000 m Inhalt. 
Faulgasmotoren zwischen 80 kW und 750 kW sind installiel't. 

2 - In zahlreichen Anlagen (auch mit Anschlussgrossen bis 300.000 EGW) 
wird del' Schlamm aerob stabilisiert. 

3 - Del' Schlamm del' Hauptklaranlage Wien (2,5 Mio EGW) wil'd in einer 
Sonderabfall verbrennungsanlage verascht. 

Die endgUltige Unterbl'ingung des KUirschlammes erfolgt hauptsachlich durch 
gemeinsame Deponie mit Hausmlill, untergeordnet wird die landwirtschaftliche 
Nassschlammverwertung angewandt. 
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SITUATION DER KLARSCHLAMMBEHANDLUNG IN bSTERREICH 

Der folgende Bericht solI eine Dbersicht tiber die Klar­

schlammbehandlung in bsterreich geben. Von den derzeit in 

bsterreich in Betrieb stehenden rund 500 Klaranlagen wird das 

Abwasser von ca. 6,4 Mio. EGW gereinigt, wobei der Anteil mit 

biologischer Reinigungsstufe etwa 70 % betragt. Der GroBteil 

dieser Anlagen hat allerdings AnschluBgroBen unter 10.000 EGW. 

Bei diesen Anlagen herrscht die anaerobe Schlammstabilisation 

vor. Eine untergeordnete Rolle spielen bei den kleinen An­

lagen auch altere Tropfkorperanlagen. Wegen der relativ 

kleinen Schlammengen wird im allgemeinen der Klarschlamm in 

der Landwirtschaft und Gartenbetrieben oder auf Mtilldeponien 

anstandslos untergebracht. 

Bei AnlagengroBen tiber 10.000 EGW werden im wesentlichen 

drei Verfahrensgruppen angewendet: 

In der tiberwiegenden Anzahl erfo1gt die Schlammstabili­

sierung in anaeroben beheizten Schlammfaulanlagen. 

In mehreren groBeren Anlagen erfolgt eine aerobe Schlamm­

stabilisierung. 

Der Schlamm der Hauptklaranlage Wien wird in einer Son­

derabfallverbrennungsanlage verascht. 

In etwa 50 Klaranlagen mit AnschluBgroBen tiber 10.000 EGW 

wird die anaerobe Schlammfaulung in beheizten Schlammfaulbe­

haltern angewendet. Dar kleinste Faulbehalter steht auf der 

Klaranlage Wiental mit einem Inhalt von 250 m3. Die groBte 

Schlammfaulanlage ist mit drei Behaltern und insgesamt 

33.000 m3 Inhalt in der Regionalklaranlage Linz-Asten in Be­

trieb. 

Die Beheizung der Faulraume erfolgt bei den alteren An­

lagen durch inn en liegende Warmetauscher, in den neueren An­

lagen durchwegs durch auBen liegende Warmetauscher. Die alteren 

Anlagen sind nach der deutschen Form mit kegelstumpfformigem 

Unter- und Oberteil und zylindrischem Mittelsttick errichtet. 

Die Umwalzung erfolgt bei den kleineren Anlagen durch Umpum­

pen, in Linz-Asten durch Schraubenschaufler und in einigen 
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neueren Anlagen durch Gaseinpressung. Baulich wurden diese Be­

halter bis etwa 2.000 m3 Inhalt aus schlaff bewehrten 8eton­

konstruktionen hergestellt, darliber in vorgespanntem Beton, 

die groBeren eiformig. 

Die Tabelle I gibt beispielhaft die AnschluBgroBe und 

den Faulrauminhalt von den wichtigsten Klaranlagen in bster­

reich wieder. 

Tabelle I 

Regionalklaranlage Linz 1,000.000 EGW 

GroJ>klaranlage Graz 400.000 EGW 

KUiranlage des WV. Wiener Neustadt-Slid 230.000 EGW 

Klaranlage Innsbruck 230.000 EGW 

Klaranlage Welser Heide 200.000 EGW 

Klaranlage Klagenfurt 200.000 EGW 

Klaranlage Leoben 100.000 EGW 

Klaranlage Traunsee-Nord 75.000 EGW 

Klaranlage Trattnachtal 65.000 EGW 

Klaranlage Knittelfeld 50.000 EGW 

Klaranlage Ternitz 32.000 EGW 

Klaranlage Stockerau 30.000 EGW 

1m Jahre 1967 ging auf der Klaranlage Klagenfurt der erste 

Faulgasrnotor in Betrieb. Durch die Anwendung der Warme-Kraft­

kopplung kann das Klargas optimal ausgenlitzt und der Energie­

verbrauch der Anlagen minimiert werden. 

Tabelle II 

Mit Stand 1980 sind in bsterreich folgende Faulgasmotorenan­

lagen in Betrieb: 

GroBklaranlage Graz 

Klaranlage Innsbruck 

Klaranlage Klagenfurt 

Klaranlage Traunsee-Nord 

Klaranlage Stockerau 
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1. 544 kW 

1.155 kW 

338 kW 

220 kW 

120 kW 



In weiteren ca. 15 Anlagen werden Faulgasmotoren in­

stalliert, wobei sich die groBte Anlage auf der Regionalklar­

anlage Linz-Mitte mit einem GesamtanschluBwert von 2.530 kW in 

Montage befindet. 

Bei den bestehenden An]agen ausnahmslos und bei den ge­

planten Anlagen mit einer Ausnahme werden die Faulgasmotoren 

zum direkten Antrieb der Druckluftgeblase fUr die biologische 

Reinigung verwendet. 

Bei einer Anlage (Traunsee-Nord) ist eine Vorpasteurisie­

rungs anlage installiert, die allerdings nur zeitweise in Be­

trieb steht. 

Der Betrieb der Faulanlagen verlauft im wesentlichen 

problemlos. Durch industrielle Einwirkungen kam es zu etwa 

einem Dutzend Storfallen in den letzten 10 Jahren. In sechs 

groBeren Klaranlagen stehen Faulgasmotoren in Betrieb J wobei 

die installierte Leistung in Stockerau bei 30.000 EGW An­

schluBgroBe 120 kW und in Graz bei 400.000 EGW rd. 1.500 kW 

betragt. Rund 10 Klaranlagen erhalten Gasmotorenanlagen, wobei 

die installierte Leistung von 60 - 2.500 kW schwankt. 

Bei der Uberwiegenden Zahl dieser Anlagen wird der Schlamm 

zumindest teilweise natlirlich in Schlammtrockenbeeten oder 

Schlamrnteichen entwassert. Etwa 20 Anlagen haben Schlamment­

wasserungsmaschinen, meistens Siebbandpressen, in Betrieb. Die 

Anlagen verteilen sich auf drei Erzeuger mit 15, 3 und 2 An­

lagen in Betrieb. 

In jungster Zeit geht die Bereitschaft von Bauherren und 

Planern, Schlarnmentwasserungsanlagen zu installieren, wieder 

leicht zurUck, da bei einigen in Betrieb befindlichen Anlagen 

die Garantiewerte und die Standzeiten nicht erreicht werden 

konnten. Derzeit (Beginn 1980) ist eine Kammerfilterpresse 

ausgeschrieben (Feststoffgarantiewert 40 %). 

In der Klaranlage Wien-Blumental (300.000 EGW) , der Klar­

anlage des Abwasserverbandes Wulkatal im Burgenland und in den 

vier Klaranlagen des Mlirzverbandes in der Steiermark wird der 

Schlamm aerob stabilisiert. Die Beluftung in den Stabilisie­

rungsbecken erfolgt durch Oberflachenbelufter. Beim Abwasser-
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verband Wulkatal erfolgt die landwirtschaftliche Verwertung 

des Schlarnrnes durch Ausbringung in flUssigem Zustand. Der 

Schlarnrn der Anlagen des MUrzverbandes wird zusarnrnen mit Haus­

mUll zu Kompost verarbeitet. Der aerob stabilisierte Schlarnrn 

der Klaranlage Wien-Blumental wird wieder in den Hauptsarnrnel­

kanal eingebracht und in Zukunft der Hauptklaranlage Wi en zu­

geleitet. 

Die Schlarnrnverbrennung des auf der Hauptklaranlage Wien 

anfallenden Schlarnrnes wird von der EBS - Entsorgungsbetriebe 

Simmering GmbH & Co KG, an welcher die Stadt Wien Uber die 

Wiener Allgemeine Beteiligungs- und Verwaltungs-GmbH und eine 

private Gesellschaft zu je rd. 50 % beteiligt ist, durchge­

fUhrt. 

Der Unternehmensgegenstand der EBS ist vor allem Klar­

schlarnrnverbrennung und -verwertung zum Zwecke des Umwelt­

schutzes. 

Die von der EBS in unmittelbarer Nahe der Hauptklaranlage 

Wien errichtete Anlage verbrennt auch Sonderabfalle. Der An­

fall an Sonderabfall wird in Osterreich auf rd. 300.000 bis 

350.000 Jahrestonnen geschatzt. Der Jahresanfall an Frisch­

schlarnrn in der Hauptklaranlage Wien wird auf rd. 1 Mio. Tonnen 

geschatzt. 

Das Gesamtkonzept der Anlage der EBS sieht die tibernahme 

des Frischschlammes aus der Hauptklaranlage per Druckleitung 

in zwei Schlammstapler, die Entwasserung in 5 Dekantern, Typ 

KHD, mit einer Leistung von je 50 m3/h. die weitere Trocknung 

eines Drittels der entwasserten Schlammenge in 3 Mahltrocknern 

mit einer Verdampfungsleistung von je 4 to/h und die Verbren­

nung des wieder gemischten, entwasserten (25 % TS) und ge­

trockneten Schlarnrnes (93 % TS) in zwei Wirbelschichtofen­

straffien mit einer Warmeleistung von je 67,2 GJ/h vor. 

tiber die Funktionsweise der Anlage der EBS kann noch 

nichts ausgesagt werden, da diese Anlage erst im Juni 1980 in 

Betrieb gegangen ist. 
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Seit 1973 gibt es in Osterreich rd. 10 kombinier~e Mtill­

Klarschlammbehandlungsanlagen, in denen Kompost erzeugt werden 

solI. Es handelt sich dabei urn Anlagen verschiedener Herstel­

ler, AusbaugroBe und Qualitat des angestrebten Endproduktes. 

Es konnten keine verifizierbaren Aussagen tiber die tatsach­

lich verarbeiteten Klarschlammengen erhalten werden. Bei allen 

Anlagen solI aber Klarschlamm meist in einwohneraquivalenter 

Menge zusammen mit Hausmtill verarbeitet werden. Es handelt 

sich dabei urn folgende Anlagen: 

Inbetriebnahme Anlage Kapazitat in EW 

1973 Pill in Tirol 120.000 

1975 Attnang/Puchheim 180.000 

1975 Lustenau 160.000 

1976 Traiskirchen 80.000 

1976 Ahrental 180.000 

1978 Oberpullendorf 60.000 

1978 Pochlarn 70.000 

1978 Zell am See 66.000 

1978 Siggerwiesen 300.000 

1978 Oberes Ennstal 70.000 

1979 Allerheiligen (Mtirzverband) 120.000 

Es bleibt zu hoffen, daB bei all diesen Anlagen die projek­

tierte Klarschlammenge tatsachlich zur Verarbeitung kommt und 

das Endprodukt zur Bodenverbesserung verwendet werden kann. 

Das Rahmenkonzept 1976 des Osterreichischen Bundesin­

stitutes ftir Gesundheitswesen empfiehlt: 

a Die Beseitigung der Rtickstande - Klarschlamm, Rechen­

gut, Sandfanggut - muB unter Beachtung aller hygieni­

schen Erfordernisse erfolgen. 

a Der Verarbeitung des Klarschlammes in der Landwirt­

schaft ist groBes Augenmerk zuzuwenden, wobei standige 

Kontrollen tiber die Zusammensetzung geboten erscheinen. 

a Die gemeinsame Kompostierung von Mtill und Klarschlamm 

solI als zweckmaBiges Verfahren im Rahmen der gegebenen 

Moglichkeiten angewendet werden. 
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Der jahrIiche Anfail an DUnger und StaIImist wurde fUr 

Osterreich mit etwa 33 Mia. Tannen errechnet. Ein graZer Teil 

davon wird in der Landwirtschaft verwertet. Beseitigungsprob­

lerne ergeben sich erst l wenn Tiere in Massentierhaltungen auf­

gezogen werden. 

Es erscheinen folgende MaBnahmen notwendig: 

o Bei den Anlagen zur Massentierhaltung sind wirksarne Ein­

richtungen gegen eine Geruchsbelastigung der Umgebung zu 

treffen. 

o FUr einen geeigneten Abtransport und entsprechende Be­

seitigung der Abfalle ist unter Einhaltung der Erfor­

dernisse des Urnweltschutzes Sorge zu tragen. 

In der zunehmend industrialisierten Landwirtschaft wird 

hin und wieder der Humusmangel in den Boden und die fort­

schreitende Verdichtung festgestellt. Die Folge sind schwerere 

Bearbeitbarkeit, die Notwendigkeit, Stoppelfelder abzubrennen 

und progressiv steigender Einsatz von Handelsdtinger, urn den 

Ertrag gieich hoch zu halten. 

Bei weitgehender Einbringung der Klarschlarnmengen in 

unsere Boden konnte dieser negativen Veranderung entgegenge­

wirkt werden. Dabei kann tiberhaupt nur die bodenverbessernde 

Eigenschaft des Klarschlammes von Bedeutung sein , da sein 

Nahrstoffgehalt irn Vergleich zu den in Osterreich verwendeten 

Handelsdtingermengen verschwindend gering ist. Unter der An­

nahme, daZ der gesamte Kiarschiarnrn Iandwirtschaftlich verwer­

tet wird, entspricht sein Dtingegehalt, bezogen auf Reinnahr­

stoff, nur ca. 2 % des Stickstoffverbrauches und nur ca. 2,5 % 

des Phosphorverbrauches in Osterreich. 
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The main purpose of stabilisation is to reduce the offensive odour and 
putrescibility of raw sludge in order to facilitate its disposal without 
causing rtuisance. There may also be other beneficial effects of 
stabilisation but these are not usually essential. 

Methods of stabilisation may involve either biological treatment, when 
the e"ffects are permanent, or chemical treatment, when stabilisation is 
only temporary. There is a wide variety of feasible methods, some of 
which are widely used, others restricted to certain areas, and others 
still at an experimental stage. The relative usage of the 4 main 
methods of stabilisation varies from country to country in Europe but in 
all cases, mesophilic anaerobic digestion is the most important. Techni­
cal aspects of this method are considered and it is concluded that it 
will continue to be the major method of stabilisation at medium and large 
works for the foreseeable future. It may well also find greater use at 
small· works. 

The status of aerobic digestion, including autothermic thermophilic diges­
tion, is considered and it is concluded that the latter process may prove 
the more widely applicable in future provided the energy costs are favour­
able. Composting of sludge is briefly considered and seen to be a process 
which will remain largely confined to certain countries. The use of lime 
in various ways for stabilisation is also reviewed. 

Finally, a qualitative checklist is provided as a method of comparison of 
the main features of each of the major stabilisation methods. 
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INTRODUCTION 

The prime purpose of all stabilisation methods is to render raw sludge 

less malodorous and reduce its putrescibili ty so that subsequent storage 

and disposal may be effected without odour nuisance. Some stabilisation 

processes may, of course, also bring about other significant changes - i.e. 

a reduction in the mass of sludge solids, reduction in numbers of pathogens, 

improved flow characteristics, improvement in availability of plant 

nutrients - but odour reduction is invariably the key objective. Indeed, 

it is unlikely that any of the processes would be employed for these other 

purposes if odour control was not required. 

The methods which have been devised for stabilising sewage sludge may 

be broadly divided into: 

(a) Biological processes - which usually effect permanent stabilisation, 

and 

(b) Chemical treatments - which are generally only temporary in effect~ 

A classification listing virtually all the feasible (but not necessarily 

widely applicable) methods is presented in Table 1 together with an 

assessment of their current status in Europe. Only a few methods are in 

use everywhere; others are more or less confined to particular countries or 

regions, and some are in only very limited use or are still at the research 

and development stage~ 

The proportion of raw sludge produced which actually receives stabili­

sation before disposal varies from country to country in Europe as does the 

relative usage of the main methods and this is clearly seen in Table 2~ In 

all countries, anaerobic digestion is the process of greatest importance in 

terms of mass of sludge solids treated~ In the extreme case of the UK, 

anaerobic digestion is used for over 96% of the mass of sludge solids 

stabilised each year. Of the other methods of stabilisation, it is seen 

that aerobic digestion is particularly strongly featured in the Netherlands; 

composting processes are much more popular in the Federal Republic of 

Germany and Scandanavia than elsewhere. Lime stabilisation is also much 

more widely used in the Scandanavian countries than in the rest of Europe. 

It may be noted that incineration is not included in the list of 

methods in Table 1. Al though it could certainly be regarded as an extreme 

form of stabilisation, it is more conventional to consider it as a 

separate form of treatment (or disposal) and it will not be discussed 

further in this paper. Similarly, the addition of lime to sludge as a 
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Table 1. Possible methods of stabilisation of sewage 
sludge and the current status of each method in Europe 

Type 
of 

stabilisation 

Biological 

Chemical 

Process 

Anaerobic 
digestion 

Aerobic 
digestion 

Composting 
wi th a 
bulking 
agent or 
recycled 
material 

Composi te 
process 

Addi tion 
of lime 
topH)12 

Addi tion of 
oxidising 
agent 'or 
bactericide 

* Status 

Method 

Unheated (Lagoon or Tank) 

Status* 
of 

method 

I Single-stage A 

Heated 

MesOPh!li c I~T",w"o:o-s",t,",a= .. e_~~--,c"-_-I 
(25-35 C) I Two-nhase 

Unheated 

Auto­
thermic 

Windrowing 

Rotary drum 

Aerated vessel 

Aerated pile 

'Pressed brick' 

Thermophilic 
(45_5S 0 C) 

Using air 

Using commercial oxygen 

Auto-thermic aerobic digestion 
+ anaerobic digestion 

Hydrated lime to liquid sludge 

Quicklime to liquid sludge 

Quicklime to sludge cake 

Peroxides, organic oxidising agents 

C 

B 

C 

B 

c 

C 

D 

A = Well established and widely used in most countries 

B = Well established but much more common in some countries than 
in others. 

C = In limited use 

D = Experimental or under development 
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method of conditioning it before dewatering to a cake may effect some 

degree of stabilisation but it is not principally intended as a stabili­

sation process~ 

The objective of this paper is to summarise the current situation in 

regard to each of the main methods of stabilisation with an indication of 

possible future developments. The criteria involved in selection of a 

stabilisation method for a particular scheme are also briefly considered 

and a check list is presented as a means of rapid qualititative comparison 

of alternatives. 

BIOLOGICAL PROCESSES 

Anaerobic Digestion 

The general importance of anaerobic digestion in Europe has already 

been indicated. The process is likely to remain very much favoured as a 

method of stabilisation at medium and large works and it will become even 

more attractive wherever the value of digester gas as an energy source can 

be fully exploited. Use of anaerobic digestion at small, even rural, works 

may also become much more attractive in the future as a result of the 

recent developments in pre-fabricated digester design described in another 

contribution to this symposium (1). 

Some 10-20 years ago, the anaerobic digestion process went through a 

period of unpopularity in a number of European countries. This was largely 

the consequence of significant numbers of cases of process failure caused 

by inhibition or through under-, or over-, loading inadequate mixing and 

heating or poor process control. There is now much fuller appreciation of 

the causes of inhibition and a better understanding of process requirements. 

This, together with the development of improved mixing and heating systems, 

has led to much reduced frequency of digester failure and an improved 

confidence in the anaerobic process. Energy considerations have also led 

to an increased interest in the anaerobic digestion process Which, 

uniquely among stabilisation methods, is capable of yielding a surplus of 

usable energy. 

Problems with al'laerobic digesters do still occur, of course, parti­

cularly in regard to inadequate heating (resulting from inadequate gas 

yield) during cold weather when supplementary fuel may be required. How­

ever" improved design of plant (together with improved insulation 

techniques) have tended to reduce the occurrence of such difficulties. 
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By far the commonest form of· anaerobic digestion employed in Burope 

is the heated process operated at 3O_350 C (mesophilic digestion). Plants 

normally comprise a single stage of primary digestion in a closed tank (or 

tanks) provided with a mixing system (gas recirculation, pumping, or 

mechanical mixing) and a heating system (internal or external). The 

primary digestion stage is normally followed by a secondary consolidation 

stage in an open tank or lagoon. The use of two heated digesters in ~eries 

('two-stage' digestion) occurs at a few plants only and it is not thought 

to have any marked advantage over the conventional t single-stage' mode of 

operation. 

In all countries, the capacity of the heated stage of digestion is 

normally based on the provision of a hydraulic retention period of 20-25 

days wi th an operating temperature of 3O_3SoC. Thermophilic digestion (45-

55°C) is very rarely employed in Europe and it is clear that the potential 

advantages of the process (i. e. increased rate of digestion, greater solids 

reduction, greater pathogen destruction) are largely outweighed by the 

disadvantages (greater heat requirements, more delicate process stability, 

increased strength of sludge liquors, greater odour intensity of digested 

sludge). 

The practice of unheated anaerobic digestion in open tanks 6r lagoons 

is confined to small sewage works and is probably more widespread in the 

UK than in other countries.. It may be a very economical form of sludge 

stabilisation if earth-banked lagoons are employed but the reliability of 

the method, particularly during the winter, is often unsatisfactory and 

odour nuisance may occur. Methods of converting cold digesters to heated 

digesters at low cost are being developed in the UK(2). 

Throughout Europe, the normal material of construction of digesters is 

reinforced concrete but steel has been used for some large plants(3), and 

it may well become more commonly used in the future for pre-fabricated 

digesters for small works (n. There is an interesting difference between 

some countries in regard to the conventional configuration of primary 

digesters. In FDR Germany and in Scandanavia, the configuration is 

commonly ovoid with a high aspect ratio. This shape is . considered to 

facili tate mixing and reduce grit deposition and scum formation. In the 

UK, by contrast, it is traditional to construct primary digesters as simple 

cylindrical tanks with relatively flat floors and usually with a rather low 

aspect ratio (height:diameter <1). Construction costs are undoubtedly much 
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lower for the cylindrical-tank flat-flow configuration but the greater 

difficul ty in achieving adequate mixing offsets this advantage to some 

extent. 

Despi te the differences in design of digester, grit deposition and 

accumulation is clearly a problem common to all countries. It reduces 

effective volume and necessitates periodic shut-down of the digester for 

gri t removal. Some digesters are provided wi th scrapers which may be 

effective in preventing grit deposition. Imhoff( 3) refers to a novel 

method of continuous grit removal which has been developed recently in FDR 

Germany. It is clear that improvement in mixing and grit removal is one 

potentially fruitful area for further research. 

are 

(i) 

Future trends in the development of the anaerobic digestion process 

likely to be\4) 

A general reduction in design hydraulic retention periods to closer 

to 15 days than to 25 days with consequent reduction in capital cost of 

digesters. This would be accompanied by the development of more effective 

and efficient mixing systems to minimise grit deposition and facilitate 

process control. 

(ii) Development of more efficient forms of heating system to conserve 

gas and improve the reliability of winter operation. 

(iii) Increased use of pre-thickening to produce a high-solids feed sludge 

(5-7% dry matter) and thereby reduce heat requirements and digester volume 

requiremen ts. 

(iv) Development of more efficient and more economical gaS-driven engines 

for generation of power from digester gas. 

The future of more radical process developments such as 'two-phase' 

digestion (5) in which the acid-generating phase of the digestion process is 

separated from the methane-generating phase by operating two digesters in 

series, each with an 'optimum' retention period related to the microbial 

growth rate, is much less certain. It seems probable that it will remain 

in the experimental stage for the foreseeable future in Europe. 

Aerobic Digestion 

Two distinct methods of aerobic sludge digestion are now recognised: 

(a) Ambient (cold) aerobic digestion 

(b) Autothermic (thermophilic) aerobic digestion. 

Both methods depend on aerobic microbial oxidation of degradable sludge 

solids. 
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Ambient aerobic digestion 

The conventional aerobic digestion process operating at ambient temp­

eratures involves aeration of sludge for 15-50 days to produce a stabilised 

end-product with about 40-50'7" reduction in organic and volatile solids. 

The process may be operated as an integral part of an extended-aeration 

activated-sludge plant or oxidation ditch (this accounts for its extensive 

use in the Netherlands), or as a separate system comprising a simple open 

tank or tanks with a sui table aeration/mixing system.. Primary, secondary 

and mixed sludges may be stabilised by the process, using continuous or 

batch feeding and removal. 

The Ycold' aerobic digestion process is simple and reliable in 

operation and is not susceptible to failure by inhibition. The degree of 

digestion achieved may, however, drop considerably under low-temperature 

conditions. Capital costs are low but operating costs - largely relating 

to power consumption for aeration and mixing - are very high in comparison 

wi th those for anaerobic treatment. 

Aerobic digestion at ambient temperatures was introduced at a time 

when the anaerobic digestion process was in disfavour and energy costs in 

real terms were much lower than they are today. The picture has now 

changed considerably, and conventional cold aerobic digestion is no longer 

a serious contender as a stabilisation process for any but small works. 

Autothermic thermophilic aerobic digestion 

This form of stabilisation has been developed over the past 6-8 

years(61 It utilises the metabolic heat produced by microbial aerobic 

oxidation of organic matter in sludge to raise the temperature of the 

sludge to above 45°C, and as high as 65°C. It is basically therefore a 

"wet compostingH process. As a result of the high temperature of opera­

tion, the rate of digestion is rapid and retention periods of only 3-5 days 

may be sufficient for full stabilisation of the sludge. This implies much 

smaller plant capacity requirements than for ambient aerobic digestion and 

thus lower capital costs. The high operating temperature also effects a 

high degree of pathogen removal. A further advantage is that the operating 

temperature will be more or less independent of ambient temperatures and 

the process will function wi thout external heat even in very cold 

condi tions. 
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The success of the autothermic thermophilic process is crucially 

dependent on (a) a sludge feed with a" sufficiently high concentration of 

oxidisable organic matter to generate the heat requirements (for primary 

sludge, a solids content of 1.5-2% is required) and (b) providing adequate 

insulation and minimising as far as possible the loss of heat in exi t gases 

from the digestion tank. 

Two systems of operation have been developed, 

(a) Oxygenation using commercial oxygen 

This method has the clear advantage of minimal gas throughput and heat 

loss but it has the disadvantage of the high cost of providing commercial 

oxygen. 

(b) Oxygenation using an aeration device 

It has been clearly demonstrated(7) that it is possible to operate the 

process at high temperatures using an aeration system, but the efficiency 

of oxygen transfer must be at least 15% to reduce heat losses below the 

critical le';el for a heat balance. It is usual to employ the aspirating 

type of aerator for such purposes. 

The" prospects for autothermic thermophilic aerobic digestion lool{ 

qui te promising particularl y for the types employing aeration devices 

other than commercial oxygen. Several full-scale plants are understood to 

be in operation in the Federal Republic of Germany, and at least one in the 

Netherlands and there is a good deal of experimental work proceeding in 

other countries. However, much more information is required about the 

actual energy requirements and other operating costs of thermophilic 

aerobic digestion processes, before a full economic evaluation can be made. 

A first assessment of the costs of the process using commercial oxygen has 

indica ted that, in the UK at leas t, they would not be competi ti ve with 

those for anaerobic digestion, assuming oxygen had to be bought in liquid 

form. 

Composi te Aerobic/Anaerobic Digestion 

It has been claimed(8) that stabilisation of sludge by a combination 

of aerobic thermophilic digestion and anaerobic digestion has economic 

advantages over other systems of stabilisation. The system proposed 

involves partial destruction of sludge solids by autothermic thermophilic 

diges tion, using oxygen, and the feeding of the hot parti all y-diges ted 

sludge to a second stage of anaerobic digestion. This process is being 

examined on an experimental scale in various countries, though its future 
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applica tion to full-scale operation seems very uncertain. 

COMPOSTING 

The composting of sludge in combination wi th domestic refuse or a 

bulking agent such as bark, sawdust, straw, wood chips or dry recycled 

compost is fairly well established as a stabilisation process, but its use 

is largely confined to certain countries. The Federal Republic of Germany 

is the centre of activi ty and development, with at least 30 plants for 

compo sting sewage sludge alone and 12 or more plants for composting sludge 

with domestic refuse( 9). The mass of sludge solids composted, however, 

amounts to only a few per cent of the total mass of sludge stabilised in 

the country, since compo sting is employed mainly at smaller works (10-

25,000 popUlation equivalent). Scandanavia is another area where sludge 

compo sting is important and it is employed at some large works; there are 

some 20 plants in Sweden. Switzerland has about 9 composting plants. 

The reason for the differing popularity of sludge composting among 

different countries is not clear but may relate to a varying demand for 

compost for agricultural use. In the UK, for example, where there is only 

one composting plant (processing sewage sludge + domestic refuse), it is 

broadly recognised that farmers, in general, prefer liquid sludge or sludge 

cal{e to compost. It is possible that the same situation applies in other 

countries and, if so, it would mean that any significant expansion in the 

use of compo sting for sludge stabilisation is unlikely. 

The basic process requirements for composting of sludge are well 

established and described in the literature. A major potential advantage 

of the process is the fact that it is exothermic, and temperatures of up to 

7SoC may be obtained wi thin the compo sting material. These conditions 

should effect complete destruction of pathogens. However there is 

evidence( 9) that, in practice, composting is not a fully reliable means of 

disinfection and that much depends on operating conditions. A certain dis­

advantage of composting is that there is a significant loss of nitrogen 

during the process and this may reduce its fertilizer value compared wi th, 

say, liquid digested sludge. 

The various methods for composting of sludge may be divided into the 

following broad categories. 

A. Unconfined 

(1) Windrow 
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(2) Aerated static pile 

B. ~ 

(1) Wi thin. vessel - open or closed tank 

(2) Rotating drum 

c. Pressed Brick 

D. Fermentation cell 

The unconfined systems, particularly windrows, tend to be low in 

capital cost and relatively high in operating cost while the confined 

systems are higher in capital cost. Must of the recently constructed 

compo sting plants in the Federal Republic of Germany are of the wi thin­

vessel type, in particular the open tank/BAV system. These have the 

advantage that the operating conditions are highly controllable. 

CHEMICAL STABILISATION 

Chemical treatment of sludge effects only temporary stabilisation but 

this is quite satisfactory provided disposal can be achieved before the 

sludge reverts to the putrescent condition. The general advantages of 

chemical stabilisation are simplicity of operation, reliability, and low 

capi tal cost. The only chemical of practical importance at present is lime 

(hydrated lime or quicklime) but there is a possibility that other chemi­

cals - particularly oxidising agents - will find greater use for sludge 

stabilisation in the future. 

Lime stabilisation of liquid sludge 

Lime has been used for centuries to reduce the odour and offensiveness 

of putrescent substances but its use for sludge stabilisation is fairly 

recent. It is a particularly popular process in Norway where there are at 

least 20 plants and where a good deal of research and development on the 

process has been done (1 0). The process essentially requires the addition 

of sufficient lime (usually hydrated lime) to liquid sludge to raise the 

pH value initially to above 12.0 and to maintain the pH value above 11.0 

for a minimum period of time - usually 14-20 days. The raising of the pH 

to above 12.0 suppresses the malodour of sludge and also destroys patho­

genic bacteria. The effect on the eggs of parasitic worms is less certain. 

Raising the pH value of raw sludge to above 12.0 promotes the release 

of ammonia from the sludge, but this does not normally give rise to 

problems except perhaps in confined spaces. Some loss of nitrogen may 
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occur in this way and reduce the fertilising value of the sludge. The 

dose of lime required to raise the pH value of raw primary sludge to above 

12.0 and to maintain the pH above 11.0 for 14 days is usually in the range 

150-200 g Ca(OH)2 per kg dry sludge solids and the mass of solids to be 

disposed of therefore increases proportionately. In some cases quicklime 

rather than hydrated lime is used. 

The equipment required for lime stabilisation comprises essentially a 

lime storage silo, a lime feed system, and a sludge/lime mixing vessel and 

storage tank. At some works, existing equipment installed for dosing lime 

to sludge for conditioning it before dewatering has been used, with an 

obvious saving in capital costs. 

Despi te its simplicity, the process of lime stabilisation still 

requires good supervision. Eikum (11) has described the operational 

problems experienced at a number of Norwegian works in the early days of 

the process. In some cases these were so severe that the lime-stabilisa­

tion process was stopped altogether. 

Lime stabilisation of sludge cake 

The addition of quicklime to dewatered sludge cake is practised at 

some works in Sweden and experience of this method in the Federal Republic 

of Germany is described in another contribution to this symposium (12). 

The heat of reaction produced by the slaking of the quicklime wi thin the 

sludge mass can be sufficient to raise the temperature to 60_70oC with 

consequent pathogen destruction. The hydration of the lime also effects 

partial further dewatering. 

Other Chemicals 

The use of chemicals other than lime for stabilising sludge is 

virtually unknown in Europe though for example, stabilisation by chlorina­

tion is practised to a limited extent in the USA. However, there is a 

great deal of research activity at present into the possibilities of using 

oxidising agents, including organic oxidising agents, and bactericidal 

agents, to achieve temporary stabilisation. 
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PROCESS SELECTION 

In selecting a method of sludge stabilisation for a particular works 

the designer may wish to use a large number of criteria on which to base 

a decision. Costs (both capital and operating) will obviously be a major 

consideration but there will also be various secondary criteria which may 

be used such as the sui tabili ty of method for the size of works, effects 

of climate, effectiveness of process for removal of pathogens, the 

preliminary degree of treatment of sludge required, effect on dewater­

ability of sludge, effect on mass of sludge solids, possible operational 

problems, permanence of stabilisation, and energy requirements. The 

relative importance of these secondary criteria will vary from site to 

site. It is obvious that a quantitative assessment will be required in 

each case but the quali tative comparisons given in Table 3 may serve as 

a preliminary checklist. It is emphasised that the assessments made are 

qualitative and very general and would require much more quantification 

in actual situations. 

In regard to costs estimates it will be necessary to assess the cost 

of each stabilisation method in the context of the cost of whole sludge 

treatment and disposal "route" and comparisons can only safely be made on 

this basis. Estimates of the total costs of sludge treatment and disposal 

routes involving different methods of stabilisation and to be found in the 

contribution by Colin(12) to this symposium and in an earlier report re-
e 13) 

lating to the situation in the UK. It would be unwise to apply the costs 

data in these reports to other countries without extreme caution but they 

do give a useful general guide to the relative costs of different stabil­

isation methods and how these relative costs are influenced by the size 

of the treatment works involved. 
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BEHANDLUNG VON KLAERSCHLAMM MIT BRANNTKALK 

-VORAUSSETZUNGEN UND ABSATZMOEGLICHKEITEN-

A. THORMANN 

Utilization of sewage sludge on land causes many difficulties particularly 
for large sewage treatment plants. Very often there is not enough arable 
land available near by the plants. Costs for tansportation of liquid 
sewage sludge can be prohibitive for longer distances. 

An additional treatment process e. g. using caustic lime can produce a 
soil eondi tioner or fertilizer which has excellent properties for tanspor­
tation, handling and agricultural use. With regard to effects and handling 
this material is often better than now used kinds of lime. 

A market for this material requires a garanteed quality comparable to 
other used types of lime. This requirement is being meet a good price 
can be garanteed taking into consideration the cost of landfill disposal, 
incineration or dumping at sea. Apart from good quality, trade organisation 
and technical assistance to the users are of prime importance In the 
Federal Republic of Germany are 14 plants working, using the method of 
lime stabilization. Most of them do not yet meet the above mentioned 
condi tions. 

A new model plant will be planned in a large German city which will 
produce a lime fertilizer which will fullfill all the requirements for 
agricultural use. Trade organizations already show high interest for this 
new fertilizer as they expect better handling conditions and lower costs 
for this new material. 

Zusammenfassung 

In grosseren Klaranlagen bereitet die Verwertung del" Klarschlamme in 
fllissiger Form wegen der of.t fehlenden FUichen im Umland del" Klaranlage 
oftmals Schwi erigkei ten. Bei wei teren Entfernungen werden die Transport­
kosten zu hoch. 

Durch weitergehende Aufbereitung der Klarschlamme z.B. mit Branntkalk 
lassen sich lager- und transportwGrdige Bodenverbesserungs- und Dungemittel 
herstellen, die bei richtiger Marktpflege und Anwendung mit vorhandenen 
Kalksorten vergleichbar sind. Bei garantierten Inhaltsstoffen lassen sich 
fUr diese Produkte auoh entsprechende Preise erzielen, so dass die Ver­
fahren im Verg1eich mit Besei tigungsverfahren nicht teuer sein mUssen. 

In der Bundesrepublik werden zur Zeit 14 Anlagen zur Ka1kstabilisierung von 
Klarschlarnm betrieben. Die erzeugten Produkte entsprechen jedoch nicht voll 
diesen AnsprUchen und werden vie1fach auf Deponien abgelagert. 

Fur eine Grosstadt in der Bundesrepublik wird derzei t eine Behand1ungsan 
1age und eine Vertriebsorganisation geplant, die fUr dieses Verfahren 
Modellcharakter hat. Nach erster Beurteilung durch landwirtschaftliche 
Fachorganisationen hat dieser Kalk-Klarschlamm-DUnger gegenuber einge­
fUhrten Kalkdfingern arbeitstechnische und wirtschaftliche Vorteile. 
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1.) Einleitung 

Die Verwertung von Klarschlamm ist in allen Teil­
nehmerstaaten an der Cop-Cost-68 bis_Aktion ein er­

klartes Ziel der Arbeiten. Aus den bisher vorliegenden 
Erhebungen tiber die Verwertungsanteile am derzeit an­
fallenden Klarschlamm ist im Cadarache berichtet worden 
(Thormann, 1979). Dort wurde auch gezeigt, daB im all­
gemeinen Flachen ftir eine Verwertung zur Verftigung 
stehen. Bei Aufwandmengen von durchschnittlich 2,5 Tonnen 

Klarschlamm-Trockenmasse pro Jahr waren etwa 3,5 Prozent 
der landwirtschaftlichen Nutzflache zur Verwertung des 

KJ.arschlammes not\~endig. 

Die erforderlichen Flachen stehen jedoch in Ballungs­
zentren mit hohem Klarschlammanfall und wenig land­
wirtschaftlicher Nutzflache oft nicht zur Verftigung. 

Damit auch Klarschlamme aus dicht besiedelten Gebieten 
verwertet werden konnen, sind groEere Anstrengungen und 
mehr technischer Aufwand erforderlich, um aus dem Klar­
schlamm handels- und transportwurdige Bodenverbesse­

rungs- oder Dtingemittel herzustellen. Damit diese Vor­
aussetzungen geschaffen werden konnen, sind eine Reihe 
von Vorbedingungen zu erftillen (Thormann, 1980): 

a) Der Absatz von der Klaranlage muE ganzjahrig 
gewahrt werden. Es sind dafur Lagerkapazitaten 

zu schaffen. 

b) Das Negativimage des Klarschlammes muE fur den 
Anwender abgebaut werden. Es mussen ahnlich dem 
Mineraldunger Normen ~~stellt werden. 

c) Eine Kontrolle muE die Einhaltung von Grenz­

werten fur Schadstoffe und bestimmte Nahrstoffe 
garantieren. 
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d) Sowohl beim Klaranlagenbetreiber als auch beim 
Anwender muB durch Aufklarun~ und Beratung mehr 
Kenntnis und Verstandnis fur die gegenseitigen Be­

lange geweckt werden. 

Durch weitergehende technische Aufbereitung lassen sich 
viele dieser Vorbedingungen erfullen. Dazu wird in der Re­
~el eine Vorentwasserung der Schlamme notig und es sind 
meist Gerate fur eine Mischung und Trockung o.a. erforderlich. 

In vielen Fallen werden auch Zukaufstoffe wie Kalk, Sagemehl, 
und Torf zur Verbesserung eingesetzt. Gerate und Verfahren 
sind hierfur bekannt. 

2.) Verfahren der Kalkstabilisierung 

Vorent,;asserte Klarschla=e lassen sich durch Zu­
mischung von Branntkalk (CaO) stabilisieren. 

Dieser FrozeB beruht auf der exothermen Reaktion 
(1) CaO + H20_Ca (OH)2 + 1.152 MJ/kg CaO 
Dabei bindet 1 kg CaO 0,32 kg Wasser zu LOschkalk 
und zusatzlich verdampfen etwa 0,44 kg Wasser. 

Der Trockenmassegehalt des Schlammes wird damit durch 
die Kalkzugabe selbst,durch die Wasserbindung und die 
Wasserverdampfung erhoht (Henze/1980). 

Dieser FrozeB laBt sich berechnen, um z.B. bei einem 
bestimmten vorentwasserten Klarschla= einen anzu­

strebenden Endtrockenmasse-Gehalt zu erreichen (Meyer 

und Ziess/1977) 

(2) X = 1000 (Ts2 - Ts1 ) 

0,32 CaOlf + 100 - TS2 

Dabei bedeuten 

X = kg Kalkzugabe zum Klarschlamm 
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TS2 e;ewiinschter Trockenmassef,ehalt (%) im 
Endprodukt 

TS 1 Trockenmassef,ehal t (9'~) im vorentwasserten 
Klarschlamm 

CaO l ; loschfahiger CaO-Anteil (%) im Branntkalk 

Die starke AnhebunG des pH-Wertes fiihrt zusammen mit der 

Warmereaktion bei den entsprechenden Kalkmengen zu einer 

sicheren Entseuchune; (Strauch u.a./1978) und zu[';leich 
zu einer deutlichen Reduzierung der Geruchsentwicklung. 
Bei dem ReaktionsprozeB tritt aufgrund der hohen pH­

Werte der groBte Teil des NH4 als Ammoniak (NH?) aus 
und verursacht eine Geruchbelastune; in der Nilhe der An­

lage. 

FUr die Herstellung von Klarschlamm-Kalk-Gemischen 
bieten sich verschiedene Gerilte und Verfahren an, wie 
zum Beispiel Doppelwellenmischer, Paddelmischer, Pflu€,;­
scharmischer, Granulatoren und ilhnliches, mit denen 

je nach Ausgan[",swassergehalt des Schlammes, Kalkzugabe 
und Mischcerat kriimlig, brockige bis gut e;ekornte, 

granulierte BodenverbesserunFs- und Diine;emittel herf,e­
stellt ;lerden konnen (Henze/1980). 
Dieses Material - e;ut aufbereitet - hat sowohl in Farbe, 
Geruch und Materialeie;enschaften nichts mehr mit dem 
Ausgangsprodukt "KHirschlamm" gemeinsam. 

Ein p;ranuliertes "Kalk-Klilrschlamm-Gemisch" mit defi­
nierten Gehalten an wert-bzw. typbestimmenden Bestand­
teilen von z.B. 30 % CaO in der Originalsubstanz konnte 

als Diingemittel in die Typenliste der Diingemittelver­
ordnunp; in der Bundesrepublik 8ufgenommen werden. 

Dieser Diingemitteltyp bietet fiir den Einsatz in der 
Landwirtschaft eine Reihe von Vorteilen, da neben 

dem Kalk sowohl der Phosphor~ehalt als auch z.B. fiir 
die Forstdiingune; der geringe Stickstoffgehalt vorteil-
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haft ist. Die Kalkwirkunc dipses Materials entspricht 

der von nicht r,ebrAnnten Dun~ek81ken, die ErtrB~S­

wirkunr; ist zur.J. Teil - naeh ersten VersuchRn - sOf:;ar 

etwas gunsti~er. 

"3.) I1RrktvorAussetzunp:en 

Beim Einsotz des Verfahrens sind fiir das KHirHerk ein­

zuhnlten: 
- canzj~hriFe, uneingeschr~nkte Abnahme­

garElntir: 

- zumutbare Verfahrenskosten 

- sic!;ere Verfup;barkeit des Verfahrens 

FUr den Abnehmer/Amcender: 

- ,,;srantierte, c;leichbleibende Produkt­

quaE t~t 

- garantierte Gehalte (Minimum- oder Maxi­

mUID,IJerte an wertbestimmenden oder bedenk­

lichen Bestandteilen) 

- Lae;er- und Transnortf~higkeit des Produk-

tes 

- seuchenhygienische Unbedenklichkeit 

- vorteilhafte AnHendbarkeit 

- marktgerechter Preis 

- ansprechendes Material-und Verpackungsbild 

Der Vertrieb des Diingemittels sollte durch eine bereits 

bestehende Vertriebsorganisation erfolgen, die im 

landHirtschaftlichen Handel eingefiihrt ist und Erfahrung 

auf diesem Gebiet besitzt und damit 

- das Produkt-Image unterstiitzt 

- gezielte Produktpflege betreiben kann 

- ausreichende Lagermoglichkeiten vorhalten kann 

- das Produkt moglichst schnell auf dem Markt 
einfiihrt 

- iiber ausreichende Werbe- und Beratungsfachleute 
verfugt. 
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Die AbsEltzchancen fur ein soJchf:s Produkt werden von 

den meisten landwirtschaftlichen Or~aniRationen, die bis­

her diesc Verfahren beurteilt haben, als Fut ein~estuft. 

Ausreichend leistunf,sf~lhi r;? ~1n(lh~:11 clels-Orp;Rnisat ionen 

haben am Vertrieb solcher Produkte ihr Interesse an~e­

meldet. Die Absatzchanccn sind von Henze (1980) beschrie­

ben worden. 

!+.) Kosten 

Auf den ersten Blick erscheinen die Auf~ereitun~sver­

fshren teurer als die heute ~ebrjuchljchen Beseiti~unFs­

verfahren wie Deponie oder Veraschun~ (Verbrennun~). 

Betrachtet man jedoch die zu rcalisierenden Verkaufs­

erIGse einerseits und die verscharften Bedjnr;unr;en fur 

Beseitunvsv~rfRhren andererseits, so sind zum Teil die 

Vorteile auf Seiten der Verwertun~sverfahren (Tabelle 1). 

Bisher arbeiten in der Bundesrepublik etwa 14 Anlar:en 

zur Kalkstabilisierun~, fur die Kassner (1980) die Kosten 

ermittelt hat. Fur 100.000 h+EGltJ werden ca. 130.000,-- DI1 

an Investitionen und 550.000,00 DI1 an Betriebskosten 0nt­

sprechend ca. 10,-- DI1 je m3 Kliirschlamm mit 5 % Trocken­

masse (TN) nngesetzt. Nach BBhnke und Weiling (1980) 

wi)rden fur eine Aufbereitung zu einem DUnp;emittel mit 

ca. 30 - 35 % CaO etwa 10 bis 11,-- DI1 fur einen Schlamm 

mit 5 % TI1 erforderlich. Die Kosten der Vorentwhsserunc 

sind dabei nicht berucksichtigt. 1m Vergleich mit eine~ 

Entwasserung auf 35 % TN durch eine Karlmerfilterpresse 

und anschlieBender Deponie lieF,en die Kosten nur urn 

CB. 3,00 DI1 pro m3 NaBschlamm hBher. Sofern fur das auf­

bereitete "Dungemittel" ca. 11,00 DI1 pro Tonne ~czahlt 

werden, ist nach dieser Rechnunr: bereits ein Kostenvor­

teil geF,eben. 

Sofern Abfallwarme flir eine Trocknung dieses - berei ts 

lager- und streufhhiF,en - l1aterials von ca. 65 % zur 
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Verfu~ung steht und auf ca. 88 - 90 % TM ~etrocknet 

werden kann, werden Preise von ca. 40,00 DM pro Tonne 

ab Klaranlage erwartet. 

Erste Planungen zur Realisierung eines solchen Kon­

zeptss werden zur Zeit in einer GroGstadt des Bundes­

~ebietes durchgefuhrt. 

Sofern ein Markt nicht gegeben ist, kann nach Bercch­

nungen von BCihnke und \,reiling (1980) bei Reduzierung 

der Kalkmenge ein "ut deponierfahiges Material herge­

stell t werden, das unter den Kosten der Entwiisserunp; 

durch Kacrmerfilterpressen liegt. 

5.) Beurteilung 

Der ouf einer Klaranloge anfallende Schlamm muG in 

jedem Fall schadlos beseiti~t werden. Die Kosten fur 

eine Beseitifunp.- mussen einem Ver"'JertungsverfahT'en r;ut­

f;8schricDeTI werden. SoIern eine Aufbereitunc: als Dunr;e­

und Bod enverbesser'..lngsmi ttel mit R;'srsntierten OZh'. de­

finierten G~halten an~eboten wird, dUrfte die L~ndwirt­

schaft auch be~cit sei~, pin~ salche An~rcndunfs~urlle 

?ou nutz8:1. 

-"twa 40 der Boden des Bundesgebietes sind kalkbedurf_ 

tir:_ Die An1'rpndun~ von rranuliertem Kalk- Kli:irschlamm _ 

Diinr:-er hat FPp;eniiber der Anl\'endunp: von feinfemRhlenem 

Branntkolk pine Rei~p von Arbeits- und LnfJ:cTvorteilene 

Kalk-KlCirsc"llamm-Diinr;er stauClt nlc"lt, laSt sich Ells 

riesel- und schtittf~hi~es Material auch in Freien 

la~ern u~d enth~lt neben Phosphor noch Stickstoff und 

zum Teil SDurenn~hrstoffe - leider oft Auch weitcr0 
[:;chsdf'lcmente. 

DUTch 0ine V0~rin~erun~ de!' Aufhrinrun~smen~en auf di8 

fU::, cine K3lkun~ benotir;te Men~e von C(1. G dt Y)ro ha 

und JAhr ':,'ird die KLirschlAmm-I1enr:e Buf ca. ) dt lJTO 
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ha und Jahr reduziert und damit eine zu hohe Belastung 

der Boden mit Schadelementen weitgehend vermieden. 

Henze (19BO) sch~tzt, daB etwa BO.OOO t Trockenmasse 

Kl~rschlamm uber ein solches Dunp;emittel abzusetzen 

waren. ODtimistische Schatzungen gehen von der doppelten 

bis mehrfachen Menge aus. 

Es ist anzunehmen, daB durch die hohercn Anforderungen 

an die Beseitigungsvcrfahren und durch den knapper 

werdenden Deponierraum Verfahren der beschriebenen Art 

erheblieh zunehmen und bei Einschaltun~ des Landhandels 

die erzeugten Produkte aueh absetzbar sind. 

Vor allem lassen sieh die Energieaufwendungen fur die­

ses Material durch die exotherme Reaktion des sonst 

direkt ausgestreuten Branntkalkes in diesem Material 

f,8f,enuber anderen Verfahren reduzieren. 
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PREFABRICATED SYSTEMS FOR LOW-COST ANAEROBIC DIGESTION 

G.P. NOONE and A.K. BOYD 

~evern-Trent Water Authority, Abelson House, Coventry Road, 

Sheldon, Birmingham, United Kingdom 

SUMMARY· 

This paper outlines the development of a low-cost anaerobic digestion plant 
which accrues the cost benefits of standardised components within a prefabricated 
structure. The examination of process and cost sensitivities has resulted in a 
revised plant design using non-conventional (within the U.K. Water Industry) 
materials and construction techniques. The development of such plants allow 
digestion provision for much smaller plants than previously considered, thereby 
reducing overall sludge tankering requirements. 

The plant described shows two particular advantages over its conventional 
counterpart namely cost: at l6/person compared with l40/person and rapid 
construction: with erection and commissioning within 18 working days. 
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INTRODUCTION 

The term 'prefabricated' as used by the authors of this paper refers to the 

accepted use of the term, namely; "Manufacture sections (of building, etc.) prior to 

assembly on site - produce in a standardised way". 

The most important connection between the above definition and the term 

low-cost lies with the word 'standardised'. Whilst a plant item such as the 

conventional floating roof gas holder may be prefabricated off site, standardisation 

of panels etc. is not usually found and certainly not reflected in price. 

Examination of many aspects of the process engineering of anaerobic sludge 

digestion continues (1,2,3,4) within the Severn Trent Water Authority and this short 

paper highlights some aspects of one study topic. The approach adopted throughout 

the studies has been the application of sensitivity analysis to both the processing 

and cost aspects. Early work was centred upon optimising operation of existing 

plant resources in an attempt to meet a shortfall of sludge treatment capacity in 

the light of the twin constraints of a very short time scale and shortage of capital 

for the conventional solution. 

A critical survey of existing plants highlighted the "sensitivity" of process 

operation with respect to mixing and heating inadequacies of these plants. Further 

examinations have indicated other interlinked contributing parameters e.g. sludge 

feeding regime, reactor aspect ratio, etc. In the definition of an "order of 

sensitivities" then this is equivalent to a priority listing of process rate determining 

stages. Correction of mixing and heating inadequacies has afforded an extremely 

low-cost provision of additional digestion provision, as well as redefining the major 

design parameters for further 'new' plants. 

The fundamental process design parameter of detention time has been 

reduced to approximately 15 days: (approaching half that previously adopted) all of 

which has a profound effect on the distribution of plant Capital Costs. Historically 

(J) some 70% of the plant costs were consumed within the civil structures, allowing 

30% for provision of all processing equipment. In recent years this balance has 

been moving towards a larger share being allocated to processing equipment. 

However, a close analysis of current major cost items, when compared with a 

number of less conventional options, underlines a number of areas for "structural" 

cost savings. These include reactor vessel, housings for process equipment and gas 

holder provision. 

By way of illustration of the process and cost sensitivities, we will outline a 

recent collaborative exercise with Farm Gas Limited for the design and acquisition 
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of a prefabricated package digestion plant. The plant was funded as a Research 

and Development evaluation plant to gain operating information for a standardised 

larger plant based on approximately 10,000 - 15,000 persons. 

PITTS MILL WRW, GLOUCESTERSHIRE, LOWER SEVERN DIVISION, S.T.W.A. 

This is a rural works currently serving a population of some 2,600 persons. 

The works flow is delivered via a number of pumping stations. The original sludge 

flow sheet allowed for raw sludge storage and/or use of manual drying beds. Prior 

to erection of the digestion plant, the works raw sludge (mixed primary/humus) was 

tankered to a filter press plant on a neighbouring works, a round trip of some 14 

miles. This cake was then disposed of to tip. See Fig. I. 

The completed digestion plant allows for the following revised sludge flow 

sheet see Fig.2. Raw sludge to consolidation/storage tank on to Digester and then 

to the Secondary digester (previously the raw sludge storage tank) via a sump. The 

thickened liquid digested sludge is then disposed of 'over the fence' to the 

surrounding field which can receive all of the works sludge and remain within the 

U.K. guidelines for sludge disposal. Prior to this stabilisation (and inherent solids 

disposal) route, the sludge was not acceptable to the farmer. 

~ ~W SLU~,E __ SUMP __ ~~ ______________ , 

I RAW SLUDGE i:" MANUALLY I I RAW SLUDGE CONSOLIDATION 
HOLDING LIFTED AND HOLDING TANK 

TANK DRYING __ ~~~~¥~~~~~--. 
L-----.-r --' BEDS [ ANAEROBIC DIGESTION 

..j,.. J 

PRESS 
TIP 

(off site) PLATE I I 
~~~.-' ~~--~ 

TIP I 
(off site) 
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The digestion plant has been erected on two of the existing twenty drying 

beds. The foundation requirement for the main reactor itself (a one foot square 

ring beam of reinforced concrete) was excavated through the existing concrete 

membrane. On inspection, this existing membrane would have been adequate for 

immediate erection of the reactor tank. 

The package plant comprises two glass coated steel sectional tanks, a roofed 

reactor tank of 80m3 and a consolidation/sludge storage tank of 10m3, with a gas 

holder of 5m3 and a digested sludge sump of 5m3, each in glass fibre reinforced 

plastic, together with all associated process equipment. This process equipment 

has 100% standby of feed pump, gas compressor (for mixing), submersible digested 

sludge sump discharge pump, hot water circulating pump, with all process controls 

mounted within a single electrical panel. Details of the individu~1 plant items are 

given below. 

REACTOR/DIGESTER 

The main digester is an 

80m3 steel (glass coated) tank of 

1f.3m diameter and 6.5m height. 

The steel panels are bol ted 

together and use a mastic sealant, 

see Fig.3. The tank base is of 

sloped concrete, insulated with 

block polyurethane and complete 

with a 150mm bottom drain gate 

valve. Also included are two full 

access hatches. Wall and roof 

ladders complete with safety 

rails, together with If off 100mm 

ports (for future developments) 

were also included. 

Great care was taken in 

providing low-cost anti-blockage 

sludge inlet and outlet 

arrangements. Outlet is provided to a sump by positive displacement and the roof 

fitments include a mechanical excess pressure relief valve, a solenoid operated gas 

release, together with inspection and lighting panels and splash trap serving the 

roof gas take off point. 
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One obvious drawback of a thin walled steel tank is its relatively high 

thermal conductivity compared with its conventional concrete counterpart. This 

drawback is remedied and, indeed, improved by an internal lagging of the digester 

using 100mm thick sprayed polyurethane on the walls and 50mm depth on the roof 

underside. Mechanical protection of the insulation is also provided. 

The lagging integrity and performance has been established by Infra Red 

photographic and radiometric techniques. Current performance indicates a 

standing heat loss of approximately 5096 of that norm found at plants within Severn 

Trent Water Authority. 

This glass coated sectional, 

steel tank of 10m3 provides 

approximately two days sludge 

feed and is equipped 

dewatering facilities 

from a surface support. 

concrete floor slope to a hopper 

bottom is included. 

l50mm valved 

individual feed 

provided, see Fig.~. 

GAS HOLDER 

outlets 

pumps 

This is a bell over water 

type of 5m3 capacity 

prefabricated in G.R.P. 

double skinned 

construction. Gas 

delivery pipes enter from below, 

with the floating lid ballasted to 

provide a gas pressure of 125mm water gauge, see Fig.5. A patent sensing system 

provides waste gas release from the digester roof solenoid. 
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DIGESTED SLUDGE SUMP 

The distance from the digester vessel to the re-allocated secondary digester 

requires the use of a separate sump. This covered sump in G.R.P. allows a vertical 

digested sludge discharge, giving further protection against dige~ter outlet 

blockage. A multiple valving arrangement allows for either gravity discharge to 

the secondary digester or use of the duty or standby submersible sludge pump. 

PROCESS EQUIPMENT HOUSINGS 

For reasons of safety and convenience, three isolated housings (also in 

G.R.P.) are provided for the process equipment. One unit contains the primary 

electrical supply and control panel, the second contains the gas compression and 

mixer solenoid equipment, whilst the third includes the sludge gas boiler, 

circulating water pumps, make up water tanks and standby heating via in-line 

electrical immersion heaters. 

PLANT ERECTION AND COMMISSIONING 

One of the more notable aspects of the use of prefabricated systems is the 

possible speed of erection. In the case of the plant described above, erection time 

as defined from a starting point of uncleared drying bed (also without electrjcity 

and water services) to digester gas in a fully charged gas holder took a total of 

some 18 working~. Were that period to be 18 weeks it would still be 

unapproachable for construction of a conventional plant. 
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The size of plant facilitated start up within a day by the importation of 

digesting sludge, although this plant was placed on full raw sludge feed within seven 

days of start up. 

Within the overall 18 day erection period, site clearance to tank erection 

was completed within three days with internal insulation requiring two further 

days. These periods included the difficulties experienced in trying to penetrate the 

existing drying bed membrane for which any temptation to use this as the tank 

foundation was resisted. 

All services within the package area, namely; water, gas and electricity are 

all suitably protected and buried under the original drying bed gravel now returned 

and augmented, see Fig.6. 

DIGESTER OPERATION 

Digester start up at half sludge feed was introduced to give a higher degree 

of process assurance in the event of a reduced monitoring staff availability which 

restricted the anticipated, very frequent monitoring of pH, Bicarbonate Alkalinity 

and Volatile Acid levels so critical on start up. Since that period, sludge loading 

has been increased by tankering sludge in from other works so that the population 

now served varies between 3,500 and ~,OOO persons, with a detention period of 

approximately 17 to 20 days. 

The plant has operated successfully from start up to date (6 months), 

although minor modifications and corrections to the plant have been made. These 

derived wholly from the different requirements of the contractors previous 
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agricultural clients, and were restricted to items of detail which we were not able 

to totally eradicate during the design and construction stages. Plant operation is 

entirely automatic with current operator requirement restricted to reading of the 

hours run meters on the control panel and switchovers between duty and standby 

equipment. 

PLANT INVESTIGATIONS 

Availability of monitoring staff has greatly improved and a . lithium trace of 

digester hydraulic performance has begun. Lagging monitoring is scheduled for two 

further examinations in this first year of operation. Whilst the monitoring period 

to date is rather short in digestion terms (approximately 6 retention periods) 

volatile matter reduction has been approximately 50%. 

Returning to the title of this paper, the low-cost component is now self 

evident. 

Cost of Basic Plant 

(Digester, Gas holder, sump and all process equipment) 

Cost of Consolidation/holding tank 

Cost of Standby (all plants) 

CONCLUSIONS 

U~,655 

f. 2,085 

f. 3,850 

f.20,590 

This is one example of a low-cost prefabricated plant and embodies a 

number of aspects. Other areas of prefabrication are also being studied within 

Severn Trent Water Authority. At a population served of 3,500 persons, the capital 

cost per person is approximately f.6, a figure which compares most favourably with 

conventional plants (up to f.~O/person) especially in view of inherent diseconomies 

of scale in this small plant. The 10,000 - 15,000 person plant would cost 

approximately f.~/person. Although these tank types have been available within the 

U.S.A. for approximately 30 years, plant life is estimated at twenty years minimum 

(the known life of such tanks to date within the U.K.). Operational manpower 

requirements are drastically reduced in comparison with conventional plant, this 
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resulting from the automatic cycle of feeding and mixing which repeats every 20 

minutes throughout a 24 hour period. 
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ETUDE DE COMPARAISON TECHNICO-ECONOMIQUE DES FILIERES DE TRAITEMENT 

ET ELIMINATION DES BOUES RESIDUAIRES URBAINES 

F. COLIN 

Institut de Recherches Hydrologiques 

Na,lcy, France 

L'Institut de Recherches Hydrologiques a entrepris en 1978-
1979 une etude de comparaison technico-economique des filieres de 
trai tement et elimination des boues residuaires urbaines. La comparaison 
a ete effectuee pour des stations d I epuration desservant 5 000, 25 000, 
75 000 et 300 000 equivalent-habitants. 

Les couts ont ete reconsti tues de fa90n synthetique en 
dimensionnant les differentes filieres correspondant a chaque taille 
d'installation et en demandant a un bureau d I etudes d I evaluer leurs 
coats d'investissement et de fonctionnement. Les resultats obtenus 
montrent les filieres les plus interessantes pour chaque taille de 
station, l'importance relative des conts d I investissement et de 
fonctionnement, des couts de trai tement et d' elimina tion, des couts 
de condi tionnement et de deshydratation et enfin permettent de tirer 
des conclusions sur I' inter~t de certaines operations uni taires 
dans la composition des filieres de trai tement. 

I.R.H. undertook 1978 - 1979 a study for a technical­
economical comparison of treatment chains and disposal of urban 
sewage sludge. The comparison was made for treatment plants of 5 000, 
25 000, 75 000 et 300 000 population-equivalents. 

Costs were determined in a synthetical way, by dimen­
sioning the treatment chains corresponding to the size of each plant 
and by asking an engineering office to evaluate their investment 
and operating costs. The obtained results indicate the most interesting 
chains for every important of treatment plant, the relative importance 
of investment and operating cost, and treatment. and disposal costs, of 
conditioning and dehydration costs. They ending enable to draw canclu­
s Lons concerning the relative interest af some united operations in 
structure of treatment change. 
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1. INTRODUCTION 

L' Insti tut de Recherches Hydrologiques (loR.H.) a Nancy a 

entrepris en 1978-1979 pour Ie compte du Ministere de I' Environnement 

et du Cadre de Vie, Direction de la Prevention des Pollutions, Service 

des Dechets, une etude de comparaison technico-economique des filieres 

de traitement et elimination des boues residuaires urbaines. Cet expose 

decri t sommairement les resul tats de oette etude et insiste sur les 

conclusions pratiques que I' on peut en tirer quant au choix des filieres 

les mieux adaptees en fonation de 18 taille des installations. 

2 • JllETHODOLOGIE D' ETUDE ET BASES D' EVALUATION 

Cette etude aurai t pu ~tre effectuee en realisant une 

enquete sur les ooilts d I investissement et de fonctionnement d Tune 

large gamme de stations existantes en reactualisan tIes coats 

d I investissement. Une telle demarche presente l' inconvenient majeur de 

comparer des couts etablis sur des bases non homogenes et ne permet pas 

de differencier les couts elementaires relatifs aux operations uni taires. 

Pour evi ter cet ecueil, il a ete decide, pour la realisation de l' etude, 

d'adopter une approche beaucoup plus synthetique consistant a definir 

4 tailles de stations d' epuration : 5 000, 25 000, 75 000 et 300 000 

habitants pour lesquelles un nombre important de filieres possibles 

ant ete definies, optimisees et dimensionnees a partir des donnees 

disponibles. Nous avons ensui te demande a un bureau d I etudes independant, 

le Bureau d'Etude des Fluides et Structures (B.E.F.S.) d'effectuer 

l' evaluation economique de ces filieres. 

Les principales hypotheses et bases de dimensionnement 

retenues sont les suivantes : 

- Coats indiques a la date du 1-6-1978 

Investissements : non prise en compte du cont du terrain 

qUi est susceptible de varier tres 

largement en fonction des conditions 

locales 

-159-



prise en compte forfai taire d' une partie des amena­

gements gene raux de 1a station: voirie, batiments 

d' exp10i tation, infrastructures 

- Taux d! amortissement annue1s 

batiment et genie civil 6,7 % 
equipements 12,5 % 

- Exploitation : 

collt du kilowatt-heure : 0,243 F 

cout de main d! oeuvre toutes charges comprises 

cout d' entretien annuel des batiments : 1 % de 

l'investissement 

cout d' entretien annuel du materiel 3 % de 

l'investissement 

35 F/h 

couts d I exploi tation divers des trai tements determines 

pour chaque operation uni taire apres enquete aupres 

des exploi tants 

cout d'admission en dscharge degressif de 15 a 5 F 

par tonne selon quanti ts 

distance d I utilisation agrico1e des boues d= 0,044iP" 

avec d en kIn et P 1a population en habitants 

non prise en compte de 1a valeur economique de 1a boue. 

3 • FILIERES ETUDIEES ET RESULTATS DE L' ETUDE ECONOMIQUE 

Les :filieres et leurs varian tes ayant donne lieu a etude de 

dimensionnement et evaluation economique sont decri tes schematiquement 

sur les tableaux I, III, V, VIr de l'Annexe. Clest ainsi que 49 options 

ant ete considerees pour la taille 000 h, 67 options pour 1a tail1e 

25 000 h, 59 pour la taille 75 000 h et 40 pour la taille 300 000 h. 

Les couts totaux annuels, incluant l' amortissement et Ie 

fonctionnement sont visualises graphiquement sur les tableaux II, IV, 

VI et VIII de I' Annexe sous une forme qui permet des comparaisons 

immediates de toutes les filieres. 

L'attention est attiree sur Ie fait que l'extrapolation de ces 
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TABLEAU II (TRille, 5.000 equivalent-habitants) 

COUT TOTAL ANNUEL 

COUT D' AMORnSSEMENT HkF COUT D' EXPLOITATION ANNUEL 
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TABLEAU IV (Taille: 25.000 ~quivalent-habitantB) 

COOT TOTAL ANNUEL 

COUT D' AMORTISSEMENT COUT D' eXPLOITATION ANNUEL 

200 100 .00 ,00 
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TABLEAU VI (Taille 75 000 equivalent-habitants) 

COUT 0' AMORTISSEMENT 

800 600 400 200 

COUT TOTAL ANNUEl 

COUT D'EXPLQITATION ANNUEL 

200kF 

;-Wo 400 
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TABLEAU VIII (Taille 300.000 equivalent - habitants) 

COUT TOTAL ANNUEL 

COUT D' AMORTISSEMENT COUT 0' EXPLOITATION ANNUEL 

3000 2000 1000 2000 5000 6000 
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resu1tats a des pays autres que 1a }I'rance au les structures de couts 

sont differentes ne doit ~tre faite qu'avec la plus grande precaution. 

Neanmoins les tendances generales que l'on deduit, ci-apres, de la 

comparaison des resultats peuvent ~tre considerees comme valables pour 

l' Europe de l' Ouest. 

4 • INTERPRETATION DES RESULTATS ET CONCLUSIONS GENERALES 

4.1. Mise en evidence des filieres les plus interessantes 

4. 1. 1. .. T",a ... i ... l",le"-"--,O"O"O,-"h",a-"b.,.i-,,ta,,,n .... t=s 

Sur Ie plan de I' investissement, la filiere la plus 

interessante parait etre celIe de I' incineration combinee avec les ordures 

menageres, la boue etant admise a l'etat liquide. Cependant, dans Ie cas 

des tailles de 5 000 et 25 000 habitants, il n'a pas ete considere de 

participation au coo.t de I' installa tion d' incineration. 

En fait, les plus faibles cofits d' investissement sont 

rencontres pour les filieres ou la boue issue du silo concentrateur d' une 

installa tion biologique a faible charge est admise sur lit de sechage. 

Vient ensui te I' option avec sacs fi1 trants, puis Ie sechage sur Ii ts de 

boues digerees aerobies. 

Pour toutes ces solutions, Ie col1t d' investissement Ie 

plus faible correspond a la mise en decharge (pas d I investissement 

considere pour oette operation) puis 1a combinaison mise en decharge/ 

utilisation agrioole et enfin l'utilisation agricole seule. Ce classement 

revele l'incidence des co{lts de stockage. 

En fait, la seule comparaison interessante sera celIe 

des ool1ts annuels/habi tant. 

En ce qui concerne les col1ts d' exploi ta tion, Ie cout Ie 

plus 'fai ble est celui de I' utilisa tion agricole de 1a boue de s ta tion a 
faible charge simp1ement epaissie gravi tairement, puis vient alors celui 

des memes boues sechees sur lits. 1e col1t minimal correspond a10rs a 
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I' utilisation agricole exclusive puis par ordre d' importance croissante 

correspond a. Is c0D'!-binaison mise en decharge/utilisation agricole et eniin 

la mise en decharge exclusi ve. On trouve ici l'influence du coOt de mise 

en d echarge • 

La comparaison des collts totaux annuels rapportes a 
l'habi tant raccorde qui sont les seuls qui puisse ~tre valablement 

compares s'etablit comme suit: 

- Ie codt minimal est rencontre pour les stations 

biologiques a. faible charge avec utilisation agricole directe de la boue 

epaissie gravitairement (18 F/habitant), 

- vient ensuite Ie cas des memes boues Bachees sur lit 

sans conditionnement, avec stockage et utilisation agricole exclusive, 

puis Ie CBS des m@mes boues avec combinaison utilisation agricole/mise en 

decharge pendant des durees annuelles sensiblement egales, puis enfin la 

mise en decharge exclusive, 

En effet, nous avons considere que les boues etaient 

admises dans une installation d'incineration d'ordures managere's de 

taille suffisamment importante pour ne pas necessi ter de sechage 

prealable de la boue, ce qui correspond a. un cas de figure peu frequent. 

Le cout considere comprend Ie coftt marginal d'incineration. Le cout d'une 

filiere identique avec sechage prealable de la boue n'a pas ete envisage. 

- vient ensuite Ie cas des boues de meme destination 

finale, prealablement sachees sur lit apres conditionnement par 

polyelectrolyte, 

- les solutions avec conditionnement et dashydratation 

macanique des boues se revelent evidemment les plus codteuses (2 fois 

plus que la solution la moins onareuse). 

4.1.2. Taille 25 000 habitants 

Sur Ie plan de I' investissement tIes solutions 
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apparemment les plus interessantes sont celles avec incineration combinee 

des boues et des ordures menageres, pour les raisons indiquees au para­

graphe precedent. Si on en tient compte, on s' apergoi t que l'inves­

tissement minimal correspond, comme dans Ie cas de la taille 5 000 

habitants au cas des boues de station a. faible charge, epaissies 

gravitairement, floculees par polyelectrolyte,sechees sur lit et mise en 

decharge, etlou utilisees dans l' agriculture. 

En ce qui concerne les conts d'exploitation, Ie cont Ie 

plus faible est encore obtenu pour l'utilisation agricole de la boue 

issue d'une station a. faible charge simplement epaissie gravitairement. 

Vient ensui te Ie cas de la boue condi tionnee par polyelectrolyte, passee 

sur fil tre a bande et utilisee exclusi vement dans I' agricul ture, puis la 

boue liquide incineree conjointement avec les ordures menageres du fait 

des raisons deja exposees et dans l'hypothese ou on peut construire une 

installation d I incineration d I ordures menageres correspondant a une 

population equivalente plus importante que celIe de, la station d' epuration. 

Par ordre de coat d'exploitation croissant, nous trouvons ensuite les 

boues de station a faible charge nor~ conditionnees, sechees sur lit, 

stockees et utilisees exclusivement dans I 'agriculture, puis les m@rres 

boues ccnditionnees par polyelectrolyte, centrifugees, stockees et 

utilisees exclusiveocent dans l'agriculture. 

Du point de vue du cout total annuel par habitant, la 

solution la mains collteuse (10 F/habi tant) est encore l' utilisation 

agricole directe de 1a boue de station a faiblc charge epaissie gravi­

tairement. C' est un des coll.ts les plus faibles rencontres au cours de 

1letude. Vient ensuite Ie sechage sur lits de la m@me boue non condi­

tionnee, son stockage et 1 'utilisation agricole excluaive (14 F/habi tant). 

On peut recourir pour Ie m~me cont au conditionnement par polyelectrolyte 

e-: a la deshydratation par fil tre a. bandes presseuses avec utilisation 

agricole exclusive. 

4.1.3. TaBle 75 000 habitants 

Les solutions les moins coateuses en investissement sont 

celles qui utili sent un fil tre a bande presseuse puis une centrifugeuse 
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et eliminent les boues par mise en decharge et/ au utilisation agricole e 

1'utilisation directe de boue liquide epaissie gravitairement est encore 

bien placee du point de vue de l'investissement. 

Pour les cOlHs d I exploi tation, I' utilisation agricole 

directe de boue liquide digeree anaerobie et l'incineration conjointe 

avec des ordures menage res se si tuent favorablement e Viennent ensui te 

la deshydratation par fil tre a bandes de la boue digeree anaerobie 

condi tionnee par polyelectrolytes sui vie d lune utilisation agricole 

exclusive. Vient ensuite l'utilisation agricole de la boue digeree 

anaerobie pasteurisee liquide. 

Au niveau du coat total annuel par habitant, les deux 

solutions les mains coo.teuses sont 11 utilisa tion agricole directe de la 

boue de station a faible charge epaissie gravi tairement (11 F/habi tant) 

ou de la boue de station a moyenne charge digeree anaerobie (11 F/ 

habitant). Vient ensuite l'utilisatio~ agricole exclusive de la boue de 

sta tion a fai ble charge epaissie, floculee par polyelectrolyte et 

deshydratee par filtre a bandes presseuses (13 F/habi tant) puis lluti­

lisation agricole directe de la boue de station a moyenne charge digeree 

aerobie et liquide (13 F/habi tant). On trouve ensui te les m@:mes solutions 

dans Ie cas de la boue digeree anaerobie deshydratee par filtre a bande 

au liquide pasteurisee utilisees dans l' agricul ture. 

4.1.4 Taille 300 000 habitants 

Les solutions les plus interessantes du point de vue du 

cout d' investissement sont : 

- le condi tionnement par polyelectrolyte puis la centri­

fugation de la boue digeree aerobie, la boue deshydratee etant mise en 

decharge, 

- le condi tionnemep.t par reactifs mineraux puis la 

filtration sous vide et la mise en decharge de la boue digeree aerobie. 
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Vier~ent ensuite l'utilisation agricole directe de la 

boue digeree aerobie liquide et ~a combinaison utilisation agricole/ mise 

en decharge de la boue digeree aerobie oondi tionnee par polyelectrolyte 

et centrifugee. 

En oe qUi concerns Ie cout annue1 d' exp10i tation, i1 

est minimal pour l' incineration combinee de la boue digeree anaerobie 

liquide avec les ordures menageres. Viennent ensuite l'incineration par 

four a lit fluidise de la boue digeree anaerobie, autoclavee et deshy­

dratee par filtre-presse, puis la m3me solution adoptee pour les boues 

mixtes fraiches. 

Les solutions les plus interessantes du point de vue du 

coat total annuel par habitant-sont : 

- l'incineration combinee de la boue digeree anaerobie 

liquide ~vec des ordures menageres (sous reserve de validite du coat 

indique par Ie fournisseur du proced9 specifiquement adapte) (coat: 8 F/ 

habitant) , 

- l' incineration par four a lit fluidise de la boue digeree 

anaerobie, autoclavee et deshydratee par filtre-presse (10 F/habi tant) , 

- l'utilisation agricole exclusive de la boue digeree 

anaerobie, conditionnee par polyelectrolyte et deshydratee par filtre a 
bandes presseuses (11 F/habi tant). 

4.2. Observations et conclusions generales 

4.2.1. Importance relative des coftts d'amortissement et 

exploitation 

Nous avons caleule pour chaque taille de station 

d I epura tion, la moyenne des couts annuels d I amortissement et d I exploi­

tation pour les 10 filieres se revelant les plus interessantes economi­

quement (coM total annuel par habitant Ie plus faible). Les valeurs 

obtenues sont regroupees dans Ie tableau ei-dessous : 
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Taille Co1l.t moyen Cout moyen 

de station d' amortissement d' exploi tation 

(kF/an J (kF/anJ 

5 000 21 108 

25 000 74 358 

75 000 226 732 

300 000 923 2 308 

11 s! avere que dans tous les cas, les couts d! exploi­

tation sont nettement superieurs aux couts d I amortissemeEt puisque Ie 

ra pport de ces deux grandeurs passe de 5 a 2,5 lorsque la taille de 

station passe de 5 000 a 3()0 000 habitants raccordes. En consequence, Ie 

choix d'llile filiere doit en tenir Ie plus grand compte et ne pas privi­

legier systematiquement les solutions conduisant aux investissements les 

plus fai bles. 

4.2.2. Importance rela ti ve des couts de trai temen t et 

d' elimina tion 

NallS avons calcule pour chaque tai11e de station et en 

ne considerant, comme precedemment que les 10 filieres economiquement 

les plus interessantes dans chaque cas, les couts moyens de l'ensemb1e 

traitement + elimination et d'autre part, de la phase d'elimination 

cansideree isolement (transport et mise en decharge et/ou utilisation 

agricole, incineration). Les resul ta ts sont regroupes dans Ie tableau 

suivant : 

Taille Co1l.t moyen total Cout moyen annuel % de l'elimination 
de station annuel (kF) de l'elimination dans Ie co1l.t total 

5 000 144 18 12,5 % 
25 000 352 111 31,5 % 
75 000 957 421 44,0 % 

300 000 3 231 1 752 54,2 % 
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NallS constatons que Ie coat de I' elimination finale qui 

est 7 fois plus faible que celui du trai tement pour une station de 5 000 

habi tants voi t son importance relative augmenter considerablement lorsque 

la tail Ie de la station croit et Ie cofit de I' elimination finale est 

superieur au codt du traitement pour une station de 300 000 habitants. 

Cette constatation montre l'imperieuse necessite d'optimiser l'ensemble 

traitement + elimination finale pour aboutir au coftt minimal, cette 

demarche n' est malheureusement pas tres frequente et I' on ne se soucie 

souvent du devenir des boues qu'apres la conception de la station 

d I epuration. On peut donc attendre des progres d lune meilleure adaptation 

de la conception des stations en vue de minimiser les co1)ts globaux. 

Si au lieu de considerer la moyenne des couts des 10 

filieres les moins couteuses, on ne considere qu'une seule filiere, les 

pourcentages relatifs trouves peuvent s I ecarter considerablement de ceux 

qui figurent ci-dessus mais notre conclusion demeure valable. 

4.2.3. Importance relative des collts de condi tionnement 

et deshydratation 

Nous avons calcule pour chaque type de deshydratation 

(sacs filtrants, centrifugation, filtre-presse, filtre rotatif, filtre 

a bandes) 11 importance relative du cofit annuel total de conditionnement 

par rapport au cout annuel total de I' operation uni taire de deshydra­

tation. 

Type de cont annuel total de conditionnement 

deshydratation Ratio :------------------------------------
cont annuel total de deshydratation 

Sacs fil tran ts 0,31 a 0,47 

Centrifugeuse 0,29 a 2,04 

Fil tre-presse 1,31 a 2,16 

Filtre rotatif 1,50 a 3,02 

Filtre a bandes 0,31 a 1,4 

Ces chiffres mettent en evidence Is non-vslidite 
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de comparaisons entre procedes uni taires de deshydratation qui ne compor­

tent pas 1a prise en compte des frais de condi tionnement, particulierement 

10rsque ce1ui-ci est realise au moyen de reactifs mineraux. 

Les coats totaux annuels de condi tionnement de la boue etant 

Eileves par rapport aux coats totaux annuels de la deshydratation cons i­

deree isolement, on devrait privilegier des procedes de deshydratation 

admettant un condi tionnement mains collteux, merne s' ils correspondent a 
un investissement plus eleve. 

4.2.4. Importance rela ti ve du cout de I' epaississement 

Pour les 10 filieres les mieux placees economiquement 

et pour chaque taille de station, nous avons calcule l' importance relative 

du cant total de I' epaississement par rapport au cofit total de la filiere 

incluant I' elimination finale. La proportion relative trouvee est la 

suivante 

Cot\t total de I' epaississement 
Taille de station (% du cot\t total de la filHre) 

5 000 3 % 
25 000 5 % 
75 000 3 % 

300 000 1.5 % 

II s' avere done que Ie eoat de I' epaississement gravi taire 

reste tres faible par rapport au co1lt total et quand on conna1t 1 r inci­

dence de 1a concentration de la boue sur Ie dimensionnement des ouvrages 

de traitement, on ne peut qul~tre amene a conseiller la generalisation 

des epaississeurs gravi taires en amont des filieres de trai tement des 

boues. D'une fagon generale, des ameliorations technologiques qui permet­

traient un accroissement des performances d I epaississement, auraient une 

incidence particulierement importante sur Ie coat global du trai tement 

des boues. 
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4.2.5. Influence du mode de stabilisation sur les couts 

moyens de trai tement et elimination 

Nous avons calcule pour chaque tail Ie de station et pour les 

fili€;!res directement comparables, qui ne differaient que par l'existence 

et la nature d'un traitement de st?-bilisation des boues, Ie codt total 

annuel par habitant. 

Les resul tats mont rent si on se refere aux valeurs moyennes 

que, dans presque tous les cas, les filieres comportant une stabilisation 

separee des boues sont plus collteuses que celles qui n' en comportent pas 

(stations par aeration prolongee). II n'en serait evidemment pas de m~me 

si on comparai tIes coQts des filieres de trai tement des eaux corres­

pondantes. 

En dessous et pour 25 000 habitants, les filieres avec 

digestion anaerobie sont plus collteuses que celles avec digestion aarobie. 

L'inverse se produi t au-dessus et pour 75 000 habitants. Pour une taille 

de 300 000 habitants, les filieres avec digestion anaerobie semblent 

moins conteuses que celles qUi ne comportent pas de stabilisation. 

4.2.6. Influence de 18 destination finale des boues sur 

les conts moyens de traitement et elimination 

NallS avons calcule pour chaque taille de station et pour 

I' ensemble des filieres de trai tement considerees dans I' etude les coftts 

totaux annuels moyens par habitant et les avons classes en fonction de la 

destination finale des boues : 

Taille de station 5 000 hab. 25 000 hab. 75 000 hab. 300 000 hab. 

Destina tion finale 
Compostage - 22 a 25 16 a 17 18 

Incineration 
boues seules - 44 a 45 26 a 44 10 a 20 

Incinera tion 
avec a.M. 42 36 a 45 17 a 26 8 a 12 

,Mcharge 21 a 52 15 a 37 15 a 27 11 a 24 

Epandage agricole 18 a 50 10 a 33 11 a 23 11 a 22 
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II s' avere, en fonction de ces resul tats que 1e coftt total 

annuel par habitant est toujours plus faible pour les filie.res comportant 

l'utilisation agricole au la mise en decharge des boues que pour celles 

qUi comportent une incineration pour les stations de 5 000, 25 000, 

75 000 habitants. Pour les stations de 300000 habitants, les coUts sont 

du m~me ordre de grandeur dans taus les cas. (Il faut cependant remarquer 

qu I ils ne prennent pas en compte la valeur agronomique des boues). 

4.2.7. Influence de la taBle de station sur les coUts 

moyens de traitement et elimination 

Nous avons calcule les coftts totaux annuels par habitant en 

faisant la moyenne des resultats des 10 filieres les plus interessantes 

par taille de station. Ces resul tats montrent sans ambiguite que Ie coftt 

par habitant diminue quand la taille de station augmente et ceci bien 

que Ie traitement et l'elimination des boues des petites stations fasse 

appel a des techniques rudimentaires et tres simples. 

Taille de station 
CoUt total annuel par 

habi tant (francs) 

5 000 18 a 32 

25 000 10 a 17 

75 000 11 a 14 

300 000 8 a 12 

Cette constatation n'est pas suffisante pour promouvoir un 

trai tement centralise des boues au la constitution de tres grosses 

stations d I epurations, car elle ne prend pas en compte les co"fi.ts de 

collecte des effluents. 
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EXPERIENCES IN LARGE SCALE TREATMENT AND UTILISATION OF SEWAGE SLUDGE 

P. R. A. BUSBY 

Metropolitan P.ublic Health Div;sior) 
Thames Water Authority 

London, Un; ted Ki ngdom 

The role of the ten Water Authorities in EngLand and WaLes and the organi­
sation of the Thames Water Authority are briefLy described. 

Of the 12 million population served by the Authority, some 7.5 million 
live within the Metropolitan Public HeaLth Division's area - basically 
Greater London. The Division is responsibLe for sewerage and sewage treat­
ment, including the control of trade discharges. Nearly all the effluent 
from the ten sewage treatment works is discharged to the tidal Thames. 

The sewage sLudge is digested and about 5 miLLion tonnes at 3 % soLids 
approximately are shipped to sea for disposaL and some 3 million tonnes 
at 6 - 10 % soLids are utiLised on Land for agricuLturaL use or Land 
recLamation. This sLudge ·is stored in Lagoons for up to 4 years for 
thi ckening and pathogen reduction. 

Methods of meeting the constraints on Land utiLisation are described and 
aLso the means by which sLudge quaLity may be improved. 
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I) Thames Water Authority is one of ten such organisations, based upon river 

catchments, in England and Wales responsible for all aspects of the water cycle 

(e.g. River management, pollution control, land drainage, Water resources, 

supply, treatment and distribution, sewerage and sewage treatment and disposal 

and trade effluent control). 

2) The Metropolitan Public Health Division is one of nine divisions in Thames Water 

and is responsible for sewerage, sewage treatment and disposal, including trade 

effluent control, in the Greater London area. Of the 12 million population within 

the Authority area, 7.5 million reside within the Division's area. The total 

average daily flow received by the ten works in the Division is some 3 million 

cubic metres (700 m.g.d.) 

3) The Authority was formed in 197~, taking over the responsibilities of the 

predecessor authorities. These, in the Division's area, included the Greater 

London Council and the West Kent Main Sewerage Board etc. Hence, the 

accrued experience of the Division in sewerage, sewage treatment and disposal 

extends back into the 19th century. 

~) The greater part of the total flow is treated by the activated sludge process with 

the effluents fully nitrified. Nearly all sewage sludge is digested and disposed to 

sea or utilised on land. 

5) Some 5 million tonnes at about 3% dry solids is disposed of to sea from four 

works. Sea disposal is licenced by the Ministry of Agriculture, Fisheries and 

Food under the Oumping at Sea Act (J 97~) which followed the London and Oslo 

Conventions (I). 

6) The sludge is carried by a Fleet of five sludge vessels of an average capacity of 

2.500 tonnes each. Each vessel has two crews of 12 who work one week on duty 

and one week off. 

7) Subject to availability, the ships sail every tide to the dump ground, a round trip 

of about 150 Km taking 9 to 10 hours. 

8) The areas of the dump are specified on the licence. The condition of the sea 

water in the area, the sea bottom and fish caught in the area are monitored 

independently by the Ministry as well as by the Authority. 
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9) The dumping operation of each ship takes about ten minutes. Strong currents and 

tidal action give excellent dispersion and, though disposal has been going on since 

1888, there is no evidence of build up of material on the sea bottom. 

10) The alternative of land utilisation and disposal for two of the four works from 

which sludge is taken to sea would pose problems of long hauls by a large number 

of road tankers through urban areas, adding to environmental pollution. Costs 

would also be appreciably greater as compared with sea disposal. 

I J) The 3 million cubic metres (wet) of digested sludge from the remaining sewage 

treatment works is, in the main, utilised on agricultural land in both liquid and 

dry form. Some of the lather has been utilised for land reclaimation on tips and 

on motor way embankments. 

12) Digested sludge intended for agricultural use is stored for two to four years after 

digestion in earth bank lagoons. During this period supernatant liquor is 

withdoawn and returned to the treatment works for full treatment. Thus the 

stored sludge is thickened, an average dry solids content of 6 to 10% being 

achieved. As capacity is made in the lagoons by removing the supernatant, the 

lagoon is topped up with thin digested sludge. During the final year no sludge is 

added, thus minimising the risk of pathogen, virus and parasite survival. 

13) The largest installation is Perry Oaks Sludge Treatment Works adjacent to 

Heathrow (London) Airport and serving the Mogden Sewage Treatment Works 

(population 1.4 million). The treatment and disposal operations from this Works 

will be described as being generally typical for other works. 

14) The operational area is 97 hectares and comprises 7 reception tanks, II lagoons 

varying in capacity from 75,000 cu.m. to 430,000 cu.m. and 30 hectares of drying 

beds of which 10 hectares are equipped with mechanical lifters, the remaining 

area having the dried sludge lifted by specially adapted excavators. 

15) The whole site is sealed from water bearing strata by a clay layer. 

16) The drying beds are formed of graded ash and clinker and underdrained, the 

drainage liquors being returned to the treatment works for full treatment. 

-181-



17) The beds are filled with liquid digested sludge at about 3 - 4 % dry solids to a 

depth of 125 to 300 mm and lifted when dried, by atmospheric action, at between 

40 - 70 % dry solids. At this time, the thickness is about 10 - 25 mm. 

18) When lifted, the dried sludge may be stacked, where some further drying may 

occur, or taken direct to the site where it is to be utilised. A small quantity is 

heat treated, ground, bagged and sold locally. 

19) Dried sludge is usually applied to agricultural land by tractor drawn farm 

machinery (e.g. moving floor manure spreaders). 

20) The average quantity of sludge treated by air drying is 10,000 cu.m. per annum 

at an average dry solids content of 50%. 

21) Liquid sludge is removed by pumping from lagoons to overhead tanks from which 

road tankers are loaded. As the level of sludge is lowered in the lagoon, because 

of its solids content and thixotropic nature, the sludge will not readily flow to 

the pumps situated at the side of the lagoon. At this stage, a tractor with blade 

is introduced to move the sludge to the pumps. 

22) Care needs to be taken in the choice of tractor. The tracks of crawler tractors 

tend to lift stones from the bottom of the lagoon and mix them into the sludge 

thereby causing serious wear on the pumps. Once transported to site, the stones 

are likely to block valves or jam pumps on spreaders. They are also unacceptable 

to farmers on pasture land in large quantities. Tractors of the buoyant type are 

preferable (e.g. muskeg or swamp buggies). Alternatively, pumps mounted on 

pontoons may be used, but these are time consuming to erect and labour 

intensive in use because of the need to move them within the lagoon and to 

adjust the delivery hose to accomodate the movement. 

23) The road tankers carry the sludge to farms where it is transferred to slurry 

spreaders for application to land. Several types of spreader have been used. 

Tractor drawn spreaders have proved satisfactory in dry weather and in wet 

weather on well drained land. At present, self propelled spreaders are being used 

which give a low ground loading. It is hoped that these will operate in winter 

conditions on most types of ground without damaging the soil structure or 

becoming bogged down. 
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24) This method of operation, detail of which is given later, has evolved over the 

years as sludge utilisation and disposal activities have been reviewed in the light 

of increasing knowledge or suspicions of environmental effects. The following 

commentary relates to Perry Oaks but is reasonably typical for other works. 

25) From the mid 1930s when Perry Oaks, as the sludge treatment works for Mogden 

Sewage Treatment Works, became operational until about 1950, nearly aU 

digested sludge was air drIed and taken to agricultural land as a sOIl conditioner. 

(2) 

26) However, treatment works' extensions to deal with increasing sewage loads and 

higher effluent standards led to increased sludge quantities and it was then that 

the system of earth banked lagoon storage and thickening was started to cope 

with the quantity of sludge in excess of the capacity of the drying beds. 

27) The liquid sludge was also taken to local agricultural land as a soil conditiOner. 

As quantIties increased, at some times of the year, it would be laid thickly (up to 

~50 mm) and ploughed in when dry - which might take two to three years before 

the land was ready for cropping. 

28) In the late 1960s planning authorities indicated that the sludge disposal method 

could not be considered "good agricultural practice" and hence fell under the 

provlsion of the Town and Country Planning Acts. 

29) From this time, sludge was utilised on local horticultural and agricultural land 

and landfill sites by spreading at approx. 50 - 100 mm thickness. The sludge was 

applied direct from a road tanker, spread by a blade grader to give unifor m 

thickness and then ploughed in. Sludge and soil samples were analysed 

periodically. 

30) In 1971, the Agricultural Development and Advisory Service of the Ministry of 

Agriculture Fisheries and Food issued the results of research upon the effect of 

phyto-toxic metals (Zn, Cu, Ni) upon plant germination and growth. (3). 

31) While this research was noted, the results of the pot experiments conflicted to 

such a degree with the practIcal experience that the predecessor authority 

continued to dispose of sludge in the manner discr ibed. 

-183 -



32) Interest was also being taken in the uptake of metals toxic to humans into crops. 

One source was considered to be from sludge from industrial areas applied to 

agricultural land. The predecessor Authority intensified its sludge and soil 

analysis programme and avoided those lands with high metal content. 

33) In 1977, a Government working party reported with "Guidelines", on the additlOn 

of element to soils which might be found in sewage sludge (4). 

34-) Of the various metals referred to in the report, Cadmium was the only human 

toxic one which gave some cause for concern with respect to the sludges from 

Perry Oaks. 

35) Thames Water designed a completely new operating method for the disposal of 

sludge to agricultural land from the Metropolitan Works under the title 

"Thamesgro". One works (Hogs mill) continued a direct labour operation but 

carried out to "Thamesgro" standards. (5) 

36) The basic priciples were:-

I) The soil background levels for toxic metals upon which the maximum 

additions in the Guidelines were based must not be exceeded. 

2) Sludge would be applied at such a rate as to provide the nitrogen 

requirement of the crop. 

3) As far as practicable a service should be provided to Farmers and all 

operations must be in accordance wIth good agricultural practice. 

4) Monitoring analysis of sludges, soils before and after sludge application and 

of crops should be greatly intensified and recorded in detail. 

37) The consequences of this policy were that:-

I) Land had to be found which had not previously been sludged. Hence, 

haulage distances were increased with consequent increase in the number 

of road tankers. 

2) Meeting the guidelines on metals required applying sludge at much lesser 

depth (IOmm) than previously. 

3) Long haulage distances required large capacity tankers and larger numbers 

because of the consequently longer turn round periods. These heavy 

tankers could not be used to apply the sludge to land, espedaJly in wet 

weather. 
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4-) Consequently, spreading machinery suitable for farm conditions was 

required. 

5) To gain the optimum return on the heavy capital lnvestment in tankers and 

plant all year round working was resorted to. 

38) It was deCIded to let a two year contract with provision for some development of 

methods in operation as there was no previous experience on which to call. 

39) As hauls up to 60 Km were involved articulated tankers were employed to obtain 

maximum return on the investment. 

40) Agricultural plant was used for spreading. Initially experimentation was required 

to adjust jets and splash plates to obtain the correct doseage and even spread. 

41) With the more arduous working of spreaders than in normal agricultural use, 

strengthening of chassis proved necessary. 

42) The spreader initially used proved unsuitable for winter wo~king except on very 

well drained soils. Two wheel drive tractors had to be replaced for this type of 

going with four wheel drive units. 

43) A different type of spreader, suitably strengthened and having a single axle 

instead of tandem axles, proved more suitable for winter work. 

44) A new organisation had to be set up to find farmers willing to accept sludge, 

manage the contract, ensure compliance with Thames Water policy and to 

monitor soils and sludge quality and to record the work done. 

45) To this end 

1. A Far mer Relations section was set up to find farmers, arrange that the 

farmer received his sludge when and where he required it and that the 

required dose of nitrogen for the crop was provided. 

2. The Contracts Manager supervised the contract which was monitored on 

site by field Inspectors who were also charged with the duty of maintaining 

the continuity of the operation and output. 
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46) The results of sludge analysis, quantity of sludge applied, the results of analysis 

of soils before and ·after application together with the location were recorded. 

The volume of data involved required the use of a computer. 

47) Whereas previously all operations had taken place within the Divisions' boundary, 

going further afield meant encroaching on other Divisions' Territory. A method 

of communication was set up to prevent conflict of interest and to ensure· that 

River divisions could ensure that Water resources were not liable to 

contamination. 

48) For Perry Oaks' sludge, cadmium was the limiting factor controlling the quantity 

of sludge to be applied. While this did not prevent the required nitrogen 

application being met it did mean that the "land resource" would be used up more 

rapidly than desirable. 

49) Clearly, the higher the metal content of a sludge the smaller the quantity that 

can be spread over a given period on a field before the permitted background 

level in the soil is reached and new land has to be found, thus increasing, the 

haulage distance and hence the cost. 

50) To ameliorate this situation as far as possible, a survey of the drainage circus 

areashas been made to locate the sources of cadmium and their respective loads. 

51) The total quantity received at the Mogden Works was 9 kg per day, of which 2 kg 

was attributable to domestic sources. 

52) An investigation was also carried out to discover what pre-treatment processes 

were available for metal removed and what lower limit in the effluent was 

reasonably attainable. 

53) As a result a concentration of I mg/kg cadmium appeared attainable in trade 

effluent discharges. 

54) Trade dischargers were visited by Trade Effluent Officers and the problem 

discussed. Traders were informed that a limit of I mg/kg would be included in 

their consent as soon as legally possible. 
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55) For forty years or more, the quality of trade effluents in the area have been 

licenced under legislation covering the drainage of trade premises. Consents to 

discharge are issued to all traders and quality limits set for the trade effluent. 

56) Under the legislation, consent, may be changed two years after issue by 

direction. Many traders have taken remedial action before the direction has 

been issued. 

57) The result is that within three years of informing traders of the proposed limit, 

the cadium load received at Mogden has dropped to 5 kg per day of which 2 kg is 

of domestic origin. 

5&) CONCLUSION 

1) . The choice of method for disposal of sludge in the Divisional area is matter 

of economics for each treatment Works. The works to the East send sludge 

to sea, at present the most economic for their situation. 

2) To the West, utilisation on land is the most economic in the circumstances 

obtaining at these Works. 

3) Sewage sludge is a valuable natural resource of nitrogen and phosphorus 

and, to a lesser degree, potash. It is also a soil conditioner. 

~) Control of trade effluents should be used to reduce so far as practicable 

elements unacceptable for agricultural use. 

5) Sewage sludges should preferably be digested and stored before application 

to minimise nuisance and risk from pathogems, viruses and parasites. 

6) There is a serious lack of knowledge of the mechanism of the up take of 

metals into crops, the safe limits for human and animal intake and effects 

upon crop germination and growth. 

7) Without reliable data, it is wise to set cautious limits on metals where 

human health is concerned but practical experience of many years should 

be taken into account where crops and animal health are concerned. 
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&) National - or preferably international - guidelines should be set at realistic 

but safe limits in the light of current knowledge- such as it is. 

9) Authorities responsible for the utilisation of sludge on agricultural land 

should comply so far and as nearly as possible to those guidelines, 

especially if human health is likely to be affected. They should also, as 

quickly as possible, take steps to meet the guidelines fully (e.g. through the 

control of trade effluents) 

10) The setting of guidelines which are unreasonable will be self defeating for 

no authority can afford excessive expenditure in meeting a limit for which 

there is little or no evidence for its justification. 

11) Continuing research is required into the environmental impact of sludge on 

agricultural land. Ideally, this research should be carried out on 

agricultural land with sludges using agricultural practices - not in 

laboratories on pot plants using metal salts. Sludge/soil mixtures should be 

used in this work. 

12) Monitoring of the application of sludge to agricultural land by analysis of 

sludges, soils before and after application and of crops grown will add to 

the knowledge of the impact of sludge utilisation. 

13) Until more knowledge is obtained, the safest control is to set a maximum 

level of toxic metal in the soil and at the same time monitor the level in 

the crop. 
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SLUDGE GENERATION, HANDLING AND DISPOSAL 
AT PHOSPHORUS CONTROL FACILITIES IN ONTARIO 

N.W. SCHMIDTKE, Ph.D., P. ENG. 

Wastewater Technology Centre 

Envi ronmental Protection Service 

Envi rcnment Canada 

This paper identifies experiences in sludge quantity changes due to 
metal salts addition for phosphorus removal at primary and conventional 
activated sludge plants in Ontario. A survey of Ontario plants has shown 
that for P-removal to 1.0 mg P.L-' an average sludge volume increase of 60% 
for primary plants and 35% for secondary plants occurs. 

The problem of sludge quantity estimation based on stoichiometry, bench 
scale and pilot scale data is illustrated. 

The Ontario survey also shows that incineration, application to agricul­
tural land and disposal to landfi 11 are the three major prevai 1 ing sludge 
disposal practices, accounting for 40%, 34% and 23% of all sludge produced, 
respectively. Problems and beneficial effects of sludge disposal to agricul­
tural land are summarized. Sludge application rates to 11 300 ha averaged 
5 t.ha-'.a-'. For an average haulage distance of 10.4 km the 1975 cost aver­
aged $47 per ton of sludge. The two most frequent problems related to sludge 
disposal on land were identified to be odour and sludge transport. Informa­
tion obtained from farmers surveyed indicates that due to increased crop 
yield and cattle weight gain, the net benefit of sludge use on agricultural 
land approximates $2 and $3 mi 11 ion dollars per year. 

Based on the average nut ri ent and heavy meta I con cent rat ions in the 
sludges surveyed, less than 50% of the Ontario sludges meet the criteria of 
the Ontario provisional guidelines for sludge utilization on agricultural 
lands. 

Where, in the absence of any data, an estimate of sludge volume from a 
convent i ona 1 act i vated sludge plant wi th phosphorus remova 1 to 1 mg P. L -, , 
using metal salt addition, is required, the rule-of-thumb that sludge volume 
approaches 0.5% of the Influent hydraul ic load is a good first approximation. 

-190 -



1. INTRODUCTION 

The design of sludge handling and disposal facilities is generally the 

most neglected aspect of wastewater treatment faeil lty design. This is not 

wi thout reason. The mas t frequent excuse given is tha t we have no idea how 

much sludge will be produced and what the sludge characteristics may be. As 

well, in many instances no clear strategy concerning the final sludge dis­

posal or utilization option to be pursued is identified. In general, the 

concern regarding sludge quantities, handl in9 and disposal is proportional 

to population density, and the degree and complexity of industrialization. 

This paper will focus on providing information on the effect of adding 

metal sa1ts to existing wastewater treatment plants for phosphorus removal 

to 1 mg.L- 1 total and as it impacts on sludge quantity, handling and dis­

posal/util ization. 

2. SLUDGE QUANTITIES PRIOR TO ANAEROBIC DIGESTION 

Waste treatment process design engineers are continually plagued by 

lack of information when it comes to designing sludge handl ing and disposal/ 

utilization facilities. Sludge production is influenced by a number of vari­

ab les. 

For conventional primary plants influent solids, overflow rate, temper­

ature and general waste characteristics influence the quantity of sludge 

which will require handling and disposal. 

When chemicals are added to primary plants, additional factors such as 

type of chemical, chemical dosage and point of chemical addition influence 

the sludge quant it i es produced. 

For biological sludge production, the type of process used in the con­

version of substrate (hence SRT), the nature of substrate oxidized and 

nutrient availability, all affect the amount of biomass produced. Because 

the auto-oxidation rate depends on temperature, higher sludge volumes result 

in winter than in summer. 

The total volume of sludge produced from biological and physical/ 

chemical systems, or any combination thereof is also influenced by clarifier 

performance, sludge recycle and the degree of operator attention to the 

sys tern. 

A most useful method of sludge quantity estimation consists of perform­

ing a mass balance around various treatment process components and coupl ing 

this with process efficiency assumptions (1). Calculations to determine 

chemical sludge quantities based on stoichiometric relationships is another 

popular approach (2). Bench scale and pilot scale studies would appear to 
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provide more specific information which can be used in the design of ful I 

scale sludge handling and disposal/utilization facilities. 

Examples of data from bench scale, pilot scale and full scale treat­

ment systems will II lustrate some of the difficulties associated with 

sludge quantity determinations. 

Much of the fu I I sca I e data reported here i n is taken from a 1975 sur""Y 

of 185 Ontario wastewater treatment plants. Records of sludge production 

prior to the implementation of phosphorus removal technology were compared 

with plant records following the installation of phosphorus precipitation 

systems (3). Data concerning sludge characteristics and disposal/utiliza­

tion practices are also surrrnarized. 

2. I Convent ional Primary Plants 

Figure I summarizes the data from 15 conventional, primary plants 

(without precipitant addition) surveyed covering a range of hydraul ic load­

ings from 1200 to 5000 m'.d- 1 • The data show that 50% of time approximately 

2 m' of sludge are produced for each 1000 m' of wastewater treated. This 

translates to 114 kg dry solids for each 1000 m' treated (Figure 2). The 

total sol ids concentrat ions of the raw primary sludges varied from 3.5 to 

8% with a mean of 5.7%. 
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FIGURE 1, SLUDGE VOLUME PRODUCED 
AT CONVENTIONAL PRIMARY 
PLANTS (3). 
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FIGURE 2, SLUDGE MASS PRODUCED AT 
CONVENTIONAL PRIMARY 
PLANTS (3), 

2.2 Upgraded Primary-Plants 

Upgraded p I ants are defi ned as those p I ants whe re chemi ca I s are added 

for phosphorus removal to achieve an effluent total phosphorus concentration 

of 1.0 mg.l- 1 • Influent total phosphorus concentrations are 6.8 mg.l-' (4). 

2.2. I Full scale - Camp Borden 

A full scale phosphorus removal study was conducted at the primary 

wastewater treatment plant at Borden (5). The study lasted ten months and 

covered three phases of chemical addition for phosphorus removal using lime, 

alum and ferric chloride. While the major objective of that study was to 

determine the optimum phosphorus removal precipitant and its dosage to 

achieve an effluent· P objective of I mg.L- 1 , information on sludge production 

under various operational conditions was also collected. These data as 

summarized in Table I were compared to calculated sludge production values 

and are shown as a frequency distribution in Figure 3. In this case, the 

amount of sludge produced was overestimated by 28%, 50% of the time. 

2.2.2 Full Scale - Ontario Survey Data 

As effluent objectives become more stringent, treatment process com­

plexity increases and sludge quantities increase as well. 

For example, the impact of chemical addition for phosphorus removal at 

primary plants is illustrated in Figures 4 and 5 for seven upgraded plants. 

In these plants, the average sludge solids concentration decreased from 6.0 

to 5.3% after chemical addition. The sludge volume increased by 60% where­

as the sludge mass increased by 40%. 
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TABLE I 

p. Reroova 1 
Precipitant 

Chemi ca 1 Dosage 

mg. L- 1 
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CAMP BORDEN SLUDGE PRODUCTION -
PRIMARY PLANT (5) 

Sludge Mass Produced 
Ratio of 

Calculated 
Measured to 

Measured Ca I cu 1 a ted Va 1 ue 

kg. d- 1 ,.m 
-, kg. d- 1 g.m- 3 

116 26 191 42 1.65 

1186 261 1148 253 0.97 
1389 306 1400 308 1.01 
3184 643 1697 343 0.53 
1876 386 1399 288 0.76 

201 52 332 86 1.65 
385 102 283 75 0.74 
645 173 253 68 0.39 
604 160 294 78 0.49 

290 76 304 80 1.05 
321 87 307 83 0.96 
502 133 312 83 0.62 
515 138 343 92 0.67 
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2.2.3 Use of lime 
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FIGURE 5. SWDGE MASS PRODUCED AT PRIf'lARY 
PLANTS PRIOR TO AND AFTER METAL 

SALT ADDITION (3) • 

Because few Ontario plants practice P removal using lime, no substantive 

data base for sludge quantity estimation exist. However, based on p~st 

experience at a number of pilot and full scale facilities practicing P remov-­

al using lime, reasonable estimates of sludge production can be made. 

The mass of sludge produced will depend largely on the wastewater 

alkalinity and the lime dosage required to attain a specific pH at which 

target P effluent level is achieved. 
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Figure 6 illustrates that, having determined the pH at which the P 

effluent target will be achieved, the correlation will predict the required 

1 ime/alkal inity ratio. Knowledge of the wastewater alkal inity enables ealeLl"" 

lation of the required lime dosage (6). Another correlation (]) for raw 

wastewaters from 20 Ontario municipalities indicating lime dosage requirB-

ments to attain pH 10 and 11 for various alkalinity values is shown in 

Figure 7. 
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Brouzes (8) in his bench scale experiments examined the use of lime in 

the treatment of municipal wastewaters and also monitored sludge production. 

Figure 8 illustrates sludge production as a function of pH for the municipal 
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9.5 10.0 10.5 11.0 11.5 

pH OF WASTEWATER 
FIGURE 8. SLUDGE VOLUME AS A FUNCTION OF pH 

DURING L(M~ ADDITION FOR PHOSPHORUS 
REMOVAL {8} 

sewage from Beaconsfield, Quebec. 

At a tertiary treatment facility for P removal at.Ely, Minnesota, the 

sludge volume due to I ime add i t ion for P removal to extremely low leve Is 

(0.05 mg.L- 1 at pH 12) increased by 700% (9). 

The available information in the literature quite clearly demonstrates 

that for I i me treatment sys tems sludge vo I umes a re many times greater than 

for any other treatment process. This may not necessarily result in a dis­

posal problem inasmuch as lime can be recovered from the sludge and reused 

in the process. In this case it would be more of a materials handling 

prob lem. 

2.2.4 Summary - Sludge quantities from primary plants 

The information as it relates to full scale plant data previously pre­

sented is summarized in Table II. Chemical addition for total phosphorus 

removal to 1.0 mg.L- 1 using metal salts resulted in a 60% sludge volume in-

crease. 
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TABLE II SLUDGE PRODUCTION DATA FROM PRIMARY PLANTS (3) 

Sludge Production 

Description Units 

Vol ume m311000m 3 2.0 3.2 

L.capita-1.d- 1 1.3 2. I 

% of influent Q 0.20 0.32 

Mass kg/l 000 m 3 120 169 

g.capita-1.d- 1 77 109 

Sol ids percent 6.0 5.3 

Number of Plants 

2.3 Principles of Biological Sludge Production 

Percent 
Change 

+ 60 

+ 40 

Sludge quantit:ies can be estimated from bench and pilot scale data when 

considering biological principles. Figure 9 shows that normally micro­

organisms experience a growth history which consists of 3 phases. A logarith­

mic (a - b) a declining growth (b - c) and an auto-oxidation (c - d) phase. 

The net accumulation of sludge due to this synthesis and oxidation can be 

expressed by: 

kg VSS produced/day a(kg BOD5 removed/day) - b(kg MLVSS) (1) 

where: 

a = the fraction of BOD5 removed and synthes ized to new sludge 

b the mean rate of auto-oxidation (endogenous respiration) 
as a fraction per day 

MLVSS kg of MLVSS under aerat ion 

In addition there are usually non-oxidizable volatile solids present. These 

and the inert particulate solids leaving the primary sedimentation tank are 

assumed to be trapped in the sludge and hence, must be taken into account 

when calculatinQ the total amount of sludQe production. 

It is convenient to express equation (1) in the general format of: 

y = mx - b 

kg VSS produced/day _ 
kg MLVSS - a 

kg BOD s removed/day 
kg MLVSS - b 

(2) 

Data obtained from bench and pi lot scale studies is arranged and plotted as 

shown in Figure 10. This then facilitates the calculation of constants a 

and b. Constants a and b are only constant for a particular wastewater under 
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TIME 

FIGURE g. SLUDGE GROWTH 

KG BODS REMOVED. D-l 

KG MLVSS 

FIGURE 10. SYNTHESIS AND ENDOGENOUS 
RESPIRATION CONSTANTS 

specific process conditions, and must be derived forr each design situation. 

Past experience has shown that a may vary from 0.5 to 0.7 and b from 0.04 to 

0.1 day-I. 

I t was noted earl i er that the amount of sludge produced is very much 

dependent on the SRT. The SRT being defined as: 

SRT = amount of volatile solids in the aeration tank (3) 
amount of volatile solids removed daily from the system 

SRT = 
vel 

(4) 
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where: 

V aeration tank volume m' 

'\. sludge was tage rate m3 • d- 1 

Q ~ influent flow m3 • d- 1 

C, MlVSS mg.l- 1 

C2 underflow VSS mg.l- 1 

C, effl uent VSS mg.l- 1 

Experience has shown that the activated sludge process is best controlled by 

attempting to maintain a constant SRT. Generally speaking the SRT may be 

anywhere between 3 and 12 days. Figures II and 12 show examples of sol ids 

CloO.67; 0.007 

0.' 

4 5678910 

SOLlDS RETENTlON TlME (SRI), DAYS 

FIGURE 11. SWDGE PROIXJCTJON FOR DIFFERENT WASTEWATERS (10). 

r 

SOUDSRETHHlONTlME (SRTl, DAYS 

FIGURE 12. SWDGE PRODUCTION AT DIFFERENT TEMPERATURES (10). 
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production as a function of SRT for different wastes and as affected by 

temperature, respectively. 

2.4 Conventional Biological Plants 

The literature abounds with sludge production data from biological treat­

ment plants. Figure 13 is just one example for municipal sludges and illus­

trates the degree of variability, which can be in excess of 100%. In this 

case sludge production for various aerobic biological treatment processes 

is shown. 

z 
o 
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en 
I..LJ 

~ CCWENTIIN'IL ACTIVATED SWDGE 
a... 
--l PURE OXYGEN ACTIVATED SLUDGE 
;5 

25 ROC 
--l 
o 

~4-T-~~~r-~~~~~~~-T----
o 0.2 0.4 0.6 0.8 1.0 1.2 1.4 

KG SLUDGE PRODUCED/KG BODS REMOVED 
FIGURE 13. BIOLOGICAL SLUDGE PRODUCTION (11) 

Sludge production data from 42 secondary plants in Ontario using the 

conventional activated sludge process were analyzed. The plants have flow 

capacities ranging from 1400 to 770000 m'.d-'. The raw sludge produced 

consists of both primary and waste activated sludge. In the case of con­

ventional activated sludge plants, Figure 14 shows that 50% of the time at 

least 3.9 m' of sludge are produced per 1000 m' treated. Solids concentra­

tion varied from 2 to 7%, with a weighted average of 4.6%. Similarly, the 

dry weight of solids produced at conventional activated sludge plants was 

equal to or less than 179 kg dry solids per 1000 m' of wastewater treated, 

50% of the time (Figure 15). 
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FIGURE 15. SLUDGE MASS PRODUCED 
AT CONVENTIONAL 
t~JIVATED SLUDGE PLANTS 

2.5 Upgraded Biological Plants 

As with the primary upgraded plants, upgrading is defined as chemical 

addition of metal salts to attain an effluent total phosphorus objective of 

1.0 mg.L- I • In the case of biological plants this involves simultaneous 

precipitation. 

2.5.1 Observed vs stoichiometric results - pilot scale 

A long-term pilot scale study for the removal of phosphorus and nitro­

gen (12) was conducted at the Wastewater Technology Centre (WTC). 51 udge 
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production was monitored over a 16-day consecutive period. Comparing the 

observed to calculated sludge production values for ferric iron addition 

based on stoichiometric relationships shows that the actual sludge production 

was underestimated by 65%, 50% of the time. This point is illustrated in 

Figure 16. 

•• 
Ol...1.J2.o 
1-::1 ;1:--/1 

/ " 

~~~~-r~r-~-'--r-~~-'--r--r--~ 
'2610 20304050607080 8085 

X of observations equal to or less than slated value 

FIGURE 16, OBSERVED TO STOICHIOMETRIC 
SOLIDS PRODUCTION RATIO -
FERRIC IRON ADDITION AT A 
NITROGEN AND PHOSPHORUS 
REMOVAL ACTIVATED SLUDGE PLANT (11) 

2.5.2 Full scale - Ontario survey data 

Sludge production data were obtained from a 1975 survey of Ontario 

wastewater treatment plants. In a number of instances, it was possible to 

compa re sludge product i on pr ior to phosphorus remova 1 to sludge product i on 

following installation of phosphorus precipitation systems (3). 

Sludge production data for 15 secondary biological plants, upgraded 

to include phosphorus removal, (primary + waste activated + chemical sludge) 

are illustrated in Figures 17 and 18. 

Fifty percent of the observations showed a solids production equal to 

or less than 173 kg dry solids per 1000 m' before chemical addition. This 

increased to 217 kg of dry solids per 1000 m' after chemical addition and 

represents a 26% increase in sludge mass. The sludge volume increased by 

35%. Following precipitant addition, the average total solids concentration 

decreased from 4.5 to 4.2%. 

While in Ontario metal salts are generally added to the aeration tanks, 

data analyzed from four installations where metal salts were added to the 

primary settl ing tank showed a decrease in solids produced. In this in-
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FIGURE 17, 
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FIGURE 18, SLUDGE MASS PRODUCED AT C<l'lVENTI<l'lAL 
ACTIVATED SWDGE PLANTS PRIOR TO AND 
AFTER f"'ETAL SALT ADDITI<l'l TO AERATION TANK (3). 

stance, the iower organic loading to the aeration tank due to additional 

organics removed in the primary, resulted in reduced biosynthesis. 

I t must be recogn i zed that as i de f rom reduced phos phorus concent ra t i ons 

in the effluent, there are additional benefits when chemicals are added. 

In the case of metal salt addition these benefits would consist of 

lower 55, lower BODs, lower heavy metal and lower taxies levels. When 1 ime 

is added similar benefits are realized. As well, additional advantages con­

sist of a disinfected effluent, enhanced sludge dewatering characteristics 

and tie-up of heavy metals in the sludge flocs. On the other hand, the 

disposal/utilization of this sludge now concentrated with some of the un­

desirable constituents may pose a problem. 
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2.5.3 Summary - Sludge quantities from activated sludge plants 

Sutton (12) underestimated sludge production by 65% when using stoi­

chiometric relationships for a biological system with chemical addition. 

From our experience, the best data base for sludge production exists in 

the Ontario survey of full scale treatment plants (3). The data presented 

in earl ier figures are summarized in Table III for activated sludge plants. 

TABLE III 

Description 

Va 1 ume 

Mass 

So 1 ids 

Numbe r of PI ants 

SLUDGE PRODUCT(ON DATA - FROM ACTIVATED 
SLUDGE PLANTS (3) 

51 udge Production 

Un i ts Prior to After Chemical Percent 
Chemical Addi tion Addition Change 

m3/1000m 3 3.8 5. I + 35 
L.capita-1.d- 1 2.5 3.4 

% of influent Q 0.38 0.51 

kg/lOOOm 3 173 217 + 26 
g.capita- 1 d·' 114 145 

percent 4.5 4.2 1- 0.31 

15 15 

2.6 Sludge Quantity Prediction for Lower Than 1 mg.L- 1 Effluents 
P Targets 

The aforenoted information does not address the question of "how much 

more sludge wou 1 d be gene rated when j mpos i n9 po i nt source cont ro 1 5 for 

eff 1 uent tota 1 phosphorus concent rat ions of 0.5 mq. L - 1111 0 r for that matter 
for BODS and 55 con centra ti ons of 3 to 5 mg. L -1. 

A recent document (13) made a first attempt at answering this question 

by reporting on a computer simulation of required process modifications to 

meet various point source P control scenarios and the resulting sludge 

quantities. Figure 19 is a typical illustration of the dramatic increases 

in sludge mass over basel ine conditions of no phosphorus remova1. The 
example shOW's a simulation for 17 Canadian plants in the Lake Ontario drain-

age basin and represents a total flow of 2.6 x 10 6 m3 .d- 1 for a sewered popu­

lation of 3.8 million persons. The simulation predicts a sludge mass in­

crease of 34% over baseline conditions (no chemical addition) for an effluent 

tota 1 phosphorus con cent nat i on ta rget of 1.0 mg. L _I. 

This prediction compares favourably with the 1975 Ontario sludge survey 

data (3) indicating a 26% sludge mass increase. Treatment process modifica­

tion required to attain an effluent objective of 0.1 mg.L- 1 total phosphorus 

predicts a 108% increase in sludge mass over baseline levels (no chemical 

addition). 
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Before sludges can be disposed of in Ontari o. they are d i ges ted. In 

general, sludges from Ontario phosphorus removal facilities have been found 

to be readily digestible in both existIng aerobic and anaerobic digesters. 

Initial digester problems which were experienced could be related to the 

increase ins 1 udge loadi ng rather than the natu re of the sludge i tse 1 f. 

This increased digester loading resulted in inadequate heat exchanger capa·­

city leading to operational problems caused by reduced digester temperature. 

Digester (primary) foaming due to increased volati Ie sol ids loading and 

inadequate gas/liquid separation has in some cases led to further operatiOl­

a 1 problems. 

Inhibitive effects due to accumulated metal salts have never been 

experienced. In one case (14). digester operation was completely disrupted 

due to erratic J ime dosing for phosphorus removal during start-up. This 

resulted in periodic massive doses of high pH sludge being pumped to the 

digester until the digester's buffering capacity was exceeded. 

Later, under continuous operation, the digester was found to operate 

very effectively provided a sludge blanket of 30-50 em was maintained in 

the clarifier. This partially neutralized the raw sludge to a pH of 8.5-

9.0. 

Phospho rus resol ub i1 i zat i on wi th in the d i ges ter has been found to be 

insignificant in relation to the total plant loading, regardless of the 

chemical used. 
- 206-



4. SLUDGE QUANTITIES AFTER ANAEROBIC DIGESTION 

The sludge production data summarized earlier, facil itates the design 

of sludge handling and volume reduction facilities. When designing facili­

ties for ultimate disposal, the sludge volume after digestion must be known. 

Such data are difficult to obtain. In many instances, this can be attri-

buted to incomplete records concerning volume of sludge disposed of, as well 

as problems associated with solids concentration determinations. 

4.1 Conventional Primary Plants 

The Ontario survey (3), whi Ie incomplete, provides the best, currently 

available data base on this subject. The data relating sludge volumes dis­

posed from standard primary plants practicing anaerobic digestion to popula­

tion served were subjected to regression analysis (Figure 20). 

The equation expressing this relationship in m3 per year for 17 plants 

is shown as: 

Sludge Disposed (m'.a- 1) = 76.73 (population x 10-')1.131 (5) 

Figure 20 illustrates the fact that digester problems wi 11 result in 

substantial increases in sludge volumes requiring disposal. 

1,000 10,000 

POPULATlON SERVED (03) 

FIGURE 20. SLUDGE VOLUME DISPOSED AT 
CONVENTIONAL PRIMARY PLANTS (3) 

4.2 Upgraded Primary Plants 

The data base for upgraded primary plants and the resulting sludge quan­

tities after anaerobic digestion was inadequate for analysis. 
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4.3 Conventional Biological Plants 

Figures 21 and 22 illustrate from the available Ontario data (3) 

relationships between volume or mass of sludge to be disposed of as a 
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..;::: 10000 

~ 

POPULATION SERVED (103) 

y. se4.7 x 0.873 

(·0.799 
n-22 

FIGURE 21. SLUDGE VOLlJI'E DISPOSED AT CONVENTIONAL 
ACTIVATED SLUDGE PLANTS (3). 
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FIGURE 22. SLUDGE M4SS DISPOSED AT CONVENTIONAL 
ACTIVATED SLUDGE PLANTS (3). 
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function of population served. The data pertain to sludge from conventional 

activated sludge plants after anaerobic digestion. 

4.4 Upgraded Biological Plants 

Similarly, Figure 23 and 24 show sludge volume and mass as functions of 

population served after anaerobic digestion of sludge from conventional acti­

vated sludge plants upgraded for total phosphorus removal to 1.0 mg.L- I • 
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The equations for. the various functions shown in Figures 21 to 24 are 

summarized in Table IV. 

TABLE IV SUMMARY OF ANAEROBICALLY DIGESTED SLUDGE 
DISPOSAl. - RELATIONSHI PS WITH POPULATION 
SERVED (3) 

Standard Activated Sludge Plants 

n '" 22 Sludge disposed'" 594.7 (Population x 10. 3)°.873 (6) 
(m s .a- I ) 

n '" 23 Sludge disposed'" 10.48 (Population x 10-')1.097 
(ton.a- l ) 

Upgraded Activated Sludge Plants 

n = 22 Sludge disposed'" 476.7 (Population x 10·')1'089 (8) 
(m 3 .a- I ) 

n '" 23 Sludge disposed = 12.46 (Population x 10- 3 )1,111-6 

(ton.a- l ) 

5. SUMMARY -SUGGESTED DES I GN DATA 

(9) 

Based on the results of the Ontario survey (3), some general izations 

concerning sludge production design data are shown in Tables V and VI. 

TABLE V SLUDGE PRODUCTION - SUGGESTED DESIGN 
DATA* 

Sludge Quanti ty 

Vol ume 

Plant Type g.capita-1.d- 1 % of 
Influent 

kg d.s./IOOOm 3 

Conven t i ana 1 77 0.20 120 
~ 
;t Upgraded 109 0.32 169 . 

0.38 173 ~. Conventional 114 

.~: Upgraded 145 0.51 217 

'I; based on Q'" 658 l.capita-1.d- 1 

d.s. '" dry solids 
**primary + waste activated 

5.1 Sludge Quantities Prior to Anaerobic Digestion 

The rule-of-thumb that sludge volume approaches 0.5% of the influent 

hydraulic load to a conventional plant Is a good approximation. By using 

this estimate, the apparent margin of safety would allow upgrading of a .C01-

ventional plant to include chemical phosphorus removal to 1.0 mg.L- 1 total 

phosphorus using metal salts without major expansion of sludge handling faci-

1 i ties. 
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5.2 Sludge Quantities After Anaerobic Digestion 

Figure 25 summarizes all the pertinent water pollution control plant 

data from the Ontario survey (3). More specifically these data illustrate 

.., 
J--~-----.§ 

~ 
DK>ESTIQN 0-

217MDS/l000m 3 ~ Q 

VS-60J: ~il» ~-L ________________________________________ ~ ______ ~~ 

FIGURE 25, SUMMARY OF ONTARIO WATER POLLVTION CONTROL SLUDGE 
PRODUCTION AND DISPOSAL DATA (3) 

that in Ontariols case anaerobic digestion will reduce the total solids gen­

erated at primary plants by as much as 50% on the average. When phosphorus 

removal to 1.0 mg.L- 1 is practiced, anaerobic digestion will reduce the 

tota 1 so 1 ids generated by 44% on the average. 

The data for anaerobic digestion of solids from Ontario conventional 

activated sludge treatment faci 1 ities show that on average a total solids 

reduction of 43% is achieved. With simultaneous chemical addition for 
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phosphorus removal to 1.0 mg.L- 1 this drops to an approximate 40% reduction 

in total solids after anaerobic digestion. 

These data are wi th i n the range of 25 - 58% TS reduct i on norma lly 

found in the literature (10). 

Insofar as sludge production data for conventional and upgraded primary 

and activated sludge plants are concerned, this can best be surrmarized as 

shown in Table VI for the cases of before and after anaerobic digestion. 

TABLE VI SLUDGE QUANTITIES SUMMARY 

Plant Type 
Before After 

<-
~ Convent i ona I 77 40 

~ Upgraded 109 63 

~ . 
~ . Convent i ona 1 114 64 m ~ 
>~ - , Upgraded 145 86 
U~ 

Clearly properly designed and well operating anaerobic digestion faci­

lities will greatly reduce the sludge quantity requiring ultimate disposal. 

6. SLUDGE HANDLI NG 

Experience has demonstrated that metal salt addition to wastewater 

treatment processes for P removal not only results in increased sludge 

volumes and mass, but reduced sol ids concentration. The increased inorgan­

ic content due to chemical addition has the additional effect of lowering 

calorific values if incineration is selected as the volume reduction process. 

More ash is produced. 

With regard to sludge dewatering, waste activated alum sludges, because 

of their gelatenous nature, are generally not dewatered by themselves but 

mixed with primary sludge, thickened and then dewatered. Table VII illus­

trates the effects of implementing phosphorus removal at two Ontario treat­

ment plants on sludge dewatering. The West Windsor Treatment Plant is a 

primary facility which upon chemical addition showed reduced filter yield 

and cake solids concentration. Filtrate solids and conditioning costs in­

creased. These effects were more pronounced with alum than ferric chloride. 

The North Toronto Sewage Treatment Plant experience using ferric chloride 

a 1 so showed a decrease in f i I te r cake so 1 i ds and increases ins I udge con-
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ditioning requirements. No decrease in filter yield was noted. 

Similar experiences are related by Farrell (6), Campbell (15) and 

others (16). 

TABLE VI I FULL SCALE VACUUM FILTRATION OF S~UDGES FROM 
PHOSPHORUS REMOVAL FACILITIES (15) 

Descr i pt i on West Windsor 1 North Toronto 1 

Phosphorus Removal Chemical None Fe 3+ A1 3+ None Fe 3+ 

Type of Sludge ---primary --- digested elutriated-

Sol ids Concent rat ion (%) 11.9 8.6 7.9 8.1 7.6 

Conditioning Chemicals 
(% 1 ime) 9.9 15.9 24.0 9.5 11.8 
(% ferric chloride) 1.3 0.1 1.2 0 6.6 

Cost 2 1. 00 1. 67 1. 84 
Not Not 

Cond it i on i ng Recorded Recorded 

F i 1 te r Y i e 1 d 
(kg.m- 2 .h-') 60.6 46.9 32.8 18.6 19.1 

Fi 1 ter Cake Sol ids (%) 31 21 17 23 19 

Filtrate 55 (mg. L -') 2 830 3 660 13 900 5 550 7 690 

'Campbell et al (15) 2eost relative to no chemical conditioning 

Lime based sludges have invariably superior dewatering characteristics 

than metal salt based sludges. This is well documented in the literature 

(8, 17, 18). 

7. SLUDGE UTILIZATION AND DISPOSAL 

7.1 Sludge Chracteristics 

One of the factors impacting on potential sludge util ization schemes is 

that of sludge characteristics. 

Sludge characteristics are modulated not only by the type of waste treat­

ment processes employed but are a function of the constituent inputs to muni­

cipal sewerage systems. More specifically, industrial discharges to municipal 

sewe rs may conta i n heavy meta 1 s, nit rogenous compounds, phos phates, a dive r­

sity of complex organic compounds, etc. In biological and physical/chemical 

treatment systems, most of these compounds are complexed, broken down and/or 
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sorbed by sludge flocs. In most instances, additional chemicals such as 

1 ime and/or iron salts are added to enhance the dewatering characteristics 

of the sludge. Furthermore as phosphorus removal is practiced, sludges not 

only contain appreciable.amounts of phosphorus, the precipitant used to 

complex the phosphorus, but higher metal concentrations. 

As shown in Table VIII, the most common method of sewage sludge disposal 

in Ontario is land application of liquid digested sludge to agricultural 

1 ands. 

TABLE VI I I 

Method of Disposal 

Appl ication to 
Agricultural Lands 

Incineration 

Landfill Application 

Dumpsite 

Storage Lagoon 

Drying Beds 

Total 

SLUDGE DISPOS~L METHODS PRACTICED 
IN ONTARIO (3) 

No. of Percent of Wt of Sludge Percent of 
Plants Total Plants (dry tons.a- I ) Total Wt 

98 63.2 '+8 100 34.0 

2.0 56 400 39.8 

17 11.0 31 800 22.5 

14 9.0 

7 4.5 5 300 3.7 

16 10.3 

155 100 141 600 100 

In sludge application to land, a number of factors must be considered. 

For instance, the heavy metal concentration in the sludge will dictate the 

total amount of sludge that can safely be applled over the lifetime of a 

site. The "total" metals are generally considered as an indicator of the 

likely ultimate effect and is used by many to calculate sludge appl ication 

rates. If an "immediate" effect needs to be ascertained, then this is repre­

sented by the "a va i 1 ab 1 e" fract i on of the meta 1 (s) as determi ned us i ng 

suitable reagents for extraction. It is important to recognize the potential 

cumulative and thus, long term effects of metal addition to soil in excess of 

the small amounts taken up by plants and that lost due to leaching. 

The nitrogen content of a sludge wi 11 dictate the annua 1 app Ii cat ion 

rate and should be consistent with use of nitrogen by agronomic crops. 

This wi 11 reduce the potential for nitrate pollution of groundwater. 

In Ontario the application of sludge to agricultural lands is govern-

ed by Provincial Guidelines (19). Every effort is made to dispose and at 

the same time util ize the sludge for its potential nutrient value and soil 

builder characteristics. The Guidelines take cognizance of this potential 

nutrient value but at the same time ensure that no appreciable metal bui ld-up 
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in the soil will occur. Details concerning Ontario's experience have been 

reported on elsewhere (21). 

7.2 Sludge as a Source of Pollutants 

As noted earl ier, the major problem in the area of sludge util ization on 

land concerns the content of potentially toxic substances. However, the 

level and nature of the substance(s) will also dictate the choice of land 

util ization alternative. More specifically, sludge may be used as a soil 

builder and/or organic fertilizer, for land reclamation or application to 

agri cuI tural land. 

Sludge from wastewater treatment facilities practicing chemical phos­

phorus removal contains almost all of the metals which are discharged into 

sewers. In the case of heavy metals occurrence in Ontario sludges, Table 

IX summarizes this information from 40 Ontario water pollution control plants 

(10 primary, 30 secondary). 

TABLE IX ONTARIO FLUID SLUDGES - HEAVY METAL CONCENTRATIONS 
(3 ) 

Primary PI ants~'( Secondary Plants~b': 

Anae rob i ca 1 I y Digested Anaerobically and Aerobically 
Sludges Digested Sludges 

Component Stand. Stand. 
Range Mean~"*i{ Dev. ±a Range Mean Dev. ±a 

rng. L - I mg.l- 1 mg. L- 1 mg.l- 1 mg.l- 1 mg.l- 1 

Zinc 2.8 - 130 74.3 48.3 4 - 225 55.5 57.4 

Coppe r 4.6 - 150 54.5 46.9 7 - 148 34.8 30.2 

Ni ckel 0.7 - 15 4.4 4.7 0.26 - 16.8 6.5 14.9 

Chrorni urn 2 - 68 16.5 20.9 2 - 430 41.6 51. 7 

lead II - 86 40.9 30.3 3.7 - 60 21.8 25. I 

Cadmium 0.2 - 2.6 0.7 0.7 o. I - 8.7 1.4 2.0 

Coba 1 t <0.6 - 1.4 1.0 0.3 0.3 - 3.6 0.8 0.8 

it No. of Plants 10 -
H No. of Plants 30 
~H~" Ar i thmet i c Mean 

The concentrations of heavy metals in digested sludges from primary and 

secondary plants are similar except for chromium which is three times lower 

in primary digested sludges. 

In 1975, approximately 34% (48 100 tons dry weight) of the sludge 

produced in Ontario was applied to agricultural land. This resulted in 

annual, heavy metal loadings as shown in Table X. 
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TABLE X 

Metal 

I 
I Zn 

Cu 

Ni 

Cr 

Pb 

Cd 

Co 

7.3 Sludge as a Fertilizer 

ANNUAL HEAVY METAL LOADINGS TO 
SLUDGED ONTARIO SOILS (1975 
ESTIMATE) (3) 

Average Average 

mg/kg so i 1 kg. ha- 1 

3.4 6.9 

2.2 4.4 

0.4 0.8 

2.4 4.8 

1.4 2.8 

0.1 0.2 

0.05 0.1 

Tota 1 
tons 

76.7 

48.9 

8.5 

53.1 

31.4 

1.8 

1.1 

Major plant nutrients, nitrogen, phosphorus and potassium are contain-

ed in sewage sludge. Typical concentrations are 3% nitrogen, 2.5% phos-

phorus and 0.5% potassium on a dry weight basis. The nutrients in sludge 

are at a level of 1/5 of the usual chemical fertiI izers. 

Sludge quality data from the Ontario sludge survey (3) were obtained 

for 43 water pollution control plants (10 primary, 33 secondary). Forty of 

these plants disposed of sludge in fluid form, two disposed of sludge cake 

and one disposed of compos ted sludge. Table XI summarizes data on TS, V5, 

ammonia nitrogen, Total Kjeldahl Nitrogen (TKN) and phosphorus for digested 

sludges at primary and secondary plants. 

In applying 890 x 10' m' (48 100 dry wt tons) of digested sludge to 

agricultural land in Ontario, the amount of nutrients app1 ied during one 

year are summarized in Table XII. The data also indicate a relationship 

between TKN and total solids for anaerobically digested sludge from 23 

secondary plants practicing metal salt addition for P removal (Figure 26). 

This relationship can be used to calculate the TKN loading to farmland as 

follows: 

%TKN = 16.6 (% TS)-O'799 (10) 

The su rvey data showed an ammon ian i t rogen to TKN rat i 0 vary i ng between 

12 and 57% (average 30%). The ammonia nitrogen loading to farmland can 

thus be approximated by using this average value. 

By making a number of assumptions it is possible to estimate the pot en­
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TABLE XII SLUDGE NUTRIENTS APP~IED ANNU~LLY 
T~)ONTARIO FARMLAND (ESTIMATE) 

... 

10 
9 
8 

2 

Amount 

Cons t i tuent tons.a- 1 

TKN 2,800 

NH. -N 810 

Total P as P 1,280 

K 270 

TS 48,100 

VS 27,300 

~ ", .. . ... ~ 
.'.~ . 

y_16.6x-o.799 ..~ 
r -0.89 
n=23 

l+-------,----T--,--T-T-r,-rT-------4 
1 2 3 4 5 678910 

% TS 
20 

FIGURE 26. TKN VS. TOTAL SOLIDS IN 
ANAEROBI CALLY DI GESTED SLUDGE 
AT STANDARD ACTIVATED SLUDGE 
PLANTS (3) 
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tial nutrient value of sludge when applied to farmland in Ontario: 

1. the 'available ' nitrogen in fluid sludge is equal to 

the soluble nitrogen (NH4-N) (a conservative estimate); 

2. only one-half of the total phosphorus in liquid sludge is 

potentially plant avai lable (20) (a conservative estimate); 

3. the 'available' potassium in fluid sludge is equal to the 

total potassium; 

4. based on commercial fertilizer prices (November, 1979) the 

prices for nitrogen, phosphorus and potassium are $0.59, 

$1.50 and $0.35 per kg respectively. 

Using the amounts of nutrients applied to farmland as shown in Table 

XII and the aforenoted assumptions, the sludge fertilizer value can be cal­

culated as follows: 

NH4-N 810 tons.a- 1 x 1000 kg. ton-l x $0.59 kg- ' 

1280 tons.a- 1 x 1000 kg. ton-l x 0.5 x $1.50 

K = 270 tons.a- 1 x 1000 kg. ton-l x $0.35 kg- 1 

TOTAL 

~ 477 900 

kg- 1 ~960 000 

~ 94 500 

1 531 400 

This analysis shows that the fertilizer value of the sludge now applied 

to farmland is approximately $1 500000 per annum ($133.ha- 1 ). This excludes 

any other potential benefits such as the presence of calcium, magnesium or the 

considerable amount of organic matter in the sludge. If the farmer required 

organic matter to improve soil structure (and moisture retention capacity) 

sludge could have a value of approximately $20./ton. Based on the volatile 

sol ids applied to farmland, the sludge would be worth $500000 per annum. 

The farmers interviewed for the Ontario survey (3) attempted to quantify 

yield increases due to sludge appl ication. The average increase in hay 

yield was estimated at 8 tons.ha- 1 and in corn yield at 1 ton.ha- l • Benefits 

resulting from cattle weight gain were also noted. A reasonable estimate of 

the benefits of sludge use on agricultural land in Ontario lies somewhere 

between $2 000 000 and $3 000 000 per annum (21). At this time, the farmers 

receive sludge free of charge with the transportation costs charged against 

disposal costs, borne by the municipal ities. In 1975, sludge haulage to 

farmland costs were approximately $2 250 000. 

To date, no negative effects on crop yields were reported by farmers 

applying sludge for periods in excess of five years. However, long term 

studies are required to assess whether heavy metals will have negative effects 

on plants, soil or leachate. 

Field monitoring of soil, plants and leachate quality at selected sites 
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where sludges containing high concentrations of heavy metals have been 

appl ied for extended periods; has just been completed (22). 

7 •• Continuing Studies 

Investigations concerning sludge/soil interactions at laboratory green­

house, field trial and lysimeter scale have been in progress since 1973 at 

the University of Guelph (23 - 29) and the Wastewater Technology Centre (30-

34). Some of the more significant conclusions from these studies are: 

• Sewage sludges suppl ied nitrogen and phosphorus for crop production 
but were low in potassium. Sludges produced crop yields at least 
as high as were obtained with chemical fertilizers. 

• Sewage sludge application did not result in marked increases in 
runoff of nutrients, heavy metals or bacteria on 2% and 6% slopes 
except when heavy rain occurred immediately after sludge application. 

• Soi I sal inity was not a problem in the field under Ontario conditions. 
It might pose a problem in less humid areas. Boron levels in some 
sludges tested would also be expected to pose a problem in arid 
regions. 

• Re-application of the sludges between crops did not lead to in­
creased metal concentrations in the plant materials. 

• Large amounts of metals were added to soi Is in some sludges and 
their removal by crop uptake or leaching was very limited. 

• The organic nitrogen in sludges was mineral ized gradually and the 
mineralization rate varied from one sludge to another. As with 
other sources of nitrogen, appl ications in excess of crop requi re­
menbs lead to high levels of nitrate in the soil solution. 

• The average NH4+-N content of sludges studi ed was 1.3% on a dry 
weight basis or 27% of the total nitrogen. In two experiments 40% 
and 48% of the NH4+-N was lost by volatil ization from sewage sludge 
applied to the soil surface. This loss occurred in five and eight 
days, respectively. 

• Salmonella were isolated from five of 207 sludge samples tested. If 
vegetables are not grown and animals not grazed immediately following 
sludge application and jf reasonable care is exercised in spreading, 
digested sludge does not pose a serious health hazard. 

• At least twice as much nitrogen must be appl ied in fluid sludge as 
in commercial fertilizer to obtain equivalent yields. 

• The Cd, Cr, Cu, Ni J Pb and Zn concentrations in orchard grass and 
wheat plant materials have not exceeded suggested maximum "tolerance" 
or "toxicll levels. 

• The maximum concentrations of Cd, Cr, Cu, Ni, Pb and Zn in 
leachates have not exceeded drinking water standards. 
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• Soluble P in the leachates from fluid sludge treatments ranged as 
high as 10 mg.L- l during summer 1977. Soluble P from the air-
dr i ed sludge treatments never exceeded 2 mg. L -1. Subsequent 
leachate P levels have returned to their normal values of < 1.0 
mg. L- l 

• Total organic carbon in leachates from both the fluid and air­
dried sludge experiments were greater than 50 mg.L- l in 1976 at the 
highest sludge loading rates. Static bioassay toxicity tests 
using Daphnia showed no toxicity in these leachate samples. 

7.5 Ontario Guidel ines for Sludge Uti I ization on Agricultural Land 

The amount of NH 4 -N applied to Ontario farmland in 1975 was 810 tons 

(Table XII). Combining this information with the data on heavy metal applica­

tion to farmland (Table X) allows for an assessment as to whether or not 

Ontario sludge is generally suitable for land application if the criteria 

of the Provisional Guidelines for Sewage Sludge Utilization on Agricultural 

Land (19) are appl ied. This assessment is summarized in Table XIII and shows 

that the sludge is generall'y suitable for agricultural land application. The 

exception is the cadmium content. Sources of high cadmium content sludges 

are few and isolated. It is important to stress that average values are 

ext reme 1 y mi 5 1 ead j n9 and that it is i mperat i ve that each sludge source be 

characterized separately in order to determine its limits of suitability 

for appl ication to farmland. 

TABLE XIII SUITABILITY OF ONTARIO SLUDGE FOR UTILIZATION 
ON FARMLAND (3) 

Consti tuent"l NH 4 -N:Heavy Metal 

NH 4 -N Heavy Meta I Actua I Ratio 
Minimum Su I tab I I i ty 
Requ ired Rat io 

, 

810 

Zn 76.7 11 4 Yes 

Cu 48.9 17 10 Yes 

Ni 8.5 95 40 Yes 

Cr 53. I 15 IS Yes 

Pb 31.4 26 IS Yes 

Cd 1.8 450 SOD No 

Co 1.1 736 50 Yes 

'in tons.a- 1 (Tables 10 and 12) 

'Provlsional Guidelines for Sewage Sludge Utilization on Agricultural Land(19) 
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8. CLOS I NG REMARKS 

The i nformat i on p resented represents a summary of Canada I 5 exper i ence 

in the Prey i nee of Dnta rio wi th increased sludge product i on due to remova 1 

of tota I phosphorus to 1.0 mg. L _1 when us i ng meta I sa Its. I t was found that: 

• Sludge production estimates based on stoichiometric relationships 

can f I uct uate by at leas t ± 50%. The ru I e-of- thumb that for b i 0 I og i­

cal treatment plants using metal salt addition for phosphorus removal 

0.5% of the influent wastewater winds up as sludge is supported by 

data from the Ontario survey. 

• Metal salt addition for phosphorus removal to 1.0 mg.L- 1 total 

phosphorus at primary and secondary activated sludge plants has 

increased sludge volumes by 60 and 35%, respectively. 

• Lime treatment of municipal sewage to total phosphorus concentra­

tions of <0.1 mg.L- 1 can result in sludge volumes up to 700% greater 

than normally experienced. 

Ontario's current sludge management strategy consists of applying the 

most cost-effective and environmentally acceptable solution. Sludge utiliza­

tion for its nutrient value on agricultural land is one such management 

strategy followed by an increasing number of municipal ities who, as well as 

the farmers, are concerned about potentially long-term harmful impacts on 

soils due to heavy metal addition. 

Whi Ie technological solutions to phosphorus point source control to 0.1 

mg.L- 1 are available, the impact on sludge quantities generated, handling and 

disposal still remains to be more closely defined. Only with information on 

relative costs between alternatives to achieve these goals can an effective 

po i nt sou rce ph os phorus cont ro 1 management strategy be proposed. 

Computer simulation is one approach to assess potential management 

strategies. It may well turn out that point source control to levers sub-

stantially lower than currently practiced will cause more problems else­

where. 
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Sutmnary 

COMPlITER CONTROL OF SLUDGE FERMENTATION : PROCESS MONITORING 

AND DATA TREATMENT. 

M.HOFMAN 

Werkleider, Instituut voor Scheikundig Onderzoek 

Museumlaan 5, 1980 Tervureu, Belgie - Dir. J .R. ISTAS 

The process monitoring and data treatment systems of a pilot fermen­
tor unit are described. The main purposes of the data system are: acqui­
sition of experimental data, their reduction in a easily and quickly 
understandable fonn, development of computerized control systems for waste 
treatment. 
The fennentor unit consists of three separate vessels with individual sen­
sors and control elements. The following elements compose the system: 
a multiplexer, a desktop computer and a printer plotter. The multiplexer 
is interfacing the system to the fermentor both for data input and 
control output. The desktop computer acts a:; a system controller. Hardcopy 
output is from the printer plotter. 
Following features are highlighted : 
- Scanning of up to 36 data channels either sequentially or selectively; 
- Software smoothing of noisy signals; 
- Foreeround-background operation due to a local microprocessor at mul ti-

p lexer level; 
- Live keyboard allowing operator intervention during fermentation run 

Programms referenced are : 
"Input" : data acquisition and continuous display on CRT 
"Output" : data deduction and logging 
"Opernll : a programfragment that derives control parameters from the 
response of the system to small induced changes 
"System" : supervision program fragment checking system status and some 
error conditions 
"Plottn" : providing graph output, with autoscaling and labelling. 

Current research is directed to software development for the optimisation 
of fermentation processes on a heuristic basis. 
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1. INTRODUCTION 

For research and development in the field of fermentation of sludge 

and primary waste materials, our laboratory was equiped early 1980 with 

a BIOLAFITTE pilot fermentor. In addition to the hardware analog con­

trol units which are standard on this equi~nt, we linked a computer 

controlled data system to the basic instrumentation. 

The following elements, purchased from HEWLETT PACKARD compose the 

system: a 9835 A desktop computer as controller, a 6242 Multiprogrammer 

as multiplexer and a HP 7245 A Printer plotter for hardcopy output. 

The main purposes of the data system are : 

- It performs automatic data acquisition and reduction into a quickly 

and easily understandable form. 

- A second objective is the development of computerized control systems 

for waste treatment, system supervision routines being an integral part 

of this application. 

2. THE FERMENTOR. 

The pilot fermentor unit consists of two 100 litres vessels and of 

a smaller one of 25 liter total volume. Each of these can be operated in 

batch or continuous mode and 2 or 3 vessels can be cascaded. Each vessel 

has individual sensors for temperature, dissolved oxygen, pH, agitator 

motor speed, applied voltage, and induced current. A sensing probe is 

used either for a foam level control switching or level monitoring in con­

tinuous or fed batch fermentators. 

In order to monitor reagent consumption, calibrated sensing probes 

are used in the storage vessels for acid, base and foam. controlling agent. 

Position transmitters on the admission valves for compressed air, oxygen 

and nitrogen allow the data system to define the control range still 

available at each moment during the process. 

In its standard version the pilot unit is controlled (fixed set­

points) by hardware analog devices (AFSC mode). For each control variabl<', 

two control elements are present either acting on low or high values. 

Control elements are switched on or off through fast relays by a train of 

pulses of known amplitude and frequency. On our behalf Direct Digital 

Control was provided by a set of three additional relays: the 

first one selects the DDC or AFSC mode. The control circuits ttLOW" and 

-227 -



''HIGH'', each are serviced by one of the remaining relays. 

3. THE DATA SYSTEM 

3. 1. :!!!!!._!.!!~!!.!f!!~ 

3.1.1. DATA INPUT 

From the fennentor uni t, parameter and control variables are trans-

mitted to the computer system, as standardized 4-20 mA current signals, 

through screened double wired channels. The D.S. interfacing is performed 

by the 6242 Mul tiprogrammer. At input level the current signals are trans­

formed to ] - 5 V vol tage signals. These are scanned either sequentially 

or under program control through a set of 69 730 A Relay output Cards. 

Digitization of the voltage signals is performed by a High Speed AD Con­

vertor 69751 A which stores its outputs on a 69790 A Memory Card (1024 16 

bi ts digital words capacity). Readings are taken under program control. 

Burots of up to ] 024 sequential readings from one channel can be integra­

ted. This feature allows I1 software smoothing" of noisy signals and signal 

wave form analysis. In the triggered mode, the AD Convertor is controlled 

through a 69735 Pulse train output Card. A second AD convertor wired, as 

far as triggering is concerned, in parallel to the first one allows simul­

taneous reading on two channels. The feature permits calculation of the 

adsorbed power of the agitator motor from applied vol tage and induced 

current values but is also valuable in tracing down system interferences. 

3. 1 • 2. CONTROL OUTPUT 

Also on the control side, the 6242 is interfacing the data system to the 

fermentor unit. In DDe mode a 69735 Pulse train output card is dedicated 

to the circuit control. Pulse rate and pulse length of this cards output 

can be modified under program control. In the low state, the output cir­

cuit sinks up to 37 mA, which is amply sufficient to drive the control 

relays based in the fermentor unit. 

3.2. !!!~_~£!!~!£!!~ 

The controller function is performed by the computer 9835 A. This unit 

integrates keyboard, memory, central processor, tape unit and CRT display. 

In the standard version, 64 Kbytes of Read/Write Memory (RMW are present 

above and beyond the] 12 Kbytes operating system contained in Read only 
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Memory (ROM). Some 14 Kbytes RWM are dedicated to the CRT back-up system, 

48962 Kbytes of memory being still available for program and data storage. 

Due to the integrated tape unit, additional 216 Kbytes of overlay program 

and data storage are availablea An overlay environment is supported by 

the operating system, with the use of common parameters, pass parameters 

and local variables. 

There is no support for multitasking on the CPU level. But as array 

operations are supported, parallel computation, on stored variables can 

be performed. On the other hand, as the multiprograumer has its own memo­

ry and processing capability, multitasking on a system level is supported. 

Due to a system of interrupts and priority levels, foreground-background 

operation is possible within the combination nf controller and multi­

programmer. 

Operator intervention is possible during the run due to the live keyboard 

feature. Execution of keyboard operations are delayed untill the end of 

the current program line or untill the completion of a current input/ 

output operation. Execution of a keyboard instruction causes the program 

to pause momentarely. 

3 • 3. !!!l?!!~LQ!!~l?!!~_!!~Y!£~!! 

Basically the multiprogrammer-controller combination as described con­

tains all necessary input/output devices for system management. To pro­

vide print-out on a larger scale than possible on the 9835 internal 

printer and to have the possibility of graphic output the 7245 A printer 

plotter was linked into the system through the HPIB bus interface. 

4. THE SOFTWARE 

4. I. !:!~g!~!!!!L!~!!g!!;!g~ 

An enhanced version of ANSII BASIC is used, with beyond standard minimal 

BASIC supports array operations, debugging tools, subprograms, multi­

character identifiers, formated output and the possibility of program 

anotation. 

4.2. :!!!~_l?!~B!!!!!!!! 

A minimal monitor is permanently resident in the RWM. A number of sub­

programs are stored on tape and called to RWM. At power on, the monitor 
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is loaded and calls an initializing program which prompts the operator to 

load all informations to identify the experiments run. This same program 

supports if necessary, the recalibration of the sensors mounted on the 

fermentors. On completion, the initializing program is replaced in the 

overlay region .. Next fragment called is by "Input" a data acquisition 

subprogram which continuously scan either all, or selected data channels. 

This program offers continuous display of all scanned parameters on the 

CRT display after data conversion. At predetermined intervals, it swit­

ches to a second program resident in RWM "Outputl! : a program fragment 

which checks if any of the scanned variables has significantly changed 

during the reference period .. If so, the current program fragment provides 

data storage and hardcopy output of the detected variation, along with 

timing an identifiing information, afterwards returning control to the 

acquisi~ion program. If no changes are detected, control is returned to 

the acquisition program immediately. When one or more variables are 

brought under system control a third program fragment is made resident: 

IlContrl" part of this program conta1llS the control routines which are not 

dependent on one particular experiment, another part is dedicated to op­

timization strategies which are dependent from the experimental condi­

tions. 

In the start up phase, we now, at the present time, concentrate on the 

first group of routines : Among others on "Opernll a program fragment 

which derives control parameters from the response of the system to small 

induced changes. 

"Opern" allows a fermentor to recover quickly from surges in feed rate 

or feed composition which are frequent on units running in continuous 

mode on sludge or waste materials. 

Program fragment "System" is checking system status as well to hard ware 

error conditions as to noisy lines or failing sensor elements. On detec­

tion of one of the referenced errors, notification is send to the opera­

tor on screen and hardcopy data logger. To prevent system hangup, swit­

ched off sensor elements are defaulted to zC'.ro output and for noisy lines 

a smoothing routine is called which is put to work on the data collected 

on the noisy lines only. On keyboard control explorative routines e.g. a 

routine for the analysing of the noise wave form can be made resident. 

Hardcopy graphic output is provided by "Plottn" a sub program that can be 

co-resident with "Input" and "Contrl", but not with "Output" as the latter 
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program is accessing the same input/output devices. As "Output" is ac­

cessed at predetermined intervals (typically once each fifteen minutes) 

this restriction does not prohibit plotting of results during a fermen­

tation run. 

Either for selected parameters or for all parameters sampled on a one 

at a time basis, "Plottn" is generating· graphs of parameter VB time or 

VB any other parameter which stands into an unabiguous relation to time. 

(eg. dissolved oxygen vs time or dissolved oxygen vs base consumption). 

Scaling and labeling of the graphs are fully under program control. A 

table of the lay-out parametem is presented to the operator before exe­

cution of each graph allowing lay-out modifications. Even when the graph 

has been drawn, post-editing is possible, an incorporated "zoom" routine 

allowing to enhance selected features of the graph. 

Conclusi.on 

Computer data treatment and proces control of sludge fermentation offers 

the following features : 

- Continuous logging restricted to usefull data, operator intervention and 

information about mass memory management; 

- Automated graph output with possibility for operator intervention in 

editing an postediting, as well as enhancement of selected data fragments; 

- Overall system control and selective treatment of signals, depending of 

their signal to noise ratio; 

- Optimized control to fixed objectives allowing quick recovery after sur­

ges in feed rate of composi tion. 

Current research is directed to development of software for the optimi­

zation of fermentation processes on a heuristic basis. 

-231-



SESSION II - CHEMICAL POLLUTION OF SLUDGE 

Introductory remarks 

Schwermetalle in Kl!irschlamm und Miillkompost 

Mobili ty of heavy metals in sludge amended soil - An interlabo­
ratory comparison 

PCB dans les boues de quelques stations d'epuratlon de Suisse 

Schadstoffe 1m KUirschlamm aus osterreichischer Slcht 

Bilan de metaux lourds dans Ie bassin versant d 'une station 
d I epuratlon 

Methode de dosage des metaux lourds dans les boues, reparti ticn 
selon leur origine et dans Ie temps 

Caracterisation de la fraction organique et de la fraction 
minera!e cristalline des boues d' epuratlon 
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ACTIVITIES OF WORKING PARTY 2 "CHEMICAL POLLUTION OF SEWAGE SLUDGE" 

INTRODUCTORY REMARKS 

by 

R. LESCHBER 

Institut fOr Wasser-, Boden- und 
Lufthyg;ene des Bundesgesundheitsamtes 

Berl in, Bundesrepubl i k DeutschLand 

Coordinator of Working Party 

A review of the problems of analyticaL determination and evaluation of 
harmful effects of heavy metaLs and some other contaminants during the 
two years period of work tilL summer 1980 is given. It incLudes the 
di ffi cu L ties of carry; ng out the fi rst inter Laboratory compari son duri ng 
the winter of 1978/79 and the corresponding results. This Led to a second 
collaborative study which was performed in the winter of 1979/80 with the 
aid of a large number of participating Laboratories of nearly aLL countries 
involved in the work of W.P. 2. 

After having finished work on the determination of total heavy metaLs in 
amounts not difficult to determine now a second programme has been set up 
to determine total amounts of heavy metaLs in a sludge-amended soil and 
their mobiLe fraction due to given pH values. 

In a further programme, the analysis of heavy metals in plants grown on 
polluted soils will be carried out in cooperation with a programme on 
standardized pot trials which was worked out by Working Party 5 in co­
ordination with a simi Lar action of the United Nations Food and Agri­
cuLture Organization called "European Research Network on Trace Elements". 

The importance of other contaminants in sludges of municipal origin is 
under discussion e.g. chlorinated compounds for setting up future ana­
lytical programmes, if there is a need. 
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SCHWERMETALLE IN KWSCHLAM!Il UND MULLKOMPOST 

Ergebnisse des 2. Ringversuchs 

der konzertierten Aktion Cost 6Sbie , Arbei tsgruppe 2 

H. MUNTAU 
Gemeinsames Forschungszentrum 
der EO, lepra (Varese) 

R. LESCHBER 
Insti tut rur Wasser-, Boden­
und Lufthygiene des Bundes­
gesundheitsamtes, Berlin 

Heavy metals in sewage sludge and garbage compost 

Results of the 2lld interlaboratory comparison of concerted action 
COST 6Sbi s, working party 2 

On the basis o£ the results o£ the 1st Interlaboratory Comparison (IC) o£ 
Working Party (wp) 2, presented already at the 1 st European Symposium in 
Cadarache, the reasons are given why a 2nd Ie had to be carried out. 

Moreover, the experiences made under a similar programme of the Food and 
Agriculture Organisation (FAO) o£ the UN (European Research Network on 
Trace Elements) were used when preparing the 2nd Ie. since some of the la­
boratories involved in COST 68 activities have been participants in the 
FAD programme. 

This led to the conclusion that the analytical investigation o£ a "Test 
Solution" of pure metal salts had to be a necessary step of this IC. The 
test samples distributed by the Joint Research Centre Ispra consisted o£ 
a dried sewage sludge and a garbage compost sample in addition to the 
above-mentioned test solution. The latter had to be used For testing the 
accuracy o£ the methods. apparatus and laboratory standards o£ the parti­
cipating laboratories. The participants were also supplied wi th operating 
procedures in respect o£ the pretreatment o£ samples and the methods o£ 
digestion that should, if possible, be used in addition to the preferred 
laboratory method. 

These precautions turned out to be justified. It was seen £rom the results 
received From 38 laboratories in 9 countries that the instructions given 
had been essentially adhered to. However, there were some unexplained de­
viations from reference values for the test solution. Likewise, some of 
the results conununicated did not admit of interpretation. At the session 
o£ WP 2 where the preliminary evaluation o£ the collaborative study was 
discussed, it was thus decided to circulate among the participants a 
questionnaire inquiring about details o£ the methodology used, in parti-
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cular wi th regard to the method(s) of digestion. The answers are to pro­
vide more information on the techniques used and to permit a detailed in­
terpretation of results. This will, in turn, enable an evaluation of the 
methods applied that goes beyond the scope of results generally obtained 
from collaborative studies. The experience gained in the present IC may 
be useful when having to make recorrnnendations on the selection of sui table 
methods for the analysis of heavy metals in sludges and composts and thus 
contribute to the field of evaluation of the heavy metal contamination of 
such materials if' used in agriculture. 

Vorgeschichte 

Auf dem 1. Europaischen Symposium "Charakterisierungm Kondi tionierung und 

Verwendung von Klarschlanun" im Februar 1979 in Cadarache/Frankreich war von 

J .C. Tjell (1) tiber die Ergebnisse des 1. Ringversuchs der Arbeitsgruppe 

"Chemische Verunreinigung" der Aktion COST 6Sbis berichtet worden. Tjel1 

schloE aus den Ergebnissen, daB die Untersuchung sag. normaler Klarsch1:3m­

me auf ihren Schwermetallgehal t keine besonderen Probleme mit Ausnahme der 

Bestirrunung von Quecksilber berei tete Er beurtei1te die AufschluBmethoden 

hinsichtlich ihrer Wirksamkei t als gleichwertig, abgesehen von der bekann­

termaBen nur wenig aggressiven Kaltextraktion mit 2N Hel und dem Verfahren, 

bei dem mit den drei Sauren HN03 • HC104 und H2S04 gearbei tet wurde. Die 

Streuung der Ergebnisse zwischen den einze1nen Laboratorien wurde von ihm 

als akzeptabel angesehen. Er betonte jedoch die Notwendigkei t einer stan­

digen Eigenkontrolle der Laboratorien mit Hil£e von Referenzmaterial. 

Zum Zei tpunkt dieser Beurteilung lagen noch nicht aIle Untersuchungsergeb­

nisse VOr. Als das aber im spaten FrUhj ahr 1979 der Fall war, warde die 

Au.ffassung von Tjell im wesentlichen auch von den ilbrigen Mi tgliedern der 

Arbeitsgruppe geteilt. Man kam dabei Uberein, in einem weiteren Ringtest 

mi t ahnlichem Material zu versuchen, durch entsprechende Planung der Ver­

suchsdurch£Uhrung und Auswei tung des Teilnehmerkreises wei tergehende In­

formationen zu sanuneln, die zu einer Verbesserung der Bestimmung von 

Schwerrnetallen in KlarschliWmen und ahnlichem Material fUhren 5011 ten. 

Dies geschah nicht zuletzt aufgrund der Ergebnisse, die bei einem Ring­

versuchsprogranun des "European Cooperative Research Network on Trace Ele­

ments'f erhalten worden waren (2). Bei diesem vom Europaischen BUra der 

Welternahrungsorganisation FAO koordinierten und von drei sog. Liaison 
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Centres als Koordinierungsstellen organisierten Programm hatte sich eben­

falls gezeigt, daB qei einer Vielzahl von Methoden und laborspezifischen 

Variationen zur Bestimmung von Schwermetallen in Schlamm-, Kompost- und 

Bodenproben eine statistisch gesicherte Aussage sowohl fiber die ZuverlaB­

sigkeit der angewandten AufschluBmethoden alS aucb fiber die Genauigkeit 

des Analysenverfahrens nur recht unvollkommen m5glicb war. 

Vorberei tung und DurchfUbrung 

Die Mitglieder der Arbeitsgruppe 2 der Aktion COST 6Sbis beschlossen des­

balb hinsichtlich der DurchfUbrung des 2. Ringversuchs folgendes: 

1. Es soIl te nur eine begrenzte Zahl von AufschluBverfahren zur Wahl ge­

stell t werden, von denen mindestens eines von jedem der beteiligten 

Laboratorien angewendet werden sollte. Es waren dies die AufschlUsse 

mit 

A. K8nigswasser, 

B. Salpetersilure, 

C. Salpetersilure!Wasserstof£peroxid und 

D. Trockenveraschung. 

Darfiber binaus sollte es den Laboratorien freigestellt werden, eine 

d~on abweicbende eigene Methode vergleicbend anzuwenden und die Er­

gebnisse mi tzuteilen. 

2. Mit jedem der angewandten AufschluBverfahren sollten £Un£ parallele 

Mineralisationen durchge£Uhrt werden, um Aussagen Uber die Reprodu­

zierbarkei t des Verfahrens zu erhalten. 

3. Um die Genauigkei t der Laboratorien zu testen, sollte eine syntheti­

sche L<lsung (Testl<lsung) analysenreiner Metallsalze in verdUnnter Sal­

petersilure ohne AufschluB untersucht werden. 

Die Proben fUr den Ringversuch wurden yom gemeinsamen Forschungszentrum 

(JRC) Ispra Ende November 1979 an etwa 40 Laboratorien in 9 L1Indern ver­

sandt, die sieh auf Bi tten der Mi tglieder der Arbei tsgruppe zur Teilnahme 

bereit erklart hatten. Es handelte sieh um die schon erw~te Testl6sung, 

die in Ampullen eingeschmolzen verschickt wurde, eine I1~schlammprobe 

und ein MUllkompostpraparat, beides trockene Praparate in Glasflaschen. 

Um Komplikationen zu verm.eiden, war die Konzentration der Metal1salze in 
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der Test16sung so gewah1t, daB sie etwa derjenigen entsprach, die beim Au£­

sch1uB von 2 g des Ollrsch1armnprl!parates entsprach. Um sicherzustellen, daB 

die Test16sung bis zum Zei tpunlct der Untersuchung lceine Veranderungen ihrer 

Zusammensetzung er1itten hatte, wurden 8 Ampu11en nach einem Zufa11sraster 

vom JRC ausgewahlt und zurliclcbehal ten und der Metallgehal t nach den lc1as­

sischen Methoden der Gravimetrie etwa zur Zei t der Untersuchung in den Ubri­

gen Laboratorien zur PrUfung ermi tte1 t. Es ergab sich kein Anhalt fUr et­

waige Veranderungen. 

Beim Ollrsch1amm handelte es sich um ein relativ stark mit Schwermetallen 

kontaminiertes Praparat, so daB zu erwarten war, daB die Untersuchungen 

nicht durch Schwierigkei ten beeintrachtigt werden wUrden, die mit der Be­

stimmung sehr geringer Metal1konzentrationen in derartigen Praparaten ver­

bunden sind. In der Kompostprobe lagen die Schwermetal1e in recht 1!hnli­

chen Konzentrationen, jedoch in anderen Verhaltnissen zueinander vor. Bei­

de nattirlichen Praparate waren in ihrer ZUsammensetzung dem JRC aufgrund 

eingehender £riiherer Untersuchungen sehr genau bekannt, wenngleich eine 

Zerti£ikation noch nicht erEolgt war. Den am Ringversuch beteiligten Labo­

ratorien wurde mit der Arbei tsanlei tung, die im wesentlichen nur allgemei­

ne Hinweise enthielt, aufgegeben, den Feuchtigkeitsgehalt der Pr2i.parate an 

einer 2 g-Probe durch Troclcnen tiber Phosphorpentoxid zu bestinunen und die 

bei den Au£sch1Ussen und nach£olgenden Analysen erha1 tenen Werte fUr die 

Schwermetallkonzentrationen entsprechend zu berichtigen. Zur Erleichte­

rung der Auswertung wurden Vordrucke versandt, in die die erhal tenen Er­

gebnisse einzutragen waren. 

Erfahrungen und Ergebnisse allgemeiner Art 

Die Einsendung der Vordrucke mi t den Untersuchungsergebnissen erfolgte 

nicht so rechtzeitig, daB auf der im FrUhjar 1980 in Ispra durchge£Uhr­

ten Si tzung der Arbei tsgruppe schon eine abschlieBende Beurteilung mog­

lich war. Da£Ur waren folgende Faktoren verantwortlich: 

Zurn einen war der Probenversand wegen Schwierigkei ten wahrend der Vorbe­

rei tungen relativ spat erfolgt, so daB die Laboratorien, die sich groB­

tenteils aus freien Stiicken neben ihrer normal en Routinearbei t und For­

schungstatigkei t am Ringtest beteiligten, diese zusatzlichen Untersu-
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chungen nicht so£ort in ihr Progrannn au£'nehmen konnten und zum anderen 

lieS sich in einigen Fallen der durch die Untersuchung der Testlosung und 

zweier natiirlicher Praparate erForderliche erhebliche Au£Wand nicht zei t­

gerecht bewal tigen. 

Die vorlaufige Auswertung eines Teils der eingegangenen Ergebnisse und de­

ren Diskussion au£ der Arbeitsgruppensitzung ergab, daB unerwarteterweise 

in einigen Fallen berei ts die Untersuchung d.er Testlosung und die Auswer­

tung der dabei erhaltenen Ergebnisse Schwierigkeiten bereitet hatte. Zum 

Teil konnte dies mit Rechenfehlern erklfu-t werden, zum Teil schienen aber 

auch Fehler bei der Eichung ror mangelha£te Ergebnisse verantwort1ich zu 

sein. Derartige Fehler muBten Auswirkungen auF die Untersuchungsergebnisse 

der Schlamm- und Kompostprobe haben und die Beurteilung der Brauchbarkeit 

der angewandten AU£schluBrnethode erschweren. 

Da zudem in einigen Fallen die Vordrucke nicht benutzt oder aber miBver­

standlich ausgePUllt worden waren, wurde beschlossen, durch eine Frage­

bogenaktion zusatzliche In£ormationen von den Untersuchern einzuholen. 

Hierzu wurde am 8. Juni 1980 ein Fragebogen mit 17 Fragenkomplexen und 

insgesamt .fast 100 Einze1fragen an die Teilnehmer versandt. Die RUck1auf­

quote betrug 81%. 

Diskussion 

Er£ahrungsgemaB zeigen Interlaboratoriumskampagnen, ausge£Uhrt von einer 

groSen Zahl von Laboratorien aus vie len L1indern (Tabelle 1) mit unter­

schiedlichen analytisch-methodologischen Tradi tionen, bedeutende Daten­

dispersionen, und der vorliegende Ringversuch bildet inso£ern keine Aus­

nahme. 

Die Verwendung von Standardproben mit bekanntem Homogeni tatsgrad (..:. 2% fUr 

die untersuchten Elemente). sowie die parallele Analyse einer StandardlB­

sung eliminierte aIle mit dem untersuchten Material assoziierten Unsicher­

hei ten und lieferte In£ormationen tiber die jeweilige Sicherhei t der End­

bestimmung durch AAS. 

Tabelle 2 faSt die Ergebnisse der Standardl15sungsanalyse zusammen. 

- 239-



List of participating laboratories 

ACEPSA, Ol.l'lens, CH 

Amt .fUr Wasser- und Energiewirtschaft, St! Gallen, CH 

Anstalt Gewasserschutz, DUbendorf, CH 

8ayerische Landesanstalt Bodenkultur, Mtinchen, D 

Bayerisches Landesamt Umweltschutz., MUnchen, D 

Bundesanstalt Geowissenschaf'ten, Hannover, D 

Bundesgesundhei tsamt Berlin, D 

Bureau de Recherches Geologiques et Minieres, F 

CEA Cadarache, F 

CERCAR, F 

Chemisches Laboratorium Kanton GraubUnden, Chur, CH 

Ecole Polytecimique Federale Lausanne, CH 

Eidg. Forschungsanstalt Liebefeld, eH 

Hessische Landesanstalt fUr Umwelt, Wiesbaden, D 

INRA Bordeaux-Pont-de-la-Maye, F 

Insti tut de ReCherches Hydrologiques, Naney, F 

Institut du Genie de l'Environnement, Lausanne, CH 

Institut Fresenius, \viesbaden, D 

Insti tuut va or Bodemvruchtbaarheid, Haren, NL 

IRCHA, Vert-Ie-Petit, F 

Kantonales Laboratorium ZUrich, CH 

ITA JUlieh, D 

Laboratoire de Contrale et d'etudes des eaux, Le-Pecq, F 

Landesamt Nordrhein-Westfalen, Dusseldorf, D 

LUFA Augustenberg, Karlsruhe, D 

tUFA MUnster, D 

Niedersachsisches Landesamt, Bremen, D 

Rijksuniversi tei t Gent, B 

Rijks Instituut voor de Volksgezonheid Bilthoven, NL 

Ruhrverhand, Essen, D 

Statens Landbrukskemiska, Uppsala, 

Statens Naturv'fu..dsverk, Solna, S 

Tech. University Lyngby, DK 

The Agricultural Institute, Wexford, G3 

Universita.t Stuttgart, D 

Waters chap de Donunel, Boxtel, NL 

Wessex lilater, Poole, GB 

~';estab, Duisburg, D 

- 240-



I ~~3CRATQR,{ ~lo. 

03:C.6 

750.3 

~ 
W".terial: TEST SOWTION (Values expressed in ppm) 

3.30.12 

5.' M' 

[0 [0 '" [0 , [0 

~ , 78 ,., 

" 5.' 

" c., " c., 
n G.a 

c " 0., c 
Q 750.7 

713.3 

691.1 -14 73 +1 

" 

+21n 0.1.+1 

... 2 74 c.; ... ~ 

77 1.) -5 74 

'247 J.6 

[0 

" 
05 

5 

-52 66 

.:41" 
+.2,· 
_20 I;.; 

Cc 
[0 

s, , 

'" 
0.8 

:.5 .. 6 

+91-

~O.l 1 J] 0.5 C 

.. 0.4 320.1: 

+0.01370.8 

_0:41 ~4 J~3 +1 

77 ).5 713.7 

-3 75 

.] 7J 

77 0.14-6 

77 1.3 

72 0.6 

gO 1.5 

I" 0.' 
762.3 

71 0.6 

~8 0.1 

9.0 0 71 0 

+10 692.5 

3 iS3 0.7 

+17 60 

n 1.0 25 

o ;~ =3~ I 2~a 

I~~_=-_~~_~~ __ ;;~,~:k_, 
- 241-



Die hohen Konzentrationen der zum Versand gekonunenen OriginalUSsung erlaub­

ten eine genaue Analyse der LBsung mi t Hilfe von hochprazisen gravimetrischen 

und ti trimetrischen, starungsEreien Ver£ahren. Tabelle 3 zeigt die erhal­

tenen Sollkonzentrationen, ihre Standardabweichung und die eingesetzten Me­

thoden, berei ts auf die Bedingungen der "TestlBsung", d.h. zwanzig£ache 

VerdUnnung mit 2M HN03 , bezogen. Lediglich Hg konnte, in Ermangelung ge­

eigneter Methoden nicht mit vergleichbarer Genauigkei t bestinunt werden. 

Der in Tabelle 3 genannte "Re£erenzwert" basiert auf der Messung durch 

Atom£luoreszenzspektroskopie und kannte mi thin mit systematischen Fehlern 

unbekannter GroBe belastet seine 

Die zur Analyse der "TestHSsung" notwendigen Manipulationen durch die Teil­

nehmerlaboratorien waren somit auf ein Minimum beschr~t: 5££nen der Am­

pulle, VerdUnnung des Inhalts auf 1 L, Analyse. 

Eine Betrachtung des systematischen Fehlers 6. zeigt jedoch, daB nur we­

nige Labaratorien ~ Elemente richtig besti:rmnen. 

Die Streuung der Analysendaten halt sich jedoch, nach Eliminierung einiger 

Grober AusreiBer, im Rahmen der im AIIgemeinen in Routinelaboratorien fUr 

erforderlich erachteten Genauigkei t, mit Ausnahme der Elemente Hg und Cr. 

Wahrend sich beim Chrom die auch von anderen Autoren beobachtete Fehler­

anfalligkei t in der AAS bestatigte, liegt beim Quecksilber die Halfte der 

Laboratorien in dem wahrscheinlich richtigen Konzentratiansbereich 2.5 -

3.0 ppm, und nur wenige Messungen erscheinen grab falsch. Hier spiegelt 

sich of£ensichtlich ein im Gange befindlicher Entwicklungsprozess mi t gu.­

ter Perspektive. 

Tabellen 4 und 5 zeigen die fUr die beiden eingesetzten Testmaterialien 

erhaltenen Ergebnisse. Neben der Totalvarianz fUr aIle Analysenwerte wur­

den getrennte Auswertungen fUr den KClnigswasseraufschluB und die Trocken­

waschung durchgefUhrt. (Tabelle 6 und 7). 

Die absoluten Konzentrationswerte liegen, mit wenigen Ausnahmen, fUr den 

K6nigswasseraufschluB h6her. Die Ausnahmen bilden Zink, das mit groBer 

Konstanz mobilisiert wird und Iobalt. Bei Ietzterem steht zu vermuten, 

daB die enorme Streuung der Daten, wohl verursacht durch mangelnde Pra­

xis fUr dieses Element. andere Tendenzen maskiert. 
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* 

Test solution reference concentration values 

* x RSD 

Element Y.ethod 
,{PP!!y ,{PP!!y oJ 

Pb Gravimetry 82 0.35 0.43 
(Leadchromate) 

Cr Oxidimetry 66 0.25 0.38 

Ni Gr'avimetry 83 0.40 0.48 
(Dimethylglyoxim) 

Cd Electrogravimetry 8.2 0.05 0.61 

Co Gravimetry 33 0.35 1.06 
(a -Ni troso-~Naphtho1) 

Cu ElectrograviJ:letry 72 0.55 0.76 

Zn Gravimetry 242 0.71 0.29 
(Zn2P 207 ) 

==========~ 

Due to the 1m\! concentr:ltion the establishr.1ent of a i.lercur'-

re£ere!1ce va.lue was found impossible. B' atomic fluorescence 

spectroscopy a cO:1centration value of 2.75 ppm was found. 
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Material 2 
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Table 5 (Values expressed in ppm) 
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Die Totalvarianz scheint im Regelfall zugunsten des Konigswasseraufschlus­

ses zu sprechen, obwohl in einigen Fallen maskierende Effekte auftreten, 

die leider aufgrund des zu knappen Datenmaterials nicht statistisch quan­

tifizierbar sind. 

Die den Trockenveraschungsverfahren ~achgesagten Defekte scheinen sich zu 

bestatigen, wenn man die absoluten Konzentrationen der Konigswasserauf­

schlUsse (Ausnahme Kobalt; siehe oben) vergleicht .. 

Elemente mit der Neigung zur Bildung flUchtiger, sublimierbarer Chloride 

(eingeschlossen Chromylchlorid in Gegem·lart von Chromaten) konnen mi t ne­

gative:n Bias belastet sein. Die Richtigkei t der Analyse nach Trockenauf­

schluB scheint SQl.whl von der Tu.chtigkei t des Laboranten, wie manche Da­

ten der Tabellen 4 'Lmd 5 zeigen, wie auch von der Konzentration beglei­

tender Elemente (Chloride, Ammoniumsalze und anderer Kosublimate) abzu­

hangen. 

Zusanunenfassend li:iBt sich feststellen, daB ungeachtet lokaler Tradi tionen 

und im Interesse fortschrei tender Harmonisierung, dem einfacheren und re­

lativ biasfreien Konigswasserverfahren der Vorzug vor Trockenveraschung 

und anderen Saureaufschlussen gegeben werden sollte. 

SchluBbetrachtung 

Die Leistungs£ahigkei t von Laboratorien und analytischen Ivlethodologien 

ist selbstredend einem Utili tatsprimat unterworfen. 

Bei der Beurteilung der Resul tate dieses Interlaboratoriumsvergleichs 

solI te mi thin unterschieden werden zwischen dem Ausspruch der reinen ana­

lytischen Doktrin und den praxisorientierten Anforderungen an eine Schad­

stoff analyse. 

Vom Standpunkt der reinen Analytik und unter BerUcksichtigung del' Hetero­

genitatsdaten von 0.5 bis 2% fUr die untersuchten Standardmaterialien, 

bezogen auf die bestirmnten Elemente, sind die Ergebnisse ohne Zweifel 

stark vel'besserungsfahig. 

Wie hoch jedoch die Anspriiche an eine, durch ein Rrotinelaboratorium aus­

gefUhrte Schadstoffanalyse von Klarschlammen tatsachlich sein mUssen, 

wird wei tgehend von den in kommenden Direktiven noch festzulegenden Ana-
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Table 8 

ANALYTICAL METHODOLCGIES USED FOR THE DETERMINATION OF Cd,Cr,Co,Cu,Pb and Zn 

I.anor a tory-Code 

1 a 

2a 

3a 

Jb 

30 

i 0 

11 

12 

12a 

:3 

13a 

14 

15 

16 

17 

18 

Analytical methodology 

~--------------------------------~---------
Sample digestion 

Dry ashing:5h at ':'80"C and dissolution in He! 

Wet ashing: H.c'i03 ' HCIO~ 

',.jet ashing: Aqua =e.gia 

'..Jet ashing: Aqua regia ("jlodified") 

Wet ashing: Aqua regia 

Wet ashing: :-ru03 

Jry ashing: 0,5 1'1 at 55°C 

''';et ashing: Aqua regia (!'eflux) 

wet as;l.i:l.g: i-~i03 

Wet ashing: A.qua: regia 

Wet ashing: H:N03 I: 1 pressure digestion( 120"C; h) 

w'et ashing: Aqua regia 

Wet ashing: HN03-H202 

Wet ashbg: H::WrH202 

:est solution only 

Dry ashing: h 4 at 450°C 

T..let ashing: HN03-H2Dz pressure digestion at 170a C, 
4 h 

Wet ashing: liNQ3 pressure digescion(l70 Q C, 4 ~) 

Dry ashing: 5 :,. at 480"c 

j.fet aShing: Aqua regi.a 

'riet ashing: Aqua regia (reflux) 

'riet ashing: Aqua regia (reflux) I' 

Dry ashing: In ?r2SenCe of toluol-sulpnoni:;: acid at 
450°C. Dissolution on HCl and dissolution of t:'e resi-

j due 1::>y S2F Z/H2S01 

wet ashing: Aqua regia 

i 
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AAS 

AAS 

AAS 

AAS 

AAS 

AAS 

AAS 

.".AS 

.US 

.".AS 

.".AS 

.".AS 

.".AS 

AAS 

-'AS 

AAS 

AAS 

-'AS 

.".AS 

.".AS 

-'AS 

-'AS 

AAS 

A....\"S 



Table 8 (continued) 

ANALYTICAL METHODOWGIES USED FOR THE DETERMINATION OF Cd, Cr, Co, Cu, Ph and Zn 

Laboratory Code 

19 

19_ 

20 

21 

22 

2Za 

22b 

22c 

23 

23_ 

24 

25 

25_ 

26 

26_ 

27 

28 

29 

30 

31 

31_ 

32 

32. 

33 

34 

35 

36 

36. 

37 

38 

Analytical methodology 

Sample digestion 

Wet ashing: HN03-H20Z 

Wer. ashing: HN03-HCI04 

Wet ashing: HNO)-H2S04 (reflux) 

Dry ashing: 2,5 h at 55°C and dissolution in MeL 

Dry ashing: J h at 540°C and dissolution in BeL 

Wet: sshing: Aqua regia 

Wet ashing: RND3 

Wet. ashing: RN03-H.202 

Dry sahing: 2 h at 650°C and dissolution in HCl 

Wet ashing: RND3 

Dry ashing: I h at 500"'C and dissolution in Hel 

Wet aahing: Aqua regia 

Wet ashing: HN03-HCI04 

Wet ashing: HNO)(Pb,Cd) and HN03-RCI04-HZS04 (Ni, Cu, 
Zn, Cr) 

Wet ashing: HND) 

Wet aahins: HN03-HZ02 

Wet· ashing: Aqua regia 

Wet ashing: RN03 pressure digestion 

Wet aahing: HCI-H20'2: 

Wet ashing: H202-HN03 

Wee ashing: HC104-HN03 

Wee ashing: Aqua regia 

}lot described 

Dry ashing: 2.5 h at 425"C 
Dissolution HCI04-HF-HN03 

Wet sshing: pressure digestion with RN03 

Wet ashing: RN03 I:!; 8 h 

Wet ashing: RN03 (reflux) 

Wet ashing: Aqua regia (reflux) 

Wet ashing: Aqua regia 

Non destructive 
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AAS 

AAS 

AAS 

AAS 

AAS 

AAS 

AAS 

AAS 

AAS 

AAS 

AAS 

AAS 

AAS 

AAS 

AAS 

AAS 

AAS 

AAS 

AAS 

AAS 

AAS 

AAS 

AAS 

AAS 

AAS 

AAS 

AAS 

MS 

AAS 

XU 



lysentoleranzen bestinunt werden, und dabei wird eine Reihe von wissenschaft­

lichen,aber auch volkswirtschaftlichen und nicht zuletzt politischen Falcto­

ren eine Rolle spielen. 

Neben vereinzel ten Eichproblemen in einigen Laboratorien sind die Fehler­

quellen in der Schwermetallbestimmung in Kl~schlamm und abnlichen Pro­

dukten im ProbenaufschluB zu suchen. Eine Harmonisierung der Analysenvor­

schriften in dieser Richtung ist zweifel10s aussichtsreicher a1s eine Fort­

setzung der methodologischen Forschung an vielen verschiedenen AufschluB-

systemen. 

KBnigswasser ist nach den bisherigen Erfahrungen, bei Einhaltung einiger 

e1ementarer Verfahrensrege1n, als Aufsch1uBmi tte1, inuner mi t dem Zie1 ver­

gleicbarer Daten, gut geeignet (Muntau, 1979). Db die unter Kl5nigswasser­

aufschlu~bedingungen im n~schlamm verbleibenden Schwermetallreste im ~ 

den aktivierbar waren, ist zum gegenwartigen Zei tpunkt eine Frage von aka­

demischem Interesse. 

Ein periodisch-stichprobenartiger AufschluB des K5nigswasserrUckstandes 

mi t F1uBsaure bei einer routinemaBig erfolgenden Schwermetallbestimmung 

im K6nigswasserauszug unter standardisierten Bedingungen und eine regel­

maBige und ml5glichst haufige iiberprUfung der vollstfuldigen analytischen 

Prozedur durch Standardreferenzk1~sch1amme solI te geeignet sein, die 

zur Begrenzung der Schwermetallbelastung von 1andwirtschaftlichen Nutz­

flM.chen notwendige Information zu liefern. 
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Sumnary 

MOBILITY OF HEAVY ME:l'ALS IN SLUIGE AMENDED SOIL 

An interlaboratory comparison 

A. COITENIE 
Faculty of Agricultural Sciences 

Ghent - Belgium 

A polluted soil sample has been used for a ring test in view of the 
detennination of total and mobile contents of heavy metals. With very few 
exceptions the results for total contents are sufficiently well grouped and 
no systematic deviations were observed between a suggested method using 
aqua regia and sane personnal methcxis. 

The mobility test for heavy metals presented some difficulties due to 
the special characteristics of the soil under study and since only one sam­
ple was distributed, there was no alternative for canparison. In spite of 
this the results are sufficiently indicative for the situation of this par­
ticular soil. 

Recommendations for eventual further work concern the laboratory 
apparatus and the proposal to canpare different soils, rather than excluding 
such comparison by using only one sample. 
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1. PRINCIPIE 

The agricultural~ biological and environmental effects of trace ele­

ments and heavy metals in soils are determined by their "reactivity", this 

means by the fraction which is chemically and biologically active. This 

fraction is variable and depends on several factors such as pH, redox poten­

tial, fixation phenanena, active organic matter. It may be considered as the 

amount of elements which can be transferred fran the solid to the liquid 

phase under the influence of changing conditions. 

In this context one can distinguish between 

- a fraction which is soluble at the actual soil conditions. This corres­

ponds with the so-called nutrient intensity, in the case of essential ele­

ments 

- a "mobilizable" fraction, being the amount which can pass into the solu-

tion when soil conditions are changed. 

Since the pH influences directly or indirectly the equilibrium reactions, 

governing the distribution of trace elements between the different forms in 

which they are present, this factor can be used as a variable in estimating 

their mobility. 

Indeed, by acidifying progressively a soil-water suspension and analyzing 

the solution-phase, a mobilization pattern is obtained, which is Characteris­

tic for the behaviour of the elements under study. 

2. IN'IERLABORAWRY COMPARISON - MEI'HODS 

A soil sample was provided by the Research Centre Euratan - ISPRA 

(Dr. Muntau). The participants were asked to make a total analysis of the 

heavy metals and to carry out a mobility test as described in the following 

paragraphs. 

2.1. Detennination of the total metals content by aqua regia digestion 

(suggested methcxi) 

Weigh 1 g of dry soil into a 100 ml round-bottom flask and add a small 

amount of distilled water (approx. 2-3 ml) to obtain a slurry. To the latter 

add 10 ml aqua regia. Place a reflux condenser (Dimroth-type or similar) of 

approx. 40 cm length on top of the flask. Boil mixture in the flask under 

reflux for 2 h. Cool slightly and add, through the condenser, approx. 30 ml 

of distilled water to wash residual amounts into the flask. Filter the 

diluted solution through an acid-resistant paper filter and take up the fil­

trate in a calibrated 100 ml flask. Wash filter with residue with warm 2 N 
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HN03 to take up resiJlual amounts and repeat several times. When solution has 

cooled down to roan t€!Jlperature canplete volume to the mark with 2 N HNOy 
Onward dilutions, if necessary for analysis, are obtained by using 2 N HN03• 

Remark : The same method is applicable for sewage sludge. Prior to analysis 

determine the moisture content of the original sample by storing over PP5 
in an exsiccator until constant weight. Correct values. 

2.2. Procedure for the mobility test 

Analytical procedure 

Weigh 10 g air-dry soil in a 150 ml beaker. Add 40 ml distilled water 

and adjust the pH of the suspension to the desired value while using a mag­

netic stirrer (see below). For steps B, C and D, this is achieved by adding 

controlled volumes (V ml) of HNOy The normality of the HN03 varies from 0.1 

to 2 N in function of the desired pH decrease of the suspension and of the 

nature of soil used. The total volume of added HN03 should not exceed 10 ml. 

The pH of the continuously stirred suspension is kept constant by suitable 

means for 30 minutes. After equilibration the final volume is brought to 50 
ml by adding (10 - V) ml of distilled H20. The soil suspension ".is filtered, 

pH of the filtrate is determined and entered into the table. The filtrate is 

analyzed for Cd, CU, Ni and Zn and if possible, also for Pb, Cr and Co. 

Experience has shown that it is reconmendable to use 2 N HN03 solutions 

when determining the metals by atanic absorption spectranetry, so that for 

necessary dilutions of the filtrate, 2 N HN03 is used. 

For purposes of this Intercanparison study, it is rec<mnended to observe the 

following pH steps 

A. Original pH of the soil-water suspension (= pH soil) 

B. pH 4.0 
C. pH 2.0 

D. pH 0.5 

For each step, a fresh soil-water suspension is prepared. If the mass of the 

sample is too small, the original quantities used should be less (e.g. 5 g 

soil + 20 ml distilled water ..• ) 

3. ElCPERIMENTAL RESULTS 

The results of 15 laboratories were received in due time. 
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3.1. Total contents 
Nine participants have used the proposed method, nine applied a per­

sonnal method and three made parallel determinations with both proposed and 

personnal methods (see table 1 and fig. 1 to 3). 

There are no systematic differences between the results obtained by the dif­

ferent methods being used. The deviations are rather accidental and the ana­
lytical figures are relatively well grouped around the mean value. 

3.2. "Mobilizable" fractions and mobility 

In applying the proposed method several difficulties were encountered. 

Due to the characteristics of the soil sample it was necessary to add higher 

concentrations of HN03 in order to lower the pH of the soil suspensions 

sufficiently. Thus in stead of 2 N as proposed, nitric acid solutions of 

4 N, 5 N and 6 N have been added. 

The major problem was the pH control of the soil suspensions. Indeed after 

the pH was brought to the desired value of 4, 2 or 0.5 it progressively 

raised again so that the filtrates finslly showed the following pH ranges 

pH-soil 6.60 to 7.7 

after bringing to pH 4 4.0 to 5.5 

after bringing to pH 2 

after bringing to pH 0.5 

2.0 to 4.0 

0.5 tc 2.2 

With regard to this observation the following remarks may be made 

a.- there is always a slight pH difference between the suspension and the 

filtrate and this is known as suspension effect 

b.- the pH raise during equilibration is due to the presence of lime and 

alcaline particles reacting slowly in function of surface properties, 

effect of coating etc. The dissolving power of the added acid is there­

fore acting progressively in time. Another reason for pH variation is 

the phenomenon of selective ion exchange, due to which added H+ -ions are 

exchanging different adsorbed ions in successive steps 

c.- the effect of heavY metals in the soil is strongly influenced by its 

cation exchange capacity, lime and organic matter content. Thus light 

and acid soils are much more affected than heavY and calcareous soils. 

d.- the actual mobility test was originally conceived for light and medium 

soils. With the aid of a "pH-Stat" instrument, acid is added with an 

automatic buret in order to maintain the pH at any preset value. 

The experimental results are given in tables 2 to 4. 
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In spite of the occurring variations the soil sample is characterized in a 

quite specific way. This can be illustrated by comparing the ISPRA test soil 

with other non polluted soils, as shown in the same tables for Cu and Zn. 

4. GENERAL REMARKS AND CONCLUSION 

The mobility test for heavy metals in the one distributed soil sample 

presented some difficulties due to its high CEC and lime content. 

In spite of this all participants have obtained results which are quite in­

dicative for the situation of the polluted ISrRA-soil sample under study. 

Since only one single sample was distributed no comparison with other occur­

ring situations was possible. Facing the figures determined on the ISPRA­

sample with those for other soils reveals the type of distinction which can 

be obtained by the analysis of soils in different conditions. 

A more detailed and fundamental discussion of the method shows that the 

effect of an existing pollution is quite well reflected by the slope of the 

mobilization curve in combination with the total content of the element under 

study. Furthennore, since a certain fraction of the total content is strong­

ly fixed or immobilized, it may be sufficient to consider the amount being 

mobilized at pH 0.5 instead of total values. 

For eventual further work it is recommended to make use of an appro­

priate instrument for keeping the pH of the soil suspension more constant 

while the test should be carried out on different samples in order to permit 

comparison of their situation. 

5. ACKNOWLEOOEMENT : thanks to Prof.R.IESCHBER, coordinator of Working Party 

2 of the CEC Concerted Action COST 68bis and to all participants having 

carried out the proposed analysis. 
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COLLABORATING LABORA'roRIES 

1. Cadarache (J. Corpel - D. Alexandre) Centre d'Etudes nucleaires 

2. Staatliche landwirtschaftliche Untersuchungs- und Forschungsanstalt 

Augustenberg (Dr. Scholl) 

3. Bayerische Landesanstalt fUr Bodenkultur und Pflanzenbau - Freising 

(Dr. Wurzinger) 

4. Kantonales laboratorium, ZOrich (Dr. Beuggert) 

5. Wessex Water Authority - Regional Sludge laboratory, Dorset 

(Dr. J. Mitchell) 

6. Westab - Westdeutsche Abfallbeseitigungsgesellschaft - KOln 

7. Hessische landesanstalt fUr Umwelt - Wiesbaden (Dr. Iaubereau) 

8. Bayerisches landesamt fUr Umweltschutz - Mlinchen (Dr. Coy) 

9. Institut fUr Siedlungswasserbau, Wassergiite- und Abfallwirtschaft -

Stuttgart (R. KOnig) 

10. lab. Analytische en Agrochemie - R.U.Gent (Prof. A. Cottenie) 

11. The National Swedish Environment Protection Board - Solma (Ossen 

Lindgren) 

12. The National Swedish Environmental Protection Board - Waterlab 

Uppsala (R. Uhrberg) 

13. Ruhrverband - Essen (Frau H. Stohr) 

14. Rijksinstituut voor de Volksgezondheid - Bilthoven (Drs. A. Minderhoud) 

15. An Foras Taluntais - Wexford (J.C. Brogan) 

16. Station d'Agronomie "la Grande FerTade" - Pont-de-la-Maye Bordeaux 

(A. Gomez). 
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PCB DANS LES BOUES DE QUELQUES STATIONS D 'EPURATION DE SUISSE 

Resume 

G. BURGERMEISTER, P. AMMANN, J. TARRADELLAS 

Ecole Poly technique Federale de Lausanne 
Institut du Genie de l'Environnement 

L 'etude des PCB dans Ie lac Leman et leur concentration dans une chaine 
alimentaire (du sediment aux oiseaux) a montre que les teneurs en PCB 
dans les sediments voisins des stations d 'epuration sont significativement 
plus elevees que les teneurs en PCB observees dans les sediments non 
influences par des rejets d 'eaux llsees. 

Cet etat de fait a incite l'institut du genie de l'environnement de 
l'ecole poly technique federale de Lausanne a entreprendre des etudes sur 
1a contamination des stations d 'epuration par les PCB et plus particuliere­
ment d 'etudier les composes organohalogenes presents dans les boues 
d t epuration. 

Une etude preliminaire des boues de 9 stations d' epuration communales et 
industrielles permet de penseI' que les PCB, voire meme dans un sens 
plus large les composes organohalogEmes, posent des problemes reels 
Quant a 1 'elimination et I 'utilisation de ces boues. 

A study on the PCB t S in the lake of Geneva and on their concentration in 
a food chain (from the sediment up to the birds of prey) showed that the 
PCB amounts in the sediments are appreciably higher at the outlet of a 
treatment plant as in other arE;!as which are not under the influence of 
sewage waters. 

This fact led to the study of the PCB problem at the level of the 
treatment plant and more specifically to the analysis of the organohalo­
genated compounds in the sewage sludges. 

A preliminary study covering 9 communal and industrial treatment plants 
allows us to assume that the PCB problem in the sewage sludges does 
really exi st. 

A study on the PCB data at out disposal in Swi tzerland is at the present 
time on hand in order to allow the elaboration of a national reseach 
program on PCB t s 
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1. INTRODUCTION 

Une etude pre1iminaire de 1a pollution du lac Leman par 1es PCB effec 

tuee en 1979 a 1 'institut du genie de 1 'environnement de 1 'ecole po1y­

technique federa1e de Lausanne,a montre l' importance de 1a pollution 

du milieu 1acustre par 1es PCB. 

Cette etude a permis de mettre en evidence l' influence des activites 

humaines sur 1a contamination des sediments par 1es PCB et plus parti­

cu1 ierement 1 'existence de zones a fortes teneurs en PCB(160 a 540 ppb) 

a proximite des rejets de stations d'epuration. 

Des analyses de PCB dans des poissons du Leman,effectuees par 1 'insti­

tut d'hygiene du canton de Geneve entre 1972 et 1978,semb1ent indiquer 

que 1a contamination du milieu par 1es PCB augmente. 

D' autre part,des analyses de PCB effectuees dans d' autres lacs suisses 

par divers 1aboratoires de Suisse et d'Allemagne,laissent supposer que 

1a pollution d7 1 'environnement par 1es PCB s'etend iI 1 'ensemble du 

territoire he1vetique. 

Enfin,des etudes faites par BERG et PEOPLE et DE COK,montrent que 1es 

stations d'epuration(STEP) jouent un rOle important de concentrateurs 

de PCB. 

I1 nous a donc semble interessant de verifier ces suppositions par 

1 'analyse de PCB dans 1es boues de quelques STEP de Suisse. 

2. METHODOLOG I E 

Pour cette etude,quatre types de STEP ont ete choisis: 

- STEP de grandes vi 11 es (ZUrich,Geneve,lausanne) 

- STEP de vi 11 es i ndustri ell es (Baden, Wi nterthur, La Chaux-de-Fonds) 

- STEP de petites vi11es (Morges) 

- STEP industrielles (Fabrique de papier Utzenstorf ,Fairtec) 
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Pour des raisons pratiques,seu1s des echantillons de boues deshydratees 

ont ete pre1eves(sauf Baden,boue 1iquide). 

La preparation des echantillons pour 1 'analyse comprend en principe 

5 aapes: lyophil isation 

extraction il. l' hexane 

Attaque a 1 'acide su1furique il. 7% de S03 

separation des phases 

purification de 1a phase organique(e1 imination du S) 

L 'analyse proprement dite est effectuee par chromatographie en phase 

gaseuse avec detection par capture d'e1ectrons et comparaison avec 

un standard PCB constitue d'un melange il. parts ega1es d'AROCLOR 1242 

(42% C1),1254(54% C1) et 1260(60% C1). 

3. RESUL TATS 

Les concentrations de PCB dans 1es boues d'epuration sont presentees 

sous troi s formes: 

a) teneurs en PCB dans des boues a 95.5% d' eau 

b) teneurs en PCB dans 1es gateaux de boues 

c) teneurs en PCB dans 1es matieres seches 1yophi1isees 

Les resultats obtenus ont ensuite ete extrapo1es de maniere a obtenir 

1es quantites annuelles de PCB contenues dans 1es boues,la production 

specifique par habitant et par an et 1es quantites de PCB introduites 

dans 1es sols apres epandage de 50 tonnes de boues a 9S.5% d'eau par 

hectare et par an. 

Les ch i ffres presentes en annexe montrent que toutes 1 es boues ana 1ysees 

contiennent des PCB et bien que 1es extrapolations soient que1que peu 

hard i es 1 es ordres de grandeur obtenus sont i nteressants. 

Les boues des STEP de Baden,Geneve et ZUrich presentent 1es teneurs 

en PCB 1es plus e1evees.Ces va1eurs sont comparab1es a 1a valeur 

moyenne du mercure observee dans 1es boues des STEP de Suisse(5ppm). 

Les quantites de PCB introduites dans 1es sols apres epandage de SO 
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tonnes par hectare et par an,varient entre 0.8 et 17 g/ha.an. 

4. CONCLUSION 

Les chiffres etant etablis,il s'agit maintenant d'essayer d'evaluer 

1 'ampleur du phenomene et ceci plus particulierement dans le cas de 

1 'utilisation des boues en agriculture. 

Comparativement a des etudes effectuees en 1972 au Canada ,ou des 

valeurs moyennes de PCB dans les matieres seches des boues varient entre 

5 et 10 ppm, 1 es boues anal ysees en Su i sse presentent 1 es meme taux de 

contamination. 

Selon une etude americaine,les boues de la ville de Georgetown presen­

tant des teneurs en PCB de 7.4 ppm sur les matieres seches,ont ete 

util isees comme engrais.Apres un epandage unique,les horizons superfi­

ciels du sol montraient des teneurs en PCB de 7 a 10 ppb et les cere­

ales cul tivees sur ces sols contena i ent 28 ppb de PCB dans 1 es gra i ns. 

Des etudes effectuees en Europe par DE COK ont montre que 1 es boues 

d'epuration concentrent les PCB.Des valeurs de 0.1 a 10 ppm de PCB 

sur les matieres seches ont en effet ete observees dans les boues d'une 

STEP recevant des eaux usees contenant entre 1 et 30 ppb de PCB. 

Enfin dans le but d'evaluer 1 'importance du probleme pose,une derniere 

extrapolation a ete effectuee.En se basant sur les quantites des PCB 

trouvees dans les boues analysees,il est possible d'estimer la quanti­

te totale de PCB se trouvant chaque annee dans les boues des STEP de 

Suisse a quelques centaines de kilogrammes.voire plus d'une tonne. 

On constate donc,apres ces quelques chiffres et considerations que la 

contamination des boues d'epuration par les PCB pose un probleme reel 

et que bien des connaissances font encore defaut dans ce domaine. 

Actuellement,une etude bibliographique sur 1 'etat des connaissances 

en matiere de PCB est en cours en Suisse,dans le but de permettre 

1 '~laboration d'un programme national de recherche sur les PCB. 
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SCHADSTOFFE IM KLARSCHLAMM AUS bSTE~ICHISCHER SICHT 

H. BRANTNER 

Dept. of Microbiology and Environmental Technology 
Hygiene Institute, University of Graz, Austria 

Summary 

During the last ten years the construction of new central 
sited sewage plants resulted in a strong accumulation of 
sludge. The partly rural structure of Austria allow the 
application of sludge as fertilizer. This application 
also requires the continuous control of the heavy metal 
content. 
The disintegration techniques used in the determination 
of the heavy metals varies from laboratory to laboratory. 
The determination itself was carried out by thermic or 
flame-less AAS methods. 
The limit values of heavy metals were exceeded in 38 cases 
out of 120 examinations. The origin of the contamination, 
the coordination of examination methods, and the standard­
ization of limit values are discussed. 
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Der vermehrte Ausbau von zentralen Klaranlagen in den letz­
ten 10 Jahren hat nunmehr auch in Osterreich das Problem 
der Beseitigung des Klarschlammes akut werden lassen. Bedingt 
durch die stark landwirtschaftlich gepragte Struktur Oster­
reichs wird vornehmlich die Verwendung des Klarschlammes zu 
DUngezwecken ins Auge gefaSt. 

1m Zusammenhan5 uamit ergab sich die Notwendigkeit der Unter­
suchung der chemischen Verunreinigungen, wobei besonders den 
Schwermetallen das Augenmerk zugewandt wurde. 

Auf Grund der fehlenden behordlichen Regelung wurden als 
Richtwerte fUr Schwermetallverunreinigungen jene der Oster­
reichischen Dtingerberatungsstelle in Wien als Beurteilungs­
schema zugrundegelSgt, welche auf auslandischen, vornehm­
lich bundesdeutschen Erfahrungen basieren. Die Richtlinien 
sind so ausgelegt, daS auch bei langjahriger Klarschlamm­
dtingung eine Schwermetallanreicherung im Boden mit groSer 
Sicherheit verhindert werden kann. 

Tabelle 1 Richtwerte der Osterreichischischen Dtingerbera­
tungsstelle, Wien. 

Element 

Zink 
Cadmium 
Nickel 
Quecksilber 
Kupfer 
Kobalt 
Molybdan 
Blei 
Chrom 
Arsen 
Selen 

tolerlerbare Menge lm 
Klarschlamm in ppm 

2000 

10 

200 

10 

500 

100 

50 

500 

500 

100 

20 

Hinsichtlich der angewandten Untersuchungstechnik unterschei 
den sich die bisher vorliegenden und erfaSbaren wenigen Un-
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tersuchungsergebnisse. Bei Untersuchungen in der Steiermark 
wurde 1974 der NaSaufschluS im Autoklaven bei 1100 C durch 
15 min, 1975 in verschlossenen RBhrchen mit KBnigswasser 
4 Std, im Wasserbad und 1976 im Veraschungsautomaten schritt 
weise bis 1500 C durch 35 min durchgefUhrt. Nach den Angaben 
der Untersucher ERTL, POPP und SCHWINGHAMMER ergaben Ver­
gleichsuntersuchungen weitgehende und gute Ubereinstimmung 
der gewonnenen MeSwerte. 

In Vorarlberg wurden die Methoden der Eidgen. Anstalt fUr 
Wasserversor~g, Wasserreinigung und Gewasserschutz sowie 
der International Solid Wastes and Public Cleansing Assoc. 
zur Untersuchung des Schwermetallgehalts des Klarschlammes 
herangezogen, wobei die Mineralisierung der Schlamme durch 
NaSaufschluS mit Salpetersaure 75% : Perchlorsaure 25% = 
3 : 1 erfolgte. 

Das gleich AufschluSverfahren wurde im Institut f. Landwirt 
schaft der 5sterr. Studiengeselschaft fUr Atomenergie, Sei­
bersdorf angewendet. 

Zur Bestimmung der Schwermetalle wurde allgemein die Atom­
absorptionsspektroskopie eingesetzt, wobei sowohl die ther­
mische Anregung mit Luft-Acetylen oder die flammenlose Me­
thodik in der GraphitrohrkUvette zur Verwendung gelangte. 

Da noch nicht alle Bundeslander sowie deren einschlagige 
Laboratorien auf die Untersuchung von Klarschlamm einge­
richtet sind, sind ausgedehnte Ringversuche zur Abstimmung 
der Methoden nur vereinzelt erfolgt. Die Ergebnisse waren 
jedoch nicht zuganglich. 

Auf Grund einer Umfrage in 5sterreich zur Erstellung dieses 
Referats wurden aus vier Bundeslandern Ergebnisse Ubermit­
telt, welche in Tabelle 2 hinsichtlich der Uberschreitung 
der Richtwerte bezogen auf die Gesamtzahl an Untersuchun­
gen ausgewertet wurden. 
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TabelleLI Uberschreitungen der Richtwerte bezogen auf die 
Gesamtzahl an Untersuchungen. 

Bundesland Anzahl der Cd Cr Hg Ni Pb Zn Cu 
Untersuchungen 

Steiermark 96 4 2 3 0 8 13 4 
Vorarlberg 13 0 0 0 0 1 0 
Oberosterreich 10 0 0 0 1 0 0 
Niederosterreich 0 0 0 0 0 0 0 

Insgesamt 120 5 3 3 0 9 14 4 

Lediglich fur die in der Steiermark erhobenen Werte liegen 
auch Hinweise auf den Grund der Uberschreitungen vor. Flir 
Cadmium und Quecksilber wird in einem Fall das Abwasser 
einer Krankenanstalt verantwortlich gemacht, die anderen 
Werte konnten hinsichtlich ihrer Herkunft nicht geklart wer­
den, weil entsprechende Industrie-betriebe fehlen. 

Blei wird vornehmlich den Abwassern aus Gewerbe und Indu­
'strie, aber auch den Abschwemmungen von Verkehrsflachen in 
Siedlungsgebieten sowie Garagen- und Tankstellenabwassern 
(Uberwasser aus Mineralol- und Benzinabscheider) zugeord­
net. 

Soferne es sich bei den liberhohten Zinkwerten nicht um sol­
che aus gewerblichen Unternehmungen handelt, sind in den 
anderen Fallen verstarkte Korrosionen in den Trinkwasser­
Versorgungsnetzen als Ursache der Uberschreitung anzuse­
hen. 

Flir uberhohte Kupfer- und Chromwerte sind ausschlieBlich 
Industriebetriebe verantwortlich. 

ImR.inblick auf die Anreicherung von Schwermetallen im 
Klarschlamm sowie deren Bedeutung bei Anwendung in der 
Landwirtschaft ist eine einheitliche Regelung der Grenz­
werte und der Untersuchungsmethoden sowie auch eine gene­
relle Festlegung der Zahl der Untersuchungen pro Jahr un­
ter Berlicksichtigung der Herkunft der Abwasser dringend er-

- 272-



forderlich, wenn man sich vor Augen halt, daB in nachster 
Zukunft Tausende von Tonnen an Klarschlamm in ganz Oster­
reich anfallen werden und beseitigt werden mussen. 

Die chemische Untersuchung von Klarschlammen im Hinblick auf 
die Verwertung in der Landwirtschaft wird aber auch im ver­
mehrten Ma~ hinsichtlich der Methodik auf die Pflanzenver­
fugbarkeit Rucksicht nehmen mussen. 
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BILAN DE METAUX LOURDS DANS LE BASSIN VERSANT D 'UNE STATION D 'EPURATION 

P. AMMANN, C. SCHWEIZER, C. WYSS 

Ecole Poly technique Federale de Lausanne 
Institut du Genie de 1 'Environnement 

Waste water of Switzerland are treated in approximatively 763 treatment 
plants. Sewage sludges which have been anaerobically or aerobically 
stabilized are, due to their amount of fertilizing elements, used as 
much as possible as agricultural manure or composted with garbage. 

Nowadays, a~out 70 % of the producted sewage sludges, that is to say 
1 680 000 m Iyear are spread in agriculture. 

Controls made by the FAC (Forschungsanstalt fiir Agrikulturchemie und 
Umwelthygiene - Liebefeld) showed that the concentration of heavy metals 
in these sewage sludges can sometimes be considered as alarming. 

In order to collect more information on the importance, the distribution 
and the causes of the heavy metal pollution of waste water, a study has 
been carried out on the drainage basin of a middle-size treatment plant 
(25 000 eq). 

Industrial and waste water as well as rain water have been analyzed 
during one year in order to determine the amount of Cd, Cr, Cu, Fe, Mn, 
Ni, Pb, Zn and Hg. The concentration of Zn has been in particular pOinted 
out. The different parameters which have been analyzed as well as the 
measured or estimated fluxes made it possible to establish a balance 
of heavy metals in the drainage basin of a treatment plant. This balance 
has been controled through analyses of the sewage water arriving in the 
treatment plant as well as through the digested sludges. 
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1. INTRODUCTION 

Les eaux usees de Suisse sont traitees aujourd' hui par pres de 763 

stations d'epuration (STEP) mecanobiologiques. Environ 37% sont equi­

pees pour dephosphater 1 es eaux usees. 

Les boues d' epuration stabil i sees, soit par d igesti on anaerobi e, soit 

par traitement aerobie, sont du fait de leur teneur en elements ferti-

1 i sants, essenti ell ement phosphore et azote, util i sees autant que pos­

sible comme engrais en agriculture ou compostees avec des ordures mena­

geres. 

Actuell ement, environ 70% des boues produites sont epandues en agricul­

ture (1'680'000 m3/an). Boues d'epuration et composts de gadoues, etant 

assimiles aux produits auxiliaires de 1 'agriculture, sont soumis au 

contrlile de qua lite effectue par la Station Federale de Recherche en 

Chimie Agricole et en Hygiene de 1 'Environnement de Liebefeld (FAC). 

Une premiere enquete entreprise par la FAC en 1975-1976 sur 68 STEP a 

montre la necessite d'un contrlile regulier de la teneur en metaux lourds 

des boues d'epuration. Une etude recente de la FAC a egalement mis en 

evidence l' importance du probleme des metaux lourds dans les composts de 

gadoues et 1 es composts mixtes gadoues/boues de STEP. 

Afin de proteger les sols, les plantes et les consommateurs de produits 

de la terre, il est absolument indispensable de tout mettre en oeuvre 

pour diminuer les rejets de produits toxiques dans 1 'air et dans les 

eaux superficielles et les eaux usees. 

La methode la plus efficace permettant d 'atteindre ce but consiste a 
traiter les problemes, autant que faire ce peut, aux sources du mal; 

encore faut-il les connaitre. 

Dans le but d'elargir les connaissances sur l' importance, la reparti­

tion et les causes de la pollution des eaux usees par les metaux lourds 

provenant de sources diffuses, 1 'Office Federal de la Protection de 
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1 'Env i ronnement (OFPE) a demande a l' I nst itut du Geni e de l' Env i ronne­

ment (IGE) de 1 'Ecole Poly technique Federale de Lausanne (EPF-L) d'eta­

blir le bilan des metaux lourds dans le bassin versant de la station 

d'epuration de 1 'Association intercommunale pour 1 'Epuration des eaux 

usees de la Region Morgienne (ERM). Cette etude a fait l'objet d'un 

premier mandat de 1 'OFPE a l' IGE (EPF-L) suivi d'un deuxieme entre 

1 'Office Federal de 1 'Education et de la Science (OFES) s'inscrivant 

dans le cadre du projet CEE COST 68 bis, tous deux destines a la finan­

cer partiellement. 

2. STRUCTURE DU BASSIN VERSANT ETUDIE 

Le bassin versant de la station d'epuration etudiee regroupe les terri­

toi res de 11 communes, tota 1 i sant env iron 30 km2 . La surface etud i ee 

peut etre divisee en deux zones: une zone a haute densite de population 

avec des activites industrielles et artisanales importantes (fonderies, 

electrotechniques, galvanoplastie,alimentaire, hilpital de district), et 

1 'arriere pays agro-viticole. 

La population residente est d'environ 22'000 habitants, dont pres de 

13'000 habitent la ville 00 est situee la station d'epuration. 

3. RESEAU D' EGOUTS ET STATION D' EPURATION 

Le reseau collecteur d'egouts est mixte. 11 mesure environ 35 km et est 

equipe de 44 deversoirs d'orages. La station d'epuration mecano-bio-

logique avec dephosphation (decantation primaire rectangulaire, bassin 

a boues activees combine et precipitation simultanee) traite pres de 

5 millions de m3 d'eaux usees par an. La proportion des eaux de pluies 

est estimee a environ 34%. 

les boues fraiches sont stabilisees par voies anaerobie, puis utilisees 

en agriculture soit, sous forme 1 iquide (67%), soit sous forme deshydra­

tee a 20% de matieres seches. 
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4. 

Les boues d'epuration produites par 1a STEP ont montri! 1es teneurs en 

metaux lourds suivantes (va1eurs du contr01e officie1): 

Cd 20 mg/kg MS 

Cu 444 

Cr 189 

Pb 267 

Ni 86 

Zn 1581 

METHODOLOGIE 

Afin d' estimer 1 es charges en metaux lourds pravenant des diverses sour­

ces ponctuelles et diffuses, des pre1evements et des mesures de debits 

ont ete effectues, soit a 1a sortie des usines, soit en des points re­

groupant environ 1'500 habitants de zones immeubles locatifs ou zones 

villas soit, sur des eaux c1aires. Les pre1evements ont ete effectues 

a diverses epoques de l'annee et durant p1usieurs jours consecutifs 

(5 a 12 jours) a l'aide d'echantillonneurs specia1ement con~~s a 

cet effet. 

Dans 1e but d'Hab1ir 1 'influence de 1a corrosion des conduites de 

distribution d'eaux de consommation (conduites internes aux immeubles) 

dans 1a pollution des boues d'epuration par 1e zinc, des pre1evements 

ont He effectues dans des immeubles d'&ges differents (constructions 

avant 1965, 1965 a 1975, apres 1975). 

Des eaux usees a 1 'entree de 1a STEP et des boues digerees ont He 

pre1evees durant toute l'annee dans 1e but de contr01er 1e bilan de 

metaux lourds et d'etab1ir 1es variations de teneurs en metaux lourds 

au cours de l'annee. Tous 1es echantillons pre1eves sont des echanti1-

10ns moyens sur 24 heures. Les metaux Cd, Cr, Cu, Fe, Mn, Ni, Pb, Zn 

et Hg ont He ana lyses par spectrophotomHrie d' absorption atomique 

avec f1amme (a 1 'exception du Hg) apres mineralisation nitro-perchlori­

que sur 1es echantillons bruts (teneur tota1e) et fi1tres sur membrane 
0.45 jA- (fraction dissoute). 
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5. BILAN DE MErAUX LOURDS 

Le bilan annuel de metaux lourds sur le bassin versant de la STEP a ete 

con~u de la maniere suivante: 

les valeurs annuelles de charges de metaux lourds de sources industriel­

les ont ete extrapolees a partir du total des valeurs individuelles des 

diverses campagnes de prelevement pondere par un facteur de correction 

tenant compte du debit total durant les campagnes de pre1ilVement et du 

debit annuel. En d'autres termes la charge rejetee durant les diverses 

campagnes a ete ramenee a 1 'unite du metre cube d'eau rejete durant la 

meme peri ode et multipl iee par le debit annuel. 

Dans le cas de l' hopital et accessoirement pour le nickel dans celui 

d 'une petite industrie util isant des procedes de traitement de surface 

00 des mesures "in situ" ont fait defaut les valeurs obtenues dans des 

cas sembl abl es, control ees par des mesures effectuees en d' autres cir­

constances, ont dQ etre util isees en relation avec les debits respec­

tifs de 1 'hopital et de cette industrie. 

Les donnees sur les eaux usees domestiques en reseau separatif (quartier 

grands locatifs) ont servi a estimer la charge provenant des foyers do­

mestiques. Les charges obtenues durant les diverses campagnes de pre1i!­

vement ont ete totalisees et ramenees a des charges specifiques par ha­

bitant et par an en divisant les charges totalisees par le nombre d'ha­

bitants branche sur le reseau etudie et par le nombre de jours de pre­

levement et en multipliant par 365 jours. 

La charge annuelle totale amenee par les eaux usees domestiques a en­

suite ete calculee en multipliant la charge par habitant et par an, par 

le nombre d' habitants effectivement raccordes. Pour chaque point de re­

jet trois valeurs sont presentees: la premiere est calculee sur la base 

de valeurs moyennes ou medianes et les deux autres sur la base de 
des valeurs minimales et maximales observees. 
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Cette methode de calcul a ete util isee pour tous les metaux a 1 'excep­

tion du zinc et du cuivre. 

Les valeurs obtenues lors de 1 'analyse des eaux potables effectuees sur 

des eaux provenant de types d' habi tats d i fferents et d' ages di fferents, 

ainsi que les donnees statistiques de logements et de densite de popul­

ation par logement ont permis d'une part de stratifier la population en 

trois groupe,a savoir: 

a) population residant dans des immeubles construits avant 1965 

b) population residant dans des immeubles construits entre 1965 et 1975 

c) population residant dans des immeubles construits apres 1975 

et d'autre part de classer les valeurs de concentrations des eaux po­

tables en fonction des memes criteres(-1965,1965-1975,1976-) 

Annee de Concentra t i on en zinc 
construct i on ( ppb ) 

Total Di ssous 

Avant 1965 80 10 - 600 10 - 590 

1965-1975 930 200 - 1840 755 140 - 1750) 

1976-1979 340 11 0 - 670 190 100 - 650 ) 

En mu 1 tip 1 i ant 1 es concentra t ions par 1 es debi ts annue 1 s d' eau consom­

mee,il a ete possible de calculer les charges annue11es en zinc rejetees 

par les diverses strates: 

avant 1965 61 ( 45 - 450 7.8% 

1965-1975 714 (608 - 1398 91.5% 

1976-1979 ( 3 - 10 0.7% 

Total en kg/an 780 (606 - 1858 100 % 

Les 91.5% du zinc provenant des eaux potables disrtibuees dans les foyers 

domest i ques provi ennent des condu i tes ga 1 vani sees posees entre 1965 et 

1975(periode de haute-conjoncture). 
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La teneur en cuivre des eaux potables est en general faib1e( 10-20 ppb), 

ma1gre quelques cas de contamination iso1es(270 ppb). 

Teneur en cuivre : 50 ( 20 - 270 ) ppb 

L' apport en cuivre par 1 es eaux potables d i stri buees dans 1 es menages 

s'e1eve ainsi a: 
74 (30 - 396 ) kg/an 

Le p10mb et 1e cadmium dans 1es eaux potables n'ont pas He doses.Par 

contre, il est poss i b 1 ed' estimer 1 es concentrations et 1 es charges dues 

a 1 'eau potable en tenant compte que 1e zinc utilise pour 1e ga1vanisage 

des conduites contient en moyenne 

1.06 % de Pb (0.83 - 1.52%) 

0.68 %.de Cd (0.01 - 2.657.) 

Les t;eneurs en Pb et Cd ainsi estimees sont de: 

Pb (ppb) 

Avant 1965 0.85( 0.1 - 6.4) 

1965 -1975 8.50( -20 ) 

1976 -1979 2.30( 1.3 - 7.1) 

Cd 

0.05 0.01 - 0.40 

0.54 0.14 - 1. 25 

0.15 0.08 - 0.46 

Les rejets speciphiques de mHaux lourds par 1es habitants(g/hab.an) 

dans 1es eaux usees domestiques sont 1es suivantes: 

Cd 0.41 0.37 - 3.95 

Cu 3.50 1.40 -19 

Cr 0.87 0.47 - 1.70 

Fe 40 (30 -58 

Mn 2.17 ( 1. 92 - 4.10 

Ni 1.40 1.20 - 1. 90 

Pb 3.25 2.63 - 5.48 

Zn 37 (31 -88 

Hg 0.028 

L' ensemb 1 e des resu lta ts obtenus peut etre reproupe comme su it: 
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Les metaux lourds peuvent etre classes en deux groupes en fonction de 

leurs sources dans le bassin versant. 

Le premier groupe comprenant le CU,Fe,Mn,Pb et le Zn est caracterise 

par des apports provenant essentiellement de sources diffuses peu 

maitrisables et par des apports industriels modestes,bien que certaines 

concentrati ons observees a 1 a sorti e des entrepri ses depassent parfoi s 

les normes en vigueur(Pb,Zn,Cu). 

Le deuxieme groupe,comprenant le Cd,Cr,Ni et le Hg,montre des apports 

industriels plus importants.Les rejets les plus eleves(Ni,Cr) ont ete 

evidemment observes a la sortie d 'usines de traitement de surfaces. 

Des depassements des valeurs-l imites ont ete observes dans 70 a 80 % 

des echantillons galvaniques analyses. 

Le Cd a He place dans les metaux de provenance industrielle,apres 

avoir constate que la charge en Cd des eaux de ruissellement est,dans 

le cas Hudie,le fait de rejets atmospheriques industriels(fonderie). 

Ces chiffres montrent que les eaux de ruissellement,essentiellement 

les eaux de lessivage des routes,et les eaux usees domestiques con­

tiennent des quantites importantes de metaux lourds.Les apports in­

dustriels de mHaux lourds representent,pour le cas Hudie,une pro­

portion relativement faible par rapport au total observe a 1 'entree 

de la STEP,avec quelques exceptions pour le Ni et le Cr en particul ier. 

Bien que ces charges soient faibles,leur impact negatif sur le fonction­

nement de la STEP a pu etre observe a maintes reprises.De plus,du fait 

de 1 'irregularite de ces rejets,il est fort possible que les charges 

industrielles effectives soient plus elevees que celles mentionnees 

ici. 

Ces rejets irreguliers ont une incidence certaine sur les teneurs en 

mHaux lourds des boues d'epuration.Le cas le plus marquant a ete 

celui du Cd,ou la valeur-limite de 30 ppm de Cd sur la matiere seche 

a He depassee durant plus de 7 semaines(max.68 ppm). 

Les autres metaux ont montre des variations plus ou moins importantes 

sans pour autant depasser les valeurs-limite prescrites. 

Les metaux lourds extraits par les boues ont presente les pourcentages 

su ivants de 1 a charge en metaux a l' entree de 1 a STEP: 
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6. CONCLUSIONS 

Cd 

Cu 

Cr 

55% 

46% 

93% 

Ni 30% 

Pb 40% 

Zn 45% 

HglOO% rv 

L'etude des metaux lourds dans le bassin versant d'une station d'epu­

ration a montre 1 'importance des sources diffuses dans 1e bilan global 

de ces metaux. 

Parmi ces sources,la corrosion interne des conduites de distribution 

d'eau de consorrmation et 1es eaux de lavage des routes(trafic,po11ution 

atmospherique) tiennent une place preponderante;mais bien que ces 

apports soient consideres comme diffus,les sources de contamination 

sont bi en etab 1 i es. 

11 est donc possib1e,a plus ou moins court terme,d'intervenir aux 

sources effectives des prob1emes. 

Enfin,en considerant 1es variations de concentrations en metaux lourds 

au cours de 1 'annee, il semble que 1e systeme de contrci1e des boues 

d'epuration existant en Suisse(a savoir 4 echantillons de boues par an, 

et par STEP et analyse des metaux lourds sur un homogenat de ces 4 

echantillons a 1a fin de 1 'annee)soit suffisant. 
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METHODE DE DOSAGE DES METAUX LOURDS DANS LES BOUES, REPARTITION SELON 

Resume 

LEUR ORIGINE ET DANS LE TEMPS. 

O. MARLIER-GEETS, J.P. HECK, L. BARIDEAU et M. ROCBER. 

Service de la Science du Sol 
(Directeur Pro Dr. G. HANOTIAUX) 

et Groupe d I Etude pour I' Utilisation des Boues 
Faculte des Sciences Agronomiques de I' Etat 

GEMBLOUX (Belgique) 

Le dosage des metaux lourds dans les boues a ete effectue d I apres la 
methode de reference du IIComite Inter Institut ll modifiee en fonction de la 
nature des echantillons. Les elements suivants ant ete determines SOllS lleur 
fonne totale apres calcination et traitement a l'HN03 : Cu, Mn, Zn, Cd, CO, 
Cr, Ni et Pb i Cu, Mn et Zn ont ete doses par spectrophotometrie d I absorp­
tion atomique dans la flamme, les autres par spectrophotometrie d'absorption 
atomique muni d' un four a graphite. 

Les divers metaux lourds etudies ont ete doses dans 4 boues d'origine 
differente. L'echantillonnage a ete fait roensuellement de fa<;on a suivre la 
variation des teneurs dans Ie temps. 

Dne comparaison est faite entre les normes experimentales A.F.N.O.R. et 
les teneurs maxiroales obtenues ainsi qu I entre les apports de metaux lourds 
par application moderee de beues (100 m3/ha) et par les produits courants 
utilises en agriculture. 

The dosage of heavy metals in sewage sludges has been done following 
the method of "Comite Inter Institut ll modified according to the nature of 
the samples. The following heavy metals have been determined on their tobal 
form after calcination and treatme.o.twith HN03 : Cu, Mn, zn, Cd, Co, Cr, Ni 
and Pb ; Cu, Mn and Zn by atomic absorption spectrophotometry in flame 
and the other elements by atomic absorption spectrophotometry by means of 
carbon rod. 

The heavy metals studied have been measured in four sewage sludges from 
different origin. The sampling has been done monthly to follow the variabi­
lity of concentrations versus time. 

A comparison is made between the experimental norms A.F.N.O.R. and the 
maximum values obtained in the different sludges. 

An other comparison is made between heavy metals brought byappl,ication 
of sewage sludges and by mineral and organic fertilizers used in agricul-
ture. -284-



1. INTRODUCTION 

Les beues de stations d'epuration sont des materiaux relativement com­

plexes dont la matiere seehe est constituee en moyenne de 50 a 70 % de ma­

tiere organique et de 30 a 50 % de matiere minerale, toutefois ce ne sent 

ni des materiaux vegetaux ni des sols. Ii est done necessaire d'utiliser, 

pour liberer les elements lies a la matiere organique et a la matiere mine­

rale, des techniques reprises pour chacune des deux matieres et qui scient 

compatibles l'une avec I' autre sans negliger Ie fait d'un dosage possible 

des metaux lourds au four a graphite. En effet pour ce type de dosage, i1 

est recommande d'eviter les acides halogenes qui peuvent provoquer la forma­

.tion d I halogenures susceptihles de 5e volatiliser dUrant la phase d I atomisa­

tion donnant ainsi des valeurs sous estimees; des lors il est conseille 

d'eviter l'utilisation de HCl, HF et HCI04 . 

Diverses methodes ont ete testees, telles la mineralisation par HN03 

et dosage direct des elements, la calcination a 425°C avec attaque par 

HN03/HCI04 , la calcination basse suivie d 1 une attaque a l'eau regale etc ... 

La methode qui a, ete choisie consiste en une mineralisation par voie seche 

suivie d'une attaque H2S04/HF dont Ie residu est repris par RN03 . Cette 

methode est decrite ci-dessous. 

2. METHODOLOGIE 

2.1. Attaque Methode 11Comite Inter Institut 11 modifiee 

- :r;x>rter la poudre de boue a l'etuve a 70 - 80°c pendant 16 h 

- laisser refroidir en dessicateur pendant 30 min. 

- introduire, dans une capsule ou un creuset en pIa tine , 2 9 de pou-

dre de boue et placer au four froid. 

- porter la temperature a 500°C en 2 h et la maintenir pendant 2 h 

(on doit obtenir des cendres claires qu' on laisse refroidir) 

- reprendre les cendres par 2 gouttes de H2S04 concentre et 10 m1 HF. 

- porter la capsule (au Ie creuset) sur bain marie puis sur plaque 

chauffante et evaporer a sec Ie contenu de 1a capsule avec precau­

tions (Ie bain de sable n 1 est pas conseille car susceptible d 1 ame­

ner des contaminations). 

- reprendre Ie residu par 4 ro1 RN03 cone. 

- porter a nouveau la capsule sur hain marie et evaporer a sec son 

contenu. 

- reprendre Ie residu par 1 rol RN03 cone. et de l' eau deminera1isee 

- 285-



chaude. 

- filtrer la solution obtenue sur filtre sans cendre (SS 589/3 bande 

blanche) . 

- recueillir Ie fil trat dans une fi01e jaugee de 50 mI. 

- completer au volume apres lavages du filtre et refroidissement. 

N.B. 1) dans chaque serie d'echantillons soumis a l'attaque, introduire 

un blanco et un ou des temoins des elements etudies. 

2) l' eau utilisee pour les lavages et les dilutions est toujours de 

lleau bidistillee. 

2.2. Dosage 

Le dosage de Cu, Mn et Zn a ete effectue sur un spectrophotometre 

d I absorption atomique VARIAN TECHTRON AA4 simple faisceau dans la flamme 

avec un melange gazeux air-acetyl€!fle. 

Caracteristiques des cathodes : 

Cu Mn Zn 

fente 50 II 150 J1 300 11 

amp. 6 rnA 6mA 6mA 
0 0 

A 3 247 A 794 A 136 A 

concen-2 _ 20 ppm - 20 ppm 0,5 - ppm 

trations 

Aucune interference n'a ete notee pour Cu et Zn, celIe de Si sur Ie 

dosage de Mn a ete supprimee par I' attaque a HF qui provoque la volatilisa­

tion de Si pendant la dUree de 11 atomisation. 

Le dosage de Cd, Co, Cr, Ni et Pb a ete effectue par un spectrophoto­

metre d I absorption atomique VARIAN AA 175 simple faisceau muni d I un four a 
graphite CRA 90 avec injecteur automatique de 5 J! 1. 

Caracteristiques des cathodes et du four a graphite 

o 
Cd 2 288 A four : sechage 1000~ 30~~ 

fente ouverture circulaire calcination 500° 30" 

amp. 5 mA atomisation 1900,0 3" 350 0 /sec 

concentrations 0 - 15 ppb 

Co 2 407 A four sechage 100 0 30" 

fente ouverture circulaire calcination 800 0 25" 

amp. 10 mA atomisation 2200° 
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concentrations , 0 - 200 ppb 

Cr A 3 579 A four sechage 100' 45" 

fente ouverture circulaire calcination 700' 20" 

amp 5mA atomisation 2300' 2" 400 0 /sec 

concentrations 0 - 50 ppb 

Ni A 2 320 A four sEkhage lOa' 60" 

fente ouverture circulaire calcination 800' 25" 

amp 5 mA atomisation 2200' 2" 400 o /sec 

concentrations 0 - 400 ppb 

Pb 2 171 A four sechage 100' 30" 

fente ouverture circulaire calcination 400' 30" 

amp SmA atomisation 1500' 3" 400 o/sec 

concentrations a - 100 ppb 

2.3. Problemes rencontres lars des differents dosages 

Le dosage de Cu, Mn, Zn dans la flamme n'a pas donne lieu a des mises 

au point longues et dlfficiles, ainsi que pour Co, Cr et Ni au four a gra­

phite. II n I en a pas ete de meme pour Ie passage de Cd et Pb. En effet pour 

Ie cadmium, quelques difficultes sont apparues lars du passage des echantil­

Ions. Apres de nombreux essais, il slest avere que Ie passage initial d'un 

extrait de boue permettait une lecture plus constante des absorbances. II 

nous semble que la nature de la boue a une grande influence sur l'obtention 

des resultats, cependant nous n'avons pas encore pu verifier cette hypothese. 

Le dosage du plomb a pose d'autres problemes, notamment dans la mise au 

point des caracteristiques du four, les donnees theoriques preconisees par 

Ie constructeur ont dfi etre fortement modifiees : une calcination plus lon­

gue et une temperature d I atomisation plus elevee avec une montee en tempe­

rature plus rapide. L' effet memo ire cons tate apres passage des points de 

I'echelle et des extraits de boue a pu ainsi etre supprime. De plus, dans Ie 

cas du plomb, on observe une variabilite de la reponse qui depend nettement 

de la fraicheur de l'extrait, ce que nous nlavons cons tate pour aucun autre 

element etudie. 
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3. COMPARAISON AVEC LES NORMES EXPERIMENTALES A.F.N.O.R. 

Le tableau I ci-dessous etablit ces comparaisons pour les differents 

elements concernes. 

TABLEAU I : Comparaison entre les valeurs maximales obtenues et les normes 

experimentales A.F.N. O.R. 

* Origine Cu Mn Zn Cd Co Cr Ni Pb 

Bastogne 1473 719 2997 8,7 13,2 2086 2158 295 

Fleurus 329 679 2854 10,1 6,3 93 94 292 -
Rhisnes 147 263 2199 6,0 3,5 84 63,9 92 

Saive 198 297 2972 11,5 5,8 70 54,1 212 

Normes 

A.F.N.O.R. 1500 500 3000 15 20 300 100 200 

U44 - 041 

valeurs depassant les normes A.F.N .D.R. 

valeurs voisines des Dormes A.F.N.O.R. 

Conunentaires 

En general, les valeurs observees pour les differents elements sont 

inferieures aux normes experimentales. La station de Bastogne se distin­

gue par des maximums depassant les Dormes pour plusieurs IDetaux "lourds ll : 

Ie manganese, Ie chrome, Ie nickel et Ie plomb. Les stations -' urbaines 

plafonnent la limite preconisee par la Dorme pour Ie zinc. 

4. COMPARAISON ENTRE LES QUANTITES DE METAUX LQURDS APPORTEES PAR DES EPAN­

DAGES MOYENS DE BOUES ET D' AUTRES PRODUITS COURANTS UTILISES EN AGRICUL­

TURE (Kg/ha) 

Le tableau II ci-apres mentionne ces diverses quantites pour quatre 

boues d'origine differente et pour d'autres produits utilises couramment en 

agricul tUre. 

Commen taire s ------------

Dans 1e cas ou un epandage de boues ne depasse pas 100 m3/ha et en 

excluant de 1a comparaison la station de Bastogne, les apports en metaux 

lourds des boues est du meme ordre de grandeur que ceux obtenus par d' au-

* stations sont des stations urbaines : BASTOGNE, FLEURUS et SAlVE. 
station trai_te les eaux d'une industrie agro-alimentaire RHISNES. 
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Tab leau II: Quantites de metaux lourds apportees par des epandages 
mavens de boues et d' autres produ j ts cou rants ut iii ses 
en agriculture (kg/Hal 

Boue Boue Boue Lisier 
Element 

Bastogne 
100 m3/Ha ~~~U:3~Ha 7o~S:j;Ha l~~i:j /~a :~v~~ IHa 

1.39 0.97 0.53 7.90 0.26 

3.31 1.66 0.82 4.45 0.73 

12.57 18.43 10.52 17.87 0.77 

0.04 0.07 0.03 0.06 

0.02 0.03 0.01 0.08 

0.37 0.40 0.]5 10.09 0.04 

0.30 0.30 0.25 11.85 

Ph 0.97 0.93 0.22 1.14 0.04 

- P<:J.s de chiffres. 

Lisier Lisier 
Pore Volaille 

40 m3jHa 20 m3/Ha 

1.08 0.37 

D.77 2.16 

1.96 2.43 

0.02 0.13 

0.02 0.02 

Searies Thomas 
780 kg/Ha 

0.13 

39.05 

0.02 

0.86 

0.05 

tres produits utilises en agriculture, sauf pour Ie Zn ou les doses appor­

tees sont nettement plus importantes. Notons que, malgre des apports fai­

bles en Cd, 11 Y a lieu de ne pas les negliger, compte tenu de la toxicite 

de cet element. 

5. CONCLUSIONS 

En raison de la nature complexe des boues des stations d I epuration, la 

mise au point d'une technique de dosage des metaux lourds a necessitel'uti­

lisation de reactifs employes pour I' extraction des matieres organiques et 

minerales. cette technique a permis de deceler la presence de metaux lourds 

etudies dans toutes les boues. Toutefois, un usage raisonnable de celle-ci 

n'apporterait pas plus de metaux lourds que les produits utilises coura.m­

ment aux doses habituelles. 
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CARACTERISATION DE LA FRACTION ORGANIQUE ET DE LA FRACTION 
MINERALE CRISTALLINE DES BOUES D'EPURATION (O) 

R. LEVI-MINZI", F. SARTORI **et R. RIFFALDI* 

Institut de chimie agricole* et Institut de mineralogie**, Universite de 
Pise (Italie). 

Resume 

Suivant la methode proposee par Stevenson, on a fractionne la matie­
re organique de dix boues d'epuration de la Toscane en: graisses, cires 
et huiles; resines; polyoses solubles dans 1 'eau; hemicellulose; cellulo­
se; proteines acide-resistantes et "lignine-humus". La fraction organique 
presente en quantite la plus elevee est la fraction appelee "lignine-humus"; 
la teneur des autres fractions organiques resulte assez variable, sauf cel­
le de l' hemicellulose. 

Les diffractogrammes-X de la fraction minerale cristalline indiquent 
la constante presence de quartz, calcite, dolomite, feldspaths, kaolinite, 
micas et chlorites. En general on trouve aussi des faibles quantites de 
talc, d'halite et de montmorillonite et/ou vermiculite et, parfois, de 
1 'opale et du gypse. 

Summary 

The organic matter of ten sewage sludges from Tuscany was fractiona­
ted, according to Stevenson's procedure, in: fats, waxes, oils; resins; 
water soluble polysaccharides; hemicellulose; cellulose and protein plus 
"1 ignin-humus". The largest amount of the organic matter is recovered in 
the group of "lignin-humus". The other organic components result rather 
variable, with the exception of the hemicellulose. 

The X-ray diffraction investigation of the inorganic crystalline 
fracti on shows the general occurrence of quartz, cal ci te, dol omi te, fe 1 d­
spars, kaolinite, micas and chlorites. Small amounts of talc, montmorillo­
nite and/or vermicul ite, and hal ite are nearly always present. Other compo­
nents of definitely more rare occurrence are opal and gypsum. 

(O) Ce travail a ete finance par le C.N.R., P.F. "Qualite de 1 'environ­
nement" . 
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1. I NTRODUCTI ON 

Conformement aux prescriptions de la Loi italienne sur la protection 
de la qualite des eaux, les stations d'epuration des eaux usees sont, et 
elles seront, toujours plus nombreuses. Le probleme de 1 'utilisation des 
boues que ces stations produisent est a 1 'ordre du jour dans de nombreux 
pays; pour se debarasser de ces sous-produits on pense ales utiliser en 
agriculture. Ainsi, pour ne pas laisser au hasard leur utilisation, plu­
s i eurs auteurs ont effectue des recherches concernantes 1 eur teneur en 
elements nutritifs et en metaux lourds. Au contraire, les etudes interes­
sant la caracteri sati on des matieres organiques (11-82%) res tent 1 imi­
tees (1-7) tandis que ceux qui concernent les matieres minerales (8, 9) 
analysent surtout leur composition elementaire. 

L'etude suivrantea pour but de mieux definir la composition de la 
fraction organique et de caracteriser la fraction minerale cristalline 
des boues d'epuration. 

2. MATERIEL ET METHODES 

Les dix echantillons utilises pour cette etude representent des sta­
tions d'epuration qui suivent des differentes technologies et qui se 
trouvent sur des territoires avec des differentes caracteristiques; les 
echantillons de boue ont He preleves avant la phase finale de decanta­
tion. On connaissait deja la composition des memes echantillons en ele­
ments nutritifs et en metaux lourds (10). 

A - Caracterisation de la matiere organique. Sur les echantillons 
seches a-liiie-temp§ratlire-de-W'C-oii-a-d§termiii§ la matiere organique en 
multipliant par 1,724 la teneur en carbone oxidable par attaque avec 
K2Cr201. La matiere organique a ete fractionnee, selon la methode pro­
posee par Stevenson (11) pour le sol, en: 1) graisses, cires et huiles; 
2) resines; 3) polyoses solubles dans l'eau; 4) hemicellulose; 5) cel­
lulose; 6) proteines acide-resistantes et 7) "lignine-humus". 

B - Caracterisation de la fraction minerale cristalline. Les analy­
ses ont ~t~-~ffectu~es-par-diffractioii:x -sur-des-poudres-iion ori entees 
des echantillons globaux (a) et traitees avec H202 (b); sur des poudres 
orientees, saturees par K+, a temperature ordinaire (c) et chauffees 
a 550°C (d); et enfin sur des poudres orientees, saturees par Mg++ et 
traitees au glycerol (e). Les diffractogrammes relatifs aux poudres orien 
tees ont ete tous effectues sur des echantillons dont la matiere organi-­
que avait He detruite avec H202 QU, parfois, avec NaOH 0,1 N. 

3. RESULTATS ET DISCUSSION 

A - Fraction organique. En tableau 1 on rap porte les resultats du 
fractioniiemeiit-de-la-mati~re organique qui, dans nos echantillons, varie 
de 42 jusque 63% de la matiere seche, avec une moyenne de 48 et un coef­
ficient de variation peu eleve (CV = 18). 
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La methode d' ana lyse que nous avons util i see nous a permi s de frac­
tionner, a peu pres, le 95% de la M.O., avec un minimum de 91% et un 
maximum de 104% et un CV = 5, particulierement peu eleve. 

Les fractions solubles en ether et en alcool entrent, globalement, en 
raison de 21% dans la composition de la matiere organique;elles presentent 
a peu pres les memes quantites moyennes et le meme coefficient de varia­
tion (CV = 29), mais leurs teneurs peuvent l!tre tres differentes, l'une 
aupres de l'autre, dans chaque echantillon. La fraction soluble en ether 
constitue environ le 10% de la M.O., en tres bon accord avec les teneurs 
obtenues par Rebhun et al. (2), Chawla et al. (4), Duncan (6), Gehm et 
al. (7), Desbaumes (12), tandis que nous avons trouve les resines en 
quantites plus elevees que les autres auteurs (1, 3). 

D'ailleurs il faut remarquer que les deux fractions ainsi extraites, 
et en particulier la premiere, comprennent aussi, sans doute, des grais­
ses animales et vegetales, surtout d'origine domestique, et des hydrocar­
bures d'origine industrielle. 

Les glucides constituent, tous ensemble, en moyenne le 38% de la M.O. 

TABLEAU 1 - Repartition des matieres organiques des boues . 

I:: 
V> 

, , ..=1 , 
:=. .:; :::> .. .~ 

~:o: "'~ 'OJ '" "'''' 
, 

~ "'..<:: '" .. 0 0 ..... .. 
.;:; Ville 

.. .. "''''''' u .. 1::'- '" I:: 

'" '" . I:: 00 .. .~ '" :::> .r- I QJ .~ '" ';;; I:: o~ "'''' '" .~ >''-~ EO "" .. .., I:: :::> 

fiZ .,..Q.I Q.I '" ~-o.o .. ~ .... -0 I:: c>E .... . .. "''-~ ... 0>, :I: .. 0'"" to .~ :::> 0 

~ 
:E-o '-'~ '" "'-..<:: U '-u .... -' ..<:: I-<!)u de la M.O. "'-"'''' 

1 Ponsacco 44 12 9 17 11 9 10 24 92 
2 L ivorno 42 6 15 26 11 6 8 19 91 
3 Chiesina U. 44 14 12 8 8 15 10 29 96 
4 Massa 65 12 7 24 7 13 7 34 104 
5 Viareggio 47 9 15 18 10 9 10 20 91 
6 Cama;ore 42 10 13 14 9 14 8 26 94 
7 Pistoia 42 7 6 18 18 12 10 27 98 
8 Montecat; ni T. 50 10 13 9 9 25 6 31 103 
9 Forte de; M. 43 9 13 24 10 4 7 25 92 

10 Pesc;a 63 16 8 6 8 15 6 35 94 

VM 48 10 11 16 10 12 8 27 95 

CV % 18 29 29 43 30 48 21 20 5 

Parmi eux la quantite la plus elevee (VM = 16%), et assez variable (CV=43), 
constitue la fraction soluble en eau qui, cependant, contient, sans doute, 
d'autres matieres organiques hydro-solubles; elle represente la fraction 
la plus disponible comme source d'elements nutritifs et d'energie pour les 
microorganismes. L'hemicellulose constitue, en moyenne,le 10% de la M.O. 
et, parmi les glucides, elle represente la fraction la moins variable. Le 
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12% de 1a M.O. est constitue, en moyenne, par 1a cellulose, qui montre des 
variations e1evees, avec un taux minimum de 4% et un tau x maximum de 25%. 
La teneur globa1e en glucides est en accord avec 1a quantite determinee par 

Berger et al.(5), tandis qu'elle est plus e1evee que ce11e obtenue par Dun­
can (6) - 25% - et,surtout, par Rebhun et a1. (2) - 11,5% - et irloins e1e­
vee que celle rapportee par Gehm et a1. (7) - 50%. 

La fraction organique presente en quantite 1a plus e1evee est 1a fra£ 
tion appe1ee "lignine-humus" (VM = 27%, CV = 20); e11e n'est pas bien de­
finie et on 1 'obtient en soustrayant a 1a matiere organique resistante aux 
solutions acides 1a teneur de 1a meme en proteines. Cette fraction est as­
sez constante dans 1es differentes boues; elle est plus abondante dans 1es 
echantillons des stations d'epuration N. 4,8 et 10 qui uti1isent des trai­
tements comp1etement, ou partiellement, anaerobiques; on sait bien que 1a 
dijestion en anaerobiose favorise 1a perte des fractions plus hydro1isa­
b1es et, en consequence, 1a persistance de celles moins hydro1isab1es. 
Neanmoins, 1a va1utation de 1a fraction "lignine-humus" est un peu impar­
faite parce que 1a determination des proteines sur 1aquelle elle se base, 
est, elle aussi, source d'erreurs; en effet 1 'azote organique n'est cer­
tainement pas tous proteique. En tout cas 1es proteines residuelles repre­
sentent, en moyenne, 1e 8% de 1a M.O. et constituent une fraction moins 
facilement hydro1isab1e et, pourtant, moins disponib1e pour 1es microorga­
nismes. 

La repartition des matieres organiques des boues indique que 1es frac 
tions moins biodegradab1es, telles que 1a cellulose et 1a 1ignine, se trou­
vent en teneurs environ equiva1entes dans 1a matiere organique des boues 
et du fumier, tandis que 1es fractions solub1es en ether des boues sont 
presentes en quantite a peu pres deux fois plus e1evee que dans 1e fumier 
(13) . 

B - Fraction minera1e. La composition de 1a fraction minera1e crista1 
1 ine resulte:-quaHtaHiiement, assez uniforme (tableau 2). Des mineraux 
frequents dans 1e milieu nature1, te1s que 1a calcite, 1a dolomite, 1es 
fe1dspaths, 1a kaolinite et 1es micas, ou m@me ubiquistes, tel que 1e 
quartz, sont presents dans tous 1 es echanti llons, bi en qu' en proportions 
relatives differentes; il n'est donc pas facile etab1ir 1 'origine, ou 1es 
origines, des constituants cette fraction, en particu1ier celle des mine­
raux plus abondants dans 1e mil ieu nature1 ou plus souvent uti1 ises par 
l' homme et, par consequence, presents dans 1es residus et 1es dechets. 

Dans 1es echantillons de boue 1e quartz est toujours abondant, ce qui 
est a rattacher a sa frequence dans 1e milieu nature1 et a sa stabi1ite 
chimique. 

La calcite est, en general, tres abondante, 1iee ou a 1a fraction de­
tritique inorganique des boues, ou a 1a durete naturelle des eaux. E11e 
resu1te plus variable que 1e quartz; 1es echantillons N. 7 et 10 n'en con­
tiennent que tres peu, tandis qu'elle est abondante, ou tres abondante, 
dans 1es echantillons N. 2,4 et 5. Cette variabilite ref1ete evidemment 
1a frequence du mineral dans 1es roches du bassin versant, ou meme 1a 
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TABLEAU 2 - Composition mineralogique semi-quantitative de 1a fraction 
minera1e crista11ine des boues. 

Echanti 11 on 1 2 3 4 5 6 7 8 9 
N. 

Quartz ++++ +++ +++ ++++ ++++ ++++ ++++ ++++ +++ 
Calcite ++++ +++++ +++ ++++ ++++ +++ ++ +++ ++++ 
Dolomite +++ + +++ ++++ +++ +++++ +++ ++++ +++ 
Fe1dspaths ++ + +++ ++ + ++ +++ ++ +++ 
Halite + ++++ - - +++ - - ++ -
Kaolinite +++ tr. +++ +++ +++ ++ ++ ++++ ++ 
Mica ++ tr. +++ +++ +++ ++ ++ +++ +++ 
Talc ++ - ++ +++ + + + +++ -
Chlorite + tr. ++ +++ ++ tr. ++ tr. ++ 
Montmori 11 0-

nite et/ou - - ++ +++ - +++ tr. - -
Vermiculite 
Opa1e - - - ++++ - ++ - - -

10 

+++ 
++ 
++ 
+ 
-

+++ 
++ 
+ 
++ 

+++ 

+++ 
Gypse + - - - - - - - - +++ 

+++++ tres abondant; ++++ abondant; +++ commun; ++ present; + present 
en quantites tres faib1es; tr. traces; - absent. 

differente durete des eaux, ou mllme, encore, 1a differente agressivite des 
boues vis-a.-vis ce carbonate. Cette derniere hypothese semble confirmee par 
l' abondance imprevue de la dolomite qui, generalement moins frequente que 
la calcite dans le milieu nature1, resu1te, au contraire, presque toujours 
abondante dans les echanti110ns etudies, parfois meme plus abondante que 
le carbonate de calcium. Ce fait s' espl ique par une concentration prHeren­
tie11e de la dolomite consequente une moins facile solubilisation de ce mi­
nera1; cela est surtout Ilvident dans les boues des regions plus riches de 
roches carbonatiques (echanti11ons N.4 et 6), en correspondance avec 1 'ori­
gine toujours detritique de la dolomite. 

Sauf que dans trois echanti11ons, en general 1es fe1dspaths sont pre­
sents en quanti tes fa ib 1 es ou tres fai b 1 es; sans doute i 1 s sont 1 ills, eux 
aussi, aux fractions dlltritiques ,sableuse et limoneuse. 

L'halite est liee a. la sa1initi! des boues et depend surtout de l'uti-
1 isation domestique et industrie11e du chlorure sodique; pour les echanti1-
lons particulierement riches en NaC1 de Livorno et de Viareggio, villes de 
mer, on peut penser a. un enrichissement d'origine marine. 

On trouve aussi, bien qu'en faib1es quantites, des phy110silicates 
lies a. la fraction argileuse detritique. Parmi eux les plus frequents sont 
la kaolinite et la mica, mineraux assez repandus dans 1 'environnement sedi­
mentaire. Dans le milieu naturel la premiere est moins abondante que la 
deuxieme,au moins dans nos conditions pMoclimatiques, mais, pour sa rela-
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tive resistance a l' action des agents chimiques, e11e peut se concentrer 
auss i dans des mi 1 i eux agress i fs tel s que 1 es boues d' epurati on. Les mi ne­
raux micaces resu1tent, au contraire, tres degrades puisqu'i1s apparais­
sent abondamment i nterstrati fi es avec des mi neraux a couches expansi b 1 es. 
Aussi 1es ch10rites, moins abondantes et frequentes que 1es micas, s~nt, 
probab1ement, partiellement degradees,puisqu'elles presentent une faib1e 
resistance a 1a deshydroxy1ation 10rs du traitement thermique. En effet, 
1 e chauffage a 550°C, bi en qu' en entrainant dans presque tous 1 es echan­
til10ns un renforcement de 1a ref1exion d 001, 1a fait aussi dep1acer vers 
13,90 )\, ce qui est caracteristique de ch10rites avec des feuillets gibbsi 
tiques (ou brucitiques) plus ou moinsdiscontinus, qui peuvent meme faire­
transiti on a des vra is" i ntergrades" ch1 ori ti ques. 

Une autre phase revenante aux mineraux argileux est representee par 
un mi nera 1 caracteri se par 1 a presence d' une ra ie aux a 1 entours de 15,5 J\ 
dans 1es echanti110nsnature1s; 1e mineral, sature par Mg++ et traite au 
glycerQl, ne montre aucunl; expansion, meme dans 1es echantillons dont 1a 
matiere organique avait He extraite avec 1a methode 1a plus energique, 
rna is apres chauffage a 550°C i 1 resul te se contracter vers 10 J\. 11 pour­
rait s'agir d'une vermiculite, bien que 1a distance interfoliaire soit, 
peut-etre, un peu trop ~nevee; ou bien i1 pourrait representer un "inter­
grade" ch10ritique issu d'une smectite (ou, aussi, d'une vermicu1ite)dont 
1a couche octaedrique, bien que discontinue, soit diffici1ement extracti­
b1e; ou, encore, il pourrait s'agir d'un comp1exe smectite - matiere or­
ganique particulHirement resistant aux traitements minera1isants. Par con­
sequence nous nous sommes bornes a indiquer cette phase comme "montmoril­
lonite et/ou vermiculite". 

Parmi 1es phyllosilicates on trouve presque toujours le talc; puisque 
dans 1e milieu nature1 ce'minera1 se rencontre essentiel1ement dans les 
roches metamorfiques qui presentent des affleurements tres limites, ou me­
me qui sont compH!tement absentes dans les regions des stations d'epura­
tions etudiees, sa presence dans les boues est probablement a rattacher 
aux pratiques hygienique-sanitaires et aux activites industrielles. 

Les larges bandes aux alentours de 4,3-4,1-3,9 J\, surtout evidentes 
dans les diffractogrammes des echantillons N. 4 et 10, out ete attribuees 
a 1 'opale, en accord avec Jones et al. (14), bien qu'elles peuvent indi­
quer aussi des effets de diffraction'de matieres organiques plus ou moins 
condensees (15). En effet la presence de 1 'opale est confirmee par 1a per­
sistance de ces, bandes aussi dans les spectres des echantillons 00 1 'on 
avait detruit la matiere organique et, surtout, par la presence, dans cer­
tains diffractogrammes, du pic 1e plus intense de la tridymite de basse 
temperature superpose aces bandes. De plus, dans les diffractograllllles des 
materiaux chauffes a 550°C parait le pic le plus intense de la cristobali­
te de basse temperature, tandis que celui de la tridymite va baisser re­
marquab 1 ement, en accord avec 1 es observati ons de Jones et a 1. (14) pour 
les opales, surtout d'origine vegetale. 

On a enfin identifie le gypse a 1 'ai'de de la reflexion a 7,6 J\ qui 
est parfois visible deja dans les spectres des echantillons naturels, com-
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me, par exemple, dans celui de la boue de Pescia, mais qui, le plus souvent, 
apparait seulement dans 1 es spectres des echantillons ori entes, 00 ell e 
peut etre sui vie par quelques autres raies tres faibles. 

4. CONCLUS IONS 

En ce qui concerne 1 a matiere organique des boues, nous nous sommes 
bornes a 1 a fracti onner en sept grands groupes, tout en comprenant que 
pour connaitre avec certitude 1 'origine des differentes fractions organi­
ques il faudrait pro ceder a une analyse plus detai11ee et specifique. On 
peut sans doute affirmer, en general, que les differentes fractions orga­
niques des boues sont, evidemment, d'origine mixte, animale et vegetale, 
et qu'e11es y parviennent a travers la purification d'effluents domesti­
ques et industriels. En outre la caracterisation de la M.D. indique qu'e.! 
le est constituee par des fractions analogues aux fractions du fumier et 
pourtant qu'on peut utiliser les boues en agriculture en tallt que riches 
en M.D., en accord avec Johnston (16); neanmoins une analyse plus specifi­
que peut Hre necessaire lorsqu 'on suspecte 1 a presence de substances or­
ganiques toxiques te 11 es que detergents, pes ti ci des, benzopyrenes, etc. 
(12), bien que, probablement, e11es soient detruibles par les microorga-
n i sme et 1 es enzymes. 

La composition de la fraction minerale crista11ine, enfin, ne pose 
pas de 1 imi tati ons a l' epandage des boues sur 1 e so 1; seul ement 1 eur te­
neur en sulfates et, surtout, en chlorures, s'oppose, peut-etre, a 1 'uti-
1 isati on agri co 1 e des boues. Neamoi ns, seul ement pour 1 es echanti 11 ons 
N. 2 et 5, qui se distinguent pour une teneur tres elevee en chlorure de 
sodium, on peut effectivement penser a une limitation de leur emploi. 
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SESSION III - BIOLOGICAL POLLUTION OF SLUDGE 

Introductory remarks 

Seuchenhygienische Probleme bei del" Entsorgung von Klarschlamm 
in Oesterreich 

The control of salmonellosis in the use of sewage sludge on 
agricultural land 

Parasitological problems associated with land application of 
sewage sludge 

Monitoring sewage sludge sanitation by bacterial indicators 

Detection des virus dans les boues 

The problems of assessing possible hazards to the public health 
associated with the disposal of sew&ge sludge to land: recent 
experience in the United Kingdom 

Aspect sani taire des epandages de boue residuaire: cinetique de 
regression sur terrains agricoles de quelques germes tests 

Enterovirus inactivation in experimentally seeded sludge and soil 
samples 

Salmonellen im KUlrschlamm 

Survival of salmonellas and ascaris eggs during sludge utilization 
in forestry 

HygieniC effects of sludge pasteurization prior to anaerobic 
digestion (pre-pasteurization) 

Die Pasteurisation von Frischschlamm 

Comportement des spores de clostridium sulfi to-reducteurs 
apportees au sol lors des epandages de boues 

Les clostridium et Ithygiemisation des boues de stations dtepu­
ration par les rayons Gamma 
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ACTIVITIES OF WORKING PARTY 3 "BIOLOGICAL POLWTION OF SWDGE" 

I NTRODU CTORY REMARKS 

by 

E. WND 

Royal Veterinary and Agri cuI tural Uni versi ty, 
Copenhagen, Denmark 

At the I. meeting of the Concerted Action Committee ( 13 Dec. 1977 ) 

it WaB decided to establish a number of working parties. Among the 

objectives for these working parties were the quality of sludge and 

deri ved products for agricultural use and harmonisation of rules or 

recommendations with regard to sludge application on soil concerning 

ccntent of pollutants and pathogens. 

At the second meeting ( 28 Febr.1978) working parties were suggested 

and full agreement was reached on three of them. Among these three 

was the working party on 11 biological pollution of sludge II dealing 

with the characterization of bacteria, viruses, parasites and all 

aspects of disinfection. 

The working party has concluded its work up to now with a report dealing 

with various aspects mentioned in the terms of reference. On some 

aspects the opinions wi thin the group have varied considerably, but 

what is mentioned in the report is what the group has agreed 

unanimously. 

1. Risk Assessments 

Because of increase in the amount of waste water, the amount of treatment 

given and the efficiency of the treatments, the amount of sludge 

produced in various countries is increasing qui te considerably. It 

is of importanoe to utilize the sludges for agricultural purposes, but 

the health risks must be evaluated, and suitable practioes must be 

used to prevent spread of infection. The value of the product will be 

influenced by the type of treatment applied. 

Economically and practically a no-risk level cannot be obtained, 

although it might be technologically possible. 

Definitions of levels of treatment of sludge that may provide reasonable 

safety are not easy to obtain, and they cannot be expressed in absolute 

terms, but would depend on a number of economical, political and 

geographical factors. In a situation where probably half of the sludge 
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produoed is applied on land, legally or illegally, the Working Party has 

found it important to review the situation and make suggestions so that 

some obviously unsafe prooedures could be omitted bearing in mind, 

that if too strict rules are suggested, it may beoome quite impossible 

to plaoe Sludge on agrioultural land. 

2. The Pathogens 

A number of pathogens ( baoteria, viruses, parasites, fungi ) have 

been discussed regarding their possible signifioance for the use of 

sewage sludge. The report oontains lists and special remarks. It is 

concluded that it would be advisable to have special treatments of 

wastes from slaughterhouses, tanning industries and certain laboratories 

for microbiology and hospitals dealing with special communioable 

disease. This would reduce the treatment that had to be given to the 

combined munioipal sludge. 

Stonnwater may contain a number of pathogenic parasites excreeted with 

faeoes, but it is not indicated that this plays an important role in the 

dissimination of parasitic diseases. The following agents are 

identified, which should be considered especially in connection with 

sludge application or studies should be promoted to investigate their 

importance : Salmonellae, Yersinia enterocoli tica, antibiotic resistant 

E.ooli , Mycobacteria group, the human enteric viruses, Taenia saginata, 

a number of nematode eggs especially ascaris eggs. 

3. The various treatments 

The report contains attemps to define the various methods. 

4. Sludge Treatment and Suggested Possible Land Application 

It has been attempted to evaluate the material collected by working party 

5 together with a number of other materials ; 

these the following suggestions have emerged. 
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Treatment 

No treatment 

A 
Stabilized sludge 
whether liquid, 
dewatered or natu­
rally dri ed I ) 

Composting I 3) 

B 
Lime candi tioning 
Low dose irradia­
tion «500 K rad ) 

Pathogen Reduction 

Primary raw 61 udge has 
a higher concentration 
of pathogens than the 
untreated waste water 

Important reduction of 
pathogens, especially 
of vegetative bacteria. 
The effects on cysts and 
eggs and bacterial 
spores will be a time 
temperature effect. 

Reduction of pathogens 
except for parasi tes and 
bacterial spores. 
Vegetati ve bacteria 
destroyed 

Pasteurization Sani tized 7) 
Lime treatment 
Quick lime treat-
ment 
Compos ting II 4) 
Irradiation with 
hi gh dosage () 500 
K rad ) 
Aerobic thermophilic 
stabilization 5) 
High temperature 
treatment 6) 

Application 

Limited and localized usage 
allowable under appropriate 
condi ti ons wi th the approval 
of competent authorities 

Arable land during vegeta­
tion rest periods, vineyards 
and orchards. Pasture and 
forage land after harvest 
and until the end of the 
year 2) 

No crops used uncooked for 
human consumption 

Less restrictions on the 
period of application than 
indi cated for A. 

No restrictions 

I. Would apply also to chemically conditioned, stabilized sludge ( except 

for lime conditional, but the concentrations of e.g. virus may become 

higher than it waS in the only stabilized sludge. 

2. Possible grassland application should be considered. 

A restriction period of 6 months would seem reasonable depending on the 

Climatic conditions ( temperature and precipi taiion ). 
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3. By this is understood a composting which could be used as a method 

equi valent to stabilization by e.g. anaerobic digestion. The composting 

could operate at 40 ° C for at least 5 da,ys I with the temperature 

exceeding 55°C for at least 4 hours. 

4. A composting giving results equal to pasteurization. 

A process where the temperature is raised above a minimum of 55°C for 

several days. 

5. Temperature and time like composting II. 

6. At least equivalent to pasteurization. 

7. Regrowth or recontamina.tion in liquid sludge by bacteria must be 

considered. Parasite eggs and cysts may be very resistant even for 

prolonged periods at high pH. 

The report contains a short section (5 on the resistance of residual 

pathogens and on the indicator problems 6) and finally ( 7 ) a 

number of identified research needs. 
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SEUCHENHYGIENISCHE PROBLEME BEl DER ENTSORGUNG VON KLIRSCHLAMM 

IN OSTERREICH 

G.WEBER 

a. Univ.-Prof. am Hygiene-Institut dar Universit§t Wien, 

Leiter der Abteilung fur Wasser- u. Lebensmittelhygiene 

Summary 

Until 1970 no problems existed with municipal sewage sludge in 
Austria. With the increasing number of sewage plants during the 
last decade, in Austria, too, problems were arising concerning 
the unobjectioneble hygienic disposal of sewage sludge. This 
led to intensive investigations of the theoretical background 
as well as to applied investigations of University institutes. 

In Aust~ia the sludge from smaller plants is first stabilized 
under either anaerobic or aerobic conditions and then utilized 
for agricultural purposes. In a few cases the sludge is 
deposited or piled up in sludge lagoons. Pasteurization is 
mainly applied to infectious sludge while heat treatment is 
not used. In Vienna the sewage sludge is burnt. 

Concerning the hygienic aspects of the treatment of sewage sludge 
there are no legal regUlations in Austria. 

-~-



1. EINLEITUNG 

Wie SUPERSBERG in seinem Referat zur Arbeitsgruppe V ausfOhrt, 

gab as in Osterreich bis 1970 mit kommunalem Klarschlamm kaum 

Schwierigkeiten. Dar anfallende Schlamm konnte bis dahin in den 

Klaranlagen gespeichert oder an die Landwirtschaft abgegeben 

werden. Mit der Zunahme der 2ahl der Klaranlagen traten aller­

dings zwischen 1970 und 1980 Problems be! der seuchenhygienisch 

einwandfreien Entsorgung von Klarschlamm auf. 

Mit diesem vermehrten Anfall an Klarschlamm setzte dann auch 

sine intensivere Forschungstatigkeit ain. Am Hygiene-Instltut 

der Universit§t Wien hatte man bereits Mitts der 60sr-Jahre 

mit Grundlagenforschung begonnen. Diese Untersuchungen wurden 

dann gemeinsam mit dam Institut fOr Wasserversorgung, Abwassar­

rsinigung und Gewassarschutz dar Tachnischan Universitat Wien 

fortgefDhrt und erstreckten sich Ober mehr als 10 Jahre. Oer­

zeit laufen im Hygiene-Institut auch noch Untersuchungen Ober 

die gemeinsame Kompostierung von kommunalem Klarschlamm und 

HausmOll. 

Am Hygiene-Institut dar Universit§t Innsbruck werden mit mikro­

kalorimetrischen Methoden Untersuchungen aber Sr.hlammaktivita­

ten vorgenommen sowie PrOfungen an Rotten durchgefOhrt. fragan 

dar Klarschlammhygienisierung wurden am forschungszentrum 

Seibersdorf der Osterreichischen Studiengesellschaft fOr Atom­

enargie geprOft. 1m Institut fOr Wasserwirtschaft dar Universi­

tat fOr Bodenkultur Wien wurden nach der Beschlammung land­

wirtschaftlicher Flaehen aueh bakteriologische Grundwasser­

untersuchungen vorgenommen. 

Nachfolgend eine kurze Ubersicht Gber die Ergebnisse durch­

gefOhrter und laufender wissensehaftlicher Untersuchungen. 
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2. ABGESCHLOSSENE PROJEKTE 

2.1. Experimentelle Studien mit Bakteriophagen an mechanisch­
biologischen Klaranlsgen mit Emecherbrunnen, Tropfk5rper 
und Nachklarbecken 

(Hygiene-1nstitut der Universitat Wien, Vorstand o.Univ.Prof. 
Dr.mad.H.Flamm) 

1m Zusammanhang mit dar Fraga, wia sich pathogane Viran 

im Zuge der Abwasserreinigung in meohanisch-biologischen 

Klaranlagen~rhalten und mit welcher Virusverminderung 

wahrend des Rsinigungsvorganges zu rechnen ist, wurden 

Klaranlagen mit einer bekannten Menge von Viren beimpft 

und diese Agentien wahrend ihrer Passage quantitativ ver­

folgt. Pathogene Viren konnten wegen der Verseuchung der 

belebten Umwelt allerdings nicht herangezogen werden. Als 

Virusmodell wurden daher StaphYlokokkenphagen eingesetzt, 

die sich in Vorversuchen (1) als geeignet erwiesen hatten. 

Die notwendige Information Uber die Durchstromungsverhalt­

nisse in den Klaranlagen wurde durch Markierung mit· radio­

aktivem Natrium (Natrium-24) erreicht. 

Die chemisch-bakteriologischen Analysen lieGen die Abw8sser 

als dunn bzw. nur maOig konzentriert erkennen. Bie mikro­

biologischen Untersuchungen zeigten, daO der Klaranlagsn­

ablauf etwa 1/3 weniger Viran enthialt, als eingesst wor­

den waren. Die groOte Virus81iminierung aus dem Abwasser 

wurde im Absetzbecken beobachtet, in Tropfk5rper und Nach­

klarbecken weren nur kleine Eliminationsraten nachweisbar. 

Dar GroOte!l der aus dem Abwasser eliminierten Viren fand 

sich im Schlamm wieder und erwies sich als virulent. 

Die mechanisch-biologischs Abwasserreinigung mittels 

Tropfkorper ist wegen dar geringen Viruseliminationsrate 

aus dam Abwasser und der Virusanreicherung im Schlamm 

vom seuchenhygienischen Standpunkt aus als unbefriedigend 

zu beurtsilan (2). 
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2.2. Experimentelle Studien mit Modellviren beim Belebungs­
verfahren 

(Hygiene-Institut der Universitat Wien, Vorstand o.Univ. 
Prof.Dr.med.H.Flamm, und Institut fOr Wasserversorgung, 
Abwasserreinigung und Gew8sserschutz dar Technischen Uni­
versitat Wien, Vorstand o.Univ.Prof.Dipl.lng.W.v.d.Emde) 

Aufbauend auf den Erfahrungen an Tropfk6rperanlagen wurden 

mit gleicher mikrobiologischer Methodik Untersuchungen zur 

Virusinaktivierung an Belebungsanlagen durchgefOhrt (3), 

(4), (5). Bei diesen Untersuchungen war fOr die seuchen­

hygienischen Belange das Hygiene-Institut der Universitat 

Wien verantwortlich, fOr den technischen Teil das Institut 

fOr Wasserversorgung, Abwasserreinigung und Gewasserschutz 

der Technischen Universitat Wien. Die Untersuchungen 9lie­

dartsn sich in Standversuche 1m Labor und DurchlBufver­

Buche an Klaranlagen 1m Raum von Wien und dienten dar 

UberprUfung dar verschiedenen Parameter t die die Virus­

eliminierung bel Belebungsverfahren baeinflussen. 

standversuche 

Bel Versuchen, die mit Asbestflocken gefahren wurden, war 

zu erkennen, daB mit Zunahme des Feststoffgshaltes die 

Viruseliminatiansrate in dar flOssigen Phase ansteigt und 

die Viren an die Asbestflocken adsorbiert werden. Weiters 

zeigten die Versuche, da8 eine Beeinflussung der Modell­

viren durch BelGftung in inertem Leitungswasser nicht nach­

weisber war. Wurde hingegen Abw8sser als Medium angewandt 

und mit Luft begast, war eine Phagenreduktion Ober 4 log 

festzustellen, wah rend unter gleichen Versuchsbedingungen 

eine Stickstoffbegasung praktisch keine Virusreduktion er­

brachte. Daraus ergibt sich, daB bei der Eliminierung der 

Viren auch biologische, Sauerstoff ben6tigende Vcrgange 

von Bedeutung sind. Bei intermittierender Viruseinsaat 

werden idente Reaktianskurven erhalten, es zeigt sich dem­

nach, daC sich die Biozonosen immsr wieder adaptieren. Bei 

der untersuchung von Schlammen aus unterschiedlich belaste­

ten Klaranlagen kannte nachgewiesen werden, da8 die 
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Eliminierungsrate fOr die Viren aus dem Abwasser mit stei­

gander Schlammkonzentration zunahm, die OberprUfung der 

Schlamme ergab, daB sich die Viren hier angereichert 

hatten. Ebenso lieOen die Standversuche erk.nnen, daO 

bei geringerer Schlammbelastung (ausgedrUckt in kg BSBS/d) 

nicht nur ein weitgehender Abbau von organischen Substan­

zen, sondern auch Bins wesentlich hahere Viruseliminations­

rate BUS dam Abwasser zu erreichen 1st. Bei Balastungs­

versuchen, die bei unterschiedlichen Temperaturen (SaC, 

1SoC) liefen, konnte beobachtat werden, daO bei haherer 

Temperatur die Eliminationsrata graOer war. Dies kann mit 

einer h6heren Reaktionsaktivitat der 8elebtschlammbio­

zoncsan bei haherer Temperatur erklart werden. 

Ourchlaufversuche 

FOr die Ourchlaufversuche wurden Pilotanlagen (mit 8ele­

bungs- und Nachklarbecken) in den Klarwerken aufgebaut. 

Ober Dosierpumpen wurden die Anlagen mit frischem Abwasser 

und Viren kontinuierlich beschickt. BSBS' COD, TOC und 

Trockensubstanz wurden laufend OberprOft und ergaben iden­

te Werte mit den Heuptklaranlagen, sodaS die gefund.nen 

Resultate als reprasentativ angesehen werden k6nnen. Es 

zeigte sich, daB nach kurzer Einarbeitungszeit bai mittel 

belasteten Anlagen eine Reduktionsrate von 97,7% und bei 

schwach belasteten Anlagen von 99,9% zu erzielen war. Bei 

konstantem Abwasserdurchsatz und stufenweiser Steigerung 

der Viruskonzentration stellte sich nach reletiv kurzer 

Zeit eine fOr die jeweilige Belastung charakteristische 

Abbaurate Bin. Sie nahm im Hinblick auf die Einsaat wohl 

prozentuell ab, absolut war jedoch eine Leistungssteige­

rung des Systems nach jeweiliger Einarbeitung zu srkennen. 

SchlieBlich wurden noeh Uber langere Zeit Durchlaufversuche 

mit synthetischem Abwasser mit geringem Anteil an frischem 

Abwasser gefahren, die schwach, mittel und stark belastete 

Anlagen simulieren sollten. Bei gleicher Viruekonzentration 

konnte man such hier an dar schwach belasteten Anlage den 

besten Wirkungsgrad beobachten. 
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Die Untersuchungen lie Ben eindeutig erkennen, daB Belebungs­

enlagen den Tropfk6rperanlagen im Hinblick auf die Virus­

eliminiarung wesentlich Oberlegsn sind. Dis besten Erfolga 

sind bei schwach balastatan Anlagen zu erzielen, sodeB 

diesen - sowait es m6glich ist - der Vorzug gegeben werden 

solIta. ,Ur den Hygieniker ist im Gegansatz zum Tachniker 

nicht aIle in die prozentuelle Reduktion von Krankheitser­

regern von Interesse, sondern vielmehr, ob und inwieweit 

die Infektionsdosis Uberschritten wird. Ee wird dahsr ge­

lsgentlich srfordsrlich sein, Bins weitere Aufbereitung 

des Abwassers, aber insbesondere dar Schlamme, vorzunehmen. 

2.3. Inaktivierung von T4-Bakteriophagen durch Warme- und 
y-Strahlenbehandlung in Hinsicht auf Klarschlamm­
hygienisierung 

(Osterreichieche Studiengesellschaft fUr Atomenergie, 
,orschungszsntrum Seibersdorf) 

Die Versuche wurden mit dem Bakteriophagen T4 und dem 

E.coli Stamm K12D10 durchgefOhrt, zur Anwendung gelangta 

die Plaque-Technik. Die Varsuche ergaben, daS eine 

Kombination von Hitzeeinwirkung und Bestrahlung wegen 

synergistischer Effekte die hochste Inaktivierungsrate 

erbrechte (6). 

2.4. EinfluB von Beschlammung auf Grundwssser 

(Institut fUr Wasserwirtschaft der Universitat fUr Boden­
kultur Wien, Abteilung Landwirtschaftlicher Wasserbsu, 
Vorstand o.Univ.Prof.Dr.H.A.Supersberg) 

In den Jahren 1972/1973 wurden in der Umgebung von Wien 

BBschlammungsversuche vorgenommen, bei denen auch bakterio­

logische PrUfungen erfolgten. Die Ergebnisse Van Proben 

aus Grundwassersonden im EinfluBbereich der Beschlammung 

zeigten stark erh6hte Keimzahlen, typische Darmkeime wur­

den jedoch nicht nachgewiesen, (6a). 
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2.5. Demonstration of Heterotrophic Activities in Primary Sludge, 
Activated Sludge and Anaerobic Sludge by Microcalorimetry 

(Hygiene-Institut der Universitat Innsbruck, Verstand 
o.Univ.Prof.DDr.J.Benger, Arbeitsgruppe fUr Techn.Hygiene) 

Vern Hygiene-Institut dar Universitat Innsbruck gemeinsam 

mit dam Labor fur Thermochemie der Universit§t Lund 

(Schweden) und den Chapalla-Abfallwerken Stockholm durch­

gefUhrte Untersuchungen ergaben, daB mikrokalorirnetrische 

Arbeitsmethoden im Bsrcban, mikroaerophilsn und anaeroben 

Berich gute AU9sagen Ober die Schlammaktivitat gestatten (7). 

2.6. Inhibition of Sludge Activities in Waste-Water Systems by 
Microcalorimetric Methods 

(Hygiene-Institut der UnivBrsitat Innsbruck, Varstand 
a.Univ.Praf.DDr.J.Benger, ArbBitsgruppe fOr TBchn.Hygiene) 

Bei St6rungen in siner Belsbungsanlage konnte mit Hilfs 

vorn mikrokalorirnetrischen Methoden - basser als mit kon­

ventionellen - eine Schlammvergiftung nachgewiesen werden(8). 

2.7. Determination of Hydrolytic Activities in Waste-Water­
Systems by Microcalorirnetry 

(Hygiene-Institut der Universitat Innsbruck, Varstand 
a.Univ.Praf.DDr.J.Benger, Arbeitsgruppe fOr Techn.Hygiene) 

Ergebnisse von mikrokalarimetrischen Untersuchungen abar 

hydrolytische Aktivit§ten van Schlamm nach Zusatz ver­

schiedBner Substrate (9). 

3. PROJEKTE IN ARBEIT 

3.1. Hygienische Aspekte bel dar gemeinsamen HausmGIl-Klar­
schlamm-Kompostierung 

(Hygiene-Institut der Universitat Wien, Vorstand a.Univ. 
praf.Dr.med.H.flamm) 

Es ist Ziel dieser Untersuchungen, hygienisch befriedigende 

Resultate bei dar gemeinsamen Kompostierung von Hausmull 

und Klarschlamm zu erreichen. Die getestete Anlage arbei-
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tat wie folgt: Auesortiarter und zerklainarter HausmOll 

wird mit Klarschlamm gemischt, gelangt uber eine Fermen­

tierungstrommal (1-2 Tage, Temperaturen bis 55°C), 

4-6 Wochen in eine etatische Rotte (belOfteta Reifeplatte), 

in dar sine "Hygianisierung" erfolgen solI. Dar so ar­

haltene Kompost wird vor Verwandung ein Jahr gelagert. Bis 

jetzt zeigten die PrGfungen, daB 1m Rohschlamm, in dar 

Fermentierungstrommel und such in den auGersn Zonen dar 

Reifeplatte reichlich Fakalkeime und auch Salmonellen 

nachweisbar waren. lediglich in dar Kernzone dar Reife­

platte, in dar die hacheten Temperaturen erreicht wurden, 

waren dar GahaIt an rakalkeimen nur mehr niedrig und 

Salmonellan nicht nachweisbar. Dar ein Jahr gelagerte 

Kompost zeigte eine weiters Abnahme dar Fakalkontamination. 

3.2. Slckerwasseruntersuchungan zur Charakterisierung des 
Rotteablaufes bei der aeroben Rotte in Mieten 

(Hygiene-Institut der Universitat Innsbruck, Vorstand 
o.Univ.Prof.DDr.J.Benger, Arbeitsgruppe fOr Techn.Hygiene) 

Zisl disBer untersuchungen ist die Erfaseung der in 

aeroben Trapezmieten ablaufenden mikrobiellen Prozesse, 

um den Rottezustand zu charakterieiersn und den Rotte­

vorgang zu beschleunigen. 

3.3. Gemeinsamsr anaeraber Abbau von Klarschlamm und HausmOll 

(Hygiene-Institut der Universitat Innebruck, Voretand 
o.Univ.Prof.DDr.J.8enger, Arbeitsgruppe fUr Tschn.Hygiens) 

Ziel der Arbeit ist die Erfassung der mikrobialogischen 

Grundlagsn kleinraumiger Systems • 

• SITUATION IN OSTERREICH 

Eine bundeseinheitlichs Regalung zur Seuchenhygisne von Klar­

schlamm fehlt. Diverse Richtlinien und Regelblatter fOr die 
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Einleitung von Abwassern in Kanale und Vorfluter liegen wahl 

bereits vor, darunter sind aber keins Unterlagen, die sieh 

speziell mit dam Schlamm, insbesondere mit den hygienischen 

Aspekten befassen. Die notwendigen Entscheidungen werden durch 

die jeweils zustandigen Sanitntsbehorden entsprechend den laka­

len Verhaltnissen getraffen. Als Entscheidungshilfs wird in 

vielen Fallen das Merkblatt Nr. 7 (10) des Bundesg8sundheits­

amtes in Berlin "Die Behandlung und 8eseitigung von Kl§r­

schlammen unter besanderer Berucksichtigung ihrer seuchenhygie­

nisch unbedenklichen Verwertung im Landbau n herangezogen. 

Allgemein ist zu bsobachten, daC die Tendenz von Tropfkarper­

anlagen zu Belebungsanlagen fUhrt. 

Zur Verwertung bzw. Bessitigung von Klarschlamm konnten von 

Herrn Prof.v.d.Emde, Vorstand des Institutes fUr Wasserversar­

gung, Abwasserreinigung und Gew8sserschutz dar Technischen 

Universitat Wien, folgende Angaben erhalten werden. Oer Schlamm 

kleinerer kommunaler Anlagen - und das sind die maisten An­

lagen in osterreich - wird meist landwirtschaftlich verwsrtst. 

Zur Anwendung gelangt kein Rohschlamm, sandern nur aerab oder 

anaerob stabilisierter Schlamm. Dieser wird in dunner Schicht 

(etwa 10 mm pro Jahr) auf landwirtschaftliche Flach8n 8u88r­

halb der Vegetationsperioden aufgebracht. Bis zur landwirt­

schaftlichen Nutzung bleibt der Schlamm in den Klaranlagen. 

Gelegsntlich wird der Schlamm auch auf Deponien gelagert, fur 

den Grundwasserschutz wird, wie es auch sonst bei Deponien Ob­

lich ist, vargesorgt. Vereinzelt wird der Schlamm auch in 

Schlammteichen gestapelt, auch hist 1st man urn sinsn ausreichen­

den Grundwasserschutz bemuht. Der Weg einer gemeinsamen Kompo­

stierung von Hausmull und Klarschlamm wird ebenfalls in Osterreich 

beschritten. Gerade auf diesem Ssktor laufen - wie bereits aus­

gefOhrt - wissenschaftliche untersuchungen, urn seuchenhygienisch 

befriedigende Verhaltnisse zu erreichen. Schlamm wird nur ganz 

vereinzelt pasteurisiert, vcr all em dann, wann as sich urn 

Abw8sser handelt, daren Kontamination mit Krankheitserregern 

bekannt ist, wie z.B. Abwasser von Lungenheilstatten. Schlamrne 
- 312-



und Abw8sser werden auf das Vorhandensein von Tuberkel­

bakterien in solchen Fa:llen meist routinemaBig durch Hygiena­

Institute oder durch dam Bundesministerium fOr Gesundheit 

und Umweltschutz unterstellte. Bundesanstalten kontrolliert. 

Eine thermiache Konditio~ie~ung von Schlamm wird biaher in 

osterreich nicht vorgenommen, obwohl diasee Verfahren vorn Stand­

punkt der Hygiene aus groGe Sicherheit bietet. Vereinzelt, so 

wie z.B. im fall der GroGstadt Wien, wird der Schlamm nach vor­

herigar Entw8sserung verbrannt. 

Eine befriadigende Regelung der seuchenhygienischen Belange 

bei der Entsorgung von Klarschlamm wird durch die Hygieniker 

des Landes angestrebt, Vorschlage sind allerdings noch nicht 

erarbeitet. Bei allen Regelungen wird auf jeden fall zu be­

rOcksicht1gen sein, daB as aich bel den osterreichern 1m 

allgemeinen urn eine stark mit Hepatitisviren, vor allam Typ A, 

durchsBuchta 8ev5lkarung handelt. Mit dam Vorhandensein disser 

Viren muG dahar im kommunalen Abwasserschlamm gerechnat wer­

den, und aIle MaBnahmen mOssen untar BerOcksichtigung disser 

Tatsache gesetzt warden. 

Erganzend solI noeh bemerkt werden, daB an der Veterinar­

medizinischen Universitat Wien Fragan des Oberlebens von 

Krankheitserregern in flOssigmist und bei Biogasverfahren, 

die Beeinflussung der Biogasgewinnung durch futteradditive 

und Desinfektionemittel sowie das Schicksal von Resistanz­

plasmiden .in FIOssigmist, kommunalem Abwasser und in Klar­

anlagen bearbaitet wird. 
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THE CONTROL OF SALMONELLOSIS IN THE USE OF SEWAGE SLUDGE 

ON AGRICULTURAL LAND 

E. B. PIKE 

Water Research Centre, Stevenage Laboratory, 

Elder Way, Stevenage, Herts, SG1 1TH, United Kingdom 

Salmonellosis is a very widespread disease of man and food animals. 
Because salmonellae are excreted by active cases and carriers, and can be 
detected in sewage, sludges and effluents, there is concern that a cycle 
of infection between man and food animals could be caused by the use of 
sludge on land as a fertilizer. The European information has been 
eri tically examined and shows that the major causes of salmonellosis in 
food animals exist within agriculture as self-contained cycles, that human 
salmonellosis takes the form of food poisoning caused by faulty food 
hygiene involving paul try, meat and dairy products, and that transmission 
from man to farm animals will occur by discharge of sewage or partly 
treated effluents to grazing areas and by passive carriage by seagulls 
from infected garbage to pasture. The transmission of salmonellosis to 
cattle by use of sludge on grazing land cannot be ruled out, although it 
would appear to be a minor cause, except in areas where there is limited 
land available for disposal of sludge and where animal populations are 
dense and the content of salmonellae in the sludges is high. 

Salmonellae are considerably removed during full biological treatment 
of sewage. The numbers of salmonellae in sludge are very variable 
depending upon season, size of community, and locality. Anaerobic 
mesophilic or aerobic digestion, in practice, will give incomplete removal 
of salmonellae; complete inactivation will be achieved only by lime at 
pH >11 or by processes involving heating to at least 45_50oC or by 
irradiation. The effects of heating may be nullified by regrowth on 
storage. When sludge is spread on land, crops or grass, salmonellae will 
decay exponentially. The philosophy for control of disease is examined 
and it is considered that the best and most economic policy for minimizing 
hazard to farm animals is one of operational guidelines determined from 
local expert advice, rather than universal uniform emission standards .. 
Such guidelines would specify practices which impose real barriers to 
infection.. The cost of routine microbiological monitoring of Sludge is 
likely to be high and cannot be justified. 
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1. SALMONELLOS! S 

The term salmonellosis describes the illnesses in man and animals 

caused by Salmonella species e These bacteria are primarily enteric 

pathogens and about 1800 species can be identified by serology. They are 

released into the environment, often in very large numbers, in the faeces 

of infected animals. After recovery from acute salmonellosis, it is common 

for various organs of the body to become chronically infected. Such 

carriers of the organisms will continue to excrete salmonellae, usually in 

faeces. 

Certain host-adapted serotypes tend to attack man or specific animals 

more or less exclusively. The cycle of ipfection with host-adapted sero­

types is usually well-defined, being from animal to animal by direct or 

indirect contact. Other serotypes, typified by s. typhimurium, tend to 

attack man and vertebrate animals indiscriminately, with the result that 

cross-infection between man and animals occurs. This type of disease 

relationship is termed a 'zoonosis' and the causes of zoonoses are often 

difficul t to trace epidemiologically, because complex cycles of infection 

and widespread environmental contamination may exist. 

Highly sensitive, though imprecise, methods are now available for 

isolating salmonellae from soil, sludge and aquatic environments. 

Estimation of count requires replicate culture of specific amounts of 

sample to yield a 'most probable number' estimate. To obtain quanti ta­

tive information upon numbers is therefore tedious and expensive, but 

the data are more meaningful than 'presence/absence' records. With 

either type of data, the limits of detection must be specified. This 

must be emphasised, as conclusions cannot otherwise be drawn upon 

severi ty of environmental contamination or upon survival rates. In 

general micro-organisms in a hostile environment exhibit rates of death, 

as idealised in the exponential model, where the ratio of survivors to 

initial count, Nt/No, is related to time elapsing (t - to) by 

k(t - t ) 
o 

(1) 

and where k is a death-rate constant. The time taken for a 90% decrease 

in count, T90, is given by 

T90 = 1/k. (2) 
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2. INCIDENCE AND TRANSMISSION OF SALMONELLOSIS 

Salmonellosis is a major bacterial disease of animals and man. In 

England, of 11 281 cases of human food poisoning reported by local authori­

ties, 66.9% were caused by salmonellae - a case rate of about 16.3/105 

population (1). The distribution of serotypes (11 240) reported in 1978 (2) 

show nearly equal incidences of S. typhimurium (24.2%) and ~ (21.6%). 

In 333 outbreaks in 1973-1975, meat was incriminated in 34.8%, poultry in 

39.0%, and dairy products in 9.6% (1). Meat, poultry, and dairy products 

are the main source of salmonellosis in man, and direct transmission from 

animals is uncommon. Table I shows that a high proportion of bovine 

salmonellosis is attributable to s. txphimurium and to exotic serotypes, 

in addition to the host-specific S. dublin. It also indicates an increase 

Table I. Percentage involvement of different serotypes in 
bovine salmonellosis in various countries 

Country S. dublin S. t:l2hi- Other Commen t sand 
Years murium serotypes reference* 

England, Wales 1958-74 74.4 21.0 4.6 29 294 incidents 
recorded (6) 

England, Wales 1978 39.2 47.9 12.9 1428 incidents (7) 
Scotland 

Germany 1961-65 49.3 36.5 14.2 Isolations, Bulling 
and Pietzch (1968) 

Lower Saxony 1959-60 76.4 8.9 14.7 2131 isolations (8) 

Holland 1969-71 35.9 62.9 11.2 From 1686 cattle at 
slaughter, Edel et 
!!.. (1974) 

Sweden 1968-72 59.7 30.0 10.3 Incidents recorded, 
Gunnarson ~. 
(1974) 

USA 1933-73 7.5 72.2 20.3 Isolates, Morse !.! 
~. (1976) 

* Source of references cited by Wray and Sojka (6), except where given 

in disease by the first two classes in the Vni ted Kingdom, so that there 

has been much concern to determine the causes and reservoirs of infection 

in food animals, including compulsory reporting of outbreaks under the 

Zoonoses Order (3). 

Table II shows considerable evidence for self-contained cycles of 

salmonellosis wi thin agriculture. However, unlike transmission from 

animals to man, caused by faulty food hygiene, there is less evidence for 
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Table II. Factors influencing salmonellosis in food animals 

Factors 

Intensive rearing of calves, 
movement of calves 

Infected animal feed 

Rough pasture, wet lands, 
liver fluke 

Comments and references 

Animal to animal transmission, stress 
of marketing and transport. Peak: 
incidence in autumn corresponds to 
sales (6,9). Cause of general 
outbreaks on farms (9). 

UK survey (6) -587/2801 raw foods 
positive but only 8/1459 pelle ted 
foods. Epidemiological evidence 
incriminating dairy cake (10). Pipe­
line feeding of pigs (11). Animal 
feed responsible for introducing 
.§.. 4,12:d:-, agona, ~ into UK (11). 

Predispose to S .. dublin in cattle; 
geographical relationship in UK (6) 
and Lower Saxony (8). 

Pasture contaminated with faeces Adult cattle and S. dublin. Circum-
of excreters 

Infected poultry breeding stock 

Transmission by seagulls 

Wild animals 

Con tamina tion of pasture wi th 
sewage, septic-tank effluents 

Use of animal slurry on land 

Use of sewage sludge on land 

stantial evidence for salmonellosis 
in cattle, since related to grazing 
season in UK (11) and Switzerland (12). 

In UK, ~ in turkey poults (13). 

Epidemiological evidence: from nearby 
rubbish tips (14). 

Not significant in UK survey of wild 
mammals (15). 

Documented cases (16,17) including 
septic-tank wastes from households 
wi th a carrier.. Endemic salmonellosis 
in cattle attributed (18) to discharge 
of settled sewage to streams in a 
marshy area (Schleswig-Holstein) .. 

Recognised mode of transmission (6) 
controllable by interval between 
applica tion and grazing. 

No confirmed evidence in UK but 
circumstantial evidence from 
Switzerland (12), Germany (19), 
Holland (20). 

transmission of salmonellosis from man to animals.. It is sufficiently 

well-documented that this can occur by contamination of pastures with 

sewage or septic-tank liquors, and by transmission by sea birds feeding on 

domestic refuse, but there is no evidence in the United Kingdom that sludge 

is a vector, if it is applied in accordance with official recommendations 

(4,5) • 
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3. EVIDENCE FOR USE OF SLUDGE IN AGRICULTURE AS A VECWR OF BOVINE 

SALMONELLaS I S 

The contradiction between the lack of evidence in the UK and positive 

evidence reported from three other countries (Table III) requires eri tical 

study, either in terms of national differences in agricultural practices 

and demographic factors and in community health and sewage treatment on the 

one hand, and on the other, an assessment of the validity of the association 

observed between salmonellosis and agricultural use of sludge. Some of the 

Table III. Evidence for transmission of salmonellosis to farm 
animals by sewage sludge applied to pastures 

Country Details, comments (and reference) 

England and Wales No case evidence (3,4). Failure to infect clinically 
heifers, 10-12 months old when fed raw sludge, 
infected naturally or artificially (S. dublin) with 
up to 105/1 (23). 

Switzerland Salmonella isolated from 32/600 cattle from regions 
using treated sludge, 0/83 from area where no sludge 
was applied (24) - association statistically signifi­
cant (p :;: 0.0142). Four individual cattle found to 
be infected after grazing on land, sludged 1-4 months 
earlier (12). Nine cases infected with rare S. tokoin 
in a herd, 6 days after .. eating grass from pas~ 
sludged 4 weeks earlier; identical serotypes isolated 
from grass 7 weeks after sludging (12). Relationship 
between rises in seasonal incidence of salmonellosis 
in cattle (1969-1974, 13 877 cases) in May and August 
to sludging of land in winter and shortly before 
second grass cut respectively (12,26). 

Germany Two infections of herds with s. paratxphi B grazing 
on land irrigated with digested sludge (Strauch, 
1965; cited 19). 

Netherlands Large dairy herd grazed on land receiving regular 
doses of digested sludge. Herd returned to land 
8-21 days after sludging. S. panama present in 3 
faeces samples from animals grazing; sludge applied 
43 days earlier had contained S. panama. Proportion 
of salmonella-positive faeces samples (11/250) in 
excess of that (3/602) in a national survey; 
difference is highly significant (P<O .01), incidence 
of clinical illness not recorded (20). 

former factors are assessed in Table IV. This shows that the agricultural 

land available for sludge disposal and for grazing cattle is least in 

Swi tzerland, whereas the proportion by weight of sludge disposed to land is 

highest in Switzerland and the UK (which has the most agricultural land per 
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Table IV. National differences in population densities and 
facili ties for treatment and disposal of sewage and sludge 

(ha~1 )* Sewage 
i 

Population densi ty 
Population flow (%) I 

Country I 
(%) served receiving 

Human Cattle 
by main full 

arable + pasture pasture 
drainaget biological 

treatmentt 

German FR 4.8 2.7 79 35 

Netherlands 6.5 4.0 54 90 

Swi tzerland 31.0 22.4 ? ? 

UK 4.5 2.9 92 c.100§ 

References: *(27), t(28), t(29) - papers by Thornmann, A., 
Scheltinga, H. M. J., Obrist, W. and for UK, Ref (4). 

Sludge 
(% by 
weight) 

to agri-
cultural 

landt 

30 

45 

70 

74 

§ In UK, about 12% of sewage flow is discharged to sea; apart from this, 
the proportion of sewage not receiving full biological treatment is 
negligible. 

head of human population). The proportion of population served by main 

drainage and of that sewage receiving full biological treatment is highest 

in the UK. It is not considered that these are the only factors respon­

sible for the differences in national experience, but they are consistent 

with the view that high population densities encourage spread of pathogens 

by direct and indirect means, and wi th the knowledge that full biological 

treatment of sewage is capable of removing a high percentage (99-99.9%) of 

vegetative enteric bacteria, including salmonellae (21). 

There are considerable difficulties in proving a causal relationship 

between disease and an operation, such as using sludge on land, as opposed 

to merely demonstrating an association or, at the lowest level, making an 

argument of the ~ .!!2£ - ergo propter hoc nature. Nine criteria for 

measuring the strength of proof have been stated by Bradford Hill (22) and 

include strength of association, frequency of reporting, lack of associ­

ation of the disease with other environments, or of that environment with 

other diseases, and demonstrations that disease follows exposure after an 

expected incubation period and does not occur before exposure, that a 

posi tive dose-response relationship exists, that the association is 

compatible with and not in conflict with the known biology or natural 

history of the disease, that experiments support the causal relationship 

and that there is a fair analogy with some parallel context. These 
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cri teria may be used to assess the evidence presented in Table III, which 

demonstrates strength of association (4,20,23) or occurrence of disease 

(12,10) or excretion (20) a suitable time after exposure. A serious draw­

back to proof is that there is a very strong relationship between 

salmonellosis in cattle and agricultural practices (Table II) and that, in 

areas where it is endemic (17,25), there is widespread environmental con­

tamination by salmonellae, so that the association with sludge is weakened. 

The seasonal incidence of salmonellosis in Swiss cattle (12,26), al though 

rela table to seasonal practices in applying sludge to grass, nevertheless 

is similar to the seasonal incidence of salmonellosis in British cattle, 

where cattle movements and marketing are probably responsible (6,9,11) and 

to that observed in humans, which is probably a reflection of the more rapid 

deterioration of infected foodstuffs in the warmer months of the year. The 

resul ts of feeding salmonellae to heal thy cattle (6) suggest that large 

numbers are required to establish clinical infection (calves; 106_ 11 11 

S. dublin, 104_10 11 s. typhimur ium). Feeding of inf ec ted raw sludge to 

young cattle (23) at rates of up to 105 salmonellae (in 1-l/animal-day) 

failed to establish clinical infection after 28 days, although in the case 

in which sterilized sludge was fed, to which 105 S. dublin/l had been 

added, 3/4 animals were found to be sub-clinically infected. The authors 

concluded that although it was not possible to say that salmonellae in 

sludge do not infect cattle, the results suggested that it was unlikely to 

occur except under prolonged exposure to heavy contamination or when the 

susceptibili ty of the cattle m~ght be unduly high. This, too, appears to 

be the conclusion to be drawn from the evidence considered in this Section. 

4. THE FATE OF SALMONELLAE IN TREATMENT OF SEWAGE AND SLUDGE 

It should be realized that full biological treatment of sewage (e.g. 

that reducing the BODS to at least 20 mg/l), far from acting as a source 

for disseminating pathogens into natural waters, represents a barrier to 

the spread of infection. The removal of faecal bacteria in biological 

treatment is largely caused by the feeding activity of ciliated protozoa 

and varies inversely wi th the hydraulic or surface loading rates of the 

plant (21). Table V shows that less removal occurs in the primary sedi­

mentation stage than in biOlogical treatment and that removal of at least· 

98% of salmonellae can occur in a treatment works. No data apparently 

exist to enable the salmonella content of primary sludge to be related to 

the proportion of solids removed, although the data from Guildford and 

Woking (28) suggested that the proportion of salmonellae and suspended 

solids removed were approximately equal. 
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Table V. Removal of salmonellae in sewage treatment* 

Works, treatment, Salmonella coun til 
Per cent 

stage (and 
remaining 

Notes 
reference) Influent Effluent 

Epping; primary 1800 4.3 0.24 S. Earat:t2hi B; 
treatment, biological quarterly samples 
fil tration (21) 1953-1961 

Guildford (30); 
primary sedimen ta tion 1300 350 27 23 samples 

activated sludge 250 1 0.40 15 samples 

Woking (30); 
primary sedimentation 1700 200 12 23 samples 

biological filtration 250 35 14 13 samples 

* Counts are medians for matched pairs of influent and effluent samples 

In biological treatment, death or inactivation of vegetative bacteria 

occurs and, for this reason, the count of salmonellae in the sludge will be 

less than that expected from physical removal of these bacteria from the 

sewage. 

The numbers of salmonellae found in sewage and in the sludge will 

depend upon the level of infection in the community and this will vary 

seasonally, being greatest in the warmest months, and with location and the 

size of the population served. Thus, in the large Swiss survey (19), median 

counts in raw and digested sludge were 104 and 102/100 ml respectively, 

compared with values of 22 and 370 in a national survey in England and 

Wales (31), of >194 and >171 (averages) in Thames Water Authority (32), and 

geometric mean values of 250/100 ml for raw sludge fed to animals (23) and 

of 139/100 g for digested sludge spread on a Dutch farm (20). These data 

suggest that the general counts for digested sludges may be about 102/100 

ml, whereas for raw sludges, counts may vary widely according to source. 

For one Water Authority in England (31), with a large number of small works, 

87% of 260 samples of raw sludge were free of salmonellae in 100 ml and the 

estimated geometric mean count was only 8/100 mI. It is more usual, for 

reasons of economy in analysis, to study presence/absence of salmonellae 

rather than to estimate the count. It should be realized that the two types 

of result require different interpretation, since the relationship of count 

to frequency of occurrence is complex and not linear. Thus salmonellae will 

be more frequently detected in sludges and effluents from large works, 

compared wi th small workS, although they appear to be most numerous in 
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sludges from medium-sized works (31) .. 

The effects of sludge treatments on salmonellae have been reviewed (33) 

and studied (31). In general, treatment with lime to pH values of 11 or 

over, and by processes involving heating to at least 45_50oC (as in heat­

condi tioning, pasteurization, irradiation, hot-air drying, thermophilic 

aerobic or anaerobic digestion) are lethal to salmonellae.. Wi th composting, 

efficiency of inactivation depends upon raising the whole conte:f1ts of the 

pile to at least 4SoC for a reasonable part of the composting cycle .. 

Salmonellae are, however, able to multiply in previously autoclaved or 

heat-treated liquid sludges and animal slurries, because of the elimination 

of microbial competition and predation.. Pasteurization of sludge before 

digestion, rather than after, would avoid this problem, which arises from 

cross-contamination at the plant (24) .. 

Anaerobic mesophilic or aerobic digestion appear, in practice to give 

only partial inactivation of salmonellae and by no more than 90-99% (31). 

Some of the reasons for this have been discussed (34), the most important 

being that digeste~s are operated as batch-fed or incompletely-mixing 

reactors, whereas maximum efficiency of inactivation can occur only in 

plug-flow reactors. Experimental anaerobic digesters reactors at WRC, fed 

wi th 1/15 and 1/20 of their working volume daily or raw sludge containing 

added (1 .. 5 x 105/100 ml) resting-stage cells of S, duesseldorf have, at 

35°C, removed respectively 98.5% amd 99.37% of these bacteria .. 

5 • THE FATE OF SALMONELLAE IN THE ENVIRONMENT 

There is considerable evidence that salmonellae can be detected in 

water and soil and on grassland and that these can be traced to discharges 

of treated effluent from sewage works (17,25), to use of sludge or animal 

slurries as fertilizers (18-20,25,26), or to contamination with faeces of 

infected animals or birds (14) acting as vectors, and the implication is 

that, when salmonellosis is endemic in farm animals and man, there will be 

widespread environmental contamination. There have been many attempts to 

measure the degree of survival of salmonellae in the environment.. However, 

caution is needed in interpreting findings for several reasons. Examina­

tions only for presence do not give any indication of death rate, but 

merely measure the presence of resistant survivors and the end-point of 

detection (the mis-named "survival time") depends upon initial dose. 

Experiments at WRC suggest that the rate of death depends upon the physio­

logical state of cells, so that experiments inoculated with pure cultures 
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may not show inacti va tion kinetics characteristic of indigenous salmonellae. 

In Table VI, published data have been recalculated to obtain values of 

TgO, the decimal reduction time (Equations 1 and 2), for salmonellae applied 

to soil and crops. In all the trials given, the model (Equation 1) was 

fi tted with high statistical significance, although in two trials (Holland, 

ref. 20; Ohio, 1976, ref. 35) salmonellae persisted at a reduced level. The 

pot experiments (36) show that inactivation is greatest on sand and is least 

under wet conditions; further work demonstrated a lethal effect of light. 

Table VI. Rates of inactivation of salmonellae calculated 
from experiments upon survival 

Decimal reduction 
Experimental regime time, T90 Notes (and reference) 

(d) 

Soil in pots, ~ culture Respectively, for simu-
added lated rainy, rainy, dry, 

Adobe 20, 7.8, 3.6, 4.7 dry seasons (rainfall: 
Adobe peat 21, 8.6, 5.4, 6.3 257, 81, 51, 18 mm). 
Loam 18, 9.0, 3.9, 6.2 California, USA (36) 
Sand 3.1, 1.1, 0.47, 1.1 
Peat 13, 19, 0.17, 2.7 

Digested sludge applied to 13 For 0-36 d after appli-
grazing land (10 Sept 1972); cation. Ini tial count 
residue of sludge sampled 920/100 g. From 36 to 
weekly, 10-99 d after 99 d, geometric mean 
application count 4.2/100 g. 

Holland (20) 

Mesophilically digested sludge, 28, 32, 21 Respectively for sandy 
applied to arable land, weekly soil April-July 1976, 
sampling for 9 weeks after sandy soil May-July 
applica tion 1977, rich loam April-

June 1977, North West 
England (37) 

S. tZEhimurium cuI ture added Ohio, USA (35) 
to sewage effluent or sludge, 
weekly sampling of lettuce 
crops and soil after applica-
tion: 

Sludge/lettuce 8.9 1976, 4-8 weeks -
Soil/Sludge 15, 4.4 ) For 1976 and 1975 
Soil/effluent 12, 12 ) respec ti vel y • All 
Lettuce/sludge 9.1, 8.8 ) data (5-9 weeks from 
Lettuce/ef fluent 15, 5.7 ) application, except 

) 1976 soil/sludge -
) first 5 weeks only 
) and for weeks 5-12, 
) geometric mean was 
) 50/g 
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In the Dutch study (20), sludge samples, and the grassland soil to 

which the sludge. had been applied 8 or 12 d earlier, were examined quanti­

tatively for counts and serotypes of salmonellae. The data of their 

Table III, when examined statistically (by Yates l x 2 test or Fisher l s 

exact test for 2 x 2 tables) show significant association between 

incidence of serotypes originally present or absent in sludge and 

incidence of those present or absent after 8 d in soil (0.05 > P > 0.01), 

but no significant association (P >0.05) after or 12 d on grass or 12 d 

on soiL One interpretation of this is that the serotypes originally 

present in the sludge died out after application and that after 8 d on 

grass or \2 d on soil they had largely been replaced by serotypes derived 

from other sources of environmental contamination. 

The conclusions to be derived from this Section are that salmonellae 

in sludge applied to grass, sailor crops will decline in count according 

to the exponential decay model (Equation 1), that their rate of decline in 

soil will b~ accelerated by dry conditions, sandy soil, and exposure to 

sunlight, but that after periods of many weeks they may still be detect­

able by the sensitive methods available, although in low numbers, in 

cases where nutrient levels are high enough to support them, or where the 

ini tial numbers were very high or because of the sensi tivi ty of the 

method used to count them. 

6. CONTROL OF SALMONELLOSIS AND POLICIES FOR USE OF SLUDGE ON LAND 

The control of disease requires expenditure of money, either from 

public funds or by increasing the cost or complexity of industrial or 

other operations. Since public or industrial funds for improving hUman or 

veterinary heal th or the quality of the environment are limited, 

priorities are applied in practice. The priorities are governed by such 

considerations as whether the disease can be controlled at all, the 

benefits to be gained in relation to the cost of control, the most 

effective point in the transmission cycle in terms of cost-benefit for 

applying control and whether there are greater benefits to be gained 

from controlling other diseases. Monitoring of pathogens will represent 

a continuous additional cost of control. Treatment and disposal of sludge 

represents a major part (about 40%) of the cost of full sewage treatment, 

so that additional requirements for processing to remove pathogens or 

reductions in the availability of land for disposal will exert a dis­

proportionate effect upon the costs of sewage treatment. 
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The literature on salmonellosis and use of sludge on land contains 

many opinions, not all of which can be substantiated by scientific 

information. An attempt has been made in this paper to re-examine 

cri tically what information is available and what could be used in 

advising on policies for minimising risk from salmonellosis. It is 

realized however that policy decisions may be taken on grounds other than 

scientific; if so, these grounds should be clearly stated. 

This paper has revealed a number of key factors which could be 

considered in formulating policy. These are listed as follows: 

1. Salmonellosis is a major and widespread diseas of man and food­

producing animals. In man, the cause is faulty food hygiene, and 

cooked meat and dairy products are incriminated.. In rearing of food 

animals, the major causes are cycles of infection which are self­

con tained in agr icul ture .. 

2. Transmission from man to food animals is proven in the case of 

contamination of pasture wi th sewage or partly-treated effluent or 

the activities of gulls feeding on refuse.. Full treatment of sewage 

is a major barrier to disseminating infection. 

3.. The evidence for use of sludge on grazing land as a cause of bovine 

salmonellosis is not universal and is sparse.. Critical examination 

suggests that an absence of risk cannot be assumed, al though 

infectivi ty is probably low and that the risk is highest with 

prolonged or intensive exposure and where densities of animal or 

human populations are greatest .. 

4. There is considerable local, national and seasonal variability in the 

salmonella content of raw sludge and this is related to incidence of 

disease in the human population .. 

5. Only processes involving treatment with lime, heat or irradiation can 

inactivate salmonellae completely, but with heat treatment regrowth 

on storage can nullify its value. 

6.. Anaerobic mesophilic or aerobic digestion will partially remove 

salmonellae. 

7.. When sludge is applied to soil, grass or crops, salmonellae are 

inactivated according to the exponential decay model, although they 

may appear to persist for long periods because of re-contamination, 

or sensi ti vi ty of the methods used to count them. 

8.. Very sensitive methods are available for detecting salmonellae in the 

environment and their presence in sludge is primarily an indication of 

-326 -



disease in the human population and not of risk to agriculture, for 

which rigorous proof is required. 

Factors 1 and 2 suggest, that, unless national or local information 

indica tes a causal relationship between salmonellosis and use of sludge on 

land, the major effort in controlling the disease should be directed 

towards improvements in agricultural management, food hygiene or sewage 

treatment, and that risks from use of sludge could be minimized most 

economically by a policy of local or national guidelines relating the 

character of the sludge to the use of land and of controlling the way that 

sludge is applied. Such operational policies would impose barriers to 

infection. No case can be made for uniform microbiological emission 

standards for sludge, owing to the difficulty in relating count to 

infectivi ty because of variations in sensi tivi ty and the low precision of 

methods and because of regional and national differences in the aetiology 

of salmonellosis, in agricultural practices, in the densities of population, 

and in the nature and area of land available for receiving sludge. The 

cost of routine microbiological examination for salmonellae is likely to be 

very high nationally and would add significantly to the national cost of 

sludge disposal. 

Since microbiological monitoring of itself, wi thout operational 

control, will not reduce hazard, the proper role of microbiology would 

appear to be one of research to determine which treatments and practices 

are effective in destroying salmonellae. 
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PARASITOLOGICAL PROBLEMS ASSOCIATED WITH LAND APPLICATION 

OF SEWAGE SLUDGE 

J. HANNAN 

Department of Veterinary Preventive Medicine 
and Food Hygiene, 

Faculty of Veterinary Medicine, 
University CoLlege, BaLlsbridge, 

DubL in, Ireland 

The risk to man and animaLs arising from the use of sewage sLudge for 
agricuLtural purposes is reviewed. The bioLogical characteristics of 
each of the parasites LikeLy to be present in sewage sLudge in Europe 
are outLined. Those parasites such as Ascaris and Taenia which produce 
eggs that are very persi stent are referred to in greater detai L. The 
parasites that may be in sewage sludge vary from country to country_ 
The various methods that are used in processing sLudge are evaLuated 
with regard to their efficiency in rendering the sludge free from in­
fective pathogenic parasites. At present the heat treatment of sludges 
would appear to be the only practical method that will ensure that the 
product is free from infective parasites. 

Ascaris eggs are the indicator of choice for the presence of parasites 
in sludges and current research may provide a better method for their 
isolation from this product that can be used in smaller laboratories. 
With regard to the persistance of pathogenic parasites on land further 
work ; s requi red in di fferent eco Log; ca l condi t ions. 
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1. INTRODUCTION 

Some parasites which are commonly found in sewage slu:iges 

are pathogenic for man and animals, the eggs of some remain 
viable for long periods and they are capable of surviving 

most of the conventional procedures used to process sludge 

except those involving heat. For these reasons the land 
application of infected sludges must cause concern. 

In this paper the more common pathogenic parasites found 

in sewage sludge under European conditions are discussed. 
The parasites fall into three categories, viz. (1) those 

for which there is convincing evidence that the land 
application of sludge is a factor in their spread, (2) 

those that may very well be spread by sludge used in this 
manner but for which there is as yet no evidence, and (3) 

those that are present in sewage but because of their 
limited capacity to remain viable for long periods outside 
the host, are of lesser concern. 

The task of evaluating the possible role of sewage sludge 

in the transmission of pathogenic parasites is complicated 
by the fact that, as many of the symptoms of the diseases 

they cause in man are not specific, these conditions are 

not always diagnosed. Furthermore, even when a parasitic 
disease is diagnosed, the alternative modes of transmission 
of the parasite which must be considered, are many. 

2. PATHOGENIC PARASITES IN SLUDGE 

The parasites that commonly may be present in sewage sludge 
under European conditions are listed in Table Y 
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Table 1. Some Parasites of public health importance 

likely to be present in sludges in Europe 

A. Protozoa 

B. Cestodes. 

C. Nematodes. 

PROTOZOA 

Entamoeba histolytica 

Giardia lambUa 

Toxoplasma gondii 

Sarcocystis spp. 

~ saginata 

~ solium 

Diphyllobothrium ~ 

Echinococcus granulosus 

Ascaris lumbricoides 

Ancylostoma duodenale 

Toxocara ~ 

Toxocara cati 

Trichuris trichiura 

ENTAMOEBA HISTOLYTICA 

The trophozoite of this protozoan parasite is found in man's 

large intestine and oocysts are passed out in the faeces. 

It has a direct life cycle. The cycle of infection is 

continued when these cysts are ingested on contaminated food 

or in water. Cysts in faeces are sensitive to temperatures 

above 400 C or below _5 0 C (13). Although they survive for 

several weeks in cool water with a minimum of bacterial 

contamination, they are not likely to live more than 20 days 

in sewage (14). For these reasons sludge, after the 

minimum of storage, is not likely to be a factor in the 

spread of Entamoeba histolytica. 

This parasite has a wide geographical distribution. The 

life cycle is direct. The trophozoite lives in the small 
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intestine and cysts are passed out in the faeces. The 

increased incidence of Giardiasis in holiday makers and 

other travellers has focussed attention on this parasite 

and the disease has been the subject of a recent review 

by Meyer and Radulescu (28). Large scale outbreaks are 
usually traced to the contamination of water supplies by 

sewage and occur in populations in which the prevalence and 

immunity is low. The parasite may cause infection in 

animals which may act as reservoir hosts (28). The thermal 

death point of the cyst is 620 C; 2 - 5% phenol or lysol, 
and 3 g of ammonium per 100 g faeces are also reported 

as being lethal to the cysts (28). Because large numbers 

of cysts can be passed by infected persons and because the 

cysts are very infective, some concern exists with regard 

to their presence in sewage sludge when it is applied to 

land (18). 

TOXOPLASMA GONDII 

Toxoplasma gondii is now considered a coccidian parasite, 

with the genera Felis and Lynx be.ing the definitive hosts; 

the intermediate hosts include man and a wide range of 

domestic and wild animals (2). It has a wide geographical 

distribution. Infection in man may have serious 

consequences, such as death or lesions of the central 

nervous system, in new-born children. 

Oocysts excreted in the faeces of cats could be washed into 

the domestic sewage supplies by rainwater run-off. The 

cysts sporulate to an infective stage within a few days 

and they may then survive in moist soil for up to 18 months 

(2). They are killed quickly by boiling water or by 10% 

formaldehyde solution in 24 hours. Arthropods and 

earthworms may act as a mechanical vector for the oocysts. 

As the consumption of raw or undercooked meat or meat 

products is now considered the major source of human 

infection, contaminated sewage sludge, when spread on land, 
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might act as a vehicle for· the passage of oocysts to meat­

producing animals grazing the treated pasture and so 

transmit the infection back to man. 

SARCOCYSTIS SPP. 

Man can be the final host or an intermediate host for 

Sarcocystis species. For example, man is now considered 

the final host for one Sarcocystis species of cattle and 

for ·another of pigs (2). When meat from domestic animals 

is infected and eaten uncooked by man he can then start 

to excrete sporocysts. However any possible role that 

sewage sludge may have in the spread of sarcosporidiosis 

to meat-producing animals requires further study. A 

recent report (2) concludes that "control measures to 

prevent human infection with the cyst stage will depend 

on further elucidation of the parasitic life cycle". 

CESTODES 

TAENIA SAGINATA 

LIFE CYCLE AND EPIDEMIOLOGY 

Human infection is acquired by the consumption of infected 

raw or under-cooked beef. Cattle generally become infected 

by grazing land polluted with human faeces. There is 

considerable evidence that the land application of sewage 

sludge (digested or undigested) can cause outbreaks of 

bovine cysticercosis (35, 10, 37, 26, 15). 

The tapeworm in man is large (four to five metres in length 

with 1000 to 2000 segments) and is frequently responsible 

for disturbances in the normal function of the intestinal 

tract (13). The widespread distribution of bovine cysti-

cercosis in Europe is shown in Table II 
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Prevalence of bovine cysticercosis in some European 

Countries * 
Country 

Austria 

Czechoslovakia 

Denmark 

Finland 

France 

East Germany 

West Germany 

Ireland 

Italy 

The Netherlands 

Poland 

Sweden 

Swi tzerland 

England lit Wales 

Yugoslavia 

Prevalence% ~ 

2.26 

1.18 

0.56 

0.03 

3.00 

3.9 

1.69 

0.68 

3.15 

2.69 

1. 33 

0.39 

1.6-3.2 

0.18 

0.86 

1960 

1961-70 

1972 

1971 

1969 

1969 

1967 

1970 

1961-67 

1970 

1970 

1970 

1967-71 

1970 

1969 

* After Shafai (38). 

Kleibel (1961) 

Mour (1971) 

Biering-Sorengen 

( 1974) 

Salmi (1972) 

Bressou (1972) 

Muller (1970) 

Triantafill u (1970) 

Shafai (1975) 

Ceetto lit Panizza 

( 1967) 

Reiningh (1972) 

Kozakiewicz (1973) 

Lundstrom (1972) 

Konz (1972) 

Beynon (1972) 

Kazi (1973) 

Since man is the only known source of the eggs which 

produce bovine cysticercosis it can be assumed that the 

parasi te is widely dispersed in the European population. 

In the absence of treatment infection, usually with a 

single tapeworm, may persist for several years (2). The 

current method of control includes the treatment of infected 

persons and the prevention of human infection by the 

inspection of meat before it is allowed for sale, as well 

as adequate sewage treatment and disposal. Because of 

the difficulty of identifying infected persons and arranging 

for their treatment, little progress has been made in that 

direction. Meat inspection cannot be relied upon to 

prevent human disease because of the difficulty in detecting 

lightly-infected carcases (II, 38). 
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The ability of the eggs of this tapeworm to persist in the 

environment and their resistance to external factors must 

be considered when contemplating the application of non-heat-

treated sewage sludge to land. The literature on the 

survival of eggs under natural and experimental conditions 

has been reviewed recently by a number of authors (10, 14, 

16, 18). 

LONGEVITY OF EGGS 

Some eggs can be hatched after storage at 40 C for 11 months 

(39) and Penfold ~ ~recorded that eggs stored in saline 

were infective for calves up to three months later (33). 

EFFECTS OF HIGH TEMPERATURE 

Eggs maintained at 59 0 C for 10 minutes failed to hatch l!!. vitro 

(39). In our Laboratory Shafai found that eggs exposed 

to a moist heat 600 C for 5,10,15 and 30 minutes could be 

hatched but the hatching rate decreased as the exposure time 

increased. However when eggs were exposed to a moist 

heat of 600 C for 15 minutes and then fed to susceptible 

calves the eggs were found not to be infective (38). 

EFFECTS OF LOW TEMPERATURE 

After storage for two months at _40 C eggs were still viable 

(42) and in in ~ studies, Lucker found that eggs were 

infective after a similar period at the same temperature(24). 

EFFECTS OF DESICCATION 

Desiccation for 14 days is lethal to eggs, irrespective 

of the relative humidity (39). 

SURVIVAL OF EGGS UNDER FIELD CONDITIONS 

Arkhipova recorded that on soil irrigated with sewage, eggs 

survived for 77 to 93 days in spring, 35 to 45 days in 

summer, 80 to 97 days in autumn and 128 to 147 days in 
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winter (3). Penfold et al. concluded that, in Australia, 

eggs stored at 2 to 5 0 C and then spread on pasture were 

viable for two months (32,33). In Kenya it was suggested 

that eggs survive on pasture for 12 months or more (12). 

The work of Jepsen and Roth in Denmark suggests that eggs 

survive at least five months under winter conditions in that 

country and for 58 days in summer (21). In concluding 

his review on the effects of weather on tapeworm eggs and 

its epidemiological implications Gemmell writes that 

"weather effects can only be defined in each ecological 

situation by appropriate grazing trials" (16). 

SURVIVAL IN ANIMAL FODDER 

Lucker and Douvres recorded that the survival period for 

eggs in hay can be more than 3 but less than 10 weeks (25). 

Brylez & Wikerhauser reported that eggs were not viable 

after being kept in grass silage at 40 - 500 C for 37 days 

(4). However some current systems of making silage using 

formaldehyde, propionic acid and other additives may not 

allow fermentation to cause a temperature rise which would 

be lethal to eggs (31). 

EFFECTS OF CHEMICALS 

The published literature on the effects of chemicals on 

the eggs of Taenia saginata has been reviewed by Shafai (38). 

It is evident that eggs can withstand exposure to a wide 

range of chemical disinfectants. Hays in her review on 

the land application of sewage sludge, concludes that 

disinfection procedures as used in treating sewage effluent 

do no harm to eggs (19). However the use of some chemicals 

for the treatment of sludges containing the parasite are 

being investigated further by Crewe and Owen and show some 

promise (10). 

SURVIVAL IN SEWAGE AND SEWAGE SLUDGE 

The recent epidemiological evidence that the eggs survive 

in the sludge has been cited earlier in this paper. 
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Glassborow has summarised the published experimental 

information on the type and duration of sewage treatment 

required to kill ~ eggs (18). According to Newton 

et al. activation of sludge has no effect on Taenia eggs 

(30) and they also considered that at least six months 

storage is required to kill these eggs. 

SPREAD BY BIRDS AND FLIES 

Glassborow has reviewed the literature on this subject (18). 

There is ample evidence that both birds and flies can 

transport eggs and perhaps segments of the tapeworm. The 

part that these agents play in spreading the pathogen from 

infected sludge and in cross contamination within a sewage 

treatment system, should be considered. 

MONITORING OF CYSTICERCUS BOVIS 

The monitoring of the prevalence of the cysts of Cysticercus 

bovis in the carcases of cattle which have grazed on land 

on which sewage sludge has been spread is a useful 

surveillance system and often gives the first indication 

that viable pathogens are still present on the land. 

Man is the usual host for this tapeworm and inadequately hea­

ted pork containing the cystic stage of the parasite is 

the major source of human disease. Pigs become infected 

by ingesting the eggs shed by human carriers. In addition 

man may also become infected with the cystic stage by 

ingesting the eggs of the tapeworm and this may lead to 

serious muscular or neuromuscular disease (13). 

In areas where Taenia ~ is endemic the spreading of 

unheated sludge on land where pigs feed may propagate the 

parasite. There is also the possible hazard of the eggs 

being carried back to man on crops grown on such land if 

the food is consumed raw. 
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DIPHYLLOBOTHRIUM LATUM 

Man, along with other fish-eating mammals, can harbour this 

parasite. The adult worm lives in his small intestine for 

decades and sheds more than one million eggs per day. 
Crustaceans are the first intermediate host and freshwater 

fish are the second; man acquires infection by the ingestion 

of raw infected fish. The parasite is commonest in 

Europe in countries bordering the Baltic Sea but also exists 

in French, Irish, Italian and Swiss lakes (2). In Sweden, 

eggs of this parasite were recovered in the sludge and 

effluent at 38 out of the 40 waste water treatment plants 

examined (36). It is evident from the same report that 

chemical treatment, which complemented mechanical and 

biological treatment, reduced the outflow of eggs 

considerably. Lapage, when discussing control measures 

for this parasite, states that sewage in endemic areas 

should be treated with formaldehyde, chlorine or heat to 

kill the eggs (22). 

ECHINOCOCCUS GRANULOSUS 

Man acts as an intermediate host for the cystic stage of 

this parasite, the dog being the host of the egg-shedding 

tapeworm. Sewage sludge is only likely to become 

contaminated by run-off from urban and city streets in 

endemic areas. Because of the possible role that sludge, 

when it is contaminated in this way, might play in 

disseminating the eggs to reservoir hosts such as cattle 

and sheep and, less likely, to man, this parasite should 

be considered when sewage sludge is to be applied to 

pasture. 

NEMATODES 

ASCARIS LUMBRI COI DES 

LIFE CYCLE AND EPIDEMIOLOGY 

This parasite is the most cosmopolitan and most common of 
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all parasites of man (13). The adult worm lives in the 

intestine with an estimated daily output of 200,000 eggs 

for each female worm. The life cycle is completed when, 

after a period of incubation, fertilized eggs are ingested. 

The ingested egg liberates a larva which migrates through 

the liver and lungs before reaching the intestine, its 

final destination. The thick shell of the Ascaris egg 

and the ability of the larvae to become metabolically 

inacti ve when they reach the infective stage, are factors 

put forward to explain their great longevity; periods 

recorded range from 11 months to 5 years (41). 

LETHAL FACTORS 

Desiccation is the most lethal condition for eggs. When 

exposed to direct sunlight they are killed within a few 

weeks and under conditions of bright sunlight and 

desiccation in one to two hours. In wet soil the eggs may 

live for 2 years at temperatures of 5 to 20°C and, at these 

temperatures, in water for 20 months. They are also 

resistant to cold temperatures surviving at -20 to _30°C 

for three months (41). 

In anaerobic digesters Reyes et al. found that ~ eggs 

failed to survive 30 days at 3SoC, 20 days at 45°C or 20 

minutes at 55 - 60°C (34). Cram reported that some eggs 

could survive for 6 months at 20°C (9). Hogg found that 

in order to kill any Ascaris eggs present, sludge had to 

be dried to less that 5% of its original dry matter (20). 

Faechem et al. (14) concluded that suitable time: temperature 

conditions for the destruction of Ascaris eggs were as 

follows: 

(i) at least 62°C for 1 hour; 

(ii) at least 50°C for day; 

(iii) at least 46°C for week; 

( iv) at least 43°C for month; 

(v) at least 42°C for 1 year. 
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RECENT REPORTS OF LETHAL FACTORS 

Crewe and Owen assessed the effects of irradiation on 

~ eggs (10). They report that there are definite 

indications that irradiation is effective to some degree 

against the eggs but at both 0.4 and 1.2 Megarads, the 

irradiation was less effective than against bacteria (10). 

They also comment that the particles of sludge may shield 

the eggs from irradiation. Alexandre states that 

irradiation is economically acceptable but that there are 

political and psychological disadvantages to its use (1). 

Chefranova tested anhydrous ammonia on ~ eggs in 

sludge and reported that at a concentration of 2.5% it 

was lethal for the eggs in 10 days (6). Chilikin found 

that ammonium hydroxide at a concentration of 5% killed 

all Ascaris eggs in sludge in 20 days and that carbathion 

at a concentration of 5 to 7% was also lethal for the eggs 

in 5 days (7). Crewe and Owen in a preliminary report 

on the effects of lime on the development of Ascaris 

eggs found that at a pH of 12.25 the development of the 

eggs was halted but whether or not it was lethal awaits 

a further report (10). They also stated that the chemical 

"SX-1" (produced by Imperial Chemical Industries) shows 

some promise for the treatment of sludges. Recently 

Sokhrokov reported that ultrasound at 50 volts per cm2 at 

a frequency of 24 kilohertz for 10 minutes killed all. 

Ascaris eggs in sewage at a pH 12.9 to 13.4 with the 

addition of added ferromagnetic substances at 50 mg per 

litre (40). 

ASCARIS LUMBRICOIDES AS A PATHOGEN INDICATOR IN SLUDGES 

Because Ascaris eggs are so resistant it has been proposed 

that in areas where Ascariasis is endemic, if there are 

no viable ~ ova present in sewage sludge, then other 

pathogens are absent as well. Viable ova of this parasite 

would therefore appear to be the pathogen indicator of 
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choice available for sewage sludge (14). Meyers et 

al. also advocated the use of Ascaris eggs as an indicator 

for helminth eggs because they are common and because they 

are more resistant to adverse external conditions than 

other enteric organisms (27). These authors also describe 

a modification of the zinc sulphate concentration method 

using hypochlorite and an anionic detergent to improve 

recovery of eggs from sewage sludge. Crewe and Owen 

also report on techniques for the recovery of Ascaris 

eggs from sludge using sugar solutions of very high 

specific gravities and also on the use of anionic 

detergents and sodium hypochloride (10). 

TOXOCARA CANIS 

TOXOCARA CATI 

There is growing concern about toxocariasis in man (2). 

Man becomes infected by the ingestion of infective eggs 

which then release larvae which can migrate to any part of 

the body, with most serious consequences when the eye or 

brain in involved. The thick-shelled eggs are produced 

by round worms in dogs at a rate of 10,000 or more per 

gramme of faeces. Infection of dogs is worldwide, 

wi th a prevalence rate of 20% in Britain (45). In that 

country there is evidence that 2 to 3% of the population 

have been exposed to the parasite (2). 

The eggs are capable of long periods of survival in soil, 

and so the contaminated environment is considered to be a 

significant reservoir of infection. The sewage system in 

cities and towns receive Toxocara eggs from the washing of 

streets and roads and hence eggs are commonly present in 

sewage sludge (36,43). Therefore sludges if not 

adequately treated before they are applied to land, can 

contribute to further contamination of the environment. 

- 342-



ANYLOSTOMA DUODENALE 

This is essentially a parasite of, amongst other places, 

Southern Europe and it does not normally occur in northern 

latitudes above 520 (29). 

The adult worm lives in the small intestine and fertilised 

eggs, which have thin shells, are passed out in the faeces. 

In warm, moist and shady conditions the eggs hatch to 

larvae in one to two days. The larvae, after about three 

days of feeding on organic matter, become infective for man 

and can remain viable in the soil under sui table conditions 

for several weeks. They infect by penetration of the skin 

where they cause creeping eruptions before they finally 

migrate back to the intestine. Infection can also take 

place by ingestion of the infective parasite (29). Miller 

has presented a comprehensive review on the subject of 

hookworm infection in man (29). There is evidence that 

the eggs of this parasite are present in sewage (19) but 

there appears to be none linking the land application of 

sludge with disease in man. The larvae survive six weeks 

in faeces (14) and the ova 60 - 80 days in drying sludge (9). 

Other hookworms that infect dogs may also cause skin 

lesions in man when the larvae are present in soil. 

Although it is theoretically possible that the eggs of these 

parasites, when shed by dogs, could be present in sludge, 

there is no evidence of the disease in man having been traced 

to this source. 

TRICHURIS TRICHIURA 

These helminths, also known as "whipworms", Ii ve in the 

lower part of man's intestine. Eggs are passed in the 

stool and require a period of about two to three weeks to 

become infective. Estimates for the output of each female 

of eggs are about 6,000 per day. The parasite is 

cosmop.oli tan in distribution and it has been estimated that 

about 34 million pe.ople in Europe are affected. Infection 

results from ingestion of eggs .obtained directly or 
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indirectly from the soil. The eggs are much less resistant 

to desiccation.and heat than Ascaris eggs and will not 

survive direct sunlight, putrefaction or many chemicals (13). 

Faust et al.concluded that, in a moist atmosphere, the eggs 

in a moderately dry film of faeces will not survive for 

more than two weeks (13). 

3. PREVALENCE OF PARASITES IN SEWAGE SLUDGES 

Hays (1977) has reviewed the literature on this subject. The 

number and type of parasites present appear to be influenced 

by the infection rate of the local population. For example 

in a recent report on helminth ova in sludges from twelve 

urban areas in the United States of America, Theis and 

Storm (43) found that Ascaris lumbricoides was the most 

frequent ova recovered. It was found in 25.8% of all sludge 

samples examined; 19.3% contained Toxocara species. Whereas 

in Sweden Roneus and Dalborg (36) examined the sludges of 

40 waste water treatment plants and found egg of 

Diphyllobothrium in 38 plants,Ascaris eggs in 24, Toxocara 

eggs in 12, Trichuris eggs in 6, Taenia eggs in 3 and 

Capillaria eggs in 3. They considered that the Toxocara 

eggs originated from dogs and cats. 

The sludge's load of parasites will also depend on the amount 

of animal waste reaching the sewage system. Liebmann is 

of the opinion that in temperate climates of Europe, about 

10% of the ova in waste-water is of human origin (23). 

4. SURVIVAL OF PARASITES IN SEWAGE SLUDGE AND SOIL 

Feachem et al. have recently reviewed the literature on this 

subject and conclude that in sewage, protozoan cysts are 

unlikely to survive for long: 20 days is the likely maximum 

for the cysts of Entamoeba histolytica. Helminth ova vary 

considerably in their ability to survive in this medium, 

the most persistant being Ascaris ova, with a capacity to 

survive for a year or more (14). 

---



On soil the same authors conclude that protozoan cysts are 

unlikelY to survive for more than 10 days, with variable 

survival periods for helminth ova, the greatest being for 

~ ova, with a survival time of several years. On 

crops they estimate that protozoan cysts survive for 

usually less than 2 days and helminth ova for usually less 

than one month. 

5. EFFECTS OF THE VARIOUS TREATMENT OF SLUDGES ON THE 

SURVIVAL OF PARASITES 

Feachem et al. (14) concluded that the activation sludge 

process has little effect on parasites, that protozoa will 

survive none of the digestion procedures and that the only 

digestion process that will provide helminth-free sludge 

is batch thermophilic digestion for 13 days at 500 C. With 

regard to the drying of sludges, protozoan cysts can be 

expected to be killed but eggs of Ascaris, Trichuris and 

Taenia spp. will survive conventional treatments. 

The destruction of pathogens in sewage sludge by composting 

has been reviewed by Burge et al. ,(5). They conclude 

that composting is the only process that greatly reduces 

pathogen levels and stabilises the sludge so that it can 

be applied to land. They also consider that the destruction 

of pathogens by forced air composting is much faster than 

windrow composting and, furthermore, is not adversly 

affected by rainfall. 

6. USE OF SLUDGE FOR AGRICULTURAL PURPOSES 

Restrictions on the use of sludge vary greatly from country 

to country and some of the restrictions arise because of 

the hazard of transmission of human parasites (8). In 

Sweden, for example, sludge may be used for agricultural 

cultivation provided it is mixed with soil by ploughing, 

but unpasteurized sludges may not be spread on hay fields, 
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grazing land or any other crop-growing area (4,4). In 

Britain raw sludge may be applied to grassland provided 

there is a waiting period between application and grazing. 

It may also be applied to arahle land if it is immediately 

ploughed (8). 
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MONITORING S~AGE SLUDGE SANITATION BY BACTERIAL INDICATORS 

A.H. HAVELAAR 

National Institute for Public Health 

P.O. Box 1 

3720 HA BILTHOVEN 

THE NETHERLANDS 

Sanitation of" sewage sludge may be obtained by dif"ferent processes 
like pasteurization, radiation and composting. In order to ascertain that 
the end-product has been sufficiently treated, microbiological monitoring 
may be used. A discussion is given of the suitability of various, commonly 
used indicator groups for this purpose. 

The resistance against heat and radiation of enterobacteria and sub­
groups thereof (total and thermotolerant coliforms) is too low to provide 
an adequate margin of safety. Faecal streptococci appear to be useful for 
monitoring all types of sanitation discussed, and possibly also coliphages 
are well suited. Bacterial endospores generally are too resistant, so that 
neither spore-count s nor total COWlt swill give information abQut the pro­
cess conditions applied. In the composting process, special problems arise 
due to the regrowth of certain indicator-bacteria. 
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J.. INTRODUCTION 

It has been well established in the literature that high numbers of 

pathogenic micro-organisms are usually found in sewage sludge. The use of 

sludge in agriculture therefore adds to the dissemination of" pathogens in 

the environment, thus creating an indirect or a direct risk to human or 

animal health. Indirect risks may occur by the intensification of cycles 

of pathogenic micro-organisms, as have been shown to exist for instance 

for SaLmoneLLa (Kampelmacher, 1977) and CLostridium botuLinum (Notermans 

et at., 1980). Direct risks may result from the consumption of contaminated 

foodstuff's, grown on sludge-treated land. For this reason, it has been 

commonly accepted that sludge should not be applied to land used for grow­

ing crops that are intended for human consumption, especially if' the crops 

are eaten raw. 

Considerable amoWlts of raw or digested sludge however, are applied 

to pasture in all countries of the European Community. Usually, a minimum 

period of time is specified before animals can be introduced to the 

grounds. This wiil not always result however in a sufficient inactivation 

of pathogens because climatological conditions show great variation, and 

moreover, most sludge is applied in the cooler season when environmental in­

activation is comparatively low. It has been demonstrated for instance by 

McPherson et at. (1978) that 36 out of 40 cows aC'l.uired cysticercosis after 

being introduced to pasture that had been treated with "slurry" from a sew­

age treatment plant one month earlier (September 15). As a result of these 

and other findings, there is an increasing tendency towards in-plant inac­

ti vat ion of' pathogens, thus reducing both indirect and direct health risks. 

Working Party 3 of the EEC Concerted Action Committee "Treatment and 

Use of Sewage Sludge" (COST 68 bis) has reviewed the possible treatment 

processes and ha.s given indications as to the acceptable use of different­

ly treated sludge. No restrictions are specified f'or the use of so-called 

sanitized sludge, that has Wldergone a treatment aimed at complete inactiv­

ation of' vegative bacterial cells and parasitic ova and cysts. By these 

processes, many viral species will also be killed. The desired effect can 

be reached by a number of processes: pasteurization, radiation, composting, 

lime treatment, aerobic thermophilic stabilization or high temperature 

treatment (under pressure above boiling point). Apart from a direct control 

of process parameters (temperature, pH, radiation dose), microbiological 

analyses are necessary to ascertain that the desired ef'fect has been reached 
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and also that no recontamination has occurred. 

Demonstration of the absence of specified pathogens in the end-pro­

duct appears to be the obvious wa:y of monitoring the sanitation process, 

but unfortunately this is hindered by a number of facts. Enumeration of 

pathogens is either not possible at all or laborious and expensive and only 

within the reach of specialized laboratories. In addition most pathogens 

are only present in sewage sludge in low numbers. Furthermore, the possible 

number of pathogenic species present in sludge is quite larg,e, so that many 

tests should be carried out. 

A more practical approach is based on the enumeration of indicator 

organisms. Their absence in the end-product (in a specified amount) or a 

reduction by at least a certain factor should indicate that the process 

has worked satisfactorily. In the f'ollowing, a number of candidate indi­

cator organisms will be discussed with regard to their microbiological 

characteristics, occurrence in sludge and enumeration techniques. Subse­

quently, a discussion will be given of the suitability of these organisms 

for monitoring some sanitation processes as specified above. 

2. INDICATOR ORGANISMS 

In general a number of criteria is applied for the selection of appro­

priate indicator organisms. For monitoring sewage sludge sanitation, the 

following criteria apply: 

- presence in high numbers in raw sludge 

- cultivation and enumeration in the laboratory possible by reliable 

but rapid, simple and inexpensive methods 

- resistance suff'iciently high to demonstrate ·underprocessing, but 

inactivated if the process is applied correctly. 

On the basis of' the first two criteria a number of commonly used groups of 

orgruIisms can be selected. They are listed in Table 1, together with an in­

dication of their numbers in raw sludge. Data on the occurrence of indica­

tor organisms in sludge are scarce and scattered in the literature and show 

great variability. Therefore, the numbers shawn in the table should be re­

garded as a guidance only. The data have been derived mainly from the fol­

lowing sources: Kampelmacher and Van Noorle Jansen, 1972; Farrel et al., 

1974; Cooke et aL, 1978; Berg and Berman, 1980; Breer, 1980 and unpublished 

data from our own laboratory. 
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Table 1. Indicator organisms in raw sewage sludge 

Indicator group 

total aerobic count 37°C 

enterobacteria 

coli forms 

thermotolerant coliforms 

group D (= faecal) streptococci 

sulphite-reducing clostridia 

aerobic spores 

coliphages 

No. of organisms/ g wet 

106 - 108 

106 - 108 

106 - 108 

105 - 107 

104 - 106 

103 - 105 

103 - 105 

103 105 

sludge 

The total aerobic count at 37°C, as determined on a non-selective me­

dium, is "for the larger part made up of enterobacteria as can be seen from 

a comparison of the numbers of these two groups. The enterobacteria as coun­

ted by the conventional techniques, based on glucose-fermentation and bile­

tolerance are mainly found in the Enterobacteriaceae-family but in addition 

some members of the Vibrionaaeae-family will contribute to the count" All 

are gram-negative, rod shaped bacteria and are normal inhabitants of the in­

testinal flora of humans and animals" In addition, certain species can also 

multiply in other habitats. In water microbiology, where the attention is 

mainly focused on faecal pollution, more specific subgroups of the entero­

bacteria are usually analyzed therefore. Coli forms , defined by their capabil­

ity of fermenting lactose to acid and gas at 37°C are universally applied. 

As can be seen from Table 1, the coliforms constitute the maj ori ty of the 

enterobacteria in sludge. Members of the coliform group can be found among 

the genera Esahenahia, Entel'obaatel', Citl'obaatel', Ktebsiella and Ael'Gmonas. 

Of these genera, only Esahenahia aoZi can be considered a specific faecal 

indicator. A differentiation between E. aoZ,i and other members of the coli­

form group is generally made by carrying out the lactose-fermentation test 

at 44°c instead of 37°C. Bacteria capable of performing this reaction are 

called thermotolerant (or faecal) coliforms. Usually, E.aoZi will constitute 

the majority of the thermotolerant colif'orms, but in certain cases thermo­

tolerant Ktebsietta- and Entel'obaatel'-species can be found (Talbot and 

Seidler, 1979; Huntley et at., 1976). The bacteria can be distinguished from 
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E.coli by the indole-test. This test must be performed at 44°c instead of 

the usual 37°C because certain species (Klebsiella oxytoca~ Enterobacter 

gergoviae~ Enterobacter sakazakii) can produce indole at 37°C but do not 

grow at 44°c. The numbers of thermotolerant coli forms are generally one or­

der of magnitude smaller than those of the total coli forms. When monitoring 

the efficiency of sludge sanitation processes, there is no need for a spe­

cific faecal indicator, so in this respect all three groups (enterobacteria, 

total and thermotolerant coli forms ) are equally useful. Problems may arise 

however due to the different behaviour of the bacterial species included in 

these groups. 

Group D (or faecal) streptococci are also found in high numbers in 

sludge. Apart from low numbers of certain species being present on plants, 

they can be considered specific faecal indicators. Like other gram-positive 

cocci, . they are in general more resistant than enterobacteria against ad­

verse environmental conditions. 

Sulphi te-reducing clostridia can be considered ubi qui tous, but the 

main species in sludge Clostridiwn perfringens, occurs mainly in faeces. 

The value of this group as indicator lies mainly in the production of 

highly resistant endospores. In sewage sludg~, tl:te spore-form dominates the 

vegetati ve cells in numbers. 

Spores of aerobic bacteria are also highly resistant. They can be coun­

ted by performing a total count after heating the sample at a temperature 

of 700 C for 10 min. This treatment will kill all vegetative cells. 

Bacteriophages are viruses of bacteria, those of E.coli (coliphages) 

being most widely analysed. Like animal and human viruses, the phages may 

be comparatively resistant against inactivation but this may vary consid­

erably in a natural population. As E. coli does not multiply in sludge, mul­

tiplication of the coli phages also is lUllikely to occur for this only can 

take place in an actively growing host. 

3. MONITORING OF SANITATION PROCESSES 

In the following the applicability of the candidate indicator organisms 

for monitoring the effect of pasteurization, composting and radiation will 

be discussed. 

3.1 Pasteurization 

It is generally accepted that the pasteurization process should be 
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carried out at a temperature of 65_70oC for 30 min or more. An unsatisfac­

tory end-product may arise from 'Wlder-pasteurization (i. e. the desired 

temperature is not reached or not maintained for a sufficient period of 

time) or from recontamination of the pasteurized sludge. Especially in 

order to demonstrate under-pasteurization very strict demands should be 

met by the indicator. No inactivation must occur at temperatures below ca 

600 c but complete ina.ctivation must take place at temperatures of ca 70oC, 

all within the time scale of the process. 

Data on the heat inactivation of specific bacterial groups can be 

found mainly in the literature on food microbiology. It has become clear 

that the inactivation process is influenced by a number of factors so that 

comparisons of experimental data are very difficult, as are interpolations 

of these results to the processing of sewage sludge. In general, the fol­

lowing conditions increase the heat-resistance of micro-organisms: low 

water activity, high organic matter content (proteins, fats, carbohydrates) 

and neutral pH. Also, resting cells are more resistant than actively grow­

ing cells. Thus, the decimal reduction time D (the time needed to inac­

tivate the population by a factor of 10 at a given temperature) has been 

reported to range from 4,8 to 35 min at 55°C and from 0,2 to 9,5 min at 

60°C for SaZmoneZla senftenherg (Jay, 1978). These data are based on labo­

ratory experiments using pure cult1U'es and non-selective media for counting. 

When investigating sludge however, selective media must be exployed. One 

should realise that bacteria surviving heat treatment have become more sen­

sitive to such factors as salt concentration, selective agents etc. in the 

cultivation media (sublethal injury). The measured death rate under prac­

tical conditions therefore also depends on the counting procedure. For our 

present purpose however, an approximation of the heat resistance of the 

candidate indicators is sufficient. 

The enterobacteria are relatively heat-labile, most species being 

killed within a few minutes at temperatures between 55 and 60°C (Jay, 1978). 

Conse'luently, a complete kill of enterobacteria (or subgroups thereof) 

does not imply that the pasteurization process has been performed wi thin 

the limits as discussed above. This should be better reflected by analyses 

of the numbers of faecal streptococci. These organisms are able to survive 

for a considerable time at 60°C but will be rapidly inactivated at 65°C. 

Spores of clostridia (anaerobic) and bacilli (aerobic) are highly heat­

resistant and will not be killed by temperatures normally applied for 
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pasteurization. Therefore, spore-counts but also total counts (to which 

spores will contribute) will not be useful for monitoring pasteurization 

processes. The thermal resistance of bacteriophages is less documented than 

that of bacteria. Inactivation of' a number of species takes place in the 

range of 65-TOoC (Adams, 1959) so that this indicator may most critically 

reflect under-pasteurization. 

The above theoretical considerations have been tested in some labora­

tory experiments, the results of which are shown in Table 2. In these ex­

periments, anaerobically digested sludge was submerged in a water bath in 

small, screw-capped tubes that were removed after certain periods of time. 

Table 2. Thermal inactivation of different indicator organisms in sewage 

sludge (decimal reduction values) 

Temperature (oe)/ Ente:-01) Faecal Sulphite-red. Total Coliphages 
time (min.) bacterJ.a strept. clostridia count 37°C 

60/15 

60/30 

60/45 

70/15 

70/30 

70/45 

80/15 

80/30 

80/45 

> 4 

> 4 

> 4 

> 4 

> 4 
> 4 

> 4 

> 4 
> 4 

1,4 

2,1 

3,1 

> 4 

> 4 

> 4 

> 4 

> 4 

> 4 

< 1 

< 1 

< 1 

< 1 

< 1 

< 1 

< 1 

< 1 

< 1 

1,5 

1,5 

1,5 

1,5 

1,8 

1,5 

< 1 

< 1 

1,1 

1,7 

2,0 

2,1 

3,9 

3,9 

> 4 

1) the same reduction was found for coliforms (total and therrnotolerant) 

2) 
not tested 

As can be seen from these data, inactivation of enterobacteria and sub­

groups took place very rapidly at all temperatures investigated. In all 

cases, the bacteria were absent from 1 g of sludge after treatment. The in­

acti vat ion of faecal streptococci on the other hand was relatively slow at 
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600 c but virutally complete within 15 min at 700C. Sulphite-reducing clos­

tridia (spores) were not inaGtivated and the reduction of the total count 

at 37°C amounted ca 1,5 decimals, irrespective of temperature and time. 

All of the surviving bacteria were spore-formers, so this reduction factor 

reflects the ratio between veg~tati ve cells and spores in the sample in­

stead of the process conditions applied. The data on the reduction of coli­

phages indicate that their thermal resistance as a group is intermediate 

between that of the vegetative bacterial cells and that of bacterial spores. 

It must be borne in mind however that the coliphage-group is composed of 

many different species that may have a diff'erent thermal resistance. Never­

theless, the group seems to be well I?uited to monitor the pasteurization 

process. 

3.2 Radiation 

Sanitation of sludge can be obtained by a radiation dose of 300-1000 

krad depending on the properties of the sludge and other factors (Alexandre, 

1978). Working Party 3 of' COST 68 bis suggests treatment with a dose of' at 

least 500 krad while American regulations require at least 1000 krad (Anon, 

1979). It may theref'ore be assumed that a suitable indicator should sur­

vive a dose in the order of 100 krad but that a substantial reduction should 

take place by doses between 500 and 1000 krad. 

The radioresistance of micro-organisms depends mainly on the same fac­

tors as the thermal resistance and in addition the presence of oxygen in­

creases the kill rate. Again, a comparison of literature data is a difficult 

task. In general, D-values of enterobacteria are reported to be comparative­

ly low, ranging f'rom 10 to 100 krad. E.aoZi appears to be more sensitive to 

radiation than other members of the coliform group, i.e. Klebsiella 

(Alexandre, 1978). It may theref'ore be concluded that monitoring enterobac­

teria or subgroups thereof does not detect under-processing. Faecal strepto­

cocci are more resistant to radiation and probably large differences between 

strains exist. D-values reported in the literature are between 100 and 300 

krad, i.e. five times those of enterobacteria (Brandon, 1976; stettmund von 

Brodorotti und Mahnel, 1980). According to the last authors, artificially 

contWninated S.faeaaZis was reduced by three orders of' magnitude at a 

radiation dose of 1000 krad. The radioresistance of bacterial spores paral­

lels the thermal resistance (Jay, 1978) so that spore counts and total counts 

cannot be used to monitor the effect of radiation doses at the specified 
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level. No data are available on the radioresistance of bacteriophages in 

sludge. According to Adams (1959) D-values in broth cultures are in the 

order of 500 krad or more. 

3.3 Composting 

The inactivation of micro-organisms during composting takes place by a 

combination of temperature, time and microbial interactions. Further details 

depend strongly on the type of process applied. One of the major factors 

that can result in insufficient inactivation of pathogens is caused by the 

fact that the outer-layers of a compost-heap will not reach the high tem­

peratures generated in the centre, so that the heap must be frequently mixed. 

As thermal inactivation is the major sanitizing mechanism, the compara­

tive resistance of micro-organisms as discussed for pasteurization also ap­

plies for composting. Generally, microbial inactivation by composting is 

better and even spores may be reduced to a low level during the initial, 

high temperature phases of the process. In later stages, the temperature 

may drop to 30-400 C and regrowth of bacteria may take place. Lofgren, 

Tullander and Hovsenius (1978) noted a rise of aerobic spore forming bac­

teria (e.g. Bacillus cereus) and coliforms, but not of faecal streptococci 

and Clostridiwn perfringens. The species constituting the coliform group 

behaved differently during the process. E.aoli was present in the raw ma­

terial and disappeared completely in the high temperature phase. Regrowth 

was mainly caused by Klebsiella and to a lesser extent by EnteY'obacter. 

These data imply that the numbers of coliforms and of spores of aerobic 

bacteria (and consequently also total counts) in the end-product bear no 

relationship to the inactivation of pathogens. Based on the data of Lofgren 

et al. (1978) faecal streptococci and also C.perfringens could be used for 

jUdging the hygienic quality of compost. No data on coliphages are available 

but it may be hypothesized that also these organisms may provide valuable 

information. 
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DETECTION DES VIRUS DANS LES BOUES 

D. BEYTOUT, H. LAVERAN, J.B. LALUQUE 

Faculte de Medecine - CLERMONT FERRAND - FRANCE 

Resume 
---Experimentalement, diverses substances solides sont capables d 'adsorber 
des virus: precipites mineraux (AI (OH) 3' Fe 2 0 3 etc .•. ) poudre et fibre de 
verre, substances organiques (cellulose, fibres nature lIes ou syntheti-
ques ... ), tissus ou cellules (levures, feuilles de lai tues ... ) ; dans les 
eaux usees 1a plus grande partie des virus est naturellement adsorbee sur 1a 
boue. L I adsorption est favorisee par un pH acide, une force ionique optimale, 
1a presence de cations polyvalents ; les facteurs favorisant le relargage 
sont le pH alcalin, 1a presence de proteines ou de substances organiques 90-

lubles et de detergents, llaction dlultrasons. Taus ces facteurs sont inter­
dependants: nous ne pouvons jamais maitriser taus les parametres du pheno­
mene dans un milieu aussi complexe et variable tel que la boue. De plus, les 
memes facteurs agissent sur 11 agglutination des virus et la capaci te des 
cellules a adsorber et multiplier les virus qui conditionnent Ie titrage des 
virus. Les meilleurs methodes dlextraction des virus des boues sont Ilelu­
tion dans un milieu albumineux a pH alcalin (8,5 a 11,5), combinee a la 
chelation des cations, 11 agi tation avec des solvants (ex : fluorocarbone) 
et sonication. Les evaluations quantitatives sont peu reproductibles ; avec 
des souches virales choisies et dans des conditions experimentales definies 
elles sont assez fideles pour etudier la denaturation des virus ; mais elles 
ne permettent pas de donner une image reelle de la pollution dans les condi­
tions nature lIes . 

Summary 
----nifferent solid materials may absorb viruses in experimental condi­
tions : mineral precipitates (Al (OR) 3' Fe20 3 etc ... ), glass powder of bi­
bers, organic substances (cellulose, natural or synthetic fibers ... ), biolo­
gical tissues or products (yeasts, lettuce leaves ... ) i in sewage sludge 
most ot the viruses are naturally linked to sludge components. Favourable 
factors for experimental adsorption are: low pH, optimal ionic strenght, 
presence of polyvalent cations ; factor for desorption are high pH, presence 
of proteins or organic soluble substances, detergents and ultra50nication. 
They are interacting so that we cannot control each parameter of the pneno­
menon in a so complex and changing medium as sewage sludge. Nevertheless 
the same environmental parameters act on viral aggregation and adherence to 
cells, and cell ability to adsorb viruses and developp viral multiplication, 
which are the conditions of the viral titration. The most sui table for the 
extraction of virus from sludge are: elution by high pH (from 8,5 to 11,5) 
albuminous medium combined with chelation of cations, agitation with sol­
vents (ex: Fluorocarbon) and sonication. Quantitative evaluations are inac­
curate; with appropriate test-viruses in clearly defined conditions they 
may be sufficiently accurate for experiments on viral denaturation ; they 
are not .enough reproductible to simulate the natural conditions and to se­
lect different strains of viruses. 
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1. RAPPEL 

Peut-etre est-il utile, pour ceux d' entre vaus qui ne sont pas virolo­

gistes, de rappeler brHwement ae que sont les virus ; car, nous Ie verrons 

ensuite, La plupart des difficultes techniques qui vont apparaI:tre, sont 

liees justement a la nature m&te de I' objet de nos recherches : les virus. 

Les virus sent des agents pathogenes tres repandus, tres nombreux, tres 

divers qui ent pour cibles et pour victimes les hommes, les animaux, les ve­
getaux, les bacteries. Ce ne sent pas des etre vivants, car lIs n'ont aucune 

capacite personnelle de multiplication puisqu I lIs ne possedent aucun des 

systemes enzymatiques capables de mettre en oeuvre les syntheses necessaires 

a leur reproduction ; mais ce sent des ~tres douE§s de continul te genetique 

puisqu'ils portent en eux Ie message code permettant de reproduire leur ma­

teriaux de structure ; lIs apportent, dans la cellule infectee, leur pro­

gramme de synthese mais les outils de fabrication et I' energie necessaire 

sont Ie fait de la cellule atteinte. 

En sornme un virus, c'est un message-programme (sous forme soit d'ADN, 

soit d I ARN) enferme dans une enveloppe proteique simple (capside) ou double 

(capside + peplos) . 

Si l'enveloppe arrive a la bonne adresse -la cellule receptive-, celle­

ci extrait Ie message, et quitte a en mourir, fabrique de nouveaux virus 

programmes par Ie message. 

Mais cette "adresse" est extr~mement precise. Tel virus se developpe 

sur tel type de cellule et pas sur un autre ; souvent m@me un virus connu 

est observe chez un hote humain, animal au vegetal, mais ne peut se deve­

lopper que sur cet hote, voire m~me sur cet hate place dans certaines condi­

tions de receptivite (un exemple tout a fait typique est celui des phages a 
RNA de E. coli qui ne peuvent se deve10pper que sur des formes particulieres 

cette bacterie possedant un pilus sexuel). 

Cette presentation simp1ifiee nous permet de comprendre que : 

- Pour mettre en evidence un virus i1 faut necessairement Ie mettre en 

presence d 'un systeme cellulaire receptif CIa bonne adresse) au il va se 

developper et se manifester : on ne trouvera jamais que Ie ou les virus que 

l'on cherche selon les moyens que lion a choisi d'utiliser. 

- Le primum movens du developpement viral, et done de sa detection et 

des moyens de denombrement, est sa penetration dans une cellule, suiyi de la 

mise en route par celle-ci du programme de synthese d 'un unique message 
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viral. Une seule particule suffit a engendrer un foyer infectieux : clest 

la n10i de 1a particule unique" qui conduit a des modeHes de titrage diffe­

rents des ti trages toxico1ogiques. II est admis que la penetration de p1u­

sieurs particules vir ales dans la meme cellule, a 1es memes chances de 

succes que la penetration d' une seule. 

- Lorsque plusieurs messages incomplets (du fait de llaction d'agents 

denaturants par exemple) penetrent dans la meme cellule, celle-ci peut re­

consti tuer un message complet et fabriquer des virus de 2eme generation 

parfaitement normaux. Ce phenomene de "reactivation par multiplicite dlin­

fection", tres particulier au monde des virus, est une sorte de "resurrec­

tion" : on peut dire, par gout du paradoxe, que la meilleure preuve que les 

virus ne sont pas des etres vivants est qu I ils peuvent ressusciter. 

- L'universalite des virus, capables d'infecter tous les membres du 

monde animal, vegetal et microbien, fait que les problemes qulils posent et 

les dangers qui i1s representent sont tres divers et interessent la sante 

publique (virus humains), 11 elevage (virus animaux), 11 agriculture (virus 

vegetaux), 11 industrie et Ie genie biologique (bacteriophages). 

Nous allons voir successivement : 

que les particules virales s I adsorbent sur les boues 

leurs conditions d I adsorption et de desorption 

les procedes utilises pour les mettre en evidence 

Ie probleme des evaluations quantitatives 

Ie choix des methodes selon les objectifs. 

2. ADSORPTION DES VIRUS 

H.L. MOORE, E. LUND, G. BERG et apres eux tous 1es virologistes sont 

d I accord pour constater que les virus presents dans les eaux usees sont en 

beaucoup plus grand nombre lies aux particules de boues en suspension que 

disperses dans la phase liquide (1~ 2~ 3~ 13~ 1'1~ 19). En separant boue et sur­

nageant par centrifugation (E. LUND) au par simple decantation (nous memes) 

on isole plus frequemment des virus dans la phase solide que dans Ie surna­

geant (figure 1). 

Cette propriete des virus de se lier aux substances solides en suspen­

sion dans l'eau est connue depuis longtemps : elle est a l'origine de me­

thodes anciennes de prelevement et de recherche des virus (methode de gazes 

flottantes mise en oeuvre par MOORE, MELNICK, KELLY etc •.• ) et des methodes 

de concentration des virus par adsorption-elution (13). 
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sediment tampon pH 9 
~iil) 

surnageant 
Al (OH) 3 

<-H2) 
~-----r~--------~ 

sediment Freon 113 

<- (3) 

Resultats 

(1) 24 souches isolees 

(2) 25 

(3) 48 

1 n 2 6 

1 n 3 

2 n 3 

ln2n3 

Total 83 souches isolees dans 48 essais. 

FIGURE 1 - COMPARAISON DE L 'EFFICACITE DE DIFFERENTES TECHNIQUES 

D'EXTRACTION DES VIRUS 

- 364-



Les substances insolubles experimentalement capables dladsorber les 

virus sont nombreuses et variees (7). 

Substances minerales : hydroxyde d I alumine, phosphate d I alumine, oxydes 

de fer, phosphate de calcium, poudre et fibre de verre, charbon. 

Substances organiques : esters de cellulose, resines synthetiques, po­

IYEHectrolytes divers .•• 

Substances naturelles minerales : argile, talc, celite, sable .•• 

Substances· naturelles organiques : fibres de coton, feuilles de laitue, 

levures ••. 

L I adsorption est favorisee : 

par un pH acide (3,5 a 5) 

par une force ionique suffisante (au voisinage de l'isotonie) 

par la presence de cations divalents et trivalents (Mg ++, Al +++) et 

inhibee par une forte concentration en proteine, 

inhibee par la presence de produits mouillants (tween, detergents ... ). 

La desorption est favorisee : 

par un pH alcalin (8 et au delil) 

par une forte teneur en proteines (albumine bovine, serum de veau, 

lai t ecreme, extrai ts de viande de boeuf .•• ) 

par la chelation des cations di ou trivalents 

par l'action de certains solvants (fluorocarbone) 

par I' action des ul trasons . 

3. METHODE DE RECHERCHE DES VIRUS 

Les methodes de recherche des virus dans les boues sont de 3 types : 

3.1 - Methodes directes : les virus adsorbes sont, tels quels, capables 

de penetrer dans les cellules sensibles et de S\ 'y developper. Les boues sont 

pulverisees, decontaminees pour detruire les microbes qui rendraient impos­

sible la culture cellulaire, et mises en contact de la culture cellulaire 

sensible, souvent apres trai tement par ul trasons. 

La decontamination est faite a l'ether (18) au au chlorofo:rme. 

II est important de realiser cette recherche sans delai pour 

eviter l'action denaturante spontanee des boues (4., 18). 
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3.2 - Methodes d' elution : elles sont nombreuses et variees. 

Elles combinent plus ou moins les divers facteurs de desorption 

cites plus haut 

pH 11,5 (tampon glycine) et neutralisation rapide 

GERBA et AU (14, 16), SOBSEN, WALLIS et MELNICK (23), 

WELLINGS et All (26), SARRETTE et AU (20), SCHWARTZBRODT 

et All (22) 

pH 11,5 + chelateur (EDTA) 

GERBA et AU (15) 

pH 9 ou 9,5 + caseine l_' SOe_-l€_ctrique] 
BITTON (8) 

ou lai t ecreme 

ou extrai t de boeuf 

STEVEN GLASS et AU (24), CHARRIER et All (10) 

au serum de veau 

EISENHARDT et All (12), SABRAMANYAN (25) 

pH 7 a 7,5 + extrai t de boeuf + chelateur 

STEVEN GLASS (24) 

pH 7 a 7 1 5 serum de veau + fluorocarbone 

BEYTOUT (5) 

pH 7 a 7,5 serum total de veau 

SATTAR et All (21) 

3.3 - Elution suivie d Tune concentration secondaire de 1 'eluat, utile 

pour la detection des faibles pollutions. 

3.4 - Les methodes d'elution ant ete mises au point par leurs auteurs 

sur des modEHes artificiels : ils ajoutent, a des eaux ou a des suspensions 

de boues sterilisees ou tyndalisees un ou des virus-tests en quanti te con­

nue ; apres un temps plus ou mains long de contact, l' adsorption du virus 

est evaluee par ti trage des virus restes dans la phase liquide, puis la re­

cuperation du virus par elution est executee et son rendement evalue. 11 

faut bien reconnaitre que ce ne sont pas tres exactement les conditions na­

turelles. Les virus utilises dans ces experiences sont choisis pour leur 

rnaniabili te experimentale : virus dont la caracterisation et Ie ti trage 

sont faciles et reproductibles, resistants aux substances et au pH appliques 

pour l'elution (le8 poliovirus vaccinaux ou sauvages, des enterovirus de 

culture _ facile, et les phages d 'Escherichia coli sont pratiquement les 

seuls utilises) . 
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Dans ces conditions, pour tous les auteurs cites ci-dessus, Ie 

rendement de la methode decrite est bon (superieur ou egal a 50 %) et repro­

ductible ; mais ceci, vrai pour Ie virus pris comme modele, est souvent plus 

incertain pour d' autres virus essayes secondairement (echo virus par exemple 

au adenovirus ... ) I au les resul tats sont moins satisfaisants au mains repro-

ductibles I au les techniques d' elution les denaturent. 

Le rendement dans les conditions naturelles, par definition, ne 

peut etre connu. Comme Ie remarque E. LUND US} si lIon essaie de comparer 

plusieurs methodes, la meilleure (donnant 1 'evaluation la plus proche de la 

realite) est celIe qui donne Ie resultat Ie plus eleve et Ie plus constant. 

Remarquons aus.si que les virus sont tres divers et que lion ne 

peut deceler que ceux qui sont capables de se developper sur Ie ou les sys­

temes sensibles utilises (cellules receptives a tel type de virus et non a 

tel autre) : il ne peut exister aucun systeme universel de detection et on 

ne peut absolurnent jamais avoir une representation de la souillure virale 

totale d' une eau ou d' une boue. 

C'est pourquoi les evaluations quantitatives d'une pollution vi­

rale dans les conditions naturelles sont difficiles et sujettes a caution ; 

aI' inverse on peut esperer suivre Ie devenir d 'une pollution artificielle 

experimen'Cale en uti lis ant un virus dont on mai trise bien les methodes d' 12-

lution, de detection et de titrage. 

4. EVALUATIONS QUlINTITATlVES 

r1 est tres generalement admis que la methode des plages, lorsqu I elle 

est possible, est la meilleure methode de denombrement des virus, donnant 

1a plus grande precision, que l' on emploie une methode classique de Dulbecco 

avec denombrement exhaustif ou une methode miniaturisee avec troncature 

16, 9). 

Mais il faut reconnai tre que si sa precision theorique est plus grande 

que celIe des methodes en tout ou rien (quelle que soi t 11 interpretation en 

dose infectante 50 % ou en nombre Ie plus probable), sa sensibilite est ge-

neralement moindre lorsqu'on cherche a mettre en evidence "tous les virus" 

susceptibles de se developper sur un systeme cellulaire utilise, on sait que 

certains d' entre eux donnent des plages peu visibles, voire n' en donnent pas 

du tout ; que dans Ie meme prelevement certains virus donnent des plages 

d'apparition precoce et extensives, empEkhant l'apparition de plages de vi­

rus a developpement plus lent et a plages peu visibles et tardives ; que 
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certains effets toxiques peuvent donner de fausses plages virales. Les me­

thodes en tout au rien se pretent a la realisation de "passages aveugles" 

permettant de mettre en evidence des virus non deceles sur une primo-culture. 

Dans une recente experience multlcentrique realisee I sous les auspices du 

Ministere de 1 'Environnement frangais par VlLAGlNES et Call., BLOCK, HARTMAN 

et Call. et nous-merne, les methodes en tout au rien ant permis de fagon re­

guliere de donner des titres de virus significativement plus eleves que les 

methodes de denombrement de plages en ce qui concerne les enterovirus natu­

rellement presents dans des eaux polluees susceptibles de se developper sur 

les deux systemes cellulaires utilises. 

Le reproche generalement fait aux methodes en tout ou rien est leur 

imprecision ; ceci est vrai parce-que l' on utilise Ie plus souvent un nombre 

trap faible de repetitions (3 a 5 tubes par dilution) et une raison de dilu­

tion trop importante (dilutions decimales) ; les semi micromethodes de cul­

ture en boite a 96 alveoles sont assez economiques en cellules pour permet­

tre d'utiliser 96 repetitions. On sait en effet que l'ecart type du loga-

rithme du titre 

V10gn d 
Slog m = 0,55 (11) 

est inversement proportionnel a la racine carre de n (nombre de repetitions). 

L 'utilisation de ces materiels permet done d 'utiliser des methodes en tout 

au rien, plus sensibles, en obtenant une precision theorique suffisante par 

une augmentation importante du nombre de repetitions (BLOCK, PLISSIER, com­

munications pel'sonneUes). 

L'imprecision des techniques de ti trage en matiere de virus, tient 

aussi au fait que ceux-ci sont souvent agglutines en amas comportant un nom­

bre plus ou moins grand de virions qu I ils soient encore adherents a leur 

support ou qu' 11s en aient ete elues : on ne peut jamais donner, ~me pour 

un virus aisement revelable, un nambre de virus presents mais simplement un 

nombre d'unites formant plage ou d'unites de virulence revt'Hees, et n'avons 

pas la possibili te de savoir a comhien ceia correspond de virions virulents 

puisque nous ignorons tout de 1a 10i de composition des agglutinats viraux. 

Cette lacune de nos connaissances peut encore compliquer les choses lors­

qu' on veut etudier la denaturation des virus du fait que les phenom~nes de 

reactivation par multiplicite d'infection dependent beaucoup de ces pheno­

memes d'agglutination (Cf. introduction). 
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5. ADAPTATION DES METHODES AUX OBJECTIFS 

M~me 51 nos techniques sont imparfai tes 11 est Decessaire : 

- d tune part de detecter les pollutions virales dans les boues et d len 

apprecier I' intensi te, la frequence. Ne pouvant pas detecter tous les virus, 

nous pouvons etre amenes a chercher des virus particuliers ou eventuellement 

a choisir des virus tests de contamination. 

- d'autre part d'evaluer des actions de decontamination (I'aspect quan­

ti tatif est alors nettement plus important puisqu I 11 faut definir une cine­

tique de decontamination) et, dans cette optique, nous sommes amenes a choi­

sir des virus tests de decontamination. 

Dans Ie second cas, dans la mesure du possible I sQucieux d I avoir des 

mesures de pollution reproductlbles et comparables et ayant Ie choix du vi­

rus ou des virus tests, nous opterons pour la precision plutot que pour la 

sensibilite : nous prendrons les virus les plus maniables et les methodes 

les plus precises (s Ie plus petit possible) par exemple poliovirus ou bac­

teriophage peu affectes par les methodes d' elution et aisement ti trables. en 

plage ou a la rigueur en tout ou rien. 

Dans Ie premier cas, notre choix d 'un ou de virus tests depend beaucoup 

moins de nos eommedi tes experimentales que du ou des dangers epidemiolo­

gique, epizootologique ou autre qu' il (s) represente (nt) et notre souci est 

de detecter la plus petite quanti te possible de virus : nous preferons done 

la sensibili te a la precision. Notre choix se porte done sur les methodes 

d'inoculation en milieu liguide avec passages aveugles possibles, et, s' il 

doit y avoir evaluation quantitative, sur des methodes de titrage en tout ou 

rien. 

6. CONCLUSION 

Les methodes d'etude de la pollution virale de boues ont fait, les der­

nieres annees, des progres suffisants pour qu 'elle soient utilisables. Elles 

ont un certain nombre de limi tes, que des recherches ul tt~rieures reculeront 

sans doute et, nous sommes limit83 a l'etude de certains virus pour lesquels 

il existe des methodes de culture actuellement au point. 

Devant I' impossibili te d' inventaire exhaustif des virus polluants, on 

est amene a choisir des virus tests. Les uns, test de decontamination, sont 

choisis pour leurs cornmodi te d' emploi et la precision de leur ti trage ; les 

autres, test de contamination, sont choisis en fonction de leur inter~t epi­

demiologique et de la sensibili te de leur detection. I.e choix de ces virus 

tests est encore a faire. 
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THE PROBLEMS OF ASSESSING POSSIBLE HAZARDS TO THE PUBLIC HEALTH 
ASSOCIATED WITH THE DISPOSAL OF SEWAGE SLUDGE TO LAND: 

RJiX:ENT EXPERIENCE IN THE UNITED KINGDOM 

R ALDERSLADE 

Department of Health & Social Security, Alexander Fleming House, 
Elephant & Castle, London, SE1. 

Part of the revolutionary improvement in the public health of developed 
countrie.s during the last century was dlle to the construction and use of 
adequate sewage treatment facilities. The production of sewage sludge 
is an Wlavaidable consequence of sewage treatment, and the development of 
satisfactory guidelines for the application of sewage sludge to land is 
an important public health concern. Sewage sludge contains a wide 
variety of human pathogeIl1:B, which have variable resistances to sludge 
treatment. The sludge applied to land certainly contains viable patho­
gens. Not all these represent a hazard to human health, for example 
they may be present in too small numbers, or they may die off rapidly 
after the sludge is applied to land. These factors, together with the 
limited routes for the pathogens in sludge to infect man, lead to the 
conclusion that the risk to health is small, and can be controlled by 
guidelines of good practice, based on adequa1.e scientific evidence. In 
the United Kingdom the occasional transmission of Taenia saginata can be 
attributed to sewage sludge, but no other definite evidence exists for a 
role in the transmission of other infectious diseases. Surveillance of 
the incidence of human infectious disease, and the investigation of out­
breaks is essential, and more cost-effective in protecting the public 
heal th than microbiological monitoring of sludge. 
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INTRODUCTION 

In a publication in 1977 Menzies (1) said: 

"The return to the land of organic wastes generated by living 

organisms is part of the natural cycle. In' unci vilised' nature the 

soil decomposes these residues for recycling and decontaminates them 

of aIJ:y disease organisms that they may contain. One does not need to 

be a dedicated organic farmer to recognise the fundamental importance 

of both these functions. No system of waste management that either 

avoids or abuses this cycle can be considered permanentfl • 

This is an important perspective to retain when considering the 

public health implications of the disposal of human and animal wastes to 

land. We are discussing a process which has been carried out for 

centuries, and which is natural to primitive man and to animals in the 

wild. 

This view, however, does not take the observer far enough. The out­

pourings of modern sewage works are far from lInaturaltl • They represent a 

concentration of the wastes of perhaps hundreds of thousands of humans, 

together wi th a certain amount of animal waste. These liquid and solid 

wastes may contain a wide variety of micro-organisms, a small proportion 

of which are pathogenio for man. The variety and concentration of these 

pathogenic organisms will vary with the size and state of health of the 

population producing the wastes. Simply because of this process of 

accumulation and concentration in one place these wastes represent a 

hazard to human health that is far from "natural" in the primi ti ve sense. 

Of course this hazard must be kept in perspective. One of the hall-marks 

of primi ti ve societies was a high mortality from infectious, including 

diarrhoeal, diseases. In developed societies such a burden of mortality 

is not seen. McKeown (2) regards this improvement as a response firstly 

to improved nutrition; secondly to improved social and environmental 

circumstances, particularly the provision of clean water supplies and 

adequate sewage disposal systems; thirdly to the understanding of hygienic 

infant feeding practices, including the pasteurisation of milk; and lastly 

to immunisation and therapy. When we talk about the hazards to public 

health in developed countries presented by the disposal of concentrated 

sewage wastes, we are talking about a hazard that is tiny compared with 

the hazard of not having the complex sewage collection and disposal 
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systems that are characteristic of our developed urban society. llie risk 

I am discussing today - the risk to the public health of the disposal of 

sewage sludge to land, is a consequence of efforts that have been made to 

reduce a much larger risk - that represented by not collecting and 

treating the sewage from populous areas. 

lliis paper is then specifically concerned with the risk to the 

public health posed by the disposal of sewage sludge to land. That risk 

is small, and can be contained within acceptable limits by careful atten­

tion to guidelines describing good practice in sludge disposal to land. 

Equally important is a system for monitoring the true incidence of the 

infectious diseases which might theoretically be transmitted by sludge 

disposal, and for investigating any outbreaks of such diseases. Only in 

this way can the true size of the risk to human health posed by sludge 

disposal to land be estimated, and unnecessary and expensive restrictions 

on this practice be avoided. 

PATHOGENS WllICH MAY OCCUR IN RlJRJ\L WASTE WATER 

Human sewage can only present an identifiable hazard to human health 

if it contains pathogens. In fact the list of pathogens of man which 

conceivably could be present in rural waste water is extremely long. llie 

list divides, however, into four broad groups: bacteria, protozoa, 

helminths and viruses. 

Table I presents a list of those bacteria which might be expected in 

waste water; Table II a list of viruses that are released from the 

gastrointestinal tract of man, and which appear in waste water; and 

Table III enumerates the parasites which might be expected to occur in 

sewage, at least in countries with temperate climates such as the 

United Kingdom. 

lliese lists are formidable, and will be familiar to all those 

concerned with the microbiology of sewage and sewage sludges. Before 

considering the implications for the public health of the application of 

such sludge to land it is necessary to consider how the process of sludge 

sedimentation, and the various treatment procedures to which freshly 

sedimented sludge can be subjected, affect both the variety and concentra­

tion of these microbial agents in sludge. 
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~ 
SOME BACTERIAL PATHOGENS WHICH MIGHT BE EXPEX:TED IN RAW WASTE \,ATER 

Salmonellae 

Shigellae 

Vibrios 

Mycobacterium 

Bacillus anthracis 

Clostridium 

~ typbi 
paratyphi 
other 

~ cholerae 
other 

~ tuberculosis 
bovis 
other 

~ botulinum 
perfringens 

Yersinia enterocoli tica 

Campylobacter 

Pseudomonas 

Leptospira 

Listeria monocytogenes 

Escherichia coli (including pathogenic types) 

~ 

VIRUSES IN ,IASTE WATER 

Poliovirus 

Cocksackie virus A and B 

Echovirus 

Adenovirus 

Reovirus 

Parvovirus 

Hepatitis A virus 
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TABLE III 

PARASITES \"/HICH HIGHT OCCUR IN SElVAGE IN THE UNITED KINGDOM 

Protozoa 

~ 
Entamoeba histolytica 

Flagella tes 

Giardia intestinalis 

Helminths 

~ 
Echinococcus granulosus 

Hymenolepsis nana 

Taenia sagina ta 

Trematodes 

Fasciola hepatica 

Nematodes 

Ascaris lumbricoides 

Enterobius verr.J.icularis 

Strongyloides sp 

Trichuris trichiura 

Toxocara canis 

Trichostrongyles 

~ 
REMOVAL OF PATHOGENS FROM WASTE WATER DURING SEWAGE THEATMENT 

ReEorted Removal Efficienc;£ (Per Cent) 

Pathogen Primary Treatment Activated Trickling 
Sludge Filters 

Salmonella 15 96-99 84-99.9 

Mycobacterium 48-57 Slight to 66-99 
87 

Amoebic cysts Limited None 11-99.9 

Helminth ova 72-98 None 62-76 

Virus 3 to extensive 76-99 0.82 
removal 

After Engelbrecht 
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The literature. on this 81lbject is vast, and there have been some 

excellent reviews published (3). Some valid generalisations can be made. 

Bacterial pathogens can be, although they are not entirely, removed from 

waste water by primary sedimentation, producing a sludge which may 

consti tute a hazard if not 81lbse'luently treated. The eggs of helminths 

and the cysts of protozoa are uSllally considered to be effectively removed 

by primary treatment (4), with a correspondingly high density being found 

in primary sludge. The removal of virus particles from waste water during 

primary treatment has been varyingly estimated, but it seems clear that 

many virus particles are associated with waste water solids (5) and show a 

tendency to sediment with sludge during sewage treatment (6). 

Secondary or biological treatment also removes many waste water 

pathogens, with a corresponding concentration of these agents in the 

resulting biological sludges. Table IV shows the reported efficiency of 

the removal of varicus pathogens from waste water by primary and secondary 

treatment. It is obvious that after primary sedimentation and full 

biological treatment of waste water the population of pathogenic bacteria, 

helminth ova and viruses in primary and secondary sludges may be large. 

These sludges may also contain a relatively smaller population of amoebic 

cysts. 

THE EFFl!l:::TS OF SLUDGE TREATMENT 

Raw primary and secondary sludges may be treated further: to control 

odour, to reduce bulk and thereby ease handling and transport difficultie~ 

and, largely incidentally, to reduce the population of pathogens. Various 

attempts have been made to compare the population of pathogens in primary 

sludge and in sludge following treatment. This is, in fact, difficult to 

do because of the large day to day fluctuation in the population of 

pa thogens in the sludge wi thin a single works. Attempts to assess the 

effects of treatment on the population of pathogens in sludge by comparing 

different sludges from different works are, for this reason, unsatisfac­

tory. Some generalisations can, however, be made. 

Mesophilic anaerobic digestion, "hen efficiently carried out, 

achieves a very substantial (over 99 per cent) reduction in the bacterial 

population in sludge during a 30 day digestion period (7). Most patho­

genic bacteria die wi thin 7 to 10 days of digestion, although the 
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reduction in the population of mycobacteria during digestion is substan­

tially less,· and both primary and digested sludge may have a significant 

population of mycobacteria (8). At least one month's digestion at 300 C 

is thought to be necessary for the destruction of helminth ova (9), 

although Ascaris ova are particularly resistant. Cysts are thought to 

be readily destroyed by mesophilic digestion. 

n.e effect of digestion on the population of viruses in sludge is 

difficult to determine. n.e available methods for recovering virus from 

sludge are not quantitative: some may recover more virus than others. It 

is usually considered, however, that mesophilic anaerobic digestion does 

achieve a substantial reduction in the population of infectious virus 

particles. Even so viable virus does occur in digested sludge, due either 

to failure of the full treatment process to inactivate the virus, or to 

the passage of sludge from the digester which has not been retained for a 

sufficiently long time to have received a full treatment: the result of 

the twin problems of inadequa te mixing and short circuiting wi thin the 

digestion chamber which often cause problems in digester operations. 

n.is brief review leads to the conclusion that although the popula­

tion of pathogenic agents in either primary or secondary sludges may be 

substantially reduced by anaerobic digestion, digested sludge may still 

contain the full range of pathogenic bacteria, ova, cysts and viruses 

referred to earlier. Does this matter? If sludge, even digested sludge, 

is placed on land is there a hazard to human health? 

THE RISK ID HEALTH 

To answer these questions requires far more than a simple demonstra­

tion that the sludge applied to land contains pathogenic microbes. 

According to Bernarde (10) (1973): 

"One must be chary of the type of microbiological thinking that 

equates the mere presence of microbes wi th illness or the potential 

for illness. The fact is that illness is an unusually complex 

phenomenon that does not have a 1:1 relationship to microbes". 

For a public health problem to exist pathogens must be present in the 

sludge, and they are. n.ey must also be virulent, and be present in 

sufficient numbers to cause infection in a susceptible host. n.e 

organisms must survive and retain their virulence in soil, again in 
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sufficient numbers to cause disease. There must be a known biological 

pathway by which a particular pathogen in sludge may cause disease in 

humans, and this pathway must be important in comparison with mty known 

alternative pathways by which the same pathogen may cause human disease. 

Lastly, and vi tally, there must be historical or current evidence that 

particular human disease has or is being caused by the application of 

sewage sludge to land. All these factors are depicted in Figure 1, 

adapted from a recent review (11). Usually for any particular pathogen 

insufficien t knowledge is available for every question to be answered 

satisfactorily. In particular the question of the virulence of micro­

organisms applied to land in sewage sludge has been little studied. Three 

factors have received particular attention: the survival times of patho­

genic organisms applied in sludge to soil or onto grm,ing vegetables; the 

possible routes by which surviving organisms could infect man; and the 

availability of epidemiological evidence that human ill-health from a 

particular pathogen has been caused by the practice of sewage sludge 

disposal. 

TIrE SURVIIT J\L OF PATHOGENS IN SLUDGE APPLIED TO LIlND 

Table V shows a representative list of the observed survival times 

of a number of different organisms in soil and on vegetables. This table 

is an over simplification, since many factors are known to affect pathogen 

survival, inclUding climate, soil type, moisture, temperature and the 

possibili ty of biological antagonism. A more important deficiency of this 

table is that it gives no guide to the rate of death of pathogens applied 

to the land in sludge. Simply to say, for example, that salmonellae 

applied to land in sludge could be detected after a certain number of days 

does not exclude the possibility that the percentage survival of the 

organism after that period was so small as to pose no threat to human 

health. 

This point can be illustrated with quantitative data on the survival 

of salmonellae obtained in the Uni ted Kingdom by the North Western Water 

Authori ty (12). The rate of death of salmonellae in a sewage sludge/soil 

mixture was determined after the application of digested sludge to arable 

land, under a variety of environmental condi tiona. During one four month 

period the popUlation of salmonellae per kilogramme of wet sludge/soil 

mixture was seen to fall from 3 x 102 to 0 in six weeks. By plotting the 
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~ 
SURVIVAL TIMES OF VARIOUS PATHOGENS IN SOIL AND ON PLANTS 

Organism Medium Survival time 

Coliforms Soil 30 days 
Tomatoes 35 days 

Sslmonella typhi Soil 2-85 days 
Vegetables 7-53 days 

Shigella Tomatoes 2-7 days 

Vibrio cholerae Spinach, lettuce 
2 days 

Non acid vegetables 

Tubercle bacilli Soil up to 2 years 
Radish 3 months 

Entamoeba histolytica Vegetables 3 days 
Soil 8 days 

Taenia sagina ta ova Pasture 3 months to 1 year 

Ascaris ova Soil up to 7 years 
Vegetables 27-35 days 

Poliovirus Soil 100 days 
Radish, lettuce 36 days 

After Engelbrecht 

TABLE VI 

ISOLATIONS OF VARIOUS INFECTIOUS AGENTS BY PHLS DURlNG 1978 

Infectious Agent 

Escherichia Coli (infants under 3) 

Shigellas 

Salmone lla typhi 

paratyphi 

other 

Campylobacter 

Leptospira 

B. anthracis 

M. bovis 

Entamoeba histolytica 

Giardia intestinalis 

Ascaris lunbricoides 

Haokl-lOrmS 

Taenia sagina ta 

Trichuris trichiura 
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10,833 

6,346 
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3,367 

995 
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Most Probable Number (MPN) of salmonellae per kilogramme sample against 

time, an approximation to a straight line graph was obtained showing a 

logarithmic die off of the organisms with a decimal reduction time (T90) 

of 16 days. 

Data such as this places into perspective, and supports, the view of 

Gerba et al (13) (1975) that between 2-3 months in soil is sufficient to 

reduce most bacterial pathogens to negligible numbers. 

ROUTES BY WHICH SURVIVING MICRO-ORGANISMS MIGHT INFEX:T MAN 

Firstly it is possible that pathogens surviving in soil might 

contaminate edible crops. Table V shows representative survival times for 

various pathogens on edible plants. Rudolfs et al (1951), after applying 

sewage effluent and faecal suspensions to frui t and leaves concluded that 

if irrigation or night soil application is terminated one month before 

harvest it is unlikely that fruit would transmit human bacterial enteric 

diseases (14). Salmonellae and shigellae will not survive on vegetable 

surfaces for more than one week. Root vegetables eaten raw could be grown 

wi thout health hazard in soils receiving sewage applications the year 

before (15). Rudolfs may, however, have underestimated the capacity of 

mycobacteria and Ascaris ova to survive in field condi tiona. 

Polio virus has been observed to survive on mature lettuce and 

radish for as long as 36 days following irrigation of these crops wi th 

inoculated sludge or effluent (16). There is a possibility that virus 

may be mechanically transmitted when crops are harvested or consumed, and 

that when there is surface damage viruses may penetrate plant tissues (17). 

Secondly, pathogens might cause human illness by infecting food 

animals allowed to graze on sludged land. A variety of experiments have 

documented the size of this risk. Raw sewage, treatment plant effluent 

and sludge was fed to pigs and cattle for six months without apparent 

harm (18). Grass was sprayed with 4.3 x 107 tubical bacilli/metre squared 

and fed to guinea-pigs with no apparent ill-effects, although at heavier 

inoculations they died (19). In the United Kingdom 10-12 month old heifers 

were fed raw sludge infected naturally or artificially with salmonella 

Dublin at populations up to 105 /li tre, without any evidence of clinical 

infection being noted (20). 
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However animals can become infected. When human sewage overflowed 

onto an area where milk cows were grazing, .30 out of 90 cows became 

infected with salmonella Aberdeen (21). In a recent outbreak of milk 

borne salmonellosis in Scotland the same serotype of Salmonella 

typhimurium was isolated from the affected individuals, from the milk 

cattle, and from a sludge well containing sludge which had been sprayed 

onto the fields two months before. The sludge was known to contain a 

proportion of effluent from a poultry processing establishment. 

Animals might also become inapparent or chronic carriers of 

salmonellae, or act as physical transporters of the organisms into 

milking parlours or food processing establishments. Birds, particularly 

sea-gnlls, have also been implicated as physical transporters of 

salmonellae. 

Lastly, pathogens might cause human illness by contaminating surface 

waters by run off and perculation. Again this subject has an extensive 

literature. It appears that pathogen movement in soil is related directly 

to the hydraulic infiltration rate and inversely to media particle 

diameter; in general pathogens do not travel to any great extent in soils 

and are removed principally in the upper layers. Such pathogens will, 

of course, be concentrated near the soil area where crops will be grcnm.. 

Soil contamination may also be passed above ground by flies or dust. 

PUBLIC HEALTH HAZARD POSED BY SEWAGE SLUDGE APPLIED TO LAND 

Sewage sludge contains a wide variety of pathogenic organisms although 

the processes of sludge treatment, and the natural decay and degradation 

which occur when pathogenic organisms are removed from their preferred 

environment and placed onto soil under a variety of environmental con-

di tions, substantially reduce both the variety and numbers of pathogens 

remaining. Even so a number of routes exist by which individual pathogens 

might reach humans, and if present in infective numbers cause human ill­

health. Even if originally present in small numbers, pathogens may 

contaminate foodstuffs and multiply in suitable conditions to give rise 

to later food poisoning. 

In this situation the challenge is an epidemiological one: to 

determine whether any evidence exists that individual pathogens in sludge 

have, or could, cause episodes of human ill-health; and of deciding which 
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particular pathogens are of importance, and the transmission of which need 

to be controlled. This epidemiological task is an extremely difficult one. 

The number of cases of human ill-health possibly associated with sei.,rage 

sludge disposal may be small, and geographically scattered. To trace 

sewage sludge disposal as a key aetiological factor in human disease, and 

to isolate its effect from the other known aetiological pathways, is a 

formidable epidemiological challenge. l/here relatively large numbers of 

indi viduals are made ill wi thin a small geographical area the task is much 

simpler. A system for the routine monitoring of illness, and for the 

investigation of such outbreaks, is, however, a prerequisite for this 

epidemiological approach. 

Such a system of routine surveillance provide knol<ledge of the 

incidence of infectious diseases amongst the population. A precise under­

standing of the epidemiology of each disease is also essential. Table VI 

shOi.,rS the number of isolations of various infectious agents reported to the 

Communicable Disease Surveillance Centre in 1978 from the laboratories of 

the Public Health Laboratory Service. These figures certainly under­

estimate the numbers of infections experienced by our population, but give 

an indication of which are, and which are not, numerically significant 

infections. In the United Kingdom epidemiological investigation of 

episodes of illness caused by all these infectious agents has shO\m that, 

wi th the exception of Taenia saginata, and possibly salmonellosis, se'ofage 

sludge is not an important route of infection. Many of these infections, 

for example E.coli in infants, shigellas or the parasitic infections, are 

transmi tted by the faecal-oral routine wi thin households or institutions. 

Campylobacter is thought to be transmitted to man by direct contact ,;i th 

farms or domestic animals, or by unpasteurised milk. Leptospira is 

transmi tted in the course of occupational exposure to contaminated water. 

'lith the single specific exception of hepati ts A (23) there is no 

epidemiological evidence for the transmission of viral infections in 

temperate zones ",here effluent is spread en land. Wi th the exceptions 

already mentioned, no direct evidence exists to implicate the disposal of 

sel<age sludge to land as a significant vector in the aetiology of the 

human infectious diseases. 

The possibility that sel<age sludge spread to land is a significant 

vector in the cyclical maintenance of salmonellosis in animal and human 

populations has been fully discussed in another contribution to this 
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conference (paper bY Dr E B Pike). It should be remembered in this 

discussion that the public health may always be protected by ade'quate 

cooking of contaminated food, together with proper temperature control 

and good bygienic practices in the kitchen. Individual instances of the 

transmission of Taenia saginata have certainly occurred in the 

Uni ted Kingdom, probably because of its indirect mode of transmission, 

wi th the eve found in sludge being infective to cattle rather then to man. 

By this means the parasite achieves faecal-oral transmission in man by an 

indirect route, and circumvents the safeguards imposed by the usual 

prohibi tion on the direct consumption of sludge to vegetables and frni ts 

which protect humans from other parasitic infection. The risk of trans­

mission may, however, be minimised by strict adherence to the published 

guidelines. 

This paper has traced a series of steps by which what at first seems 

to be a frightening list of pathogens in sludge posing a formidable public 

health hazard may be reduced in practice to much more manageable propor­

tions. It is unjustified to re~ every one of the pathogenic agents in 

sludge as a public health hazard, although it is certainly useful to be in 

a position to estimate the population of significant pathogens in sludge. 

Once the usual population of pathogens in the sludge produced by any one 

works is known, however, such estimations need only be intermittent. In 

the United Kingdom routine methods are being employed by some Water 

Authorities to estimate the population of salmonellae and Taenia saginata 

eggs in the sludge they put to land. 

It is in our view quite inappropriate to concentrate on devising and 

enforcing microbiological standards to be met by the sludge being applied 

to land. The imposition of any such standards would certainly not be cost­

effective as public health measures. Certainly the use of indicator 

organisms in a standard for sludges cannot be justified, for example to 

count the number of E.coli in sludge tells you little apart from the known 
fact that you are dealing with a faecal1y derived material. Nor is it 

helpful to count organisms such as CampY10bacter or clostridial spores 

which are ubiquitous in the environment. There is no good evidence that 

indicator organisms and pathogens behave in the same way during sludge 

treatment or after application to land. 
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What certainly will protect the public health are sensible and applied 

guidelines on good practice in sludge disposal to land, which are backed up 

by convincing scientific evidence. The current guidelines in the 

United Kingdom provide guidance on which type of sludges are suitable for 

particular agricultural purposes, and recommend intervals between the 

application of sludge and crop harvesting or the grazing by animals of the 

land to which sludge has been applied. Untreated sludge should be applied 

to land only if the land is used for the production of animal feed crops 

or for the production of crops which are always cooked before human con­

sumption. Grazing by cattle should not be perimtted wi thin six months as 

a protection against the transmission of Taenia saginata eggs. Digested 

sludge may be placed to land and cattle allowed to graze after 3 weeks, or 

five weeks if they produce milk which will not be subject to pasteurisa­

tion. Salads or other crops which may be eaten raw should not be sown 

until 12 months after the application of treated sludge to land. To 

protect water supplies application rates should be adjusted to crop 

requirements, soils underlain by fractures or fissures possibly leading 

to ground water supplies should be avoided. These guidelines are cu=ently 

being revised to take into account scientific evidence which has only 

recently become available. 

Lastly it is emphasised the t the only evidence of the transmission of 

disease associated with sel,rage effluence disposed to land has arisen when 

raw wastes have been placed on crops eaten too soon after waste applica­

tion, or when the area has been grazed too soon after such application. 

No incidence of disease in humans has ever been convincingly demonstrated 

to be caused by the application of anaerobically digested sludge to 

land (1). 

The removal of all risk from any practice is never a feasible 

proposition. This paper suggests the t the risk to human health posed by 

the application of sewage sludge to land is small, and manageable by 

ahherence to guidelines of good practice which are based on sound 

scientific evidence. Further advances in understanding and controlling 

this hazard are more likely to follow an extension of epidemiological 

surveillance and investigation than the increased microbiological monitor­

ing of sludge. 
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ASPECT SANITAIRE DES EPANDAGES DE BOUE RESIDUAIRE : 

CINETIQUE DE REGRESSION SUR TERRAINS AGRICOLES DE QUELQUES GERMES TESTS 

Ph. BERRON, Ch. GEOFFRAY, J. VIAL 

Servi ce d' Hygi ene App 1 i quee 

Institut Pasteur de Lyon 

Resume: 

L 'util isation croissante des boues de stati ons .d 'epuration urbai ne 
rend indispensable une evaluation des risques sanitaires consecutifs aux 
epandages. Un pre et un champ ont ete traites deux fois, successivement 
en automne et en hiver. Les prelevements de terre et d'herbe ont permis 
de denombrer une microflore bacterienne aerobie, coliformes et strepto­
coques' fecaux ; lorsque les resultats sont similaires dans les parcelles 
temoins et traitees, on suppose que la decontamination bacterienne s'est 
realisee. La disparition des germes fecaux etudies differe legerement 
suivant la saison et le couvert vegetal : pour le champ, il faut 4 mois 
en epandage d'automne et 3 mois en epandage d'hiver ; pour le pre, chaque 
fois 3 mois. Cette experimentation permet d'apprecier les effets de 
1 'ecosysteme sur une microflore fecale etudiee. La disparition de ces 
germes est bien observee ; elle ne permet pas, par contre, une extrapo­
lation rigoureuse aux divers germes pathogenes presents eventuellement 
dans les boues .. Le risque sanitaire pour 1 'homme ou 1 'anil11al ne pourra 
etre evalue qu'en faisant intervenir les facteurs suivants : survie des 
germes fecaux etudi es et de germes pathogenes, doses mi nima 1 es i nfectantes 
pour ces derniers, donnees zootechniques. 

Abstract: SANITARY ASPECTS OF SLUDGE SPREADING: RATE OF RETROGRESSION 
--- OF SOME BACTERIAL POPULATION IN SOIL. 

Owing to the fact that municipal sludges are getting more and more 
used, it is necessary to evaluate hasards for health associated with 
sludges spreading. A meadow and a field were twice treated during two 
different seasons, i.e. autumn and winter. Samples of soil and gras were 
taken to make counting of bacterial aerobic, fecal coliforms and fecal 
streptococci population. When results of counting are similar in treated 
and control samples, we suppose that sanitary purification is performed. 
The decreasing rate of the fecal population slightly differs according 
to season and culture as far as the field is concerned, 4 months are 
necessary in autumn and 3 in winter, but for the meadow, always 3 months. 
The experience allowed us to appreciate the effects of soil ecosystem on 
the fecal bacterial population. The decreasing of this population is 
observed but doesn't allow us to speak in a decisive way about pathogenic 
bacteria contaminating sludges. The health hasards for human or animal 
may only be evaluated in comparison with survival time of well known 
feca 1 bacteri a and those of pathogeni c mi croorgani sms, in respect of 
minimal dosis of infection and zootechnical data. 
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! NTRODUCTI ON -

Devant 1 'augmentation constante de 1 'utilisation des boues de station 

d'epuration urbaine en milieu agricole, il apparait indispensable de mieux 

cerner 1 e deveni r des germes pathogenes contenus souvent en grande quan­

tite par ces boues. L'objet de ce travail est d'i!tudier la survie de 

germes apportes par epandage de boues urbaines dans des conditions se 

rapprochant le plus possible de celles correspondant a une utilisation 

normale en agriculture. 

Nous avons etudie deux groupes de germes, bien connus de specialistes 

de 1 'eau, et generalement consideres comme non pathogenes : ce sont les 

CoUformBS {ea= et les StT'eptoaoques fea=. Ces germes sont toujours 

presents dans les boues urbaines a des teneurs assez importantes, et sont 

d 'excretion fecale comme beau coup de micro-organismes dont la presence 

constitue un risque sanitaire. 

Nous avons sui vi leur regression sur le sol nu d'un champ, sur le 

so 1 et l' herbe d' un pre apres un epandage de boue effectue d' abord en 

automne, puis en hiver. 

La boue d'hiver renfermant egalement des Sa~monenes, nous avons pu 

suivre la regression de ce germe dans la deuxieme phase de 1 'experimen­

tation. 

Ce travai 1 presente donc un interet sanitai re vis-a-vis des herbi­

vores susceptibles de consommer de 1 'herbe souillee par un epandage : 

1 'herbe peut etre lavee par les pluies, mais porter beaucoup de germes 

fecaux. L' experimentation essaye d' indiquer les delais minima a respecter 

avant la remise au pre du betail. 

MATER! ELS ET METHODES -

1. - Terrain d'experimentation 

Deux parcelles juxtaposees ont ete utilisees : 1 'une est un pre, 

1 'autre est un ancien champ de plantes medicinales en friche, laboure et 

herse juste avant le premier epandage de boue. 

2. - Caracteristiques de la boue : 

La boue provient de la station d'epuration d'une partie de 1 'agglo­
meration lyonnaise ; elle resulte de l'epuration d'eaux urbaines, mais 
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aussi d'eaux industrie11es. Cette boue, prelevee apres epaississement, 

presente les caracteristiques suivantes au moment de 1 'utilisation: 

- boue d'automne (11.10) ......... . 

- boue d'hiver (14.01) ........... . 

3. - Modal i tes d' epandage : 

mati ere seche 

5,5 % 

8,7 % 

matiere organique 

3,8 % 

6,3 % 

Nous avons fait varier les doses d'epandage suivant la nature de la 

parcell e et 1 a sai son d' epandage : 

- automne (11.10) : 511m2 sur champ nO 1 a 4 et 10 11m2 sur pre nO 1 ; 

- hiver (14.01) 10 11m2 sur champ nO 3 et 4 et 20 11m2 sur pre nO 1. 

Les epandages ont He realises a 1 'aide de jerricans prealablement 

remplis a la station. 

4. - Analyses bacteriologiques 

En plus des Streptocoques fecaux et des Coliformes fecaux, nous avons 

etudi e 1 a mi crofl ore aerobi e pour pouvoi r reperer des condi ti ons c 1 ima-

ti ques excepti onne 11 ement favorab les ou defavorab 1 es aux bacteries et, 

par assimilation alors, aux germes fecaux definis precedemment. Nous 

n'avons denombre les Salmone11es que lors du deuxieme epandage car 1 'ana­

lyse n' a pas permi s de 1 es dece 1 er dans 1 a boue du premi er epandage. 

4.1. Techniques de prelevement : 

La periodicite des prelevements a He fixee de la fa~on suivante 

parti r du jour de l' epandage, pre 1 evements apres 15 jours, 1 moi s, 

mois, 3 mois. 

Les prelevements s 'effectuent avec du materiel prealablement steri­

lise; la terre est prelevee avec un cylindre mHa11ique sans fond et 

placee dans des bocaux en verre. L 'herbe est prelevee a plus de 5 em de 

la surface du sol a 1 'aide d'une pince et d'une paire de ciseaux. 

Dans 1 e champ, nous avons pre 1 eve un echanti 11 on moyen de terre trai­

tee (carres nO 1 a 4) et un echanti 11 on moyen de terre temoi n (carre nO 5). 

Dans 1 e pre, nous avons pre 1 eve un echantillon moyen de terre et un echan­

till on moyen d' herbe, respecti vement dans 1 es carres traite (nO 1) et 

temoin (n° 2). 

Apres le deuxieme epandage, le prelevement est exactement le meme 

pour le pre, mais differe pour le champ: nous constituons un echanti110n 
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moyen de terre des carres tra ites pour I a seconde foi s (nO 3 et 4), un 

echantillon moyen de terre des carres prealablement traites (nO 1 et 2) 

et un echanti 11 on moyen de terre temoi n (nO 5). 

4.2. Techniques d'analyse au laboratOire : 

Les echanti 11 ons de terre ou d' herbe sont immedi atement portes au 

laboratoire et analyses sans preparation prealable telle que sechage et 

broyage. Par la methode des suspensions-dilutions, nous realisons les 

diluti ons necessa ires. 

4.2.1. Mi crofl ore bacteri enne aerobi e : 
- Plate Count agar, ou Tryptone glucose yeast agar. 

- Lecture apres 72 heures a 30°C. 

4.2.2. Coliformes fecaux : 

- Bouillon lactose au vert brillant, 48 heures a 44°C. 

- Confirmation par Ie test de MacKenzie, 48 heures a 44°C. 

4.2.3. Streptocoques fecaux : 
- Milieu de Rothe-Litsky, 48 heures a 37°C. 

- Confirmation par Ie milieu de Litsky a I 'ethyl violet, 24 heures a 37°C. 

4.2.4. Salmonelles : 

- Nous utilisons ici Ie milieu deshydrate en utilisant la boue, diluee ou 

non, ou la suspension de terre ou d'herbe pour reconstituer Ie milieu 

I a I imi te de detecti on est de 5 Sa lmone 11 es pour 100 9 d' echanti 11 on 
analyse. 

- Milieu au selenite, 24 heures a 42°C. 

- Confirmation par Ie milieu de Hektoen, 24 heures a 37°C. 

4.3. Expression des resultats : 

Les resultats correspond ant aux premier et deuxieme epandages sont 

regroupes respectivement dans les tableaux 1 et 2. 

RESULTATS ET DISCUSSION.-

Le premier epandage (voir tableau 1) a ete realise au mois d'octobre 

pendant une periode pluvieuse (preCipitations mensuelles de 191 mm). Malgre 

les quantites importantes de boue epandue, 5 et 10 11m2, la boue avait 

pratiquement disparu au bout de 15 jours ; seuls subsistaient quelques 

mi nces fragments epars. 
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A parti r des donnees de l' epandage et l' ana lyse de 1 a boue. et en 

supposant une impregnation homogene du sol sur 5 cm d 'epaisseur. nous 

avons evalue la teneur en chacun des deux germes fecaux etudies a 3.104/g 

de terre. Les valeurs indiquees par 1 'analyse au bout de 15 jours sont 

similaires ou infikieures a cette valeur theorique. 

Le tableau fait apparaitre des differences minimes dans le comporte­

ment des germes etudi es : 

- au champ. les CoZifo1'lTlBs resistent mieux au depart que les St2>eptoaoquBs, 

mais disparaissent en meme temps ; 

- au pre. dans la terre le comportement est identique, mais sur 1 'herbe 

les Stl'eptoaoques resistent beau coup mieux au depart et persistent 

plus longtemps ; 

- les germes etudies persistent moins bien dans la terre du pre que dans 

celle du champ; 

- 1 a mi crofl ore n' apporte aucun rensei gnement i nterpretab 1 e' par rapport 

au but poursui vi. 

La disparition des germes se fait en 3 mois pour le pre et 4· mois 

pour le champ. 

Le deuxieme epandage (voir tableau 2) a He realise en periode froide 

et seche (precipitations mensuelles de 36 mm) sur un sol gele. Du fait des 

doses importantes epandues. de 1 'absence momentanee d'infiltration ou de 

ruissellement. une couche continue de boue a subsiste pendant plus d'un 

mois avant de commencer a se fragmenter tres partiellement. En fonction 

des donnees de 1 'epandage, il est possible d'evaluer la teneur en Stl'epto­

aoques feaauz a 1,2.105/9 et celle des CoUfomes fea= a 2.104/g, 

toujours sur 5 cm d'epaisseur de terre. 

Les Stl'eptoaoquBs, au pre ou au champ, ont un comportement similaire, 

alors que les CoZifo1'lTlBs resistent un peu mieux au pre qu 'au champ. L 'herbe 

du pre n'a He analysee qu'au bout de 2 mois, lorsque la gangue de boue 

qui la recouvrait avait presque disparu : les germes fecaux semblent s 'y 

comporter de 1 a meme facon que dans 1 a terre du pre. 

La disparition des germes etudies est acquise en 3 mois au champ e"t 

moins de 3 mois au pre. La microflore totale aerobie, en baisse constante 

entre janvier et avril, montre que le climat a peut-etre joue un role plus 
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important que lors du premi er epandage : un epandage en automne sec aurait 

peut-etre montre une regression moins rapide ? 

Les Salmonenes, presentes theoriquement a 1a dose de 57/100 9 de 

terre, di sparai ssent en 15 jours dans tous 1 es pre 1 evements, sauf dans 1 a 

croOte (1 mois) ; d'autre part, ce11e-ci semble ne plus renfermer 1es deux 

germes etudies au bout de 2 mois. Paradoxa1ement, cette croOte qui aurait 

pu etre un reservoir de germes est epuree plus rapidement que 1a terre. 

CONCLUSION -

L' experimentation permet de proposer un repos sanitai re de 3 mois 

avant 1a remise au pre du betail ; e11e montre quelques differences entre 

1es possibilites de survie des trois germes etudies. Les conditions clima­

tiques pourraient notab1ement affecter 1a survie des germes, 1e froid sec 

etant defavorab1e aux germes et 1 'humidite etant favorable. La succession 

de deux epandages a 3 mois d'interva11e ne semble pas defavorab1e. L 'expe­

rimentation presente surtout un interet pour 1es pres car 1es produits de 

1 a grande culture sont consommes cuits ou traites. 

L 'experimentation, en faisant apparaitre des differences de compor­

tement entre 1es germes etudies, montre 1es 1imites de 1a methode: les 

del a is i ndi ques, 3 moi s, sont fondes sur une plus grande sens i bi 1 i te des 

germes pathogenes par rapport aux germes de reference aux conditions du 

milieu, ce qui est certainement vrai pour beau coup d'entre eux, comme 

1es Sa1mone11es, mais pas pour tous ; cette difference, si e11e etait 

meconnue, pourra it E!tre 1 a cause de graves prob 1 emes sani tai res. 

11 sera donc indispensable d'etab1ir, en fonction des conditions 

d'utilisation, une eche11e comparee de sensibi1ite entre des germes dits 

"temoins", facilement ana1ysab1es et toujours presents, et 1es germes 

haut ri sque parmi 1 es vi rus, bacteri es, champi gnons, protozoai res et 

metazoaires. En associ ant cette possibi1ite de survie a 1a notion de 

dose mi nima 1 e i nfectante (DMI) et a des noti ons zootechni ques, on pourra 

etab 1 i r des de 1 a is sanitai res correspondant mi eux aux ri sques reels. 

Actue 11 ement, i 1 sera it prudent de rechercher peri odi quement 1 es 

germes a haut ri sque dans 1 es boues, d' en i nterdi re l' util i sati on en 

cas de presence et, d'une fa~on genera1e, de recommander 1 'hygienisation 

des boues. 
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ENTEROVIRUS INACTIVATION IN EXPERIMENTALLY SEEDED 

SLUDGE AND SOIL SAMPLES 

A. PANA, A.L. SANTI, P. RINALDI, M. GRASSI 

Hygiene Institute, University of Rome 

M.L. GRAPELLI, National Research Council 

PoUovi rus I and Coxsackie 83 have been experimentally seeded into sLudge 
supernatant, sLudge and soiL. Virus particLes seeded into sLudges showed 
rapid inactivation at 37°C. Enteroviruses seeded into soiLd sampLes, 
however, survived at the same temperature for severaL days. 

Current studies indicate that Land disposaL of sewage pLant products for 
soil enrichment purposes may constitute a possibLe threat to pubLic 
heaLth, because of the presence of enteric viruses stiLL present in sLudge 
after anaerobic digestion process. 

The objective of the present Laboratory study is to assess the reLation­
ship between temperature and detetion time-infectivity of two Entero-
vi ruses, nameLy PoL io I and Coxsackie 83. 

-397 -



The objective of the present laboratory study is to assess the relation­

ship between temperature and detetion time-infectivity of two Entero­

viruses, namely Polio I and Coxsackie B3, incubated at differnt tempe­

ratures (20 , 28 , 37 C) in different mediums (digested sludge super­

natant, digested sludge and soil samples), tested for infecti vi ty assay 

at different times (3 h, 1,2,3,4,5 days). 

The first series of experiments was designed to assess the relationship 

between temperature and virus reduction in anaerobically digested 

sludge supernatant and sludge. 

The reduction of Poliovirus I in sludge supernatant and in control salt 

solution is shown in figure I. The rate of inactivation is much more 

rapid at 37 0 C. It is also apparent that the sludge supernatant is 

inactivating the virus because Polio I held in control Medium Eagle 

survi ves longer. 

Figure 2 shows the inactivation rates of polio I seeded into sludge, 

incubated at the same conditions, then eluted by glicyne pH II. The 

table on the left shows the results of virus titration determined in 

supernatant before the elution phase: it is apparent the mechanism of 

virus binding to the particulate matter present in sludge. Table on the 

right shows virus reduction rate in sludge after the elution phase. By 

24 h at 37°C Polio I is likewise entirely inactivated even though virus 

particles adsorbed to the sludge solid fraction show a slightly better 

percent survival at the low temperatures. The early curve slop which 

shows a sudden fall of virus ti tres by 3 h, likely indicates poor 

reliability of the methods employed to elute viruses from the solid 

fraction. 

It is likewise apparent from figure 3, that sludge is somehow inactiv­

ating the virus, because Polio I held in control Medium has been 

detected after 5 days incubation at 37° C. 

The inactivation rate of Coxsackievirus B4 seeded into sludge supernatant 

is shown in figure 4. In general the data are similar to those shown 

for Polio I; results indicate a more rapid inactivation rate at the 

highest temperatures. 
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Figure 5 shows the results concerning Coxsackie 83 reduction in digested 

sludge. Table on the left shows the results of virus assay in sludge 

supernatant before elution. Detection of virus particles until the 3rd 

day indicate that the Coxsackie B3 slightly binds to sludge solid 

fraction. Rate of inactivation in sludge eluate is shown on the right 

figure: the curve are similar to those of polio I, even though the high 

virus titres seeded, are considerably lowered by 24 h even at the low 

temperatures. 

A second series of experiments was designed to assess the relationship 

between temperature and Enteroviruses inactivation rate in soil samples. 

Polio and Coxsackie B3 have been incubated at the same temperatures, 

virus assays were performed after elution by glycine pH II. 

Results for Polio I are shown in figure 6. The table shows a lower 

inactivation rate at the different temperatures, compared to virus 

recovery from sludge. 

In figure 7 are shown the inactivation rates of Coxsackie Virus 83; in 

general, the data are similar to those shown for Polio 1. 

Results of current laboratory study indicate persistence of infectious 

viruses in soil samples until the 9th day even at the highest temperatures; 

to date, results concerning the fate of viruses from the 10th through 

the 21st day are missing. 

In previ ous studies Lund E. et al. (I) report that a virucidal agent, 

possibly of bi ochemi cal nature is produced during sludge digestion. 

Bertucci et aL (3), in 1979 report that waste water sludge bacterial 

by-products do not contribute to inactivate virus, while the rate of 

Polio I inactivation is enhanced in proportion to the ammonia concentration. 

According to previous studies reported by Lund E. et al. (I) and Ward 

R.L., Ashley C.S. (2), in the present report the rate of Enterovirus 

inactivation was found to be faster in sludge anaerobically digested 

than in salt solution and in soil samples. 
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SALMONELLEN 1M KLAERSCHLAMM 

E. HESS 

Direktor des Instituts fUr Veterinarhygiene 

der Universitat ZUrich 

By bacteriological examination of sewage sludge we found 
Salmonellae in 150 of 151 sewage plants. We isolated between 
two and 106 Salmonellae per liter sewage sludge provided for 
fertilizing purposes. 

Moreover we found that Salmonellae in sewage sludge 
spread on grass may survive up to 61 weeks. Fertilizing with 
unsanitized sludge may therefore lead to their transmission 
from plants to animals. 

In several bovine herds we were able to demonstrate an 
epidemiological connection between manuring with unsanitized 
sludge and outbreaks of Salmonellosis. Inapparent infections 
are even more frequent. We isolated Salmonellae in 2,5 % of 
2'500 apparently healthy cattle from 5 different slaughter 
houses. The number of Salmonella carriers accumulated during 
the grazing period. This is in contrast to the situation in 
swine fattening herds in confinement, where seasonal varia­
tions of the infection rate could not be noticed. 

Zusammenfassung 

Wir haben Klarschlamm aus 151 Anlagen untersucht und, mit 
einer einzigen Ausnahme, immer Salmonellen nachgewiesen. Dabei 
wurden jeweils zwischen zwei und 106 Salmonellen pro Liter 
Schlamm isoliert. 

Bei DUngung von Grasflachen mit unhygienisiertem Klar­
schlamm besteht ein Infektionsrisiko fUr den Viehbestand, weil 
Salmonellen in angetrocknetem Schlamm an der Grasnarbe bis 61 
Wochen Uberleben konnen. 

In mehreren Rindviehbestanden haben wir den epidemiologi­
schen Zusammenhang zwischen KlarschlammdUngung und manifesten 
Salmonelleninfektionen nachgewiesen. Ungleich haufiger sind 
die inapparenten Infektionen. Bei 2'500 klinisch gesunden 
KUhen und Rindern aus 5 verschiedenen Schlachthofen haben wir 
eine Infektionsrate von 2,5 % festgestellt. Die Zahl der Sal­
monellenisolierungen beim Rind kulminierte in den Sommermona­
ten. Derartige saisonale Schwankungen konnten bei den Schwei­
nebestanden mit Intensivhaltung nicht beobachtet werden. 
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Als Abwasserkonzentrat enthalt Klarschlamm regelmassig 

pathogene Mikroorganismen. Von epidemiologischer Bedeutung 

sind in unseren Regionen vor allem die Salmonellen und die 

Eier von Taenia saginata. 

Wir haben Proben aus 151 Klaranlagen untersucht und, mit 

einer einzigen Ausnahme, bei allen Schlammen, die an die Land­

wirtschaft abgegeben wurden, Salmone11en isoliert. 

Voraussetzungen fUr diesen praktisch lUckenlosen Salmo­

nellennachweis in Klarschlamm waren: 

1. Reprasentative Proben, d.h. Entnahme nach vollstandi­

ger Umwalzung des gestapelten Schlammes. 

2. Voranreicherung von 6 mal je 100 9 Schlamm in gepuf­

fertem Peptonwasser wahrend 72 Stunden bei 30 °C. 

3. Anreicherung in Tetrathionat-Bouillon in hoher Schicht 

wahrend mindestens 36 Stunden bei 43 °C. 

4. UmzUchtung der Anreicherung (nach VerdUnnung im Ver­

haltnis 1:60 und optimaler Homogenisierung in Pep ton­

wasser) auf BrillantgrUn-Phenolrot-Agar DIFCO Nr. 

0285-01. Anschliessende BebrUtung wahrend 24 Stunden 

bei 43 °C. 

Mit dieser Technik erreichen wir eine eindeutige Selek­

tion vorhandener Salmonellen. 

Quantitativ fanden wir nach dem MPN-Verfahren zwischen 

zwei und 106 Salmonellen pro Liter. Bei Annahme eines Trocken­

substanzgehaltes von 5 % entspricht das einer Menge von maxi­

mal 20'000 Salmonellen pro Gramm Feststoff. 

Damit ist die Hypothese, wonach die pathogenen Keime 

durch konventionelle Schlammbehandlung eliminiert werden, wi­

derlegt, weil es siah bei den untersuchten Proben zur Haupt­

sache urn Faulschlamm handelte. Noch Uberzeugender lasst siah 

das beweisen durch quantitative Bestimmung von Indikatorkei­

men vor und nach der Schlammbehandlung. 
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Wir haben aus einer reprasentativen Anzahl von Stichpro­

ben den durchschnittlichen Gehalt an E. coli ermittelt. Der 

Mittelwert sank von 109 pro Liter Frischschlamm auf 108 im 

aerob stabilisierten Schlamm und nur auf 10 7 im ausgefaulten 

Schlamm (1). 

Die epidemiologische Bedeutung der Salmonellen sollte 

auch deshalb nicht bagatellisiert werden, weil die Keime im 

angetrockneten Klarschlamm eine erhebliche Tenazitat aufwei­

sen. Bei Dtingeversuchen haben wir Ueberlebenszeiten von 61 Wo­

chen an der Grasnarbe bzw. 58 Wochen in der oberen Humus­

schicht nachgewiesen (2). 

Aus diesen Feststellungen geht hervor, dass die Verwen­

dung VOn unhygienisiertem Klarschlamm zur Dtingung von Grasland 

mit einem Infektionsrisiko ftir den Viehbestand verbunden ist. 

Wir haben tatsachlich Infektketten: Klarschlamm - Futter­

pflanze - Rind nachgewiesen. So erkrankten in einer Milchvieh­

herde 4 Wochen nach Klarschlammaustrag 9 Tiere an fieberhaftem 

Durchfall mit abruptem Milchversiegen. Wir isolierten Salmo­

nella tokoin aus dem Darminhalt aller .9 Patienten. 7 Wochen 

nach Klarschlammdtingung gelang uns der Nachweis von Salmonella 

tokoin auch noch aus der Grasnarbe der betreffenden Weide. Der 

ursachliche Zusammenhang zwischen Klarschlammdtingung und Be­

standes-Enzootie ist in diesem Fall offensichtlich, weil Sal­

monella tokoin vorher in der Schweiz noch nie nachgewiesen 

worden war. 

In zwei Mastbestanden von Jungrindern, die ebenfalls an 

akuter Salmonellose erkrankt waren, gelang die Isolierung von 

Salmonella dublin bzw. Salmonella typhimurium aus dem Darmin­

halt der Tiere und aus Gras. Die betreffende Grtinflache war 

zuvor mit Klarschlamm gedtingt worden. 

In vier weiteren Betrieben diagnostizierten wir nach 

KlarschlammdUngung sporadische Salmonellen-Infektionen (2). 
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Ungleich haufiger als die erwahnten klinisch manifesten 

AusbrUche sind stumme Infektionen. Die Verseuchungsrate in un­

seren Rindviehbestanden ist innerhalb der letzten 14 Jahre urn 

ein Mehrfaches angestiegen. Neuerdings haben wir in 5 Schlacht­

h6fen bei 2,5 % von 2'500 klinisch gesunden Sch1achtrindern 

und -kUhen Salmonellen isoliert. 

Dass die Verseuchungsdichte in Gebieten mit Klarschlamm­

dUngung wah rend der GrUnfUtterungsperiode jeweils signifikant 

ansteigt, haben wir an einem Untersuchungsmaterial von liber 

20'000 Proben bewiesen. Der Prozentsatz infizierter Schlacht­

tiere kulrninierte in den Monaten August und September. Die 

hochsommer1iche Spitze fUhren wir auf den zeit1ich massierten 

Austrag von unhygienisiertem Klarschlamm im Anschluss an die 

Heuernte zurlick, vor allem aber auf das besonders kurze In­

tervall zwischen DUngung und Weidegang bzw. Grasschnitt z.Z. 

der Periode intensivsten Wachstums. Bezeichnend ist, dass wir 

bei unseren Mastschweinen mit permanenter Stallhaltung keine 

derartige saisonale Haufung der Salmonelleninfektionen fest­

stellten. 

Von Abwasserfachleuten wird immer wieder behauptet, die 

Salmone1lenbelastung vOn Klarschlamm sei mit derjenigen von 

HofgUlle vergleichbar. Deshalb haben wir GUlle aus 502 bauer­

lichen Betrieben ohne Klarschlammverwendung untersucht. Wir 

isolierten Salmonellen nur aus 6 GU1leproben, d.h. in 1,2 % 

(3). Das Infektionsrisiko durch DUngung mit HofgUlle ist also 

zu vernachlassigen, verglichen mit dernjenigen bei Verwendung 

von unhygienisiertern Klarschlamm. 

Literaturverzeichnis 

1. Hess, E., G. Lott und C. Breer: Klarschlamm und Freiland­

biologie von Salmonellen; Zbl.Bakt.Hyg., I.Abt.Orig.B 158, 

446-455 (1974) 

2. Hess, E. und C. Breer: Die Dringlichkeit der Klarschlamm­

hygienisierung; Gas Wasser Abwasser 2£, 385-388 (1976) 

3. Meier, J.: Unterschiedliche Salmonellenbelastung von Klar­

sch1amm und Abfallen aus der Nutztierhaltung; Inaug. Diss. 

ZUrich (1979) 
-~-



Summary 

SURVIVAL OF SALMONELLAS AND ASCARIS EGGS 

DURING SLUDGE UTILIZATION IN FORESTRY 

D. Strauch, W. Konig and F.H. Evers 

Institute for Animal Medicine and Hygiene, University of 

Hohenheim (Stuttgart) and Experimental and Research 

Station for Forestry,Weilimdorf (Stuttgart) 

Federal Republic of Germany 

Sludge·utilization in forestry is increasing because many municipal 
sewage treatment plants have difficulties to dispose of their sludge. 
If it cannot be incinerated or dumped and if it is not accepted by far­
mers the utilization in forestry is often the ultimate solution. This is 
especial1y true for such communities who are in possession of own forest 
areas where they can act own their own discretion. This of course creates 
hygienic problems because usually it is not possible to till the sludge 
into the soil between the trees. Therefore contacts of man and animals 
with infected sludge in forests are most likely. 

Experiments with salmonella - and ascaris eggs - infected sludge at 
11 different habitats in a large wooded area were made to get information 
about the tenacity of these pathogens. If the sludge was spread in June 
the salmonellas survived up to 2 years, after spreading in December the 
survival time was only up to 1 year. Ascaris eggs survived for 60 and 
76 days, respectively. 

From these results it can be concluded that spreading of infectious 
sludge in forests may be highly dangerous for man, stray animals and game 
as well. It is therefore necessary to make use of protective measures to 
avoid i nfecti ons. 
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1. INTRODUCTION 

According to an estimation of the Federal Government in 1985 about 

50 mi 11 i on. tons of muni ci pa 1 and 30 mi 11 i on tons of i ndustri a 1 sewage 

sludges will be produced in the Federal Republic of Germany per year. 

These considerable amounts have to be disposed of by the municipalities 

and the various industries. Possible methods for sludge disposal are: 

utilization in agriculture. horticulture. forestry and landscape architec­

ture. storing in sanitary landfills or incineration. 

It is well documented that raw municipal sludges as well as anaero­

bically digested sludges usually contain considerable amounts of pathogenic 

agentS like bacteria. viruses and parasites which may cause infectious 

diseases of man and animals under certain circumstances (1). Therefore all 

these sludges are to be considered as infectious agents as long as they 

are not treated by disinfecting methods prior to their use in agriculture. 

horticulture and forestry. 

Small communities with sewage treatment plants have sometimes diffi­

culties to dispose of their sludge when the farmers do not accept them 

for utilization in agriculture because they are afraid of possible in­

fections of the chains sOil-plant-animal-consumer or soil-plant-consumer. 

Many of these communities are in possession of own forest areas which 

they use for the disposal of their surplus sludges. unfortunately very 

often without any consideration of hygienic and epidemiological aspects. 

Based on the knowledge about the occurrence and viability of patho­

gens in municipal sludges we made some experiments in a large forest 

area near Stuttgart (Schonbuch) on plots of 11 different habitats with 

infected sludge. It was studied how long salmonellas and eggs of ascaris 

suis survive in these different habitats when the sludge was distributed 

on the plots either in the summer (June) or in the winter (December). 

2. MATERIALS AND METHODS 

In the area of the State Forest Office Weil im Schonbuch 11 plots in 

different habitats were selected according to the following contrast and 

comparing couplings: 
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- broad-l eaved/ coni ferous forest, 

- closed/open forest stand/free area (culture), 

- high biological soil activity (mull)/ inhibited biological soil 

acti vi ty (raw humus). Different pH-ranges, 

- sandy/loamy/clayey substrate. 

A summary of the 11 experimental plots is given in Table 1. All of 

them are located in the zone of triasic sandstone and bulbous marl. The 

average temperature through the year is ca. 8.3°e, the average precipita­

tion 739 mm. The plots were fenced (3 x 4 m) to avoid contact of the in­

fected sludge with man and game and are far away from frequently used 

ways. 

Within the fences infected municipal sludge (Salmonella senftenberg 

107 ml) was spread on marked areas. In addition small patches of leather 

infected with dried salmonellas and small bags from silk gauze with 2 mil­

lions of eggs of Ascaris suis each were distributed on the plots. Ascaris 

suis from pigs is very similar to Ascaris lumbricoides of man so that 

they hardly can be differentiated. 

Before the sludge was spread, on each plot a 1 ayer of 1 eather patches 

and silk gauze bags was given which was then covered with infected sludge. 

On top of this another layer of leather patches was given. On each plot 

one maximum thermometer was put into the soil and one layed on the sludge. 

Experiment No.1 started in June (summer), No.2 in December (winter). 

The layer of sludge spread on the plots was 1 cm/m2 in expo No.1 and 

2 cm/m2 in expo No.2 which corresponded to 100 m3 /ha and 200 m3 /ha. 

Samples were collected from each plot once a month: 1 leather patch 

from ground and surface,l sil k gauze bag from the ground and 1 sample of 

sludge. After a certain time the sludge was washed out by rain- and 

snowfall. In that case samples were taken from foliage, plant growth or 

the surface of the soil, depending on the circumstances. 

The samples were investigated in the laboratory: salmonellas with 

pre-enrichment (18 h 37°e) in peptone-water and enrichment (15 min water­

bath 45°C, 24/48 h 43°e) in tetrathionatebroth (MUller-Kaufmann). The 

ascaris eggs were resuspended in water and incubated for 40 days at 29°e. 
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If larvae II had developed they were fed to mice which were sacrificed 

after 48 h to investigate the livers. 

3. RESULTS 

Salmonella senftenberg 

The tenacity of the salmonellas on leather patches from the surface 

(0), the ground (U) and in the sludge or the soil (K) of the 11 plots in 

the summer experiment is shown in Figure 1. The range of survival is 

between 270 and 640 days. 

The results of the winter experiment are given in Figure 2. The 

survival range in this experiment is between 47 and 350 days. 

For a quick survey the results of the summer and the winter experi­

ment are summarized in Figure 3. 

The control cultures of S. senftenberg which were stored in the 

refrigerator at 4°C survived during the summer experiment for 270 days 

and during the winter experiment for 258 days. 

Ascaris suis 

The results of the 2 experiments are summarized in Figure 4. The 

range of their survival is between 17 and 76 days. 

The dry matter content of the sl udge was 5.5% in the summer and 

3.1% in the winter experiment. The maximum ambient temperatures in the 

first 2 months of the experiments were 41°C in the summer and 11°C in the 

winter. 

4. DISCUSSION 

The results show that salmonellas survive for a long time when they 

occur i,n municipal sludge which is spread in forest areas. This is 

apparently not substantially influenced by the habitats of the 11 dif­

ferent experimental plots. 
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On the other hand there seems to be a significant difference when the 

sludge is spread into the wooded area in the sununer or the winter period. 

When the sludge was spread in June the maximum survival time of the sal­

monellas was 640 days. When it was spread in December the salmonellas 

survived only for 350 days. A possible explanation for this phenomenon 

is that the salmonellas could adapt themselves in the summer to their 

ambiente or they could even multiply stimulated by the high temperatures 

(41 ec) so that they better could resist the unfavourable influences during 

the coming winter period. The salmonellas spread in December had none of 

these chances and therefore were exposed to the winter condition without 

any protection or resistance. 

In both of the experiments the salmonellas usually survived much 

longer when they were suspended in the sludge than when they were adsor­

bed to the leather patches of the surface or on the ground of the plots. 

This also is an indication that the chances for survival are best within 

the sludge than on germ carriers. 

The eggs of Ascaris suis showed no great differences of their 

viability during the summer or winter period. They are unable to multiply 

even during the summer outside of a host and therefore the results are 

very much the same in the 2 experimental periods: 60 days in summer and 

48 days in winter. Only in fields No.3 with 17 days and No.8 with 

76 days were minor differences in the winter experiment. 

These results confirm our opinion, which was already published 

several years ago (2, 3, 4), that municipal sewage sludge which is not 

disinfected should not be used in forestry because a constant health 

hazard for man and game results from this utilization. In the wooded 

areas it is not possible to plough or till the sludge into the soil as 

it can be done on arable 1 and. Therefore there is not much contact wi th 

the biologically active substrate of the upper soil layer which results 

in the fact that pathogens spread in wooded areas with sewage sludges 

remain viable and infectious for a longer time than on arable land. 

Sewage sludge therefore should in principle be disinfected before 

it is used in forestry. If this is not possible due to local reasons, the 

areas where infectious sludge has been used must be fenced in to avoid 

contacts of man and animals with this infectious material. 
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Summary 

HYGIENIC EFFECTS OF SLUDGE PASTEURIZATION PRIOR 

TO ANAEROBIC DIGESTION (PRE-PASTEURIZATION) 

D. Strauch and W. Philipp 

Institute for Animal Medicine and Hygiene 

University of Hohenheim 

Stuttgart 

Federa 1 Repub 1 i c of Germany 

Pasteurization of sludge after anaerobic digestion resulted under 
practical conditions in many cases in recontamination of the stored sludge 
caused by using contaminated tubes for sludge transport or by infections 
with bird droppings or, possibly, by infected aerosols from the biological 
treatment processes. In Switzerland the pasteurization plants were closed 
down for a certain ti me to fi nd out the reasons for these recontami na­
tions. 

Comparing experiments with salmonella-contaminated raw sludge, pasteu­
rized before it was digested or stored without digestion, showed that 
recontamination can be reliably avoided. In none of these experiments sal­
monellas could be isolated. Salmonella-contaminated digested sludge was 
pasteurized after the digester and stored. Also in these cases reconta­
mination was never found. There was a tendency towards multiplication of 
the total bacteria and the coliforms in pre-pasteurized sludge and in 
sludge pasteurized after digestion wheras salmonellas never could be 
isolated. 

The results show that pre-pasteurization is a good means to avoid 
recontamination of digested sludge with salmonellas. But on the other 
hand it is also possible to avoid recontamination of digested sludge which 
is pasteurized and stored after the digestion process provided that exac­
ting hygienic standards are applied. If these cannot be assured it is 
recommended to use the method of pre-pasteurization. 
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1. INTRODUCTION 

Pasteurization of digested sewage sludge was considered to be a 

reliable method to obtain a hygienically safe sludge for use in agricul­

ture. But very thorough investigations in Switzerland have shown that in 

15 sewage treatment plants the pasteurized digested sludge was recontami­

na ted wi th enterobacteri aceae and in 5 cases even with sa 1 mone 11 as duri ng 

storage in open basins (1, 2, 3). As causes for this recontamination the 

authors mentioned that in none of the controlled plants the tubes for 

not-pasteurized and pasteurized sludge were consequently separated; some 

of the plants used biologically treated sewage for cleaning the tubes 

after pasteurization and they suspected recontamination in the storage 

basins by aerosols which are generated by nearby situated aeration tanks. 

Stimulated by the Swiss results we started a research programm to­

gether with the Ins titute for Water Qua 1 i ty Management and Sanitary 

Engineering of the Technical University in Munich about the influence of 

pasteurization of raw sludge before digestion on technical and hygienic 

parameters. The following paper is restricted on the description of the 

bacteriological investigations. 

2. MATERIALS AND METHODS 

For the investigations 2 digesters with a volume of 500 liters each 

and 2 pas teuri zers with a volume of 30 1 i ters each were used (Fi g. 1). 

One of the pasteurizers was mounted directly on the digester I to avoid 

recon tami nati ons after pas teuriza ti on by directly fi 11 i ng the pas teuri zed 

raw sludge into the digester. Digester II was filled with raw sludge 

which was pasteurized after digestion. 

At the beginning of the investigations the digesters were supplied 

daily with 25 1 of pasteurized and raw sludge, respectively, and the 

total digestion time was 20 days. These data were changed in the follo­

wing experiments that the daily sludge volume for the digesters was 

increased over 50 1 to 75 1 thus reduci ng the di ges ti on time from 20 days 

over 10 days down to 7 days. 
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The pasteurization was done at 70°C for 30 minutes and the digestion 

temperature was held constantly at 33°C. 

The raw sludge was infected with 2S0 ml of a suspension of Salmonella 

senftenberg W 77S containing 10 x 107 salmonellas/ml. The following bac­

teriological investigations were made: colony count, enterobacteriaceae 

count, salmonella isolation. Samples were taken at the following points 

(Fig. 1): PI raw sludge, P2 after pre-pasteurization (VP), P3 after 

digestion with pre-pasteurization, P4 after digestion without pre-pasteu­

rization, Ps after digestion and pasteurization of digested sludge (NP). 

To get informations about possible recontaminations and the biological 

stability tanks with pasteurized raw sludge, pre-pasteurized digested 

sludge and digested sludge pasteurized after digestion were placed in the 

experimental hall of the institute and close to a biological treatment 

basin in the experimental sewage treatment plant of the institute in 

Garching/Munich. The same bacteriological counts were made with these 

sludges as mentioned above. 

3. RESULTS 

Figure 2 shows the results in digester I (P3). Colony count 

73 x 10S/ml, enterobacteriaceae 20.000/ml, salmonellas negative. 

The results of digester II are given in Figure 3 (P4). Colony count 

8S x lOS/ml, enterobacteriaceae 110.000/ml, salmonellas always positive. 

In Figure 4 the results of digester I and II are compared. 

Comparing the pasteurization of raw sludge before digestion (P2) 

with pasteurization of digested sludge (PS) there are no significant 

results as far as enterobacteriaceae are concerned (less than 10/ml). 

The colony count in Ps (~ 21 x 104/ml) was slightly higher compared to 

P2 (.0 77 x 104/ml). In both samples salmonellas never could be isolated. 

Storage of pre-pasteurized sludge showed that it had a biological 

stability. On the other hand there was a tendency for an increase in the 

numbers of colonies and enterobacteriaceae in the pasteurized digested 

sludges of both digesters. This observation was more evident in the 
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digested sludge which was pasteurized after digestion than in the pre­

pasteurized digested sludge. 

Recontaminations of the stored sludges with salmonellas never occured. 

4. CONCLUSIONS 

Pre-pasteurization of raw sludge prior to digestion is a safe method 

to avoid salmonellas in the effluent of the digester. The disposition for 

recontamination of pre-pasteurized digested sludge seems to be less than 

that of not or only after digestion pasteurized sludges. So far our 

results confirm those of the Swiss working group (0. As far as the ten­

dency for the increasing numbers of the colony counts and the enterobac­

teriaceae in the digested sludges is concerned our results do not corres­

pond to those of the Swiss group. To find an explanation for this, more 

experiments are necessary. 

Using exacting technical and hygienic conditions it is also possible 

to avoid recontamination with salmonellas of digested sludge which is 

pasteurized only after digestion. Under practical conditions it seems 

very difficult to achieve this demand (0. If these conditions cannot be 

ensured it is recommended to use the method of pre-pasteurization. 

5. LITERATURE 
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PRE-PASTEURIZATION OF SEWAGE SLUDGE 

Test installation Sampling 
(schematic) 

w slud 

J 
container ® 

Post Pasteurization 

Digester 
I 

Digester 
II 

Di sted sludge 
6) 

I:~;-~® 
Pre-Pasteurized digested 
sludge (Pre-PDS) 

(5) Raw sludge 

~J..® 
Untreated digested 
sludge (UDS) 

ev After pre-pasteurization (Pre-P) 
® After digestion with Pre-P 

@ After digestion without Pre-P 

9'-'~'''O ,-Pasteuri zed digested 
® sludge 

~~~t-~6) 
Post-Pasteurized digested 
sludge (PoBt-PDS) 

® After digestion with post-pasteurization (Post-p) 

Figure 1: Scheme of the installations for the pre­
pasteurization experiments 
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Digester I - Digester II 

Colony count after digestion 
----""with pre-pasteurization (P3) 

Colony count after digestion 
.. --· ... without pre-pasteurization (p4) 

Coliform bacteria after digestion 
·-"·with pre-pasteurization (P3) 

Coliform bacteria after digestion 
o 0 without pre-pasteurization (p4) 

3~~~~~~~~~~~~ 
,0 ,246 Bl0 14 lB 22 26 30 time (weeks) 

Figure 4: Comparison of the 
results in digester I and digester II 
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DIE PASTEURISATION VON FRISCHSCHLAMM 

C. BREER 

Oberassistent am Institut fUr Veterinarhygiene 

der Universitat ZUrich (Dir. Prof.Dr.E.Hess) 

In a pilot plant with an amount of about 160 tons of 
sewage sludge per day, we tested the effect of the pasteuri­
zation of raw sludge followed by anaerobic digestion. By week­
ly bacteriological examinations during one year of operation, 
we could demonstrate, that in the final product Enterobacte­
riaceae were not able to regrowth in case of recontamination. 
In two additional sewage disposal plants, we confirmed these 
findings and demonstrated, that the number of Enterobacteria­
ceae in the digestion rooms decreased within about 8 to 13 
weeks from 104/g and 105/g respectively to less than 10 Ente­
robacteriaceae per gram. Beside this, Salmonellae could never 
be isolated in adequate pasteurized and subsequently digested 
sludge, which is therefore recommanded as a fertilizer for 
grassland. 

Zusanunenfassung 

In einer Klaranlage mit einem taglichen Schlammanfall von 
rund 160 Tonnen untersuchten wir die Moglichkeit, Frisch­
schlamm vor dem Faulprozess einer Pasteurisation zu unter­
ziehen. Durch wochentliche bakteriologische Kontrollen wahrend 
eines Jahres konnten wir nachweisen, dass sich Enterobacteria­
ceen im pasteurisierten und anschliessend ausge£aulten Schlamm 
nicht mehr vermehren konnten. In zwei weiteren Klaranlagen 
liessen sich diese Befunde bestatigen. Hier konnte gezeigt 
werden, dass die Zahl der Enterobacteriaceen in den FaultUrmen 
auch unter Praxisbedingungen innerhalb VOn 8 bis 13 Wochen von 
durchschnittlich 104/g bzw. 105/g auf weniger als 10 Entero- , 
bacteriaceen pro Gramm abnahm. Da wir ausserdern nie Salmonel­
len in derartig behandeltem Klarschlamm nachweisen konnten, 
kann der pasteurisierte und nachfolgend ausgefaulte Schlamm 
als Dlinger von GrUnland empfohlen werden. 
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Die Pasteurisation von Frischschlamm war ursprunglich 

vorgeschlagen worden, weil der Faulprozess im zuvor erhitzten 

Schlarnrn schneller und intensiver ablauft (4,5,7). Wir suchten 

in diesem Verfahren eine Alternative zur Faulschlarnrnhygieni­

sierung. Erhitzter Faulschlamm neigt namlich zur Anreicherung 

von Rekontarninanten, narnentlich von Enterobacteriaceen, die 

wahrend der Lagerung in den behandelten Schlarnrn gelangen (1). 

Zudem unterbleibt bei der Frischschlammpasteurisierung die 

standige Be imp fung. der Faulturme mit Enterobacteriaceen-halti­

gem Rohschlamrn~ sodass mit einer langsarnen Verarmung dieser 

Keirne. im ausgefaulten Schlarnrn zu rechnen war. Da ausserdem der 

v~llig geschlossene Na,chfaulraurn als Stapelbehalter zur Verfu­

gling steht, ist die, Gefahr einer Rekontarnination weitgehend 

gebannt • 

. FUr unsere Untersuchungen s'tanden uns zunachst in einer 

Klaranlage zwei vollstandig getrennte Achsen mit je einem Vor­

und Nachfaulraurn (Fassungsverrn~gen jeweils 1'800 m3) zur Ver­

fugung. Dar Frischschlarnrn fur die Achse I wurde vor dem Aus­

faulen in einem Chargenpasteur auf 70 °c erhitzt und wahrend 

30 Minuten bei dieser Temperatur'heissgehalten. Anschliessend 

kuhlten wir den pasteurisierten Schlamm in einem Warrneaustau­

scher so weit ab, dass die Temperatur im Vorfaulraurn - ohne 

zusatzliche Heizung - durchschnittlich 34,6 °c betrug. Der 

Schlarnrn im ungeheizten Nachfaulraurn hatte im Mittel 32 °C. 

Parallel zu dieser Achse I wurde die gleiche Menge Rohschlamm 

in der Achse II ohne vorherige Pasteurisierung ausgefault. 

Die Temperaturen betrugen hier im Durchschnitt 32,7 °c im 

Vorfaulraurn II und 30,8 °c im Nachfaulraurn II. 

Taglich fielen durchschnittlich 160 m3 Schlarnrn an, wobei 

der Trockenruckstand des Frischschlarnrnes im Mittel 4,96 % mit 

einem organischen Gehalt von 1,97 % betrug. Sein pH-Wert 

schwankte zwischen 5,8 und 6,4. Der anfallende Frischschlarnrn 

wurde zunachst in einem Voreindicker aufgefangen und von dort 

gleichmassig auf beide Achsen verteilt. Nach jeder Fullung 

der 5 m3 fassenden Pasteurisierungsanlage in der Achse I wur­

de auch dem Vorfaulraurn II die gleiche Menge Frischschlarnrn 

eingespeist. Auf diese Art war gewahrleistet, dass beide Ach-
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sen gleichartigen Schlamm enthielten und die so gewonnenen Re­

sultate vergleichbar waren. Vor Beginn der Versuche waren bei­

de Vorfaulraume mit nicht pasteurisiertem Faulschlamm geflillt. 

Auf eine Leerung der Faultlirme wurde im Hinblick auf die spa­

tere Praxis verzichtet. 

Die bakteriologische Stufenkontrolle umfasste den Frisch­

schlamm im Voreindicker sowie in beiden Achsen den Vorfaulraum, 

den Nachfaulraum und die Abgabestelle. In Achse I kontrollier­

ten wir zusatzlich zwei Proben aus der Leitung zwischen Pasteur 

und Vorfaulraum, eine unmittelbar nach dem Pasteur und eine 

kurz vor EinmUndung in den Faulturm. Als Indikatoren fUr aus­

reichende Hygienisierung des Klarschlammes diente uns die Ge­

samtzahl der Enterobacteriaceen. 

Die Enterobacteriaceen-Zahl sank im Vorfaulraum der 

Achse I innerhalb von 3 Wochen nach Aufnahme der Frisch­

schlamm-Pasteurisierung kontinuierlich von 109'000/ml auf 

SOO/ml. Nach weiteren 10 Wochen lag ihre Zahl unter 10/ml und 

blieb wahrend der ganzen Versuchsdauer, mit Ausnahme von 2 a~­

sichtlichen BetriebsunterbrUchen in der Pasteurisierungsanla­

ge, auf diesem Wert. Salmonellen waren im Vorfaulraum nur wah­

rend der ersten 2 Wochen nach Beginn der Untersuchungen nach­

weisbar, aIle nachfolgend erhobenen Proben erwiesen sich als 

negativ. 1m Nachfaulraum fiel der Enterobacteriaceen-Gehalt 

mit einer Verzogerung von etwa einer Woche gegenliber dem Vor­

faulraum ebenfalls rasch abo Zu Beginn der Versuche betrug er 

9'000/ml, nach S Wochen 80/ml. Nach 13 Wochen wurde der Wert 

von weniger als 10 Enterobacteriaceen pro ml erreicht und dann, 

mit Ausnahme der erwahnten Unterbrliche, gehalten. An der Abga­

bestelle fUr den ausgefaulten Schlamm lagen ab der 12. Ver­

suchswoche aIle Werte unter 10 Enterobacteriaceen pro mI. 

1m Vorfaulraum der Vergleichsachse II schwankte der Ente­

robacteriaceen-Gehalt stark, da dort standig Frischschlamm zu­

gemischt wurde, der zwischen 10 und 30 Millionen Enterobacte­

riaceen pro ml enthielt. Der Mittelwert lag im Vorfaulraum II 

wahrend der ganzen Versuchsdauer bei 111'000 Enterobacteria­

ceen pro mI. Salmonellen waren in 69,8 % der 86 untersuchten 

Proben a 10 ml nachweisbar. Die Enterobacteriaceen-Zahlen im 
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Nachrauiraum ii Var11erten W1e 1m Vortaulraum ii ziemlich 

stark. Sie lagen schliesslich mit einem Mittelwert von 

2'270/ml rund 3 Zehnerpotenzen hoher als die Vergleichswerte 

aus der Achse I. Zudem konnten im Nachfaulraum II regelmassig 

Salmonellen ·nachgewiesen werden. 

Mit zwei absichtlichen Betriebsunterbrlichen wollten wir 

feststellen, wie rasch die Enterobacteriaceen-Zahl nach einem 

Ausfall der Pasteurisation wieder auf den Ausgangswert von we­

niger als 10/ml absinken wlirde. Wir beschickten hierzu den 

Vorfaulraum I mit einer Charge (5 m3) unpasteurisiertem 

Frischschlamm. In der Folge stieg der Enterobacteriaceen-Ge­

halt im Vorfaulraum sofort auf 6'500/ml an. Nach Wiederauf­

nahme der Pasteurisation sank die Zahl der Enterobacteriaceen 

innerhalb einer Woche wieder auf den Ausgangswert von weniger 

als 10/ml. Ein anschliessend simulierter zweiter Ausfall der 

Pasteurisierung hatte eine neuerliche Vermehrung der Entero­

bacteriaceen auf 4'600/ml zur Folge. Aber auch dieses Mal war 

ihre Zahl innerhalb von 2 Wochen nach Wiederbeginn der Pasteu­

risation auf den ursprlinglichen Wert zurlickgegangen. 1m Nach­

faulraum der Achse I stieg die Enterobacteriaceen-Zahl nach 

beiden Unterbrlichen ebenfalls an und fiel mit einer zeitli­

chen Verzogerung von ca. 3 Tagen gegenliber dem Vorfaulraum 

wieder auf unter 10/ml. 

Die von Staab (6) in Modellversuchen beobachtete Verbes­

serung der Faulung liess sich bei unseren Vergleichsuntersu­

chungen nicht vollumfanglich bestatigen. In bezug auf die pro­

duzierte Gasmenge und den Heizwert des Gases fanden wir kaum 

nennenswerte Differenzen. Auch in der Gaszusammensetzung konn­

ten wir keine Unterschiede feststellen. Dagegen war die Trlib­

wasser-Abscheidung im pasteurisierten Frischschlamm besser. 

Die durchschnittliche Menge des Trlibwassers lag in der Achse I 

nach Abzug des Kondensates rund 8 % hoher als im herkammlich 

ausgefaulten Schlamm. Demzufolge war auch der Trockenrlickstand 

im Abgabeschlamm der Achse I mit 7,09 % entsprechend hoher als 

in der Achse II mit 6,42 %. Der Anteil der Schwebestoffe war 

im Trlibwasser des Nachfaulraumes I gegenliber den Vergleichs­

werten um rund 50 % geringer. 
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~n zwei weiteren Kl~ranlagen konnten wir die in den Ver­

gleichsuntersuchungen gewonnenen Erkenntnisse Gherprlifen und 

unter Beweis stellen. Bei beiden Anlagen handelte es sich urn 

Pasteurisierungseinrichtungen, die den anfallenden Frisch­

schlamm ebenfalls chargenweise erhitzten. In einem Fall betrug 

der mittlere Frischschlammanfall 127 m3 pro Tag, im anderen 

rund 10 m3 pro Tag. 

Die bakteriologischen Reihenuntersuchungen ergaben in bei­

den Anlagen, dass der Gehalt an Enterobacteriaceen im Vorfaul­

raurn innerhalb von 8 bis 13 Wochen von ursprlinglich durch­

schnittlich 104/ml bzw. 105/ml auf unter 10/ml abfiel. Dieser 

Wert wurde anschliessend konstant beibehalten. ·Kleinere Pannen 

im Pasteurisierungssystem, wie sie nach Inbetriebnahme der 

Einrichtung gelegentlich auftraten, hatten keinen Einfluss auf 

die Keimzahl im Faulraurn. In den NachfaultUrmen sank die Zahl 

der Enterobacteriaceen mit geringfUgiger zeitlicher Verschie­

bung parallel zurn Keimgehalt in den Vorfaulr~umen. Auch hier 

wurde der Grenzwert von weniger als 10 Enterobacteriaceen pro 

ml nicht mehr tiberschritten. Da nach Aufnahme der Frisch­

schlammpasteurisierung im ausgefaulten Abgabeschlamm der bei­

den Anlagen auch nie wieder Salmonellen nachgewiesen werden 

konnten, ist derartig behandelter Schlamm ohne weiteres als 

Dlinger von GrUnland zu verwerten. 

Da die beiden Pasteurisierungseinrichtungen mit W~rmeaus­

tauschern ausgestattet waren, die tiber einen ausreichenden Wir­

kungsgrad verfUgten, liessen sich auch Untersuchungen Gher den 

Energieverbrauch anstellen. In beiden Kl~ranlagen lag der Ge­

samtenergieaufwand fUr die Frischschlammpasteurisierung nur 

unwesentlich heher als bei der vorg~ngig praktizierten Faulung 

ohne Pasteurisierung (2,3). Zu berUcksichtigen ist allerdings, 

dass folgende Bedingungen eingehalten werden mUssen: 

- Meglichst weitgehende Eindickung des zu behandelnden Frisch­

schlammes. 

- Optimale W~rmerUckgewinnung. 

- Weitgehende Isolierung der gesamten Anlage, wenn meglich 

auch des Faulturmes. 

- Angepasste Faulraurntemperatur. 
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Die Erfahrungen in den drei Klaranlagen haben gezeigt, 

dass das Prinzip der Frischschlammpasteurisierung als vertret­

bare Lesung fUr die ganzjahrige Klarschlammhygienisierung emp­

fohlen werden kann. 
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COMPORTEMENT DES SPORES DE CLOSTRIDIUM SULFITO-REDUCTEURS 

RESUME 

APPORTEES AU SOL LORS DES EPANDAGES DE BOUES 

D. BOURILLET, P. ANSELME, et J. BRAKEL 

Faculte des Sciences Agronomiques. Chaire de 
Microbio10gie. B.5800 Gemb10ux (Belgique). 

Peu de publications, traitant des problemes d l hygiene re­
latifs a l'epandage des boues sur les sols, considerent Ie cas 
des CZostridium. Cependant ces bacteries sporulees, dont divers 
representants sont pathogenes,abondent dans les boues a raison 
de .:: 105/ml. 

En app1iquant au sol 50 a 100 m3 de boues 1iquides par 
hectare, on observe un accroissement important des spores. 
Cette situation persiste pendant de nombreux mois, en surface, 
car 1a migration est faible en raison de 1a formation d 1 une 
croute assez stable qui retient les spores. 

Huit mois apres epandage sur prairie, 1a partie inferieure 
des graminees portent + 105 spores par gramme de matiere frai­
che alors que sur les plantes temoins on en trouve moins de 
100. 

Divers essais, realises en serre et en conditions nature 1-
les montrent que Ie probleme des Clostridium merite de retenir 
ltattention, d'autant plus que les traitements dthygienisation 
affectent peu la population des Clostpidium des boues. 

SUMMARY 

Only a few papers, dealing with the sanitary problem lin­
ked to the spreading of sludges on the soils, consider the ca­
se of C~o8tridia. 

Though, these sporulating bacteria, some of which are pa­
thogens, are currently founded in the sludges (+ 105/m1). 

When spreading 50 to 100 m3 /ha, the clostridial popUlation 
of the soil surface rises considerabily, owing to the formation 
of a stable crust. The situation persists for a long time. The 
migration in depth is very slow. 

Eight months after the treatment of a meadow with sludges, 
the lower part of the grass bears + 10 5 spores per gram of 
fresh matter whereas less than t0 2-spores are founded in the 
controls. 

Several trials carried on in the greenhouse and in the 
fields show that the problem of C~o8tridium must be examined 
because spores are resistant to sanitary treatments. 
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I. INTRODUCTION 

II existe de nombreuses publications traitant des risques 

lies a la presence de SaZmoneZZa dans les boues. II en est peu 

qui considerent Ie cas des Clostridium, dont la resistance aux 

traitements d'hygienisation est pourtant plus grande, en rai­

son de leur aptitude a sporu1er. Le groupe des CZostridium 

rassemble cependant quelques especes redoutables qui meritent, 

a nos yeux, de retenir l'attention. Clest pourquoi notre grou­

pe realise actuel1ement un programme d'etude concernant les 

dangers eventuels tenant a l'epandage de boues fraiches (5 a 
10 % de M.S.). Ces boues, d'origine urbaine, contiennent pres­

que toujours quelques centaines de milliers de spores de Ct08-

tridium sulfito-reducteurs par ml. 

Le programme prevu est 1e suivant 

a) Contamination de l'air lors des epandages par aspersion 

b) Contamination du sol : - en surface 

- en profondeur 

c) Contamination des herbages et des animaux 

d) Contamination des legumes 

e) Contamination des eaux de surface 

f) Contamination des nappes aquiferes 

Dans tous les cas, une tentative d'identification des especes 

est prevue. 

Dans ce papier, nous nous limiterons a decrire et a com­

Menter les premiers essais concernant la migration des spores 

dans la profondeur du sol ainsi que leur persistance dans les 

sols et sur les herbages. 

2. EXPERIMENTATION 

2.1. Persistance et migration en profondeur des spores de 
cZo8t~idium sulfito-reducteurs apportees au sol par 
les boues 

2.1.1. Essai en champ 

A. Conditions experimentales 

a) Ie sol: l'experience est realisee dans la region de 

Gembloux, sur limon hesbayen. La zone consideree ne 

presente pas de pente. 
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b) les pareelles : trois pareelles earrees de 16 m2 sont 

situees cote a cote. Une parcelle exterieure re~oit 

l'equivalent de 100 m3 de houe par hectare, I'autre 

sert de temoin. La parcel1e mediane sert de tampon, 

empechant les interferences entre parcel1es extremes 

qui servent pour les denombrements de Clostridium. 

c) 18 boue : provient dlune station d'epuration traitant 

des eaux usees urbaines. E11e contient 450.000 spores 

de CZostpidium par ml. Son pH est de 6.5 et sa teneur 

en matieres seches vaut 6,5 %. Quelques jours apres 

l'epandage, la terre est traitae a l'extirpateur sur 

10 em de profondeur afin de briser la croute qui s'est 

formee. Malgre cette tentative d'homogeneisation, la 

quasi-totalite de 18 croate reate en surface BOllS for­

me de fragments nettement visibles. 

d) les prelevements : periodiquement, deux echantillons 

de sol sont preleves aseptiquement dans chacune des 

deux parcelles a I'aide d'une sonde eleetrique flam­

bee, sur 90 em de profondeur. Pour les analyses, la 

earotte pre levee est decoupee en trois parties : 

o - 30 ; 30 - 60 et 60 - 90 em. 

Dans la pareelle traitee a la boue, un des deux pre­

levements passe systematiquement par un fragment de 

croate de surface tandis que l'autre evite d'emporter 

un tel fragment. Ceci vise a contr8ler si les croutes 

constituent des refuges a bacteries. Dans Ie tableau 

des resultats, les prelevements avec croate sont mar­

ques d'un asterisque. 

e) entretien du sol: pendant la duree de l'essai, les 

parcelles sont maintenues sans vegetation. 

f) les comptages de CZo8t~idium sont realises en tubes 

de MILLER-PRICKET (1939), sur milieu de MOSSEL 

(1959). Les suspensions-dilutions soot ehauffees 

dix minutes a 80°C avant les ensemencements. II 8'a­

git done d'un comptage de spores. 
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B. Resultats (voir tableau I) 

Nombre de CZostPidium par gr. de M.S. 

semaines apres Profondeur 
Parcelle traitee Parcelle traitee 

epandage en em 

Echant. 1 Echant. 2 Echant. 3 Echant. 4 

2 0- 30 7.060· 1.300 1.960 1.060 

30 - 60 280 0 160 265 

60-90 65 25 150 540 

4 o - 30 5.000· 1.600 190 10 

30 - 60 380 120 280 0 

60 - 90 100 90 10 85 

6 o - 30 40.500· 2.150 330 480 

9 0- 30 4.100· 6.300 850 350 

30 - 60 600 120 1.000 100 

60 - 90 180 20 200 220 

12 0 - 30 1.000· 1.000 200 100 

30 - 60 160 240 70 -
60 - 90 100 50 230 -

16 o - 30 - 5.000 1.200 -
30 - 60 - 40 20 -
60 - 90 - 20 0 -

Tab leau I Effet d'un apport de boue sur 1a teneur en 

Clostridium d'un sol (resultats par g. de M.S.) 

(0) echantil10ns avec fragment de croute de 

surface. 

c. Commentaires 

a) l'effet croute : Itexamen visue! des parcel1es revele 
que les fragments de boue sechee persistent pendant un 

peu plus de 6 semaines. Aprea eela, ils se d€litent et 

deviennent difficilement reperables. 

II est interessant de Doter que pendant les 6 premie­

res semaines, les echantil10ns de surface preleves 

dans une plage porteuse d'une croate sont generalement 

les plus charges en Clostridium. 
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b) la persistance en surface: en depit d'une eertaine 

heterogeneJte des resultats, l'apport de boue se tra­

duit par un aecroissement sensible du nombre de spores 

dans les 30 premiers em. 

c) la migration en profondeur : est manifestement faible 

ou nulle. Tout se passe eomme si les spores etaient 

emprisonnees dans les croates m~me lorsqu'elles son~ 

reduites a de plus faibles dimensions. La poursuite 

de l'essai montrera si une liberation se produit a la 

longue. 

2.1.2. Essai en vase de vegetation 

A. Conditions experimentales : 

il s'agit de eolonnes email1ees de 30 cm de hauteur et de 

25 em de diametre. Ces colonnes s'adaptent par la base, 

qui est percee de trous, a un recipient hermetique des­

tine a reeolter les pereolats. Pour eviter que des frag­

ments de sol pas sent dans Ie filtrat, une toile de nylon 

garnit Ie fond des vases. 

Les vases sont remplis de sable sterile sur une hauteur 

de 20 em et la moitie d'entre eux re~oit une dose .de boue 

liquide correspondant a peu pres a 100 m3 /ha (0,5 I par 

vase) et contenant 535.000 spores de c~ostridium par mI. 

La teneur en matieres seches et de 6,6 %. 

Des denombrements periodiques de Clostridium sont effee-

tues sur 2 vases saerifies : a profondeurs dans Ie sa-

bIe, sur un fragment de croute et sur une aliquote du 

percolate 

L'essai a debute en serre, pendant une periode de gel 

qui s'est maintenue pendant un mois. Pendant ee temps, 

5 arrosages de 250 ml d'eau sterile ont ete appliques. 

Au degel, les vases ont ete enterres au 2/3 au voisinage 

de l'essai precedent, les pla~ant ainsi dans des condi­

tions de pluviosite naturelle. A noter que les vases te­

moins sont restes vierges de Clostpidium. 
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B. Resultats (voir tableau II) 

Nombre de Nature Clostridiwn /g. M.S. Percolats recoltes 
semaines des (en ml) 

apres prelevements Repetition 1 Repetition 2 
epandage 

2 Croute 12.000.000 7.400.000 

Sable : 0- 6cm 0 10 

6-12cm 0 0 

12-18cm 0 0 

Percolat 0 0 840 

4 Croate 4.800.000 3.900.000 

Sable : 0- 6cm 380 420 

6-12cm 220 90 

12-18cm 0 50 

Percolat 0 0 956 

8 Croute 7.200.000 5.900.000 

Sable: 0- 6cm 580 790 

6-12cm 70 360 

12-18cm 60 70 

Percolat 18 17 1.230 

12 Croate 6.200.000 6.350.000 

Sable: 0- 6cm 380 480 

6-12cm 10 120 

12-18cm 70 30 

Percolat 18 15 3.230 

Tableau II : Persistance et migration des Clostridium 

c. Commentaires : 

Pour faciliter l'interpretation des resultats, il est in­

teressant de dresser, apres chaque prelevement, Ie bilan 

des Clostpidium as sarti de leur repartition dans les ho­

rizons consideres. 

Nous indiquons ci-apres les resultats calcules a partir 

des donnees de 1a douzieme semaine (resultats moyens). 
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Rappelons les donnees utilisees pour les ealeuls 

(tableau III) 

Boue 535.000 sporeslml 

Matiere seebe : 6,6 % 

Chaque vase re~oit 500 rol de boue fraiche 

Sable sec: il pese 2.500 graromes par tranche de 6 em 

Percola~ recolte : 3.230 mI. 

On formule en plus l'hypothese qu'aucune perte ni tran­

sit de matiere seche n'a eu lieu a partir de 1a croute 

clest-a-dire que Ie poids sec de 1a croate est toujours 

de 33 grammes. 

Horizons Nombre de 
Clostridium 

Croute de depart ......... 267.500.000 100 

Croute apres 12 semaines 207.075.000 77.41 

Sab Ie apres 12 semaines : 

0 - em .......... 1.075.000 0.40 

6 - 12 em .......... 162.500 0.06 

12 - 18 em .......... 125.000 0.05 

Perco1at ................. 53.295 0.02 

Tableau III : Repartition des Clostridium apres 

12 semaines 

Conclusions : 

1) la survie des Clostridium dans 1a croate est grande. 

Elle est de plus de 77 % apres 12 semaines. 

2) 1a migration au depart de 1a croute est faible et 

lente. Apres 12 semaines seu1ement 0.53 % de spores 

vivantes se retrouvent dans Ie sable sous-jacent ou 

dans Ie percolate D'autre part (tableau II), il faut 

entre 4 et 8 semaines pour que des spores vivantes 

traversent les 18 em de sable. 
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2.2. Persistance des spores de Clost'pi'dium ddns des parcel­
les de Ray-Grass (LoZium pe:eenne) 

A. Conditions experimentales : 

Un champ d'essai comprenant 3 parcelles de Ray-grass 

ayant re~u 51 m3 de boue a l'hectare et 3 parcelles te­

moins a ete mis a notre disposition. 

Huit mois apres l'application des boues et alors que 

deux coupes avaient ete effectuees, nous avons remarque, 

apres la deuxieme repousse, la presence persistante au 

pied des plantes traitees, d'une fine croute de boue. 

Clest pourquoi nous avons procede a des denombrements 

comparatifs de Ctostridium chez les plantes traitees et 

chez les temoins. 

Les parties de p1antes pre levees vont du ras du sol a 
l'aisselle de la premiere feuil1e. Pour les parcelles 

traitees, on a preleve deux echantillons par parcel1e. 

25 grammes de matiere fraiche sont soumis a Itanalyse. 

B. Resultats (voir tableau IV) 

Nombre de CZoBt:eidium par grannne de matiere fraiche 

Parcelles Parcelles traitees Parcelles temoins 
0 n 

Echanti 110n 1 Echanti110n 2 

1 

2 

3 

Tableau IV 

c. Conclusions 

2.900 37.000 30 

140.000 460.000 50 

190.000 490.000 30 

Persistance des Clostridium sur des pieds 

de Ray-grass, 8 mois apres l'application 

des boues 

Une nouvelle preuve de 1a persistance des Clostridium 

dans les croates dessechees est fournie par cet essai. 

Le fait constitue,ici, un danger potentiel de contami­

nation du betail que no us verifierons prochainement. 
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2.3. Conclusions generales 

L'epandage de boues liquides sur les terres agricoles 

accroit la teneur en spores de Clostridium de celles­

ci. 

L'effet porte sur la zone superficielle du sol (0 - 30 

cm) car la migration est faible, pendant plusieurs mois, 

a la suite de la formation de croutes dessechees qui ne 

se d€litent que lentement et dans lesquelles la survie 

des spores est importante. 

Si les dangers de contamination des nappes aquiferes 

semblent faibles, il n'en est pas de meme de la sur­

face des sols et plus particulierement des herbages Oll 

les pieds des graminees res tent porteurs, pendant plus 

de 8 mois, d'une croute a forte concentration de spores. 

Sachant que certains Clostridium sont des germes redou­

tables, on peut se demander s'ils ne reclament pas plus 

d'attention qu'on ne leur en accorde generalement lors 

des epandages de boues. 

3. REFERENCES BIBLIOGRAPHIQUES 
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RESUME 

LES CLOSTRIDIUM ET L 'HYGIENISATION DES. BOUES DE 

STATIONS D' EP.URATION .PAR .LES .. RAYON.5. .GAMMA 

P. ANSELME (0), J.P. LACROIX (00), J. BRAKEL (0), 
et R. PAUL (0). 

(0) Faculte des Sciences Agronomiques. Chaire de 
Microbiologie. B.5800 Gembloux (Belgique). 

(00) Institut National des Radioelement .. , B.6220 
Fleurus (Belgique). 

Si l'on considere I'aspect economique de l'irradiation des 
boues, 1a dose de 300 Krad semble interessante. EIIe est tres 
efficace sur les bacteries non sporulees mais a peu d'effet sur 
les bacteries sporulees comme les Clostridium dont 60 % a peu 
pres echappent au traitement. 

Afin d'ameliorer ces resultats, no us avona cherch€ a obte­
nir un effet synergique entre irradiation a 300 Krad et apport 
de peroxyde de calcium. Lea resultats sont prometteurs. 

SUMMARY : CLOSTRIDIA AND SLUDGES HYGIENISATION WITH GAMMA RAYS 

If we consider the economical aspect of sludges irradia­
tion, the dosis of 300 Krad seems quite satisfactory, at least 
for unsporulated bacteria. But, at this level, sporulating bac­
teria such as Ctostpidia didn't disappear: more than 60 per­
cents of spores escaped the treatment. 

In order to ameliorate the results, we have tried to ob­
tain synergistic effect between gamma rays and calcium peroxy­
de. In definite conditions, the results were promising. 
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INTRODUCTION 

L'irradiation par les rayons y est une maniere d'hygieni­

'er les boues avant leur emploi en agriculture. Une dose re~ue 

Ie itardre de 300 Krad est operante vis-a-vis des Salmonella 

~t des indicateurs de contaminations fecales (LESSEL et a1., 

1975; SUESS et LESSEL, 1977; BRAKEL et al., 1978; LESSEL et 

SUESS, 1978). Par contre Ie m~me traitement a peu d'impact sur 

des bacteries sporulees comme les Clostpidium sulfito-reduc­

teurs (BRAKEL et aI., 1978) dont les apports massifs aux sols 

pourraient etre inopportuns. Comme des imperatifs economiques 

limitent les doses aux environs de 300 Krad, nous avons envisa­

ge de renforcer 1 r action des rayons y par un apport de peroxyde 

de calcium au moment de l'irradiation. On sait en effet que 

l'oxygene est susceptible d'agir en synergisme avec les rayons 

y (WOODBRIDGE et aI., 1975; HOLL et SCHNEIDER, 1975; SINSKEY 

et aI., 1975; ALEXANDRE et GEVAUDAN, 1977). 

2. MATERIEL ET METHODES 

Le denorobrement des Clostridium sulfito-redueteurs s'ef­

fectue sur Ie milieu de MOSSEL (1959) en tubes de MILLER­

PRICKET (1939). Les suspensions-dilutions de boues sont chauf­

fees a 80°C pendant 10 minutes avant les ensemeneeroents : les 

comptages coneernent done exelusivement les formes sporulees. 

Les incubations se font a 37°C et seules les colonies noires ou 

grises sont prises en consideration. 

Dans certains essais, les Coliformes et les Streptocoques 

fecaux sont consideres a titre de comparaison. Les Coliformes 

sont denorobres sur gelose au desoxycholate tandis que les 

Streptocoques sont comptes en milieu liquide (milieux de ROTHE 

et LITSKY). 

Les irradiations sont realisees sur 400 rol de boue dans 

un irradiateur GAMMIR I. II s'~git d'un dispositif classique 

au 60Co • Les variations de dose i l'interieur .de la cellule 

sont de l'ordre de 10 %. 

Le pH des boues utilisees se situe entre 6.8 et 7.0 et Ie 

pourcentage en matieres seches est proche de 5 %. II s'agit de 

boues d'origines urbaines. 
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EXPERIMENTATION 

El1e comprend actuellement trois parties 

irradiations a doses croissantes, sans CaOZ 

irradiations a 300 Krad, sans CaOZ 

irradiations a 300 Krad, en presence de CaO Z 

3.1. Action de doses graduees d'irradiation, sans CaOZ 

Le tableau I indique les resultats obtenus pour les 

Clostridium, les Coli formes et les Streptocoques fe­
caux de quatre echantil10ns d'une me me boue soumis a 
300, 500, 750 et 1000 Krad. 

Commentaires : Les Clostridium resistent mieux que 

les Streptocoques, eux-memes mains sensibles que les 

Coliformes. 

A 300 Krad, 1a population des Clostridium est peu a1-

teree tandis que les Coliformes regressent de plus de 

quatre unites logarithmiques ce qui les amenent a un 

niveau derisoire. Les Streptocoques fecaux perdent a 
peu pr!s 75 % de leur effectif. A I Mrad, 1a DIO 
n'est pas encore atteinte pour les Clostpidium alors 

que les deux autres groupes sont pratiquement elimi­

nes. 

3.2. Etude plus detaillee des irradiations a 300 Krad 

Comme la dose de 300 Krad est souvent utilisee pour 

l'hygienisation des boues, naus avons traite onze e­

chantillons differents afin de mettre en evidence 

d'eventuelles variations liees a l'origine des boues 

(voir tableau II.). 

Commentaires : les conclusions degagees precedemment 

restent valables. Les ecarts tenant a l'origine de 

la boue sont de peu d'importance. 

On peut considerer qu'un ml de boue contient a peu 

pres 300.000 spores de CZostridium sur lesquelles 

300 Krad ont tr!s peu d'impact (32,4 % de dispari­

tion). Comme Ie groupe des sulfito-reducteurs com­

prend des germes redoutables (CI.tetani, Cl.botuli­

num~ CZ. perfringens) , il a paru interessant d'es­

sayer de renforcer l'action de 300 Krad en ajoutant 

du Ca0 2 dont on pouvait attendre un effet synergique. 
-442-



3.3. Recherche d'un synergisme rayons Y-OXygene 

L'oxygene est apporte par du Ca0 2 a 60 %. Selon les 

indications du fabricant, la liberation de l'oxygene 

au pH des boues considerees (6.8 a 7.0) a lieu en 15 

i 20 minutes, ce qui correspond i peu pres i la duree 

d'exposition aux rayons y pour atteindre une dose re­

~ue de 300 Krad dans nos conditions d'activite. 

Deux methodes sont testees. La premiere consiste i 

melanger .le CaOZ a la boue, immediatement avant l'in­

troduction dans la chambre d'irradiation. Pour la se­

conde, l'ensemble boue + Ca02 est agite pendant l'ir­

radiation, a l'aide d'un agitateur magnetique. 

3.3.1. Essais sans agitation pendant l'irradiation 

Le tableau III. montre que la presence de Ca0 2 ren­

force legerement les effets de l'irradiation, sans 

pouvoir conclure i la plus grande efficacite dtune 

des concentrations utilisees. 

Traitements 

Krad Ca02 
(ppm) 

0 0 

300 0 

300 200 

300 500 

300 1000 

Tableau III 

Nombre de spores de ctost'l'idium 

Boue nO I Boue nO 2 

390.000 320.000 

250.000 200.000 

100.000 110.000 

110.000 140.000 

112.000 99.000 

Effet,sur les ctost'l'idium,de la 
presence de Ca0 2 lars d'irradiations 
a 300 Krad, sans agitation. 

3.3.2. Essais avec agitation pendant l'irradiation 

a) Apport de 200 mg de Ca02/1 de boue 

Selon Ie producteur de Ca0 2 , la quantite d'oxyge­

ne liberee pendant l'operation serait de I t ordre 

de 62,5 mg d'02 par litre de boue. 

Le tableau IV. rend compte des resultats de trois 

essais dont llun comporte trois repetitions. 
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Traitements Essais n C 

Krad Ga0 2 Agitation 3 
(ppm) 

0 0 + 410.000 180.000 257.000 

300 0 + 230.000 130.000 200.000 

300 200 110.000 186.000 

300 200 189.000 

300 200 179.000 
1======= ========= ========= ========= =========. 

300 200 + 90.000 80.000 144.000 

300 200 + 132.000 

300 200 + 126.000 

Tableau IV : Effet sur les Clostridium de la presence de 
200 mg de Ca02 par litre lors d'irradiations 
a 300 Krad, avec agitation. 

Krad 

0 

300 

300 

300 

300 

b} Apport de 1000 mg de Ga02/1 de boue (tableau V) 

Dans ce cas, la quantite d'02 liberee serait de 

l'ordre de 125 mg/l de boue. 

Traitements Es s.ais n C 

Ga02 
(ppm) 

Agitation 1 2 3 

0 + 340.000 243.000 320.000 

0 + 230.000 209.000 240.000 

1000 - 110.000 187.000 220.000 

1000 - 123.000 203.000 220.000 

1000 - 119.000 178.000 210.000 
====== ======= ==c====== ========= ========= =========. 

300 

300 

300 

Tableau V 

1000 + 75.000 69.000 59.000 

1000 + 68.000 80.000 82.000 

1000 + 85.000 82.000 50.000 

Effet sur les Clostridium de la presence de 
1000 mg de Ga0 2 par litre lors d'irradiation. 
a 300 Krad, avec agitation. 

Commentaires : On trouvera ci-apres une appreciation en % 

de l'effet des different. traitements (tableau VI). 
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Traitements % de germes 
residuels 

Krad Ca02 
(ppm) 

Agitation 

300 0 + 70, I 

300 200 - 51,5 

300 200 + 44,5 

300 1000 - 54,7 

300 1000 + 24,5 

Tableau VI: CLostridium residuels en % 
du nombre initial. 

L'ensemble des essais preliminaires realises permettent 

les conclusions suivantes : 

- la presence de Ca0 2 renforce les effets de l'irradiation 

- l'agitation pendant l'irradiation ameliore l raction du 

Ca0 2 
- dans les conditions de nos essais, Ie traitement 300 

Krad + 1000 ppm de Ca02 avec agitation est Ie mei11eur. 

11 reduit 1es CLostridium d'environ 75 % ce qui corres­

pond a une dose d'irradiation, sans Ca0 2 , comprise en­

tre 750 et 1000 Krad (voir tableau I.). 

Du point de vue de l'hygienisation, on ne peut pretendre 

a un effet tres accuse car la reduction n'atteint meme 

pas une unite logarithmique. Toutefois, on peut esperer 

obtenir des resultats plus favorables en cas d'agitation 

plus vigoureuse comme ce pourrait etre Ie cas dans un 

irradiateur industriel. 

Crest pourquoi les essais seront repris avec l'irradia­

teur pilote dont nous disposerons prochainement. 
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SESSION IV - VALORIZATION OF SLUDGES 

Introductory remarks 

IV.l - Nitrogen value of sludge 

Valeur fertilisante azotee des boues residuaires 

Evolution dans Ie sol des dlfferentes formes d' azote presentes 
dans les beues 

Comparative studies of nitrogen mineralization in forest soils fer­
tilized with fluid and dewatered sewage sludge 

Effect of composted sewage sludge on mineralization of organiC 
carbon, ammonification and nitrification in soil 

Elgenschaften und Nutzwert eines dUl'ch Schnellkompostierung 
erzeugten trockenen KHirschlammdUngers 

Lysimetric research of sewage sludge application of soil 
Note i - Nitrogen balance 

IV.2 - Phosphorus value of sludge 

PhosphatverfUgbarkeit von Kl1irschliimmen aus der dritten Reinigungsstufe 

Premieres donnees sur la valeur agricole des boues residuaires 
d 'une usine de traitement physico-chimiques d"'eaux uases 

IV.3 - Organic value of sludge 

Relationship between organiC matter of sewage sludge and physico­
Chemical properties of soil 

Porosi ty and pore size distribution in a field test following 
sludge and compost application 

Biological activities in a soil-plant system after treatment with 
different amounts of digested sludge - Pot experiments 

Ein Feldversuch zur Priifung der Stroh-Kl1irschlammdiingung 
unter den Produktionsbedingungen des osterreichischen Marchfeldes 

The use of sludge in horticulture and agriculture 

Iv.4 - Practical problems related to the 
agricultural use of sludge 

Die landwirtschaftliche Verwertung von Kl1irschlamm in Oesterreich 

Landwirtschaftliche Klarschlammverwertung am Beispiel des Ab­
wasserverbandes Wulkatal im Burgenland 

Valorisation agricole des dechets dans Ie Departement de Vaucluse 

Research and quality aspects of sludge - Utilisation pratices in 
the Thames Water Authority 

Herstellung von Klarschlamm-Schwarztorf-Granulaten und Priifung 
ihrer Eigenschaften als Diingemi ttel 
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ACTIVITIES OF WORKING PARTY 4 "VALORIZATION OF SLUDGE" 

INTRODUCTORY REMARKS 

by 

G. CATROUX 
Laboratoi re de Mi c robi 0 logi e des So ls 

INRA - Dijon 

A l' heure au Le coat des engrai s ne cesse d I augmenter, au l' on pa r Le 
de plus en plus de valoriser la biomasse vegetale et les dechets pour 
produire de l'energie, ce qui ne mapquera pas de desequilibrer le 
bilan humique des soLs, L'Agriculture se doit de considerer attentive­
ment toutes les poss ibil i tes d' ut il i sati on des dechet s qui lui sont 
proposees. 
Parmi ceux-ci, les boues residuaires urbaines tiennent une place bien 
particuliere, du fait qu'elles sont produites reguLierement, et loca­
lement en quantite notabLe, mais surtout parce qu'eLles sent diffici­
Lement valorisables autrement qu'en Agriculture. 

Que ls sont les effets recherches pa r l' Agri cu l ture lorsqu' e lle ut il i se 
des boues residuaires ? C'est en premier lieu l'effet azote qui est 
recherche, meme si Les boues ne sont generalement que des engrais 
azotes a faibLe teneur. Mais c'est auss; l'effet matiere organique qui 
attire l'Agriculteur, le taux de matiere organique de nombreux sols 
cultives ayant tendance a decroitre depuis plusieurs decennies. Enfin, 
l'effet phosphore, bien que moins apparent, est souvent pris en compte. 
Les communications qui vont suivre tenteront de faire le point sur ces 
differentes questions ainsi que sur les aspects pratiques relatifs a 
l'utilisation agricole des boues, aspects pratiques qui conditionnent 
souvent le succes d'une operation de valorisation des boues en Agri­
culture. 
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VALEUR FERTlLISANTE AZOTEE DES BOUES RESIDUAl RES 

R. CHAUSSOD 

Laboratoire de microbiologie des sols 

INRA - Dijon (France) 

The author summarizes studies dealing with nitrogen fertilizing 

value of sewage sludges. Various field trials, greenhouse studies and 

laboratory experiments (as well inside the E.E.C. as outside) are consi­

dered in order to estimate the amount of nitrogen released from different 

kinds of sludges. 

It is shown that the results are mainly depending on their total 

and mineral nitrogen content and also on available carbon content. 

Nevertheless, the methods proposed for prediction are still very 

approximative. 

Resume 

L'auteur rapporte differents travaux, realises aussi bien a I' 

interieur de la C.E.E. quia l'exterieur, qui se sont donnes pour but d' 

estimer au champ, en serre ou au laboratoire la valeur fertilisante azotee 

des boues residuaires. II apparait que l'efficacite azote des boues est 

liee principalement a leur teneur en azote total, a la proportion d' azote 

ini tialement sous forme ammoniacale, et egalement a leur richesse en 

carbone organique dont il ne faut pas negliger l'influence sur les phe­

nomemes de mineralisation-reorganisation et denitrification. 

Les II formules" proposees jusqu' ici ne permettent cependant que 

des previsions tres approximatives. 
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INTRODUCTION 

Une utilisation agricole optimale des boues residuaires exige 

une bonne connaissance de I' evolution dans Ie sol de I' azote qu I elles 

contiennent. Cet element, qui affecte fortement les rendements des cul­

tures peut aussi presenter un .danger pour la qualite des eaux ( enri­

chissement en nitrates). Aussi, la plupart des pays qui ont edicte des 

recommandations a propos de I' epandage des boues residuaires preconisent 

-ils ( pour Ie court terme ) de limiter les apports aux besoins en ~ 

des cultures. Dans certains pays particulierement sensibilises a l'en­

richissement des sols en phosphates, la dose de boues a epandre sera 

peut-etre 1imi tee par I' apport de phosphore, mais i1 faudra quand meme 

savoir determiner avec precision l' equivalence engrais azote des beues 

afin de pouvoir calculer Ie complement mineral necessaire. 

La determination de la valeur fertilisante azotee des boues 

residuaires a toujours ete une priorite de 1 'Action Concertee Europe­

enne, et si les nombreux travaux effectues sur ce sujet - aussi bien 

au champ qu I au laboratoire - ont permis d' accomplir d' importants pro­

gres, crest aussi gr.§ce a la possibilite de confrontation et de discus­

sion des resultats au sein du Groupe 4 a Oxford, Paris, Cadarache et 

Dijon. 

Nous arrivons maintenant a une etape importante de ces re­

cherches; il nous a done semble utile de faire Ie point des connais­

sances accumulees jusqu' ici et de proposer quelques elements de refle­

xion pour I' avenir . 

1. L • AZOTE DANS LES PRINCIPAUX TYPES DE BOUES RESIDUAIRES 

Le premier facteur determinant la valeur azotee des· boues 

residuaires est bien sur leur composition chimique. Plusieurs enqu~tes 

portant sur un grand nombre de stations ont ete effectuees dans plu­

sieurs pays SOMMERS, 1976; De HAAN, 1978; BOVAY et colI., 1979; etc). 

Les boues contiennent en moyenne 4 % d'azote total, mais ce 

chiffre recouvre en fait des situations tres diverses puisque les te­

neurs reelles s I etendent de 1 a 8 % selon les caracteristiques des 

effluents traites, ainsi que les procedes et eventuels traitements 

complementaires utilises. 
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Les prinjjipaux types de produits susceptibles d r Atre emplo­

yes en agriculture sont les suivants ( voir caracteristiques moyennes 

tableau 1 ) : 

Boues liquides 

- boues mixtes fraiches : melange de boues de d~cantation primai~e 

et de boues activ~es en exces. Usage agricole toler~ dans certains 

pays et sous certaines conditions. 

- boues dig~rees "anaerobies" ; la digestion peut sreffectuer a tem­

perature ambiante (10-20 0 C) ou litre chauffee (30-35 0). Pres de 

la moitie des matieres organiques sont detruites et une fraction 

importante de l'azote est trans forme en ammonium. Ce traitement 

peut s'appliquer aux boues de decantation primaires seules. 

- boues digerees "aerobies" ; I' oxydation a 11 air des boues fraiches 

detruit environ 1/3 des matieres volatiles. Ces boues sont donc un 

peu plus riches en matieres organiques que les boues anaerobies, 

mais nettement plus pauvres en azote mineral. 

- boues d I aeration prolongee : proviennent de petites stations sans 

decantation primaire. Souvent confondues avec les precedentes 

sous Ie vocable de boues aerobies, elles sont typiquement moins 

concentrees et plUS mineralisees, la degradation des matieres 

organiques y etant beaucoup plus poussee. 

Boues solides au pateuses 

- beues sechees sur lit : les boues stabilisees biologiquement (c1-

dessus) sont mises a secher sur lit jusqu'a lretat II pelletable ". 

En fonction des conditions atmospheriques, cela necessite quelque~ 

semaines a plusieurs mois. Elles peuvent perdre jusqu' a la moitie 

de leur azote par rapport au produi t de depart. 

- beues condi tionnees chimiquement et deshydratees : Ie condi tion­

nement par reactifs mineraux utilise frequemment la chaux et Ie 

chlorure ferrique. Llelevation du pH jusqula 11 entraine des 

pertes dlazote par volatilisation d'ammoniac. II y a aussi un ef­

fet de dilution car la chaux apportee represente jusqu I a 30 % de 
la matiere seche du produit final. 

Au contraire, Ie conditionnement par polyelectrolytes ne mo­

difie pratiquement pas la composition des boues. Mais la deshydra­
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tation ulterieure EHimine de grandes quantites d'azote soluble 

(POMMEL et TETART, 1976) pouvant representer 20 % de I'azote total. 

- boues autoclavees et deshydratees : Ie traitement thermique hydro­

lyse les matieres organiques les plus labiles. La majeure partie 

de I' azote est solubilisee et evacuee avec Ie filtrat ( Ie gateau 

de filtre n'en contient plus que 1 A 2 % ) et Ie C/N, initialement 

inferieur a 10, depasse alors 20. 

D' autres types de boues residuaires peuvent donner lieu a 
une valorisation agricole; nous nous sommes limites a ceux concernant 

les tonnages actuellement les plus importants. rls representent pour­

tant des produits fort differents les uns des autres, et ant certaine­

ment des caracteristiques agronomiques tres diverses. 

Par ailleurs, des analyses effectuees periodiquement sur les 

boues issues d june m@me station indiquent des fluctuations conside­

rabies tout au long de I' annee : I' azote total peut varier du simple 

au double, et 1a proportion d'azote ammoniacal davantage encore. 

S' appuyant sur un exemple concret, ROD (1973) montre qu' en epandant 

100 m3 / ha des boues d'une m~e station llagriculteur peut apporter 

110 a 240 kg d'azote total, dont 23 a 128 kg d'azote anmoniacal. 

2. METHODES D' APPRECIATION DE LA VALEUR AZOTEE ET PRINCIPAUX 

RESULTATS OBTENUS 

La diversite des produits que recouvre I'appellation qene­
rique de II boues residuaires ", les variations et fluctuations que 

nous venons de rappeler, soulevent un reel probleme agronomique. La 

solution passe necessairement par : 

la connaissance precise de la composition du produit a 
epandre, 

- la connaissance de la valeur fertilisante azotee des dif-

ferents types de boues, clest-a.-dire efficacite des dif­

ferentes formes d' azote qu' elles contiennent," compte-tenu 

des conditions d' utilisation ( climat, sol, culture ... ) 

Le premier point impose de proceder a. des mesures frequentes 

des principales caracteristiques du produit. 

Pour Ie deuxieme point, differentes approches sont possibles. 
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La methode la plus employee est Ie classique 11 essai au 

champ II ou la valeur fertilisante azotee d' une beue est estimee en 

comparant les rendements qu' elle permet a ceux obtenus avec un engrais 

mineral ( generalement Ie nitrate d'ammonium ). cette methode peut Atre 

qualifiee de semi-empirique car el1e integre un grand nombre de para­

metres non contrOles ou mal contrOles. Elle est parfaitement adaptee a 
l'evaluation d'une boue dans des conditions de climat, de sol et de 

culture dennes. Mais il est exclu que chaque station dlepuration Mette 

en place des experimentations au champ, ne serait-ce qulen raison de 

leur cout et du temps necessaire entre 11 implantation des essais et 

llutilisation possible des resultats. DI autre part, ces derniers ne 

peuvent Atre transposes a d I autres boues dans d' autres conditions. 

Un autre type d I approche consiste a contrOler un maximum de 

parametres pour essayer d l isaler celui que lion sauhaite etudier, puis 

tenter de degager une loi generale .. Pour ce qui nous concerne, il s'a­

git essentiellement de rechercher 11 influence du type de produit et de 

sa composition sur son evolution dans Ie sol ( mineralisation - nitri­

fication ) et 11 influence des conditions de l' environnement tempera­

ture, humidi te, nature du sol ) sur cette m~me evolution. 

Ces essais peuvent etre menes en serre au au laboratoire. 

Les essais de Iaboratoire permettent une approche plus fine des meca­

nismes, mais ils negligent Ie vegetal et les effets que celui-ci peut 

exercer ( en prEHevant tout ou partie de Ilazote mineralise, ou even­

tuellement en stimulant au modifiant les activites microbiennes dans 

le sol ). 

Enfin, l'extrapolation au champ des resultats ainsi obtenus 

est hasardeuse voire impossible, en raison du caractere plus ou moins 

artificiel des conditions experimentales et en raison des problemes 

dlechelle ( Par contre, l'acceleration de l'echelle-temps au labora­

toire peut Elitre un avantage appreciable ). 

Les resultats obtenus dlapres ces differentes approches ne 

sont pas a mettre sur Ie meme plan mais peuvent concourir a ameliorer 

nos connaissances et nos methodologies. 

2. 1. Experimentations au champ 

Nous ne prendrons que quelques exemples parmi les experimen­

tations - etablies specialement pour determiner la valeur azotee des 
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boues, - ou ces dernieres sont I2arfaitement caracterisees ( nature, 

composition), - et ou, si possible, une comparaison de certains fac­

teurs ( types de boues, doses, dates d'apport, etc) permet de preci­

ser leur influence. 

- Types de boues 

COKER (1966) a etudie les effets d'une boue digeree anaero­

bie sur trois cultures differentes. Ce produit aux caracteristiques 

assez particulieres ( plus des 2/3 de I' azote se trouve sous forme mi­

nerale ) a une efficacite tres elevee 10rsqu I i1 est compare a un engrais 

mineral apportant la meme quantite d' azote total. 

- la quantite d' azote prelevee par un Ray Grass a partir de boues 

est a peu pres la meme qu' a partir de I' engrais. 

- sur prairie permanente, I' azote preleve a partir des boues equi­

vaut a 84 % de l' azote preleve a partir d' arrunoni trate. 

- sur orge, pour un apport identique de 90 kg N/ ha, Ie rendement 

en grain est presque ctussi eleve avec les beues qu' avec 11 engrais. 

Llclficacite azote des boues, mesuree par les exportations de cet ele­

ment est estimee a 81 % de celIe de 11 engrais. 

A partir de ces resultats, et compte-tenu dlautres travaux 

anterieurs, COKER estime la disponibilite de l'azote par la formule : 

I N disponible = N-NH4 + 1/6 N organique I 
Pour des boues sechees sur lit, ne contenant pas plus de 

8-10 % dlammonium, COKER cite des efficacites voisines de 25 % par 

rapport au nitrate d' ammonium, 16 a 18 % de I' azote organique etant 

utilisable. 

FURRER (1979) rapporte les resultats d'un essai au champ sur 

mais, comparant 3 boues et un filtrat obtenus a differents stades dans 

une meme station. On remarque ( tableau 2 ) que l'efficacite azote par 

rapport au temoin engrais mineral diminue lorsque la proportion 

N-NH4 / N total decroit, que Ie rapport C/N croit et que la teneur en 

matiere sE'khe augmente. 

LARSEN (1979) I comparant 2 boues digerees anaerobies dont 

l'une est sechee sur lit et 11 autre deshydratee par centrifugation, 

estime leur efficacite azote a 30 % et 15 %, respectivement, de celIe 
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de I' engrais ( NHtt. NOs ). II est difficile de savoir si la difference 

entre les deux boues doit etre attribuee au C/N plus eleve Qui et a la 

plus forte contamination par les metaux lourds de la seconde boue. 

SOON et al. (1978) observent que Ie rendement en mats obtenu 

avec 200 kgl ha d' azote total de beues anaerobies condl tionnees chimi­

quement est comparable a celui fourni par 100 kg N/ha de nitrate d'am­

monium. La nature du reactif mineral de conditionnement ne semble pas 

influencer la valeur azob~e des beues. 

- Arriere-effet 

D'autres estimations, qui ne semblent pas toujours appuyees 

par des experimentations rigoureuses, chiffrent non seulement l' azot~ 

disponible 1a premiere annee, mais aussi les annees suivantes. 

En A11emagne federale, les doses d' apport recommandees par 

Ie Niersverband reposent sur l' azote " disponible ", eva1ue pour 1a 

lere annee a environ 20 % de I' azote total. Ce chiffre tient certain­

ment compte des pertes d'azote, volatilisation d'ammoniac notamment, 

car 11 semble faible pour des beues digerees anaerobies ( selon SUSS, 

l'eff1cacite globale serait plus proche de 30 % ). La 2eme annee, 8 % 

de 11 azote est disponible, et 3 % 1a 3eme annee. 

En Californie, PRA'IT et a1. (1973) estiment que 35 % de l'a­

zote total d' une boue digeree anaerobie ( contenant 2,5 % N ) sont 

utilisables la lere annee, 10 de 1 'azote residuel etant disponib1e 

1a 2eme annee et 5 % de I' azote restant mineralise la 3eme annee. 

Dans Ie Wisconsin, KEENEY et al~ (1975) definissent 1 'azote 

" disponible " la lere annee par la formu1e : 

N disponible = 15 % N organique + 50 % N-NH. + 100 % N-NO, 

6 %, 4 % et 2 t des fractions azotees residuelles sont disponibles les 

2eme, 3eme et 4eme annees. 

COKER (1966) observait que sur Ray Grass 1 'azote preleve la 

deuxieme annee ne representait que 3 % de l'azote total apporte, soit 

5,5 % de l'azote restant. Pour l'ammonitrate, les chiffres correspon­

dants etaient respectivement de 1,6 et 3 %~ II n I est pas exclu que pour 

des beues mains mineralisees I' arriere effet soit plus important mais 

dans ce domaine 1es resu1tats fiables sont encore trop rares~ 
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- Autres facteurs 

Comme pour l'efficacite globale et la me sure des arriere­

effets, les essais au champ sont irrempla<;;ables pour evaluer I' effet­

dose, l'influence de la date d' apport et la reponse de differentes 

cultures. 

En general I 'efficacite diminue lorsque la dose augmente, 

mais trop souvent cette relation est etablie en apportant des quanti­

tes excedant considerablement les possibilites d' absorption des cul­

tures ( STEWART et al. 1975; KELLING et al. 1977 ). 

Date d'apport et type de culture sont partiellement lies 

dans la me sure ou I' efficaci te-azote des boues est fonction de la duree 

pendant laquelle les cultures peuvent pre lever l'azote, la fraction 

organique mineralisant progressivement. LARSEN (1979) rapporte qu'en 

moyenne, pour 2 boues et 3 sols differents, 10 % de I' azote des boues 

est utilise par les cultures dont la duree de vegetation est inferieure 

a 5 mois, contre 13 % pour les cultures dont la duree de vegetation 

depasse 5 mois. 

Enfin, Ie cas Ie plus complexe ou un maximum de parametres 

interviennent ( avec leurs interactions ) est celui d' un epandage es­

tival ou automnal. L'efficacite azote sur la culture suivante, qui 

peut etre etablie plusieurs mois apres, a ete peu etudiee. 

2.2. Experimentations en serre et au laboratoire 

Les resul tats obtenus au champ attribuent aux boues resi­

duaires une valeur fertilisante azotee qui peut aller I selon les cas, 

de 0 a 100 %. 

Des experimentations plus rapides et plus legeres peuvent 

contribuer a elucider les raisons de cette variabilite. 

- Types de boues 

FURRER et BOLLIGER (1979) ont compare 13 boues apportant des 

quantites identiques d' azote total a du Ray Grass cultive en pots sur 

3 sols differents. L' efficaci te des boues est estimee en comparant les 

rendements en matiere seche et les exportations d I azote a ce qui est 

obtenu avec des doses croissantes d'azote mineral ( NH4 N03). Une 

regression lineaire multiple attribue Ie rendement aux fractions mi­

nerale et organique selon les formules suivantes : 
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N disponible = 91 % N-NH4 + 25 % N organique 

( d I apres les rendements en matiere seche ) 

N disponible = 95 % N-NH, + 32 % N organique I 
( d I apres les exportations d I aZ9te ) a 

Les boues utili sees par FURRER et BOLLIGER sont principale­

ment des boues anaerobies tres riches en azote ammoniacal ( 31 a 72 % 

du N total pour les boues liquides ) et dont Ie rapport C/N est excep­

tionnellement bas ( 1,9 as, 2 ) aLes boues presentant ces caracteris­

tiques ont une efficacite elevee : 40 a 80 % du nitrate d I ammonium. 

Une deshydratation appauvrissant Ie produit en azote ammoniacal, ou 

un defaut de stabilisation laissant une quanti te importante de carbone 

organique ( Ie cas limite etant les boues fra!ches ) diminuent la va­

leur azotee des boues a 

Effectivement, en Norvege ou de nombreuses stations d' epura­

tion n'ont pas d'etape de stabilisation, VIGERUST a observe que les 

boues fra!ches provoquent un effet depressif pendant 1 a 3 mois avant 

de liberer de I' azote. L I effet depressif est mains marque au champ 

qu'en pots. Dans ce dernier cas, MARTINSEN (1976) a montre que l'effet 

depressif etait dll a une immobilisation de I' azote mineral du sol : 

les boues fraiches, avec un rapport C/N de 10 a 15 sont tres riches en 

carbone assimilable et entra1nent des phenomenes de reorganisation. 

Au laboratoire, CHAUSSOD et ala (1978) ont egalement remar­

que une immobilisation temporaire de I' azote du sol apres apport de 

boues fra!ches ( c/N 13,5 ) ou de boues activees ( c/N 10 ). 

L I effet depressif disparalt apres un mois a 20 0 c. II peut durer 

mois pour des boues non au mal stabilisees particulierement, riches en 

carbone assimilable ( C/N 14-15 ), au m&1e plus de 6 mois dans Ie cas 

de boues traitees thermiquement et deshydratees au filtre presse 

( C/N 20 ). Finalement, les resultats obtenus au laboratoire dependent 

de la temperature et de la duree de l'incubation, auss! la plupart des 

auteurs ont-ils opte pour une etude cinetique qui permet de mieux 

rendre compte des phenomenes ob~erves. 

EPSTEIN et al. (1978) incubent pendant 15 semaines a 35 0 C 

boues prelevees dans la m§me station, avant et apres digestion. La 

boue digeree ( 2,9 % N total, 23,6 % C ) libere de fortes quanti tes 

d r azote mineral pendant la premiere semaine puis la vi tesse de degra­

dation diminue. Au contraire, la boue fralche ( 3,55 % N total, 
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39,6 %C) provoque la premiere semaine un blocage partiel de I' azote 

mineral du sol, apres quoi la vi tesse de mineralisation augmente et 

depasse celIe de la boue digeree. Des resultats comparables ant ete 

abtenus par YONEYAMA et YOSHIDA (1978). 

3. VERS UNE APPROCHE PLUS UNIVERSELLE D'ESTIMATION ET DE PREVISION 

DE LA VALEUR FERTILISANTE AZOTEE DE DECHETS ORGANIQUES 

II est difficile de fa ire une syntho§se des resultats que nous 

venons de rapporter. Leur diversite, voire leurs apparentes contradic­

tions, s'expliquent en partie par la variete des conditions experimen­

tales; et bien souvent la validite des resultats est limitee a un type 

de boue donne, dans des conditions donnees. Cela n'enleve rien a leur 

valeur mais restreint plus ou mains les possibilites de leur utilisation. 

Au contraire, une approche plus generale, comme celIe propo­

see par SLUIJSMANS et KOLENBRANDER (1977) pour les effluents d 'elevage, 

serait plus susceptible de fa ire progresser nos connaissances. Cette 

approche devrai t proceder en deux temps. D' abord, determiner la valeur 

azotee potentielle des beues residua ires . Ensui te, determiner dans 

quelle mesure cette valeur doit etre corrigee, compte tenu des facteurs 

de I' environnement. 

3.1. Valeur azotee potentielle des boues residuaires 

La matiere organique des boues residuaires est encore mal 

caracterisee d'un point de vue biochimique ( tableau 3 ). Plut6t que 

d' entreprendre des analyses longues et complexes, il est plus realiste 

de ne distinguer que 3 fractions azotees : 

Nm Azote mineral 

Nd Azote disponible, correspondant a la fraction organique 

qui est normalement mineralisee dans l' annee 

Nr Azote resistant, qui ne mineralise que partiellement 

au cours des annees qui suivent l'epandage. 

Si la determination de Nm ne pose aucun probleme, la separa­

tion de I' azote organique en Nd et Nr est tres delicate car elle ne 

repose pas vraiment sur une realite biochimique. Les methodes biolo­

giques donnent des resultats d'autant meilleurs qu'elles sont longues 

a mettre en oeuvre. Quant aux methodes chimiques, CHAUSSOD (1979) n'a 
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pas observe de cQrrelation satisfaisante entre l' azote extra it par 

autoclavage ou par .action de KMn04 en milieu alcalin et la valeur fer­

tilisante azotee des boues estimee en incubations aerobies de labora­

toire ou sur Ray Grass en pots. Par contre, la connaissance de la teneur 

en azote et en carbone des boues autorise deja une prediction qualita­

tive. De BAAN (1978) simplifie Ie probleme en estimant que 1a fraction 

dlazote utilisable d'une boue est directem.ent fonction de sa richess.e 

en azote total ( Kjeldahl ) ,sans distinguer azote mineral et azote or­

ganique et sans tenir compte du carbone. Mais cette approche ne peut 

permettre que des previsions tres approximatives. 

En fait, il reste a mettre au point une technique de separa­

tion dont les resultats soient en bonne concordance avec ceux obtenus 

par les methodes de reference. Pour les effluents d'elevage, SLUIJSMANS 

et KOLENBRANDER (1977) ont propose une hydrolyse acide. Ces auteurs 

emettent 11 hypothese que la teneur en azote de 1a matiere organique 

resistante (M.Or ) est la m~e que celle de la matiere organique decom­

posable (M.O. d). Et ils estiment que 1a matiere organique resistante 

est liee par une relation simple a 1a matiere organique non hydroly­

sable, mesuree par perte au feu du produit apres digestion par H2S04. 

Mais, plus particulierement pour les boues residuaires, la M.O. non 

hydrolysable ne represente pas forcement la M.O. r et surtout rien n I in­

dique que la teneur en azote des deux fractions soit identique et done 

que lion puisse estimer des quantib~s d I azote en mesurant des quantltes 

de matiere organique. 

S1 11 extraction directe d I une quanti te d I azote proportion­

nelle a llazote "mineralisable" nla pas donne satisfaction jusqulici, 

un fractionnement de la matiere organique peut s' averer plus fructueux 

a condition qu I il permette la determination du rapport C/N des diffe­

rentes fractions. Ceia est necessaire aussi bien pour transformer des 

quantites de matiere organique en quant1tes d'azote que pour estimer Ie 

carbone II assimilable " dont la teneur commande les phenomenes de mine­

ralisation-reorganisation de I'azote, et les pertes eventuelles par 

denitrification. 

3.2. Parametres lies a 11 environnement 

Ces parametres peuvent affecter differennnent les 3 fractions 

def1nies ci-dessus. Aussi, plutOt que de multiplier la valeur azotee 
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potentieile par un coefficient k ( < 1 ) apprecie globalement en fonc­

tion des facteurs externes, i1 est plus rigoureux de considerer que les 

beues residuaires apportent un supplement d' azote mineral, d' azote or­

ganique et de carbone organique a un cycle de I' azote dont on connait 

1a sensibi1ite des principaux mail Ions aux conditions de I' environne­

ment ( HUNT. 1977 ). Cette approche est schematisee par la figure 1. 

Volatilisation d' annnoniac. Ce phenomene interesse presque 

exc1usivement la fraction NIn. BEAUCHAMP et al. (1978) observel1t qu'au 

champ 60 % de 11 ammonium apporte peut etre perdu en 5 a 7 jours dans Ie 

cas d lune application en surface, 1a concentration en ammonium et la 

temperature de 11 air seraient determinantes. Au laboratoire, RYAN et 

KEENEY (1975) ont trouve que la volatilisation etait affectee par le 

type de" sol ( proportion d ' argiles, capacite dlechange en cations). 

Bien entendu, un pH alcalin favorise les pertes, mais m&le 

dans ce cas elles sont tres reduites par un enfouissement : C I est sur­

tout Ie mode d I application qui est determinant. 

Mineralisation de I' azote organique. La vi tesse de mineralisa­

tion de l' azote organique ( fraction Nd ) est influencee surtout par la 

temperature et l'humidite, et semble reiativement independante des ca­

racteristiques du sol (MILLER, 1974). 

Pour Ilazote " minera1isable " du sol, SMITH" et a1. (1977) 

determinent la constante de vi tesse Kt pour une temperature donnee et 

11 extrapolent en fonction des temperatures observees au attendues en 

considerant que Ie QIO est proche de 2. Cette constante de vitesse est 

corrigee en fonction de llhumidite par un facteur ~ egal A 1 en condi­

tions optimales ( 0,33-0,1 bar >. et diminuant lineairement lorsque 

I'humidite relative diminue. Le modele plus complet de BHAT et al. 

(1980) reprend ces hypotheses. Bien entendu, cette approche tres sophis­

tiquee n' est pas directement utilisable dans la p:r~·atique. Par contre, 

elle peut debaucher sur des conseils concernant la date d' epandage en 

fonction de la culture qui sera imp1antee, ou Ie choix de la culture 

pouvant Ie mieux valoriser l'azote organique apport~. 

Reorganisation. Lorsque la boue est tres riche en carbone as­

similable ( boue fralche ou mal stabilis~e ) de l' azote mineral peut @:tre 

immobiIise par reorganisation. Ce phenomene passe souvent inapergu au 

champ car il est generalement transitoire. Mais les beues dent Ie C/N de 
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la fraction mineralisable depasse 20 peuvent provoquer des effets de­

pressifs marques sur la vegetation. 

Nitrification-denitrification. Sauf cas exceptionnels ( pH 

trop acide ou doses dlapport excessives ) llazote nitrifie correctement. 

Mais les nitrates formes et/ ou ceux preexistants dans Ie sol peuvent 

~tre perdus par denitrification. 

Ce phenomene strictement anaerobie se produi t en sols satures 

d'eau et est tres sensible a un apport de matiere organique. Llintensite 

de la denitrification est directement fonction de la quantite de car­

bone assimilable apportee par les boues (CHAUSSOD, 1980). 

Enfin, on pent egalement observer des pertes par denitrifica­

tion en sol non sature ( surtout de texture fine ) apres apport de 

fortes doses de boues ou de boues riches en carbone assimilable 

( EPSTEIN et ai, 1978 ). 

CONCLUSION 

De nombreux essais au champ, en serre au au laboratoire se sont 

donnt~s pour but d I estimer la valeur fertilisante azotee des boues resi­

duaires, et nous avons tente de rapporter quelques uns des resuitats les 

plus significatifs. Les elements determinant llazote mineralise la pre­

miere annee sont la teneur en azote et en carbone total des boues, la 

proportion d' azote ammoniacal par rapport a 11 azote total et Ie degre de 

stabilisation, clest-a.-dire Ie carbone assimilable residuel. Celui-ci 

regIe I' evolution immediate de 11 azote ( mineralisation au reorganisa­

tion ) mais influence aussi fortement les phenomenes de denitrification. 

Sous certains aspects nos connaissances sont encore insuffi­

santes, notannnent a propos de l' evaluation des arriere-effets de diffe­

rents types de boues, et les effets dlapplications repetees. Pour ces 

recherches a effectuer au champ, I 'harmonisation de certaines conditions 

experimentales serait de nature a faciliter les comparaisons. 

Enfin, des recherches sont encore necessaires pour mieux de­

terminer la valeur azotee des boues epandues en automne sur la culture 

de l'annee suivante. Ce probleme, qui integre les aspects sol, climat, 

cultures, deborde Ie cadre specifique des beues residuaires mais nos 

donnees sont encore insuffisantes pour repondre aux questions que nous 

pose la pratique de l'epandage. A cet egard, des tentatives de bilans, 

-461-



en lysiroetres par exemple, seraient d 'une grande utilite. 

Des lacunes existent encore dans Ie domaine de la caracteri­

sation biochimique de la matiere organique des boues residuaires et de 

I' appreciation de leur biodegradabilite en fonction de ces caracteris­

tiques. La encore, des methodes standardisees seraient souhaitables. 

Dans l'innnediat, il est necessaire de coupler aussi souvent 

que possible des essais au champ donnant une valeur azotee globale avec 

des tests de laboratoire caracterisant Ie produit etudie. cette demarche 

debouche sur une methode plus universelle d' estimation et de prevision 

de la valeur fertilisante azotee des beues residuaires, qui est egale­

ment applicable a d'autres dechets organiques ( d'origine industrielle 

par exemple, ou effluents d I elevage ) a 

Tableau 1. 

M.S. M.O. N total N-NHIt C/N 
en % en % en % en % 

produit mas. m.s. N total 
brut 

beues mixtes fralches 3-5 60-80 3-5 .. 10 10-14 

bc)'ses dig~rees anaerobies 5-10 40-60 2-7 20-40 5-10 

beues stabilisees aerobies 4-8 50-70 3-8 5-10 5-8 

boues d' aeration prolongee 2-5 40-60 2-6 - 5-15 4-8 

beues sEkhees sur lit 35-50 35-50 2-4 .; 10 8-12 

beues condi tionnees et 
deshydratees mecanique-
ment 20-30 40-60 2-6 .; 5 5-10 

boues autoclavees et 
deshydratees 40-50 50 1-2 < 5 20 
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Tableau 2 I (d'apres FURRER, 1979) 

M.S. elN NH, efficacite N 
en • en , (sur maIs) 

produi t brut de N total 
NH"N03=lQO 

Ultrat 0,8 74 83 

boue anaerobie 6,3 5,2 39 54 

beue deshydrat!!e 22 6,5 13 35 

boue sechee 97 8,4 30 

Tableau 3 : (d'apres GALWARDI et al., 1974) 

boues boues beues 
activees fralches digerees 

Matiere organique 65 - 75 60 - 80 .45 - 60 

Azote organique 6,2 4,5 2,25 

Graisses (extractibles 5 - 12 7 - 35 3,5 - 17 

a 1 'ether) 

8emicelluloses 3,2 1,6 
Cellulose 7,0 3,8 0,6 

Lignine 5,8 8,4 

Pentosanes 2,1 1,0 1,5 

ProtEHnes 37,5 22 - 28 16 - 21 

~ - Influence d'un apport de boues residuaires sur 
l'evolution de l'azote dans Ie sol 

klIineralisation 

Cr = Carbone resistant 

Ca = Carbone assimilable 

Nr = Azote resistant 

Na = Azote assimilable 

Nm .. Azote mineral 

volatilisation 

, , 
N2 .......... 

N20 'I 

r doni!ifioation 

----- N03- ---PLANTES i 1e"ivage 
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EVOLUTION DANS LE SOL DES DIFFERENTES FORMES D'AZOTE 

PRESENTES DANS LES BOUES 

J.P. HECK, L. LOUPPE, O. MARLIER-GEETS, M. ROCHER et L. BARIDEAU 

Service de la Science du Sol 
tDirecteur Pr. 'Dr. G. HANOTIAUX) 

et Groupe d ' Etude pour l' Utilisation des Boues 
Faculte des Sciences Agronomiques de 1 'Etat 

GEMBLOUX (Belgique) 

Un essai visant a etudier I' evolution des differentes formes de N pre­
sentes dans les boues au cours du temps a ete installe en se rapprochant Ie 
plus possible des conditions naturelles de la pratique agricole tout ens'as­
surant des possibilites de centrale satisfaisantes. II a ete poursuivi pen­
dant une duree de 12 mois en assurant 6 arrets bimestriels. Les differentes 
formes de N (N org, N-N03 -, N-NH4+) ent ete determinees sur les substrats et 
sur les percolats a chaque arret. Les resultats montrent qu'en une periode 
de temps de 10 mois, + 50 % du N org apporte par la boue s I est mineralise, 
tandis qu'en une periode de temps de 6 mois, seulement + 20 % l'a fait, ce 
qui assure apres ces periodes de temps des soldes de N o;-g encore' rainerali­
sable respectivement de 50 et de 80 %. 

An experiment intended to study the evolution of the different forms 
of N present in the sludge over a length of time has been set up, reproduCing 
as faithfully as possible the natural conditions of agricultural practice 
whilst of course offering the possibility of frequent controls. It was 
carried out over twelve months, with six bi-monthly pauses. The different 
forms of N (org. N, N-N03 -, N-NH4 +) were determined at each pause on the 
substrata and on the percolated products. The results show that org. N 
supplied by the sludge was mineralized at about 50 % over a then monthly 
period, and only at about 20 % over a six monthly period, which leaves a 
remaining amount of org. N to be mineralized of respectively 50 and 80 t. 
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1; INTRODUCTION 

L'azote "a ete determine SOllS diverses formes dans des boues produites 

par 4 stations d'epuration situees en Wallonie (3). II slyest revelE; etre 

present principalement SOUS la forme organique (:!:" 2/3 de N total). La forme 

N - NH4+ Y representant :t 1/3 de N total. La forme' N - N03 nly a ete pre­

sente gu' a I' etat de trace. L I azote total s I est eleve a ~ 3 % de N/MS, teneur 

qui fieri te d I etre prise en consideration. 

Toutefois les deux formes de N les mieux representees ne sent pas acces-

sibles telles quelles pour les plantes. Pour qu'elles Ie deviennent, elles 

doivent subir Bait une nitrification, Bait une mineralisation plus complexe. 

Des essais ont ete realises en vue de preciser l' importance de ces 

phenomenes (cf. travaux de RYAN, KEENEY et WALSH (6,7) de PREMI et CORNFIELD 

(5), de KING (4), de FURRER et BOLLINGER (2)). 

II nous a semble aussi interessant de pouvoir quantifier ces fhenoIDEmes 

dans des conditions se rapprochant Ie plus possible des conditions reelles 

d'utilisation. A cette fin, un essai de longue duree (12 mois) a ete mis en 

place en plein champ en s'assurant des possibilites satisfaisantes de con-

trole. 

2. CARACTERISTIQUES DE L I ESSAI 

2.1. Methodologie 

De la terre et de la boue ont ete mises en presence et Ie melange a 

ete suivi pendant une periode de 12 mois au niveau des diverses formes de N, 

en presence d' un temoin. 

Les 2 formes minerales de N ont ete determinees par la method,e de 

BREMNER (1). Le N ~rg. resulte de la difference entre Ie N KJELDHAL et Ie 
+ 

N-NH4 

Les substrats ont ete places dans des montages tels que celui repre-

sente sur la figure 1. De plus l'ensemble du protocole a ete recouvert drune 

cage en toile moustiquaire. 

Le protocole experimental (cf. fig 2) a ete prevu pour une duree de 

12 mois avec 6 arrets birnestriels. II a ete assure 5 repetitions des 2 objets 

par arret. 
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Fi,!{ure I 

Figure Z 
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Elle provient de la couche arable d'un sol de culture de la region de 

Gembloux (Hesbaye), limite.e a 15 em de pro,fondeur. 

16,03 % et son pH H20 de 7,1 . 

Son humidite est de 

Les teneurs suivantes en les differentes formes de N y ont ete obser-

vees, exprimees en ppm N/MS : N org : 1146, N-N03 : 14,2, N-NH4+ 4,2. 
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2.3. La boue 

Elle provient de la Station de Rhisnes et accuse une teneur en M.S. de 

4,2 %. Son pH H20 est de 6,4. 

Les teneurs suivantes en les differentes formes de N y ont ete obser-

vees, exprimees en % de N/M.S. N org : 3,12 % F94,5 % de N tot.), N-N03 

o %, N-NH4+ : 0,18 % (= 5,5 % de N tot.). 

2.4. Installation de I' essai 

Les recipients ont ete remplis de 1,5 kg de terre fraiche. Ceux des­

tines au traitement avec boue ont reC;;u 200 ml de ce p~oduit (200- -m3/ha), 

epandus en surface, tandis que les temoins recevaient 200 ml d'eau distil­

lee. Aucune culture n' a ete pratiquee et aucun produi t phytosani taire n' a 

ete utilise. L'essai a ete mis en route Ie 26/05/78 et poursuivi jusqu'au 

25/05/79. Les differentes series ont ete arrl§tees respectivement aux dates 

mentionnees dans les figures 3, 4, 5 et 6. 

2.5. Conditions climatiques survenues pendant l' essai 

Les observations faites relatives a la temperature du sol et a la plu­

viometrie sont en accord avec les valeurs considerees comme normales par 

les meteorologistes sauf en ce qui concerne les pluies des mois d' aout, oc­

tobre et novernbre 1978 qui ont ete de l'ordre du 1/4 des precipitations nor­

males (:':. 20 rom/:':. 75-80 rom). 

2.6. Les mesures effectuees 

A chaque arret d' une serie, les volumes de percolats ont ete mesures 

et analyses au niveau des 3 formes de N. II en a ete de meme pour les sub­

strats. 

3. RESULTATS ET DISCUSSION 

3.1. Evolution de N org. 

Celle-ci est renseignee dans Ie tableau I qui ne mentionne que leg 

resultats relatifs au sol, les teneurs en N org. des percolats s'etant tou­

jours revelees insignifiantes. La figure 3 met en image les variations obser-

vees. 
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Tableau I Evolution de N org. au cours du temps dans Ie sol (mg N/vase) 

Arrets 
Terre + Boue Terre 

V.A. CV % XJ . D.,1,2 ... 6 V.A. CV % 
XJ.D.,l ,2, .. fj 

J.D. 1.699 - 1.439 -
(1439 + 260) 

* 1. 1.704 7,0 1. 285 2,1 

* * 2. 1. 539 2,2 - 1.310 4,4 -
X2 ,3 ~ 1.552 X2 ,3 ~ 1.345 

3. 1.565 3,6 1.379 4,0 

* 
.,. 

4. 1.456 3,3 1.300 5,1 - -
X4 ,S ~ 1.440 X4 ,5 ~ 1.306 

* * 5. 1.423 1,6 1.312 2,5 

* * 6. 1.505 3,9 1. 282 3,8 

Notes J.D. j our de depart 

CV % coefficient de variation en % (= 100 x a/x) 
moyenne calculee sur deux resultats analytiques 

XJ . D., 1,2, ... 6 = moyenne de 2 au plusieurs arrets repris en indice 

* valeur significati vement differente de celIe du jour de repart 

On observe que dans les 2 objets, la quantite de N org. diminue et ce 

d'une fagon significative par rapport a celIe de l'etat initial. Cet N org. 

disparu n'a pas ete retrouve au niveau des percolats. 

3.2. Evolution de N - NH 4 + 

Le N - NH4 +, quoique present Ie jour de depart (20 mg N/vase dans Ie 

traite et mg N/vase dans Ie temoin) ne se retrouve plus lors du le arret 

ni au cours d'auGun des 5 arrets suivants. Cet N - NH4+ peut s'etre soit 

volatilise, soit nitrifie partiellement au totalement. On peut admettre que 

25 % de ceIui-ci s'est nitrifie et que 75 % s'est volatilise (0) 
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3.3. Evolution de N - N03 

Elle est renseignee dans Ie tableau II et dans la figure 4. 

Tableau II : Evolution de N - N03 - au cours du temps (mg N/vase) 

I 
m Sol Percolat Total QI<-' Gain (+) et perte(-) 

<-'~ <-' (Sol + .~ ID 'ID V.A. CV% V.A. CV% de N - N03-.. s ~ percolat 
/:l ~ 

0: 

J.D. 17,83 - - - 17,83 -

1 13,18 50,0 8,75 30,6 21,93 + 4,10 ~ 1+2+3 = 
ID 
~ 2 42,56 41,8 3,05 74,4 45,61 +23,68 + 58,63 
0 

'" + 3 76,46 11,4 - - 76,46 +30,85 

ID 
~ 4 28,50 13,0 4,57 29,1 33,07 43,39 " 4+5+6 ~ 
QI 
E-< 5 18,08 10,1 0,61 32,3 18,69 -14,38 - 64,25 

6 11 ,68 12,5 0,53 39,5 12,21 - 6,48 

J.D. 17,83 - - - 17,83 -
1 13,06 26,0 5,07 70,5 18,13 + 0,30 ~ 1+2+3 = 

2 21,72 25,0 0,13 65,6 21,85 + 3,72 + 11,17 

ID 3 29,00 ~ 
11,9 - - 29,00 + 7,15 -

~ 
ID 

E-< 4 19,59 12,5 1,79 41,4 21,38 - 7,62 I" 4+5+6 -

5 13,43 17,2 0,29 50,6 13,72 - 7,66 - 21,14 

6 7,41 6,5 0,45 90,0 7,86 - 5,86 

(0) Perte nette de N - NH4 + provenant de la boue ; 15 mg N/vase - gain net 
de N - N03 - provenant de la boue pendant la Ie periode (cf. tableau II) 
+ 4 mg N/vase. Si on fait 1 'hypothese extreme que ces + 4 mg N/vase 
ne proviennent que de la nitrification de N - NH4 + et pas de la mine­
ralisation de N org., on enregistre une perte de N - NH 4 + de ::!:: 11 mg 
N/vase (= 75 % de 15). 

Au niveau des substrats, on observe dans les 2 objets, Wl enrichisse­

ment en N - N03 - jusqu' au 3e arr~t et Un appauvrissement au cours des 3 

arr~ts suivants. L'enrichissement, beaucoup plus accentue dans Ie traite 

que dans Ie temoin, peut l!tre mis en parallEUe avec la disparition de N org. 

L'appauvrissement ne peut resulter que d'une denitrification du N - N03 - qui 

etait present lors du 3e arret. La figure 4 montre egalement l'absence d'in­

fluence de I' humidite et de la temperature du sol sur I' evolution de N - N03-. 
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hgure 4 

~ 

!S."~O~~·;!?N dt N.NOi 

d DONNEES CLIMATIQUES 

LEGENDI'. 

r-U"Ojci---i TERRE·1I0U[ 

ll'< !r----f !lRRl IIO[;E 

~TERRE 

SOL 
H"HJI()~r..·MI 

A.Rrr, 

PERCOIXI 

I"vOLUTION dt N_N03 
(mg N/va.e) 

el DONNEES 
PLUVIOMETRIQUES 

... ----{ TERRE-OOUE 

nPLUJEonn"n 

Au niveau des percolats, la figure 5 montre qu1une certaine quantite 

de N - N03 - Y apparait et que cette quantite est dependante de la pluviome­

trie. 

3.4. Estimation de la valeur fertilisante du N des boues 

Compte tenu des variations observees dans 11 evolution de N org. et du 

N - N03 -, 2 espaces de temps ont ete consideres dans cette estimation en 

les limitant aux 10 premiers mois d I observation et en etablissant pour cha­

cun dleux un bilan. En effet, au cours des 2 derniers mois, on a assiste 

a un enrichissement du substrat du traitement "terre + boue" difficilement 

explicable. Les chiffres expriment des mg N/vase. 
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- Espace de temps J.D. - 3e 

N org. 

Terre + Boue Terre 

J.D. 1.699 1.439 

2e + 3e a/2 
pour N org. 
3e a. pour N-N03- 1. 552 1. 345 

- 147 94 

f- = - 53 :': 20 % 

de l'apport initial 

- Espace de temps 3e arret -
N arg 

Terre + Boue Terre 

2e et 3e a/2 
pour N org. 1.552 1.345 
3e a. pour N-N03-

4e et 5e ,,/2 1.440 1.306 
pour N org. 
5e a,pour N-N03 - 112 39 

f- = - 73 ou + 35 % 

du solde du 1 e espace de 
temps 

arret ou + 6 mois 

N - N03 

Terre + Boue 

17,83 

76,46 

+ 58,63 + 

f- = + 47,46 

du N ~rg. 

5e arret ou 

N - N03 

Terre + Boue 

76,46 

18,69 

+ 

Terre 

17,83 

29,00 

11,17 

ou 90 % 

disparu 

4 mois 

Terre 

29,00 

13,72 

- 55,77 - 15,28 
f- = - 40,49 

Au cours de ce second espace de temps, la perte de N-N03 enregistree 

pourrait correspondre a une denitrification de celui apparu au cours du pre­

mier. La perte de N org., quant a elle, n' ayant pas ete cornpensee, n' est 

explicable que par sa mineralisation suivie d' une perte de N par volatilisa­

tion. Le taux de mineralisation a admettre ici serait donc de 100 %. 11 se 

peut que la forme minerale apparue ait ete du N-N03 dont I' evolution, 

n'aurait pas ete, pour sa totalite, une denitrification si des plantes 

avaient ete presentes pour Ie prelever. Des essais d'epandage de boue a des 

dates differentes de la date arbitraire choisie dans cet essai permettront 

de confirmer ou d'infirmer cette hypothese. 

On a des lors estime la valeur fertilisante du N des houes en conside-

rant sait une periode couvrant Ie le espace de temps (.:!:.. 6 mois), soit une 

periode couvrant les le et 2e espaces, soit + 10 mois. 

Ainsi, Ie N efficace de la boue serai t de 18 % pour une periode de 

mois (90 % de 20 %) et de 47 % pour une periode de 10 mois (90 % x 6 mois) 

+ (100 % x mois)!10 = 94 %, N org. disparu :::: 53 + 73 == 126, soit + 50 % 

-473 -



de l'apport initial, et 94 % de 50 % = 47 %), en ne perdant pas de vue qu'au 

bout de la le periode, on dispose toujours de 80 % de N org. mineralisable 

et de 50 % it la fin de la 2e periode. 

4. CONCLUSIONS 

Les experiences realisees ont revele une efficacite tres faible du 
+ N - NH4 contenu dans les boues, mais une aptitude marquee a la mineralisa-

tion de la forme N org. qui peut, des lorsr etre consideree comme une pour-

voyeuse potentielle de N - N03 . Chiffrer cette aptitude est une demarche 

encore prematun§e qui dependra, plus que probablement, de l'epoque d I appli­

cation de la boue. 

La boue peut done etre consideree, entre autres finalites, comme un 

engrais azote a part entiere, dont l'usage dans la pratique agricole doit 

etre subordonne a son homogeneisation et a une identification precise de ce 

qu' elle contient, compte tenu, que parmi tous les elements biogenes qui y 

sont presents, c'est N qui accuse la plus grande variabilite de station a 

a station, au cours du temps dans une meme station et au sein d' un meme 

lot de boue reconnu comme homo gene . 

Elle offre de plus l'avantage, en tant qu'engrais azote! de "debiter" 

son N - N03 - progressivement, ce qui assure a la fois une nutrition minera­

Ie azotee des cultures regulieres et une protection efficace contre Ie les­

si vage des ions N03 - . 
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COMPARATIVE STUDIES OF NITROGEN MINERALIZATION IN FOREST SOILS 

FERTILIZED WITH FLUID AND DEWATERED SEWAGE SLUDGE 

T. BRAMRYD 

Department of Plant Ecology 

University of Lund 

Ecology Building, Helgonavagen 5, S-223 62 Lund, Sweden 

Summary 

A pine forest on poor sandy soil in middle Sweden was 
fertilized with fluid (4 % dry weight) and dewatered (20 % 
dry weight) sewage sludge. Three amounts of sludge, 3 kg 
dry wt/m2 , 2 kg dry wt/m2 and 1.5 kg dry wt/m2 , were used. 
~onium- and nitrate concentrations increased in all ferti­
lized areas. The immediate increase of ammonium was most 
pronounced in areas fertilized with dewatered sewage sludge, 
probably mainly due to the added nitrogen from the sludge. 
The highest increase in nitrate concentration during the first 
year after fertilization was found in areas irrigated with 
fluid sludge. . 

Incubation studies showed that the nitrogen mineraliza­
tion rate was strongly increased after fertilization. The 
effects showed good correlation to the applied amounts of 
sludge. The effects seemed to be delayed one year on areas 
fertilized with dewatered sludge reching the maximum increase 
in soil samples from the second and third year. Visible 
effects on biomassproduction in the herblayer and shootlength 
increment also indicated that the fertilizing effects were 
most rapid when the forest was irrigated with fluid sludge. 
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1. INTRODUCTION 

Increasing amounts of sewage sludge have become a problem 

in most industrialized countries. Estimates from the United 

States indicate that the volume of sludge in the middle of the 

1980's will have increased with about 65 % compared with ten 

years earlier ( 6). About 40 % of the produced sewage sludge 

is used in agriculture while about 50 % is dumped on land­

fills ( 2). Sewage sludge is rich in nutrients, especially 

nitrogen which is an essential limiting factor for biomass­

production in most terrestrial ecosystems. A better utiliza­

tion of sludge as soil improvement would decrease the need for 

artificial fertilizers produced by energy consuming industrial 

processes. At present sewage sludge is mostly used on agricul­

tural lands and in horticulture. In some areas in the United 

States, for example around Seattle in Washington and in Pen­

sylvania, sewage sludge fertilization of forest ecosystems is 

carried out in a practical scale ( 7, 11). 

Fertilization with sewage sludge in forests probably 

leads to less leaching of nutrients than with artificial fer­

tilizers, as nutrients are bound to organic substances and are 

slowly released during mineralization processes. Addition of 

organic substances to poor forest soils further increases the 

waterholding capacity of the soil. 

Surviving of patogenic organisms and viruses as well as 

contaminating heavy metals are problems connected with sewage 

sludge potentially limiting the usefulness of sludge as ferti­

lizer. 

The potential distribution of heavy metals to the forest 

ecosystem as a result of sewage sludge fertilization is 

another risk which could limit the usefulness of sewage sludge 

as soil improvement. Sludge with extremely high concentrations 

of heavy metals should not be used as fertilizer. 

Most sewage plants have techniques to decrease the water 

concentration in sewage sludge in order to reduce transporta­

tion costs. The water is pumped back to the sewage treatment 

process. Bramryd ( 1) has shown that the major fractions of 
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nitrogen and other nutrients are retained in the semi-solid 

organic residue. This paper presents investigations concerning 

the difference in effects on nitrogen balance in soil and on 

vegetation in a mid-swedish poor pine forest. 

2. MATERIAL AND METHODS 

The investigations were carried out in an approximately 

50 - 60 years old Scotch pine forest (Pinus silvestris) in 

Jadraas outside Gavle in middle Sweden. The experiment site 

has a mean temperature of about +3 0 C and a mean precipitation 

of about 550 rom. The humidity is around 300 rom (12) and the 

snow cover lasts for about 130 days per year. The research 

area is dominated by a sandy till soil formed during deglaci­

ation under the water. The highest shore limit reached 205 -

220 m above present sealevel. The area has a well developed 

podzol with a bleached layer of approximately 5 cm. The age­

structure of the pines is uniform but colonization of Norway 

spruce (Picea abies) occurs. The ground vegetation is domina­

ted by Vaccinium vitis idaea, V. myrtillus, Calluna vulgaris, 

Pleurozium schreberi and Cladonia rangiferina. 

Three plots (25 x 25 m) were fertilized with fluid sludge 

(4 % dry matter) with dewatered sludge (20 % dry matter), cor­

responding to the amounts of 1.5 kg dry wt/m2 , 2 kg dry wt/m2 

and 3 kg dry wt/m2 respectively. Three reference areas were 

unfertilized. 

The sludge derived from sewage plants with biological 

treatment of mixed domestic and industrial waste water and 

contained approximately 40 g nitrogen per kg dry wt of which 

approximately 15 g per kg dry wt was inorganic. The fluid 

sludge was irrigated from a tank lorry while the dewatered 

sludge was homogeniously spread by hand over the areas. 

Soil samples were taken before fertilization and once a 

year the following years using a borer with 5 cm diametre. 

From each experiment plot 2 x 20 soil cores were randomly 

sampled and mixed together in four soil samples; two for the 

organic layer (about 5 cm thick) and two for the first 10 cm 
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of the underlaying mineral layer. In order to compare the 
nitrogen mineralization rate soil samples were incubated du­

ring 10 days under aerobic conditions in constant temperature 

(200 C) and moisture. The difference between ammonium- and 

nitrate concentrations before and after incubation indicated 

the mineralization rate. Ammonium- and nitrate concentrations 

in soil extracts were analysed with an Orion digital ammonium 

electrode ( 3). Nitrate concentrations were determined after 

reduction to ammonium with Devarda-s alloy powder as an oxi­

dant. Kjeldahl - N concentrations were analysed with a des­

tillation procedure after digestion with conc. H2S04 ( 5). The 

total carbon concentrations were determined according to 

Nnmmik ( 9). pH was analysed in watersolution using a Metrohm 

digital pH-metre. 

3. RESULTS AND DISCUSSION 

The increase in ammonium- and nitrate concentrations was 

rapid after sludge fertilization (figure I). A clear correla­

tion could be found between the increase and the amount of 

sludge applied to the area. The ammonium concentrations 

reached higher concentrations during the first year in the 

areas fertilized with dewatered sludge (20 % dry wt) than in 
areas with fluid sludge (4 % dry wt). This can be explained 

by the fact that much of the dewatered sludge is retained at 

the surface of the litter layer during the first year and is 

thus included in the organic layer sample. During the second 

year however the semi-solid sludge had been dispersed into 

the moss- and litterlayer. The typical dark green colour of 

the vegetation indicating a good nitrogen supply appeared 

during the first year after fertilization, when sludge was 

irrigated to the research plot, but was delayed until the 

second year in the case of the semi-solid sludge. Measurements 

of the annual increment of Vaccinium vitis idaea, V. myrtillus 

and other ground vegetation species as well as pine- and 

spruce shoots also indicate that the fertilizing effects were 

delayed when dewatered sludge was used. 

The uptake in vegetation can also explain a relatively 
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low increase in ammonium- and nitrate concentrations in the 

mineral layer. The nitrate concentrations increased signifi­

cantly during the first year after fertilization but decreased 

the second year. The decrease was most rapid in the areas with 

dewatered sludge. After the first year nitrate concentrations 

were higher in areas fertilized with fluid sludge than in 

areas where semi-solid sludge was applied. This can be ex­

plained with a better distribution of sludge particles within 

the ground vegetation and the organic layer which probably will 

create a more aerated and favourable milieu for nitrifying 

bacteria. 

The increases of inorganic nitrogen in deeper layers of 

the soil profile are very limited and have only been found in 

the upper 20 - 30 cm. This is probably due to the rather rapid 

uptake of nitrogen in the vegetation. Johnson and Urie ( 8)' 

found that about 48 % of the added nitrogen from sewage sludge 

applied to agricultural lands was incorporated into the herba­

ceous vegetation during the first growing season. Edmonds ( 7) 

also found very small nitrogenlosses from sewage sludge ap­

plied to forest ecosystems. The high moisture content in the 

sludge during the first 9 months may inhibit nitrification and 

the lack of leaching from the sludge means that few nutrient 

elements move downwards in the soil profile during the first 

year. Herbs growing in aggregations of solid sludge particles 

have a much better biomass production than plants of the same 

species growing close by. 

Soil samples taken one year after fertilization from the 

organic layer in areas irrigated with fluid sludge and incu­

bated in vitro during 10 days produced a rapid increase in 

ammonium- and nitrate concentrations (figure II). The increase 

was less the second and third year. Probably the high initial 

mineralization rate to some extent depends on the microbial 

activity in the sludge itself. At pH values around 4.5 - 5.0 

conditions are favourable for nitrifying bacteria which may ex­

plain the marked increase in nitrate during incubation of soil 

samples from the first year. However nitrate immobilization 

by ammonificativ bacteria might be an important factor which 
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can explain low increases or even decreases of ni.trate concen­

trations during incubation. 

Denitrification of nitrogen can also be of importance to 

explain low net mineralization values. Recent theories ( 10) 

indicate that sludge fertilization often stimulates denitrifi­

cation. This can especially be found in soil samples having 

high water content due to for example heavy rains before sam­

pling. This fact together with immobilization of nitrogen 

might explain the decrease in nitrogen concentrations after 

the first year in incubated soil samples from areas fertilized 

with dewatered sludge. The nitrogen mineralization rate how­

ever seems to reach its maximum later in areas fertilized with 

dewatered sludge than in the case with sludge irrigation. 

The C/N ratio in the organic layer decreased during the 

first two years in fertilized areas due to addition of nitro­

~en and thus an accelerated oxidation of organic matter (ta­

ble I). Earlier investigations have shown similar results 
( 7, 4). 

Table I. EH and C/N ratio in the or'lanic la:ter in relation 

to time 

C/N ratio J2!! 
Unit 1 Year2 Year2 

0 1 2 3 0 2 3 

Areas fer- Al 59 34 22 33 4.1 4.5 4.3 4.4 

tilized Bl 69 30 29 35 4.0 4.4 4.2 4.3 
with sludge; C1 42 25 39 40 4.1 4.6 4.3 4.4 

4 % dry wt Rl 47 53 44 47 4.0 4.1 4.0 4.1 

Areas fer- A2 40 34 26 32 4.1 4.6 4.9 4.7 

tilized B2 35 16 29 33 4.1 4.6 4.7 4.5 

with sludge; C2 44 27 25 30 4.1 4.3 4.7 4.7 

20 % dry wt R2 38 35 42 46 4.1 4.0 4.2 4.2 

1) Units Al _2 , Bl _2 , and Cl - 2 are fertilized with 3, 2, and 

1.5 kg dry wt/m2 of respectively. Rl - 2 are control areas. 
2) Year 0, 1, 2, and 3 indicate time of sampling. 

Year o is before fertilization. 
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NH; ·H and NOi·N conc· 
150 I,..g/g dry wt I 

Areas A and 0 are fertilized with sludge;3 kg dry w~z 
100 Areas B·,,· E .,,_ .,,- .,,- 2kgdry wy~ 

Araas C -.. - F -,,- -.. - ... - 1.5 kg dry WWn2 

Areas R, and Rz are control areas. 

50 

10 

Year 1 
Areas fertilized with sludge,4·/a drywt. Areas fertilized with siudge,2O "'a dry wt. 

Figure I. Arnmonium- and nitrate concentrations in the organic 
layer before sludge fertilization and 1, 2, and 3 
years after fertilization. 

NHt· N and NOi - H cone. 
IJ.l9/g dry wt I Areas A and 0 ara fertilized with sludge;3 kg dry wt' mZ 

Areas 8 .,,- E -,,- -,,- 2 kg dry wt 1 m2 
Areas C .,,_ F ·u_ -,,- 1.5 kg dry wt'ml 150 

Areas R, and R2 are control areas 

100 

50 

Year 1 
Areas fertilized with sludge,4"'. dry wi. Areas fertilized with sludge,20"' .. dry wt. 

Figure II. Changes in arnmonium- and nitrate concentrations in 
the organic layer during incubation. Samples taken 
before and 1, 2, and 3 years after fertilization. 
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pH increases in areas treated with fluid sludge with ap­

proximately 0.2 units while the increase is more pronounced, 

about 0.6 - 0.8 pH units, in areas fertilized with dewatered 

sludge. The maximum values are however reached during the se­

cond year in the case of dewatered sludge, while the process 

is faster when fluid sludge is used (table I). 

Conclusions can be drawn from the investigations that se­

wage sludge fertilization increases the amounts of available 

soil nitrogen, due both to a direct supply from the sludge and 

to an increased nitrogen mineralization rate in soil. The 

effects are evident both in areas fertilized with dewatered 

sludge and in areas being irrigated with fluid sludge, but the 

effects on the mineralization rate can be seen earlier with 

fluid sludge. Most visible effects, as for example increased 

growth of the herblayer vegetation, seem to be delayed approx­

imately one year when the sludge is dewatered before fertili­

zation. 
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EFFECT OF COMPOSTED SEWAGE SLUDGE ON MINERALIZATION OF ORGANIC CARBON, 

AMMONIFICATION AND NITRIFICATION IN SOIL 

S. COPPOLA 

Istituto di Microbiologia agraria e Stazione di Microbiologia industriale 

Universitii di Napoli, 80055 Portici, Italia 

The use of cOlDposted sewage sludge on agricultural land might reduce 
some environmental risks connected to the utilization of liquid sludg~, 
nevertheless frequencies and levels of applications can adversely affect 
some soil biological properties. 

Mineralization of organic carbon and nitrogen as w~11 as nitrificati 
on in soil amended with different quanti~ies of compos~ed raw sewage sludge 
have been investigated in order to define the influence of treatment on 
these microbial activities. 
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1. INTRO.DUCTION 

It is beyond doubt that the application of sewage sludge to agricu1t.!!. 

ra1 land may affect chemical, physical and biological properties of soil. 

A large number of studies are concerned the effects of sewage sludge 

on chemical contents of soil; some Authors have studied effects on physical 

characteristics (4, 5, 8); only few researches have been carried out about 

the influences that repeated treatments with sewage sludge may exert on 

soil microorganisms and their activities (3, 12, 13). Nevertheless within 

the ultimate expression of soil fertility, the admirable disposition of 

soil to produce is considered as consequence of the concurrence of chemical, 

physical and biological qualities too. 

Sewage sludge can directly affect soil micro£1ora by means of massive 

supplies of new and different viable cells. However other important effects 

on 8'oi1 microorganisms are certainly caused by chemical and physical 

chaoges of the environment produced by sludge application. These last 

widely depend on sludge type and characteristcs. 

Sludge compost appeares very suitable to agricultural use: it may be 

stored and utilized at appropriate times; application can be carried out as 

well as other solid fertilizers; organic matter is stabilized and partially 

humified; hygienic risks are very reduced or absent; smaller areas can be 

employed to disposal of sludge coming from a determinate water treatment 

plant. Notwithstanding this, frequencies and levels of addition of compost 

to soil do not need to remain indefinite and soil conditions after the 

treatment are to be verified. 

This paper reports results showing the effect of different treatments 

with compos ted sewage sludge on mineralization of organic carbon and on 

ammonifier and nitrifier organisms in soil. 

2. MATERIALS AND METHODS 

Sludge compost was produced by the pilot-p1ant of the Station for 

Industrial Microbiology of the University of Naples, composting raw sewage 

sludge with wood-chips by the forced aeration system. Compost was charact~ 
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rized from a moisture content of 55 per cent and, as dry matter, 50% of 

organic matter, 2% of nitrogen (of IIhich about 10% in inorganic forms), 

1. 1% of phosphorus, 1.1% of potash, 2,000 ppm of Zn, about 200 ppm of Cu, 

38 ppm of Ni, 1 ppm of Cd and 180 ppm of Pb. 

Experimentswere carried out with a fine texured sandy loam soil, volc.!!. 

nic, widely present in the Province of Naples and in oth"" areas of Campania. 

This soil is neutral and its organic content amounts to about 1. 7 per cent. 

Sludge compost has been applicated to soil at three different per cent 

levels: 1.25, 2.5 and 5.0. The first quantity corresponds to about 550 

quintals x ha-l • The total biological activity of sludge amended soil 

samples as well as control soil has been monitored during several months 

measuring the CO2 release,by the barium peroxide method (2). After 100 days 

since sludge treatment the abilities of soil samples to mineralize organic 

carbon and-nitrogen as well as to oxidize NH:-N have been verified. 

Microbial counts of heterotrophic, ammonifier and nitrifier microorganisms 

have also been carried out. Microbial activities have been studied at room 

temperature, by the apparatus shown in the figure 1. Each soil sample (100 

g dry matter) was amended with 5 g of wheat straw, 5 mg of ureic nitrogen 

and 5 mg of nitric nitrogen in order to study the mineralization of organic 

carbon. Water content was carefully brought to 50% saturation. The gas-w.!!. 

shing-bottle 1 of the set was supplied with 30% NaOH solution to eliminate 

the CO2 from the air forced into the system; the gas-washing-bottle 2 

contained the solution to titrate CO2 released . .AmIoonification was studied 

by adding to soil 5 g per cent of Bacto-Casaminoacids from Difco Lab., 

Detroit, U.S.A.GWB 1 contained water -to humidify air and GWB 2 was supplied 

with O.lN H2S04 to titrate NH3 released. In nitrification studies soil sll!!! 

ples were added with 1 ml of 4% (NH4)2S04 solution (corresponding to 8.41 
+ 

mg of NH4-N), 1 ml of 2% Ca(H2P04)2 solution, 0.3 g of caC03and water up to 

50% saturation. Only GWB 1 was utilized supplied with water to humidify the 

air. Each week small aliquots of soil were extracted by shaking with N NaCl 

and filtrate analysed for NH: -N (Nessler reagent), NO; -N (Griess reagent) 

and NO;-N (AgS04-phenoldisulphonic method). 
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Viable counts of heterotrophic microorganisms were carried out on soil­

extract-agar plates inoculated with gradual suspensions of the sample in 

steri! water with 0.5 ml per cent (v. :v.) of sodium silicate (3 0 M) and 

0.5 ml of saturated solution of sodium oxalate (incubation at 30°C for 10 

days). The most probable number of annnonifier, microorganisms was determined 

according to Pochon and Tardieux (9) .Nitrifiers were counted in liquid ~ 

dium according to Coppier and De Barjac (1) as well as on double-1ayer­

silica gel plates according to Soriano (12). 

3.RESULTS AND DISCUSSION 

Mineralization of compos ted sewage sludge when added to soil at incr~ 

aaing levels can be argued from the figure 2, where the cumulative release 

of C02as final event of the process is reported. Epstein et al. (6) have 

already found out that sludge compos ted with wood-chips is not easily min~ 

ralized in the soil and that mineralization rates depend on the quantity of 

amendment added. Results obtained within this research show that of course 

the biological activity of soil is directly correlated to the quantity of 

compost applicated. Nevertheless it seems to be of some interest to notice 

that the lowest level of application promotes respiratory activity accor.2:. 

ing to a normal pattern, with reduced increases after about one month of 

incubation; whereas the highest levels show progressive increases probably 

corresponding to overcoming adverse conditions that trend to lessen the pr,2 

cess. The rate of this appeares very favourable in the first case and its 

completion results rather advanced after about three months. 

Unfavourable conditions produced by the heaviest treatment with sludge 

compost are confirmed for mineralization and amnonification rates in amen~ 

ed soil. About 100 days after the compost application, these microbial acti­

vities resulted as reported in figg. 3 and 4. The mineralization of organic 

carbon in soil appeares stimulated by 1.25 and 2.5 per cent application of 

composted sludge, but adversely affected by 5.0%. This last soil sample has 

shown the highest value of microbial counts: 1.5x109 heterotrophic micro­

organisms x g-l of soil whereas 1.0x108 , 2.6x108 and 6.Ox108 respectively 
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resulted in the control, in 1.25% and 2.5% sludge amended soil samples. 

Nevertheless microbial enzyme activities responsible for the breakdown of 

glucidic materials turn out adversely affected. This result is partially 

in contrast with data of Cornfield, Beckett and Davis (3), who have found 

out that also higher levels of organic matter do not depress the mineral..!: 

zation of organic carbon in soil, when applicated as consolidated activated 

sludge, secondary digested sludge or vacuum filter cake. 

As far as the effects on annnonification, the influence of sludge 

compost is more severe and only the lowest level of application appears to 

preserve this activity. The soil treated with 5.0% of compost is resulted 

as rich as the control soil in ammonifiers (L2xl07 microorganisms X g-l). 

Therefore also in this case organic and/or inorganic inhibitors of enzymes 

hydrolysing C-N bonds rather than of microbial viability can be easily 

hypothesized. The studies of Tyler (13) on the effect of some heavy metals 

on nitrogen mineralization in acidic forest soils should be extended to 

other soil types in order to define the influence of the sludge heavy ~ 

tals on these actions and new researches should be devoted to organic 

inhibitors. 

Nitrification in soils treated with composted sewage sludge is repor! 

ed in fig. 5. This microbial activity does not appear very affected. The 

oxidation of NH: -N reaches the best value in soil amended with 1. 25% of 

compost, but the contro soil and the sample treated with 5.0% of compost 

at the end of the experiment paradoxically show alike quantities of nitrate 

nitrogen. Microbial counts have evidenced similar values for the different 

1 4 + ·d· d b 2 - .. -1 samp es: about 1.0x10 NH4-ox~ ~zers an a out 5.0x10 N02-ox1d1zers x g 

of soil (MPN); 1.0x104 nitrifiers x g -1 of soil are equally resulted by 

plate-counts, without statistical significance. 

Studies on nitrification of digested sludges added to soil carried 

out by Premi and Cornfield (10) have shown a temporary ilJllJlObilization of 

ammonium nitrogen when the highest levels of sludge were applicated. Lees 

(7) reports several organic acids and other organic substances as specific 

inhibitors of Nitrosomonas as well as of Nitrobacter. From this point of 
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view compos ted sewage sludge results definitively stabilized and probably 

lacking in such inhibitors. On the other hand the improvement of soil st~ 

cture can generically promote nitrification. 

In conclusion. the overall data from experiments reported show that 

also for compos ted sewage sludge only rates of application inspired to 

correct practice of fertilization guarantee the preservation of soil bi~ 

logical properties. Within these quantities, applications can occur enough 

frequently and allow a more intensive agricultural use of sewage sludge. 
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Figure 1 - Experimental set up for mineralization studies 
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EIGENSCHAFTEN UNO NUTZWERT EINES OURCH SCHNELLKOMPOSTIERUNG 
ERZEUGTEN TROCKENEN KLlIRSCHLAMMDONGERS 

D. SAUERBECK*), F. SCHUCHARDT**), H. SOCHTIG*) und W. BAADER**) 

Bundesforschungsansta It fUr Landwi rtschaft Braunschweig-Vol ken rode (FAL), 
Braunschweig (Bundesrepub1 ik Deutschland) 
*) Institut fUr Pf1anzenernlihrung und Bodenkunde 

**) Institut fUr Techno10gie 

Zusanunenfassung 
In der Bundesforschungsanstalt fUr Landwirtschaft wurde eine spezielle 

Schne11kompostierung von tei1entwassertem K1arsch1amm entwickelt. Das Ver­
fahren basiert auf einer 4 - 5tagigen Kurzrotte von pelletiertem Material 
bei 70 - 75 0 C und benotigt keine weiteren Zusatze. Das erzeugte Produkt 
ist frei von pathogenen Keimen und weist eine krUme1 ige Struktur auf. 

Hauptnachtei1 dieser Hei13rotte sind die damit verbundenen hohen Abbau­
ver1uste an Koh1enstoff und Stickstoff bis zu 40 bzw. oder sogar 50 %. 
Der ausgepragten Abnahme von 1auge1os1 ichen Koh1enstoff- und Stickstoffver­
bindungen steht eine betracht1 iche Vermehrung der hydro1ysierbaren Antei1e 
gegenUber, verbunden mit einer beacht1ichen Ammonifizierung des im Produkt 
verb 1 i ebenen Stickstoffs. Info1 gedessen werden von dem Schnell kompost im 
Boden ahn1 ich groBe Stickstoffmengen freigesetzt wie von dem ursprUng1 ichen 
K1arsch1amm, so daB sich die StickstoffverfUgbarkeiten im GefaBversuch 
nicht wesent1 ich unterscheiden. Durch eine zusatz1 iche Nachrotte von mehre­
ren Wochen wird die Zusammensetzung dieses Produktes nicht mehr wesent1 ich 
verandert. Der erzeugte Schnell kompost ist ein guter und 1eicht zu hand­
habender DUnger, sofern dessen Wert nicht durch hohe Schwermetallgeha1te 
beeintrachtigt wird. 

Summary 
A special process has been developed for the short-time composting of 

partly dewatered sewage sludge. Its characteristic features are a fer­
mentation of pelletized material during 4 - 5 days at 70 - 75 0 C in a 
sol id-state composter. This process does not require the addition of ex­
ternal materials and yields a crumbly end-product free of pathogens. 

The main disadvantage of this hot fermentation process are carbon and 
nitrogen losses of up to 40 or even 50 % respectively. Ihere is a 
pronounced decrease in a1ka1 i soluble carbon and nitrog n compounds during 
the fermentation, but the hydro1 isab1e proportion and the percentage of 
ammonium nitrogen is strongly increased. The percent of nitrogen released 
from the final product in soils is similar to that of the original sludge 
material, so that in pot experiments the nitrogen supply to plants from 
both materials does not differ very much. An additional open-air composting 
of the fermented material over several weeks does not considerably change 
its composition any more. Unless its heavy metal content is high, the 
compos ted material is an effective fertilizer which can be conveniently 
hand1 ed and used. 
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1. EINLEITUNG 

Gewohnl iche Klarschlamme enthalten in der Regel hochstens 5 % Trocken­

masse und werden daher iihn 1 ich wi e Jauche und GUll e vorwi egend fl Uss i 9 auf 

den Feldern ausgebracht. Yom wirtschaftlichen Gesichtspunkt ist dieses Ver­

fahren deshalb nachteilig, weil hierbei eine groBe Menge von VerdUnnungs­

wasser kostspiel ig transportiert und verteil t werden mu8. IIhnl iches gil t 

auch fUr den Transport von Kliirschliimmen zur Deponie, ganz abgesehen davon, 

daB derart groBe F1Ussigkeitsmengen gar nicht ordnungsgemaB deponiert wer­

den konnen. 

Zahlreiche Gemeinden pflegen daher ihren Klarschlamm vor dessen Be­

seitigung zu entwiissern, wozu neben Trockenbeeten und Zentrifugen in jUnge­

rer Zeit zunehmend Kammerfilter- oder Siebband-Pressen in Verbindung mit 

Flockungs- bzw. Fiill ungsmi ttel n verschi edener Art ei ngesetzt werden. Di e 

Produkte enthalten je nach Verfahren zwischen 15 und 35 % Trockensubstanz 

und stell en eine stichfeste ziihe Masse dar. 

In der landwirtschaftl ichen bzw. gartenbaul ichen Pflanzenproduktion 

werden derart i ge entwiisserte Kl iirsch 1 iimme nur sehr begrenzt e ingesetzt. 

HierfUr sind u. a. eine Reihe von negativen Eigenschaften verantwortl ich: 

der Besatz an pathogenen Organismen, der unangenehme Geruch, das Aussehen 

und die schwierige Handhabung. Teilentwasserter Kliirschlamm ist ziih und 

schmierig, weder pump- noch rieselfiihig und daher auch nur sehr schlecht 

zu verteilen bzw. zu dosieren. 

In einem speziellen Forschungsvorhaben des Institutes fUr Technologie 

der FAL wurde daher versucht, diese negativen Eigenschaften von teilent­

wiisserten Kl iirsch 1 iimmen zu verbessern bzw. hi eraus e in 1 ei cht zu hand­

habendes organi sches DUngemi ttel herzuste 11 en. Di esem Zweck di ente ei n 

besonderes Kompostierungsverfahren, zu welchem bereits entsprechende Er­

fahrungen unter Verwendung tierischer Exkremente vorlagen (1, 2). 

1m Institut fUr Pflanzenerniihrung und Bodenkunde der FAL wurden diese 

Produkte analytisch charakterisiert und ihre DUngewirksamkeit in GefiiBver­

suchen mit verschiedenen Pflanzen festgestellt. Das Herstellungsverfahren, 

das erzeugte DUngemittel und dessen DUngewert werden nachfolgend im 

einzelnen beschrieben. 
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2. HERSTELLUNGSVERFAHREN 

Abbildung 1 zeigt schema tisch den Ablauf des verwendeten "Feststoff­

verfahrens": teilentwasserter Kliirschlamm "mO" mit einer Ausgangsfeuchtig­

keit von 65 - 85 % wird in einem Paddelschneckenmischer mit trockenem, zer­

kl ei nertem RUckgut "m4" vermengt. Di eses RUckgut 5011 UberschUss i ge Feuch­

tigkeit binden und dem erzeugten Gemisch eine porenreiche Struktur vermit­

teln. FUr den weiteren Verfahrensablauf hat sich ein Wassergehalt von 

40 - 45 % a 1 s opt ima 1 erwi esen, weil das Gemenge "m1" dann in ei ner krUme-

1 igen Form vorl iegt. Mit einer Schneckenpresse werden hieraus rohrenformige 

PreBl inge "m/ hergestellt, die einen AuBendurchmesser von 50 mm, einen 

Hoh 1 kern von 10 mm und eine mittl ere Lange von 50 - 100 mm aufwe i sen. 

Diese PreBlinge werden anschlieBend in eine warmeisolierte Rottezelle 

eingefUllt, in der sich ohne ZusatzbelUftung innerhalb von 1 - 2 Tagen 

durch Selbsterhitzung Temperaturen von 70 - 750 C entwickeln. Diese 

Schnell kompostierung wird nach einer 4 - 5tagigen Fermentationsdauer ab­

gebrochen. Das so erzeugte Rotteprodukt "m2" kann anschl ieBend in Mieten 

gelagert werden, wobei eine weitere Nachrotte eintritt. 

Wegen i hrer hohen Luftdurch 1 ass i gkei t trocknen d iese PreBl i nge in den 

Mieten allerdings rasch weiter aus. FUr eine ungestOrte Nachrotte ist daher 

unter Ums tiinden ei ne nochma 1 i ge Befeuchtung erforderl i ch. Andererseits 

werden durch diese natUrl iche Austrocknung an der freien Luft Energie­

kosten eingespart. - Ein weiterer Teilstrom des Rottegutes "m3" wird im 

Kreislauf als "RUckgut" zurUckgefUhrt, thermisch getrocknet und gemahlen. 

Die Feuchtigkeit dieses getrockneten RUckgutes "m4" 1 iegt zwischen 10 und 

15 %. 

Das Verfahren beruht also im wesentlichen auf einer Kompostierung von 

Kl arsch 1 amm-PreBl i ngen und ze i chnet s i ch i nsofern durch seine Unabhangi g­

keit von fremden Zuschlagstoffen aus (5). Eine Anhaufung derartiger PreB­

linge weist zwar insgesamt mit etwa 45 % fast das gleiche Hohlraumvolumen 

wi e ungepreBte KrUme 1 auf, aber ei nen deutl i ch geri ngeren Stromungswi der­

stand und eine wesentlich bessere Luftdurchlassigkeit. Hierdurch tritt auch 

bei SchUtthohen von 3 - 4 m noch ein ausreichender und gleichmaBiger Luft­

austausch ein. ohne daB hierfUr eine ZwangsbelUftung notwendig ware. 
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Das Produkt kann dank der in diesem Proze8 erreichten Rottetemperatu­

ren von Uber 700 C als hygienisch einwandfrei gelten. Die erzeugten PreB-

1 inge sind schUtt- und streufiihig. Nach einer mehrwochigen Nachrotte hat 

der so behandelte Kliirschlamm auch seinen liistigen Geruch verloren und auch 

in dieser Hinsicht Komposteigenschaften angenommen. 

3. PRODUKTEIGENSCHAFTEN 

Aus der Tabelle I geht hervor, da8 sowohl die Kohlenstoff- als auch 

die Stickstoffgehalte in der Trockenmasse wiihrend der Hei8rotte betriicht-

1 ich ab-, und die Aschegehalte entsprechend zunehmen. Insgesamt gehen wiih­

rend der 4 - 5tiigigen Schnellkompostierung bis zu 40 % des im Kliirschlamm 

entha ltenen Kohl enstoffs und von des sen ursprUngl ichem Stickstoffgeha 1 t 50-

gar bis zu 50 % verloren. Derartige Stickstoffverluste lassen sich bei 

Substraten mit engen C/N-Verhiiltnissen ganz allgemein kaum vermeiden. Sie 

sind jedoch bei der hier durchgefUhrten Hei8rotte deshalb besonders hoch, 

weil das durch mikrobielle Umsetzung entstandene Ammonium durch die inten­

sive BelUftung des alkalischen Materials bei vergleichsweise hohen Tempe­

raturen besonders leicht ausgetrieben wird. 

Dessen ungeachtet bleibt festzustellen, daB der Gehalt an Ammonium­

stickstoff in den Rotteprodukten ganz wesentlich hoher ist als in dem ur­

sprUngl ichen Kliirschlamm und von dort 2 - 3 % auf ungefiihr 20 % des gesamten 

in diesen Komposten enthaltenen Stickstoffs ansteigt. Man kann also bei 

diesen Produkten mit einem vergleichsweise hohen Anteil an leicht verfUg­

barem Stickstoff rechnen. Eine Nachrotte von 2 - 6 Wochen fUhrt erwartungs­

gemii8 zu weiteren Substanzverlusten, die aber im Vergleich zu der vorange­

gangenen Hei8rotte verhiiltnismiiBig gering bleiben. Insgesamt sind diese 

Rotteverluste natUrl ich auch von der Art des jeweil igen Kliirschlamms ab­

hiingig, wobei es durchaus vorkommen kann, da8 ein ascheiirmeres Material wie 

der Schlamm Nr. 2 sogar weniger Substanz verl iert als der aschereichere 

Schlamm Nr. 1. 

DaB in diesem Kliirschlamm Nr. 2 umsetzungshemmende Konzentrationen an 

Schadstoffen vorlagen, ist nach den Schwermetallanalysen der Tabelle II 

nicht zu erwarten. Sehr wahrscheinl ich ist dagegen ein hemmender EinfluB 

auf die mikrobielle Umsetzung des Kliirschlammes Nr. 3, weil dessen Cadmium­

und Zinkgehalte bei 70 bzw. 8000 ppm lagen. Nach SINGHANIA und SAUERBECK (6) 

ist bei Zinkkonzentrationen Uber 2000 ppm in der Trockenmasse bereits mit 
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einer deutl ichen Blockierung der anaeroben Umsetzungen und bei mehr a 1 s 
6000 ppm auch der aeroben Zersetzungsvorgiinge zu rechnen. 

Die Tabelle III macht deutlich, daB durch die HeiBrotte vor allem die 

laugelosl ichen Kohlenstoff- und Stickstoffverbindungen vermindert wurden. 

Die Zunahme von nicht hydrolysierbaren Anteilen ist dagegen vermutl ich nur 

auf die absolute Verminderung des Gehaltes an organischen Substanzen und 

di e h ierdurch hervorgerufene reI at i ve Anrei cherung schwerer zersetzl i cher 

Reste zurUckzufUhren. Stark zugenommen haben aber auch die hydrolysier­

baren Anteile, insbesondere an Stickstoff. Hieraus wiire zu folgern, daB 

die in dem Schnell kompost verbl iebenen bzw. neu entstandenen Stickstoff­

verbindungen groBenteils noch relativ leicht zersetzlich und demnach auch 

im Boden mineralisier- bzw. nachlieferbar sind. 

4. DONGEWERT 

Abbildung 2 zeigt die Ertragswirkung der beiden Kompostierungsproduk­

te im Ve"rgleich zu dem unbehandelten Kliirschlamm Nr. 1 auf 2 verschiedenen 

BOden. Die mineralische Stickstoffsteigerung von a auf 1,8 9 je 6,5 kg 

Bode.n ergab die Ubliche Mitscherlich'sche Ertragskurve, bei einer stark 

von den Bodeneigenschaften abhiingigen DUngerwirkung. 80 bzw. 100 9 Trocken­
masse aus Kliirschlamm oder Rotteprodukten entsprachen den in den Siiulen 

angegebenen Stickstoffmengen in 9 je GefiiB, von denen etwa 20 % als pflan­

zenverfUgbar angenommen wurden. 

Die Ertriige der Erstfrucht Senf zeigen, daB tatsiichl ich mit rund 3 9 

Gesamtstickstoff aus dem Schlamm und den beiden Komposten ein Effekt er­

zielt wurde, der demjenigen von etwa 0,6 9 MineraldUngerstickstoff ent­

sprach. Die relativ geringen Ertragsunterschiede zwischen Schlamm, 

Schnell kompost und nachgerottetem Kompost sind offensichtl ich auf die 

nicht ganz gleiche Stickstoffzufuhr durch diese 3 Substanzen zurUckzu­

fUhren. Auf jeden Fall liiBt sich a'us diesen Ergebnissen folgern, daB durch 

die Schnellkompostierung bzw. Nachrotte von Kliirschlamm zwar eine betriicht-

1 iche Menge an Stickstoff verI oren geht, die PflanzenverfUgbarkeit des in 

diesen Produkten noch enthaltenen Stickstoffs durch die HeiBrotte aber 

nicht beeintriichtigt, sondern eher noch vermehrt worden ist. 

Nach den in Tabe 11 e I I gemachten Angaben kann di ese hohe Ertragswi r­

kung der beiden Kliirschlammkomposte auf deren relativ hohen Anteil an Ammo­

nium-N in Hohe von etwa 20 % des gesamten noch vorhandenen Stickstoffs zu-
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rUckgefUhrt werden. Aber auch der unbehandelte Klarschlamm hat trotz gerin­

ger Ausgangsgehalte an mineral ischem Stickstoff wahrend seiner Umsetzung im 

Boden kaum weniger pflanzenverfUgbaren Stickstoff freigesetzt als die bei­
den Komposte. DarUber hinaushaben offensichtl ich der Klarschlal1l11 ebenso 

wie dessen Komposte auch spaterhin zieml ich iihnl iche Stickstoffmengen fUr 

den als Zweitfrucht angebauten Mais nachgel iefert. Die hier geprUften Sub­

stanzen sind also auch hinsichtlich ihrer Hingerfristigen Effekte weit­

gehend vergleichbar. 

Wie bei allen stickstoffhaltigen DUngemitteln, so mu6 allerdings auch 

hier vor einer Oberdosierung gewarnt werden. Steigert man die Zufuhr dieser 

Substanzen namlich Uber 80 bzw. 100 9 je Gefa6 hinaus, so ist bei der Erst­

frucht Senf keine weitere Ertragszunahme, auf dem. stickstoffreichen Lehm­

boden sogar eine ausgepragte Ertragsdepression zu beobachten. Die trotz 

gleicher oder gar sinkender Ertrage mit zunehmender Gabe stark ansteigenden 

Stickstoffgehalte in der Erntemasse zeigen, dal3 diesen Pflanzen ganz offen­

sichtl ich ein Oberschul3 an Stickstoff zur VerfUgung stand, der von der 

Erstfrucht nicht mehr in Ertrag umgesetzt wurde, sondern nur noch in den 

hohen Stickstoffgehalten von mehr als 3 % zum Ausdruck kam. Erst bei der 

Zweitfrucht Mais wirkten sich auch die hoheren Kliirschlamm- bzw. Kompost­

gaben auf die Pflanzenertrage eindeutig positiv aus, ohne da6 hierdurch 

auch die Stickstoffgeha lte in der Erntemasse wesentl ich vermehrt worden 

sind. 

Auffallend ist allerdings, vor allem auf dem sorptionsschwachen Sand­

boden, da6 keine der Kliirschlamm- bzw. Kompostgaben in ihrer Wirkung Uber 

das Ertragsaquivalent von 0,6 9 mineralischem Stickstoff je GefaB hinaus­

gekommen ist, obwohl in der MineraldUngerreihe durch 1,2 und 1,8 9 Stick­

stoff noch erhebl iche Ertragssteigerungen erzielt wurden. Eine analytische 

OberprUfung hat ergeben, da6 die Zinkgehalte der Senfpflanzen auf diesem 

Boden bei den hoheren Klarschlamm- bzw. Kompostgaben durchweg mehr als 350, 

in einigen Fallen sogar bis zu 800 ppm betrugen. Unter BerUcksichtigung des 

in der L iteratur genannten Grenzwertes fUr eine beginnende Toxizitat von 

ungefahr 300 ppm Zink (3, 4) konnte daher der fehlende Ertragseffekt stei­

gender Gaben auf dem leichten Sandboden auch auf den Uberhohten Zinkgehalt 

des hier verwendeten Klarschlammes zurUckzufUhren sein. Auf dem tonreiche­
ren Lehmboden war dieser Effekt dagegen weniger ausgepragt. 
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Zusammenfassend ware demnach festzustellen, daB die hier geschilderte 

Schnell kompostierung von Klarschlamm durch eine Kurzrotte bei Temperaturen 

bis zu 750 C zwar zu erhebl ichen Substanz- und insbesondere Stickstoffver­

lusten fUhrt, aber ein fUr die praktische Verwendung als DUngemittel gut 

geei gnetes Produkt erzeugt. Schwermeta 11 bel astete Kl arschl amme mUssen 

allerdings auch hier von einer Verwendung ausgeschlossen werden. 
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Schlomm Feststoff 

Abb. 1 Schne 11 komposti erung von teil entwassertem Kl arsch 1 amm 

mO Klarschlamm, 65 - 85 % Wasser 
m1 Sch 1 amm-RUckgut-Gemi sch, krUme 1 i 9 

bzw. gepreBt, 40 - 45 % Wasser 
m2 Rotteprodukt, < 40 % Wasser 
m3 Rottegut zur Troc knung 
m4 rUckgefUhrtes Rottegut, < 15 % Wasser 

m6 Nachrotte auf Mi eten 

-499 -



Abb. 2 Ertragswi rkung von Klorschlamm (KSI. KS-Schnell kompost (SK) 
und nachgerottetem Schnellkompost (SKR) im Vergleich zu 

mineralischem Dungerstickstoff 

Trocken­
masse 9 

Zahlen in den Soulen = g N I Geton 

50-

40- 9 TrM/GefCirL 
K s: BO/140/200 
SK-100/170/24Q 

30- SK R:1 00/170/240 

20-

= % N in der Erntemasse I 
Zweitfrucht Mais 
{Nochwirkung I 

Tab. I Einf1 uf3 der Schne 11 kom~ostierung und zusatz1 ichen Nachrotte 

auf die chemi sche Zusammensetzung von K1 arsch 1 ammen 

% Ver1 uste 

-3 
-2 
-1 

z 
;;. 
-4 
-3 
-2 
-1 

Substrat % Asche % C % N % NH4N C/N org. Stick-
Masse stoff 

K1arsch1amm 43,3 32,9 4,5 0,09 7,2 

Schnell kompost 55,3 27,2 2,9 0,61 9,5 38 51 

2 Wochen Nachrotte 56,5 26,6 2,8 n.b. 9,5 41 53 

6 Wochen Nachrotte 58,7 25,6 2,8 n.b. 9,1 46 55 

K1 arsch 1 amm 2 29,4 46,0 3,9 0,12 11,7 
(schwach kontam. ) 
Schne 11 kompost 38,2 41,5 3,0 0,35 13,7 33 40 
----------------------_ .. -- ..... ----------- ... -- .. -------------------------------
K1arsch1amm 3 30,1 43,2 5,1 0,17 8,6 
(stark kontam. ) 
Schnell kompost 31,8 41,6 5,2 0,37 8,1 7 3 

n.b. = nicht bestimmt 
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Tab. II Schwermeta 11 geha He von KHirsch 1limmen 
(Angaben in mg/kg) 

Bezeichnung Zn Cd Pb Cr 

Sch1amm Nr. 2 985 3 233 10 
Sch1amm Nr. 3*) 8213 74 67 389 

*) Einf1uB eines Ga1vanisierbetriebes 

Tab. III Prozentua1e Vertei1ung des in den Substraten enthaHenen C und N 
in verschiedenen Fraktionen - K1lirsch1amm Nr. 1 -

Substrat NaOH-Extrakt 
C N 

K1lirsch 1 amm 72 78 

Schnell kompost 54 56 

2 Wochen Nachrotte 52 53 

6 Wochen Nachrotte 52 53 

RUckstand 
hydro1ysierbar nicht hydro1ysierbar 
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LYSlMETRIC RESEARCH OF SEWAGE SLUDGE APPLICATION ON SOIL. NOTE I -

NITROGEN BALANCE 

F. MASSANTINI, G • PARDINI, F. CAPORALI, E. BONARI and A. MASONI 

Istituto di Agronomia of the University of Pisa, Italy. 

ExperiJnents were carried out by lysimeters to evaluate the effects of 
aerobic and anaerobic sewage sludge applied to a wheat crop. Sewage sludges 
were compared with manure and chemical fertilizers. Each of these materials 
was tested at two doses. Analyses (to find different nitrogen forms) were 
made on the soil and on different parts of the plant at harvesting time, 
and monthly, on leached waters. 

Data were worked out to evidentiate the different nitrogen balance 
according to the kind of sewage sludge and the application dose. Besides 
the effect on the yield and on its protein content, the nitrogen content of 
leached waters was eva:h.eted in relation to the growth period of the plants 
and to the rainfall. 

The data suggest that the risk of eutrofication does exist but it can 
be controlled by observing a few rules regarding dosage and time in the 
application of sewage sludge. 
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1. INTRODUCTION 

The main characteristics of sewage sludge, when applied to the soil, 

regard its relative content of organic matter, nitrogen and heavy metals. 

These are, in fact, the caracteristics which, according to circumstances, 

most affect soil fertility and consequently yield, or, on the other hand, 

generate toxicity and pollution. 

The fertilising properties of sludge depend chiefly on the nitrogen 

and phosphate relesed (1-2-4-5-6). The utilisation rate of nitrogen from 

sludge is around 15-30% of the total contained in it, in the case of barley 

and mustard (3) and 9% in the case of Cynodon dactylon (8). 

It is also interesting to note that nitrogen present in sludge is ori­

ginally ~ostlY in the organic form but also as a.:mmonium, and is quickly co!!, 

verted into nitrates in the soil. The transformation rate depends on the 

application dose (10-11-13). The fact that an increase in the nitrate nitr,9, 

gen content of the water table has coincided with the use of sludge in agri 

culture is not casual (15). 

Experiments were carried out using lysimeters, to evaluate the nitro­

gen balance in a wheat crop. Wheat is of pre-eminent importance, because of 

the large area devoted to this crop allover the world and the massive appJi 

cation of sewage sludge in its cultivation (9). 

2. MATERIALS AND METHODS 

Experiments were performed at the "Istituto di Agronomia" of the Uni­

versity of Pisa, using open sky lysimeter equipment, consisting in a set of 

sixteen growing tanks. Each of these was 0.47 m2 in area (68.5 em x 68.5 cni, 

soil depth 70 cm. Each tank was connected by pipes to a 20 1 plastic contai­

ner' where leached water was caught. The physical and chemical characteri­

stics of the soil used in the experiment were the following: clay 11.8%; 

silt 15.5%; sand 71.1%; moisture 1.6%; organic matter 1.32%; total N 1.4%0; 

caCo3 4.3%; total P205 0.7%0; pH 8.2. 

Treatments tested, settled in a randomised block design with two re­

plications, are presented in table I. 

The only common factor in all treatment types was their organic carbon 

content. This was because of the necessity of respecting the conditions of 

general research underway in the field (9), where such criteria were follo­

wed. Nutrient content of sewage sludge, manure and fertilisers applied at 
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Figure I _ Rainfall and temperature during the trial period 
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Table I - Nutrient content (kg/ha) of sewage sludge (s.s.), manure and 
chemical fertiliser applied at different rates 

Liquid ~ry Organic N 
Treatment material ma.tter matter Carbon P205 K20 

(m3/ha) (m3/ha) (m3/ha) .03 NH4 Org. Tot. 

Aerobic s.s. 
1 (dose 1) 760 12,2 6,7 3.891 0 23 484 507 507 98 
2 (dose 2) 2.280 36,6 20,1 11.673 0 69 1.452 1.521 1.521 294 

Anaerobic S. s. 
3 (dose 1) 300 10,5 6,9 4.000 0 108 259 367 409 82 
4 (dose 2) 900 31,5 20,7 12.000 0 324 777 1.101 1.227 246 

Manure 
5 (dose 1) 50 10,4 6,6 3.865 0 - - 187 83 250 
6 (dose 2) 150 31,2 19,8 11.595 0 - - 561 249 750 

Chem. fertiliser (x) 
7 (dose 1) 0 80 80 120 50 
8 (dose 2) 0 240 240 360 150 

(x) - Nitrogen from fertiliser was considered NH4 - N on account of the transformation that urea 
undergoes when in the soil. 

-504 -

~ 
5-

~ 
[ 



different rates is reported in table I. In the case of mineral fertilisa­

tion, phosphates and potassium were applied before seeding, nitrogen, as 

urea, 1/3 before seeding and 2/3 as top dressing. 

Leached water, recorded monthly, was tested for nitrc:re and ammonium 

nitrogen by Orion Microprocessor Ion Analyser Mod. 901 with specific elec­

trodes; nitrite nitrogen waS determined by sulphanylamide and ol-naphthyla­

mine (14). 

Grain and straw yield was measured, as well as their respective pro­

tein content (Kjeldahl). 

Rainfall and temperature were recorded during the trials and are re­

ported in figure I. 

Applications were made on 9th Semtember 1979; before seeding (5th 

December 1979) the sludge and manure were incorporated into the soil to a 

depth of 10-15 em. 

The crop was harvested on 5th July 1980. Wheat variety used was "Orso'~ 

3. DISCUSSION OF RESULTS 

a) r~~!~_~!!2:_~!:~~~~!!_g,~!!~~!!~ - Production data are reported in table II. 

Highest values in grain production were obtained with the lower rate of 

aerobic sludge and the higher rate of chemical fertiliser, anaerobic slu­

dge and manure. 

The results considered as a whole also clearly show that when the ra­

tes of chemical fertiliser, manure and anaerobic sludge are tripled, grain 

production doubles, but if the rate of aerobic sludge is tripled grain pr..Q. 

duction is halved. 

These results confirm a theoretical evaluation of nitrogen availabili­

ty (C:N ratio) for the plants in the different treatments (7-12). 

The fact that the depressing effect of high rates of aerobic sludge ,is 

connected with an excessive organic nitrogen supply (or the product of its 

mineralisation) is shown by the straw/grain ratio, which shows a high pro­

duction of the former, to the disadvantage of the latter. The excessive 

growth of the plants in this treatment was already evident at raising time 

(February-March) in which period lodging of the plants took also place. 

As far as grain is concerned, yield was high using aerobic and anaero­

bic sludge as it was with high rates of chemical fertiliser. However, in 

the case of anaerobic sludge, this result is obtained at the higher rate 
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(900 m3/ha), whereas in the case of aerobic sludge it is the lower rate 

(760 m3/ha) which gives a better yield. This agrees with the respective 

supply of total nitrogen. 

Highest protein yield per tank (73.2 g) was obtained from the highest 

rate of aerobic sludge. This was presumably due to the greater 'l.uantity 

(1521 Kg/ha) of total nitrogen supplied to the soil, which determined the 

higher protein content in the grain (17.53%) and in the straw (9.50%). 

It is also worth noting the fact that in all treatments (except that 

with manure) a triple rate gave a higher protein content both in the grain 

and in the straw (table II). Where aerobic sludge was concerned, this per­

centage increase was particularly marked, reaching 66% in the" grain and 

139% in the straw. 

Protein content of the product (grain and straw) in all of the treat­

ments (except for manure) is in agreement with the quantity of nitrogen 

supplied to the soil in each case. 

b) ~~~£~!~S;_~~_~~:!e!:~:!!!~!!_ef_~!~!:e5~!! - Quantities of nitrogen expressed 

as g/tank as ammoniwn, nitrite and nitrate which were leached during the 

growth period are reported in table III, together with the amounts of per­

colated water. 

An analysis of the results shows a considerable difference in the 

amounts. It is interesting to note that the highest values (from 7 to 15 

g/tank) e'l.ual to 150 and 300 Kg/ha were obtained from manure, aerobic slud­

ge and anaerobic sludge, in that order. Besides this, when the dose was 

tripled the total percolated nitrogen increased by only l~. Greater quanti­

ties percolated in this treatment in comparison with that with only chemi­

cal fertilisers, is in the range of 4 to 12 g/tank (e'l.ual to 80 to 240 

Kg/ha) according to which case. 

In the different treatments the contribution of ammonium and nitrite 

nitrogen to total nitrogen leached was of small entity. Almost all (about 

99%) of the total nitrogen leached in all of the treatments was nitrate 

nitrogen. 

If the behaviour of leached nitrogen is considered over the whole pe­

riod, it is seen that on an average over 90% it is leached in those months 

when heavy rainfall coincides with zero growth (December and January), or 

when the soil is bare (October and November) before seeding. 

Nitrogen absorbtion by the crop is reported in table IV. Analsgous 
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Table III - Leached nitrogen in different forms (g/tank) in the period 
from 9.9.1979 to 5.7.1980. 

Water Nit r 0 g e n 
Treatment Ler~~rd NHh NO~ N03 Tot. 

Aerobic 8.S. 

1 (dose 1) 207,0 0,038 0,026 8,066 8,130 
2 (dose 2) 204,4 0,033 0,078 12,204 12,315 

Anaerobic s. s. 
3 (dose 1) 191,7 0,039 0,009 9,161 9,209 
4 (dose 2) 219,2 0,038 0,051 15,297 15,386 

Manure 
5 (dose 1) 207,6 0,041 0,034 6,978 7,053 
6 (dose 2) 177 ,3 0,028 0,016 11,047 11,091 

Chem. fertiliser 
7 (dose 1) 195,6 0,047 0,009 3,354 3,410 
8 (dose 2) 182,0 0,023 0,006 2,902 2,931 

Table IV - Nitrogen ba1ance(g/tank) of sewage sludge (s.s.), manure and 
chemical fertiliser applied at different rates. 

Treatment N N N 
A 

Absorbed Leached 
applied absorbed leached % % 

appliel. applied 

Aerobic s.s. 
1 (dose 1) 23,83 7,70 8,13 + 8,00 32,3 34,1 
2 (dose 2) 71,49 11,71 12,31 +47,47 16,4 17,2 

Anaerobic s. s. 
3 (dose 1) 17,25 3,86 9,21 + 4,18 22,4 53,4 
4 (dose 2) 51,75 6,61 15,39 +29,75 12,8 29,7 

Manure 
5 (dose 1) 8,79 2,58 7,05 - 0,84 28,4 78,6 
6 (dose 2) 26,37 5,97 11,09 + 9,31 22,6 42,0 

Chem. fertiliser 
7 (dose 1) 3,76 3,58 3,41 - 3,23 95,2 90,7 
8 (dose 2) 11,28 10,19 2,93 - 1,84 90,3 26,0 

Note: Percentage of negative figures must be considered according to the 
text. 
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observations may be made on this subject as for protein. 

c) ~t~!:~5~~_~§!:J:~~::: - The balance drawn up here (table IV) is rather a pa.!:. 

ticular one, since for experimental reasons it was not possible to carry 

out a control using soil only, and so neither the nitrogen in the soil nor 

that in the rain is taken into consideration. 

It is therefore possible to establish by measurement of the nitrogen 

absorbed by the crop and that leached in comparison to that supplied by 

aerobic and anaerobic sludge at both the rates, that the balance is posi­

tive. This means that at the and of cultivation the soil was richer in ni­

trogen. This cannot be said for treatment with chemical fertilisers, or 

where low rates manure are concerned. In these cases, in order to compensi! 

te for losses through absorbtion and percolation, nitrogen is taken up 

from the soil. This obviously impoverishes it. 

This hypothesis may be confirmed by an analysis which is already pIa,!!. 

ned on the carry-over effect. 

The data in table IV show that although the percentage of nitrogen 

utilised by the crop from sludge is quite high, it is even more so in the 

treatment with chemical fertilisers. This according to the different ways 

of applying them, that is in one dose (sludge) or fractionated (chemical 

fertiliserd) . 
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PHOSPHATVERFOGBARKEIT VON KUIRSCHUIMMEN AUS DER DRITTEN 
REIN IGUNGSSTUFE 

F. TIMMERMANN*), L. CERVENKA**) und E. BARAN**) 

*) Institut fUr Pflanzenernahrung und Bodenkunde der Bundesforschungs­
anstalt fUr Landwirtschaft Braunschweig-Volkenrode (FAL), Braunschweig 
(Bundesrepub 1 i k Deutsch 1 and) 

**) Institut fUr Agrikulturchemie der Georg-August-Universitat, Gottingen 
(Bundesrepub 1 i k Deutschland) 

Zusammenfassung 

Von den jahrlich in die Oberflachengewiisser der Bundesrepublik 
Deutschland eingetragenen etwa 100.000 t P entstammen rund 80 % aus Klar­
anlagena'bliiufen. In den mechanischen bzw. mechanisch-biologischen Kliir­
anlagen wird nur eine durchschnittlich 25 %ige P-Eliminierung erreicht. 
Von den in den Klarschliimmen abgeschiedenen Phosphaten (ca. 25.000 t P 
pro Jahr) wird knapp die Hiilfte auf landwirtschaftliche Nutzfliichen aus­
gebracht. Durch die chemi sche P-Fiill ung in der sog. 3. Rei ni gungss tufe 
ist eine weitgehende P-Entfernung aus dem Abwasser moglich. Die Fallungs­
phosphate konnen in der DUngung verwandt werden. Die Klarschliimme aus den 
mechanisch-biologischen Reinigungsstufen zeigen in der Regel eine ver­
gleichsweise geringere P-VerfUgbarkeit und -wirksamkeit als die Mineral­
dUngerphosphate. FUr die Nachfallungsphosphate konnte dagegen eine hohe 
Losl ichkeit und in GefiiBdUngungsversuchen eine den HandelsdUngerphospha­
ten zumeist ebenbUrtige Wirkung festgestellt werden. Insbesondere die 
Produkte aus der Ka 1 k- und Dol omi thydra t-Nachfiill ung zei gten ei ne gute 
Entwiisserungsfiihigkeit sowie hohe Losl ichkeit und PflanzenverfUgbarkeit. 
In der 3. Reinigungsstufe der Abwasserkliirung werdenAl-, Fe- und Kalk­
fiillungsphosphate gewonnen, die fUr eine Verwertung in der Landwirtschaft 
geeignet sind. 

Summary 

Surface water becomes more and more eutrophicated by phosphorus from 
waste water and from the effluents of sewage plants. By mechanical and 
biological sewage treatment about 25 %, by chemical precipitation using 
aluminium or iron salts or 1 ime more than 90 % of the phosphorus in the 
waste water can be removed. For evaluating the fertilizing effectivity of 
the precipitates the extractabil ity of the phosphorus and the effect on 
plant yields and P-uptake have been investigated. Sewage sludge from the 
third purification stage shows high content of citric acid soluble 
phosphate. The highest fertil izing val ue is found from the appl ication 
of the 1 ime precipitated sludge. The experiments suggest that phosphorus 
in sewage sludge from the third purification stage has nearly the same 
value as phosphorus in fertilizers. 
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1. EINLEITUNG 

1m Zuge des gestiegenen UmweltbewuBtseins nimmt die Einsicht in die 

Notwendigkeit einer umfassenden Abwasserreinigung eine vorrangige Stellung 

ein. Nach der zunachst im Vordergrund stehenden mlig1ichst vollstandigen 

Erfassung (Kana1isierung) und Durchsch1eusung des Abwassers durch mecha-

n i sch-bi 01 ogi sche K1 aran 1 agen dUrfte in Zukunft der Verbesserung der Rei­

nigungs1eistung der Anlagen grliBere Aufmerksamkeit geschenkt werden. Ins­

besondere eine starkere P-E1 imination scheint geboten, da mit den her­

klimm1 ichen K1arverfahren 1edig1 ich ein Viertel des im Abwasser vorhande­

nen P im Sch1amm gebunden wird. Der Rest ge1angt auch weiterhin in die 

Gewasser und ist a1s wesent1 iche Ursache fUr deren Eutrophierung anzusehen 

(Tab. I). Nach einer GDCH-Studie (1978) wird der abwasserbedingte P-Ein­

trag mit 82 % am Gesamteintrag in die Gewasser der Bundesrepub1 ik Deutsch­

land in Hlihe von 103.500 t/a veransch1agt (Tab. II). 

DarUber hinaus ist der Aspekt der Wiederverwendung der Phosphate in 

die Ober1egungen Uber eine weitergehende P-E1 imination aus den Abwassern 

mit einzubeziehen. In der Bundesrepub1ik werden 1edig1ich 10 % des in die 

K1aran1agen einge1eiteten P Uber die K1arsch1ammanwendung in den 1andwirt­

schaft1ichen Nahrstoffkreis1auf zurUckgefUhrt (sh. Tab. I). Bei weltweit 

knapper werdenden Rohphosphatvorraten sollten die Mlig1 ichkeiten eines 

starkeren Recyc1 ings genutzt werden. 

Eine weitgehende P-E1 imination aus den Abwassern 1aBt sich durch die 

chemische Fa11ungsreinigung erzie1en. Die fUr die P-Ausfallung durch Zugabe 

von A 1- und( oder) Fe-Sal zen bzw. Ka 1 k in Betracht kommenden Verfahren der 

sog. 3. Reinigungsstufe sind in Abbildung 1 schematisch dargestellt. Bei 

den verschi edenen Verfahren fallen Sch 1 amme unterschi ed1 icher Menge und 

GUte an. Di e Di rekt- (D), Vor- (V) und S imu1 tanfall ung (S) 1 i efern Mi sch­

sch1amme, in denen neben dem Material aus der mechanisch-bio1ogischen Rei­

ni gung auch di e Fall ungsphospha te aus der chemi schen Stufe entha lten sind. 

Die Nachfallung (N) ermlig1icht dagegen die Gewinnung verhaltnismaBig rei­
ner A1-, Fe- oder Ka1kfallungsphosphate, die sowoh1 yom P-Gehalt, der 

verg1eichsweise geringeren Schwermeta11kontamination und gUnstigeren hy-

gi en i schen Beschaffenhei tal s auch 1 eichteren Entwasserba rkei t (Ka 1 kfa1-

1ungsprodukte) am ehesten fUr eine dUngemaBige Verwendung in der Landwirt­

schaft geeignet sind. 
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2. P-DONGEWIRKSAMKEIT VON KUIRSCHUIMMEN 

Grundvoraussetzung fUr eine Klarschlammanwendung in der Landwirtschaft 

ist die hygienische Ungefahrl ichkeit und Schadstofffreiheit der Produkte. 

Die Bewertung der Klarschlamme sol1 te sich am Nahrstoffgehalt und am Anteil 

an bodenfruchtbarkeitsfordernden organi schen Substanzen ori enti eren. In den 

Versuchen Uber die Kliirschlammwirkung auf Ertrag und Bodenfruchtbarkeit 

wurde zunachst die Komplexwirkung dieses Abfa11stoffes erfaBt und eine Be­

ziehung zur verabfolgten N-Menge herzuste11en versucht (SCHMID et al. 

1973; DE HAAN 1972; KRIIMER 1972). Bei standig zunehmender P-Konzentra­

tion in den Klarschlammen lassen sich derzeit jedoch schon bis zu 70 % 

des DUngewertes auf die P-Komponente zurUckfUhren (FURRER u. BOLLIGER 

1980). so daB fUr die nahrstoffmaBige Bewertung das Element P starker in 

den Vordergrund zu rUcken ist. 

Neuere Versuche bzw. gezieltere Versuchsauswertungen kommen hinsicht-

1 ich der Wirksamkeit und VerfUgbarkeit der Kliirschlammphosphate zu unter­

schiedlichen Einschiitzungen. Bei PrUfung von Faulschlammen aus vorwiegend 

mechanisch-biologischen Kliiranlagen. die zumeist in hohen Aufwandmengen 

gegeben wurden. wurde ein relativ niedriger P-Wirkungsgrad gefunden 

(PLATZEN 1974; KELLING et al. 1977). Insbesondere bei Schliimmen mit hohen 

Schwermetallgehalten war die P-VerfUgbarkeit beeintriichtigt (POMMEL 1979; 

DAMGAARD-LARSEN et al. 1979). Bei umfangreichen Analysen verschiedener 

schweizer Kliirschliimme wurde eine gesicherte Beziehung zwischen dem 

citronensiiurelosl ichen P-Anteil des Schlammes und der P-Aufnahme von Wei­

delgras gefunden (HANI u. GUPTA 1978). 

Zur Bewertung des dUngewirksamen P-Anteils der Klarschlamme wird da­

her die Loslichkeit in 2 %iger Citronensaure vorgeschlagen. Hohe Citronen­

siiure- und Ammoncitratlosl ichkeiten sowie den handelsUbl ichen Mineral­

dUngerphosphaten vergleichbare P-Aufnahmeraten wurden bei Fii11ungsschlam­

men aus der dritten Reinigungsstufe festgestell t (CERVENKA u. TIMMERMANN 

1978; KOSKELA 1980). Die Ursachen fUr die unterschiedliche VerfUgbarkeit 

der KHirschlammphosphate sind in Zusammenhang mit dem Trockensubstanzge­

halt. den kationischen Begleitelementen (Schwermeta11e. Fa11mittell. der 

Schlammbehandlung und -aufbereitung (Hygienisierung. Entwiisserung, Trock­

nung) sowie den Bodeneigenschaften (Bodenreaktion. P-Versorgungszustand) 

und dem P-Aneignungsvermogen der AnbaufrUchte zu bringen (GUPTA 1976). 
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3. KALK- UNO DOLOMITHYDRAT -F)lLLUNGSPHOSPHATE AUS DER NACHF)lLLUNG 

In der Kl arprax i s werden zur P-Ausfall ung Uberwi egend A 1- und Fe-Sal ze 

eingesetzt; in einigen Fallen hat sich eine Kalkzugabe als vorteilhaft oder 

sogar notwendig erwiesen (z. B. Fiillung mit Fe-II-Salzen). Unter dem Ge-

s ichtspunkt der dUngemiiSi gen Verwertung is t den Ka 1 k- bzw. Dol omithydrat­

Fiillungsphosphaten der Vorzug zu geben, da neben dem Niihrelement P auch 

groBere Mengen des insbesondere fUr die Boden des humiden Kl imabereiches 

notwendigen Ca mit diesen Fiillungsprodukten genutzt werden und einer zu­

siitzl ichen Mg-Zufuhr durchaus Bedeutung zukommt. 

In Labor- und groStechnischen Fiillungsversuchen in der Gottinger Kliir­

an 1 age wurde der Ei nsa tz von Ka 1 k- und Dol omithydrat zur P-El imi n i erung 

im Nachfiillungsverfahren untersucht. Der P-Gehalt des zuvor mechanisch­

biologisch gekliirten Abwassers konnte durch Zusatz von 300 mg Kalk- bzw. 00-

10mithydrat/l Abwasser in der Nachfiillung um mehr als 90 % auf weniger als 

1 mg P/l gesenkt werden (Abb. 2 und 3). Dieser in Laborversuchen erzielte 

P-El iminationsgrad konnte in den groStechnischen Versuchen bei Dolomit­

dosierungen von 215 bzw. 325 mg/l nicht erreicht werden (Tab. III und IV). 

Wie die Unterschiede in den Ortho- und Gesamtphosphatgehalten ausweisen, 

dUrfte zwar die eigentliche Fiillungsreaktion (Ca-P-Bindung) erfolgt sein, 

bei durchschnittl ichen Aufenthaltszeiten im Absetzbecken von 3 (Versuch I) 

bzw. 4,5 Stunden (Versuch II) wurden jedoch nicht alle gefiillten, zunachst 

kolloidal schwebenden Phosphate in absetzbare Flocken UberfUhrt. Die zu­

siitzlich mit der Nachfiillung verbundene Reduzierung der organischen Rest­

stoffe ist aus der Verminderung der BSB5- und CSB-Werte abzulesen. 

Der bei Nachfiill ung mittel s Ka 1 k- oder Dol omithydra t gewonnene Sch 1 amm 

ze i gte ei ne gute Se 1 bs tentwiisserung. Nach kurzem Aufentha It im Absetz­

becken wurden Trockensubstanzgehalte von 10 % erreicht. Auf dem anschl ie­

Bend beschickten Trockenbeet bildeten sich Uber die gesamte Schlammdecke 

verteilt groBe Schrumpfungsrisse, die eine gute Driinage gewiihrleisteten. 

Der TS-Gehalt stieg innerhalb von 2 Wochen auf 40 % an. Nach 5monatiger 

Lagerzeit waren 70 % TS erreicht und die Produkte konnten nach kurzer 

thermischer Nachtrocknung und Zerkleinerung als streufiihiges Granulat fUr 

DUngungszwecke ei ngesetzt werden. 
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4. UISLICHKEIT UNO DONGEWIRKSAMKEIT DER FIILLUNGSPHOSPHATE 

In Anlehnung an die in der Bewertung der HandelsdUngerphosphate ge­

brauchl ichen Untersuchungsmethoden wurde die P-Llisl ichkeit der Fal1ungs­
produkte bestimmt (Tab. V). Bei verhaltnisma6ig niedrigen Gesamt-P-Gehal­

ten, die auf die fUr die angestrebte P-Eliminationsrate hohe Kalk- und 

Dolomithydrat-Dosierung zurUckzufUhren sind, weisen die Fallungsphosphate 

hohe Llisl ichkeiten in den angewandten Extraktionsmitteln auf. Das im gro6-

technischen Versuch gewonnene Fallungsprodukt wurde darUber hinaus einer 

Gesamtanalyse unterzogen und daraus die chemische Zusammensetzung kalku-
1 iert (Tab. VI). Die hohen CaC03- und Mg(OH)2-Anteile wei sen die Produkte 

als KalkphosphatdUnger aus, in denen die Ca-Komponente als langsam wir­

kend, der Mg-Anteil als sofort wirksam einzustufen ist. 

FUr die PrUfung der pflanzenphysiologischen Wirksamkeit der Kal k- und 

Dolomit-Fallungsphosphate bietet sich ein Vergleich mit dem marktgangigen 
Thomasphosphat an. In Gefa6dUngungsversuchen mit Lol ium perenne als Ver­

suchspflanze konnten auf 2 vornehml ich im pH-Wert unterschiedl ichen Bliden 
bei 3 Grasschnitten keine signifikanten Unterschiede in der TS-Produktion 
und im P-Entzug zwischen dem Dolomitfallungsprodukt und Thomasphosphat 

festgestellt werden (Tab. VII). 

Die vergleichende PrUfung mit Al- und Fe-Nachfallungsphosphaten aus 

3 groBtechnisch betriebenen Anlagen (Ahrensburg, Gro6hansdorf, Wittlage) 

weist auf einem P-armen Untergrund-LIiB mit neutraler Bodenreaktion eine 
Oberlegenheit der Kalk- und Dolomithydrat-Fallungsprodukte insbesondere 
gegenUber dem Fe-Fallungsphosphat aus (Tab. VIII). Es bleibt weiteren 

Untersuchungen vorbehalten, ob die in Gefa6versuchen nachzuweisenden 

Wirkungsunterschiede fUr die praktische DUngung im Feld von Bedeutung 

sind. 

Insgesamt ist jedoch zu schluBfolgern, daB die in der dritten Reini­

gungsstufe bei der Abwasserklarung anfallenden Phosphate fUr die DUngung 
geeignet sind und von der Landwirtschaft gut nutzbar sind. 
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Tab. V Gesamt-P-Gehalte und P-liislichkeiten der· Kalk- und DQlomithydrat-Fallungs~rodukte 

P-fiillungsprodukte Gesa~t-PzOs c1tronensaureliisl. (~~!~:~~~~~~!~~:~~r) Z05 
a 1 ka 11sch-almloncitrat-

PZOS in v. H. d. ~?s!: ~:o3e~ P~!~;::~~ ~05 Gesamt- PZ05 i. v. H. d. Gesamt-PzOs 

Kalkf!illung (labor-
versuch) 7,78 95 98 88 

Kalkfallung + 
Flockungshi 1 fsmittel 
(laborversuch) 5,67 98 98 89 

~!:;!!~!~~~~ 5,86 95 83 84 

Dolomittallung + 
F1 ockungshi 1 fsmi tte 1 
(laborversuch) 6,70 93 80 8' 

ameisensaurelos1. PZ05 

1. v. H. d. llesamt-pzOs 

Oolomitfallung (gro6-
technisch) Versuch I -
215 mg/1 Dolomtthydrat 5,0 92 94 94 

Dolomitfallung (gro6-
technisch) Versuch II -
325 mg/] Dolomithydrat 3,3 88 9' 9' 

Tab. VI Gesamt-Analyse und kalkulierte mogliche chemische Zusammen-

Ante;l 

PZOS 
CaO 

M90 

S;02 

FeZ03 

AIZ03 

'20 
NaZO 

Baa 

SrO 

Mn 2D3 

S03 
CO2 

setzung der Dalomi thydrat-Fall ungsprodukte (Kl aran1 age 

Gottingen - Versuch I) 

Gew. % daraus errechnet 

4.68 Hydroxylapatit 11,04 % 

30.32 CaC03 (+ SrC03) 43,20 % 

'8,9' MgC03 1.75 % 
7,55 Mg(OH)2 26,16 % 
0,67 organischer 

0,80 GlUhverlust 6,68 % 

0,17 

0,17 

0,05 

0,11 

0,05 

0,31 

19,91 

~~~;t~h~ + org. 14,96 
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Tab. VII TS-Ertrag und P-Entzug von Deutschem Weidelgras be; gleicher P-Gabe ;n Form von Thom<lsphosphat bzw. 

Dolom; thydrat-nill ungsprodukt 

(Boden A: P-anne Braunerde, pH = 5,8; Boden B: P-armer Untergrund-loB. pH = 7,1; 

P-Diingung: 0,75 9 P20S/Geta6) 

1. Schni tt 2. Schnitt 3. Schnitt Gesamt 
P-Diingung Ertrag P20S-Entzug Ertrag P20S-Entzug Ertrag P2DS-Entzug Ertrag P20S-Entzug 

als 9 % mg % 9 % mg % 9 % mg % 9 % mg % 

Boden A 
Thomas-
phosphat 20,47 10O 84 '00 22.77 '00 98 100 28,05 100 70 '00 71,30 '00 252 '00 

Dol omit-
hydrat-
nOlungs-
produkt '08 113 '00 99 94 88 100 'CO 

ohne 66 48 95 7' 88 8' 84 66 

Boden B . 

Thomas-
phosphat 21,30 '00 86 '00 20,67 100 115 '00 2S,72 100 80 '00 67,70 '00 28' '00 
Dol omit-
hydrat-
Fallungs-
produkt '06 106 104 99 99 98 103 10' 

ohne 40 '7 53 ,4 29 40 '3 

Tab. VIII TS-f:rtrag von Deutschem Weidelgras bei gle;cher P-Gabe in Form verschiedener NachfallungsschHlnme 

und Thomasphosphat 

P-Diingung a 1 s 

Thomasphosphat 

Kalkhydrat­
Fallungsprodukt 

Dalom; thydrat­
Fal1ungsprodukt 

Al-FMllungs-
produkt (Ahrens-
burg) 

Al-nnlungs-
produkt (GroB-
hansdorf) 

Fe-Fal 1 ungs­
produkt (Witt­
lage) 

ohne 

(GefaBversuch; Boden: y-anner Untergrund-lo6, pH = 7,0) 

rel. Citronensaure­
los1ichkeH der 
Produkte (%) 

92 

92 

88 

68 

56 

93 

1. Schni tt 
9 TS/Gef. I"el. 

14.11 100 

'00 

'0' 

87 

86 

69 

'4 
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2. Schnitt 
gTS/Gef. rel. 

100 

97 

97 

93 

90 

78 

" 

Gesamt 
9 TS/Gef. rel. 

30,33 '00 

98 

99 

90 

88 

74 

'2 
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PREMIERES DONNEES SUR LA VALEUR AGRICOLE DES BOUES RESIDUAIRES 

D'UNE USINE DE TRAITEMENT PHYSICO-CHIMIQUE D'EAUX USEES. 

Abstract 

B. BERTHET 

Universite de Nantes, Laboratoire de Biologie Marine, 

2, rue de la Houssiniere, 44072 NANTES CEDEX (FRANCE). 

First dat:l about the agricultural value of sewage sludges resulting from a 

physicochemical sewage treatment plant. 

In order to appraise the agricultural value of sewage sludges 

resulting from a physicochemical domestic sewage treatment plant, we have 

cultivated vegetables of different characters : lettuce, radish, bean, 

onion, rye-grass. These vegetables are grown in plant pots filled with a 

marked garden soil having been submited to different treatment : 

- reference series without any dressing, 

- series with a mineral fertilizer (125-111-150 units per hectar), 

- series with sewage sludges incorporated (25 t of dry sludges per 

hectar and complementary mineral manure). 

Two cultural groups have thus been made : at the beginning of the 

spring with simple settling sludges, and at the beginning of the surmner 

with flocculated sludges. 

The first observations we have been able to make, as well as the dry 

and wet weight measures, have shown a marked initial depressive effect of 

the sludges during the first series of crops, and a greatly less clear 

effect during the second. But, this depressive effect has progressively 

disappeared, and the buckets which had received sludges then had a greatest 

production than the pots which had received a mineral fertilization. 
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I. INTRODUCTION 

Les experiences realise-es a 1 '€tranger, et plus re.cemm.ent en France 

ont largement prouve qu'une utilisation rationnelle des boues secondaires 

en agriculture peut @'tre interessante tant sur Ie plan e.conomique que Bur 

Ie plan agronomique (1). Toutefois, certaines reserves sont encore formu­

lees quar..t a 1 'utilisation de boues ayant 8ubi un traitement chimique comme 

Ie conditionnement a 1a chaux au 1a floculation par des sels de fer au 

d' aluminium. Selon certains auteurs (2), les boues flocu~ees par ces reac­

tits chimiques pourraient s' apparenter aux boues primaires non degradees 

par les microorganismes. Ces dernieres seraient mains riches en azote et 

en aeide phosphorique que les boues secondaires et se mineraliseraient plus 

difficilement (3), tandis que l' adjonction de chaux et de sels de fer ou 

d'aluminium provoquerait la formation de phosphates insolubles (4) ou inhi­

berait 1a nitrification de NH4+ (5). 

Afin d' apprecier la valeur agricole de ce type de boues, nous avons 

mis en place deux series de cultures avec des vegetaux present ant un 

certain interet economique mais de caracteristiques differentes. 

2. MATERIEL ET METHODES 

Les cultures ont ete realisees en vases de vegetation soumis aux con­

ditions climatiques nature11es et lorsque cela etait necessaire, arrosees 

avec l' eau du service de 1a ville, it doses equiva1entes. 

2.a. Conditions generales de culture 

Les vases de vegetation sont des seaux en plastique (H = 25 cm) dont 

Ie fond est perce et qui sont successivement remplis d tune couche de sable 

de Loire assurant Ie drainage, et de terre maraichere (environ 13 kg) dont 

les principales caracteristiques sont decrites dans Ie tableau I. 

Trois types de culture ont ete realises : 

- une serie temoin sans aucun apport (t) 

- une serie avec apport d' engrais mineral (m) 

- une serie avec incorporation de boue (b) 

2.b. Les boues 

Les boues (tableau I) provenant de 1a station d 'epuration de Livery 

(Guerande, France), qu'il s'agisse de bones de decantation simple (D.S.) 

ou de boues flocu1ees (B.F.) au sulfate ferreux (120 ppm) et au sulfate 

d' a1umine (J 75 ppm) sont traitees a 1a chaux (6 a 8 % des matieres seches) 

et a l' oxygene pur (environ 1 000 ppm). Un polyelectrolyte cationique 
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Tableau I CARACTERISTIQUES PRINCIPALES DES TERRES ET DES BOUES lJTILISEES , 
(A : terre 1 ere cuI ture ; B : terre 2eme culture ; 

D.S.:boue decantation simple; B.P. : boue flocule.e). 

A B D.S. B.F. 

pH 6,5 5,8 6,6 6,5 

matiere organique % 20,8 19,2 665,2 637,6 

C/N 15,5 11 12,71 13,42 

P205 total g/kg 1,03 1,50 2,39 59,40 

N total g/kg 0,78 0,93 30,4 27,6 

K total g/kg 1,81 22,40 2,39 2,40 

Ca total g/kg 1,56 7,50 84,35 35,30 

Mg total g/kg 1,15 1,80 5,61 2,60 

C.E.T. meq/100 7 6,4 46 17,60 

BASF CL 400 est egalement utilise a la dose de 3,3 ii 4 kg par tonne de 

matiere seche. 

Les boues D.S. utilisees pour des cultures de printemps et .B.F. pour 

des cultures de debut de l'ete. ont ete homogeniHsees avec ia terre marai­

che.re a. raison de 25 t (poids sec) a. 1 'hectare. 

2. c. La fertilisation minerale 

Les boues etant tres pauvres en potasse, nous avona apporte en couver­

ture sur Ie melange terre-holle une fertilisation minerale complementaire 

equivalente ii 35-75-150 unites a 1 'hectare. 

La dose d'engrais, apportee en couverture, dans les series de culture 

ne recevant qu'une fertilisation minerale a ete estimee d'apres les tra­

vaux de differents auteurs (2,6, 7, 8, 9) pour correspondre a I'apport de 

fertilisant des boues (tableau I). Nous avons ainsi apporte l' equivalent 

de 90 unites d'azote a l'hectare sous forme d'anmonitrate 34,5 % et 36 kg 

d'acide pbospborique sous forme de superphosphate 18 %. La meme dose de 

sulfate de potasse 7-15-30 S a egalement ete ajoutee. 

2.d. Lea vegetaux 

Plusieurs types de vegetaux ont ete cultives sur les boues de decan­

tation simple, presentant des types de morphologie variee : laitue 

(La"tu"a sativa L.), radis (Raphanus so:tivus L. var. l'adi"ula), ray-grass 
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(Loliwn pe:l'enne L.), haricot (PhaseoZus vulgG.!'is L.), Oignon (Allium 

Cepa L.). Seuls ces trois premiers ont ete utilises· pour les cultures sur 

les boues floculees. 

3. RESULTATS 

3.a. Leg boueg de dikantation simple (D.S.) 

La production vegetale de c.haque culture est estimee par l' interme­

diaire du poids frais des organes presentant un interet alimentaire. 

NOlls observons un effet depressif initial tres net des cultures effec­

tuees sur les sols amendes par les boues de decantation simple chaulees, 

que ce Bait pour les plantes repiquees ou pour les plantes semees. Ce phe­

nomene est il1ustre par les recoltes fractionnees des radis (semis A) oil 

1a production de 1a deuxieme recolte provenant des boues est inferieure de 

moitH; Ii celIe effect1.!ee sur Ie temoin (tableau II). 

Cet effet tend i s'estomper apres quelques dizaines de jours, les 

boues ont alors une production superieure au temoin (tableaux II et III 

figure I) mais presentent toutefois un retard vis-a.-vis des cultures rea­

lisees avec les engrais mineraux. Ainsi, la production des laitues culti­

vees sur les boues egale celIe des laitues cultivees avec les engrais mi­

neraux mais avec un retard d 'une dizaine de jours (tableau III). 

Par contre, pour les cultures a recolte plus tardive, les cultures 

sur boue ont une production superieure a celIe obtenue avec les engrais 

mineraux. C'est Ie cas des oignons, des haricots (tableau III) et du ray­

grass (figure 1). Ainsi I' amendement en boues presente un effet benefique 

a long terme (70 jours environ) et ceci est particulH~rement net pour Ie 

ray-grass pour lequel nous avons effectue cinq coupes successives (figu-

re 1). En effet apree une phase ou la production sur les sols enrichis avec 

les engrais mineraux est nettement superieure a celIe des autres cultures, 

dans une aeconde phase la production des terres amendees en boue augmente 

et des la cinquieme coupe pre-sente la production cumulee la plus importante 

(figure I), tandis que celIe des autres series regresse. De meme, des semis 

de radis effectues 35 jours apres l'incorporation des boues (semis B) ne 

subissent aueun effet depressif et fournissent des plantules d' aspect nor­

mal avec une production toutefois inferieure a. celIe obtenue pour les cul­

tures fertilisees par des engrais mineraux. Les boues ant un effet positif 

net sur la production du semis C effectue 80 jours apres I 'epandage (ta­

bleau II). 
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TABLEAU II : POlDS FRAIS TOTAL (g) DES DIFFERENTES RECOLTES DE RADIS 

(t : temoin ; m : mineral; b : boue ; D.S. : bOlle de 

decantation simple; B.F. : bOlle floculee). 

Type de boue Semis Date de la reeol te t m b 

D.S. A 38e jour 0 55,5 0 

43e jour 14,5 61,7 7,0 

50e jour 20,2 12,7 60,1 

total 64,3 163,1 116,3 

D.S. B 77e jour 0,3 57,6 43,2 

D.S. C 106e jour 1,6 51,2 104,5 

B.F. 42e jour 1,87~ 2,16" 3 ,23" 

K poids moyen (g) par individu 

TABLEAU III : POIDS FRAIS' TOTAL (g) DES RECOLTES DE DIFFERENTS VEGETAUX. 

(t : temoin ; m : mineral; b : bOlle ; D.S. : boue de 

decantation simple; B.F. : bOlle floculee). 

Vegetal BOlle t m b 

Oignan D.S. 210 780 862 

Haricot D.S. 256 367 426 

Laitue D.S. 95" 356 383" 

Laitue B.F. 157 256 290 

H rEkoltes en retard de 10 jours par rapport a m 
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3.b. Le. boue. floculee. (B.F.) 

Pour 1a. serie debutant en ete, la production vegetale est determinee, 

coume pour la precedente serie, aI' aide des valeura de po ids frais des 

organes comestibles. 

L'effet depressif observe lors de la premiere serie de culture est 

tres attenue pour cette seconde serie : des les premiers jours les plantu­

les de radis paraissent vigoureuses sur la terre amendee avec les bones, 

tandis que les plants de lai tue sont rapidement aussi vigoureux et verts 

sur les sols ayant reliu les bones que sur ceux ayant beneficie de la fer­

tilisation minerale. Seul Ie gazoD parait avoir eu des difficultes a croi:­

tre au. tout debut de la vegetation. 

L' effet bene-fique des bOlles es t sensible des la premiere coupe de 

gazoD ; la production est en effet presque double de celIe obtenue avec 

les cultures temoins tout en restant inferieure a celIe des cultures ef­

fectuees avec la fertilisation minera1e (figure 1). Des 1a seconde coupe, 

Ie rendement correspondant a l' amendement en bones est superieur a celui 

du aux seuls apports mineraux. Ce phenomene est general des Ie 40eme jour 

pour 1 'ensemble des cultures: laitue, ra:dis, gazon (tableaux II, III et 

fig~re I). 

4. Discussion et conclusions 

Les boues de simple decantation (D.S.) et de floculation (B.F.) pre­

sentent ties teneurs similaires en azote total et en matiere organique, 

mais une forte disparite au niveau de 1 'acide phospborique total, due no­

tamment au trai tement par les sels de fer et d' aluminium pour les secondes 

(tableau I). Ce sont, d' apres Chaussod (8), des boues qui ne 1ibereraient 

l'azote que faiblement, ou du mains lentement. 

Les boues de decantation simple fraichement sorties de 1a station 

d'epuration ont provoque un effet depressif deja constate par plusieurs 

auteurs (I 0, 11) sur 1a croissance des p1antules et des j eunes plants. Ces 

auteurs proposent plusieurs causes a cet effet : presence d'une substance 

inhibitrice labile ou 1essivab1e, deficit en oxygene provoque. par une de­

composition intense, ou plus vraisemblahlement un degagement d' ammoniac 

qui serait accru par Ie traitement a 1a chaux. Ce retard initial de la 

croissance pourrai t egalement ,hre du a une immobilisation temporaire de 

1 t azote malgre une stabilisation apparemment satisfaisante. Ceci pourrait 

expliquer la couleur jaunatre des laitues, du gazon et des oignons en de­

but de vegetation. 
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Oet effet depressif n' est pas apparu pour les cultures effectuees sur 

les boues floculees, or ces dernieres subissaient .une decomposition supe­

rieure liee a des temperatures plus elevees, et degageaient une odeur 

d' ammoniac plus intense. D' apres nos premiers resultats, les boues flocu­

lees ne semblent pas provoquer de blocage des elements nutritifs comm.e 

1 'avaient suggeres certains auteurs (4, 5, 12) pensant que Ie fer et 1 'alu­

minium formeraient des precipites avec les phosphates BOUS des formes peu 

assimilables par les plantes. Ces re.sultats viennent co~firmer les obser­

vations de Soon et col. (13). Ces derniers avaient, en effet, cons tate un 

effet benefique pour certains vegetaux (mais et brome) cultives sur des 

boues issues dtun traitement chimique. 

Nos. premieres cuI tures met tent en evidence un effet benefique sur la 

production vegetale a la fois des boues de decantation simple, et des 

boues floculees. Une liberation des elements nutritifs, sans doute plus 

progressive qu'avec une fertilisation minerale, et une correction des ca­

renees en oligo-elements survenant d 'une fac;.on particulierement rapide en 

vases de vegetation (14) pourrait etre a l'origine de ce bilan positif. 

Cet effet a ete plus tardif dans Ie eas des cultures de printemps (boues 

D. S.), sans doute en raison des temperatures plus basses qui ont retarde 

1a mineralisation et la nitrification. 

Le fait que 1es cultures de vegetaux realisees sur des boues issues 

d'un traitement physico-chimique entraine une production plus elevee que 

lars d'une fertilisation minerale classique ne doit pas nous faire oublier 

Ie risque potentiel que les polluants inetailiques peuvent faire courir aux con­

sonnnateurs ulterieurs et notamment a. 1 'honnne. Nous nous proposons done, a. 
partir des echantillons de vegetaux que DOUS avons obtenus, d' effectuer 

des etudes pour quantifier Ie transfert des metaux des sols amendes par 

les boues aux plantes. 
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RELATIONSHIPS BETWEEN ORGANIC MATTER OF SEWAGE SLUDGE AND 

PHYSICO-CHEMICAL PROPERTIES OF SOIL* 

G. GUIDI 

C.N.R. Institute for Soil Chemistry 

Via Corridoni, 78 

56100 Pisa, Italy 

Application of sewage sludge 
currently being evaluated as one 
utilization of a wasted resource. 

to 
of 

cultivated soils 
the alternatives 

is 
for 

Organic matter constitues approximately 50% of the solid 
fraction of sewage sludge. Therefore, at high rates of addic­
tion beside macro and microelements also this constituent 
should be taken into account and its influence on the soil 
environment evaluated. 

In this paper the importance of organic matter and the 
resul ting modifications of some physico-chemical properties 
in sludge treated soils are discussed. Special emphasis is 
given to the influence of sludge organic matter on soil 
porosi ty and pore size distribution which are increasingly 
regarded as useful parameters to assess structural characteri­
stics of soils. 

The microbiological nature of most processes giving rise 
to improved soil physical properties is stressed. A brief 
mention is also given to those soil parameters able to 
influence the activity of soil microorganisms. 

*This study is 
dell'Ambiente lt 

Ricerche. 

wi thin the Project "Promozione della Quali ta 
supported by the Consiglio Nazionale delle 
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1. INTRODUCTION 

Close relationships existing between the level of orga-

nic matter in soil and good physico-chemical properties of 

soil itself are well known. However little has been done to 

quantify the effects of sludge organic matter on soil fertili­

ty and especially on the complex of properties responsible of 

physical fertility. 

English farmers said recently to value sewage sludge 

mainly for its content of organic matter and its improving 

action on soil structure (6). In fact a consequence of modern 

agricul ture is a lower apport of organic matter to soil. 

Therefore any practice leading to an increase of the amount 

of organic material added to soil should be favourably consi­

dered. 

Soil can be imagined as a porous system in the voids of 

which an enormous number of organisms lives and chemico-physi­

co-biological interactions, responsible of sludge org~nic mat­

ter transformations, take place. 

2. ORGANIC MATTER OF SLUDGE AS AN INFLUENCING FACTOR ON SOIL 

PHYSICO-CHEMICAL PROPERTIES 

In order to better understand the effect of sludge 

organic matter on the soil it is important to consider that 

sludge is produced by several different technological proces­

ses. At the end of each process organic matter can be 

associated with different kinds and amounts of inorganic 

compounds, such as water and mono and polivalent cations, 

which can modify soil properties in the same extent or even 

more than the organic matter alone. 

Moreover, the nature itself of the chemical compounds 

present in the organic fraction of each type of sludge C may 

influence interactions organic matter-soil. A thorough charac-
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terization of this fraction needs 

sophisticated than a mere elemental 

experimental approach could be the 

chemical analyses more 

analysis. A possible 

use of the proximate 

analysis which has been successfully employed to characterize 

various fractions of sludge organic matter, such as fats and 

waxes, resins, carbohydrates, hemicellulose, cellulose, pro­

teins and lignine-humus (19). Further this method could be 

likely employed to relate the modifications of soil physical 

properties with the composition of the organic matter actual­

ly present in the soil. 

Numerous aspects of soil fertility are affected by orga­

nic matter but despite the importance of some of them, for 

instance the influence on the fate of ni trogen, phosphorus 

and inorganic cations, the following discussion will be prima­

rily concerned with those parameters which directly affect 

the relationships between gaseous, liquid and solid phase in 

the soil. 

2.1 SOIL STRUCTURE 

2.1.1 Porosi ty - Porosity and pore size distribution can be 

regarded as 

besides that 

an useful way to define soil 

they can be better related to 

structure and 

soil physical 

properties important for plant growth (9). It is in fact the 

pore space including its size distribution which affects many 

of the important phenomena directly related to crop yield, 

such as storage and movement of water and gases and ease of 

root penetration. If a more thorough understanding of these 

phenomena is required also a characterization of both shape 

and spatial arrangement of pores should be carried out, for 

instance by micromorphological techniques (27). A classifica­

tion of pores in terms of their function in soil has been 

recently proposed (9) (Table 1). 
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From the agronomic point o£ view transmission and stora­

ge pores are the most important. The £ormer allow the excess 

o£ water to drain and an easy exchange o£ gases between soil 

and atmosphere while the latter hold the water necessary £or 

plant growth. Moreover a decrease o£ transmission and storage 

pores can be regarded as an index o£ damage to soil structu­

re. This decrease can arise either £rom a lower total porosi­

ty or £rom a change in pore size distribution caused by an 

increase o£ residual pores. 

Table 1 - A £unctional classi£ication o£ soil pores (£rom 

Greenland, 1978) (10). 

Equivalent pF Name Function 
cylindrical 
diameter 

urn 

> 50 < 1.8 Transmission Movement o£ 

pores air and water 

0.5 - 50 1.8 - 3.8 Storage pores Retention o£ 

water 

< 0.5 >3.8 Residual pores Reservoir o£ 

nutrient ions 

<0.005 > 5.8 Bonding space Interaction be-

tween soil par-

ticles 

Addi tion rates of sludge and other waste materials ran­

ging from 20 to 250 t/ha increased total soil porosity (26, 

27, 31). Especially important was the finding that the propor­

tion of large pores, 1. e. those > 50 urn, was higher in the 

pore system of treated soils (18, 26, 27) thus indicating an 
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improvement of soil physical conditions (9). 

Large pore space increased over the growing season (18) 

and decreased over the winter (18, 26), according to the 

yearly variation of biological acti vi ty and physical stres­

ses. Despite this decrease large pores were still more nume­

rous in soil which had received organic dressings twelve 

months before (18, 26). 

2.1.2 Stability of soil aggregates - The stability of soil 

structure has been affirmed to be of paramount importance in 

soil fertility provided neither the nutrient element status 

of soil nor disease is a limiting factor (20) and the major 

influence of the organic matter in this process is now well 

recognized (2, 14). 

In a well structured soil aggregates are able to wi th­

stand stresses due to rainfall and agricultural machinery. 

For this reason the formation of surface crusts is unlikely 

while aeration and microbial activity are enhanced and water 

can penetrate the soil easily and deeply. 

Among the agents responsible of the formation of water 

stable aggregates laboratory experiments pOinted out the ac­

tion of: 

filamentous microorganisms (I, 29); 

- microbial polisaccharides (21, 28); 

- phenolic compounds (11). 

Addition of sludge to soil increases biomass (3) and 

enhances biological activity of microflora (30). Therefore 

the increased release in the soil environment of the products 

of microbial metabolism is probably the main factor of the 

improved aggregation in sludge treated soils (8, 18, 25). 

However the aggregating effect decays over time as the orga­

nic matter is mineralized, even though it has been observed 
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that the number of stable aggregates in sludge treated soils 

remains higher than the control six (12, 25) or even twelve 

months (18) after treatments. 

Periodic additions of organic residues are therefore re­

quired to maintain a good soil structure and this can be 

better understood considering that in favourable conditions 

up to 600 kg of C/ha/day can be mineralized in the soil (4). 

Besides organic matter in some cases other components of 

sludge, such as calcium and polyelectrolytes, play an impor­

tant role in soil aggregation (25). 

2.1. 3 Bulk density - Organic matter supplied with sludge or 

other kinds of wastes lowers the bulk density (13, 18,· 32). 

Significant linear correlations between the increasing con­

tent of soil organic matter, from less than 1% t" more than 

6%, and the variations of bulk density, from about 1.5 g/cm3 

to about 1.0 g/cm3 , were found in a sand and loam soil (13, 

32) • 

Seasonal variations of bulk density were observed in 

some cases and lower values found over the growing season 

were explained by the loosing effect exerted on the soil by 

root hairs and soil fauna (18). 

2.2 SOIL-WATER INTERACTIONS 

2.2.1 Water retention - One of the effects of the organic 

matter addiction to the soil is an increase of water retained 

by the soil. In a field situation this could be either a 

benefi t or a detriment to crop growth depending on growing 

season, soil type and rainfall characteristics. 

Factors affecting this process are probably (13): 

- Increase of total porosity and decrease of bulk densi­

ty (see 2.1.1 and 2.1.3); 

-535 -



- Modification of size distribution of both aggregates 

and pores (see 2.1.1); 

increase of soil adsorption capacity caused by the 

increase of both surface area and organic matter. 

Resul ts reported by different Authors are similar and 

indicate that application of sewage sludge increased soil 

water content (7, 8, 15) and soil water retention at specific 

water potential (7, 13, 18, 24). Most of the increase of soil 

water retention found in a sandy soil was attributed to the 

prevalent action of sludge organic matter (13) and the soil 

moisture regime was influenced for at least two years by 

application of liquid sludge (30 to 60 tons dry solids/hal to 

a silt loam soil (15). 

Contradictory results have been found for available soil 

water, defined as difference between the amount of water 

retained at field capacity and wilting pOint. However it is 

apparent that increases in available water have been found 

where high quantities of sludge had been used (Table 2). 

Table 2 

Rate (t/ha) 

30 

70 

140 

190 

240 

240 

Variation of available water in sludge treated 

soils. 

Available water (%) Reference 

Control Treated 

20.5 19.7 Morel et al.(1978) 

20.5 20.8 

20.5 25.3 

20.5 24.5 

12.5 18.5 Epstein et al.(1976) 

12.5 14.5 
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2.2.2 Water movement - Liquid sludge addictions to the soil 

surface may initially retard infiltration because sludge i t­

self infiltrates very slowly regardless of soil type. However 

once the sludge has dried or is incorporated the infiltration 

rate fully recovers or improve. Because of this initial 

retardation of infiltration, surface runoff waters from slud­

ge treated areas could contain relatively high quantity of N 

and P and therefore cause pollution hazards (15). 

Field and laboratory experiments showed that saturated 

hydraulic conductivity increased in soil treated with sewage 

sludge provided that sufficient organic material had been 

used (7, 13, 24). In fact infiltration rates did not signifi­

cantly change in an one year field experiment following the 

application of 56 t/ha of sewage sludge to three different 

soils (18). 

Pot experiments with raw and digested sludges incorpora­

ted at a rate of 5% by weight into a silt loam soil showed 

that saturated hydraulic conductivity increased after the 

appl ication time, reached a maximum and then dropped to that 

of the control (7). 

This behaviour can be ascribed to a net increase of the 

number of pores in the soil system due to the enhanced 

biological activity. Polyvalent cations contained in sludge, 

such as calcium, and chemical compounds produced during the 

microbial growth are then able to make pore walls more 

resistant to water stresses (24). The stabilizing ability 

decreases as the mineralization of sludge organic matter 

proceeds, thus larger pores collapse and hydraulic conductivi­

ty decrease. 

Digested sludge reached the maximum of hydraulic conduc­

tivity in fewer days than raw sludge. This is probably due to 

the higher rate of decomposition of the organic matter of raw 
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sludge which can cause an initial clogging of pores with 

larger amount of gaseous or solid decomposition products. 

2.3 OTHER PROPERTIES 

2.3.1. ~ - A side effect of the decomposition of organic mat­

ter is the production of acidic compounds and this mechanism 

explains the pH decreases found in some sludge treated soils 

(3, 8, 16, 25). 

However when sludge contains high amounts of bases the 

overall effect is an increase of soil pH (5). 

2.3.2 Cationic exchange capacity (C.E.C.) - CEC increases in 

sludge treated soils (8, 17, 18). The finding that high 

correlations have been found between the content of carbon in 

soil and CEC demonstrates that most of the additional CEC 

observed in sludge treated soils is due to the high exchange 

capaci ty (250 meq/l00 g) of the sludge organic matter (18). 

Rates of sludge addictions up to about 90 t/ha doubled the 

content of organic carbon in the top soil (0-5 cm) and 

increased CEC from about 10 to about 20 meq/l00 g (18). 

Through the additional cation binding sites thus created 

many of the nutrients present in sludge can remain longer in 

the root zone and can be utilized more easily by plants. 

2.3.3 Redox potential - In those soils where gaseous exchan­

ges are limited, as in fine textured soils, the amount of 

oxigen necessary for an aerobic decomposition of organic 

matter is further severely limited as the content of soil 

moisture increases. 

In fact additions of 240 t/ha of sewage sludge, 76% of 

water, to a silt loam soil had as consequence a sharp 

decrease of the soil redox potential which dropped to-200 mV 
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after 40 days. The minimum value of redox potential observed 

after the addition of 240 t/ha of compost sludge, 35% of 

water, was on the contrary only about 0 mV (8). 

At redox potentials lower than-150 mV anaerobic decompo­

si tion of organic matter may originate phytotoxic compounds 

such as hydrogen sulphide, methane and ethylene. 

3. INFLUENCE OF PHYSICO CHEMICAL PROPERTIES OF SOIL ON ORGANIC 

MATTER DECOMPOSITION 

It has been shown in the previous discussion that sludge 

organic matter is able to modify physico-chemical properties 

of soil. However complex relationships sludge-soil can be 

better understood bearing in mind that physico-chemical pro­

perties of soil microenvironments are recognized to influence 

microbial activity and that the microbial activity is respon­

sible for the most part of the organic matter degradation in 

soil. 

More important parameters influencing the activity of 

soil microorganisms are: clay, organic matter, aeration, moi­

sture and pH (22). 

3.1 Clay - Both type and amount of clay in the soil have been 

frequently cited as important factors in the breakdown of 

organic matter. In general the greater the percentage of 

expanding lattice clays, the slower will be the decomposition 

rate of organic matter. 

3.2 Organic matter' - Relationships between level of organic 

matter already present on the soil and decomposition of added 

organic matter are more complex even though the final effect 

seems to be a delay in biodegradation. This behaviour could 

be due to the presence in the humified organic matter of 
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functional groups highly reactive, and thus able to exert a 

protective action towards fresh organic matter. 

3.3 Temperature Optimum temperature for the activity of 

most microorganisms ranges between 30 and 40·C. Relatively 

high temperatures increase decomposition while lower tempera­

tures slow degradation. 

Evidence of highly significant positive correlation bet­

ween CO2 evolved and degree days has been found for an anaero­

bically digested sewage sludge (23). 

3.4 ~ - Optimum pH range for most bacteria and actinomice­

tes is from 6 to 7 while fungi are more active in acidic 

soils. The highest total population of soil microorganisms is 

normally found at pH values near neutrality. Therefore these 

condi tions are the best for a quick degradation of organic 

compounds while in acidic soils decomposition rates are lower. 

3.5 Aeration and moisture - These two parameters are strictly 

related to each other. Because in the soil liquid and gaseous 

phases compete for the possession of the same pores they are 

particularly important as the content of clay increases. 

In fact soil moisture content did not affect the decompo­

sition of an anaerobic sludge in a sandy soil. But at 

saturated conditions decomposition was reduced moderately in 

a silt loam soil and stopped almost completely in a clay soil 

(23). 

4. CONCLUSION 

Though the literature relating to the influence of siud­

ge organic matter on physico-chemical properties of soil is 
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not abundant there is a clear evidence that structure, hydrau­

lic characteristics and CEC have been improved in soils 

treated with sewage sludge. However these effects have been 

found in soils which have received high dressings of sludge 

and similar effects cannot be generally expected in soils 

where liquid sludge is added at a rate of about 100 t/ha, 

corresponding to about 2 t/ha of organic matter (5). 

If we exclude the problem of heavy metals, whose level 

should be kept as low as possible in sludge, the appl ication 

rates needed for a significant improvement of soil porperties 

have also the side effect to add high amounts of nitrogen and 

phosphorous to soil. For this reason problems of overferti1i­

zation and pollution of ground water may arise. 

Despite the restrictions just mentioned the use of slud­

ge as soil conditioning should be encouraged in all cases 

where the content of organic matter in soil is low and 

therefore more dramatic improvements of soil physical proper­

ties can be expected. 

The more correct way to tackle this problem is with 

interdisciplinary studies so that all biological, chemical 

and physical aspects could be properly taken into account. 

Future research needs can be summarized as follows: 

i) Characterization of chemical constituents present in 

sludge organic matter and in sludge treated soils. 

ii) Variation over time of soil physico-chemical properties 

according as decomposition of chemical constituents of 

sludge. 

iii) Effect of sludge organic matter on soil biological 

activity with special regard to the production of aggre­

gate stabilizing agents by microorganisms. 

iv) Pore size distribution, shape and spatial arrangement of 

soil pores. 

v) Pedogenetic processes affecting porosity. 
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POROSITY AND PORE SIZE DISTRIBUTION IN A FIELD TEST FOLLOWING 

SLUDGE AND COMPOST APPLICATION • 

M. PAGLIAI and G. GUIDI 

C.N.R. Institute for Soil chemistry 

Via Corridoni, 78 

56100 Pisa, Italy 

Soil porosity and pore size distribution have been stu­
died in a field test. Aerobic and anaerobic sludges and their 
composted mixtures with the organic fraction of urban refuse 
were used and compared with manure. Addition rates were equi­
valent to 50 and 150 tons/ha of manure on the organic carbon 
basis. A control plot, was also present . 

. The residual effect on soil porosity and pore size 
distribution was also analyzed the year following that of 
treatments. Measurements were carried out on large thin sec­
tions of soil samples by means of electro-optical image 
analysis. All organic materials increased significantly the 
total porosity which remained significantly higher than the 
control the following year. 

Pores ranging from 50 to 500 pm, which are considered 
the most important both in sOil-water-plants relationships 
and in mantaining a good soil structure, also increased after 
all organic treatments. Therefore sludges and composts impro­
ved porosity and pore size distribution in a similar way to 
the manure. 

*This study was supported by the Consiglio Nazionale delle 
Ricerche, Project "Promozione della Qualita dell'Ambiente". 
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1.INTRODUCTION 

The application of sludge to agricultural land may indu­

ce changes both on the physical condition and on the chemical 

composition of the soil. While a rich literature is available 

on chemical problems of fertility and pollution relate to the 

fate of macro and micronutrients in soils and plants, the 

knowledge of the effects of sludges on soil structure is 

1 imited (1). 

Bearing in mind that soil structure is sometime conside­

red the limiting factor of crop yield (2) and porosity is now 

believed to be the most suitable parameter to study soil 

structure (3,4), this study was undertaken to determine the 

effects of sludge application on soil porosity under natural 

field conditions. Measurements were carried out with micromor-

phological methods which, by the help of the electro-optical 

image analysis system, allow a thorough characterization of 

soil porosity (5,6,7). 

2.MATERIALS AND METHODS 

A field study was established in May 1978 on a sandy 

loam soil which contained 0.9 per cent organic carbon, 13.8 

per cent clay, 

The pH in water 

18.0 per cent silt and 68.2 per cent sand. 

was 5.5. Plots (500 m2 ) were planted with 

corn followed by wheat as a tipic two-year crop rotation 

system in Italy. 

The following treatments were compared: 

1) Control (C) 

2) Aerobic sludge (AS) 

3) Anaerobic sludge (ANS) 

4) Compost of aerobic sludge and organic fraction of 

urban refuse (40-60%) (CAS) 

5) Compost of anaerobic sludge and organic fraction of 
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urban refuse (20-80%) (CANS) 

6) Manure (M) 

Organic materials were surface applied before the seed­

ling of the corn and ploughed in. The addition rates were 

equivalent to 50 and 150 tons/ ha of manure on the organic 

carbon basis. 

Three undisturbed soil samples were collected from the 

Ap horizon of each plots 4 and 12 months after treatments. 

Soil samples were dried by acetone replacement of the water 

and impregnated with polyester resin. Then thin sections 6 by 

6 cm large and 20-25 ~m thick were prepared according to the 

usual micromorphological procedure (8). 

Thin sections were photographed (7) and each photograph 

analysed by an image analysing apparatus (Leitz Classimat). 

In this apparatus the image of a thin section under microsco­

pe or of a photograph under epidiascope is scanned by a 

plumbicon television camera and displayed on the screen of a 

moni tor. An electronic signal processing unit analyses the 

video Signals, and data digitally displayed are further elabo­

rated by a connected desk computer. Pores are measured by 

setting the instrument to detect the corresponding grey level 

wi th the help of an electronic discriminating circuit which 

is able to group all features having the same grey level. 

Measurements include the area, number and size distribution 

of all pores in the field of view. Detailed information on 

the utilisation of the Leitz Classimat have been already 

reported (7,9). After the determination of total porosity, 

pore size distribution was obtained by dividing all pores in 

three size classes according to their diameter, i.e. <50 pm, 

50-500 pm and~500 ~m following Greenland's pore classifica­

tion (3). The smallest pores included in the first class are 

those large 30 pm because of the thickness of the thin 

section. 
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3.RESULTS AND DISCUSSION 

Values of total porosity reported in Table 1 are expres­

sed as per cent of the total area of each thin section 

occupied by pores. Data reported in Table 1 are the mean of 

three replications. 

Table 1 Effect of treatments on total soil porosity. 

Treatment 

C 

AS low 

high 

ANS low 

high 

CAS low 

high 

CANS low 

Addition rates correspond to 50 (low) and 150 tons/­
ha (high) of manure on the organic carbon basis. 

Total Porosity (%)* 
Months after treatments 

4 12 

16.0 a 9.4 a 

47.1 e 24.6 bc 

49.3 e 44.3 h 

36.2 be 27.9 ede 

38.3 bed 31.8 fg 

39.5 cd 22.9 b 

49.5 e 26.0 bcd 

35.6 b 30.9 ef 

high 50.1 e 43.2 h 

M low 38.2 bcd 30.3 ef 

high 41.3 d 34.7 g 

*Means in a column followed by the same letter are not 
significantly different at 0.05 level employing Duncan's Mul­
tiple Range Test. 
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Total porosity found in all treated plots was significan­

tly higher than the control irrespective of the sampling 

dates. Obviously total porosity of samples taken twelve mon­

ths after treatments, i.e. over the winter months, was in any 

case lower than that found in the set of samples collected 

after four months. This behaviour is the result of natural 

compactness of the soil mainly due to the freezing and the 

heavy winter rainfall. According to the micromorphological 

classification of soil porosity, the porosity of all treated 

plots could be considered still good even at the second 

sampling date. In fact by means of this classification, a 

soil is considered very dense with a total porosity less than 

5%, dense with a total porosity of 5-10%, moderately porous 

10-25%, highly porous 25-40% and extremely porous with a 

total porosity greater than 40%. 

The two different rates of organic materials applied to 

soil did not show any clear effect on total porosity, espe­

cially for samples taken four months after the addition. 

However in this type of soil, which is not rich in clay, it 

is apparent that the improvement of soil porosity caused by 

lower doses makes the use of high doses not necessary. 

Comparing the effect of sludges and composts with that 

of the manure it is possible to stress that all these 

materials behave in a similar way. 

Besides total porosity also pore size distribution, 

which is an other parameter of soil pore system, must be 

considered because the agronomic function of pores depends on 

their size. According to Greenland (3) pores smaller than 50 

pm in diameter are important as a reservoir for plants and 

microorganisms in the soil and pores ranging from 50 to 500 

pm are important for transmission of air and water. 

Data concerning pore size distribution according to 
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Greenland's classification are reported in fig. 1. At both 

sampling dates all treated samples contained less cracks 

(pores larger than 500 pm) and more transmission pores (50-

500 pm) than the control. According to what previously found 

for total porosity also in this case very little differences 

were observed between samples treated with the two doses. 

Moreover findings confirmed that organic matter was able to 

reduce soil shrinkage (10). The increase of pores in the in­

termediat-e class (50-500 pm) was a clear symptom of a good 

soil structure, because it has been found that a damage to 

the soil structure can be recognized by the decrease in the 

proportion of pore space present in trasmission pores (3). 

Another p,?si ti ve result was that the frequency of storage 

pores «50 pm) was higher in the treated samples. Very little 

difference could be noticed among the treatments, including 

manure. 

In conclusion we found that sludges and composts were 

. able to enhance both total soil porosity and pore size 

distribution which were significantly higher than the control 

also the following year. Moreover it should be stressed that 

the effect of manure were comparable to those of all other 

organic materials employed. 
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BIOLOGICAL ACTIVITIES IN A SOIL-PLANT SYSTEM AFTER 

TREATMENT WITH DIFFERENT AMOUNTS OF DIGESTED SLUDGE. 

POT EXPER IMENTS 

U. TOMATI, A. GRAPPELLI and E. GALLI 

Radi obi ochemi.st ry and PLant Ecophys i 0 Logy Inst i tute 

C.N.R. 

Roma, ItaLy 

Biological activities in the maize rhizQsphere-plant system were assayed 
in order to ascertain the ferti l izing value of different amounts of 
digested sludges from municipal treatment pLant. Changes in oxygen uptake, 
protease and acid phosphatase activity, total microflora, nitrate and 
phosphate content were texted in the rhizQsphere. Contemporarily, nitratere­
ductase activity, nitrate and phosphate content were texted in the plant. 

ResuLts show that the different amounts of sLudges pLay an important roLe 
on the microbiaL growth. Besides, a competitive action between m;cro­
organ; 5ms and pLant rega rdi n9 ni t rate in evi dent. 
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1. INTRODUCTION 

The quantities of sludge applied to agricultural lands 

will be limited in many respect by regional agronomic practices 

Guidelines proposed are based upon the fertilizer recomandation 

for nitrogen (1,2) . Nitrogen is the fertilizer element applied 

in greatest amount to soil and it is found in sluge in substa~ 

tial amount.However,it is important to note that fertilizing 

value of sludge is not only related to the nitrogen and pho­

sphorus content,beCQllSe of the high sludge content in organic 

matter,microelements,microrganism population,growth regulator 

substances and microbial metabolites.In consequence, sludge sue 
ply to croplands may cause considerable qualitative and quanti­

tative alteration on soil properties and biological activities. 

Microflora may be considered as a "mediator" between nutrient 

sources of the soil and root systemjas recent literature emph~ 

syzes {3,4),it plays a definitive and considerable influence 

on the growth and development of the plants and,coBsequently, 

on the crop yield.The new equilibrium between soil microrga­

nisms and plants,modifying root ability in nutrient absorption, 

determine the agronomic value of the sludge. 

The sludge application rate should be determined so as to 

ensure that environmental requirement are met withjsO special 

attention must be paid to good menagement of the soil.Useful 

information concerning the "health status II of soil could be ob 

tained texting the soil-plant system ability in restoring bio­

logical equilibrium disturbe~ by sludge treatment. 

Besides,the knowledge of nutrient uptake,especially nitro­

gen and phosphorus,and their fate both in sailor in plants, 

could furnish useful information in the determination of the 

best amount for sludge application. 

We present here preliminar data about the effect of dif­

ferent amounts of digested sludge on soil microflora and some 
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related biologic~l activities. 

Pot experiments were carried out in a controlled,environ-

ment.Microflora,oxygen uptake,acid phosphatase and protease a~ 

tivity,nitrate and phosphate content in the rhizosphere;nitra­

te and phosphate content,nitratereductase activity in the 

plants were considered. 

2. MATERIAL AND METHODS 

Corn (Zea mays Saturno TV 34) was sown and ,raised in a 

controlled environment (temperature:25°/18°C day/night;relati­

ve humidity:60%;photoperiod:14 h;irradiation intensity:20.000 

lux).The plants were grown in plastic pots containing 1 Kg of 

dry soil (clay:turf:silt:1:1:2) .The soil pH was 6.5.Different 

amounts of domestic sludge (4 - 8 - 16 gd.w./Kg of soil) were 

mixed with the soil and conditioned for 15 days,without any 

mineral. 

C 
tot 

30.21 

~ludge composition 

C 
org 

29.64 

C. 
lnor 

0.57 

N p 

0.93 0.70 

Soil rhizosphere and plant samples were texted after 7, 

10, 16 , 27 days from the sowing. 

Rhizosphere and plant an~ly8~~ 

a) Total microflora 

Total microflora was determined by the agar plate method(5) 

b) Endogenous respiration 

Oxygen uptake was carried out on 3 ml samples of soil rhizo 

sphere (300-400 mg d.w) in a Warburg apparatus at 25°C for 6 h. 

c) Acid phosphatase 

Acid phosphatase activity was texted by p-nitrophenol assay 

accordind to the Fishman's method (6). 
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~lant analysis 

Phosphate content both in roots or in leaves is dependent 

from the sludge amounts supplied to the soil and may be rela­

ted to the sludge-po~available by the plants. 

Concerning the relations between nitrate plant content 

and supplied sludge amuonts,a strong loss in nitrate content 

both in the roots or in leaves was evidentiated at the dose of 

8 g sludge /Kg soil.This loss may be related to the minor ni-

trate content in the rhizosphere and may be explained as a re­

sult of competitive action between microrganisms and plants for 

for the nitrate However,in all cases,the good utilization of 

nitrate by plants is evidentiated by leaves nitratereductase 

actitity. 

Results,as well those ones of our previous experiments 

(10,11,12) show that: 

-the doses of sludge supplied are not harmful for the soil. 

Infact,no alteration on the tipical behaviour of the micro­

bial development and rhizosphere activity are recorded; 

-the different amounts of slupge play an important role on mi­

crobial growth and on biological activities j 

-a competitive action between microrganisms and plants regar-

ging to the available nitrate. 

---



d) Protease 

Protease activity was carried out by following the degra­

dation of a solution of casein (1% wiv) in a 0.1 M tris buf 

fer pH 8. 

e) Nitrate and phosphate content 

Nitrate and phosphate content were determined both on rhi­

zosphere soil or in plant tissues respectively by the Baker 

and Olsen's methods (7,8). 

f) Nitratereductase 

Nitratereductase activity was assayed on roots and leaves 

samples according to the Hageman's method (9). 

3. RESULTS AND DISCUSSION 

Soil treatment was carried out with doses smaller than, 

equal to and greater than those usually applied in agriculture. 

Microflora and rhizosphere activities 

Results,summarized in table 1,show that the 8 g dow.of 

sludge / Kg of soil was the most effectivedbse lor microflora 

grow±h and biological activities on the maize rhizosphere as 

also comfirmed by oxygen uptake and protease activity_ 

As protease activity and oxygen uptake show,a gooP mine­

ralization occourred,especial1y when doses of 8 or 16 g of 

sludge / kg of soil were supplied to the soil (table 1 b,c). 

No differences were evidentiated for acid phosphatase ac­

tivity (ta11e 1 d).In regard to the phosphate and nitrate rhi­

zosphere content,no sigQificant differences was assayed for 

phosphate (table 3 a) ,whereas a remarkable loss of nitrate for 

8 g dose was recorded. (table 2 a).The active development of 

microflora,for which the optimal growth conditions were pro­

bably created,may explain this behaviour. 
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Table I 

total microflora and rhizosphere activities after sludge treat­
ment 
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Table II 
Nitrate content and nitratereductase activity (NRA) 
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Table III 
Phospate content in the rhizosphere and in plant 
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EIN FELDVERSUCH ZUR PRUFUNG DER STROH-KLXRSCHLAMMDUNGUNG 

UNTER DEN PRODUKTIONSBEDINGUNGEN DES 

6STERREICHISCHEN MARCHFELDES 

S.M. ULLAH, O.H. DANNEBERG und G. STORCH SCHNABEL 

Forschungszentrum Selbersdorf, Institut fur Landwirtschaft; 

Universitat fur Bodenkultur, Wien, Institut fur Pflanzenbau 

und Pflanzenzuchtung, Versuchswirtschaft GroB-Enzersdorf 

Kurzfassung 

Ein Feldversuch zur Prufung der Stroh- und Klarschlammdungung 
wird in GroB-Enzersdorf, Marchfeld, durchgefuhrt. Er umfaBt die 
Prufglieder: Mineraldungung, Kontrolle (ohne Stickstoff), Stroh­
dungung, bewasserte Strohdungung, Stroh-KlarschlammdUngung, so­
wie Klarschlammdungung. Die Versuchspflanzen sind Winterweizen, 
Winterroggen und Sommergerste. Uber die Ergebnisse des 1. Ver­
suchsjahres 1979 wird berichtet. 
Wahrend der Vegetationsperiode wurden im Abstand von 3 Wochen 
Proben aus den Bodenschichten 0-25 em, 25-60 cm und 60-90 cm 
entnommen und auf den Gehalt an mineralischem Stickstoff unter­
sucht. Die Proben aus der Schicht 0-25 em wurden zusatzlich ei­
ner Humuskomplexanalyse unterworfen. 
Die Ertrage an Weizen, Roggen und Gerste waren durch die Ver­
suchsbehandlung nicht signifikant beeinfluBt. Die im Bodenpro­
fil festgestellten Mengen an pflanzenverfugbarem Stickstoff wa­
ren in der Klarschlamm- und Stroh-Klarschlammparzelle h6her als 
in den mineralgedungten Parzellen und in der Kontrollparzelle. 
Die organische Dungung, besonders die Stroh-Klarschlammdungung, 
erh6hte deutlich den Gehalt an extrahierbaren Huminstoffen. 

Summary 

A field experiment on fertilization with sewage sludge and straw 
is conducted in GroB-Enzersdorf, Marchfeld. Treatments used are: 
Mineral fertilization, control (without nitrogen), application 
of straw, of straw + water, of straw + sludge and of sludge 
alone. Test crops used are winter wheat, winter rye and spring 
barley. The results of the first year (1979) are reported. 

Soil samples were taken every three weeks from depths of 0-25 
em, 25-60 em and 60-90 cm, respectively. These were analyzed 
for mineral nitrogen. Soil samples from 0-25 em were further 
analyzed for extractable humic substances. 

Yields of wheat, rye and barley were not significantly influ­
enced by the treatments. Plots treated with sludge and straw + 
sludge had, however, higher contents of mineral nitrogen and 
extractable humic substances. 

-562-



1. EINLEITUNG 

Der Ausbau der Abwasserreinigung flihrt allenthalben zu steigen­

dem Anfall von Klarschlarnm, der nutzbringend verwertet oder 

auch nur schadlos beseitigt werden muB. Die Verwendung im Land­

bau bedeutet eine Verwertung der im Klarschlarnm enthaltenen, 

manchmal betrachtlichen Mengen an Pflanzennahrstoffen, welche 

auf diese Weise in den natlirlichen Kreislauf zurlickgeflihrt wer­

den. Klarschlamme enthalten vor allem Stickstoff und Phosphor, 

jedoch sehr wenig Kalium (1). Die weltweit stark angestiegenen 

Dlingemittelpreise erhohen das Interesse der Landwirtschaft an 

solchen, betrachtlich billigeren Nahrstoffquellen (2, 3). 

Die Kombination von Klarschlarnm- und Strohdlingung bietet sich 

aus mehreren Grlinden an: Klarschlarnm bringt den zur Strohum­

setzung notigen Stickstoff, welcher dabei immobilisiert und so 

der winter lichen Auswaschung entzogen wird. In der nachfolgen­

den Mineralisierungsphase wird dieser Stickstoff wieder pflan­

zenverfligbar. Die mit dem Klarschlarnm zugleich verabreichte 

Wassermenge reicht aus, urn die Strohumsetzung, die sonst haufig 

durch Trockenheit gehemmt ist, in Gang zu bringen. 

Die glinstige Wirkung der Stroh-Klarschlarnmdlingung konnte in ei­

ner Serie von GefaBversuchen gezeigt werden (4). Sie sollte nun 

auch im Feldversuch unter den Bedingungen eines der Hauptpro­

duktionsgebiete ~sterreichs, des Marchfeldes, liberprlift werden. 

2. VERSUCHSANLAGE 

Der Versuch wurde auf einer Flache der Versuchswirtschaft 

GroB-Enzersdorf der Wiener Universitat fUr Bodenkultur ange­

legt. Die Flache hat die AusmaBe von 100 mal 135 m. Folgende 
Behandlungen waren vorgesehen: 

1.) Mineraldlingung (P-K mineralisch + 100 % N mineralisch) 

2.) Kontrolle (P-K mineralisch, ohne Stickstoff) 

3.) Strohdlingung (P-K mineralisch + 160 % N mineralisch + Stroh) 

4.) bewasserte Strohdlingung (P-K mineralisch + 160 % N minera-

lisch + Stroh + 200 m3/ha Wasser) 

5.) Stroh-Klarschlarnmdlingung (P-K mineralisch + So % N minera­

lisch + Stroh + 200 m3/ha Klarschlamm) 

6.) Klarschlarnmdlingung (P-K mineralisch + So % N mineralisch + 
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+ 200 m3/ha Klarschlamm). 

Urn die erwarteten UngleichmaBigkeiten des Bodens auszugleichen, 

wurde der Versuch nach der Standard-Methode angelegt. Als Stan­

dard wurde die Behandlung 1 zwischen jede der anderen Behand­

lungen eingeschaltet. Es ergaben sich so insgesamt 11 Parzel­

len, die als Langparzellen von 8 m Breite, durch einen Streifen 

von 0,4 m Breite von einander getrennt, angelegt wurden (5). 

Das Versuchsfeld wurde zu je einern Drittel mit Winterweizen, 

Winterroggen und Sommergerste bestellt. Diese Frlichte sollen in 

einer dreigliedrigen Rotation aufeinanderfolgen, sodaB nach 

drei Jahren jeder Schlag einmal die gesamte Fruchtfolge durch­

laufen hat. 

Winterweizenstroh wurde in Mengen von 5.000 kg/ha in gehacksel­

tern Zustand auf die Stoppeln der Vorfrucht Durumweizen ausge­

bracht. Phosphor und Kalium wurden als DC45 in Mengen von 700 

kg/ha gestreut. Klarschlamm wurde aus der nachstgelegenen Klar­

anlage Deutsch-Wagram bezogen und mit einern Glillewerfer m6g­

lichst gleichmaBig auf der Par zelle verteilt. Die Anwendungs­

menge betrug 200 m3/ha entsprechend 20 mm Niederschlag. Auf die 

gleiche Weise wurde Wasser ausgebracht. Die Behandlungen 3 und 

4 erhielten gleichzeitig 50 kg Reinstickstoff als N-Ausgleich 
zur Strohdlingung. 

AIle Behandlungen auBer der Behandlung 2 erhielten eine Mine­

ralstickstoffgabe von 45 kg N im FrUhjahr. Die Behandlungen 1, 

3 und 4 erhielten zum Schossen eine zweite Stickstoffgabe in 

der gleichen H6he. 

Zur Ernte wurden aus jeder Langparzelle 8 Wiederholungen mit 

einern Parzellenmahdrescher von 1 ,25m Schnittbreite gewonnen. An 

getrennten Flachen wurde die Bestandesdichte und die Kornzahl 

pro Xhre ermittelt. tiber die Ergebnisse des 1. Versuchsjahres 

1979 wird berichtet. 

3. 'ZUSXTZLICHE UNTERSUCHUNGEN 

Im Abstand von 3 Wochen wurden wahrend der gesamten Vegetation~ 

zeit Bodenproben aus den Tiefen 0-25, 25-60 und 60-90 cm ent­

nommen, unverzUglich 1ns Labor transportiert und dort sofort 

auf den Gehalt an Mineralstickstoff (6) untersucht. Die Bestim-
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mung erfolgte durch Extraktion mit 2 N KCI und anschlieBende 

Wasserdampfdestillation mit MgO und Devarda'scher Legierung (7). 

Der Rest der Bodenproben aus 0-25 em Tiefe wurde bei 500 C ge­

trocknet und im Ktihlraum zur Humuskomplexanalyse aufbewahrt. 

Diese erfolgte nach der Methode von DANNEBERG u. SCHAFFER (8) 

durch ersch5pfende Extraktion der Huminstoffe mit einemkomplex­

bildenden Ionentauscher und Wasser, Trennung des Extraktes in 

die Fraktionen Fulvosauren, Braunhuminsauren und Grauhuminsau­

ren und Messung der Eigenfarbung dieser Fraktionen bei 400 nm 

in gepufferter L5sung bei pH ~ 10,0. 

4. ERGEBNISSE UND DISKUSSION 

Der Mineralstickstoff im durchwurzelbaren Teil des Bodenprofils 

war die ganze Vegetationszeit tiber in betrachtlichen Mengen 

vorhanden: 1m FrUhjahr wurde zwischen 90 und 150 kg N/ha fest­
gestellt, am Ende der Vegetationszeit immerhin noch 60-80 kg. 

Diese Stickstoffmengen stammten sowohl aus der mineralischen 

und organischen Dungung als auch aus der Nachlieferung durch 

den Boden selbst. Die Abnahme im Laufe der Vegetationszeit 

(Abb. 1) ist vor allem auf die N-Aufnahme durch die Kultur zu­

ruckzufuhren. Sie ist bei Weizen und Gerste deutlich, bei Rog­

gen jedoch wenig ausgepragt. M5glicherweise ist dies auf die 

geringeren Stickstoffanspruche der verwendeten alteren Roggen­

sorte (Tschermaks yom Marchfeld) zuruckzufuhren. Ebenso sind 

die Unterschiede der Behandlungen nur unter Gerste und Weizen, 

nicht jedoch unter Roggen statistisch zu sichern. Unter Weizen 

zeigt die Stroh-Klarschlammdungung einen Gehalt an Mineral­

stickstoff, der den der Standardparzellen ubersteigt. Bei Ger­

ste ist dies nur am Beginn der Vegetations zeit der Fall, spater 

verschwindet der Unterschied. Die hohe Eigenmineralisierung des 

Bodens zeigt die Kontrollparzelle: Sie ergibt nur unter Gerste 

signifikant niedrigere N-Gehalte als die mineralgedungten Stan­

dardparzellen (Tabelle I). 

Die Ertrage ergaben bei allen drei Kulturen keine signifikanten 

Unterschiede. Desgleichen wiesen die Ertragsparameter, die Be­

standesdichte, die Kornzahl pro Xhre und das Tausendkornge­

wicht, keine den Versuchsfehler lihersteigenden Unterschiede auf. 
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Auch die Ertrage der Kontrollparzelle lagen nicht signifikant 

niedriger. Daraus laBt sich folgern, daB nach einem Jahr ohne 

jede Stickstoffzufuhr die Eigenmineralisierung des Bodens noch 

ausreicht, urn einen rneBbaren Ertragsabfall zu verhindern. Dem­
entsprechend konnten die anderen Behandlungen, die sich im we­

sentlichen in ihrem Stickstoffangebot unterscheiden, ebenfalls 

keinen meBbaren EinfluB auf den Ertrag haben. Es ist zu erwar­

ten, daB Ertragsunterschiede erst nach mehreren Versuchsjahren 

meBbar werden. 

Das Huminstoffsystem dieses Bodens, eines Tschernosems auf 

Feinsedirnent, besteht vorwiegend aus Grauhuminsauren; sie ma­

chen zwischen 60 und 66 % des Huminstoffsystems aus (Tab. II). 

Der Anteil der Braunhuminsauren liegt zwischen 24 und 29 %, der 

der Fulvosauren bei etwa 10 %. Diese Zahlen entsprechen weit­

gehend frliher gemessenen Werten eines ahnlichen Tschernosems 

(8). Deutlich ergibt sich ein EinfluB der Behandlungen: Wie 

Tabelle III zeigt, steigert vor allem die Klarschlamm- und die 

Stroh-Klarschlammdlingung die Menge der extrahierbaren Humin­

stoffe. Besonders die Grauhuminsauren werden meBbar erh6ht. 

Dies steht im Einklang mit frliheren, in einem GefaBversuch er­

zielten Ergebnissen(9). 

Klarschlamm- und Stroh-Klarschlammdlingung vermochten also so­

wohl den wesentlichen Teil des Bodenhumus, die Huminstoffe, zu 

erh6hen als auch den pflanzenverfligbaren Stickstoff - trotz 

Einsparung der halben Mineralstickstoffgabe - zu steigern. Ein 

EinfluB auf den Ertrag jedoch zeigte sich nicht, da das Stick­

stoffangebot des Bodens allein schon ausreichte, urn den H6chst­

ertrag zu erzielen. 
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Tabelle I 

Unterschiede des im Bodenprofil der Behandlungen im Mittel 

der Zeit enthaltenen Mineralstickstoffs zu jenen der 

mineralgedUngten Standardparzellen (in kg N/Ha) 

Behandlung 

(MineraldUngung) 

2 (Kontrolle) 

3 (StrohdUngung) 

ww 

0,00 

- 7,33 

3,75 

4 

5 

6 

(bewasserte StrohdUng.) - 2,25 

(Stroh-KS-DUngung) 11,25 

(KlarschlammdUngung) 7,42 

GD 5 % 11,69 

Tabelle II 

WR 

0,00 

-13,25 

- 3,58 

- 5,92 

0,50 

2,50 

13,53 

SG 

0,00 

-10,50 

5,83 

3,33 

5,33 

- 9,50 

10,41 

Die Zusammensetzung des Huminstoffsystems im Mittel aller 

Behandlungen und Zeitstufen (in OD/g Boden) 

ww WR SG 

Fulvosauren FS 7,43 10,2 % 7,08 10,2 % 6,97 '10,0 % 

Braunhuminsauren BHS 17,61 24,2 % 20,02 28,9 % 19,34 27,8 % 

Grauhuminsauren GHS 47,59 65,5 % 42,27 60,9 % 43,30 62,2 % 

Summe 72,93 99,9 % 69,37 100,0 % 69,61 100,0 % 
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Tabelle III 

Unterschiede der Gehalte der Behandlungsparzellen an 
extrahierbaren Huminstoffen zurn Gehalt der 

rnineralgedUngten Standardparzellen (Angaben in OD/g Boden) 

Sornrnergerste Winterroggen 

Bah. 2 3 4 5 6 Bah. 2 3 4 5 6 

FS 0,06 0,33 0,55 0,23 0,60 FS 0,33 -0,31 0,20 0,67 0,56 

BIIS 0,08 0,56 0,64 0,58 0,54 BHS 0,00 0,30 0,82 0,99 1,24 

GHS 0,45 0,67 1,47 2,58 4,71 GHS -0,05 -0,60 2,80 5,51 3,98 

SUI1Il19 0,59 1,56 2,66 3,39 5,85 SUI1Il19 0,28 -0,61 3,82 7,17 5,78 

G05% 1,14 G05% 1,53 

Abbildung 1 

kgN/ha 

150 

100 

50 

III 

Winterweizen 

Bah. 2 3 

FS 0,37 0,10 

BHS -0,12 0,61 

GHS -1,04 1,64 

SUI1Il19 -0,79 2,35 

GO 5 % 

SG 

ww .... , 

..... ' ..... , 
.~x ......... 

./ 
---------/ 

WR 

IV VI 

4 5 

0,49 1,04 

1,17 1,32 

2,14 2,81 

3,80 5,17 

1,17 

VII 

6 

0,28 

1,24 

2,86 

4,38 

Gehalt an Mineralstickstoff im Boden im Mittel aller 
Behandlungen (in kg N/ha) 

-568 -



THE USE OF SLUDGE IN HORTICULTURE AND AGRICULTURE 

O. VERDONCK, D. DE VLEESCHAUWER AND M. DE 800DT 

Laboratory of Soil Physics, Soil Conditioning and Horticulture Soil Science, 

Faculty of Agriculture, University of Gent 

Sludge from the waterpurification plants contains high quantities of 
organ; c matter so be; n9 worth to be ; nvesti gated on it' s va lue as hart;­
cultural substrate. Horticultural substrates mainly consist out of peat, 
pine litter or bark. These products becoming more and more expensive, 
it is likely to mix them with sludge in order to become a high quality 
product, which can be used as well as the classical horticultural sub­
st rates. 

Before using sludge in substrates, it must be composted. This can be 
done together with bark as only composted bark can be used in substrates. 
The quantity of sludge which can be mixed up with bark is depending on the 
water - air relationship, therefore the physical properties of different 
mixtures will be investigated. 

Those mixtures with good physical properties will then be tested out as 
horticultural substrates with different ornamental plants. The growth 
resuLts will be discussed in comparison with these from the normal used 
substrates as peat, pine litter and bark. 

1. INTRODUCTION 

Surface waters are contaminated with more and more organic and inorga­

nic waste from industries and sewage waters. Therefore in every town or pla­
ce with industrial concentration, purification plants are or will be intro­
duced. These plants are producing high quantities of sludge. That's the rea­

son why we are looking for the valorization of this sludge in horticulture 
and agriculture. 

The existing and planned capacity of the purification plants in 

Belgium is given in Tabel 1, expressed as inhabitant-equivalent (I.E.). 
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Table 1. Capacity of the waterpurification plants in Belgium in LE.(situ­

ation in 1978). 

Province In use In preparation 

East-Flandern 144.500 1.010.000 

West-Fl andern 79.000 770.000 

Antwerp 297.500 1.411.000 

Limburg 255.500 697.000 

Flemish Brabant 45.500 60.000 

French Brabant 24.000 580.000 

Hainaut 435.000 1. 756.000 

Namur 45.000 515.000 

Liege 140.000 310.000 

Luxembourg 14.000 143.000 

Total 1.480.000 7.252.000 

8.732.000 I.E. 

From the results of table 1 and taking into account a mean production 

of 15 kg D.H./LE./year of sludge, the total production of sludge (dry mat­

ter) can be cal culated. 

The excisting purification plants are producing about 22.000 tons of dry ma­

terial which can increase to more than 100.000 tons in the near future. 

2. CHEHICAL COMPOSITION 

In our experiments 2 different sludges are used. The first one is co­

ming from the water purification plant of a papermill and is containing 

practical no nitrogen. The second one is from a plantthat is purifying the 

sewage water. This kind of sludge is very rich in organic nitrogen. 

Table 2 gives the chemical composition. 

3. COMPOSTING EXPERIHENTS 

The composting experiments are carried out in a laboratory composting 

simulator. Cappaert et al. (1976) described this apparatus (foto 1). 

Different mixtures of bark and sludge are composted with different 

amounts of mineral nitrogen· (urea). The results are given in Table 3 and 4. 
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Table 2. Chemical composition of the 2 sludges in comparison with pine bark. 

Chemical composi tion Sludge Sludge Pi ne bark 
ri ch inN poor in N 

pHH 0 7.31 7.61 6.37 
2 

Ec (].IS 1/25) 900 470 240 

% org. matter 62.0 66.7 93.2 

% moisture content 70 - 75 65 - 75 60 - 70 

% N 4.63 0.51 0.59 

% C 34.4 33.7 51.8 

C/N ratio 7.4 66.0 88.0 

Elements in ppm 

Ca 40.000 1.650 12.500 

Mg 3.376 753 958 

P 16.000 1.517 587 

K 1.025 1.650 2.000 

Na 18.000 1.250 265 

Fe 7.530 2.438 2.458 

Mn 183 243 416 

Zn 2.462 129 188 

Cu 247 99 9 

Pb 580 30 18 

Ni 19 6 

Cd 8 

Co 4 <2 <2 
Cr 22 12 5 

These results i ndi ca te that both sludges can be used wi thout danger in 

horticultural substrates and as organic soil conditioner. 
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Photo 1. The composti ng simul ator. 

2. Flowmeters 7. El ectromagneti c valves 

3. Composting 9. Electronic regulator 

4. Heati ng system 10. Samp ii ng valve 

5. Cool ers 12. Gaschromatograph 

6. Refri gerator 13. Recorder + Pri nter 

Table 3. Oxygen consumption of the mixtures of N-rich sl udge with bark. 

N-addition Mixtures ba rk/ sludge 
in % 

100/0 95/5 90/10 80/20 60/40 20/80 

0 103 142 195 190 

0.25 138 150 190 222 290 

0.50 134 139 199 219 279 

0.75 100 

-572 -



Table 4. Oxygen consumption of the mixtlllres of N-poor sludge with bark. 

N-addition Mixtures bark/sludge 
in % 

100/0 95/5 90/10 80/20 60/40 20/80 

0 44 50 59 76 91 

0.25 83 85 89 85 77 

0.50 95 98 104 96 87 

0.75 100 97 103 106 95 87 

1.00 109 108 112 105 87 

From the results of table 3 and 4 the following can be conc 1 uded : 

- When the sludge is containing high amounts of nitrogen the oxygen consump­

tion is much more higher than the control (pine bark + 0.75% N) in all the 

mixtures. 

,- 111e ratio bark/sludge (rich N) 20/80 with addition of 0.25% N gives the 

ilestresults. 

The sludge coming from the papermill gives practically no difference with 

the bark; all the mixtures give the same results when 0.50, 0.75 and 1.00 

% N is added; only the ratio bark/sludge 20/80 gives slightly minor re­

sults. , 

- Following conclusions can be drawn : 

- for horticultural substrates sludge up to 40% can be added 

- for organic soil conditioners sludge up to 80% can be added 

- the addition of nitrogen for optimal composting is different for both 

sludges: 0.25% N has to be added when N-rich sludge is used, 0.75% N 

has to be added when N-poor sludge is used. 

5. PHYSI CAL PROPERTIES OF MIXTURES 

It is very important to kl'lOw if the water and air relationship in the 

different mixtures is changing when high amounts of sludge are added. 

The results of the physical properties of different mixtures are given in 

table 5. 

Figure 1 gives the water release curve of 4 mixtures. From the results 

of table 5 and figure I, it can be said that: 

- the bulk density is increased from 120 kg/m3 to about 150 kg/m 3 

- the water- and air econoll\Y is not changed by mixing sludge to bark. 

Only an increase of the vol % of water at the different tensions is obser­
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ved but the easily available water is not changed. only the volume % of air 

is slightly decreased. 

As conclusion. we can say that by mixing sludge with bark up to 50%. 

the physical properties don't change. 

Table 5. Physical properties of different mixtures. 

Mixtures BD(If) RD TPS Volume water at Vol % EAW 

9/cm3 9/cin3 10cm 50cm 100cm air 

Bark 0.120 1.60 92.4 ,35.7 29.4. 28.3 56.7 6.2 

Bark + 

10% sludge 0.140 1.56 91.0 43.6 36.7 35.7 47.3 6.8 

20% sludge 0.147 1.63 90.8 44.3 38.7 37.3 46.4 5.6 

50% sludge 0.150 1.65 91.1 42.5 36.7 35.2 48.5 5.B 

BD ; bul k density 

RD ; real density 

EIIN easily available water 

WBC waterbuffering capacity 

TPS ; total pore space 

tOO VoI"t. 

80 

" "* BARI( 

X BARI<. 10"'" SLUDGE 

o BARK. 2S"" SLL[lGE 

+ BARK. 50"10 SLUDGE 

" 

" 

Figure 1. Waterrelease curve. 
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6. GROWING EXPERIMENTS 

The mixtures of bark and sludge have been tested out during the last 4 

years. The results are excellent when mixtures of bark with sludge (up to 

50%) are used. Table 8 contains the results of some experiments. 

Table 8. Growth results of plants in mixtures bark/sludge 

Substrate Kind of plant Height Number of Width of the 
in cm leafs biggest leaf 

Bark Fatshedera 60.6 20.2 

,:Bark + 10% sl udge 55.7 18.8 

Bark + 20% sl udge 52.3 17.9 

Bark + 50% 51 udge 54.2 20.4 

Pine 1 eaf mou1 d Aralia 57.0 30.2 
e1egantissima 

Bark 59.4 31.8 

Bark + 10% sl udge 58.5 29.5 

Bark + 20% sludge 54.5 29.3 

Bark + 50% sludge 58.7 30.5 

Pi ne 1 eaf mou1 d Di effenbachi a 62.3 15.3 
exoti ca 

Peat 62.3 15.5 

Bark 63.3 16.4 

Bark + 10% sl udge 62.4 13.9 

Bark + 20% sl udge 61.6 14.4 

Pine leaf mould Vri esea sp 1 endens 39.2 13.6 5.4 

Peat 35.0 13.1 5.0 

Bark 33.3 12.7 4.9 

,JBark + 10% sl udge 36.3 13.3 5.1 

Bark + 20% 51 udge 37.4 13.8 5.4 

Pi ne leaf mould Vriesea sp1endens 40.1 13.3 3.9 

Peat "De Meyers Favorite" 46.5 14.0 4.5 

Bark 43.0 14.3 4.2 

Bark + 10% sl udge 44.3 13.9 4.4 

Bark + 20% sl udge 43.9 14.3 4.4 

Bark Monstera de1iciosa 80.5 6.5 

JBark + 10% sl udge 96.0 7.5 

Bark + 20% sludge 93.6 7.4 
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In photo 2 f>tlnstera plants grown in bark + 20% sludge are shown. 

These results (Tablll 6) show that substrates made from bark and sludge 

can be used as horticultural subs·trates. 

Photo 2. f>tlnstera del iciosa grown in bark + 20% sludge 

7. _CONCLUSION 

The analytical results of the two studied sludges give an idea about 

the possibilities of use and also if any element is present in high amounts 

Therefore it is necessary that sludge before using it, is analysed in order 

to prevent diffi culties. 

The composting experiments showed that there is a difference in adding 

mineral nitrogen. For sludge rich in N only 0.25% mineral nitrogen has to 

be added for optimal composting, this in contrast with the sludge coming 

from the papermill, where 0.75% N has to be added. 

From the results of the growth experiments, we can see tha t sludge can 

be mixed up to 20% can in some cases up to 50%. These mixtures can be used 

as horticultural substrates. 

Knowing that yearly about 250.000 - 300.000 m3 of good substrates are used 

in Bel;gium we can say that a great deal of these waste products can be uti­

lized in substrates so that the waste management problems can be solved in 

an envi ronmently mi nded manner. 
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DIE LANDWIRTSCHAFTLICHE VERWERTUNG VON KUIRSCHLAMM IN OSTERREICH 

Summary 

H.A. SUPERSPERG 

o. Univ. Prof. am IJlstitut fUr Wasserwirtschaft 

Abteil ung Landwi rtschaftl i cher Wasserbau 

Universitat fUr Bodenkultur in Wien 

Until about 1970 there were scarcely any problems in connexion with sewage 
sludge in Austria. The extensive construction of sewage plants, however, 
lead to difficulties with the sewage sludge, especially in conurbations. 

This development is reflected also by the range and state of the research. 
The first field tests were carried out according to the model of the 
Niersverband, Viersen,BRD, with the aim to find a solution of the sewage 
sludge problem of the main sewage plant of Vienna. 

Subsequently it were the Landwi rtschaftl i ch-chemi sche Bundesansta It in 
Vienna and L inz, the Institut fUr Landwirtschaft of the Osterr. Studien­
gesellschaft fUr Atomenergie in Seibersdorf and some other institutions 
beside the Institut fUr Wasserwirtschaft of the Universitat fUr Boden­
kultur in Vienna that dealt with the questions of the effects of nutrients, 
the straw- sewage sludge-fertil isation, the composting of sewage sludge etc. 
At all pot and field tests also the negative effects of sewage sludge were 
studied, including also the heavy metal problems. 

According to our present state of knowledge the agricultural use of slight­
ly contaminated sludges of mostly communal sewage plants proves rather suc­
cessful during a limited period of time. 

Future researches will not only have to deal with the effects of nutrients 
on different sites and catchment areas but also with ecological and hy­
gienic effects of the contents and harmful substances within the sewage 
sludge on our environment. 

-578 -



1. ElNLEITUNG 

Urn den Anforderungen des Umweltschutzes - insbesondere des Gewasser­

schutzes - Rechnung zu tragen,mUssen die Abwasser ·vor ihrer Einleitung in 

die Gewasser so gut wie nKiglich gereinigt werden. Je weiter die klilr­

techni sche Behandl ung von Abwassern geht, umso groi3er i st dabei der Anfa 11 

von Klarschlamm. 

Der Vielfalt unterschiedlicher Behandlungsverfahren von Klilrschlammen 

stehen zu deren endgUltiger Beseitigung aber nur wenige wirtschaftlich 

und okologisch vertretbare Alternativen gegenUber, narnlich die Deponie auf 

dem Land oder eingeschrankt im Meer und die Abgabe an die Land- und Forst­

wirtschaft. 

2. LANDWIRTSCHAFTLICHE VERWERTUNG VON KUIRSCHLAMM 

Bis etwa 1970 gab es in tlsterreich kaum Probleme mit Klarschlamm. Die vor­

handenen Klaranlagen konnten vorerst ihren Schlanm speichern oder grtii3ten­

teils in der Landwirtschaft unterbringen. War die Speicherkapazitat Uber­

schritten, hat man im einen oder anderen Fall den Klarschlanro kurzerhand 

in den Vorfluter abgelassen. 

Die Entwicklung der Anzahl der kommunalen Klaranlagen fUr mehr als 1000 

EGW in der Tab. I veranschaul icht diese Situation. Von 1960 bis 1970 haben 

sich zwar die Anzahl der Klaranlagen und die der angeschlossenen Ein­

wohnergleichwerte verzehnfacht. Der Klarschlamm wlf/"de aber erst infolge 

des raschen Ausbaues der Klaranlagen zwischen 1970 und 1980 zu einem 

gewi ssen Problem. 

Nach Schatzungen von W.v.d.EMDE liegen die Bruttoeinwohnergleichwerte der 

Industrie in Osterreich bei rd. 17,0 Mio. (2). Einschliei3lich der Bevol­

kerung kann man daher mit rd. 25 Mio. EGW rechnen, wovon derzeit etwas 

mehr als die Halfte an vollbiologische Klaranlagen angeschlossen sind. 

Der Stand der Forschung im Bereich der landwirtschaftlichen Verwertung 

von Klarschlamm spiegelt die Situation in tlsterreich ebenfalls wider. In 

der Bestandsaufnahme der Okosystemforschung in Osterreich von CABELA, 

-579 -



, ~ 1!l
 , 

T
ab

. 
I 

A
nz

ah
l 

d
er

 
ko

m
m

un
al

en
 

K
la

ra
n

la
g

en
 

(>
 

10
00

 
EG

W
) 

m
it

 a
n

g
es

eh
lo

ss
en

en
 

p
ro

je
k

ti
e
rt

e
n

 E
GW

 
(e

in
se

h
l.

 
G

ew
er

be
 

un
d 

In
d

u
st

ri
e
) 

im
 

E
nd

au
sb

au
 

o
d

er
 

in
 

B
et

ri
eb

 
(1

) 

A
rt

 d
er

 b
io

lo
g

is
eh

en
 A

nl
ag

en
 

Ja
h

r 

A
nz

. 
EG

W
 

19
60

 
1 

1
.0

0
0

 

19
65

 
7 

8
0

.0
0

0
 

19
70

 
75

 
66

0.
00

0 

19
75

 
95

 
78

0.
40

0 

19
80

 
12

5 
4

.0
9

4
.7

0
0

 

Be
 1

 eb
un

gs
an

 1 
ag

e 

T
ro

p
fk

ti
rp

er
an

 1 a
ge

 

2 

A
nz

. 
EG

W
 

A
nz

. 

10
 

79
.6

00
 

17
 

1
0

0
.0

0
0

 

44
 

1
9

6
.0

0
0

 

51
 

21
8.

20
0 

18
 

68
 

28
0.

50
0 

14
7 

3 

EG
W

 

1
2

8
.2

0
0

 

57
1.

 4
00

 

3 
B

io
lo

g
is

eh
e 

A
nl

ag
e 

oh
ne

 
n

ah
er

e 
A

ng
ab

e 
d

es
 

S
ys

te
m

s 

Su
m

m
e 

d
er

 b
i a

 l.
 

M
ee

ha
ni

 s
eh

e 
Su

m
m

e 
d

er
 b

 i a
 l.

 

A
nl

 a
ge

n 
A

nl
ag

en
 

u
. 

m
ee

h.
 A

nl
ag

en
 

A
nz

. 
EG

W
 

A
nz

. 
EG

W
 

A
nz

. 
EG

W
 

11
 

8
0

.6
0

0
 

20
 

8
2

.5
0

0
 

31
 

1
6

3
.1

0
0

 

24
 

18
0.

00
0 

63
 

34
9.

80
0 

87
 

52
9.

80
0 

11
9 

85
6.

00
0 

11
0 

84
5.

00
0 

22
9 

1
.]

0
1

.0
0

0
 

16
4 

1
.1

2
6

.8
0

0
 

14
1 

9
5

2
.5

0
0

 
30

5 
2

.0
]9

.3
0

0
 

34
0 

4
.9

5
6

.6
0

0
 

14
9 

1
.4

4
9

.0
0

0
 

48
9 

6
.4

0
5

.6
0

0
 

D
ie

 
Z

ah
le

n 
b

er
u

h
en

 a
u

f 
E

rh
eb

un
ge

n 
b

ei
 

W
as

se
rr

ec
h

ts
v

er
h

an
d

lu
n

g
en

 b
zw

. 
be

im
 W

as
se

rw
ir

ts
eh

af
ts

fo
n

d
s.

S
ie

 
si

n
d

 a
ls

 

K
ap

az
it

at
 

zu
 

w
er

te
n

. 



HORAK und LEUKER wurden vom Institut fUr Wasserwirtschaft, Abt. Landwirt­
schaftlicher Wasserbau, der Universitat fUr Bodenkultur ein Forschungsvor­
haben und von der Landwi rtschaftl i ch-chemi schen Bundesversuchsans ta It in 
Wien zwei Forschungsvorhaben genannt (3). 

1m Forschungskonzept "RecycTingforschung von tlsterreich" wurden dagegen 
schon 17 Forschungsvorhaben angefUhrt, wobei im Arbeitskrei s 2.5. 
Recycl ing in der Land- und Forstwirtschaft, 34 Fachleute aus drei Bundes­
ministerien, zwolf Universitatsinstituten, vier Bundesanstalten, einer 
Landesregi erung, anderen staatl i chen und privaten Insti tuti onen sowie aus 
der Industrie kamen (4). Von den 17 Forschungsvorhaben behandelten zehn 
die direkte Einbringung yon flUssigen oder mechanisch entwasserten Klar­
schlammen in den Boden. Die weiteren sieben beschiiftigten sich mit Kom­
postierung von Kliirschlammen, meistens gemeinsam mit HausmUll. zur Her­
stellung von DUngemitteln. 

2.1 VERSUCHE UND UNTERSUCHUNGEN ZUR LANDWIRTSCHAFTLICHEN VERWERTUNG 
VON KLIIRSCHLIIMMEN 

Die ersten Feldversuche mit Nai3schlamm in tlsterreich wurden als Beitrag 
zu einer miiglichen Ltisung des Schlammproblemes der Hauptklaranlage in Wien 
zwischen 1968 und 1973 in Laxenburg auf einem schweren, trockengefallenen 
Auboden mit 60 bis 90 % Schluff- und Rohtongehalten in der Krume durchge­
fUhrt (5, 6). Verwendet wurde dabei ausgefaulter Schlalllll derKlaranlage 
Baden, dessen wertbestimmenden Inhal tsstoffe in Tab. II zusammengestell t 
sind. 

Die Feldversuche in Laxenburg sollten folgende Fragen kHiren: 
Auswi rkung von Kl arsch 1 ammgaben auf Ertrag und Qua 1 itat 
von FeldfrUchten im Vergleich zur MineraldUngung, 
Auswirkungen auf den Bodenchemismus und die Bodenstruktur. 
wel cher Beschlalllllungsturnus und welche Beschlammungsfrucht­
folge konnen im Hinblick auf eine kontinuierliche Schlamm­

ausbringung empfohlen werden. 

In den Jahren 1971 und 1972 wurde zusatzlich ein mittelschwerer Boden in 
Leopoldsdorf im Marchfeld in das Versuchsprogramm mit einbezogen, wobei 
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Tab. 11 Wertbestimmende lnhaltsstoffe des ausgefaulten Sch 1 anunes der 

KA. B.aden (1968 - 1972) 

Inhaltsstoff Max. MitteJ Min. 

Wassergehalt Gew. % 98,5 97,3 94,7 

Trockensubs tanz (TS) Gew. % 5,3 2,7 1,5 

Org. Substanz % TS 63,5 51,2 36,6 

Ges. - N % TS 8,5 6,3 3,4 

Ges. ~ P205 % TS 3,3 3,0 2,6 

K20 % TS 0,5 0,5 0,4 

CaO % TS 3,6 2,6 2,0 

C/N - Verhiiltni s 6,6 4,9 3,1 

vor a11em die Stickstoffwirkung des Faulschlammes geprUft werden sol1te. 

Ab Versuchspflanzen in laxenburg und leopoldsdorf wurden Sommergerste, 

Winterweizen, ZuckerrUbe, KOrnermais, Erbsen und grUne Bohnen verwendet. 

Parallel dazu wurde von KOCHl auf den Versuchsfliichen der landwirtschaft-

1 i ch-chemi schen Bundesans ta 1 t Wi en in Fuchsenbi gl mit Versuchen beg onnen , 

die teilweise bis heute fortgefUhrt werden (7). 

Am Institut fUr Pflanzenbau und PflanzenzUchtung der Universitiit fUr 

Bodenkultur wurden unter der leitung von STEINECK zur gl ei chen Zeit Ge­

fiiBversuche mit ZuckerrUben und Sorrrnergerste angeste 11 t, wobei der ver­

wendete Kl iirsch 1 amm eben fa 11 s aus Baden s tarrrnte. 

Die Versuchsschwerpunkte lagen auch hier auf der Niihrstoffwirkung des 

Kl arsch 1 ammes hi ns i chtl; ch der Makronahrstoffe N und P 205 aber auch der 

Mikroniihrstoffe bzw. der Schwermetallproblematik. 

Wegen einer geplanten miiglichst kontinuierlichen Schlarrrnabgabe nach dem 

Modell des Niersverbandes wurden bei den laxenburger Versuchen NaBschlamm­

gaben von 400 und 600 m3/ha im jiihrlichen bis vierjiihrlichen Turnus mit 

GU11eregnern vor der Herbstackerung mit und ohne K20-ZusatzdUngung aufge-

- 582-



braeht und eingearbeitet. 1m FrUhjahr wurden zu verseniedenen Terminen ein­

malige Schlammgaben yon 300 oder 400 m3!ha je naeh Fruehtart als KopfdUn­

gung, ebenfalls mit und obne K20, verregnet. 

Aus pflanzenbaulieher Sieht stellte sien der N-Gehalt des Faulsehlammes als 

begrenzender Faktor heraus. Zu hohe, zu haufige und zu spate Sehlammgaben 

fUhrten zu Ertragsdepress i on en und Qua 1 i tatsei nbuJ3en. 

Oi e Ri ehtwerte fUr Sti ekstoff- und PhosphorsaureentzUge naeh Seh 1 ammgaben 

im Herbst mit einer entspreehenden KalizusatzdUngung sind in Tab. III 

zusammerygestell t. 

Tab. III Riehtwerte fUr N- und P205-EntzUge mit K20-ZusatzdUngung im 

Herbst bei einem dreijahrl iehen Besehlammungsturnus. 

600 m3/ha FS 400 m3/ha FS 

Jahr Fruehtart Frueht Erntegut Frueht Erntegut 

kg/ha % kg/ha % kg/ha % kg/ha % 

Nges . in der Seh 1 ammenge 1. 020 kg/ha 680 kg/ha 

1969 ZuekerrUben 180 17,6 125 12,3 170 25,0 115 16,9 

1970 Sommergerste 95 9,3 80 7,8 96 14,1 76 11,2 

1971 Erbsen-Bohnen 56 5,5 30 2,9 79 11,6 41 6,0 

Summe 235 23,0 232 34,1 

P205 in der Seh 1 ammenge 382 kg/ha 255 kg/ha 

1969 ZuekerrUben 67 17,5 48 12,6 65 25,5 47 18,4 

1970 Sommergerste 45 11,8 40 10,5 45 17,6 38 14,9 

1971 Erbsen-Bohnen 13 3,4 6,8 1,8 18 7,1 9,5 3,7 

Summe 94,8 24,9 94,5 37,0 

KoeHL fand in Fuehsenbigl eine ahnliehe VerfUgbarkeit der im Klarsehlamm 

enthaltenen Pflanzennahrstoffe, wenn im Anwendungsjahr eine Haekfrueht, 

z.B. ZuekerrUbe, und irn Folgejahr Getreide angebaut war. Etwas geringere 

Entzugswerte ergaben s i eh fUr di e Fruehtfo 1 ge Getrei de - Haekfrueht (7). 

Bei einern allfalligen Vergleieh der angefUhrten Werte ist zu bedenken, daB 

in Tab. III die natUrliehe Naehlieferung des Bodens enthalten ist. 
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Die bodenphysika1ischen Auswirkungen hingen von der Anzah1 der Sch1ammgaben 

bzw. den Mengen an aufgebrachter Trockensubstanz (TS) abo 

Na~sch1ammgaben im FrUhjahr erhohten die Bodenfeuchte bis zu 6 Wochen. Die 

Herbstapp1 i kation hatte keinen me~baren Einfl u~ auf den Bodenfeuchtever1 auf 

in der nachsten Vegetationsperiode. Die jahr1iche Besch1ammung mit 600 m3/ha 

mit zusammen 71,6 t/ha TS bzw. 40,0 t/ha org. Substanz fUhrte zu keiner 

Veranderung der Kornverteil ung, des spez .Gewi chtes und der Kons i stenzgren­

zen nach ATTERBERG. Die Trockenraumdichte, das Porenvo1umen und die Poren­

verteilung der bearbeiteten Bodenschichte wurden dagegen negativ beeinf1u~t 

(Zunahme der Feinporen, Abnahme von nK). 

Die untersuchten bodenchemi schen Parameter wurden durch zwei Sch1ammgaben 

wenig oder nur zeitwei1ig,durch fUnf Sch1ammgaben deut1ich verandert. Ge­

ri nge Auswi rkungen zei gten s i ch beim pH-Wert, zei tweil i ge bei der e 1 ek­

tri schen Leitfahi gkei t, deut1 i che Erhohungen bei Na und den Pf1 anzennahr­

s toffen N und P 205. 

Grundwasseruntersuchungen unter hochbesch 1 ammten F1 achen wi esen auf ei nen 

Anstieg der EL, der Na-, C1- und N03-Gehalte sowie der Gesamtharte hin, 

wahrend die Temperatur, die pH-Werte, die NH4- und P205-Gehalte sich nicht 

anderten. 

A11e Beobachtungsvarianten fUhrten nach fUnf Versuchsjahren zu einer unter­

schi edlichen Erhohung des Humusgeha ltes. 

Schwermeta 11 untersuchungen in Pf1 anzen und im Boden zei gten kei ne wesent­

lichen Unterschiede. Vertretbare Schlammgaben konnen im drei- bis vierjahr­

lichen Turnus je nach Frucht- und Bodenart sowie App1ikationszeitpunkt 

zwi schen 6 und 12 t/ha TS 1 i egen. 

A1s gUnstige Fruchtfo1gen sind Hackfrucht, Sommerung und Winterung oder 

Hackfrucht, Sommerung, Legumi nosen und Wi nterung zu bezei chnen (6). 

In der Landwi rtschaft1 i ch-chemi schen Bundesans ta 1 t L i nz untersuchte 

GUSENLEITNER die Nahrstoff- und SchwermetaTIgehalte verschiedener K1lir­

sch1amme aus Oberosterreich und Salzburg (8). Die Nahrstoffgeha1te wurden 
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fUr die Jahre 1974 und 1975 fUr Orte, die in sechs GrOBenklassen .von GroB­
stadt bi s zu landl ichen Gemeinden untertei It waren, zusammengefaBt. Wegen 
der stark streuenden Ergebnisse wird hier nieht naher darauf eingegangen. 
Ober di e diesbezUgl i chen Schwermeta 11 untersuchungen und di.e wei teren Ar­
beiten der Bundesanstalt in Linz, die sich im wesentlichen mit Sehwer­
metallfragen besebaftigen, wird HALBWACHS in seinem Bericht in Arbeits­
gruppe 5 eingehen. 

Umfangrei che GefaBversuehe wurden zwi schen 1975 und 1977 vom In$ ti tut fUr 
Landwirtsehaft der Osterr. Studiengese11schaft fUr Atomenergie, Wien, im 
Auftrage des Bundesministeriums fUrGesundheit und Umwel tsehutz zur Frage 
der Stroh-Kl arsch 1 ammdUngung angeste 11 t. 

DANNEBERG und SISTANI untersuehten dabei die Wirkung der Stroh-, Klar­
schlamm- und MineralstiekstoffdUngung auf das Huminstoffsystem einer Braun­
und einer Schwarzerde. KlarschlammdUngung erhli~te d·ieextrahterbare Huminstoff­
menge auf beiden Boden, die StrohdUngung nur auf Schwarzerde. A11e DUn­
gungsvarianten fUhrten zu einer Teilchenverkleinerung des Huminstoffsystems 
Die Kombination von Stroh- und KlarschlammdUngung bewirkte auf Schwarzerde 
jedoch eine YergrOBerung der Huminstoffteilchen (9). 

HAUNOLD und ZYARA berichteten Uber die Ertragswirkung von Klarschlamm 
allein und in Kombination mit Stroh und einer mineralischen Stickstoffgabe. 
Mit zunehmenden SchlaRIIIgaben (40 bzw. 80 t/ha TS) stiegen die Ertrage von 
Wei zen und Gerste. Die besten Ergebnisse lieferte eine Kombination von 
Klarschlamm und mineral ischem N. Strohzusatz hatte bei ausreichendem N-Ge­
halt keine Ertragsdepression zur Folge (10). 

ZVARA prUfte die Nachwirkung von Klarschlamm im GefaBversueh in Kombina­
tion mit Stroh- und mineral isehen N-Gaben. Die Naehwirkung von Klarschlamm 
war bei Sommergerste und SOIIIIlerweizen auf beiden Boden positiv auf den 
Kornertrag und untersehiedlieh auf den Strohertrag (11). 

ZVARA und DANNEBERG befaBten sich aueh mit der Wirkung sehr hoher Gaben von 
getrocknetem Klarsehlamm auf die Troekensubstanzbildung von Gerste, Erbse 
und Spinat und auf die Gehalte an Makronahrstoffen in diesen Pflanzen. Bei 
Gerste stieg der Ertrag bis zu Gaben von 320 t/ha TS. Erbsen und Spinat er-
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reiehten den Hi:iehstertrag bei 160 t/ha TS. Hi:ihere Gaben fUhrten zu Ertrags­

ei nbuSen, wobei Spi na t am empfi nd1 i ehsten reagi erte. Oi e N- und Na-Geha lte 

all er Pf1 anzen s ti egen mi t den k1 iirs.eh 1 ammgaben. Di e Geha lte an P, K, Ca 

und Mg variierten in den Versuehspflanzen (12). 

OANNEBERG, HAUNOLO, HORAK und ZVARA faSten in "Mi:ig1 i ehkeiten und Prob 1 eme 

der Stroh- K1 arseh 1 ammdUngung" all e Versuehsergebni sse zusaJ1lTIen. Oi e Stroh­

K1 iirseh 1 ammdUngung zei gt ei ne durehaus pas i ti ve Wi rkung auf di e Ertrage, 

auf die Humusgehalte des Bodens und auf dessen Fruehtbarkeit. Bei mehrjahriger 

Anwendung sind die Einze1gaben aber vorsiehtig zu bemessen, damit es zu 

kei ner N-OberdUngung kommt. 

K1 arseh 1 iimme von der Qua 1 itiit des Badener Seh 1 ammes ki:innen durehaus Uber 

1 angere Zei t auf der gl ei chen F1 ache angewendet werden, ohne daS pf1 anzen­

toxische oder humantoxisehe Anreieherungen von Schwermeta11en im Erntegut 

zu befUrchten sind. Pf1 anzentoxi sche Ersehei nungen, etwa dureh ei ne Zn­

OberdUngung, si nd eher wahrsehei n 1 i eh a 1 s humantox i sehe. 

Die Anreicherung von Sehwermeta11en im Boden ist wegen deren geringer 

Pfl anzenverfUgbarkei t so hoeh, daS ei ne dauernde K1 arseh 1 ammanwendung be­

denk1 ich erscheint. Wird eine Verwendung von K1arseh1amm im Pf1anzenbau 

a1s Dauer1i:isung angestrebt, muS dureh techno10gische oder organisatorische 

MaSnahmen ei ne Verringerung der Schwermeta 11 kontaminati on der Sch 1 amme er­

rei cht werden. Derzei t kann ei ne Seh 1 ammverwertung wegen i hrer Vortei 1 e 

Uber ei ne begrenzte Zei t bei entsprechender Kontro 11 e verantwortet werden 

(l3) . 

KURZWEIL setzte s i eh mi t der Kompos ti erung von K1 iirsch 1amm ausei nander, 

weil dabei ein weitgehend aufbereitetes, hygienisch einwandfreies Produkt 

erreichbar ist, welches die Verwertung von K1iirsch1ammen vor a11em 

k1einerer Anlagen wesent1ich er1eiehtern kann. Es werden die. Grund1agen 

der Komposti erung von K1 arsch 1 iimmen mi t versehi edenen Beimi schungen (Laub­

bzw. Pflanzenabfa11, Siigemeh1, Torfmu11 und Stroh) behandelt und Angaben 

Uber die Inhaltsstoffe des kompostierten Materia1es gemaeht (14, 15). 

Neben den 1 aufenden Fe 1 dversuchen und Untersuchungen der Landwi rtschaft1 i eh 

-chemischen Bundesansta1ten in Linz und Wien, wird vom Institut fUr 
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Wasserwirtscbaft. Landwirtschaftl i cber Wasserbau. in Grof3-Enzersdorf sei t 
19]] im RahOJen eines' Langzeitversucbes (10 Jahre) mecban;sch entwasserter 
bzw. kompostierter KHirschlamm mit jahrlichen .Gaben von 20 lInd 40 t/ha TS 
angewendet. Neben den Ertrags- und Qual itatsoestil1DDungen betm Erntegut und 
den Nahrstoffuntersuchungen in Boden sollen nach Abschlu8 der SchlamJ­
applikationen v.a. bodenphysikalische und bodenchemische Parameter unter­

sucht werden. 

DANNEBERG u. Mitarbeiter fUhren in Gro8-Enzersdorf derzeit ebenfalls Feld­
versuche zur Erganzung der Topfversuche zum Komplex Stroh-Klarschlal1DDdUn­
gung durch. Uber die im Rahmen dieses Symposions gesondert berichtet wird. 

1m Zusammenhang mit der geplanten Verwertung von KHirschlamm des Abwasser­
verbandes Purgstall/Erlauf untersucht die Bundesanstalt fUr Kulturtechnik 
und Bodenwasserhaushalt in Petzenkirchen die Anwendung von Nal3schlamm und 
von Schlammkuchen aus einer Kammerfilterpresse auf den Braunerden. Para­
braunerden und Pseudogleyen in der Umgebung von Purgstall und Scheibbs. 
Neben Nahrstoff- und Schwermetalluntersuchungen soll die Wirkung des 
Schlammkuchens zur eventuellen Bodenverbesserung dichter pseudoverg1eyter 
Boden geprUft werden. 

2.2 BE1SP1ELE FOR E1NE LANDW1RTSCHAFTLICHE VERWERTUNG VON KUIRSCHLAMM 

Auf die Verwertung des Kliirsch1ammes des Abwasserverbandes Pu1kautal im 
Burgen1and darf hier kurz hingewiesen werden. STALZER wird an anderer Stel­
l e darUber ausftihr1 i ch beri chten. 

Ein sehr interessanter Weg zur Bewaltigung des Schlammproblemes wird im 
Bundes1and Oberiisterreich beschritten. MAYR yom Amt d.O.tl.-Landesregierung. 
Abt. Wasserbau. berichtet tiber das sog. Modell Oberiisterreich. das zur Er­
zielung einer vertrauensvollen Zusammenarbeit zwischen Landwirten und 
Gemeinden hinsicht1ich einer Verwertung von K1iirscbliimmen von Fachleuten 
der O.ll.-Landeslandwirtschaftskammer. der Landwirtschaftlich-chemischen 
Bundesversuchsanstalt L inz und dem Amt der 0.0. Landesregierung 1976 ent­
wickelt wurde. Es soll einen schadlosen. praxisgerechten Einsatz von Kliir­
schlamJ in der Landwirtschaft gewiihrleisten. Dazu hat sich das Modell. 
welches die fo1genden Punkte umfal3t. bisher ausgezeichnet bewiihrt: 
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Erste11ung von Ausllringungsrichtlinien mit Begrenzung der Schlamm­

menge JJnd der Schwermeta 11 geha lte (i n An 1 ehnung an deutsche und 

schweizerische Richtlinien). 

Einteilung der Klarschlamme auf Grund ihres. Schwermeta11gehaltes in 

geeignet, bedingt geeignet, nicht geeignet. 

Erste11ung eines zeitlich begrenzten Merkblattes tiber den "praxis­

gerechten Einsatz von Klarschlamm", in welches die zulassigen Aus­

bringungsmengen und die Nahrstoffgehalte auf Grund der Analysenwerte 

eingetragen sind. 

Die Klarschlammproben werden von Beamten der Anlagenbetreuungsste11e der 

0.0. -Landesregi erung entnommen und von der Landwi rtschaftl i ch-chemi schen 

Bundesans ta It L i nz untersucht. Di eO. 0. -Landes 1 andwi rtschaftskammer fUhrt 

mit dem Amt der O.IJ.-Landesregierung und der Landwirtschaftl ich-chemischen 

Bundesversuchsansta 1t Informati ons- und Beratungsverans ta ltungen durch (16) 

Das Merkblatt enthalt neben den maximalen Schlammengen und den Gesamtge­

halten an N, P205, K20 und CaO auch Hinweise Uber die Vorteile und notwen­

digen Einschrankungen der Klarschlammverwertung. Analysenwerte hinsicht­

lich der Sehadstoffgehalte der Klarschlamme liegen beim jeweiligen Ge­

meindeamt auf. Den Landwirten wird auch geraten, sieh naeh mehrmaliger 

Seh 1 ammanwendung an der Bodenuntersuehungsakti on der Landwi rtsehaftskam­

mer zu betei 1 igen. 

3. ZUKONFTIGES ARBEITSPROGRAMM 

FUr einige Standorte v.a. in den Aekerbaugebieten liegen in Osterreieh 

schon Versuehsergebnisse und praktisehe Erfahrungen vor. 1m Hinbliek auf 

die untersehiedliehen Standortsverhaltnisse in den einzelnen Landern bleibt 

jedoeh noeh einiges zu tun, wobei der Nahrstoffwirkung der Klarsehlamme 

etwas weniger Bedeutung zukommt a 1 s der Erforsehung ekol ogi seh tragbarer 

Grenzwerte bei ihrer Anwendung. 

1m Forsehungskonzept "Reeyel ingforsehung in tlsterreieh" wurden, von der 

1st-Analyse ausgehend, folgende Themen zur Lesung der Reeyel ingprobleme in 

der Land- und Forstwirtsehaft, bezogen auf Klarsehlamm, als wiehtig und 

vordringlieh eraehtet: 
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Untersuchungen Uber gefUgeverbessernde Wi rkungen und Yeranderungen des 
Humushausha 1 tes sowie Qual itatsanforderungen an einen Sch 1 amm hi ns i chtl i ch 
einer langjahrigen DUngemutzung. 
Untersuchungen Uber erforderliche Einsatzbeschrankungen von Klarschlamm in 
1 andwi rtschaftl i ch genutzten Schongebi eten. auf wasserwi rtschaftl ichen 
Vorbehaltsflachen fUr kUnftige Grundwassernutzungen sowie im Einzugsbereich 
stehender Gewasser mit besonderer BerUcksichtigung des Komplexes Schwer­
meta11e und bakteriologischer fragen. 
Untersuchungen hygienischer Parameter wie pathogener Keime. tierischer 
Schadlinge. chlorierter Kohlenwasserstoffe etc. (4). 

Unter BerUcksichtigung dieser forschungsschwerpunkte und der okologischen 
Aspekte im land- und forstwirtschaftlichen Bereich wurde der Klarschlamm­
verwertung und allen dami t zusammenhangenden fragen di e erste Pri oritats­
stufe zuerkannt. 
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LANDWIRTSCHAFTLICHE KLAERSCHLAMMVERWERTUNG AM BEISPIEL DES 

ABWASSERVERBANDES WULKATAL 1M BURGENLAND 

W. STALZER 
Amt del" Bgld. Landesregierung, Aht. XIII/3-Gewasseraufsicht 

Zusammenfassung 

Die KHiranlage des Abwasserverbandes Wulkatal wurde 1972 fur 50 000 
EGW Kommunalanteil und 85.000 EGW Industrieanteil einer Konservenfabrik 
mi t gleichzeitiger aerober Schlammstabilisierung ausgelegt. Durch Bela­
stungsverschiebungen im Winterhalbjahr war auoh del" Anschluss einer 
Zuckerfabrik mit 150 000 EGW moglich. Wahrend del" Zuckerkampagne wird 
der nicht stabilisierte Ueberschussschlamm gemeinsam mit dem Erdschlamm 
del" Zuckerfabrik auf Stapelteichen abgelagert. Zufolge der Lage im Ein­
zugsgebiet des NeusiedlersIIs muss eine Phosphorelimination mittels Simul­
tanfallung (Einsatz von Fe 304 x 7H20) .. betrieben werden. 
Der Schlammanfall lag 1979 bei 1.120 t US, davon wurden wahrend der 
Zuckerkampagne 530 t auf den Stapelteichen gelagert. 
Der ausserhalb der Kampagne anfallende stabilisierte Ueberschussschlamm 
(590 t pro Jahr) wird grosstenteils als Flussigschlamm (7 % TS) land­
wirtschaftlich verwertet. Der Schlamm, der bezogen auf Trockensubstanz im 
Mittel einen organischen Anteil von 46,4 %, Gesamt N-Anteil von 5,2 %, Ge­
samt P 20~-Anteil von 4,1 % und Gesamt K;::p-Anteil von 0,7 % aufweist, wi§'d 
von den Landwirten in einer durchschni tElichen jahrlichen Gabe von 80 m Iha 
aufgebracht. Beschlamrnt werden vor allem ZUckerrUben, Mais, Getreide und 
Weingarten. Der Schadstoffgehalt (Schwermetalle) liegt weit unter den Tole­
ranzgrenzen und dilrte vor allem durch die Verunreinigung des Fallmi ttels 
bedingt sein. 

The sewage plant of the association "Wulkatal"was built in 1972 for 50 000 
PE as share of the community and for 85 000 PE as industrial share of a 
fruit and vegetable canning plant with an aerobic digestion of sludge at 
the same time. Because of shi ftings in the loads during the winter-half-year 
it was possible also to connect a beet-sugar factory wi th 150 000 PE to 
the sewage plant. During the processing season of the sugar-beets the not 
digested waste sludge was deposited on storage ponds, together with the soil 
sludge of the beet sugar factory (waste sludge with about 2 % dry matter). 
Because of its location in the basin of the Nr~siedler See, a phosphorus 
dissipation by simultaneous pre§ipitation (Fe S04) is necessary. The an­
nual sewage amount of 4,3 mio m resulted in I 382 tons of BSB . The 
amount of waste sludge was 1 120 tons; during the processing s~ason of the 
sugar beets 530 tons of waste sludge were deposited on 2 storage ponds that 
were left to dry after 5 years application. The deposited soil is given to 
the agriculture. 
The digested waste sludge (590 tons/a) that occurs out of the processing 
season, is mostly used as wet sludge (7% dry matter) by agriculture. 
The sludge with contents of 46,4 % organic matter, 5,2 % total nitrogen, 
4,1 % P20'i and 0,7 % K20 is used bY3the farmers by means of liquid manure 
tankers wIth an annual dose of 80 m Iha. They are spread on sugar-beets, 
maize, corn and vineyards that are treated with waste sludge; if the fa3mer 
uses his own transportation machines, he gets a compensation of 4. -AS/m for 
the fuel. 
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1. Einfuhrunq 

Der Abwasserverband Wulkatal umfaBt elf Gemeinden im 

Wulka-, Hirmerbach- und Nodbachtal sowie eine Konserven­

fabrik (28.000 t Jahresproduktion) und eine Zuckerfabrik 

(300.000 t Rubenverarbeitung). Die Verbandsklaranlage 

wurde 1972 fur kunftig 50.000 EGW Kommunalanteil und 

85.000 EGW 1ndustrieanteil der Konservenfabrik mit gleich­

zeitiger aerober Schlammstabilisierung (Raumbelastung 

BR = 0,3 kg/~d) ausgelegt. Durch die Moglichkeit der ex­

ternen Schlammbehandlung wahrend der Zuckerkampagne und 

Kapazitatserweiterung durch Ubergang auf Vollreinigung 

(Raumbelastung B~ = 1,0 kg/~d) betragt in der Zuckerkam­

pagne die Bemessungsauslegung 250.000 EGW (Anteil Zucker­

fabrik 150.000 EGW). 

Zufolge der Lage im Einzugsgebiet des Neusiedler Sees muB 

eine Phosphorelimination mittels Simultanfallung (Einsatz 

von techno reinem Eisensulfat als Fallmittel) betrieben 

werden. Die Klaranlage ging im Herbst 1977 in Betrieb. Der 

AnschluB der Zuckerfabrik erfolgte vor der Kampagne 79/80. 

2. Schlammanfall 

1m Betriebsjahr Mai 1979 bis April 1980 wurde die Anlage 

mit 4,3 Mio. ~ Abwasser und einer BSB 5-Fracht von 1.382 t 

belastet. Der UberschuBschlammanfall betrug 1.120 t FS. 

Davon entfielen 530 t auf nicht stabilisierten UberschuB­

schlamm wahrend der Zuckerkampagne. Dieser Schlamm wurde 

gemeinsam mit dem Erdschlamm der Zuckerfabrik auf deren 

Stapelteichen abgelagert. Der Klarschlammanteil betrug im 

Schlammgemenge 2 % bezogen auf Trockensubstanz. Die Zucker­

fabrik verfugt uber zwei Erdschlammstapelteiche, die inter­

mittierend betrieben werden. Uber die Dauer von 5 Jahren 

wird jeweils ein Teich beschickt und der andere abtrocknen 

gelassen und geraumt. Das abgelagerte Erdmaterial wird an 

die Landwirtschaft und den Gartenbau abgegeben. 

AuBerhalb der Zuckerkampagne fielen 1979/80 insgesamt 590 t 

stabilisierter UberschuBschlamm an. Dieser wurde groBten­

teils als Flussigschlamm landwirtschaftlich verwertet. 
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Ledlgllch etwa 10 % werden Uber Bandfllterpre~sen entwKs­
sert und anschlleBend 1m Gartenbau zur Bodenverbesserung 

elngesetzt. 

3. Schlammlnhaltstoffe 

Um elne geslcherte landwlrtschaftllche Verwertung auf 

Dauer zu ermogllchen, lKBt der Verb and den Schlamm regel­

mKBlg hlnslchtllch der enthaltenen DUnge- und Bodenver-
besserungsstoffe sowle eventueller Schadstoffe untersuchen. 

In Tabelle 1 1st eln Auszug der Bodenverbesserungsstoffe 

wieder gegeben: 

Tabelle 1: DUnge- und Bodenverbesserungsstoffe 

Nr. Datum TS oTS Ges. NH3 ~rg. Ges. Ges. CaD MgO 

1. 

2. 

3. 

4. 

5. 

N N N P20 5 K2 0 

% % % % % % % % % 

20.01.78 5,5 45,5 6,4 1,3 5,1 3,8 0,6 4,6 1,5 

11.08.78 10,0 30,0 2,8 1,1 1,7 3,7 0,5 7,0 2',7 

02.03.79 7,0 51,4 4,0 0,9 3,1 4,1 1,0 .6,0 2,9 

11.10.79 6,1 55,9 6,9 0,8 6,1 4,9 0,6 4,6 1,6 

06.03.80 7,2 45,6 6,8 0,7 6,1 4,2 0,9 5,8 2,4 

Mittel 7,2 45,7 5,4 0,9 4,5 4,1 0,7 5,6 2,2 

Wird Probe 2, die durch groBere Erdeinschwemmungen seitens 

der Konservenfabrik -hoher miner ali scher Anteil- verfalscht 
war, auBer Betracht gelassen, so zeigen die Analysenergeb­

nisse keine groBeren Schwankungen und auch Uber groBere 
Zeitraume eine relativ gleichmaBige Zusammensetzung. Der 
organische Anteil des stabilisierten Schlammes liegt 
zwischen 46 und 56 %, der Stickstoffgehalt zumelst zwischen 

6,4 und 6,9 % und der Phosphorgehalt (P205 ) zwischen 4 und 

5 %. 

Dem gegenUber sind in Tabelle 2 die Metallanalysen aufge­

gliedert. 
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Tabel'e 2 : Metallgehalt 

Nr. Datum Cu Mn Fe Zn Co Mo Ph Cd Cr Ni AS 

1. 

2. 

3. 

4. 

5. 

ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm 

20.01.~8 ~E 885 "5455 945 236 2,5 62 1,6 71 35 4,7 

11.08.78 76 850 37800 980 18 1,6 95 2,0 90 90 4,4 

02.03.79 99 657 53943 1143 8 0,4 14 2,1 39 38 12,4 

11.10.79 104 757 64688 987 9 2,1 79 3,3 41 76 13,2 

06.03.80 74 806 25000 625 8 0,5 12 1,3 27 40 11,5 

Zur Interpretation der Werte ist festzuhalten, daB Probe 1 

hinsichtlich des Kobaltgehaltes durch die vor Inbetriebnahme 

(Sept.77) abgefUhrten Sauerstoffzufuhrversuche, bei denen 

Kobaltchlorid als Katalysator zugegeben wurde, beeintrach-

tigt ist. Probe 5 dagegen ist charakteristisch fUr den 

Metallgehalt ohne wesentliche Beeinflussung durch die Si­

multanfallung mittels Eisensulfat, da diese ab November 79 

Uber die Dauer der Zuckerkampagne und die anschlieBende 

Restabarbeitung der Stapelteiche entfiel. Die Senkungen bei 

Zink, Blei und Chrom dUrften somit auf Verunreinigungen des 

Eisensulfates zurUckzufUhren sein. Insgesamt kann jedoch 

festgestellt werden, daB die Analysenergebnisse weit unter 

den Toleranzgrenzen liegen und daB das durch die landwirt­

schaftliche Nutzung gepragte Einzugsgebiet nur geringe 

Schwermetallgehalte zur Folge hat. 

4. Landwirtschaftliche Verwertung 

Y2::!!~:!:!~!:!~!!g~!! 

Die Bodennutzung im Einzugsgebiet erfolgt zu 37 % als 

Ackerland, 2,7 % als Weingarten und 7,8 % als Wiesen und 

Weiden. Bereits in der Planungsphase wurde daher primar 

eine lw. Verwertung angestrebt. Nach Inbetriebnahme der 

Klaranlage wurden gemeinsam mit Vertretern der Landwirt­

schaft Informationen beim NIERSVERBAND als klassisches 

Beispiel fUr die FIUssigschlammverwertung eingeholt. In 

abgewandelter und auf die kleineren Verhaltnisse ange­

paBter Form Ubernahm der Wulkaverband in der FeIge die 

Organisation zur Verwertung. voraussetzungen bildeten: 
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PersonliC"he Information und Aufklarung der Land\1irte 

Bereitstellung von TransportgefaBen 

Durchf.tihrung von Bodenuntersuchungen 

bei Klarschlammabnahmeerklarung 

Anlegung von Versuchsfeldern mit Langzeitkontrolle 

H~ftung0libernahme seitens des Verbandes 

bei Flachen- und Beschlammungsregistrierung 

Laufende Qualitatskontrollen durch entsprechende 

Institute 

Abgeltung des Investitionsaufwandes bei 

Fremdtranspor::ger;~tcn 

Die potentielle ganzjahrige FIUssigschlammausbringung war 

zudem durch die gegebene Fruchtfolge (Mais - Wintergerste 

od. Winterweizen - Sommergerste - Zuckerrlibe - und seltener 

Hackfruchtanbau) sowie die Weingarten und Wiesenflachen 

gegeben. 

Nach systematischer Anwendungserweiterung hat sich gegen­

wartig folgender Ausbringungszyklus eingestellt: 

Tabelle 3: Jahreszeitliche Ausbrinqung und Kulturgattung 

Jan. Feb. Marz Apr. Mai Juni Juli 

Mais xxxx~xxxxxxx xxxxxx xxxxxxx xxxxxx 

Getreide bcxxxxx xxxxxxx xxxxx 

Zucker- pcxxxxxx xxxxxxx rUbe xxxxx 

Wein xxxxxx xxxxxx xxxxxxx xxx 

Wiese xxxxxxx xxx xxx 
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Aug. Sept. Okt. Nov. Dez. 

Mais 

Getreide pc:xxxxxx XXXXXXX)( PC:XXXXX) XXXXXX)( XXXXX)( 

Zuckerrlibe pcxxxxxx ?"XXXXXX)( PCXXXXX) XXXXXX)( ixxxxx)( 

Wein 

Wiese 

Die Beschlammungsangaben schwanken je nach Bodenkennwerten 

und Kul turgattungen in nachstehenden Grenzen: 

Mais 100 nr pro Jahr 

Getreide 60 80 nr pro Jahr 

Zuckerrlibe 60 - 80 n1 pro Jahr 

Weinbau bis 100 nr pro Jahr 

Wiese 40 - 60 nr pro Jahr 
Der Stickstoff- und Phosphorbedarf kann damit abgedeckt 

werden. Bei Kali sind Mineralzusatzdlingungen erforderlich. 

Die Abgabemengen sind auf Abb. 1 dargestellt. 

Die Spitzenabgaben im September sind durch hohe Bedarfs­

zahlen seitens des Getreideanbaues begrlindet. Im November 

und Dezember wurde der Schlamm zur Ganze in die Stapel­

teiche der Zuckerfabrik gefordert. 

Transport und Ausbringung erfolgt mittels Glille- und 

Jauchefassern. In Verwendung stehen 4 nr, 6 nr, 8 nr und eine 

13 nr Einheit. Neben der Normalverteilung tiber Auslaufdtisen 

weist der 13 nr Behalter eine Weitwurfdlise mit 50 m Wurf­

weite auf. Der Einsatz dieser Weitwurfdtise erfo1gt jedoch 

sehr selten, da eine exakte F1achenabgrenzung sowie gleich­

maBige Besch1ammung kaum mog1ich ist. 

Die maximal en Transportentfernungen 1iegen bei 12 km, wirt­

schaftlich gut- tragbar sind in Abstimmung auf die Trans­

portbeha1ter Distanze~ bis 10 km. 

Bei -Fti11zeiten von ftinf Minuten und Ent1eerungszeiten von 
8 bis 15 Minuten (je nach FaBinha1t) konnten bisher 6 bis 
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10 Touren pro Arbeitstag (9 Stunden) registriert werden. 

Die Fahrgeschwindigkeiten betragen etwa 20 bis 30 km/h auf 

gut befestigten ZubringerstraBen und 8 bis 10 km/h bei der 

Aufbringung. Der Verb and stellt ein 4 cl JauchefaB zur un­

entgeltlichen VerfUgung. Transport und Ausbringung erfolgen 

durch den Landwirt. Bei Verzicht auf das LeihfaB werden vom 

Verband S 4.--/d als Investitionsentschadigung dem Abnehmer 

vergUtet. Gegenwartig ergibt sich fUr den GroBabnehmer 

(13 cl-FaB) etwa folgender Kostenaufwand: 

Abschreibung Traktor + FaB 

Reparaturen u. Betriebsmittel 

Arbeitszeit 

Gesamt 

S 1.000.-- Sid 

S 1.400.-- Sid 

S 1.000.-- Sid 

S 3,400.-- Sid 

Dem steht ein MineraldUngerwert von ca. S 70.-- pro cl NaB­

schlamm entgegen. Je nach FaBgroBe und damit spezifischen 

Kostenaufwand mUssen pro Arbeitstag 35 bis 50 cl NaBschlamm 

zur Kostendeckung ausgebracht werden. 

ZUfolge des Reinigungsverfahrens mit seinen groBen Speicher­

kapazitaten im System sind bisher nur selten Engpasse auf­

getreten. Die Ausbringungsart mittels Jauchefassern 

schrankt jedoch die Anwendbarkeit ein. Insbesondere in den 

Wechselperioden Frost - Warmwetter sowie nach starkeren 

Niederschlagen ist ein Befahren der Acker und Wiesen nicht 

moglich. Urn hier kUnftig mehr Dispositionsraum zu erhalten 

sowie urn eine Entlastung der Landwirtschaft bei gesteiger­

ten Abgabekapazitaten zu erreichen wird eine Urns tel lung auf 

GroBraumtransportfahrzeuge mit Ausbringung Uber Schnell­

kupplungsrohre und GUllewerfer in Erwagung gezogen. Die 

wirtschaftliche Grundlage hie fUr konnte durch eine Zweck­

gemeinschaft mit den angrenzenden Abwasserverbanden (Neu­

felder-Seengebiet und Eisenstadt-Eisbachtal) erreicht wer­

den. 

Im bisherigen Beobachtungszeitraum wurden keine Schaden an 

den Kulturen registriert, die Ernteertrage waren zumindest 

in gleicher GroBenordnung wie bei konventioneller guter 

MineraldUngung. 
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VALORISATION DES BOUES D'EPURATION SUR LE DEPARTE­

MENT DE VAUCLUSE 

D. DAUDIN 

Agence Nationale pour La Recuperation et l'ELimination des Oechets 

Chambre d'Agriculture de Vaucluse 

Resume : 

L'Agence Nationale pour La Recuperation et l'Elimination des Dechets a 
engage plusieurs actions pi Lotes, avec les representants du monde agri­
coLe, pour developper La vaLorisation en agriculture des dechets urbains 
industrieLs et agricoLes. Monsieur Daudin qui a ete charg€ de cette action 
dans le departement du Vaucluse presente son experience. Apres avoir 
sQuligne l'activite agricoLe orginale de ce departement oriente vers La 
viticulture, l'arboriculture et Le maraichage, il precise La qualite et 
les quantites de boues de station d'epuration produites par Les industries 
et les communes. M. Daudin decrit alors les experimentations qu'il a 
mises sur pied avec les utilisateurs de boues pour faire connaitre le 
produit et developper sa valorisation en agriculture. 

Summary : 

The National Agency for Recovery and Disposal of Waste has undertaken, 
with the assistance of agricultural authorities, several experimental 
works on the urban industrial and agricultural wastes utilization in 
agriculture. In this paper, M. Daudin, in charge of an experiment in 
Vaucluse (southern France) presents his work. He describes the principal 
activities of this department: viticulture, arboriculture and market 
gardening, and gives data on the quantity and qual ity of urban and 
industriaL sLudges produced. ALso presented are the methods used to 
encourage this process of waste treatment in agriculture. 
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L'A.N.R.E.D (Agence Nationale pour la Recuperation et 

l'Elimination des Dechets) et la Chambre d'Agriculture de 

Vaucluse ont lance conjointement une operation de valorisation 

des dechets urbains et industriels en agriculture sur Ie 

departement. 

L'utilisation agricole des boues issues du traitement 

des effluents d'origine urbaine et industrielle constitue 

l'un des "points clefs" de cette operation pour plusieurs 

raisons : 

- Le milieu hydrogeologique departemental est parti­

culierement sensible aux risques de pollution que peut 

engend~er la mise en decharge de tels produits. 

- Les cultures pratiquees dans la region exigent des 

sols bien pourvus en matiere organique et des quantites 

importantes d'elements fertilisants 

I - LE CONTEXTE DEPARTEMENTAL 

- L'epuration des eaux 

L'aquipement du departement en matiere d'epuration 

des effluents urbains est largement developpe puisque l'on 

compte plus de 85 stations d'epuration, dont l'exploitation 

est sou vent rendue difficile par l'etiage marque des cours 

d'eau recepteurs. 

La production annuelle des boues d'epuration urbaines 

est de l'ordre de 3.000 t de matiere seche, ~ont 40 % environ 

sont actuellement utilisees en agriculture. 

Ces boues sont stabilisees par voie aarobie avant 

d'@tre deshydratees sur lits de sechage ou mecaniquement. 

La plupart des stations import antes (capacite supe­

rieure a 15.000 equivalents-habitant) traitent en fait essen­

tiellement des effluents issus de l'activite agroalimentaire 

(conserveries de tomate, fabrication de plats cuisines ••• ). 

- L'agriculture departementale 

Le Vaucluse est l'un des departements les plus specia­

lises dans les productions vegetales : monocultures de 

longue duree (viticulture et arboriculture) ou cultures inten­
sives (maraichage). 
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Ce type d'agriculture entraine une "fatigue du sol" 

l'utilisation des boues d'epuration en tant que source 

d'humus et d'elements fertilisants constitue l'un des moyens 

d'y remedier. 

11- LA DEMARCHE 

Les differentes phases de la mise en oeuvre d'une 

telle operation de valorisation peuvent se resumer ainsi 

- un inventaire definissant les quantites disponibles, 

les lieux de production, les fluctuations saisonnieres de 

cette production 

- une phase d'analyse, qui en relation avec les 

resultats de la recherche, doit permettre de conna1tre la 

valeur agronomique des boues et les elements indesirables 

pour une utilisation agricole qu'elles contiennent 

- la mise en place d'essais dont les resultats doivent 
permettre de definir 

les doses d'apport en fonction du type de sol et 

de culture 

les transformatio~s prealables ~ faire subir even­

tuellement aux produits (compostage mixte par 

exemple) 

les modalites d'utilisation pour qu'au plan econo­
mique, Ie producteur de dechets et l'utilisateur 

trouvent leur interftt (utilisation sous forme 

solide ou liquide ; prise en charge des frais de 

transport etc ••• ). 

- Une phase d'information aupres des producteurs de 

dechets et des utilisateurs potentiels et de leurs conseil­
lers. 

- La mise en place d'operations de valorisation en 

"vrais grandeur" et un contr61e regulier de la qualit~ des 
boues. 

III-QUELQUES RESULTATS 

Les analyses des boues ont permis d'etablir des choix: 

- choix entre une utilisation 80US forme solide ou 
liquide 
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- non utilisation de bouBs presentant par exemple des 

teneurs en metaux toxiques trop elevees 

- choix du substrat carbone a incorporer aux boues 

pour effectuer un compostage mixte. 

- Utilisation sous forme solide ou liguide 

Sauf cas particulier, les agriculteurs ont tendance a 

opter pour une utilisation des boues soli des pour plusieurs 

raisons : 

- les conditions climatiques de la region permettent 

d'obtenir de tras bons resultats de deshydratation des boues 

sur lits de sechage (teneur en matiere seche pouvant aller 

jusqu'a 80 % en periode estivale). 

Les teneurs en matiere organique et elements fertili­

sants sont donc beau coup plus elevees dans les boues 

deshydratees que dans les boues liquides. Si une valorisation 

de boues solides est economiquement rentable dans un rayon de 

50 km aut our du lieu de production, cette distance se reduit 

a moins de 5 km pour l'utilisation de boues liquides. 

- Nombreux sont les agriculteurs qui possadent Ie 

materiel necessaire a l'epandage de boues deshydratees 

(epandeurs a fumier). 

- Les elements ~ndesirables : 

Nous comprenons SDua ce terme 

- les elements non directement decelables pour l'uti­

lisateur : germes pathogenes, metaux et elements traces orga­

niques. 

les elements genants pour la mise en oeuvre de 

l'epandage pour la croissance des plantes (graisses, graines 

adventices, fortes teneurs en carbonates ••• ). 

- Les metaux 

Le setll element de reference dont on dispose actuelle­

ment est la norme AFNOR U 44-041. Les methodes analytiques 

couramment utilisees determinent les quantites totalEs de 

chaque element sans differencier leur degres ou liaison a la 
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matiere organique et ne permettent done pas de eonna1tre leur 

devenir apres incorporation au sol. 

De plus, la disponibilite des elements metalliques pour 

les plantes depend non seulement de faeteurs relatifs a la 

boue (ph caract ere complexant de la matiere organique) mais 

egalement au sol (ph capacite d'echange, granulometrie ••• ) 

et a la plante. 

Cependant, si l'on compare les resultats d'analyse 

d'elements metalliques effectues au niveau departemental avec 

ces resultats au niveau national, on eonstate que Ie probleme 

n'est pas essentiel : les stations les plus importantes au 

departement re~oivent surtout des eaux residuaires d'indus­

trie agroalimentaire done peu suseeptibles d'~tre eontaminees 

par les m~taux "lourds " • 

- Les germes pathogenes 

II est tras difficile de quantifier les risques lies 

a la presence du germe pathogene en raison de la diversite 

des facteurs qUi entrant an ligne de compte : filiere de 

traitement des boues, types du sol et de culture. 

Ces risques sent de plusieurs ordres : 

- contamination des vegetaux 

- problemes sanitaires lies a la manu tent ion et au 

transport des boues 

- contamination des eaux superficielles et souterrai­

nes. Les conditions d'utilisation doivent tenir compte de 

ces risques 

- traitement d'hygienisation. Le moyen Ie plus simple 

a mettre en oeuvre est un compost age prealable, en melange 

avec des composts urbains frais, des mares de raisins, des 

seorees broyees au des pailles. les Besaia entrepris dans ce 

sens donnent des resultats satisfaisants. 

- enfouissement rapide apres epandage 

- interdiction d'epandre des boues sur des cultures 

de produits destines a @tre consommes crus. 

Cette derniere precaution limite considerablement les 

possibilites d'utilisation en culture maraichere, secteur 

d'activite predominant sur Ie departement de Vaucluse. 
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- Les autres elements indesirables 

II s'agit essentiellement d'elements dont la presence 

est lise au traitement d'effluents industriels, graisses, 

carbonates, graines diverses etc ••• 

La solution aces problemes doit ~tre trouvee au 

niveau de Ie fabrication: modifications des procedes, 

limitation des rejets, recyclage. 

- La compost age mixte 

Le compostage des boues en melange avec un substrat 

carbone presente les inter~ts suivants : 

- les besoins en matiere organique des sols sont tels 

qu'il est impossible d'envisager un apport sous forme de 

boues uniquement sans risques de sur-fertilisation (azotee 

essentiellement) 

- il est possible de reequilibrer la carence genera­

lise8 des boues en potassium en pratiquant un compostage en 

melange avec des mares de raisin par exemple, produits bien 

pourvus en cet element 

- diminution des risques dus a Ie presence de germes 

pathogenes dans les boues. 

Sur Ie departement du Vaucluse, aucune installation 

de traitement des ordures menageres par compostage n'est 

equipee pour recevoir des boues d'epuration en t~te des 

traitements. 

La solution adoptee pour les essais effectues a ete_ 

dans taus les cas un compost age lent, a proximite des lieux 

d'epandage. 

La mise en oeuvre en est simple : 

- mise en place de couches successives de substrat 

carbone et des boues, dans des proportions preetablies en 

fonction des besoins particuliers des plantes et des sols 

- sui vis frequents de quelques facteurs 

simples (TO, CiN, PH) permettent d'en suivre l'evolution. 

---



- Les e"ssais mis en place dans les divers secteurs 

d'activit~ agricole 

Les effets recherch~s par l'apport de boues d'~pura­

tion ainsi que les problemes de mi~e en oeuvre sont diffe­

rents selon les types de culture dans certains cas on recher­

che plutOt un apport de matiere organique, dans d'sutres cas, 

d'el~ments fertilisants (azote et acide phosphorique). 

Quelques questions fondamentales se posent au 

technicien Bur Ie terrain : 

- Quelle est la vitesse de min~ralisation de l'azote 

organique des boues dans des conditions climatiques et ~ds­

phiques donn6es 

- Quelle quantit6 d'humus stable se formera dans Ie 

sol spres un apport donn6 des boues d'~puration 

- Dans un sol calcaire et en fonction des quantit~s 

des diff6rentes formes du phosphore pr~sentes dans les boues 

quelle proportion de cet ~l~ment risque de se trouver bloqu6 

sous forme de phosphate tricalcique par exemple. 

En l'absence de r~ponse pr~cise a ces questions, 

l'utilisateur doit se contenter d'approximations, ce'qui 

peut, dans certains cas, Btre a l'origine de r~sultats peu 

satisfaisants. 

Dans Ie secteur des cultures p~rennes (viticulture et 

arboriculture) l'apport de boues d'6puration a la plantation 

est int~ressant pour l'azote organique, favorable a un bon 

depart des jeunes plants. L'appoint de matiere organique et 

de potassium sera cependant insuffisant, c'est pourquoi un 

compostage mixte sera conseille dans tous les cas. 

L'effet d'un apport de boues sur une vigne ou un 

verger pr~sente beaucoup moins d'inter@t si l'on compare 

les coOts de manutention et les r~sultats que l'on. peut en 

attendre. 
C'est certainement en culture maraichere de pleine 

terre que l'epandage de boues devrait pr6senter Ie plus 

d'inter@t : ces cultures sont tres exigeantes en elements 

fertilisants. Cependant, comme nous l'avons deja signale, 
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la presence de germes pathogenes implique de grandes precau­

tions d'utilisation. 

D'autres essais ont ete mis en place dans des secteurs 

plus particuliers : en pepinieres ornementales, l'incorpora­

tion de boues dans des substrats de culture hors sol devrait 

permettre d'eviter les effets depressifs lies a la presence 

de materiaux a rapport carbone/azote trop eleve (sciures ou 

ecorces). II semblerait qu'une proportion de 20 % de boues 

(en volume) donnerait les meilleurs resultats. 

L'apport de boues peut egalement permettre de resti­

tuer leurs proprietes agronomiques a des sols pauvres ou 

remanies (reboisement, reamenagement de carrieres .•• ). 

CONCLUSION 

Les 3000 tonnes de boues produites annuellement en 

Vaucluse representent environ 80.000 unites d'azote, 110.000 

unites d'acide phosphorique et 1.500 tonnes de matiere orga­

nique, soit au coat actuel des unites fertilisantes, una 

valeur de 750.000 F qui sera doubles lorsque toutes les 

stations fonctionneront au maximum de leur charge. 

Moy.ennant des faibles invastissements, l' utilisation 

agricole des boues d'epuration constitue un moyen pour 

l'agriculteur de reduire sensiblement les charges croissantes 

liees a l'achat d'engrais. 

Quelques questions fondamentales attendent cependant 

des reponses. Une collaboration entre les chercheurs et les 

techniciens de terrain devrait permettre d'y repondre et 

developper ainsi de telles actions. 
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RESEARCH AND QUALITY ASPECTS OF SLUDGE 

UTILISATION PRACTICES IN THE THAMES WATER AUTHORITY 

B.J.E. HURLEY 

Di rectorate of Sci enti fi c Servi ces 
Thames Water Authority 

The size and scope of sLudge disposaL and utilisation practices in Thames 
Water are identified. The estabLishment and maintenance of a practicaL 
quaLity management poLicy for these activities is mentioned together with 
the eLements which form the strategy for the determination of quaLity 
goals~ Some recent research studies relating to metaL uptake studies and 
potentiaL pathogen probLems, in reLation to the agricuLturaL utiLisation 
of sLudge, are described. The need to base environmental quality objectives 
on sound scientific information is stressed. 
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1. INTRODUCTION 

Since 1974 Thames WateJ;' Authority has been responsible for providing 

water, river, sewerage and sewage disposal services to 12 million people 

living within a 5000 square mile area. The current total cost of discharg.mq 

these functions is some £435 million. In an average year, Thames Water 

treats and disposes of some 300,000 tonnes of sewage sludge at an operating 

cost of around £18 million for the present financial year; when financing 

charges on capital are included, the total cost of sludge treatment and 

disposal exceed £22 million per annum. Although sludge constitutes only 

about 0.5% of the volume of sewage received at the Authority's 454 treatment 

works, its treatment and disposal accounts for some 25% of the total cost 

of sewage and sludge treatment and disposal operations. 

2. SLUDGE TREATMENT AND DISPOSAL OPERATIONS 

At present sludge is treated by a variety of methods and combinations 

of methods designed, in the main, to reduce its volume, render it 

relatively innocuous and to 1Ilinimise its subsequent effects on public health 

and the environment. The diversity of sludge treatment methods are listed 

in Table Ii the main methods of disposal in Thames are given in Table II. 

3. THE QUALITY MANAGEMENT SYSTEM 

The Authority maintains a quality management policy which provides that 

all sludge disposal and utilisation activities are carried out in accord 

wi th practices that lIlinimise potential hazards to public health and the 

environment. 

1. Sea Disposal 

Disposal to sea is controlled by the Dumping at Sea Act, 1974. Under 

this arrangement the Ministry of Agriculture, Fisheries and Food (MAFF) 

issues an annual licence to the Authority defining the maximum quantity, 

maximum rate, dumping location and the composition of the sludge to be 

disposed. Continual monitoring of this operation is carried out and all 

data are reported annually to MAFF. 

2. Utilisation on Agricultural Land 

In the U.K. whilst there is general agreement that sludge should be 

utilised on agricultural land in accordance with good agricultural practice, 
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SLUDGE TREATMENT METHODS USED IN THAMES WATER LARGER WORKS 

Method 

Anaerobic Digestion 

Fil ter Press 

Vacuum Filter 

Raw to Land 

Other 

Quantity 
tonnes d. s. / annum 

213 200 

25 8001 

8 9002 

4 400 

600 

242 900 

1. Quanti ty includes 5 100 tonnes digested prior to pressing. 

2. Quantity includes 5 900 tonnes digested prior to filtration. 

TABLE II. SLUDGE DISPOSAL METHODS USED IN THAMES WATER 1977/78 

Division Population 
Equivalent Final Disposal Method (tonnes d.s./annum 
Served Agriculture Sea Incinerated Tipped 

Cotswold 260 000 4 700 100 

Vales 520 000 11 000 000 

Lambourn 1 240 000 18 200 2 400 

Chiltern 1 140 000 23 800 

Southern 770000 11 600 2 400 700 

Lea 670 000 15 500 900 

MPH 8 000000 29 600 131 000 200 

Total 12 600 000 114 400 131 000 2 400 8 300 
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a precise definition of such practice has yet to be agreed. 

Guidance on the use of sewage sludges for agricultural purposes in the 

U. K. has been particularly influenced by two central government publications. 

In 1971 MAFF' s Agricultural Development and Advisory Service published an 

information leaflet ADAS 10 (1). Limited experimental work provided 

guidance on the relative and additive phytotoxic effects of zinc, copper 

and nickel. Recormnen,dations were given for the maximum permissible amounts 

of 'zinc equivalent' that could be added in sewage sludge to soils. ADAS 

10 also reconnnended limits of addition for boron. 

In 1977 additional recommendations were given for arsenic, cadmium, 

chromium, mercury, molybdenum, lead, selenium, nitrogen and pathogens in 

a Report by the Working Party on the Disposal of Sewage Sludge to Land (2). 

At present few, if any, of the recommendations contained in these 

non-mandatory documents have been demonstrated to be fully justifiable by 

means of indisputable scientific evidence. Nevertheless, the Authority 

does pay regard to the spirit of these reconnnendations particularly in 

respect of metals causing human toxicity. Currently therefore Thames 

Water prefers to draw on its own experiences, and those of its predecessors, 

in regard to quality objectives for phytotoxic metals and nitrogen and for 

the determining the rate and periodicity of sludge applications. The 

development of realistic guidelines based on studies of metal~vels in 

crops and associated sludge amended soils has been reported by Wood, King 

and Norris ('3). 

Recently the Authority introduced its own guidelines for minimising 

pathogen transmission in sludge to land operations. These are being used 

primarily to determine the process design of new sewage treatment works; 

where practicable they are also being introduced into existing works 

operations. A sllillIllary of these guidelines is given in Table III. 

4. A STRATEGY FOR DETERMINING QUALITY OBJECTIVES 

The continued disposal of sewage sludge to land and to sea must be 

largely dependent upon the containment of solution of potential problems 

associated with trace substances and potentially pathogenic micro-organisms. 

The Authority's approach to determining scientifically sound and operationally 

practical quality objectives can be summarised as follows:-
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TABLE III SUITABILITY OF THAMES WATER SLUDGES FOR AGRICULTURAL USE. 

Type of Sludge Suitability 

1. Digested Heat Dried 

2. Digested 
- lagooned for 2 years 
- dried and stacked for 12 

months 

Raw 
- lime conditioned 
- lagooned for 2 years 
- dried and stacked for 12 

months 

3. Digested 
Secondary 
- stabilised activated, 

humus 

4. Raw 
Unstabilised activated 

5. Sludges containing 
substantial quanti ties of 
untreated wastes of 
animal origin e. g. 
abattoirs 

6. Sludges containing wastes 
from imported hides 

Notes: 

General use i. e • 
Amenity areas, pasture, crops for 
animal consumption, crops for human 
consumption uncooked, crops for human 
consumption cooked, seed potatoes and 
bulbs for export, forestry, gardens 

General use but excluding seed potatoes 
and bulbs for export. Only dried 
sludge recommended for gardens 

Similar to 2 but not recommended for 
gardens or for crops for human con­
sumption uncooked unless 12 months 
interval before harvesting ~ 

Similar to 3 but not for crops for 
human consumption uncooked. 

Crops cooked before consumption or 
forestry only. 

Not sui table for use 

1. Where sludges are used on pasture up to 6 months depending on the 
type of sludge should elapse before grazing commences ~ 

2. ~ sludges are considered unsuitable for playing field use. 
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1. To support national and international research 

This area is becoming increasingly important particularly since so many 

of the problems relating to heavy metals persistent organic residues and 

pathogens have a common basis in many countries. 

In Thames, close collaboration is maintained with the Water Research 

Centre, other regional water authorities and central government organisations 

when formulating the Authority IS re!5earch programme; this helps to minimise 

unnecessary duplication of effort. 

2. To promote monitoring and control within operating divisions 

Of the nine operating divisions in Thames Water, seven have day-to-day 

responsibility for sludge treatment and disposal. A wealth of data and 

experience is therefore available to be drawn upon. The divisions deal 

with a wide range of sludge types and employ a variety of treatment 

processes and disposal operations. Currently whilst there is some variation 

in the degree of monitoring and control, all divisions are working to the 

same principles and control limits. Although it is not considered 

necessary at present to have a standard sludge monitoring system throughout 

the Authority, sampling and preparation of sludges and soils for analysis 

are being carried out in accordance with established procedures to ensure 

uniformity in the interpretation of results. It is such information that 

together with the results of- research will provide the basis for verifying 

or modifying future quality goals. 

The specification of operational practices to meet aesthetic quality 

objectives, like the prevention of odour nuisance, are often more forthcoming 

from those responsible for the daily practice of sludge treatment and 

disposal. 

3. To initiate in-house research 

within Thames Water it has been clearly identified that the main 

objectives of research in this area can be confined to three main categories:-

(i) To defend and support existing operations i.e. to verify or 

modify existing/proposed quality objectives. 

(ii) To reduce costs by introductim improvements into existing processes. 

(iii) To examine and introduce new and more cost-effective processes. 
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Though all 3 categories of work have been contained within the Authority's 

programmes over the past few years, investigations have tended to concentrate 

on category (i) where studies have centred on yield response and metals 

uptake in crops and the potential problems related to the microbiological 

content of sludge. In more recent years the adoption of a more positive 

approach to sludge disposal by the Authority has been reflected in work 

associated with the extraction of potentially valuable constituents from 

sludge. The data generated will be used, together with that collected 

elsewhere, in assisting to establish a range of alternative disposal 

operations aimed at minimising net costs while maintaining security and 

flexibility of operation. Some of the more recent studies in regard to 

category (i) are described below. 

5. RESEARCH IN THAMES WATER 

1. Land utilisation of sludge - metals acctmlulation 

studies of various aspects of metals in sludges utilised for agricultural 

purposes have been carried out in collaboration with the Soil Science 

Department of OXford University. The complex interactions between sludges, 

soils and crops have been examined by means of comprehensive field trials 

and laboratory experiments. 

The field trials, consisting of 150, 6 m2 plots were set up at a farm in 

OXfordshire to examine the effect of sludge amendment of soil on crop 

production. Sludge application rates of up to 6 times those recommended 

in the MAFF ADAS-10 recommendations have been utilised and the study crops 

have included barley, lettuce and grass. 

To enable the oPPosing effects of sludge mixed with soil, on crop yield, 

to be quantified, the field investigations have also included trials with: 

(i) plots treated with inorganic nitrogen and phosphorus in 

concentrations equivalent to those contained in the sludges added 

to the main plots, and 

(ii) plots treated with inorganic salts of the heavy metals in 

cGmcentrations equivalent to the total corresponding metal 

contents of the sludges added to the main plots. 
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In supplimentary studies several of the plots have beep. utilised to 

investigate the metllodology involved in small plot trials. In particular 

the effects of cultivation on sludge movement between plots and: on dispersion 

with plots have been studied; harvesting techniques have also been examined. 

The work has led to the tentative identification of design criteria for small 

scale plot investigations. 

For the crops examined, tentative results from the main trials have 

indicated that sludge dressings up to 5.4 times the ADAS 10 recommended 

limit did not introduce any detectable heavy metal toxicity effects. 

However at this loading a direct }'Iiald reduction of barley and rye grass 

by the high nitrogen content was observed. Indirect yield reductions have 

also been shown to be due to the effects of !!lodging- of crops. The effect 

of sludge dressing on the soil water holding capacity has been shown to be 

particularly beneficial for lettuce crops. So far no deleterious effects 

of germination of winter barley have been observed from the high sludge 

loadings. When the analysiS of crop and soil samples has been completed 

the results should provide a suitable basis for modifying existing guide­

line recommendations. 

Separate investigations have been concerned with a study of the 

decamposi tion of sludge in soil to determine whether trace metals contained 

in the sludge are liberated if complete decay of the sludge occurs. Tesbs 

with perfusion apparatus enabled the accelerated breakdown of sludge to be 

investigated. Studies carried out to date have indicated that it is 

unlikely that trace metals in sludge would be totally released into the 

soil solution and thus became available to plants. It would appear that 

the formation of new, biologically produced, organic matter is responsible 

partly at least for retention of metals. Other factors have been investigated 

using scanning electron microscopy; the results indicate that certain metals 

are concentrated in the iron oxide compounds in the sludge: whether this is 

accounted for by adsorption or by jOint oxidation of metal sulphides. 

originally present in the sludge has not yet been established. 

A separate series of larger scale field trials, sponsored by the 

Department of the Environment, have also been set up on the same farm. 

The primary obj ecti ve of this work has been to examine the effects of" 

anaerobically digested sludge on crop yield and crop metal uptake, with 

particular reference to cadmium. 
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The investigations are being conducted on two 5i tes in close proximity 

to each other but which nave different soil characteristics. One site is 

covered with fine sandy loam deposits; the other is mainly clay. Soil type 

is an important factor in the regulation of crop metal uptake; studies 

on the two sites should therefore provide useful comparative information. 

On each site 180 rectangular plots, approximately 2 x 10 m2 have been 

marked out. Following initial treatment of the plots with lime and 

fertilizers, randomly selected plots on each s1 te were set aside to 

subsequently reflect the crop responses on unsludged soils. Sewage sludge 

was applied to the remaining plots to enable the effects of three sludge 

types at four different loadings to be investigated in duplicate crop 

trials~ 

To provide information on the distribution of the applied sludge in 

the soil following extensive cultivation of the plots, a comprehensive 

survey was undertaken to determine the resulting metal concentrations of 

the 5.oils in differently dosed -plots. The results of the fsurvey have been 

compared with the calculated soil metal concentrations which would have 

been expected from the treatments, assuming uniform dispersion to have 

occurred. 

In general the actual soil concentrations were found to be very close 

to the calculated values particularly in the case of the plots on the sandy 

loam site, indicating that the distriBution of the sludge was fairly even. 

So far six crops have been sown and harvested on each site in duplicate 

trials; the crops were winter or spring wheat, rye grass, potatoes, lettuce, 

cabbage and red beet. 

The yield of these crops has been determined and related to the quantites 

of sludge applied to the plots ~ Analysis of crops tissue has been under­

taken to determine the concentrations of copper, nickel, zinc cadmium and 

lead present. 

So far insufficient trials have been completed tQ comment in", detail on the 

effects of sludge disposal. However, it appears that lettuce and beetroot 

tend to accumulate metals to a greater extent than does cabbage. In 

addition, the uptake of metals from the clay plots appears to be greater 

than that from the sandy loam and in general yields have improved with 

increasing sludge application. 
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A further study was recently initiated to examine practical and 

economical methods which might be used to return an Authority farm, which 

had a long history of sewage and sewage sludge applications, to a more 

acceptable condition. A soil profile survey carried out in conjunction 

with ADAS, confirmed the view that metals retention was largely restricted 

to the top-soil. 

Four nasic methods for rehabilitating the soil have been cODsidered:-

til Physical removal of the contaminated layer. This was achieved by the 

use of a box grader of the type used in motorway construction. This 

method has the advantage that the contamination is permanently removed: 

the principal disadvantage would be cost, particularly where a suitable 

outlet for the removed -material is not conveniently located. 

(ii) Burying of the contaminated layer below root depth where it would not 

be subsequently Drought to the surface by normal ploughing. Soil 

inversion does however require the use of specialised equipment. 

This 'method has yet to be evaluated. 

(iii) OVertipping with uncontaminated top-soil. 

(iv) Dispersion by deep ploughing. This method might be of use for 

reinstating soils' which have metal concentrations marginally in 

excess of accepta5le levels. 

When all treatments have been successfully completed it is planned to 

carry out extensive crop trials to assess the relative merits of each method. 

2. Land utilisation of sludge - potent1al~icrobiological hazards 

The risk of directly or indirectly causing infectious disease in man 

and cattle by the utilisation of sludge on land has been the subject of a 

number of investigations carried out in the U.K. From these studies it 

has been generally concluded that the health risk to humans and animals 

alike from bacterial pathogens, is very low. 

Work carried out by the Authority, in collaboration with the Agricultural 

Research Council's Institute for Research on Animal Diseases, has provided 

sufficient data to enable relationships to be established between the 

Occurence of bacterial pathogens in sludges subject to different treatment 

processes and the relative risks to grazing animals. 

The extent to which such organisms, particularly Salmonella, occur in 

sludges was examined, both qualitatively and quantitati."QeJ.y for ranges of 

sludge types. 
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All treatment methods used produced a marked reduction in salmonella 

numbers. Lime treatment of raw sludge and lagoon storage of digested sludge 

for periods in excess of two years resulted in the virtual elimination of 

salmonella. 

From these data and other studies on the infecti vi ty of animals, it 

was concluded that infection risks to grazing animals were unlikely where 

pasture is not grazed for a sensible period after sludge has been spread. 

Details of this work have been reported by Jones et al (4). 

Investigation into the type and numbers of potentially harmful viruses 

in sludges is currently being carried out by Thames Water in collaboration 

with the University of Surrey. The objectives of this work are to study 

the distribution and fate of viruses in sewage and sludge treatment processes 

to develop methods for their enumeration and to assess their significance 

in relation to health risk. Work so far has been confined to a major 

literature review and the development of appropriate techniques for the 

isolation, enumeration and identification of viruses. 

Recently a suitable method was tentatively identified. It involves 

concentration of the virus particles by elution with beef extract followed 

by removal of suspended matter by centrifugation. The protein-virus isolate 

is separated by acid precipitation and subsequently taken up into solution. 

Viruses have been cultured from the solution on the Buffaloe Green Monkey 

kiqney cell line, using a suspended cell plaque technique. Viruses have 

subsequently been identified by neutralisation with specific antisera. 

So far insufficient numbers of samples of different sludges have been 

examined to draw any firm conclusions on the effects that different types 

of sludge treatment processes have on viral populations. However, tentative 

resul ts have indicated that the ranges of virus concentrations in different 

sludges can be large. The greatest numbers of viruses have been found in 

raw sludge where a range of 0-60,000 pfu/l has been observed. Identification 

of viruses present in sludge has been restricted to the polio strains and 

Coxsackie B groups. Viruses have been shown to be absent from large numbers 

of samples and therefore a study of the factors affecting virus survival 

has been undertaken. 
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Further details of progress on these studies together with information 

on other projects contained within the Authority's research and development 

programme, such as the extraction of potentially useful materials from 

sewage sludges, are regularly reported (5). 

6. CONCLUSIONS 

The primary function of an organisation like Thames Water, in relation 

to sludge treatment and disposa,l, is to provide a service which protects 

public health and the environment. It would however be unrealistic in this 

day and age to suppose that this service can be provided for all time regard­

less of cost. It will therefore become increasingly important to pay 

closer attention to the -mechanisms by which environmental constraints are 

defined. In Thames only the most conclusive information arising from 

research and operating experiences will be used to introduce changes in 

existing operating practices. Only with such information will it be 

possible to strike a balance between the provision of low cost, reliable 

and robust methods of disposal and utilisation and the occasional illogical 

demands for extreme environmental protection. 
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HERSTELLUNG VON KLlRSCHLAMM-SCHWARZTORF-GRANULATEN 

UND PRUFUNG IHRER EIGNUNG ALS DUNGEMITTEL 

J. SIMON 

Niedersachsisches Landesamt fUr Bodenforschung, Hannover 

Kurzfassung 

Streufahige Trockengranulate aus Kalk-konditioniertem Klarschlamm 
und Mischgranulate aus Klarschlamm + Schwarztorf im Verhaltnis 
1:1 und 3:1 wurden im LabormaBstab hergestellt, auf 1hre physi­
kalischen Eigenschaften, in GefaBversuchen mit Gerste, Raps und 
Gras auf ihre DUngewirkung sowie durch Impfung mit Salmonellen 
vor der Trocknung auf ihren hygienischen Zustand untersucht. Die 
GefaBversuche ergaben, daB mit nicht-granu11ertem Klarschlamm 
bessere Ertrage erzielt werden konnten als mit granuliertem und 
mit Mischgranulaten. Die Mischgranulate waren bei Erhitzung auf 
650 C nach 6 min frei von Salmonellen. 
Die Anwendung von Klarschlamm-Schwarztorf-Granulaten als DUnge­
mittel bringt keine ersichtlichen Vorteile gegenUber der land­
wirtschaftlichen Nutzung von ungranulierten reinen Klarschlammen. 

Dry granules that can be easily spread in the field were produced 
at laboratory scale from sewage sludge conditioned with lime and 
from 1:1 and 3:1 mixtures of. sewage sludge and dark peat. Their 
physical properties were investigated and pot tests were made to 
investigate the fertilizer effect using barley, rape and grass. 
Before drying the granules, their hygienic condition was tested 
by inoculation with Salmonella. The pot tests yielded the result 
that non-granular sewage sludge gave higher yields than granular 
sewage sludge and mixed granular material. The Salmonella contained 
in the granules of sewage sludge were killed after heating 6 min 
at 650 C. 
The use of granules of sewage sludge and dark peat as fertilizer 
offers no visible advantage in comparison with the use of non­
granular sewage sludge. 
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Zur Entwieklung eines lager-, transport- und streufahigen, aber 

aueh hygieniseh unbedenkliehen Troekengranulats fUr Bodenverbesse­

rungs- und DUngezweeke sind die MBgliehkeiten der Granulierung 

und Troeknung eines mit Ca(OH)2 und FeCl3 gefallten, mit der Fil­

terbandpresse abgepressten Rohsehlamms und eines eben so behandel­

ten Faulsehlamms sowie Polymer-konditionierter, mit Siebbandpresse 

entwasserter Klarsehlamm untersueht worden. 

Bei der Granulierung des Kalk-konditionierten Klarsehlammkuehens 

wurden naeh anschlieBender Trocknung auf 30 % Wassergehalt feste, 

streufahige und geruchsfreie Granulate erhalten, die allerdings 

durch die hohen pH-Werte ( 11) infolge des hohen Ca(OH)2-Gehaltes 

den Einsatz als DUngemittel nur bedingt gestatten. Der pH-Wert 

des Trockengranulats kounte herabgesetzt werden, indem die ge­

nannten Presskuehen zusammen mit Sehwarztorf zerkleinert, ver­

miseht, granuliert und getroeknet wurden. Beim Mischungsverhaltnis 

Klarsehlamm : Schwarztorf = 3 : 1 (jeweils Troekenmasse) wurden 

pH-Werte um 9,5, beim Mischungsverhaltnis 1 : 1 fUr DUngezwecke 

annehmbare pH-Werte von 7-8 fUr das Trockengranulat erhalten. 

Die Granulierung selbst erfolgte mit Humintorf mit 51 % Wasserge­

halt, wobei wahrend des Granuliervorgangs geringe Wassermengen 

zugesprUht werden muBten. Dabei resultierten Rohgranulate mit 60 

bis 63 % Wassergehalt, die bei 1200 C unter beachtlicher Schrum­

pfung auf 30 % Wassergehalt getrocknet wurden. Bei Ubertragung 

auf groBtechnische Verhaltnisse werden fUr die Trocknung pro kg 

Mischgranulat (mit 30 % Wassergehalt) 700 kcal Warmeenergie be­

nBtigt. Sowohl die reinen Klarschlamm- als auch die Mischgranula­

te besitzen eine hohe Festigkeit, die allen Anforderungen in der 

Praxis entsprechen dUrfte. 

Polymer-konditionierte, mit Siebbandpresse oder Zentrifuge ent­

wasserte Klarschlamme, die den Nachteil des hohen pH-Wertes nicht 

besitzen (pH um 7), lieBen sieh trotz hBheren Wassergehaltes 80 

bis 86 %) bei Zusatz von troekenem Schwarztorf-Pulver im Verhalt­

nis 1 : 1 gut granulieren. 

Bei Versuchen in einer Pilotanlage (Trockentrommel vom Eisenwerk 

Alfeld) entmischten sieh die aus Schwarztorf und Kalk-konditio­

niertem Klarschlamm hergestellten Granulate wahrend der Trocknung 
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in der Trommel. Dagegen lieBen sich aua Kalk-konditioniertem Klar­

schlamm ohne Zusatz und Polymer-konditioniertem Klarschlamm mit 

Torfzusatz feste Granulate herstellen. 

Mit den genannten Granulatarten und ungranulierten Klarschlammen 

wurden vom Bodentechnologischen Institut des NLfB in Bremen GefaB­

versuche in Aufwandmengen, die 20 und 100 t TM/ha entsprechen unter 

Verwendung unterschiedlicher Bodenarten durchgeftihrt. Zur Prtifung 

der Nahrstoffwirkung wurden durch Zusatz Von Sal zen die Dtingungs­

varianten "VolldUngung" und "TeildUngung" eingefUgt. 

In der ersten Vegetationsperiode zeigten die Gerstepflanzen bei al­

len GefaBverauchen ein gesundes Wuchsbild. Nur unwesentliche Wachs­

tumsunterschiede zeigte die Gerste, die mit granulierten und ungra­

nulierten, Kalk-konditionierten Klarschlammen behandelt worden ist. 

Deutlich blieb das Wachstum der Gerste besonders bei niedrigen DUn­
gegaben zurUck, die mit ungranuliertem Polymerfaulschlamm behandelt 

worden ist. 

Im Gegensatz zum Wachstum sind die Ertrage sowohl bei Gerste als 

auch bei GrUnraps durch die Klarschlammgaben deutlich differenzier­

ter. AIle Granulate fUhrten bei der Gerate und noch deutlicher bei 

GrUnraps zu niedrigeren Ertragen, als bei der Anwendung von nicht 

granulierten Klarschlilmmen. Mit zunehmender Torfzugabe vermindern 

sich die Ertrage an Gerstekorn und besonders an GrUnraps sowie an 
Gras auch in der dritten Kulturfolge. Eine Lengzeitwirkung der ver­

schiedenen Granulate hinsichtlich der Nahrstoffabgabe gegenUber 

nicht granuliertem Klarschlamm konnte nicht nachgewiesen werden. 

Hygienische Untersuchungen wurden am Institut fUr Tiermedizin und 

Tierhygiene mit Tierklinik der Universitat Hohenheim durchgefUhrt. 

Ala Teatkeim wurde Salmonelle senftenberg bei Verauchen mit flUssi­

gen und abgepreBten Klarschlammen verwendet. Bei flUssigem Klar­

schlamm wurde festgestellt, daB die Abt6tung der Salmonelle bei 60 
bis 700 C etwa 6 min dauert. 

Die Hygieneversuche sind weiter an Granulaten mit Kalk-konditionier­

tem reinen Klarschlamm sowie an Granulaten mit Torfzusatz 1:1 und 

3:1 wahrend der Herstellung der Granulate im Lebor durchgefUhrt 

worden. Die Impfung mit Salmon ellen erfolgte wahrend des Mischvor­
ganges. In dem Klarschlammgranulat ohne Torfzusatz waren 5-6 Std. 
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nach der Impfung aueh ohne Temperatureinwirkung keine Salmonellen 

mehr nachzuweisen. Das im Klarschlamm enthaltene Ca(OH)2 wirkte al­

so entseuehend. 

Die geimpften nicht erhitzten Mischgranulate 1:1 und 3:1 enthielten 

eine hohe Anzahl von Salmonellen, die aber nach 6 min Erhitzung bei 

650 C Granulattemperatur entseucht waren. 

Die in der Pilotanlage hergestellten Mischgranulate aus Polymer­

konditioniertem Klarachlamm und Sehwarztorf erwiesen aieh naeh dem 

ersten Versuch als hygienisch nicht einwandfrei. 

Zusammenfaasend kann festgestellt werden, daB nach den bisher vor­

liegenden Untersuchungsergebnissen die Anwendung von Schwarztorf­

Klarschlamm-Granulaten als Bodenverbesserungs- und DUngemittel 

keine eindeutigen Vorteile gegenUber der landwirtschaftlichen 

Nutzung von reinen Klarschlammen erkennen laSt. 
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SESSION V - ENVIRONMENTAL EFFECTS OF SLUDGE 

Introductory remarks 

KUirschlammauswirkungen auf die Umwel t: Ein Ueberblick libel" 
einschliigige Forschungsarbeiten in Oesterreich 

Prediction of cadmium concentrations in Danish soils 

Easily extractable Cd-content of a soil - Its extraction, its 
relationship with the growth and root characteristics of test 
pLants and its effect on some of the soil microbiological 
parameters 

Modellversuche zur Cadrniumwirkung in Boden und Pflanzen nach 
KI~rschlammdUngung 

Effects of sewage sludge on the heavy metal content of soils 
and crops: field trials at Cassington and Royston 

Stabilite biologique d'acides humiques associes a du cadmium 

Schwermetallaufnahme verschi'edener Getreidearten aus hochbe­
lasteten Boden unter Feldbedingungen 

Effets de l'application massive de boue a tres forte charge en 
cadmium et en nickel sur des cultures de mars et de laitue 

Heavy metals extractabil1 ty from soil treated with h1gh rates 
of sewage sludges and composts 

Zum Rilckgang der Schwermetallbelastung von Boden nach der 
Beendigung einer stadtischen Abwasserverrieselung 

Test b1ologique pour la surveillance de l' absorption et du trans­
fert, dans les vegetaux, de metaux lourds contenus dans les boues 
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ACTIVITIES OF WORKING PARTY 5 "ENVIRONMENTAL EFFECTS OF SLUDGE" 

INTRODUCTORY REMARKS 

by 

T.W.G. HUCKER 

Department of the Environment, London 

The definition of environmental effects against our working party in the 
symposium announcement is based on that in the original formation of 
the concerted action project and our work has been slightly modified. 
We have not looked at constraints on pathogens because it has been 
generally agreed that it is more appropriate for Working Party 3 which 
has the expertise to consider that aspect. 

Al though it has been pointed out to us that we are not to make recom­
mendations on guidelines we realise that the end product of our work will 
be the drafting and inclusion of criteria in codes of practice by others. 
We have therefore limited our work on the subject of standards in our list 
of activities to up-dating the comparison of guidelines presented at 
Cadarache and include a copy as an appendix to this paper. 

We have concentrated on the harmful effects of heavy metals and the 
pollution of ground water. In considering these we have considered not 
just the direct and more immediate effects on agriculture but to the best 
of our abi l ity the indi rect effects on animals and on man. 
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1 • INTRODUCTION 

This paper summarises the work carried out by Working Party No 5 on the 

wide topic ot environmental ettects ot sewage sludge. I should like to 

take this opportunity to thank all members ot the working party tor their 

valuable help and support. 

2.~ 

Since our last report at Cadaraohe in February 1979 we have held 

meetings in Bremen, Ghent and Haren (Netherlands). Opportunity has been 

taken to visit the laboratories and field trials at eaoh looation as an 

understanding ot the work being carried out, faoilities available and 

particular interests of each oountry is such an important part of our work. 

The meeting at Haren was ooupled with a joint meeting with Working Party 4 
(Valorization of Sludge in Agrioulture) and a Seminar on Phosphorus in 

Sewage Sludge and Animal Waste Slurries. The first joint meeting of two 

Working Parties provided a unique opportunity to discuss matters of 

cODDllon interest. 

At the time of writing it is proposed to hold a meeting prior to the 

Effluents from Livsstocks Research Programmes Workshop on problems encoun­

tered with copper in Bordeaux in October 1980 so that we can make a con­

tribution and benefit from the expertise available. 

3. llETElIMDIATION OF EPFECTS OF SEII'AGE SLUllGE 

Applications of sewage sludge usually continue over a period of many 

years with rising soil concentrations. Research has the difficult task of 

predicting effeets realistically so that appropriate variations can be 

made to the applications. Research can be based on field trials and/or 

pot trials. The difficulty is how to aocelerate effects without deviating 

from praotice so that the application of the results has to be qualified. 

It is usual to increase the application rates but the longer the time 

available and the greater the similarity to field conditions the closer 

and more aocurate the predictions. Field trials however need considerable 

planning, are costly, and take a long time to produce conclusive results. 

Pot trials on the other hand are relatively quick and cheap but they are 

more remote from the praotical situation and their results have to be 

carefully considered before they can be applied. Both have a role to play 

and many projects involve both types of investigation. 
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4. CROP TRIALS 

We have reviewed over 50 crop trials and found that 4-'" of these were 

examining the uptake of heavy metals in soils and sludge. Some 48% 
involved field trials, 23% pot experiments and 2lD6 laboratory studies. 

Many projects were examining both the beneficial and the harmful effects. 

The size of plots used varied from 6m2 to 1,00am2 and included a wide 

range of soil types. The sludges used were mainly from municipal sewage 

works with a very wide variation in sludge composition. Studies included 

land with a history of sewage sludge treatment over many years, land with 

a single application of sludge and land with annual applications of sludge. 

Most projects determine the heavy metal and nutrient value of sludge 

and soils, the range of metals studied varying oonsiderably. 

The crop species studied also varied widely, some examined a single 

crop whilst others examined many crops. Cereal crops feature strongly in 

Central Europe and beet, potatoes and lettuce are included in many pro­

jects. 

We have prepared a oheok list of steps to be taken in the design of 

field trials and hope this will help others to avoid the many pitfalls. 

5. DETERMINING THE UPTAKE OF CROPS 

There is considerable information on the heavy metal oontent of soils 

and crops but foreoasting the uptake that will follow from a particular 

sludge application is a different matter. Sinoe availability to plants is 

largely dependent on solubility in the soil-sludge mixture this has been 

determined by using one or more of many extractants. The availability 

does, of oourse, vary widely with pH and most extractants forecast this. 

Unfortunately the results vary very widely depending on the extractant 

selected. 

The rslation between applioation of sludge to soil and the oonsequent 

effect on orops as a result of their uptake of heavy metals is not simple. 

Some parts of each metaJ. become locked up in the B9il and less readily 

available to plants. The solubility or availability of most metals 

increases with acidity; selenium and molybdenum are notable exceptions as 

their availability decreases with acidity. 

The amount of eaoh element that is illmediately available is indioated 

by that that is Boluble in an extractant but, as previously noted, there 
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are 1IB:riatiODS in tlle 8IIIOU%lts extracted wi tll oC8lODly used extractllZlts IIZId 

thaBe O&mlOt be related mathematically to each othar. It 1f&B thare£ore 

proposed that a series of pot trials should be held in as ~ oountries 

as possible so that tlle utractllZlt that gave the best results ie theBe 

nearest to plllZlt uptake in the widest 1'IIDg8 of soils should be dete1'lllined 

IIZId recCllllDSnded tor general use. 

For some time we had been aware of tha Food IIZId Agriculture 

Organisation's EurcPSllZl Cc-cperative Network on Trace Elements IIZId we held 

a meeting wi tll the leadere ot tha two netwo:J:ks relevant to our work, 

Protessors Kick and Cottenie, to exol1aD8e information to our mutual bene­

t! t. As a result 1 t is verT pleasing to see that the sludBe pot trials 

are being carried out on a joint basis at 13 sites this 7Bar IIZId we are 
hopeful that the trials will be extended next year. The FAD had planned 

similar work IIZId as a result ot the liaison with Professor Kick we have a 

more eftective joint project. 

Raising tha pH generally has tha intial advantaee that it locks the 

metals up in the soil but some ot tlle metals that are locked up in tlle 

soil oan be released as a result of ohanges in pH. Some metals such as 

cadmium and Dickel verT far mere with pH tllan others such as oopper IIZId 

lead. Organic matter increases fin.tion. "Total" metals indicate long 

tem ettects but warDing ot some short tem etrects is best dete1'lllined 

from "available" metals. "Available" metals verT with time and "total" 

metals have a wider application and acoeptance in the present state ot 
knowledBe. It is theretore advisable to consider botll. 

6. lml'EIiMINATION OF MOBILITY OF HEAVY METALS m SLUDGES :BY PROGBESSIVE 

ACIDIFICATION 

A proposal by Professor CotteDie and Dr llba.ese that the mobility ot 

heavy metals should be dete1'lllined by progressive aciditication was con­

sidered. We tho1l8ht that the proposal would be useful provided thare was 

a means of detemining the link between metals in soil IIZId metals in plan1&. 

Since that oould be detemined by pot trials we agreed that the method 

merited detailed oonsideration and referred it back to Working Group 2 so 

that they could C&r'E7 out ring tests. This proposal would detemine a 

direct link between acidity of soil, sludBe application and availability 

ot metals and enable adjustmen1B to be caloulated. 
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7. GROmmrATEB. STIlJlY 

Dr Hu;ylebroeck (Co-pilot, Belgium) has carried out a review of the 

groundwater studies being carried out b;r 21 laboratories. 

Column peroolation, l;rsimetere and field e:z:per1ments are widel;r used in 

va.r;ring combinations. The paramsters examined in soil, slud&e and ground­

water vary oonsidsrabl;r ae do the anaJ.;rtical methods. Considsration should 

be given to standardising soil anaJ.;rtical methods so that results can be 

compared with each other. 

The review concludes with the following general conclusions.-

a. Column, l;rsimeter and field e:z:periments oonducted b;r the same 

laborator;r give similar results. 

b. Nitrate concentration in groundwater is increased b;r slud&e 

applioation. The increaee is comparable to that of a high 

dose of inorganic fertilizer. 

c. Groundwater contamination b;r heav;r metals has been found to 

a minor extent and depends on the metal, soil type and pH. 

d. No bacteriological pollution of groundwater has been observed 

in these studies. 

e. Phosphorus movement could lead under certain conditions to an 

increaeed phosphorus concentration in groundwater. 

8.~ 

Cadmium production has increased oonsiderabl;r during the 20th Centur;r 

and it has been blamed for msn;r human ailments. It has been argued that 

the input of cadmium from the application of sewage sludge to land can be 

an important factor in man I s intake and that in exceptional circumstances 

the input can exceed that recommended b;r the World Health Organisation. 

At the request of the Concerted Action Committee we prepared a paper 

setting out the uses of cadmium, its occurrence in sewage sludge, the 

input to land and the consequent uptake b;r crops for submission to the 

EEC Ecotoxicological Committee. 

Obviousl;r there is no problem with domestic slud&es but there is some 

risk of high uptake where sludge with high cadmium content is applied to 

soil used for vegetable production. The problem is a long tem one invol­

ving forecasting effects over the future nomal life of man. It is, 
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mainly, limited to sludge disposed from large cities to arable land but 

cadmium also has phytotoxic properties and it is probably this that limits 

growth and uptake. Possible interaction with other metals is an important 

aspect of uptake. 

9. OTHER METALS 

Proba.bly the most important other metals are the phytotoxic group zinc, 

copper and nickel. Whilst zinc is the most important from the sludge dis­

posal point of view since it is likely to be present in quantities that 

limit disposal, copper demands special attention. 

Copper is essential in animal diets and a deficiency is likely to 

resul t in malnutrition. Deficiency ""IV be aggravated by the presence of 

molybdenum which may lock up copper and sulphur is also a relevant factor. 

The problem is confined to a limited number of countries and then to 

limited areas. Copper deficienoy oan be rectified by injections. On the 

other hand exoess copper oan be toxic to sheep giving rise to a condition 

known as teart. Sheep may die with more than 1Omg/kg copper in their 

diets. 

Boron is both an essential micro-nutrient and phytotoxic; where it is 

present in excessive quanti ties plants sometimes grow but fail to mature. 

It is however soluble and can be applied from waste water if land is 

flooded as well as from sludge. 

Chromium can affect growth of crops such as sugar beet. Discharges 

from tanneries may result in high concentrations. The soluble hexavalent 

form is unlikely to be present in significant quantities. 

Lead, fluorine, arsenic, mercury and selenium have well known toxic 

effects and a sludge concentration limit seems more relevant than an 

application limit where there is a risk of ingestion. 

The effects of metals are complicated by interaction and combined 

effects, the presence of one often affecting the action of another. 

10. NUTRIENTS - NITROGEN. PHOSPSORUS AND POTASSIUM 

The effects of nutrients is the responsibility of Working Party 4. It 

is however relevant to our work that a healthy plant receiving adequate 

nutrients is able to withstand toxic metals better than an under-nourished 

plant. This is a further example of interaction. Excessive applications 

of nitrogen and phosphorus can themselves, however, be harmful. 
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11.~ 

There is 1noreaaing interest in the effects of organios and efforts 

are being -.de to ourtail their input to the environment. ADaJ.;ytical 

I118thods are sometimes very difficult. 

12. TlPES OF SLUDGE 

Env,iromaental effects vs;ry with types of sludge. Apart from variatiom 

depending on input to a sewage treatment works the form and availability 

of metals depends on the treatment given to the sludge. Smell and appear­

ance likewise depend on treatment. Treatment should be sufficient to 

produce a sludge that is satisfactory for the particular purpose. 

13. lOOONOMIC ASPECTS OF DISPOSAL 

Following on from the last paragraph there is no point in spending 

more on slu~ treatment than is necessary for a particular application. 

One of the main costs of disposal is the costs of transport. HiBb rates 

of application are therefore more eoonomic than low rates. ADaJ.;vses are 

expensive when carried out on a large soale. Sludge application criteria 

should only be specified when they are genuinely requirai to protect man or 

some part of the environment. Such criteria should not be unduly restric­

tive yet be sufficient to provide an acceptable standard of protection. 

Complete removal of a particular metal is not only virtually impossible 

but it is extremely expensive. In some circumstances the applications 

limits should be based on longer intervals than a year as frequent small 

doses, apart from being uneconomic disrupt farming operations. 

14. GUIDELINES 

An updated version of the oomparison of guidelines is attached as an 

appendix. The earlier edition issued at Cadarache in 1979 has been 

amended and should be destroyed. The wide variations in criteria confirm 

the need for our work to continue so that there is an BBreed scientific 

basis for sludge disposal. Guidelines themselves will of course vs;ry 

depending on the local priori ties and land availability. 
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APPENDIX 
OOIlPARISON OF GUIDELIIiES FOR SEWAGE SLUDGE APPLICAtION to AGRICULtuRAL LAND 

UNITED S'1'.4.TES 
(ENVIRONIIEN'lAL PROfEC'lION .\GENa) 

Type of sludge acceptable for Sludges must undergo processes to 
agricul tura! use. reduce pathogens (chemical, physical, 

biological or thersal. tJ'Utment). 
Sludges with hospital wastes should 
be pasteurised, irradiated, «XNI­

posted, stored long-teM, or pH 
raised to 12. Further treatment 
required. it human food to be grown 
in 18 IIIOntbS. PCBs 
,. 10 mg/kg tor aniul feed. 

Application reco.endations Avoid highl)' porous soUs, direct 
contamination of' crops, il'6estion 
b)r animals and huuns, and public 
nuisance. 

llaxi.mum application 

Metal additions 

To crops 

To pasture 

Application period 
Soil pH 

Zinc 8fuivalent concept 
Zal Ctu Ni. 

As 
Cd 
Co 
Cr 
Co 
IIg .., .. 
Ni 
Pb 
So 
ZlI 
B 

Crop d8118nd and N in sludge lints 
Cd. a4di.tion 2 Ieg/ha. year (up to 
1984). 
Cd. addition 1.25 kg/he. year 
(1')84-1986). 
Cd. addition 0.5 kg/ha. year (tl'Oll 
1981) and. on land Qlied to produce 
tobacco, leafy vag. and root crops 
for hUllBnS. 

Cumulative addition kg/ha. 

~ ~,c5 (cat1~nie ~ .. ) 

125 250 500 

50 100 200 
500 1000 2000 

250 500 1000 

above levels lIlY be exoeeded 

.a1so applies where soil pH is 
(6.5 

Not specified 
> 6.5 except where Cd concentrations 
are 2 !§/'kg or less . 
/lot used 
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UNlfED STATES 
(WISOONSIN) 

Ra. should not be used. Root crops 
or crops to be consumed raw not to 
be grown within 11. at application. 
IIilk con should not be grazed. tmtil 
21lOnths af'ter application, other 
animals 2 weeks. 

A.t least 2 teet soil above iapel'll­
eable layer or water table. At 
least I 1000 teet from public 

supply well 
500 teet from private 
supply well 
500 reet trOll nearest 
residenoe. 

Crop N demand. 
Metal addition li1sited. to mot 
soil CEC and Cd. 2.4 kg/ha. ye ... 

Ctaulative addition Icg/ha. 

182 

DO differentiation 

11 21 4. filE additional lWted 
to 10!! or CEC Cd liait. 



COIIPJRISON OF GUIDELINES FOR SEWAGE SLUDGE APPLICATION TO AGRICULTURAL LAND 

Type of sludge acceptable 
for agricultural use. 

CANADA 
(ONTARIO) 

Only digested or stabilised sludges 
acceptable. Land not to be used tor 
fruit, vegetables or grazing within 
6 months of application by sheep and 
swine and within 2 IlOnths by horses 
and dairy and. beet cattle. 

UNITED KINGDOM 
(1980) 

Raw sludge !lay only be used for 
aniul feed and crops to be cooked. 
On pasture, delay required between 
application and grazing' 6 months 
for untreated and 3 weeks for 
treated sludges. Salad crops not 
sown .ttbin 12 IDOnths of appl iea­
tion. 

Application rftOOlllllendations No application to soils with organic Avola water contallindion, odour and 

Maximum application 

Metal additions 

As 
Cd 
Co 
Cr 
Co 

'to crops II! 
Un 
110 
Hi 
PI> 
Se 
l'AI 
B 

To pasture 
n 

Application period 

Soil pH 

ZiDC Equivalent concept 
&1,. Cui Hi 

content )1~ or Bvallabla p ')60pp. raingun drift. Phase out supplies 
general public. 

CUmulative kg/ha llin ratio 
8IIIIIOniacal N. 

•• tal 

15 100 
1.6 500 

30 50 
220 6 
168 10 

0.9 1500 

3.8 180 
36 ItO 
9'1 15 
2.1 500 

363 4 

no differentiation 

applications at 5 year, 
intervals suggested 

)6.0 

Not used 
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Up to 1/5 of total 30 year metal 
addition in any one year and no 
more 1D'I.tU running average talls to 
30 year average adjusted where soil 
metal levels are high or low. 

CuIIulative Annual ~H9ii 
kg/be. 30 yea •• ",be. you Limit 

og/kg 

10 ,,3 
5 167 

1000 ".000 
280 9,500 

67 

4 133 
10 2,500 

1000 '3.000 2,000 
5 161 

560 18,600 
~,500 (4,500-1st ,.r) 

600 3.500 as above, excepts 
Cu 560 18,loo 
Hi 140 4,600 
Zn 1,120 31,200 

30 years 

Arable )6.5 
Pasture )6.0 

112.8 



COMPARISON OF GUIDELINES FOR SEWAGE SLUDGE APPLICATION TO AGRICULTURAL LAND 

Type of sludge acceptable 
for agricultural use. 

Appl ication reOOllD!enda­
tions. 

laXiraUII application. 

Metal additions 

To arable crops 

To horticul tura! 
crops 
To pasture 

Application period 

SOU pH 

As 
Cd 
Co 
Or 
Cu 
Ifg 
Mn .. 
Hi 
Pb 
50 
Zn 
B 

Zinc F.qu.i valent concept 
ZnaQuNi 

Only treated sludges to be used on 
pasture land and a ~grazing 
period of 6 weeks. 

Lwted to arable and grassland. 

2t dml'na. year OD arable lend 
1t dr4/ha. year on grassland. or 
met~ addition limit. 

eJJ/1OO years 

Not specified 

Not used 

Concentration 
limit 

og/kS 

10 
10 

500 
600 
,0 

100 
500 

2000 

as above 
as above 
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GERllANY 

Precautions to be taken ~inst 
disease infections in agricul­
tural use. 

5t dm/ha. year or lIetal addition 
limit. 

Concentration lilli t in 
air~SlJIL SLUDGE 

og/kS 
Figures in (20) 
brackets are ~ 

Prof KIcke's 
values for 100 1,200 
tolerable 100 1,200 
amounts. 25 
Rell8inder are in 
a draft pro- (5) 
pasal tor a FOO 50 200 
ordinance. 100 1,200 

(10) 
300 ',000 
(25) 

Eo years 

Not specified 

Hot used 



(X)IIPARISON OF GUIDELINES FOR SEWAGE SLUDGE APPLICATION 1'0 AGRICUL'1'UHAL LAND 

'type of sludge acceptable 
for agricultural use. 

Application reCOllllenda ... 
tiORS. 

IlaXimUIII application. 

YeW additions 

'1'0 arable crops 

To horticultural 
crops 
To pasture 

Application period 

Soil pH 

Zinc Equivalent concept 
1iuCaIHi 

As 
Cd 
Co 
C. 
0. 
JIg 
lin 
110 
Hi 
Pb 
Se 
Zn 

FRANCE 

At least 7~ domestic origin. 
At least 2~ d1'l)' matter (dm) 

Not specified 

Not specified 

Not specified 

Hot used 

Concentration 
limit 

oWJ<g 

15 
20 

200 
1,500 

8 
500 

',000 
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SWI'1'ZERLAND 

Only stabUized (digested or 
aerated) sludgei on grassland 
during vegetation period only 
pasteurised sludge. 

Dosage based on N and P content. 

100 kg plant available H/ba per 
year (aboat 5 kg/ha of dry matter) 

Concentration lim t 
mg/kg (ppm) in dr;y utter in 
slwlge 

As 
30 Cd 

100 Co 
1000 (3000 for C. 
1000 tanneries) Co 

10 JIg .. 
20 110 

200 Ni 
1000 Pb 

Se 
3000 Zn 

Vegetation period. onl.7 pasteurised 
sludges on grassland. 

Not specified 

Not used 



OOIIPAIIISOI or IlUIDELIIIBS roR _ SLUDGE Al'PLICAl'IOl 1'0 GIaJL!IJ)W. UfO) 

!Jpe or sludSa acceptable 
tor I6ricul tural use. 

.,. sludge not aoceptable. 
stabilised o1qes onl, 011 ..... 
for parks, lIl"able ad industrilll 
crops, and pasture. Sludges 
oontaini18 abattoir waste to be 
disinfected tor pasture and. oro .. 
tor raw con_ption. 

Application reooaendations. Avoid surface and groundwater 
pollution, public nuisance and 
hHlth hazara.. 

• xm. application. 

Crops tor aniaal 
or hUlian conSUllp­
tioD 

Recreation, forestry, 
fiowers 

Application period 

Soil pH 

As 
III 
Co 
Cr 
Co 
II! ... .. 
Ni 
Pb 
So 
:r.. 
B 

Zinc F,quivalent concept 
ZnaQuNi. 

Crop deund and release inorg. " 
or aetal addition liait. 

Metal addition Concentration limit 
glha. year ..,,/kg 

15 

600 

As above, except. 
III ~ 

Pb 1200 

~ 

500 
100 

1200 

eooo 

~ 
1200 

Not "lOJ'lg tel'll" for coflSWlable 
crops 

Not specified 

Not used. 
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Raw dudge not acceptable. Biolo­
losico1 or liM otabilised or 
COIIpOsted acceptable tor parts, 
arable and industrial crops, but 
not reoc.aeaded tor pasture or· 
OI'Ops tor oo..-ption raw. 

Avoid surt.,ce aild ~ .. ter 
pollution" publio nuisance end 
health hazards. 

20t da/bo. 5,.ars or lot da/ha • 
1ears. 

20 ~ 
400 100 

4,000 1000 
12,000 !IOOO 

100 25 
12,000 !IOOO 

2,000 500 
4,800 12<¥> 

20,000 5000 

Hot specified 

Not "long tel'll" tor consllllable crops 

Not speoified 

Rot used. 



COMPARISON or GUIDELINES FOR SEWAGE SLUDGE APPLICATION TO AGRICULTURAL LAND 

Type of sludge acceptable 
tor agricw. tural use. 

NORWAY SWEDEN 

Ra. sludge not reCQl8lended. Raw sludge acceptable for corn 
Biological or lime stabilised cul titation or oll-yielding plaJ'lts, 
acceptable for parks, arable and but not for parks, pasture or crops 
industrial crops, but to be left for consu.ption raw. stabilised 
2 years before grazing pasture sludge not acceptable for pasture 
or groril'@ crops for consumption raw. or crops for consumption raw. 
eomposted or heat-treated sludges Disinfected sludges acceptable for 
generally acceptable. all uses. 

Application reCOllllD.endations. Avoid surface and groundwater 
pollution, public nuisance and 
heal th hazards. 

Avoid surface and groundwater 
pollution, public nuisance and 
heal th hazards. Spray irrigation 
not recommended. Sludge to be 
worked into soil within 1 day. 

Maximum application. 50 t dm/ha once only 5 t dm/ha. 5 years 
1 t dm/ha. year 

As 
Cd 
Co 
Or 
Co 

Crops for animal Hg 
or human eonsUll1p- Un 
tion 110 

Ni 
Pb 
50 
Zn 

Recreation, forestry, 
flowers 

Appl ication period 

Soil pH 

Zinc Equi val ent concept 
Zn~Cu~Ni. 

20 t dm/ha. 10 years repeated 
10 t dm/ha. 5 years " 
2 t dm/ha. years 

Metal addition Concentration li.m.it Metal addition Concentration limit 
.1M. year og/"" g/M. year "",I"" 

15 

14 

According to ease 

~ "long term" for -consumable 
crops. 

Not, specified 

Not used. 
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15 15 
50 50 

1000 1000 
3000 3000 

500 500 
300 300 

10000 10000 

Aceordi~:·to case 

5 years but repeated application 
discouraged. 

Not specified 

Not used. 



KL~RSCHLAMMAUSWIRKUNGEN AUF DIE UMWELT: EIN UBERBLICK UBER 

EINSCHL~GIGE FORSCHUNGSARBEITEN IN tlSTERREICH 

G. HALBWACHS 

Ao. Univ. Prof. am Botanischen Institut 

der Universit~t fUr Bodenkultur in Wien 

Kurzfassung 

Uber einige aktuelle Forschungsarbeiten in ~sterreich, die 
sich mit negativen Begleiterscheinungen der Klarschlamman­
wendung in der Land- und Forstwirtschaft befassen, wird Uber­
blicksartig berichtet. 

Die strenge Trennung von positiven und negativen Wirkungen 
erscheint nicht einfach, weil die Zusammensetzung der Klar­
schl~mme, vor allem was ihren Gehalt an Salzen und Schwer­
metal len betrifft, stark variiert. AuGerdem bestehen auch 
groGe Unterschiede in den Bodentypen, auf denen Klarschl~mme 
zur Anwendung gelangen, und auch bezUglich der Aufwandsmengen 
und Ausbringungszeitpunkte. 

Vor allem die moglichen und tatsachlichen negativen Auswir­
kungen auf das System Boden-Pflanze werden aufgezeigt und 
durch Ergebnisse von GefaG- und Freilandversuchen belegt. 

A broad survey is given on recent Austrian research dealing with negative 
side effects of the application of sewage sludge in agriculture and 
forestry. 

A clear separation of positive and negative effects seems nat to be an 
easy task, since the composition of sewage sludges is extremely variable 
especially regarding the content of salts and heavy metals. In addition 
there are great di fferences in the types of soil to which sewage sludge 
is applied as well as in the amounts applied and the times of application. 

Emphasis is given to possible and proven negative effects on the soil -
plant system, which are demonstrated by the results of pot and field trials. 
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1. EINLEITUNG 

Die starken Variationen in der qualitativen Zusammensetzung 

von Klarschlammen, die unterschiedlichen Bodenarten, auf denen 

sie zur Anwenqung gelangen, und die Tatsache, daB neben fUr 

die Pflanzenernahrung essentiellen Elementen und Spurenelemen­

ten praktisch auch immer ein gewisser Anteil an unerwUnschten 

Beimengungen, w~e z.8. Schwermetallen und nicht essentiellen 

Elementen, in Klarschlammen enthalten ist, deuten die Schwie­

rigkeiten an, eine klare Trennung von positiven und negativen 

Wirkungen vorzunehmen. Auch die Konsistenz des Klarschlammes, 

die Ausbringungsmenge und der Applikatioriszeitpunkt sowie die 

Dauer der regelmaGigen langerfristigen Anwendung sind von we­

sentlichem EinfluG auf das Oberwiegen der positiven oder nega­

tiven Erscheinungen. 

Die in ~sterreich mit der landwirtschaftlichen Verwertung von 

Klarschlamm befaOten Institutionen (1) sind demnach groGten­

teils ident mit jenen Forschungsstellen, die Uber tatsachli­

che und mogliche negative Begleiterscheinungen unter ~erschie­

denen Bedingungen berichten konnen. Auch Uber die von forst­

licher Seite in Osterreich vorliegenden Erfahrungen zur Anwen­

dung von MOllklarschlammkompost wird kurz berichtet. 

2. NEGATIVE BEEINFLUSSUNGEN DES SYSTEMS BODEN - PFLANlE 

Die im luge der landwirtschaftlichen Verwertung von Klar­

schlamm auftretenden negativen Umweltbeeinflussungen betreffen 

in ersterlinie das System Boden - Pflanze. Beim Substrat Boden 

stehen neben hygienischen Belangen, die in einem anderen Ar­

beitskreis behandelt werden, vor allem klarschlammbedingte 

physikalische und chemische Veranderungen bzw. deren EinfluO 

auf die bodenbiologischen Verhaltnisse zur Diskussion. In en­

gem lusammenhang mit der Bodenbeeinflussung stehen diverse ne­

gative Auswirkungen auf Pflanzen. Diese auGern sich z.B. hau­

fig in einer Storung der Stoffaufnahme bzw. in Veranderungen 

der PflanzenverfUgbarkeit verschiedener im Boden vorhandener 

Ionen, was von Keimhemmung Ober Ertragsminderungen und Schad-
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alof,fanreicberufl1J&n ,1il ,Pfl ... nz'e./1!J"weve.n, z ,£. ,bei 'landwirt­

schafllichen }<ulturp"flsozen bis :.u, di<le1'seo sek ... ndliren Au's­

wirkungen ,a"f die in' der N~htungsmittelkette' 'fo'i<je,nden Glie'­

der fuhren ,kann. 

2.1 AUSWIRKUNG£JII AUF DEN BOD£N 

Die bod e n p h y s i k a I i 9 C ben Auswirkungen h~n­

gen stark vom Bodentyp und von der Art der Ausbringung (NaO­

schlammg-eben z .'B .durch Ber iesel-t,lng oder durch T,ankwagen; 

luftgetrockneter Klarschlamm z.8. durch Miststreuer) 'sowie 

von der ,Anzahl der Schlammg.aben bz"!. von der Menge der aufge .. '· 

brachten Troc'kensubrtsnz ab .. NallschlemmgBben im frUhjahr kon­

nen zu einer £rhDhung der Bodenfeuch'te'-bis Z\.4' 6 Wocha" nBch, 

derAppIizierung fiihren(2}. rine jahrliche il~schlammutig mit 

600 m3/ha (rd. 14.500 kg TS/ha) durch 5 Jsh~e filhrte bei leich­

teran Boden zu positiven, bel relatlv schweren Boden jedoch zu 

negative" Auswirkungen, die sic« in einer Verdichtung und da­

mit Verringeruflg des Porenvolumens bzw. inder Porenverteilung 

(Zunahme der Feinporen) auBerten. Dabei wurden vcr.sllem die 

luftkapazitat (Porendurchmesser 10 ~m) und die pflanzennutz­

bare Wasserkapazitat (Porendurchmesser I - 10 fm) einge­

schrankt (2). Die Gefahren der oberflachlichen Bodenverdich­

tung, oft verbunden mit starkerer Durchfeuchtung und daraus 

resultierendem SauerstoffabschluB, sind vor allem auf Wald­

standorten nicht zu unterschatzen, da dort keinerlei Bodenbe­

srbeitung stattfindet. Bei hohen NaBschlammgaben zu landwirt­

schaftlichen Kulturpflanzen kann eS durch starke Oberwasserung 

des Bodens aber auch zeitweilig zu anaeroben Verh~ltnissen und 

dadurch bedingten starken Wachstumsminderungen kommen (3). Die 

durch den SauerstoffabschluB eingeleitete reduktive Phase 

wirkt sich vor allem in bodendiologischer Hinsicht ungUnstig 

aus. 

Die negativen Auswirkungen von Kl~rschlammen auf den B 0 -

den c hem ism u s sind kaum in der funktionellen ~Rich­

tung, wie EinfluB auf den Kationenaustausch oder Bildung von 

Sorptionskomplexen u.s., begrOndet, sondern werden meist durch 
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die in den Klarschlammen enthaltenen Elemente verursacht. Un­

ter diesen beanspruchen die Schwermetalle sowie Natrium und 

Chlor die groSte Beachtung. Da die Schwermetalle bei hoheren 

pH-Werten nur in sehr geringem MaSe pflanzenverfOglich sind, 

kenn es bei Daueranwendung zu bedenklichen Anreicherungen im 

Boden kommen (4). Dies wurde in 4 verschiedenen landwirt­

schaftlichen Betrieben Oberosterreichs, die in verschiedenen 

Klimabereichen angesiedelt waren und 3 verschiedene Bodentypen 

reprasentierten, fur link, Kupfer, Kobalt, Blei, Nickel, Chrom 

und Cadmium nach Klarschlammgaben mit z.T. stark schwermetall­

belasteten Schlammen beobachtet (5). Geringe Metallkonzentra­

tionen im Schlamm beeinfluOten die Bodenwerte kaum, sehr stark 

belastete Schlamme jedoch erhohten den Gehalt des Bodens an 

den betreffenden Schwermetallen auf das Mehrfache des Aus­

gangswertes. Besonders kritisch waren die Elemente link und 

Chromo Bei Chrom wurde die Konzentration von 100 ppm im Boden 

in zwei Fallen uberschritten (5). Aus diesen Versuchen wurden 

folgende Empfehlungen fUr die Praxis abgeleitet (6): 

a) lur DUngung 8011en nur Klarschlamme verwendet werden, deren 

chemische Zusammensetzung bekannt ist, da sich die Auf­

wandsmenge nach den Inhaltsstoffen zu richten hat. 

b) Da die Boden einen unterschiedlichen Schwermetallgehalt 

aufweisen, waren sie vor und periodisch nach Klarschlamm­

dUngungen zu untersuchen, urn mogliche Schwermetallanrei­

cherungen durch diese Kontrollanalysen sofort feststellen 

zu konnen. 

Die Gefahr, die natUrlichen Gehaltsverhaltnisse im Boden durch 

Klarschlammgaben zu verandern, besteht vor allem bei den 

Schwermetallen, weil deren Konzentration im Klarschlamm die 

Normalgeha1te im Boden urn das 100- bis looo-fache Ubertreffen 

kann und keine nennenswerte Reduktion durch Entzug oder Aus­

waschung besteht. Daher sind unerwUnschte Anreicherungen im 

Boden moglic~ (7). 

Die folgende Tabelle gibt einen Begriff von den Gro8enordnun­

gen, mit denen wir in Osterreich bei den Schwermetallgehalten 

in KiarschIamrnen rechnen mUssen. Die lusammenstel1ung enthalt 
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einerseits Analysenergebnisse Von 25 Proben aus IB Klaranla­

gen, verteilt Gber die Bundeslander Niederosterreich, Steier­

mark und Karnten. Die Stichproben beinhalten auch Stadte mit 

groGerer Einwohnerzahl und Industrie (7). Andererseits stammen 

die Analysen von 6 Klarschlammen aus Anlagen des Raumes Ober­

oster reich und Salzburg, die in 2 aufeinanderfolgenden Jahren 

untersucht worden waren, und folgende HerkGnfte reprasentier­

ten: GroGstadt mit Industrie, Kleinstadt mit Industrie, Markt 

mit Mittelbetrieben, Markt mit Molkerei (2x) und landliche Ge­

meinde (B). 

TABELLE: Schwermetallgehalte in Klarschlammen verschiedener 

osterreichischer HerkUnfte 

Element Schwankungsbereich Schwankungsbereich 
in ppm TS nach (7) in ppm TS nach (B) 

Kupfer 86 - 1. 222 20 - 700 

Mangan 114 - 3.117 163 - 1.500 

Eisen 4.973 - 31. 250 3.361 - 166.667 

Zink 250 - 5.B90 67 - 5.100 

Kobalt 3 - 67 Spuren - 4.000 

Molybdan 1 - 14 Spuren - 10 

Blei B - 557 20 - 27.56B 

Cadmium 1 - 94 Spuren - 73 

Chrom 5 - 1. oB9 6 - 5.742, 

Nickel IB - 209 20 - 1. 547 

Die bodenchemischen Param.eter pH-Wert und elektrische Lei t fa­

higkeit der oberen Bodenschichten zeigten durch zwei verschie­

den hohe Schlammgaben (2x60 mm Faulschlamm im Abstand von 3 

Jahren und 5x60 mm jahrlich durch 5 Jahre) gar keine oder nur 

zeitweilig eine geringe Beeinflussung (2). Deutliche, be­

schlamrnungsbedingte Unterschiede zu den Kontrollen zeigten 

sich in Feldversuchen nur beirn Na-Gehalt und dern Gehalt an 

Pflanzennahrstoffen bei fUnfrnaliger jahrlicher NaGschlamrnap­

plikation von je 60 mm. Die Strukturverschlechterung irn Boden 

war z.T. auf den erhohten Na-Gehalt zurUckzufGhren, der zu Be­

ginn der zweiten Vegetationsperiode nach der Beschlarnmung Ma-
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ximalwerte erreichte. Die Natriumionen sind nicht nur fOr die 

Pflanzen, sondern auch fUr den Boden selbst von Nachteil. Der 

Anteil der Natriumionen am Sorptionsbelag des Sodens kann nam­

lich immer mehr zunehmen und eine Verschlechterung der Boden­

struktur nach sich ziehen, wie Quellung der Ton- und Kolloid­

substanzen, Losung der Humusverbindungen und Dichtschlammung 

des Bodens (9). Ungunstige Verschiebungen des Nahrstoffhaus­

haltes infolge hoherer Na-Gehalte konnten aber nicht festge­

stellt werden (2). Die Stickstoffgehalte lagen bei den jahr­

lich beschlammten Flachen klar uber den Werten der Kontroll­

flachen (mit Mineraldungung), wahrend bei Phosphor trotz der 

erheblichen Phosphatzufuhr durch die Schlammgaben nur eine ge­

ringfUgige Erhohung zu registrieren war. Dies hing offenbar 

mit der beachtlichen Phosphatfixierung in Form von Ca-, AI­

und Fe-phosphaten bei jahrlichen Schlammgaben zusammen, da 

diese Elemente reichlich im Schlamm vorhanden waren (2). Die 

klarschlammbedingten bodenphysikalischen und bodenchemischen 

Veranderungen entfalten eine entsprechende Wirkung auf die im 

Boden vorhandenen Mikroorganismen. Diese sind zwar z.B. in der 

Lage, organische Verbindungen zumindest teilweise abzubauen, 

nicht jedoch Elemente, die in gro8erer Konzentration anfallen. 

Langfristige Ausbringung von Klarschlamm birgt daher neben 

physikalisch-chemischen Beeinflussungen auch die Gefahr einer 

bodendialagischen Wirkung durch Veranderung der Mikraarganis­

menpopulatian. 1m allgemeinen wirken aus Siedlungsabwassern 

stammende Klarschlamme positiv auf die Vermehrung der meisten 

Bodenmikroben ein. AIIerdings sind kurz nach der Schlammauf­

bringung die Gesamtkeimzahlen schwach reduziert. Nach kurzer 

Anlaufzeit stimuliert die SChlammdUngung Var allem die Massen­

entwicklung der Bakterien (besonders der Kokken und Stabchen). 

Die Actinomyceten reagieren spater. Das Pilzwachstum wird 

durch Klarschlamm nur in geringem MaGe angeregt; ahnlich ver­

halten sich die mikroskopischen Algen, die jedach starke Ver­

anderungen in der Artenzusammensetzung erkennen lassen. Die 

Badenfauna kann durch frischen Klarschlamm, der die Boden­

durchlUftung unterbricht bzw. unterbindet, vernichtet werden, 

was var allem die Mesafauna, die Milben und die Callembalen 

betri fft. 
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Klarschlamme industrieller Herkunft mit groBeren Men~en von 

Spurenelementen und verschiedenen giftigen organischen Verbin­

dungen wirken sich von vornherein nachteilig auf das Bodenle­

ben aus. Auch die Anderung des pH-Wertes und des Salzgehaltes 

kann die Entwicklung des Bodenlebens hemmen. Viele Bodenmikro­

ben, besonders unter den mikroskopischen Pilzen, reagieren z. 

B. auBerst empfindlich auf Erhohungen des Salzgehaltes (9). 

2.2 AUSWIRKUNGEN AUF PFLANZEN 

Aus pflanzenbaulicher Sicht spielen aber nicht nur die Schwer­

metalle Bowie Na und Cl eine negative Rolle, sondern auch der 

Stickstoffgehalt der Klarschlamme kann als begrenzender Faktor 

auftreten. Zu hohe, zu haufige (zu kurze Beschlammungsabstan­

de) und zu spate Schlammgaben in der Vegetationsperiode kon­

nen zu Ertragsdepressionen und QualitatseinbuBen fUhren. Bei 

Getreide (Winterweizen und Sommergerste) wurde z.B. frUhzeiti­

ge Lagerung und eine Verminderung des looo-Korn-Gewichtes, bei 

Bohnen ein Anstieg des Nitratgehaltes und bei ZuckerrUbe Qua­

litatsverminderung und ErtragseinbuBen festgestellt (2)~ Hohe 

Klarschlammgaben konnen durch ihren hohen Stickstoffgehalt, 

der von den Pflanzen nicht mehr verwertet werden kann, Bowie 

durch ihren Uberschu8 an Natrium schadigend auf Boden und 

Pflanzen wirken, da BS zu unerwUnschten Anreicherungen von 

Nahr- und Schadstoffen kommt (10). 

Eine Beeintrachtigung des Pflanzenwachstums durch hohere Ge­

halte des Klarschlamms an Mineralolen, Teerprodukten und De­

tergentien ist nur zeitweilig zu erwarten, da diese Substanzen 

im Boden durch Mikroorganismen relativ rasch abgebaut werden 

(11). Umstritten im Hinblick auf die Aufnahme durch Pflanzen 

ist die Bedeutung der in den Klarschlammen enthaltenen cance­

rogenen polyzyklischen Aromate (12). 

Einen breiten Raum in den osterreichischen Forschungsaktivita­

ten nehmen Untersuchungen ein, die sich mit der Belastung von 

Nutzpflanzen durch die mit dem Klarschlamm zugefUhrten Elemen­

te befassen. NatOrlich stehen auch dabei wieder die Schwerme-
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tal Ie im Mittelpunkt des Interesses. Auf zwei unterschiedli­

chen Boden, einem lehmigen Sand baden mit pH 4,9 und einem 

sandigen Lehmboden mit pH 7,3, wurde die Wirkung von leicht 

loslichen Gaben der Schwermetalle Chrom, Nickel und Cadmium 

einzeln und in Kombination auf Italienisches Raygras gepruft. 

Bei dem lehmigen Sandboden wirkte sich Nickel, bei dem sandi­

gen Lehmboden dagegen besonders Chrom und z. T. auch Cadmium 

ertragsmindernd BUS. Die aufgewendeten Schwermetallmengen ent­

sprachen bei Nickel und Chrom einem Bodengehalt von 100 ppm, 

bei Cadmium von 5 ppm (13). Da es sich urn derzeit laufende Un­

tersuchungen handelt, kann zum jetzigen Zeitpunkt noch nichts 

Uber die Pflanzengehalte ausgesagt werden. 

Die Auswirkung verschieden hoher Mengen luftgetrockneten Klar­

schlammes auf Weizen, Gerste, Mais und Raps wurde in Gefa8ver­

suchen mit 2 unterschiedlichen Bodentypen und Aufwandsmengen 

entsprechend 40 t/ha bzw. 80 t/ha untersucht (14). Erst bei 

der hoheren Aufwandsmenge zeigten sich bei den Getreidearten 

Wei zen und Gerste Veraoderungen im Gehalt einiger Schwermetal­

Ie, z. B. Zunahmen von link und Kupfer. Bei den Kulturpflanzen 

Raps und Mais verursachten nur stark erhohte Gaben (320 t/ha 

bzw. 640 t/ha) eine Zunahme von Zink, Kupfer, Mangan und Mo­

lybdan. Diese Gehaltsanderungen bei den Spurennahrstoffen kon­

nen fUr das Pflanzenwachstum von Bedeutung sein. Var allem der 

link-Anreicherung im Boden wird die groOte phytotoxische Be­

deutung zugemessen. 

Bei Pflanzen, die fUr die menschliche Ernahrung eine Rolle 

spielen wie z.8. Getreidearten, erhebt sich die Frage, ob nach 

lufuhr von Schwerrnetallen zum Boden durch Klarschlamm, die ge­

setzlich zulassigen Hochstmengen in den zur Verwendung gelan­

genden Pflanzenteilen noch eingehalten werden konnen. FUr Cad­

mium und den Mehlkorper des Weizenkornes konnten die Verhalt­

nisse durch Verwendung markierten Cadmiums geklart werden (15~ 

Die Einwanderung in die Sprasse war auf 2 verschiedenen Boden 

(A: varzUglicher Weizenboden, kalk- und humusreiche, stark 

ionenfixierende Schwarzerde, pH 7,4; B: wenig geeigneter Boden 

fUr Weizen, kalk- und humusarme, schwach ionenfixierende 
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Braunerde, pH 5,4) sehr unterschiedlich. Auf dem wenig fUr 

Weizen geeigneten B.oden B gelangte rund zehnmal mehr Cadmium 

in die 5prosse als auf dem Boden A. 1m Mehl selbst war das 

Verhaltnis ahnlich, namlich 0,066 ppm (Boden A) zu 0,55 ppm 

(Boden B). Bei gleichem lusatz von Cadmium zu den BBden war 

also die in der BRD vorgeschlagene HBchstmenge in Getreide­

produkten in einem Fall klar unterschritten, im anderen Fall 

klar Uberschritten. Die Problematik nicht toxikologisch be­

grUndeter, relativ niedrjger Grenzwerte wird im Zusammenhang 

mit KlarschlammdUngungsmaBnahmen aufgezeigt (15). Auf den 

gleichen BBden A und B wurde ferner die Wirkung von Cadmium­

und linkbeigaben (als 5ulfat) einzeln und in Kombination auf 

den Ertrag von Weizenpflanzen geprUft (16). Wahrend auf der 

5chwarzerde kaum eine Wirkung eintrat, bet rug das Ertragsdefi­

zit auf der Braunerde maximal 89 %, wobei bei gemeinsamem Zu­

satz der Metalle zum Boden deutliche synergistische Effekte 

auftraten. Derzeit laufen Versuche mit den Metallpaaren Cad­

mium - Kupfer und Kupfer - link. Eine Interpretation der syn-

ergistischen Phanomene erscheint erst nach AbschluO dieser 

Untersuchungen sinnvoll. 

Neben den beiden bereits genannten Untersuchungen laufen wei­

tere Forschungsarbeiten in der Landwirtschaftlich-chemischen 

Bundesversuchsanstalt Wi en mit dem Ziel, die Folgen einer Be­

lastung von BBden und Pflanzen durch toxische 5chwermetalle, 

wie sie im Gefolge einer Klarschlammanwendung von 300 m3/ha 

(T5 2 %) auftreten, aufzudecken (17). lum sicheren Nachweis 

der von den Pflanzen in den Modellversuchen aus dem Boden auf­

genommenen sehr kleinen Metallmengen wurden die zugesetzten 

5chwermetalle radioaktiv markiert. Es zeigte sieh, daB die 

ehemisch nahe verwandten Metalle Cadmium und Zink von der 

Schwarzerde (A) starker festgehalten wurden als von der Braun­

erde (B), was auch mit den drastischen Unterschieden in der 

Aufnahme durch die Pflanzen (Wei zen und Roggen) in den GefaB­

versuchen Gbereinstimmte. 

Untersuchungen Uber die Verteilung von Cadmium und Quecksilber 

in Getreideprodukten nach lufuhr dieser Metalle zum Boden er-
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gaben, daB Quecksilber in' wesentlich geringe.rem t1a:Be a-Is ~ad­

mium von den Pflanzen aufgenommen wird. Die Ursache lag i~ der 

festen Bindung des Hg im Boden, das jm Gegenaatz zu Cd ~3Um 

loslich ist. Hg ist zwar giftiger als Cd, bedeutet aberkeine 

unmittelbare Gefahrdung von Mensch und Tier. Oagegen erfordert 

Cd wegen seiner ~roBen PflanzenverfGgba~eit erhohte Wac~sam­

kei t bei der KHirschlammanwendung •. Besondera -Busder seh_ch 

adsorbierenden Braunerde (B) wurde Cd stets in wesBntlich gro­

Beren Mengen als aus der stark adsorbierenden Schwarzerde (A) 

aufgenommen. Die geringe Hg-Aufnahme bedeutete, daB die Tole­

ranzgrenze in keinem Pflanzenteil Gberschritten wurde. Die Cd­

Anreicherung Gbertraf dagegen - auBer im Weizenmehl der von 

Boden A stammenden Korner - in allen Pflanzenteilen' die Tole­

ranzgrenze (17). 

Uie Moglichkeiten der VBrringerung der Cd-Aufnahme wurden 

UberprUft, indem neben der OUngung mit Kalk, Phosphat und ele­

mentarem Schwefel auch Ionenaustauscher (Lewatit) als "Schwer­

metallf~nger" im Boden zum Einsatz kamen. Oar Austauscher 

setzte die Cd-Aufnahme von Wei zen betrachtlich, je nach Aus­

tauscherform (Ca- oder Mg-Form) und Bodenart auf ein bis zwei 

Drittel des Kontrollwertes herab (17). 

Neben der Hg-Aufnahme war auch.die Chrom-Aufnahme durch Ge­

treidepflanzen Gegenstand von Untersuchungen (17). Die Cr-Auf­

nahme betrug z.T. nur ein Tausendstel der Cd-Aufnahme. Auf­

grund dieses Befundes erscheint eine Einschleppung von Cr in 

den Boden durch Klarschlammgaben daher weniger bedenklich als 

die des Cadmiums. Auch lieO sich die Cr-Aufnahme durch pflan­

zenbauliche MaBnahmen verringern: im GefaOversuch mit Sommer­

weizen wurde sie durch PhosphatdOngung halbiert und durch Kal­

kung je nach Bodenart auf 60% bis 80% der Kontrolle herabge­

setzt. Dagegen war der Ionenaustauscher Lewatit, der sich bei 

Zusatz zum Boden zur Bindung von Cd und Zn bewahrt hatte, im 

FaIle des Chroms wirkungslos. 

Dem Cd kommt daher wegen seiner haufigen Verbreitung als Be­

gleiter von Zn und Pb, wegen der Leichtigkeit seiner Anreiche­

rung in Pflanzen und wegen seiner hohen Giftwirkung auf Mensch 

und Tier besondere Beachtung zu. Die Cd-Aufnahme von Getreide 

konnte durch die Anwesenheit anderer Schwermetalle z.B. im 
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Klarschlamm beeinfluGt werden, und zwar forderten geringe Cu­

Zusatze die Cd-Aufnahme, Zn-Zusatze dagegen hemmten sie stets. 

In ausreichend mit Zn versorgten Boden ist daher die Gefahr 

einer hohen Cd-Anreicherung in den Pflanzen gering. Die Wir­

kung der Cu- und' Zn-Zusatze wa'r auf der kalkreichen Schwarz­

erde durchwegs groOer als auf der kalkarmen vergleyten Braun­

erde. Diese Ergebnisse wei sen auf die ausgepragte Standortsab­

hangigkeit von Schwermetallinteraktionen hin (17). 

3. AUSWIRKUNGEN AUF DAS GRUNDWASSER 

Bei der Iandwirtschaftlichen Schlammverwertung stellt s4ch 

auch die Frage nach deren Auswirkungen auf das Grundwasser. 

Grundwasseruntersuchungen (Probenahme mitteis Sanden in 14-ta­

qigen Intervallen) unter hochbeschlammten Flachen (5 Schlamm­

gaben von 40 mm bzw. 60 mm im jahrlichen Turnus) wiesen auf ei­

nen Anstieg der Leitfahigkeit, der Na-, ChI orid- und Nitratge­

halte sowie der Gesamtharte hin (2,18). Schlammgaben von 40 mm 

bzw. 60 mm im dreijahrlichen Turnus zeigten keine derartigen 

negativen Auswirkungen auf die Grundwasserqualitat. Der pH­

Wert des Grundwassers, der KMn04-Verbrauch und der Phosphat­

gehalt blieben bei allen Beschlammungsvarianten unbeeinfluGt. 

4. PROBLEME BEl OER MULLKL~RSCHLAMMKOMPOST (MKK)-ANWENDUNG 

IN DER FORSTWIRTSCHAFT 

MKK unterscheiden sich wegen der in ihnen ablaufenden aeroben 

Umsetzungen, die auf dem mikrobiellen Sektor zu gravierenden 

Veranderungen im Artenspektrum fUhren konnen, von den hisher 

besprochenen Klarschlammen deutlich. Auf die Umweltwirkungen 

von MKK wird dennoch kurz eingegangen, da in ~sterreich einige 

Erfahrungen Uber den Einsatz von MKK in der Forstwirtschaft 

vorliegen. Am Institut fUr Forstokologie der Universitat fUr 

Bodenkultur wird seit mehreren Jahren die Problematik der MKK­

Anwendung auf Forstgewachse in GefaG- und Freilandversuchen 

untersucht (19,20,21). Die bisher vorliegenden Ergebnisse wei­

sen klar darauf hin, daO nur MKK mit moglichst geringen GehaI­

ten an Natrium, Chlorid und Schwermetallen fUr die Verwendung 
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in Forstgarten oder als Substrat fUr Ballenpflanzen zu empfeh­

len ist. 

Als besonders salzempfindlich unter den Forstgeholzen erwiesen 

sich Koniferen. Obwohl der in einem GefaOversuch (19) angewen­

dete MKK relativ geringe Gehalte an Na und Cl aufwies, traten 

bei 2-jahrigen Schwarzkiefern- und Fichtensamlingen auf Sili­

katboden + 20 Vol .• MKK, Karbonatboden + 20 Vol.% MKK und rei­

nem MKK schon im ersten Abschnitt der Vegetationsperiode Na­

delschaden (Salzschaden) auf. Aussagen Uber die Wirkungen der 

relativ hohen Cu-, Zn-, Pb- und Cd-Gehalte auf den Boden, die 

Bodenorganismen und auf die Pflanzen konnten nicht gemacht 

werden; auf diesem Sektor waren dringend Versuche notwendig, 

da bisher noch zu wenig Informationen Uber Langzeitwirkungen 

von Schwermetallen auf Waldbaume vorliegen (19). 

Die Beseitigung bzw. Herabsetzung der besonders nachteiligen 

Na- und CI-Gehalte wurde bei einem MKK osterreichischer Her­

kunft durch bis zu viermalige Auswaschung versucht (21). Ob­

wahl der Na-Gehalt durch diese Behandlung fast auf die Halfte 

reduziert wurde, lag er noch immer weit Uber dem Wert von 20 -

25 mg/loo 9 TS, ab dem mit Schaden an Koniferen zu rechnen ist. 

Der Wirkungsgrad der Auswaschung nahm mit jeder Wiederholung 

rasch (logarithmisch) abo Welchen EinfluO die unterschiedli­

chen Auslaugungsgrade des MKK auf Wuchs und Vitali tat von Kie­

fer und Fichte ausUben, wurde in Gefa8versuchen getestet. Das 

Ergebnis war insofern negativ, als mit einem noch vertretbaren 

Aufwand fUr die Auswaschung kein fUr Fichte und Kiefer unmit­

telbar brauchbares Substrat erzeugt werden konnte. Hohe Morta­

litat (Kiefer 52%, Fichte 29%) und geringe VitalitUt unter­

strichen dies deutlich. 

Ein besonderer Nebeneffekt konnte an den Wurzeln der vitalsten 

Fichten beobachtet werden: korkartige Wucherungen, die auf­

grund mikroskopischer Untersuchungen nicht als Lentizellen an­

zusprechen waren und offenbar eine Reaktion auf das Substrat 

darstellten. Korreliert war dieses Phanomen mit dem Na-Gehalt 

des aus den Topfen austretenden Sickerwassers. Dies deutete 

bei der am starksten ausgewaschenen MKK-Variante auf einen ---



Rucktausch von Na+-Ionen aus den Sorptionstragern in die 80-

denlosung uber H+-Ionen aus der H2D-Dissoziation nach Absinken 

des Gehaltes an freien Salzen im MKK. Das Auftreten der Kork­

wucherungen wurde als mogliche Abwehrreaktion der Pflanzen ge­

deutet (21). 

Unter 8erucksichtigunq der bisherigen Erfahrungen werden die 

Moglichkeiten des MKK-Einsatzes in der Forstwirtschaft im Ver­

gleich zur L~ndwirtschaft auch in lukunft eher als bescheiden 

zu bewerten sein (20). Besonders problema tisch durfte ein Ein­

satz in bereits bestehenden Kulturen, Stangen- und 8aumholzern 

wegen des damit verbundenen Eingriffes in das Waldokosystem, 

besonders in die Mikroorganismenpopulation (z.8. Mykorrhizen), 

und die daraus folgenden Auswirkungen auf die stockenden 8aum­

arten sein (26). 

5. SCHLUSSBETRACHTUNG 

Der hier unternommene Versuch, die aktuellen osterreichischen 

Forschungsaktivitaten zur Thematik "Negative Aspekte der Klar­

schlammanwendung" vorzustellen, verfolgt nicht zuletzt auch 

das liel, die Komplexitat der gesamten Klarschlammproblematik 

zu vermitteln. Die manchmal geubte Praxis, aus den Gehalten an 

einzelnen Schadstoffen in Klarschlammen mittels Hochrechnung 

abzuleiten, durch wie viele Jahre oder Jahrzehnte noch Klar­

schlammapplikationen in der Land- und Forstwirtschaft bis zur 

endgultigen 8odenzerstorung erfolgen konnen, zeugt von einem 

tie fen MiBverstehen okologischer lusammenhange. Die landwirt­

schaftliche Verwertung von Klarschlammen ware namlich an sich 

eine wunschenswerte Recycling-Strategie, die aber gleichzeitig 

sehr viel an umwelttoxikologischer Umsicht erfordert. 

Die schon im Titel geauBerte Absicht, nur die einschlagigen 

osterreichischen Arbeiten zu referieren, wobei kein Anspruch 

auf Vollstandigkeit erhoben wird, spiegelt sich natUrlich auch 

im folgenden Literaturverzeichnis wider, in das bewuBt nur 

osterreichische Autoren aufgenommen wurden. 
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Summary 

Detailed studies on the effects of sludge utilization in agricul­
ture have been conducted in Denmark since 1973. 

The paper presented is the English version of the compilation of 
results and conclusions drawn from numerous experiments at sever­
al research institutions. 

The main subjects reported on include the behaviour of selected 
trace pollutants in the soil-nlant system and the inactivation of 
contagions in the sludge-soil system. The consequences for the 
future strategy on agricultural use of sludge is discussed in 
view of the toxic and contagious risks to sections of the popula­
tion. 

1. INTRODUCTION 

Cadmium is a potentially dangerous inorganic pollutant, which 
reaches agricultural land by different routes. Being a relatively 
plant available metal ionic species in soils, changes of Cadmium 
concentrations in agricultural soils have direct consequence for 
the human food intake of the metal. 

Prediction of increases in cadmium concentrations in agri­
cultural soils due to realistic and high inflows by atmospheric 
precipitation, phosphatic fertilizer and sludge application, 
combined with low outflows by leaching and crop removal, is thus 
important in assessing future cadmium load to the populations. 

There have been several attempts to simulate the attenuation 
of cadmium in soils PATTERSON /1/, YOST /2/, VAN ENK /3/, POEL­
STRA /4/. The common feature of these investigations is a pre­
dicted average retention time for cadmium in soils in the range 
5-50 year. Such results would imply that cadmium accumulation 
in soils be low, and that a steady state be nearly manifest. 

The validity of these suggestions seems guestioable. Recent 
Danish investigations as to the Cadmium balance on normal agri­
cultural soils indicate a much longer retention 
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time than normally anticipated. In view of the serious conse­

quenses of an increased human intake, investigations are var­

ranted to properly assess the Cadmium attenuation, and hence 

the necessary controls on inflows to the soil system. 

2. INFLOW OF CADMIUM TO AGRICULTURAL LAND 

Based on actual measurements and calculations the pre­

sent average flows of Cadmium to and from Danish agricultural 

soils (0-25 em = ploughing layer) are visualized in Fig. 1, 

after HOVMAND /5/. 
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0.12 0.3 

CADMIUM CYCLING IN DANISH AGRICULTURE 
Cd 9 I ho, year 

t-!-l 

IMPORTED 
ANIMAL FEED 

r,=====~T----COM~UND MINE· 

RAL SUBSTANCES 

0.0, 
ANIMAL PRODUCT 
OUTFUDW 

660 Iho 1.1 010 ORG.RESIDUES PUDUGHING LAYER 
------~5---. --------- ---------------------
_~__ _. _I!!..AE~~O~ _____ IlI2QT-':!~A!I!' __________ ~~~'=_ __ _ 

0.2 

DRAIN,lGE Q3 
LEACHING .uov ... _ .... 

Figure 1. Present average flows of Cadmium to and from agricultural land 
(0-25 em) in Denmark. From HOVMAND /5/. 

The main feature of this study is that inflows are much 

greater than outflows. The inflows from the atmosphere and 

fertilizer are of the same magnitude, while sludge in average 

is a minor source. Locally sludge may of course be very im­

portant, especially around major cities, efficiently disse­

minating large quantities of contaminated sludge to farming. 

Such a situation may be aggravated by cropping of vegetables 

from sludged fields, thus raising the amount of Cadmium re­

cycled directly to man through food. 
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The outflows by leaching, drainage and net plant remo­

val constitutes only minor amounts compared to inflows. The 

annual accumulation of Cadmium in soil is thUS determined to 

be around 4 q/ha,y which at present should increase the soil 

concentrations in average by approximately 0,6 %/y. 

Of the examined' flows the input from ~tmosphere an~ 

fertilizer's seera to be. i;' close agreement with. results ob­

tained by other authors in Europe cf. for example, VERMEULEN 

161 and SIMA 17/. The low figures for outflows by leaching 

and crop removal are however controversial and require a more 

thorough validation before general acceptance. 

3. CADMIUM OUTFLOW FlWM"SOIL BY LEACHING AND DRAINAGE 

Drainage water constitutes part of the water infiltra­

ting soils. The total infiltration in Denmark vary between 

170 mmly (east Denmark) and 3S{) mmly (west Denmark). 

Drainage water from 1-1.2 m depth has been analyzed for 

content of Cadmium at IS locations in Denmark, JENSEN 18/. The 

average soil outflow from this depth by drainage is assessed 

to be approximately 0.2 glha,y carried in 11SO m3/ha,y of water 

(0.2 ppb). Assuming an infiltration of 2S00 m3/ha,y the total 

outflow of Cadmium in 1 m depth will be around O.S g/ha,y. 

The translocation by percolation from the ploughing layer 

proper will probably be somewhat higher. I order to assess this 

loss, the results obtained by CHRISTENSEN 19/, see Fig. 2, may 

give an indication. The average Cadmium concentration in Danish 

agricultural soils is estimated to be 220 ppb, a typical sandy 

soil around 100 ppb and a sandy loam -300 ppb, cf. TJELL 1101. 

Relevant figures for pH (CaC12 ) in Danish soils have been 

obtained from OLESEN 111/. (Sandy soils: pH _S.2, loamy sands: 

pH _6.2, sandy loams: pH -7.0). Average Calcium concentrations 

in soil solutions seem to be around 2 mmole/2, JAKOBSEN 1121. 

Looking at the curves in Fig. 2, the average Cadmium concentra­

tions in the soil solution then seem to vary between 0.2 ppb 

and 1.0 ppb with a likely average around 0.6 ppb. Assuming again 

2S00 tlha,y of total infiltration, this means that Cadmium los­

ses from the ploughing layer vary between 0.5 glha,y and 2.S 

glha,y and in average approximately 1.S g/ha,y. Extreme values 
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Figure 2. 
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Relations between the concentrations of Cadmium in soil solution 
in two Danish subsoils, at [Ca2+]=lO-3M and varying pH. (-) Sandy 
loam. (---) Loamy sand. From CHRISTENSEN /9/. 

of -10 g/ha,y may be encountered in western Denmark, (acid 

ligth soil, with an infiltration of 3500 t/ha,y). 

An important question to ask is whether the Cadmium in 

soil is transformed into less soluble compounds with time. 

This applies both to naturally occurring Cadmium and to Cad­

mium reaching soil from the atmosphere, fertilizers and slud­

ges. The ageing process is not yet fully investigated. How­

ever, changes in the desorption of Cadmium in two subsoils 

under wet storage OVer a period of 67 weeks have been studied 

by CHRISTENSEN /9/ cf. Fig. 3. The conclusion from this ex­

periment is that the adsorption of Cadmium to soils is almost 

fully reversible and that apparently no appreciable fixation 

takes place during ageing. Although the period of investiga­

tion is relatively short this finding conforms well with ex­

periences from sludge application in the field, where.the plant 

availability of Cadmium appears to be constant after the first 

few years of a transient state, cf. CHANEY /13, 14/. 
-655 -



5 

3 

2 

5 

4 

3 

2 

Aging, 1SC5,lO-3 MCaCl z , pH: S.O 

Cd insoil,ilglg 

REF 

o a de-sorption after aging (35weoeks) 
o 

o 

L-~--~~---L--L-~--~~--~--~----~di$.Cd 

10 20 30 40 50 IlglI 

Cadmium Desorption from Soil 16 CS in 10-3M 
CaC12 at pH = 6.00 after Aging in 35 Weeks. 
(Cadmium Added before Aging.) 

Cd in soil, 

Aging, 67C5,lO-3 M CaClz ,pH= S.O 

LJ desorption aftef aging (35weeks) 

• desorption afte-raging. (67 weeks) 

L--L.. __ .l...--L.._.l...-....!.._.l...--l._.l----'_-'-__ i~ d iss. Cd 

10 20 30 40 50 p.gll 

Cadmium Desorption from Soil 67 CS in 10-311 
CaC12 at pH = 6.00 after Aging in 35 and 67. 
Weeks. (Cadmium Added before Aging.) 

Lgure 3. Cadmium desorption from two Danish subsoils after ageing for 35 
and 67 weeks. The full line indicate the adsorption isotherm. 
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4. CADMIUM UPTAKE IN PLANTS 

The amounts of· Cadmium taken up by crops are assessed in 

Fig. 1 to be 1.1 g/ha,y. This is a weighed average based on ac­

tual determinations of Cadmium concentrations in crops, and 

crop yield data. In practice plant uptake may vary with a fac­

tor of _10 from a grain crop to a vegetable crop (spinach). 

The two most important factors governing Cadmium uptake 

by crops seem to be soil pH and Cadmium concentrations in the 

soil. In Fig. 4 is shown as an example the Cadmium uptake in 

Italian ryegrass from sandy loam, a typical soil type in Den­

mark. Controlled parameters in this pot experiment were the 

pH, (adjusted by Ca(OH)2 or H2S04 ), and Cadmium concentrations 

altered by sludge additions. It is rare to find such a clear 

picture, especially in field experiments, where both Calcium 

contrations and pH in soil solution may vary considerably, cf. 

CHANEY /14/. Similar relationships have been found by other 

authors, WILLIAMS /16/ is a good example. 
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&~:: 
.;::::: . 
• 
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Figure 4. Cadmium uptake in Italian ryegrass, as influenced by pH and 
cadmium concentrations in sandy loam (Askov). Pot experiment. 
From TJELL /15/. 
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The plant uptake as shown in Fig. 4 resembles the quali­

tative picture in Fig. 2, indicating that plants take up Cad­

mium mostly in proportionality with the soil solution concen­

tration, although as shown by BINGHAM /17/ the individual se­

lectivity variation between plant species is considerable. 

The plant uptake of Cadmium from the atmosphere is rarely 

thought of as important compared to root uptake from soil. 

Using an isotope dilution technique is was however found that 

-30% of the Cadmium in a grass crop in a normal background area 

in Denmark originate directly from the atmosphere, TJELL /18/. 

Most of the Cadmium deposited on the vegetation is probably 

washed off by rain, thus raising the cadmium inflow to soil. 

Although undoubtedly important, it is not yet possible to give 

a correct figure for this inflow. ZOTTL /19/, working on a 

pine plantation has given an estimate of more than a doubling 

of the atmospheric inflow as determined only by funnel. The 

flow of 0.3 g/ha,y given in Fig. 1 is thus on the conservative 

side. Further details from a more thorough investigation on 

the atmospheric deposition on vegetation will follow later. 

The crop uptake of Cadmium from soil may then be assessed 

to be in the order of 1.1 g/ha,y, HOVMAND /5/, ass~ing a dry 

matter production of approximately 10 t DM/ha,y, cf. LUND /20/ 

(excluding root and stubble). The variation in crop uptake of 

Cadmium is significant, from _5 g/ha,y for a beet qrop to 

_0.7 g/ha,y for a barley crop, cf. HOVMAND /5/, and DAM KOFOED 

/21/. 

The overall crop removal of Cadmium from agriculture is 

however much lower, as most crops produced are utilized for 

raising cattle and hogs, and manure recycled to land. Abattoir 

waste is also processed and used for stock feeding and thus an 

even larger fraction of the total crop' uptake of Cadmium is 

recycled to land. Total recycling of Cadmium is assessed by 

HOVMAND /5/ to be more than 95%. Thus less than 0.05 g/ha,y 

in average is effectively removed from agriculture in produce 

consumed by the human population at large. 

5. PREDICTION OF CADMIUM CONCENTRATIONS IN DANISH SOILS 

Employing the Cadmium flows for agricultural areas as 

presented above, it is now possible to predict the future 
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Figure 5. Prediction of Cadmium concentrations in typical Danish soils, 
assuming continued inflow of Cadmium to the agricultural area. 

development in Cadmium concentrations in Danish soils. For 

illustrative purposes it is attempted to calculate the avera­

ge situation, and further to assess the situation both for a 

ligth sandy soil and a heavy clayish soil. It is sufficient 

to apply a simple linear model for the average s.ituation, and 

the heavy soil, due to the high inflows compared to low out­

flows. The sandy soil requires a dynamic model. 

For the average situation, the predictions covering 

the period 1980-2080, are given in Fig. 5. In the same Figure 

is shown the situation for the loamy SOil, and the results 

for the ligth sandy soil. It is ol:>vious that the heavy soils 

with high pH will retain nearly all Cadmium received, whi~e 

a light soil with low pH fairly quickly will reach equilibrium 

where outflows outbalance inflows. 

A preliminary attempt has been made to verify this hypo­

thesis. A sandy soil was sampled underneath and nearby two 80 

year old buildings in Jutland. The protected soil contained 

85 ppb, while the open air cultivated SOil, sampled in the 

vicinity contained 160 ppb. Thus an average increase. appears 
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to be _1 ppb/year or approximately 0,6 %/year of the present 

level. 

These results are to be published later, together with 

results of samplings now in preparation for other sites and 

periods of protection from open air exposure. 

6. CONSEQUENSES FOR CROPS AND CONSUMERS 

The consequenses of slow increases in soil concentrati­

ons with time, for the average Cadmium concentration in agri­

cultural produce is naturally of a speculative nature. 
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Figure 6. Prediction of the future Cadmium content in the average Danish 
diet, assuming continued inflow of Cadmium to agricultural soils 
at present level. From HANSEN /22/. 
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Let us assume an increase of 0.6 %/y in the average 

cadmium concentration in Danish soils to be correct, that 

Cadmium in soil is not fixed in time, and further that plants 

behave as shown in Fig. 4. With these assumptions in mind it 

is possible to predict the likely human food intake of cadmium 

in Denmark in the year 2080. The result is shown in Fig. 6. 

The present food intake, ~30 ~g/p,d, is determined both in a 

basket survey, ANDERSEN /23/ and as an excretion study, HANSEN 

/24/. The predicted increase to -50 ~g/p,d is largely due to 

inflows to soils by fertilizer and atmospheric precipitation. 

Agricultural utilization of sewage sludge is only a minor 

source in average, but may locally be rather important. 

It is interesting to note that KJELLSTROM /25/ in their 

retrospective study on wheat in Sweden found an increase rate 

in the average concentration of Cadmium in the grain over the 

last century of approximately 0.6 %/y (of the present level). 

This Figure from a neighbouring country is in close agreement 

with the predicted future value based on soil balance studies. 

7. CONCLUSIONS 

Danish soils presently contain app. 0.2 ppm Cadmium. If 

no safeguards or controls be introduced, domestically and 

abroad, an increase may be envisaged which would amount to 

app. 0.6 %/y, using 1980 as reference. 

This figure is based on a simple Cadmium balance esta­

blished from actual in- and outflows to the soil system, and 

;.:he result would hold for normal, arable land and loamy to 

clayish soils. For sandy soils the annual increase may be 

lower due to increased leaching, but further investigations 

are required to validate this speculation. 

The impact of an annual 0.6 % increase of Cadmium in 

soil would be a proportionally equal increase of human Cad­

mium intake. In view of the present Danish weekly intake of 

app. 200 ~g per person, ANDERSEN /23/, HANSEN /24/, as compa­

red with a maximum tolerable weekly intake of 400-500 ~g/p 

as recommended by WHO /26/, such increase in not acceptable. 

And for several other countries the situation is much more 

critical. 
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Therefore, efforts must be made to decrease inflows 

of Cadmium to agricultural land. In order of priority Cadmi­

um controls should be imposed on emissions to the atmosphere, 

concentrations in phosphatic fertilizers, and sludges applied 

to land. For sludges such controls imply lowering of Cadmium 

in sludge ,(and sewage); and designated land should be pre­

ferred to general agricultural utilization. 

It is hoped that investigators in other countries 

would assess similarly their situation regarding Cadmium soil 

balances. Ideally the assessment should be based on concen­

trations and flows such as those identified in the present 

paper'. Particular emphasis should be placed on soil and soil 

water concentrations of Cadmium in differsnt depths together 

with a soil characterization comprising a.o. texture, pH, 

and Calcium. 
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EASILY EXTRACTABLE CD-CONTENT OF A SOIL - ITS EXTRACTION, ITS RE­

LATIONSHIP WITH THE GROWTH AND ROOT CHARACTERISTICS OF TEST PLANTS, 

AND ITS EFFECT ON SOME OF THE SOIL MICROBIOLOGICAL PARAMETERS 

Dr. S. GUPTA and Dr. H. HAENI 

Swiss FederaL Research Station for AgricuLturaL Chemistry and Hygiene 
of Environment, CH-3097 LiebeferLd-Bern (SwitzerLand) 

A Laboratory Cd-adsorpti on experiment wi th si x di fferent soils WaS conducted 
to find out the soil parameters which are important in regulating 0.1 M 
NaN03 extractabLe soi L Cd. The difference in Cd-adsorption behaviour of 
soils is explained by the difference in cation exchange capacities and pH 
of soi ls. 

A growth experiment using five different plants in a sandy Loam soil, which 
was also taken in the Cd-adsorption experiment, was carried out in the green 
house. Graded doses of Cd in form of nitrate salt were applied. The Cd-doses 
ranged between 3.6 to 58.1,ug Cdlg soil. There exists a statisticaLLy sig­
nificant reLationship between 0.1 M NaN03 extractabLe soil Cd, dry matter 
yieLd and Cd-uptake for aLL five pLants. In the case of corn the soiL 
sampLes were also investigated for their microbioLogical properties and 
were anaLysed for NH40Ac and NH 40Ac + EDTA extractabLe soiL Cd. Both 
extractants were found to extract in the range of 70 to 90 % of the added 
Cd whi ch weems to be quite hi gh compared to Cd rem ova L by corn (3-4% of 
totaLLy added Cd). In contrast, NaN0 3 removes onLy 8-11% of the totaLLy 
added Cd and is comparabLe to the Cd-uptake vaLues. 

There is a straight-Line reLationship between NaN03 extractabLe soi L Cd and 
toLerance indices (TJ) at aLL Cd-doses and aLso for aLL five test pLants. 
From individual equatio_ns for each test plant, 0.1 M NaN03 extractabLe soi l 
Cd is calculated for a fixed value of tolerance index of 0.8 (at this value 
20 % yield reduction occurred). These calculated values for monocot plants 
i.e. rye grass and corn are 2.71 and 2.53 respectively. In contrast, these 
calculated values are significantly lower for dicot plants i .. e. red clover, 
turnip and dandeLion and found to be 0.54, 0.34 and 0.34 respectiveLy. 
Further, the caLcuLated extractabLe soi L Cd vaLues are ZignificantLy cor­
related with the cation exchange capacities of roots (r ;;; 0.7). These 
results substantiate the fact that dicot plants which have low root exchange 
capacities would tolerate higher amounts of extractable soi l Cd than monocot 
pLant roots. 

Mi c rob; 0 logi ca l studi es (counts and bi ochemi ca l processes) ; n soi l samples 
suggest that bacteri a and yeast s count s were adverse ly affected at 2.79 fig 
of extractable soi l Cd. Similarly, the NH4-N accumulation which is an indi­
cator of the inhibition in the nitrificatl0n process was found to be direct­
ly correlated with the extractable Cd and there is a significant increase 
at 2.79 ~g of extractabLe Cd. 
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1. Introduction 

Considering the polluting action of a metal which may reach the soil from dif­

ferent sources i.e. air, wastes, water etc. we have to pay special attention to 

the mobile fraction which includes the free metal ions, soluble complexes pre­

sent in soil solution and part of the slightly bound metal. This fraction is 

available to the plant roots and of immediate concern to the optimum growth 

of plants and soil microorganisms. This makes it clear that the limiting va­

lues for soils should not only be based on the total metal content alone, but 

also include the easily extractable (exchangeable) fraction (5). 

In this paper the results of a laboratory and growth experiment are presented 

and discussed keeping the following objectives in mind: 

- to find the effect of soil properties on Cd-adsorption 

- to find the relationship between easily extractable Cd, Cd-uptake and dry 
matter yield of 5 different test plants. 

- to find the relationship between easily extractable soil Cd and the cation 
exchange capacities of plant.roots. 

to find the relationship between easily extractable soil Cd and some of 
the important soil microbiological parameters. 

2. Materials and Methods 

A laboratory adsorption experiment was initiated to find the effect of soil pro­

perties on the magnitude of Cd-adsorption (4). All six bulk soil samples were 

analysed for selected soil properties which are presented in table 1. 

Chemical composition of six soils used for the adsorption experiment 

Soil Local Clay Humus Fet3 pH CEC 
Number Name % % meq/100g 

soil 

1. La Chatagne 41.4 18.1 5.03 5.9 51.4 
2. La Chatagne 38.0 11.6 4.33 1.2 54.4 
3. Gansemoos 14.5 6.0 0.18 5.1 13.6 
4. Gasel 9.4 5.3 0.64 1.2 11.4 
5. Steinhof 13.1 2.1 0.63 5.6 8.0 
6. Erlach 15,6 1,9 0.90 1.3 13.0 
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All soil samples were" supplied with predetermined amounts of total Cd in form 

of its nitrate salt ranging from 0 to 170/ug Cd/g soil.· Increasing amounts of 

cadmium nitrate solution were added separately to a mixture of 10 g" soil + 50ml 

0.2 M NaN03 solution. The final volume of the solution phase was made up to 

100 ml with the help of 0.2 M NaN03 . The final ratio between soil: solution was 

1: 10. These samples were shaken for 90 minutes and filtered. The Cd ion concent­

ration of the clear filtrate was determined through ion specific electrode (4). 

A growth experiment in Wagner type pots using 5 different test plants in a 

sandy loam soil (Steinhof) was conducted. Each pot was filled with 6.6 kg dry 

soil and received separately 1.5g N, 0.436g P and 1.66g K. The salts used were 

ammonium nitrate, superphosphate and potassium magnesium sUlfa.te. The amounts 

of nitrogen added to the pots which received Cd-doses ad cadmium nitrate were 

respectively corrected. The chemical and physical characterstics of the soil 

(sandy loam) are shown below: 

Cation ex 
pH CIa..: Loam Sand Humus total N P K MEl B change capa-

% /ug/ g soil city of soil 
( CEC )mea / 1 00" 

5.8 16.2 14.6 69.2 2.5 0.15 0.47 0.58 51.3 0.;!5 4.8 

In order to supply 3.6, 14.6, 29.1 and 58.2/ug Cd/g soil, increasing volumes of 

standard cadmhnn solution were added to the pots and mixed well. The experiment 

involves the growth of corn (maize), rye grass, red clover, turnip and dandelion. 

Each of the treatment was repeated for three times. The dry matter yield was re­

corded and dried plant materials were analysed for Cd concentration. After the 

harvest of the test plants, representative soil samples from each pot were col­

lected for the determination of 0.1 M NaN03 extractable soil Cd. In case of soil 

samples from corn (maize) pots, the samples were analysed for NH40Ac + EDTA 

extractable Cd (4) and for some of the microbiological parameters (6). The cation 

exchange capacties of roots are taken from the literature (2) and given in table(6). 

3. Results and Discussion: 

A. Cd-adsorption on six test soils varying in physical and chemical properties: 
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The cadmium adsorption data for six test soils are presented graphically 

in Fig. 1. A close observation of" Fig. 1 indicates that with the increase in 

added total Cd, there is a corresponding increase in the Cd concentration of 

soil solution, although they differ in their order of magnitude. The follo­

wing facts can be very clearly illustrated by Fig. 1. 

- the difference in the free Cd ion concentration in case of soil 3 and 5 

could be attributed to their humus content. 

the difference in free Cd ion concentration in case of soil 1 and 2 is 

mainly due to the difference in their pH values. 

- the difference in free Cd ion concentration in case of soil 4 and 6 could 

be explained by the difference in their clay and humus content. 

It seems that Cd ion concentration of soil solution is closely related to 

the soil properties such as clay, humus and iron oxides. The statistical 

analy~is of the data (4) show that cation exchange capacities of soils are 

significantly correlated with the clay, humus and iron oxide content (multiple 

regression r2 = 0.99). This relationship suggests that cation exchange capa­

cities (CEes ) of soils represent the other three important soil properties. 

Further statistical analyses show that there is a significant relationship 

between NaN03 extractable soil Cd, CECs ' total Cd added and pH (multiple 

regression analysis r2 = 0.63). 

Plant roots usually absorb metal from soil solution in ionic form. The NaN03 
extractable soil Cd is easily exchageable and thus could be effective in re­

gulating the uptake of Cd by plants and microorganisms. The amount of Cd ions 

present in NaN03 solution at different amounts of total Cd additions, if 

found correlated with the growth of plants and microorganisms, could provide 

an estimate for plant available portion of soil Cd content. 

B. Comparision between extractable Cd (% of totally added) content removed by 
three different extractants and Cd-uptake (% of totally added) through corn 
(maize) : 

The growth experiment is used to . compare the extraction efficiency of NaN03 

with that of other two commonly used extractants i.e. NH40Ac + EDTA. In 

table 2 the percentage of "extractable soil Cd (% of the totally added) by 

three different extractants at a ratio of soil to extractant 1 :2.5 is pre­

sented as a function of totally added Cd. The data indicate that all three 

extractants dissolve an increasing % of the extractable Cd to the same 

extent as the amount of added Cd increases ~ NH40Ac and NH40Ac + EDTA extract 
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between 60-85% of the totally added Cd in the soil. Both extract ants dissolve 

such a large amount of added Cd that could be due either to low pH in the 

first case or low pH and chelate action in the latter (1). On the contrary, the 

uptake (% of the totally added) of corn ranges between 3.0 to 4.0%. The fact 

that there exists a large difference in the Cd-uptake (% of total) and extrac­

ted soil Cd (% of totally added) indicates that the extracted amount of Cd 

by both extractants is not a real measure for the soil Cd which is of imme­

diate concern for the growth of corn. It is reasonable to accept the view of 

Anders son (1) that thes e extractants determine a part of the potentially 

available Cd content of soil and are thus a better indicator of the "Quantity 

Factor". In contrast to both extractants, 0.1 M NaN03 extracts around 11% 

of the totally added Cd which is close to the % Cd-uptake i.e. 3-4%. Thus 

this extractant provides the "Intensity Factor" of soil. 

Comparision between different values of extractable Cd (% of totally added) 
and Cd-uptake (% of totally added) through corn (maize) 

(Average of three replications) 

Extractable Cd 
Cd-doses Cd-uptake (% of the totally Cd added/pot) 

(% of the 
mg/pot totally ad-

NH40Ac NH4OAc+EDTA 0.1 M NaN03 ded Cd/pot) 

23.3 4.0 69 75 8 

47.0 3 71 78 8 

95 3 71 80 9 

190.1 3 76 85 10 

380.2 3 77 88 11 

Relationship between Cd-uptake, dry matter yield and NaN03 extractable 
soil Cd: 

The soil samples were collected from the pots where all different five 

plants were grown. The samples were analysed for 0.1 M NaN03 extractable 

soil Cd (/ug/g soil or 2.5 ml extractant). The plant materials were analysed 

for Cd content. The results are presented in table 3. 
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EUect of a.; NaN03 extractable -soil ·Cd on the dry matter yield and Cd-
uptake of different crop plants. (Average of three replications) 

Cd-doses Soil Parameter Plant Parameters 

/U8/g soil 0.1 M NaN~ extractable Dry matter Cog~en- Cd 
. Cd (/ /g.soil) tration Uptake 

lug / g /U8!pot 

Corn (maize) 

0.0 0.05 250.3 0.261 65.2 
3.6 0.29 235.4 4.14 975.1 
T.3 0.61 230.4 7.31 1683.7 

14.6 1.31 213.3 14.48 3087.7 
29.1 2.79 194.3 32.57 6327.7 
58.2 6.36 149.4 11.18 10634.1 

RYE GRASS 
.0.0 ·0.05 92.2 D.14 13.2 
3.6 0.17 91.3 3.32 303.2 
7.S 0.36 91.3 6.61 603.8 

14.6 0.67 87.6 10.88 953.0 
29.1 1.45 81.6 17.78 1450.2 
58.2 2.71 74.5 32.45 2420.4 

REO CLOVER 
0.0 0.05 72.3 0.30 21.5 
3.6 0.25 68.9 10.36 713.8 
7.3 0.43 46.0 22.48 1043.3 

14.6 1.03 0.0 
29.1 2.36 0.0 

TURNIP 
0.0 0.05 96.1 1.54 148.3 
3.6 0.13 93.7 38.1 3565.2 
7.3 0.33 96.8 65.48 6338.6 

14.6 0.81 77.3 107.74 8328.5 
29.1 1.46 

DANDELION 
0.0 0.05 26.1 
3.6 0.24 22.5 
7.3 0.50 18.0 

14.6 0.97 7.4 
29.1 0.0 

The statistical analysis which is presented in table 4 shows that there is 

a signif'icant relationship between the Cd-uptake, dry matter yield and NaN03 

extractable soil Cd. This is true for all five crop plants used in the 

experiment. 
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Relationship between Cd-uptake by different plants, dry matter yield and 
NaN03 extractable soil Cd (soil to extractant ratio: 1 :2.5) 

Correlation Coefficients (r2) 
Crop plants 

Dry matter yield Cd-uptake 

Corn (maize) 0.969 0.975 

Rye grass 0.984 0.974 

Red clover 0.976 0.960 

Turnip 0.804 0.958 

Dandelion 0.997 

D. Effect of NaN03 extractable soil Cd at graded Cd-doses on the tolerance 

indices calculated for different crops: 

The tolerance index is calculated in the following way: 
Growth in contaminated soil 

Tolerance Index (TI) = 
Growth in norm.al soil 

The values of tolerance indices and the respective NaN03 extractable soil 

Cd are presented in table 5. Out of this table the following valuable infor­

mation can be drawn: 

- The tolerance index for a particular crop decreases as the extractable Cd 

soil concentration increases. These tendencies are true for all five crops 

investigated in this experiment. 

- In case of monocot plants i.e. rye grass end corn a high level of extrac­

table soil Cd is tolerated (2.8 and 6.4 ppm) compared to dicot plants such 

as red clover, turnip and dandelion where the values range between 0.43 and 

0.97 ppm. However, at these concentrations the calculated tolerance indices 

(TI) are quite different. 
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The above discussion shows that there is some sort of' relationship between 

extractable soil Cd at various Cd-doses and tolerance indices 

As a first step we tried to find the relationship between the tolerance in­

dices and extractable soil Cd at various Cd-doses. The equations are presented 

in table 6. 

The straight-line relationship between extractable soil Cd and tolerance in­

dices are statistically significant. From these equations the amount of ext rae 

table soil Cd for different plants at which one would expect a tolerance index 

of 0.8 (this means a 20% yield reduction) is calculated and also shown in 

table 6. 

The essential and non-essential metals are taken up by different plants 

by the help of their roots from the soil. Roots of different plants as is 

known differ in their capacities to absorb nutrients from soil. Thus the 

cation exchange capacity of root is one of the most important factor which 

must determine the uptake behaviour of plants. This can be seen out of Fig. 2 

which shows a clear relationship between extractable soil Cd at 0.8 tolerance 

index and the root cation exchange capacity of the five plants tested. 

The study of the literature (2) has shown that most of the monocot plant 

roots have exchange capacities of less than 30 meq. In contrast the cation 

exchange capacities of dicot plant roots are higher than 30 meg. This means 

that the dicot plants are quite efficient in absorbing the metals from soil 

even at a very low concentration of metals in soil solution. Thus 20% of 

yield reduction (TI = 0.8) is observed between 0.34 and 0.54/ug Cd/g soil 

for dicot plants, whereas the limit ranges between 2.53 and 2.71 for monocots 

(s.table 6). 

E. Effect of NaN03 extractable soil Cd on the soil microbiological parameters: 

The soil samples where corn was grown are used to study the influence of 

NaN0 3 extractable soil Cd on the soil microbiological properties. These 

were investigated by Walter and Stadelmann (6) and are presented in table '7. 
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The results presented indicate the following facts: 

- There is a linear positive relationship between 0.1 M NaN0 3 extractable 

soil Cd at different Cd -doses and NH4 -N concentration in soil (r2 = 0.96). 

This means that the increase in Cd-ion concentration in soil solution 

causes a proportionate increase in NH4 -N content of soil. This accumula­

tion is due to the decrease in nitrifying bacteria inhibited by the increa­

se in soil Cd-ion concentration. In order to support this hypothesis the 

authors stated that N-uptake by corn at different Cd-doses was about the 

same. Tough a slight increase in N-uptake is observed at a dose of 

58.2 j u g Cdjg soil. This observation suggests that NH4 ion accumulation was 

not due to different nitrogen uptake but was only due to increase in Cd 

ion concentration of soil. 

- After 2.79 jug NaN0 3 extractable soil Cd, a significant reduction in Co2-

evolution, bacterial counts and yeasts were observed. (For camparison: 

according to table 6 2.53 jug of -extractable Cd caused a 20% yield reduc­

tion of corn). 
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MODELLVERSUCHE ZUR CADMIUMWIRKUNG IN B~DEN UND PFLANZEN 

NACH KLARSCHLAMMDtlNGUN~ 

E. PLUQUE~, W. FEIGE und H. KUNTZE 

Nieders~chsisches Landesamt fUr Bodenforschung, Boden­
technologisches Institut, Bremen 

Kurzfassung 

Es werden Ergebnisse aus einem Schwermetallbelastungsversuch 
mit unterschiedlichen Bodeneigenschaften vorgestellt. 

Ergebnisse 
Die Aufnahme von Cadmium durch die Pflanze ist stark von 

der Pflanzenart und den untersuchten Pflanzenteilen abh~ngig. 
Niedrige pH-Werte im Boden verst~rken die Aufnahme von Cad­
mium durch die Pflanze. 
Der Einflu2 des Tongehaltes im Boden auf die Cadmiumaufnahme 
der Pflanze ist geringer als der des pH-Wertes. 
Die VerfUgbarkeit des Cadmiums fUr die Pflanze ist noch von 
weiteren Bodenparametern wie Redox - Potential und dem Anteil 
an org. Substanz abh~gig. 

Summary 

Results of a heavy metal - load trial at different soil 
parameters are presented. 
Results: 
The uptake of Cadmium by agriculture plants depends on flora 

species and the examined parts of the plants. 
Low pH-values in soils increase the uptake of Cadmium by 
plants. 
The influence of clay contents in soils on the uptake of Cad­
mium by plants is lower than it is the pH-value. 
The availability of Cadmium for plants depends as well on 
other soil parameters like oxidation - reduction potential 
and content of organic matter. 
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1. EINFIhlRUNG 

In der Bundesrepublik Deutscnland fallen jMhrlich etwa 
2 Mio. t Kl~Bchlamm-Trockenmasse an. Diese Menge wird sich 
nach Sch~tzung des Umweltbundesamtes nach Endausbau der Ab­
wasserreinigung auf ca. 4 Mio.t erhBhen (8). 
Zur Zeit werden von dem anfallenden KI~rschlamm nur ca. 1/3 
landwirtschaftlich verwertet. 
Oftmals stehen hohe Gehalte an Schwermetallen einer landw. 
Verwertung entgegen. Hierbei spielt das Cadmium mit seiner 
hohenpflanzenphysiologischen Aktivit~t eine besondere Rolle. 
Feige u. Grunwaldt haben 1977 erste Richtwerte fur Schwer­
metallgehalte in KI~schl~men hinsichtlich ihrer landbau­
lichen Verwertung aufgestellt (1). So gel ten Schl~e, die 
Cadmiumgehalte von 10 - 30ppm Cd in der TS enthalten, als 
bedingt geeignet. Die Richtwerte fUr KI~schl~me der 
Schweiz, Schwedens und der Niederlande liegen in der gleichen 
GrB6enordnung. In den USA sind teilweise (Pennsylvania) bis 
zu 50pp~ Cadmium erlaubt. 
Nach einer Erhebung in der Bundesrepublik von von Rincke u. 
Riegler werden 30ppm Cadmium nur in 4,2% der untersuchten 
KI~schl~e (n=728) uberschritten (7). 
FUr Cadmiumgehalte im Boden gibt es zur Zeit keine gesetz­
lichen Grenzwerte. Kloke stellte 1977 Orientierungsdaten fur 
tolerierbare Gesamtgehalte von einigen umweltrelevanten 
Schwermetallen im Boden auf (4). FUr Cadmium lag dieser Wert 
bei 5ppm im luftrockenen Boden. Kloke geht dabei von dem mit 
Konigswasser extrahierbaren Anteil aus; da nicht nur mit der 
aktuellen Gef~rdung durch Schwermetalle gerechnet werden 
darf, sondern ausgehend vom ungunstigsten Fall, der po­
tentiellen Gef~hrdung. In England z.B. betr~gt dieser Grenz­
wert fur Cadmium im Boden bei 2ppm. 

2. VERSUCHSANSTELLUNG 

Zur Uberprufung des Einflusses bodenkundlicher Parameter 
auf die physiologische Aktivit~t (Aufnahme durch die Pflanze) 
der Schwermetalle Cd, Cu, Zn, Pb, Cr und Ni wurde 1977 ein 
Gef~6versuch angelegt. 
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1m Folgenden solI hier nur auf die Problematik des Cadmiums 
eingegangen werden. 
Die Boden wurden aus einer Misohung aus Klarschlamm und 
CdS04 auf Gehalte von 2 5,und 10ppm Cadmium im Boden ein­
gestellt. Der Wert von 5ppm entsprach dem von Kloke fUr 
toleriebar gehaltenen Orientierungswert. Daneben lauft noch 
ein Prtifglied ohne zusatzliche Belastung von Schwermetallen 
mit einem Basisgehalt von O,4ppm Cadmium. 
Die pH-Werte der Boden wurden auf 4,7; 5,7; 6,7 und 7,0 mit 
2% freiem Kalk gebracht. 
Der Tongehalt der Versuchsboden (Brackmarsch, uT) wurde mit 
Hilfe von Quarzsand au~ drei Stufen von 10%, 20% und 40% 
Ton eingestellt. Somit sind einheitliche Tonmineralgemische 
in den drei Vereuchsboden gewahrleietet. 
Die Vegetationeversuche wurden in 5-1-Mitscherlich-Gefaaen 
durchgetUhrt und mit dest. Wasser gegossen. 
AIle Versuchsfruchte wurden mit einer Ausgleichsdtingung von 
N,P und K nach Bodenuntersuchung versehen. 
Ale Versuchsfrtichte wurden 1977 und 1980 Oldenburger Weidel­
gras (Lolium multiflorum) und 1978 Sommergerste (Hordeum 
vulgare) und Raps (Brassica napus) ausgewahlt. 
Zur Untersuchung des Reaktionsverhaltens von Cadmium an ~rg. 
Substanz wurden Schuttelversuche mit Torfen durchgeftihrt, 
welche unterschiedlich stark mit Eisen und Calcium belegt 
waren(3). 

3. UNTERSUCHUNGSMETHODEN 

3.1. Pflanzenvorbereitung 
Nach der Ernte wurde das Pflanzenma·terial bei 105°C tiber 

24h getrocknet und danach der Trockensubstanzgehalt bestimmt. 
Anschlieaend wurde das Pflanzenmaterial mit einer Schlag­
kreuzmtihle der Fa. Retsch staubfein gemahlen. 
2,5g der Trockensubstanz wurden in Quarzschalen eingewogen 
und im Muffelofen bei 4500 C verascht. Die Asohe wird mit 
12,5ml aN HCI aufgenommen und in einen 250ml Kolben tiber­
spult und mit dest. Wasser aufgefUllt. 
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3.2. Bestimmung des Cadmium durch AAS 
~ur Bestimmung von Schwermetallen steht ein AAS-Ger~t der 

Fa. Zeiss, Typ FMD 3 mit Untergrundkompensator, zur Verfugung. 
Gemessen wird in einer C2H2/Luft - Flamme, Wellenlange 
228,8nm, Spaltbreite O,4mm, Lampenstrom der Hohlkathoden­
lampe 5mA. 
Die hochste Eichlosung wird mit ~g Cd ml-1 in 0,4N HCl an­
gesetzt. 

4. ERGEBNISSE 

4.1. Weidelgras 
Das Weidelgras wurde fm Versuchsjahr 1977 besonders durch 

die hohen Schwermetallgehalte im Boden wahrend der Vegeta­
tionszeit geschadigt; was sich spater in den geringen TM­
lilrtragen bemerkbar machte. Hohe pH-Werte und Tongehalte im 
Boden vermindsTten die Aufwuchsstorungen merklich. 
Die Cadmiumgehalte im Weidelgras (siehe Tabelle I) zeigen 
eine deutliche Zunahme in Abhangigkeit von den Belastungs­
stufen. In de~ unbelasteten Variante (O,4ppm Cd) wird durch 
das Gras nicht mehr als 1,Oppm Cadmium in der TS aufge­
nommen. Schon in dar unbelasteten Variante zeigt sich aber 
eine Abhangigkeit der Cd-Aufnahme vom pH-Wert und Tongehalt. 
Diese Tendenz verstarkt sich in den mit Cadmium belasteten 
Stufen noch deutlicher. 
Das Gras der Belastungsstufe III(10ppm Cd im Boden) nimmt 
im 1. Versuchsjahr Cadmium bis zu einem Gehalt von 35ppm 
auf. Trotzdem ist auch in der III. Belastungsstufe eine Ab­
nahme deT Cadmiumgehalte in Abhangigkeit des pH-Wertes zu 
erkennen. In den Varianten pH 4,7 und deT hochsten Belastungs 
stufe find en sich geringere Cadmiumgehalte als in der pH 5,7 
Variante. Dieses ist wahrscheinlich darauf zurtickzufuhren, 
daa die Ertrage in diesen Gefaaen nur sehr niedrig lagen. 

Nicht so ausgepragt wie die pH-Wirkung auf die Cadmium­
aufnahme durch das Gras ist der Einflua des Tbngehaltes im 
Boden. Hier lassen sich keine gesicherten Unterschiede, 
sondern zunachst nur Tendenzen erkennen. Wahrend bei den 
Boden mit 10% bzw. 20% Tongehalt die Abhangigkeit der Cd-
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TABELLE I 

Ton- pH-Wert Belastungs- So-Gerste Gras gehalt stufe(ppm Cd) Stroh Korn Raps 

0 0,4 1,4 0,2 5,1 1,0 

4,7 I 2,0 1,9 0,4 6,5 1,1 
II 5,0 27,0 6,0 
III 10,0 

0 1,5 0,3 2,0 1,0 

5,7 I 1; 3 0,4 1,3 1,0 
II 7,0 0,4 8,0 4,8 

10 % III 5,7 22,0 

0 0,6 0,2 0,9 0,4 

6,7 I 0,6 0,4 1,1 1,0 
II 3,9 0,5 5,6 4,5 
III 22,0 2,0 18,0 18,0 

0 0,4 0,3 0,6 0,7 

7,0+ I 0,6 0,4 0,7 0,8 
2%CaC03 II 2,6 0,6 4,5 2,8 

III 56,0 0,6 10,0 4,5 

0 0,3 0,4 3,6 0,5 

4,7 I 2,2 0,4 6,0 1,2 
II 10,0 0,6 5,8 
III 22,0 2,8 10,0 

0 0,4 0,4 0,6 0,5 

20 % 5,7 I 1,1 0,5 1,2 1,1 
II 5,5 1,2 6,5 6,6 
III 32,0 2,3 35,0 

0 0,4 0,3 0,5 0,6 

6,7 I 0,6 0,6 1,0 1,0 
II 3,3 0,6 5,3 5,3 
III 8,4 1,3 10,0 12,0 
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TABELLE Ia 

Ton- pH-Wert Belastungs- So-Gerste Raps Gras gehalt stufe(ppm Cd) Stroh Korn 

° 0,4 0,3 0,2 0,4 0,5 

7,0 + I 2,0 0,5 0,3 0,6 0,5 
20 % 2% CaC03 II 5,0 2,2 0,6 4,7 2,7 

III 10,0 4,3 0,7 10,0 4,7 

° 0,5 0,3 2,3 0,4 

4,7 I 2,5 0,6 3,3 1,3 
II 12,0 1,5 5,9 
III 16,0 2,7 11,4 

° 0,4 0,2 1,7 0,6 

5,7 I 1,7 0,5 2,6 1,6 
II 12,0 1,8 6,7 
III 17,0 3,1 15,8 

40 % 

° 0,4 0,3 0,7 0,8 

6,7 I 1,3 0,5 1,7 1,0 
II 10,5 1,6 10,0 4,4 
III 23,0 4,1 10,7 

° 0,3 0,4 0,5 0,5 

7,0 + I 0,6 0,7 0,6 0,5 
2% CaC03 II 1,7 0,6 5,5 2,7 

III 4,1 1,1 13,0 5,4 

Tabelle I und Ia: Cadmiumgehalte von Pflanzen in Abhangig-
keit verschiedener Cadmiumbodengehalte, 
Boden-pH und Tongehalt. 

-Aufnahme vom pH-v/ert des Bodens durch groSere Unterschiede 
im Cadmiumgehalt zu erkennen ist, sind bei allen Belastungs-
stufen im schweren Boden (40% Ton) die Cadmiumgehalte auf 
ein relativ niedriges Niveau gesunken. 
Obwohl in einigen Varianten kein Aufwuchs festzustellen war, 
laSt sich der Ertragsausfall nicht allein auf die hohe 
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Cadmiumbelastung des Bodens zurUckftihren. Die Boden waren wie 
o.a. mit weiteren Schwermetallen (Cu, Zn, Pb, Ni und C~) 
sehr hoch belastet worden, so daS die toxische Wirkung auf 
die Gesamtheit der im Boden vorhandenen Schwermetalle zurUck­
geftihrt werden muS. 

4.2. Sommergerste 
Die Gerste reagierte sowohl mit dem Stroh als auch mit dem 

Kornertrag empfindlich auf hohe Schwermetallgehalte 1m Boden. 
Auch die Schadigung der Gerste wurde durch hohe pH-Werte und 
Tongehalte im Boden merklich verringert. 
Die Aufnahme von Cadmium durch die Sommergerste im 2. Ver_ 
suchsjahr (siehe Tabelle I) gestaltet sich ahnlich wie beim 
Gras. Die Cadmiumgehalte im Stroh der Gerste liegen in etwa 
in der gleichen GroSenordnung. Ebenso deutlich ist der Ein­
fluS des pH-Wertes zu bemerken. 
Die Cadmiumgehalte im Korn liegen dagegen wesentlich niedriger 
als im Stroh. Bei einigen extremen Variant en (niedriger pH­
Wert und hohe Cadmiumbelastung) findet man mehr als 1ppm 
Cadmium im Korn der Gerste. Doch in dar Regel liegen die 
Cadmiumgehalte im Gerstenkorn unter O,6ppm. 
Auch bei dar Gerste ist die Tonwirkung nicht so deutlich aus­
gepragt wie die des pH-Wertes. Abgesehen von der Tatsache, 
daE es in den tonarmen, sauren Boden bei Belastungsstufe II 
und III nicht mehr zur Kornausbildung kommt. 

4.3. GrUnraps 
Aus den Gehaltsang&ben von Cadmium im Raps(siehe Tab. I) 

laSt sich erkennen, daS Raps als Blattfrucht Cadmium starker 
anreichert als Gerste. Selbst bei den Boden mit O,4ppm Cd 
(Belastungsstufe 0) finden sich bei niedrigen pH-Werten bis 
zu 5,1ppm Cadmium in der Pflanze. Doch scheint das Aufnahme­
vermogen des Rapses fUr Cadmium begrenzt zu sein, da auch 
unter extrem hohen Belastungsbedingungen maxi1pal "nur" 18ppm 
Cadmium wiedergefunden werden. 

Auch beim Raps ist wiederum eine ausgepragte pH-Wirkung fest­
zustellen. Gerade bei dieser P£lanze bewirkt eine pH-Erhohung 
im Boden stark sinkende Cadmiumgehalte. 
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Eine Tonwirkung I~St sich in den sauren Varianten erkennen. 
sie ist aber nicht sehr ausgepr~gt. 

4.4. Schtittelversuche zum Sorptionsverhalten von Cadmium 
Die Gleichgewichtsversuche von Cadmiumlosung mit Torfen 

unterschiedlichen pH-Wertes ergaben eine deutliche Abhangig­
keit des Sorptionsverhaltens vom pH-Wert. Mit steigendem pH­
Wert (bis pH 7,0) wurde der Anteil des gelosten Cadmiums 

von der zugegebenen Menge (94quval) von 60 auf durchschnitt­
lich 10% gesenkt. Die Wirkung unterschiedllcher Eisengehalte 
in den Torfen auf das Sorptlonsvermogen von Cadmium an der 
org. Substanz ist nicht so ausgepragt wie der EinfluS des 

pH-Wertes. 

5. DISKUSSION 

Die vorliegenden Ergebnisse basieren auf Versuchen, welche 
mi t eiller Vielzahl von Schwermetallen durchgeftihrt wurden. 
Dieser Versuch sollte die komplexen Vorgange eines mit hohen 
Schwermetallgehalten versehenen Klarschlamm - Boden - Gemisch 
wiederspiegeln. Hierbei spielen sicherlich auch Antagonlsmen 
oder Synergismen der einzelnen Elemente eine wichtige Rolle, 
welche aber im Einzelnen nicht geprtift werden konnte. Trotz­
dem lassen sich die Anreicherungen von Cadmium in den Pflan­
zen recht gut zu den Gehalten im Boden in Beziehung setzen. 
Allerdings kann bei den aufgetretenen Ertragsdepressionen 
gerade wegen der komplexen Wirkung vieler Schwermetalle nicht 
von einer reinen Cadmiumwirkung gesprochen werden. 
Die Frage nach der Wirkung der ~rg. Substanz auf das Ver­
halten des Cadmiums im Boden ist in diesen Versuchen nur 
im Modell bearbeitet worden (3). Die Ergebnisse decken sich 
weitgehend mit den von Leeper(6) beschriebenen Reaktionen. 
Inwieweit die Mineralisation der org. Substanz Auswirkungen 
auf die Mobilit~t des Cadmiums hat muS in weiteren Unter­
suchungen tiberprtift werden. 
Unberticksichtigt bei unseren Untersuchungen blieb auch deT 
EinfluS des Red-Ox-Potentials auf die Pflanzenverftigbarkeit 
des Cadmiums. Herms u. Brtimmer (2) haben festgestellt, daS 
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Cadmium gerade unter oxidierenden Bedingungen bei niedrigem 
pH-Wert eine hohe Loslichkeit besitzt. Dieses wtirde die deut­
liche pH-Wirkung in den vorliegenden Versuchen erkl~ren. 
Aus den bisherigen Untersuchungen kann der groBe EinfluB der 
Bodenreaktion vor dem Tongehalt auf die Cadmiumaufnahme der 
drei Versuchspflanzen deutlich gemacht werden. Die von Kloke 
insgesamt herausgestellten mittleren Toleranzstufen (II) 
haben sich bei unseren Vcrsuchen als in ihrer GroBenordnung 
richtig herausgestellt. 
In tonarmen Boden (10%) ermoglichen steigende pH-Werte zwar 
noch ein Pflanzenwachstum, jedoch ist mit hohen Cadmiumge­
halten in den Versuchspflanzen zu rechnen. 

Aus diesem Grunde hat Kloke 1980 die Orientierungswerte fUr 
Cadmium im Boden von 5 auf 3ppm herabgesetzt. Nach den dar­
gestellten Ergebnissen scheint dieser Schritt durchaus 
richtig zu sein. Denn letzlich geht nicht nur darum die Pflan 
ze vor Schadigungen durch Schwermetalle zu bewahren, sondern 
auch Anreicherungen von Schwermetallen in den Pflanzen zu 
vermeiden. Der Sprung zwischen den Belastungsstufen II (5ppm) 
und I (2ppm) in den Pflanzengehalten an Cadmium zeigt, daB 
hier die Grenze der toleriebaren Gehalte von Cadmium im Boden 
zu suchen sind. In sauren Boden (pH4,7 und 5,7) wird Cadmium 
bei 5ppm im Boden schon relativ stark in den Pflanzen ange­
reichert. 
Der Unterschied bei der Aufnahme von Schwermetallen zwischen 
Monokotyledonen und Dikotyledonen ist in der Literatur mehr­
fach beschrieben worden. 

6. LITERATUR 

1. Feige, W. u. H.S. Grunwaldt 
Verwertung von Siedlungsabf~llen auf Landwirtschaft­
lich genutzten Boden. -Entwurf eines Orientierungs­
rahmens-
Mitteilungen des VDLUFAj Heft 3 (1977) 

-685 -



2. Herms, U. u. G. BrUmmer 
Losl1chke1t von Schwermetallen in Siedlungsabf~llen 
und Boden in Abh~ngigkeit von pH-Wert, Redoxbedingun­
gen und Stoffbestand. 
Mitt. Dtsch. Bodenkundl. Gesellsch., 
27, Se1~e 23-34 (1978) 

3. Hersemann, H. 
Modellversuche zur Schwermetallverftigbarkeit in einem 
Hochmoortorf nach Ca - und Fe - Belegung. 
Diplomarbeit der Uni Gottingen (1979) 

4. Kloke, A. 
Orientierungsdaten fUr tolerierbare Gesamtgehalte 
einiger Elemente in Kulturboden. 
Mitteilungen des VDLUFA, Heft 2 (1977) 

5. Klbke, A. 
Orientierungsdaten fUr tolerierbare Gesamtgehalte 
einiger Elemente in Kulturboden, Richtwerte 1980. 
Mitteilungen des VDLUFA, Heft 1 - 3 (1980) 

6. Leeper, G. W. 
Manging the heavy metals on the land. 
New York, Marcel Dekker Inc. (1977) 

7. Rincke, G. u. G. Riegler 
Erhebungen zu Schlammengen und -beschaffenheit. 
Korrespondenz Abwasser, 27 (2) Seite 91-96 (1980) 

8. Thormann, A. 
Beseitigung von Klarschl~en aus der Abwasserreini­
gung. - Stand, Probleme und Entwicklungstendenzen -
Manuskript zu einem Referat gehalten beim Klarschlamm­
symposium Cadarache (Feb 1979) 

-~-



EFFECTS OF SEWAGE SLUDGE ON THE HEAVY METAL CONTENT OF SOILS 

AND CROPS • FIELD TRIALS AT CASSINGTON AND ROYSTON 

R.D. DAVIS and J.H. STARK 

Wa ter Research Centre, Stevenage Laboratory, Elder Way, 

Stevenage, Hertfordshire SG1 1TH, UK 

In order to assess the impact of the agricultural utilisation of 
sewage sludge on the heavy metal content of soils and crops the UK Depart­
ment of the Environment has commissioned three comprehensive field trials. 
These trials are concerned princip.ally with Cd, but Pb, Cu, Ni and Zn are 
also being monitored. One trial, managed by the Water Research Centre, is 
taking place at Royston on a calcareous loam soil and the two remaining 
trials at Cassington, managed by the Thames Water Authority, are on sandy 
loam and clay soils. The design of the three, 180 plot experiments is 
described; the highest rate of application of sludge added 21 kg Cd/ha to 
the soil. A rotation of crops including wheat, potatoes, ryegrass, cabbag~ 
lettuce and beetroot ·will be grown throughout the duration of the experi­
ment. The first year's results confirmed the importance of crop genotype 
as well as soil properties in determining the availabili ty of metals in 
soil. Assessment of potential hazard where sludge is used on land should 
take account of both soil concentrations of metals which indicate the 
extent of contamination, and metal concentrations in crops which indicate 
the significance of contamination in terms of phytotoxicity and entry into 
the foodchain. 
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1. INTRODUCTION 

The population of the UK has probably the highest proportion in the 

world served by sewerage systems, and sewage-treatment produces 30 million 

wet tonnes (1.25 million dry tonnes) of sludge annually. Approximately 50 

per cent of this sludge is disposed of by utilisation on agricultural land 

as a fertiliser. It is obviously desirable to recycle the plant nutrients 

and organic matter in the sludge. At the SaIne time, it is well known that 

sludge contains higher concentrations of various elements than do most 

soils so that uncontrolled applications of sludge to land could conceivably 

build up soil concentrations of these elements to levels toxic to plants or 

the animals which eat them. Awareness of this problem has led to stricter 

controls on industrial discharges to sewers with the result that metal 

concentrations in sludges from sewage-treatment works with industrial 

catchments have been reduced by up to tenfold over the last decade. A 

recent survey found that the median concentration of cadmium in UK sludges 

was 17 mg/kg dry solids (d. s.) and the mean was 29 mg/kg d. s.; less occurs 

in sludges derived from predominantly domestic sewage (about 8 mg/kg d. s.) 

and more in sludges from works receiving industrial effluents. For 

instance, the concentration of Cd in sludge from one large works near 

London was about 65 mg/kg d.s. in 1979 despite limitations on Cd discharges 

in industrial effluents chosen as being the most stringent realistically 

attainable by industry, requiring advanced pretreatment techniques in some 

cases (1). In contrast to sludge, the concentration of Cd in uncontamin­

ated soil is less than 1 mg/kg. 

Whilst Cd and other metals continue to occur in higher concentrations 

in sludge than in soil a potential contamination problem will exist where 

the sludge is disposed of as a fertiliser of agricultural land. The 

significance or hazard associated wi th the accumulation of sludge-borne 

metals in soil depends on their availability for plant uptake and for 

leaching into groundwater. Where sludge is used only on soils with a pH 

value of at least 6, which is the usual practice in the UK, leaching of 

metals is likely to be minimal. Instead, the elements added in sludge 

accumulate in the top soil and any hazard relates to their availability for 

crop uptake on which phytotoxicity and entry into the foodchain depend. 

In order to assess the impact of the agricultural utilisation of 

sewage sludge on the heavy metal content of soils and crops the UK Depart­

ment of the Environment has commissioned three comprehensive field trials. 
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The trials are concerned principally wi th Cd, but Pb, Cu, Ni and 2n are 

also being monitored~ One trial, managed by the Water Research Centre, is 

taking place at Royston on a calcareous loam soil and the two remaining 

trials at Cassington, managed by the Thames Water Authority, are on sandy 

loam and clay soils~ A major purpose of the trials is to assess the hazard 

of using sludge in agriculture by quantifying the extent to which metals 

pass from sludge-treated soil into crops~ This paper briefly describes the 

design of the trials and discusses some of the first year's results from 

crops harvested in 1979~ 

2. DESIGN AND ESTABLISHMENT OF TIlE TRIALS 

Soils at the three sites are described in Table I. The design of the 

trial at each site was identical, consisting of 6 randomised blocks of 30 

plots of 10 m x 2 m, making 180 plots in all~ There were 15 treatments 

within each block, comprising 5 rates of application (including a nil) of 

3 sludges, all treatments being replicated~ Metal concentrations in the 

sludges are shown in Table II~ Apart from their metal content, sludges Sl 

and S2 were very similar in nature, both being digested and lagoon-matured. 

The third sludge (53) was obtained by mixing sludges Sl and S2 in the ratio 

1:2 on a dry solids basis. Sludge was applied to the plots during the 

winter of 1978/79 following the installation of dividers between the plots 

which were required to prevent lateral movement of the sludge. In 1979 it 

was decided to incorporate 2 further treatments into each block using 

dried, digested sludge (S 4) which permi tted very high rates of application 

of sludge dry solids to be made. Table III describes the treatments in 

terms of metal additions at the Royston site and has been adjusted to take 

account of small variations found amongst batches of sludge received on-

si te. Rates of application of metals at the Cassington site were very 

similar~ Sludge was cultivated into the soil to a depth of 15 cm. A 

rotation of crops will be -grown on each of the 6 blocks over the duration 

of the experiment~ The crops selected were winter wheat (~~ 

L. cv. Maris Huntsman) although spring wheat (cv. Timmo) had to be grown in 

1979; potatoes (~ tuberosum L. cv. Pentland Crown); ryegrass (~ 

perenne L. cv. Melle); Cabbage (~~ L. cv. Stonehead); red 

beet (~ vulgaris L~ cv. Crimson globe) and Lettuce (~~ L. 

cv. Mildura). Management of the sites including such aspects as crop 

husbandry and harvesting, treatment with inorganic fertilisers, herbicides 

and pesticides, protection from birds, and irrigation, is conducted 
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Table I Details of the soils 

Location Royston 
Texture Calcareous loam 
Series Swaffham Prior 
Ca tion exchange capacity, 

CEe (meq/l00g) 
pH value 
Ni tric acid extractable 

Cd 
Pb 
Cu 
Ni 
Zn 

metals (mg/kg) 

.. after liming 

20 
8.0 

0.5 
49 
12 

9 
60 

Cassington 
Sandy loam Clay 
Sutton Carswell 

13 29 
6.5* 6.5* 

0.2 0.7 
29 33 
21 26 
38 43 

123 143 

~ Concentrations of metals in the sludges (mg/kg d.s.) 

Sludge Type 
Element 

S1 S2 S3 

Cd 68 12 31 
Pb 500 420 447 
Cu 1160 400 650 
Ni 240 60 120 
Zn 2050 1100 1420 

Table III Metals added to soil by the sludge treatments 

Sludge 
Treatment 

Dry solids 
Metal additions (kg/ha) 

type addition (t/ha) 
Cd Pb Cu Ni 

S1 R1 19 1.3 9.5 22 4.5 

R2 38 2.6 19 44 9 

R3 76 5.2 38 88 18 

R4 152 10.4 76 176 36 

S2 R1 19 0.24 8 7.5 1.2 

R2 38 0.48 16 15 2.4 

R3 76 0.95 32 30 4.7 

R4 152 1.90 65 60 9.3 

S3 Rl 18 0.6 8.5 12 2.3 

R2 35 1.2 17 24 4.5 

R3 71 2.3 33 48 9 

R4 141 4.6 66 96 18 

S4 R4 250 10.5 105 190 58 

R5 500 21 209 380 116 
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Zn 

39 
78 

156 
312 

21 
42 
83 

166 

27 
53 

105 
210 

333 
666 



according to normal .farming practices. Detailed records of crop growth are 

kept throughout each ~eason so that anomalous effects, .on yiel"d for 

ins tance, are detec ted. 

3.~ 

Various parameters will be measured for the duration of the trials; 

the main factors being crop yields and contents of heavy metals, and to.tal 

(strong acid-extractable) and extractable metal concentrations in the soil. 

Secondary factors include the effect of sludge on soil physical and 

chemical properties (density, water-holding capacity, pH value, CEC), and 

the movement of metals down soil profiles. At this time, it is possible to 

present only a brief summary of the results and this is based on Cd and the 

effects of the two most contaminated sludges, S1 and S3 (Table II) at rates 

R1-R4 (Table III). Each point on the graphs shown in the figures is a mean 

of 2 replicates. 

Figure 1 shows that increases in soil concentrations of Cd were a 

linear function of Cd added in sludge; correlation coefficients (I' values) 

for soils from the three sites were highly significant (P = <0.001), 

Increases in soil concentrations of Cd on the sandy loam soil agreed quite 

closely with expected concentrations assuming even mixing of sludge through­

out 15 cm of top soil. Increases in concentrations on the calcareous loam 

and clay soils were similar (up to about 9 mg/kg of Cd at the highest 

application rate of sludge) but were greater than the expected values. 

Figure 2 shows Cd concentrations in crops grown on the Royston site in 

1979, the first growing season after application of sludge. Wheat grain, 

ryegrass and potato tubers showed little increase in tissue concentration 

of Cd as a result of Cd additions in sludge. Concentrations of Cd in these 

crops increased from about 0.1 mg/kg dry matter (d.m.) in samples from the 

control plots which had received no sludge, to about 0.25 mg/kg d.m. on 

plots which had received 10.4 kg Cd/ha added as sludge. Cabbage and the 

roots of red beet showed slightly greater increases in Cd concentrations as 

a result of sludge treatment and at the highest rate of application of Cd 

(10.4 kg/ha) cabbages contained 0.57 mg Cd/kg d.m. and roots of red beet 

0.69 mg/kg d.m. Much higher concentrations of Cd occurred in lettuce and 

in the leaves of red beet. Concentrations of Cd in these crops were h~gher 

than those in the other crops even on the control plots and they increased 

markedly as a result of sludge treatment. At the highest application rate, 
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the concentration of Cd in lettuce leaves was 2.39 mg/kg d.m., and in red 

beet leaves 3.56 mg/kg, compared with 0.78 mg/kg and 0.52 mg/kg respect­

ively on the control plots. Concentrations of Cd in the crops from Royston 

decreased in the order: red beet leaves> lettuce »> red beet roots = 

cabbage » ryegrass = wheat grain = potatoes. A similar trend was observed 

amongst crops grown on the Cassington sites. 

Figure 3 shows how soil type influenced Cd concentrations in two 

crops, wheat grain and ryegrass. These results relate to crops grown on 

plots treated with the most contaminated sludge, S1 (Table III). For both 

crops, highest concentrations occurred on the clay soil followed by the 

sandy loam, with lowest concentrations on the calcareous loam. 

Figure 4 shows uptake of Cd by wheat from the calcareous loam at 

Royston; wheat gave the highest yield of dry matter per hectare in 1979. 

There was greater uptake into wheat straw than into grain. At sludge 

treatment S1R3' which added 5 02 kg Cd/ha to the soil, 0.33 g Cd was recov­

ered in wheat grain and 1.38 g in wheat straw making a total recovery of 

1071 gar 0.033 per cent of the Cd added in sludge. If allowance is made 

for the 0.57 g of Cd taken up by wheat grown on the control plots, then 

1.14 g or 0.022 per cent of the Cd added to soil in the sludge was recover­

ed in the standing crop. 

Cadmium apart, there were modest increases in crop concentrations of 

Ni and Zn with increasing additions of sludge to soil, smaller increases in 

Gu concentrations in crops but no noticeable response to Pb added to soil 

in sludge. Highest concentrations of Ni, Zn and Cu occurred in the leaves 

of the crops compared wi th non foliar edible parts such as the roots of red 

beet, potato tubers and wheat grain. Zinc concentrations in ryegrass from 

the three sites are shown in Figure 5. Concentrations of Zn in this crop 

increased most on the sandy loam and clay soils wi th smaller increases on 

the calcareous loam. There was a steady increase according to sludge 

treatment from about 30 mg Zn/kg dome on the control plots to about 85 mg/ 

kg d. m. on plots which had received 312 kg/ha of Zn as sludge in the case 

of the sandy loam and clay soils, and to about 65 mg/kg d.m. for the cal-

careous loam. 

4. DISCUSSION 

A problem encountered in experiments with sludge occurs in the separa­

tion of the beneficial effects of the plant nutrients and organic matter it 
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contains from the harmful effects of metals; this applies particularly to 

the interpretation of yield data. The design of the trials at Cassington 

and Royston has the advantage that corresponding rates of application (R1-

R4 ) of the three different sludges (S1-S3) involved approximately the same 

quanti ty of sludge dry solids (Table III). Since the sludges were all of 

th~ same type and differed only in their metal contents, any variations in 

yield according to sludge-type at the same rate of application should be 

attributable to metal effects. For instance, application rate R4 of sludge 

S1 added to the soil considerably more metals than rates R4 of sludges S2 

and S3 yet all R4 plots for these sludges received comparable amounts of 

sludge organic matter and plant nutrients. In the first year, yields were 

affected by the very large quanti ties of nitrogen added in sludge at the 

high rates of application. Thus application rate R4 for sludges S1-S3 

added"to the soil approximately 6 t/ha of nitrogen. As this nitrogen is 

dissipated during successive years of cropping it is expected that any 

yield effects due to metals in the sludge will become apparent. In the 

first year, there was no evidence of depressed yields at the high rates of 

application of sludge. Indeed, yields were higher on plots which had 

received sludge compared wi th unsludged control plots. This was probably 

connected partly with nutrients, although control plots received inorganic 

fertiliser, and partly with improvements in soil water-holding-capacity on 

plots which had received sludge. 

Figure 1 shows that additions of sludge to soil increase soil concen­

trations of Cd in proportion to the quantity of Cd added in the sludge. It 

is of interest that Cd concentrations observed in two of the soils (the 

clay and calcareous loam) differed considerably from predicted values based 

on the assumption that sludge was evenly incorporated into 15 cm of top 

soil. It seems that a simple relationship between Cd added to soil in 

sludge and the resulting concentration of soil Cd cannot be assumed even 

for experimental plots where every care is taken to incorporate the sludge 

evenly. This relationship is likely to be more uncertain in operational 

practice especially where sludge is applied to the soil surface and not 

ploughed in. 

Figure 2 illustrates the importance of crop genotype with respect to 

availabili ty of Cd in soil. The results confirm that certain crops, such 

as lettuce and red beet, are capable of achieving concentrations of Cd in 

their leaves which may sometimes exceed the concentration of Cd in the soil 
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in which they grow. In this respect they are much more efficient in assim­

ilating Cd from soil than the other crops tested (cabbage, ryegrass, wheat, 

potatoes) and may be regarded as Cd-accumulators. In the UK, less than 2 

per cent of sludge is used on horticultural land where these accumulator 

crops are grown and they contribute only 0.5 per cent (fresh-weight basis) 

to the food intake of the average consumer. Figure 2 shows that wheat 

grain and potatoes, which are the major plant components of the human diet, 

are relatively insensitive to increased concentrations of Cd in soil. It 

is frequently said that Cd in soil is readily available for plant uptake 

but this statement requires qualification. In general terms, the results 

suggest that Cd is more available than Pb, as equally available as Zn and 

perhaps Cu, and less available than Ni. All the metals tested (Cd, Pb, Cu, 

Ni and Zn) are tightly held in soil which is why they accumulate in top 

soil and are not readily leached. In comparison wi th the major plant 

nutrients for instance, they are by no means readily taken up by crops. 

Thus Figure 4 shows that (0.1 per cent of Cd added to soil in sludge was 

recovered in a standing crop of wheat even in the first year after applica­

tion of sludge to soil when availability is thought to be maximal (2). 

Figure 3 shows that soil conditions represent another factor affecting 

availabili ty of metals. The results confirm that soil pH value is of prim­

ary importance since higher concentrations of Cd occurred in wheat grain 

and rye grass from the two soils of pH 6.5 compared wi th crops from the cal­

careous loam of pH 8. Crops grown on the clay soil with the higher cation 

exchange capacity were expected to show lower concentrations than those 

from the sandy loam of similar pH value. This was not the case for reasons 

still under investigation. 

In assessing the significance of the results for Zn shown in Figure 5, 

it is of interest to note that the phytotoxic threshold for Zn in ryegrass 

leaves is about 200 mg/kg d.m. but the concentration of Zn required in the 

diet of grazing animals is 50 mg/kg. Thus sludge treatment raised Zn con­

centrations in herbage from a deficiency level to an adequacy level with 

respect to the nutrition of grazing animals. Moderate applications of 

sludge can supply useful quanti ties of trace elements to deficient soils. 

Crop trials such as those at Cassington and Royston will contribute 

towards the knowledge which provides a basis for guidelines for the use of 

sewage sludge on agricultural land. In view of this, it is important to 

realise the limitations of different experimental approaches. Pot trials 
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are convenient and subject to small experimental errors but tend to over­

estimate heavy metal uptake by crops, particularly when conducted in glass­

houses. Experiments with inorganic salts or with sludges directly enriched 

wi th inorganic salts are subject to the same criticism; they tend to over­

estimate the metal uptake which would occur in conventional sludge utilisa­

tion practice. For instance Dijkshoorn and Lampe found that plant tissue 

concentrations of Cd were twice as high in ryegrass grown on soil treated 

wi th cadmium sulphate compared wi th soil supplied wi th an equivalent amount 

of Cd in sludge (3). Results from this kind of experiment must be inter­

preted wi th caution. The most informative results are likely to come from 

field trials with unenriched sludge. In such trials the intention is 

usually to define the extent of metal problems by determining the maximum 

rate of addition of sludge-borne metals which is compatible with acceptable 

crop quality and yield. To achieve this, it is necessary to exceed con­

ventional rates of application of sludge to agricultural land by a wide 

margin. For instance, in the present trials the maximum rate of applica­

tion of sludge to soil was 152 t/ha of a sludge containing 68 mg/kg d.s. of 

Cd, and has since been extended to 500 t/ha (Table III). In the interpre­

tation of results it must be borne in mind that conventional dressings of 

sludge to agricultural land in Europe usually involve modest amounts of 

relatively uncontaminated sludges. For instance, in the UK the average 

annual dressing is 2 OJ? 4 t/ha, to grassland or arable land respectively, 

of a sludge containing about 20 mg/kg d. s. of Cd. It cannot be assumed 

that the availability to crops of metals added in repeated light dressings 

of this type will be the same as in field trials where large amounts of 

metals have been added in single heavy applications of sludge. Thus, there 

is evidence that the availability for crop uptake of metals added to soil 

in sludge declines with time (2,4). In consequence, the concentration of 

metals observed in crops may depend much more on the amount of metal in the 

most recent application of sludge than on ~he cumulative amount of metal 

buil t up by previous applications. The half-life of availability of metals 

in soil has important implications for the long-term utilisation of sludge 

on land as an acceptable disposal option. Information on this aspect will 

be obtained from the trials at Cassington and Royston as concentrations of 

metals in the crops are monitored in successive years following the addition 

of sludge to soil in 1978/79. Current knowledge of this and other questions 

has been recently reviewed with respect to Cd in sludges used in agricul­

ture (4). 
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The results obtained so far from the Cassington and Royston trials 

suggest that the availability, and hence potential hazard, associated wi th 

metal accumulations in soil resulting from the use of sludge on land cannot 

be predicted simply from the quanti ties of metals added to soil in sludge. 

Soil analyses are required to assess the extent of contamination by metals 

and crop analyses are required to assess its significance in terms of 

phytotoxici ty and entry into the foodchain. Satisfactory regulation of 

sludge additions to agricul tural land may need to take account of environ­

mental quality criteria based on concentrations of contaminants in soils 

and crops, in addition to their concentrations in sludge. 
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STABILITE BIOLOGIQUE D' ACIDES HUMIQUES ASSOCIES A DU CADMIUM" 

A. GOMEZ et C. JUSTE 

Station d'Agronomie I.N.R.A. - 33140 PONT DE LA MAYE (FRANCE) 

Resume 

On a enrichi des acides humiques extraits de 1 'horizon de sur­
face d'un podzol humique sableux avec du cadmium a pH 4. La stabilite bio­
logique des composes humiques enrichis ou non en cadmium a ete mesuree a 
l' aide d tune methode respirometrique. L' addition de cadmium bloque 1a de­
composition de l'acide humique auquel il est associ€., vraisemblablement en 
rendant inaccessible aux micro-crganismes les fonctions reactives de ce der­
nier. En presence de glucose, on constate une stimulation de 1a decomposi­
tion du compose humique, que ce demier Bait associ€. au non au cadmium. 
Cette destabilisation de l'humate de cadmium pourrait s'expliquer par 1a 
liberation et I' inactivation du metal par les produits du metabolisme du 
glucose. 

Humic acids were extracted from the surface layer of a sandy 
humic podzol and were enriched at pH 4 with Cd. The biological stability of 
the humic compounds (with or without Cd) was studied with a respirometric 
method. Cd addition hindered the humate decomposition, likely by protecting 
the functional groups of the organic compound against the micro-crganism ac-
tion. Glucose addition enhanced the decomposition of the humic compounds 

(with or without Cd). This effect could be explained by the solubilization 
and further complexation of the metal by the metabolism products of glucose. 
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1/ INTRODUCTION. 

Un certain nombre de travaux ont ete cons acres a I' etude de la 

stabilisation de la matiere organique des sols par les metaux polyvalents 

preexistants (Ca, Mg, Fe, AI) ou intentionnellement ajoutes (Cu, Zn). 

Souvent, ces etudes ant ite conduites en utilisant comme modele 

de la fraction stable de la matiere organique du salles acides humiques 

extraits de ces derniers (J, 2, 3, 4). 

II existe par contre tres peu de travaux relatifs aI' etude de 

l' action stabilisante des metaux lourds pour lesquels l' interet manifeste 

par les agronomes est plus recent. 

Le but de cette communication est d'exposer les resultats d'une 

recherche conduite en vue de preciser les modifications de stabilite biolo­

gique d'un acide humique lorsqu'on enrichit celui-ci avec du cadmium. 

2/ MATERIEL ET METHODE. 

a) Obtention des composes humiques. 

Les acides humiques Bont extraits de l'horizon de surface d'un 

podzol humique developpe sur sable des Landes, par une solution de soude 

0,5 N, precipites par H N03 a pH 1, puis laves a I' eau permutee par centri­

fugation sui vie de dia1yse. 

Les humates de cadmium sont obtenus par melange de 1a suspen­

sion d'acides humiques et d'une solution normale de nitrate de cadmium dont 

Ie pH est ajuste a 4. L'acide humique tem::'lin est constitue par Ie compose 

humique de depart, dont le pH est ajuste il 4. 

Les deux produits sont isoles par centrifugation, laves aI' eau 

permutee puis seches a 45°C en etuve ventilee. 

Apres broyage, on determine I'humidite re.sidue11e, 1a teneur en 

carbone (four a induction Leco) et en azote (Kjeldah1). Apres mineralisa­

tion par voie sikhe, Ie fer, Ie sodium, Ie cadmium sont doses par spectro­

photometrie d I absorption atomique, et l' aluminium par colorimetrie du com­

plex.e e.riochrome-cyanine AI. 

La capacite d'ecbange des acides humiques est mesuree a pH 4 

par saturation par une solution normale de chlorure de baryum. 
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b) Mesure de 1a stabilite bio1ogique. 

Elle a ete. realise. par la mise en oeuvre d'une methode 

respirometrique, la consommation dlaxygene par unite. de temps pouvant etre 

consideree comme un critere inverse de cette proprie.te. 

On a utilise un respirometre Gilson fonctionnant a pression 

constante, Ie baio thermos tate etant regIe it 30 D e. Lea echantil10ns testes 

ont ete introduits dans des fioies de 30 mI, dont Ie puits central contient 

de la potasse concentree et une meche de papier filtre. On mesure cbaque 

soir la quantite d 'oxygene consommee, qui est ramenee a une myenne horaire 

journaliere (designee par IRH, ou indice respirometrique horaire, exprimee 

en 111 de' 02 conso~s a l'heure). La me.sure effectu.ee, Ie circuit est reou­

vert de maniere a permettre une reoxygenation du milieu. L 1 experience con­

duite de cette maniere dure 5 jours, au terme desquels les fioles sont reti­

rees de 1 'apparei1 et exposees a l'air, a 1a temperature du laboratoire, 

pendant 2 jours. L'experience peut etre reconduite pendant 5 jours supple­

mentaires: 

Deux types d 1'experiences ant ete realises. 

:§~§!!~~£~-! -
1 g d'un sol temoin tres pauvre en matiere organique, utilise 

comne source de microflore, est melange ou non a une quantite de compose 

humique correspondant a 20 mg de carbone. L 1 ensemle est humidifie avec 1 ml 

d 1 eau bipermutee. Chaque traitement comporte 3 repetitions, Ie temoin etant 

constitue par Ie sol de reference. 

Les resuitats de cette experience (qui a dure 2 fois 5 jours 

pour chaque type dthumate) sont donnes so us forme de graphique, au figurent 

en ordonnees les differences entre les IRH enregistrees pour les composes 

testes et llIRH du sol temoin. 

!!!e§!i~~£~_!! -
Elle s' inspire de 1a methode utilisee par JUSTE, DELAS et LAN­

GON (3). Elle a pour but de preciser si la stabilisation des differents hu­

mates, eventuellement mise en evidence lors de l'experience precedente, est 

due a un blocage des sites reactifs de la matiere organique par les metaux 

qui protege ainsi celle-ci de I' attaque de micro-organismes au a une action 

toxique de ces metaux sur la microflore du milieu. Pour cela, on a compare 

pendant 5 jours consecutifs la consommation d 'oxygene par des melanges de 
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sol et d'humates humidifies, soit avec de 1 'eau bipermutee, soit par une 

solution de glucose a 1 %0. Pour un meme compose., les differences d'IRH ob­

tenues doivent etre imputees a 1a degradation du glucose; on pourra consi­

derer que 1a toxicite du metal sera inversement proportionne1le a cette 

difference. 

3/ RESULTATS ET DISCUSSION. 

La composition de l' acide humique temoin et de 1 'humate de cad­

mium est indiquee dans Ie tableau. Les resultats mont rent que la quantite 

de cadmium fixee par les acides humiques correspond sensiblement a 1a capa­

cite d'echange du compose temain mesuree a pH 4 (250 me/IOO g). Cette satu­

ration est confirmee par l' examen du spectre infra-rouge de 1 'humate de 

cadmium qui est totalement salifie. 

L'etude cinetique du phenomene (graphique I) montre qu'en l'ab­

sence de metal Ie maximum de l'activite respirometrique se situe les 2e et 

3e jours de l'experience. En presence de cadmium, on assiste a une diminu­

tion de la biodegradation de la matiere organique originelle du sol de re­

ference (temoin), effet depressif qui disparait a partir du 3e jour. 

L'effet du cadmium. est mieux mis en evidence dans Ie graphique 

II, ou lion a represente en ordonnee l'integrale des differentes courbes 

respirometriques : Ie metal a a peu pres completement bloque la degradation 

du compose humique auquel il est associe. 

Les graphiques III et IV qui representent la difference entre 

les indices respirome.triques horaires releves en presence ou en I' absence 

de solution glucosee, et qui donnent une image des indices respirome.triques 

horaires relatifs au glucose dans les differents milieux, mont rent que 

l' addition des composes humiques deprime initialement l' activite respirome­

trique liee a la presence de glucose. Cet effet disparait Ie 2e jour pour 

I' acide humique et Ie 3e jour pour l'huibate de cadmium. On cons tate alors 

une forte stimulation de l' activite respirometrique en presence de glucose 

pour les deux composes : 11 addition de cette substance tres labile favorise 

la biodegradation des deux composes humiques, Ie supplement d t oxygene con­

so'DlDli! q,artie hachuree sur Ie graphique V, dans 1equel on a s:hematise 11 inte­

grale des differentes courbes d'indices respirometriques relatives au glu­

cose) ne pouvant slexpliquer que par une stinru.lation de 1a dec01QPos;,ti,on de 

11 acide humique et de 1 'humate de cadmium, induite par 1 'addition de gLucose, 
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Humid. Teneur 
de matiere seehe 

% du en 
en p.c.ent 

prod. 
------ ------------..,.------------- -------------cen-

-~!!!!- -!!!~~- --!::!!-- --!!!!-- __ ~L --~!!-- ---~-- ---!!-- _~LL 

Acide humi 
que teIOOin 8.5 11.4 1. 70 1.33 2.4 0 50.4 2.91 17.3 

Humate de 
cadmium 6.5 22.1 1.42 0.04 2.0 14.19 42.4 2.52 16.8 

I R H 

\.lith 
II 

10 

acide humique - temoin 

humate de cadmium 
- temoin 

telOOin 

-I 

-2 

-3 

-4 

-5 

-6 

-7L---r-~r---,_ __ r---------~--~--~--~--~--~-----
10 jours 

Graphique - Evolution, au coura du temps, de la consomma.tion en 
oxygene des melanges de sol avec les differents 
composes humiques 
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4/ CONCLUSION. 

L'addition de cadmium, dans les conditions de-crites, conduit i 

un compose humique de plus grande stabilite hiologique que les acides humi­

ques correspondants. 

Cette stabilisation s' explique plus par un blocage des fonctionl 

reactives du compose humique par Ie cadmium (fanctions sur lesquel1es 

5' exerce peut-etre preferentiel1ement l' action des micro-organismes) que 

par un effet toxique du metal qui ne pent ikre mis en evidence qu'en debut 

d' experience. La stimulation de la decomposition de l' aeide humique lie au 

cadmium par l'introduction du glucose laisse supposer que les produits du 

metabolisme de ce demier liberent Ie metal et 1 'inactivent, permettant 

ainsi aux micro-organismes d 1 exercer leur action sur la fraction humique 

liberee. 

Contrairement a ce qui a pu etre observe pour d I autres metaux 

lourds (5), 1a retention du cadmium. p.ar 1a fraction organique du sol ne 

constitue done pas un facteur susceptible de restreindre 1a dissemination 

de ce metal dans l' environnement, cette retention risquant d r etre remise en 

cause par l' incorporation au sol de substances tres biodegradab1es (engrais 

verts, ·vinasses, 1isier, etc.). 

BIBLIOGRAPHIE 

1. JUSTE C., DELAS J. - Influence de l'addition d'aluminium, de fer, de 
calcium, de magnesium ou de cuivre sur la mobilite electrophore­
tique, Ie spectre d' absorption infra-rouge et la solubilite d 'un 
compose humique. Ann. agron. (1967), 18, 403-427. 

2. JUSTE C., DE LAS J. - Influence du degre de salification d'un compose hu­
mique sur son comportement thermique. Ann. agron. (1969), 20, 
145-159. 

3. JUSTE C., DELAS J., LANGON M. - Comparaison de 1a stabilite bio1ogique 
de differents humates metalliques. C.R. Acad. Sci. (1975), 281, 
1685-1688. 

4. LINERES M. - Contribution de 1 'ion calcium a la stabilization biologique 
de 1a matiere organique des sols. These (1977), Bordeaux III. 

5. JUSTE C., GOMEZ A. - Etude des associations formees entre 1e cadmium, 1e 
plomb, Ie nickel et Ie mercure et la matiere organique des sols. 
Contribution eventuelle de ces associations a la contamination de 
1a chaine trophique (1979). Conv. CEE-INRA 153-77-1 ENV. F, 63 p . 

• Recherche executee dans Ie cadre du contrat no 153-77-1 ENV F avec la 
C.E.E. 

-106 -



SCHWERMETALLAUFNAHME VERSCHIEDENER GETRElDEAR1EN 

AUS HOCHBELASTETEN BODEN UNTER FELDBEDINGUNGEN 

Th. DIEZ und A. ROSOPULO 

Bayerische Landesansta1t fUr Bodenkultur und Pf1anzenbau 
MUnchen und Freising 

Zusanmenfassung 

Den Untersuchungsgegenstand bilden 75 Standorte, die mehr oder weniger 
lang, zum Tei1 Uber Jahrzehnte, mit K1arsch1amm beaufsch1agt wurden. Von 
diesen Standorten wurden die Schwermetallgehalte der Boden (Krume. Boden­
art sL - t'L. pH 6,5 - 7,2) und der darauf angebauten Fe1dfrUchte unter­
sucht. DieUntersuchung erstreckte sich auf die E1emente Cd, Zn, Cu, Pb, 
Cr und Ni und die Fe1dfrUchte Winterweizen, Wintergerste, Winterroggen, 
Sommergerste, Hafer und Mais. Die Schwermetallanreicherung in den Boden 
erreicht zum Teil Werte, die urn ein Vie1faches Uber den Richtwerten 1ie­
gen. Mit steigenden Konzentrationen im Boden steigen auch die Schwerme­
tallgehalte ·in den Pflanzen, - fUr die einze1nen E1emente. Pf1anzenarten, 
vegetati ve und generative Pf1 anzenorgane all erdi ngs unterschi ed1 i ch. Wah­
rend sich fUr Zn und Cd re1ativ hohe Anreicherungskoeffizienten errechnen 
lassen - in den vegetativen Organen durchwegs starker a1s in den genera. 
tiven -, verandern sich die Cu-, Pb-, Cr- und Ni-Geha1te der Pflanzen 
auch bei stark steigender Bodenbe1astung nur re1ativ wenig oder Uberhaupt 
nicht. Aufgrund eines artspezifisch starken Aufnahme- und/oder Anreiche­
rungsvermogens werden bedenk1 ich hohe Cd-Gehalte im Korn von Weizen und 
Hafer sowie in B1attern und Stenge1n von Mais erreicht. 

Summary 

Object of investigation were 75 sites treated with sewage sludge for a 
more or less long period some for several decades. The heavy metal 
contents of the soils (top soil, texture sL - t'L, pH 6,5 - 7,2) and the 
plants of these sites were determined. Investigations included the ele­
ments Cd. Zn, Cu, Pb, Cr and Ni, and the field crops winter wheat, winter 
barley, rye, spring barley, oats and corn. The heavy metal accumulation 
in the soils reaches values that are many times above the standard values. 
Increasing concentrations in the soil are followed by increasing heavy 
metal contents in the plants. The degree of concentration, however, 
varies both for the elements and for plants. While the accumulation­
coefficient for Zn and Cd is re1ativ1y high - in straw always higher 
than in grains - the contents of Cu, Pb, Cr and Ni in plants are hardly 
ini'luenced by rising contents in the soil. Due to a specifically strong 
uptake and/or accumulation ability high contents of Cd in grains of wheat 
and oates as well as in leaves and sta1 ks of corn are reached. 
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1. EINLEITUNG 

Ober die Schwermetal.laufnatune von Pflanzen aus belasteten Boden ist in den 

letzten Jahren eine umfangreiche L iteratur erschienen. Meist hanllelt es 

sich dabei um Modellversuche. in denen Boden unter kontrollierten Bedin­

gungen unterschi edl i che Mengen von 1 osl ichen Schwermeta 11 sa 1 zen zugegeben 

wurden (4. 5. 6. 12 u. a.). Die Ergebnisse solcher Untersuchungen sind auf 

Klarschlamm-gedUngte Boden nur mit Einschrankung anzuwenden. da die Schwer­

meta11e hier zumindest teilweise in organischer Bindung vorliegen und 

antagonistische Wirkungen wahrscheinlich sind (8). 

Die vorliegende Arbeit befal3t sich mit der Schwermeta11aufnahme landwirt­

schaftlicher Kulturpflanzen aus Boden. die mehr oder weniger lang und 

mehr oder weniger intensiv mit stark belasteten Klarschlammen gedUngt 

wurden und dementsprechend eine mehr oder weniger starke Schwermeta11-

anreicherung aufwiesen. 

2. MATERIAL UNO METHOOEN 

Untersucht wurden 75 mi t Klarschl amm beaufschlagte Boden. einschl iel3l ich 

3 unbeschlammter Vergleichsboden und die darauf angebauten FeldfrUchte 

Winterweizen. Wintergerste. Winterroggen. Sommergerste. Mais und Hafer. 

Samtliche Untersuchungsproben stammen aus dem Erntejahr 1979 und·wurden 

a 1 s Mischproben aus normal bewirtschafteten landwi rtschaftl ichen Betriebs~ 

schlagen gezogen. Bei den Boden handelt es sich urn normal humose. durch 

die KlarschlammdUngung zum Teil stark ·humose. sandige bis schwach tonige 

Lehme aus Kal kschotterverwitterung mi t pH-Werten zwischen 6.5 und 7.2. 

im Niederschlagsbereich von ca. 900 mm/Jahr. 

Die Bestimmung der untersuchten Elemente im Boden erfolgte nach dessen 

Aufschl uB mi t Koni gswasser mittel s Atomabsorptions-Spektra 1 photometri e in 

der Flamme. Die Pflanzenproben wurden mit einer Sauremischung aus Salpe­

ter- und Perchlorsaure (Verhaltnis 10 : 1) verascht. Die Bestimmung der 

Elemente wurde genauso wie im Boden durchgefUhrt. 

3. ERGEBNISSE 

In den Tabe11en I und II sind die ermittelten Cd-. Zn-. Cu-. Pb-. Cr- und 

Ni-Gehalte der Boden und der darauf gewachsenen GetreidefrUchte dargestellt. 
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Daraus ist ersichtl ich, 

daB sich die Bodenyehalte Uber einen weiten Bereich erstrecken und teil­

weise extrem hohe Werte erreichen, 

daB di e verschi edenen Getreidearten ei n unterschi edl iches Aufnahmevermogen 

fUr die einzelnen Schwermeta11e besitzen und 

daB Schwermeta 11 e in .enerati yen (Korn) und vegetati yen Pfl anzenorganen 

(Stroh) unterschi edl i ch stark angerei chert werden. 

Tabe11e I: Schwankungsbreite der Cadmium-, link- und Kupfergehalte 

in Boden und Pflanzen (mg/kg TS) 

Gegenstand 

Boden 
Winter- Korn wei zen 

Stroh 

Boden 
Winter-
gerste Korn 

Stroh 

Boden 
Winter- Korn roggen 

Stroh 

Cadmium 

(0,5 - 52 

0,04 - 1,16 

0,10 - 4,27 

8,6 - 38 

0,3 - 0,82" 

0,48 - 1,85 

<0,5 - 33 

0,06 - 0,3 

0,07 - 0,56 

link 

28 - 1440 

20 - 89 

12 - 170 

226 - 1360 

66 - 109 

54 - 196 

26 . 1200 

32 - 80 

18 - 156 

Kupfer 

14 - 294 

2,7 - 7,9 

9,4 - 15,9 

40 - 256 

13 - 25 

6,2 - 9,6 

18 - 224 

4,6 - 8,6 

5,8 - 9,6 ---- - - - -- .................. -_ ...... - ...... ", -_ ... -_ ............................................ -_ ............................................... -_ .. -_ .... 

Sommer-
gerste 

Mais 

Hafer 

Boden 

Korn 

Stroh 

Boden 
Korn 

Stroh 

Boden 

Korn 
Stroh 

<0,5 - 55 

0,01 - 0,37 

0,01 - 1,2 

- 44 

0,05 - 0,7 

0,07 - 22 

3 - 49 

0,14 - 1,74 

0,35 - 2,93 

72- 1480 

24 - 86 

16 - 155 

52 - 880 

18 - 96 

11 - 365 

148 - 1350 

24 - 93 

18 - 163 

19 - 302 

3,6 - 18,7 

6,5 - 10 

2,5 - 9,8 

5,5 - 13,4 

6,3 - 16,5 

33 - 260 

2,3 - 8,9 

6,5 - 9,6 

Die Pflanzenaufnahme der Elemste Pb und Cr ist auch bei hoher Bodenbela­
stung sehr gering, eine Korrelation zwischen Boden- und Pflanzengehalten 
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somit nicht gegeben (sh. Tab. II). Dies gilt mit Einschrankungen auch fUr 

das El ement Ni. Bei wesentl i ch geri ngeren Bodengeha ltsschwankungen ist 

hier immerhin die Tendenz einer positiven Korrelation zwischen Boden- und 

Pfl anzengeha lten erkennba r. 

Tabelle II: Schwankungsbreite der Blei-, Chrom- und Nickelgehalte 

in Boden und Pflanzen (mg/kg TS) 

Gegenstand 

Boden 
Wi nter-

Korn wei zen 
Stroh 

Boden 
Wi nter- Korn 
gerste 

Stroh 

Boden 
Winter-
roggen Korn 

Stroh 

Boden 
Sommer- K 
gerste orn 

Mais 

Hafer 

Stroh 

Boden 

Korn 

Stroh 

Boden 

Korn 

Stroh 

Blei 

25 - 1300 

0,1 - 0,3 

0,5 - 2,2 

220 - 1420 

0,5 - 1,7 

1,9 - 4,4 

60 - 1320 

0,5 - 0,9 

2,6 - 4,6 

26 - 1600 

0,2 - 1,0 

0,9 - 4,0 

24 - 1600 

<0,1 

2,7 - 4,3 

110 - 1300 

0,2 - 0,4 

1,0 - 2,3 

Chrom 

18 - 259 

<0,1 

0,5 - 0,8 

36 - 150 

<0,1 

<'0,5 - 0,8 

13 - 142 

<0,1 

<0,5 

32 - 204 

<0,1 - 0,5 

(0,5 - 0,6 

22 - 194 

<0,5 

<0,5 - 1,0 

40 - 216 

0,3 - 0,5 

<0,5 

Nickel 

25 - 76 

<0,1 

0,5 - 0,8 

32 - 60 

<0,2 - 0,4 

':0,5 

23 - 64 

0,3 - 0,4 

<0,5 

29 - 74 

0,1 - 0,5 

<0,5 - 0,5 

26 - 69 

<"0,5 - 1,0 

<0,5 - 0,8 

33 - 59 

1,0 - 8,1 

0,6 - 1,9 

Bessere Korre 1 ati onen erg eben s i ch fUr di e El emente Cd, Zn und Cu. Si e 

sind in den Abbildungen 1 - 3 als lineare Regressionen dargestellt. Die 

Stei gung der Regress i onsgeraden kennzei chnet das Anrei cherungsvermogen 

einer Pflanzenart fUr ein bestimmtes Schwermetall. Anreicherungskoeffizient 

und re 1 a ti ve Aufnahmemenge bei ni edri ger BOdenbe 1 as tung gehen aus den 

Gl ei chungen fUr di e Regress i onsgeraden hervor (sh. Tab. I II) . 
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3.1 CADMIUM 

Betrachtet man nur die generativen O.rgane (Korn), so zeigt das starkste 

Anrei cherungsvermogen der Hafer. Der in ei ner Probe gemessene Cd-Geha It 

von 1,74 mg/kg TS ist mit Abstand der hochste ermittelte Wert. 

Weizen, Wintergerste und Mais reagieren auf steigende Bodenbelastung mit 

etwa gl ei chen Anrei cherungskoeffi zi enten, doch 1 i egt der Cd-Geha It von 

Weizen und Wintergerste von Haus aus hoher als der des Maises (sh. Abb.1). 

Bei Roggen und Sommergerste bleiben die Gehalte und Anreicherungskoeffi­

zienten weit hinter denen des Weizens und der Wintergerste zurUck. Die 

gleiche Tendenz ist auch bei den Cd-Gehalten des Strohs zu beobachten. 

Das Stroh zei gt bei allen FrUchten hohere Geha lte und ei n 5 tarkeres Anrei­

cherungsvermogen a 15 das Korn. Besonders kraB is t das Cd-Anreicherungsver­

moyen des Maisstrohs - eine Beobachtung, die auch schon in anderen Jahren 

gemacht wurde (1, 2). 

3.2 ZlNK 

Zink wird nach Menge und Anreicherungsvermogen von fast allen FrUchten 

starker aufgenommen als die anderen Schwermetalle. Nur das Maisstroh zeigt 

fUr Cd einen starkeren Anrei cherungskoeffi zienten a 15 fUr Zn (0,5 gegen­

Uber 0,183). 

Das starkste Anreicherungsvermogen im Korn besitzt der Hafer, das gering­

ste die Sommergerste. Wei zen, Wintergerste, Roggen und f1ais verhalten 

sich gleich, wobei die absolute Zinkaufnahme der Wintergerste erhebl ich 

Uber der der anderen Getreidearten 1 iegt. 

Die Zn-Anreicherung im Stroh fallt in der Reihenfolge der FrUchte Mais, 

Wintergerste, Hafer, Roggen, Sommergerste, Weizen. Wie bei Cd, so ist 

auch bei Zn der Anreicherungskoeffizient fUr Stroh groBer als fUr Korn. 

Bei Wi ntergerste, Sommergers te und Roggen 1 i egen di e Zn-Geha lte des Strohs 

zunachst unter denen des Korns und Ubersteigen diese erst bei hOheren 

Bodenbelastungen (Abb. 2). 

3.3 KUPFER 

Di e Cu-Geha lte der Pfl anzen werden durch s tei gende Bodenbe 1 as tung weit 

weni ger beei nfl uBt a 1 s di e Cd- und Zn-Geha lte. Di e starks te Anreicherung 

im Korn zeigt wieder der Hafer, gefolgt von Mais, Weizen, Sommergerste, 
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Wintergerste und Roggen. FUr Roggen, Wintergerste und Sommergerste sind 

die Korrelationskoeffizienten allerdings so niedrig, daB die Regressionen 

nur als Tendenzen gewertet werden konnen. 

Die Cu-Gehalte und Anreicherungskoeffizienten des Strohs liegen teils 

Uber, teil s unter denen des Korns. Wei zen mi t den abso 1 ut hiichsten Cu­

Gehalten im Stroh bei niedriger Bodenbelastung zeigt als einzige Frucht 

eine negative Korrelation zwischen Kupfergehalten des Bodens und des 

Strohs (sh. Abb. 3). 

4. WERTUNG DER ERGEBNISSE 

Die vorliegenden Untersuchungen sind als Beitrag zur Frage der Gefahrlich­

keit hoher Schwermetallanreicherungen in Boden bei langjahriger, intensi­

ver KlarschlammdUngung zu verstehen. Obwohl die Richtwerte fUr Boden von 

allen untersuchten Schwermetallen meist urn ein Vielfaches Uberschritten 

werden (9), konnten noch nie Wachstumsstorungen beobachtet werden, die 

auf eine erhohte Schwermetallbelastung zurUckfUhrbar gewesen waren. 

Die festgestellten hohen Aufnahmeraten fUr Cd und Zn sowie die niedrigen 

fUr Pb, Cr und Ni werdefl auch von anderen Autoren unter anderen Standort~ 

bedingungen bestatigt (3, 8, 10, 11, 12). Die in einer frUheren Arbeit 

beschriebenen hohen "carry-over-Werte" fUr Cr und Ni (1) haben sich nicht 

mehr bestatigen lassen. Wahrscheinlich waren die hohen Pflanzengehalte an 

diesen Elementen auf Metallabrieb im Zug der Probenaufbereitung zurUck­

zufUhren. 

Ei ne Beei ntrachti gung der Nahrungsqua 1 i tat durch Schwermeta 11 anrei cherung 

scheint nur bei Cadmium befUrchtet werden zu mUssen. Bedenklich sind vor 

allem die urn ein Mehrfaches Uber den Richtwerten (7) 1 iegenden hohen Cd. 

Gehalte im Hafer- und Weizenkorn, da diese Getreidearten unmittelbar der 

menschl i chen Ernahrung di enen. Bedenkl i ch erschei nt auch das aul3erordent. 

lich starke Cd-Anreicherungsvermogen in den vegetativen Organen des Maises, 

soweit diese als Grundfutter (Maissilage) in der RinderfUtterung Verwen­

dung fi nden. 
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EFFETS DE L'APPLICATION MASSIVE DE BOUE 

A !RES FORTE CHARGE EN CADMIUM ET EN NICKEL 

SUR DES CULTURES DE MAi'S ET DE LAITUE. 

C. JUSTE et P. SOLDA 

Station d'Agronomie I.N.R.A. - 33140 PONT DE LA MAYE (FRANCE). 

Un sol sableux aeide a e.te enrichi pendant quatre annees consecu­
tives avec des houes pol1uees par Cd et Ni, du fumier ou une fertilisation 
minerale. Les quantites de Cd et Ni incorporees dans Ie sol par les houes 
ont varie respectivement de 86 Ii 512 kg/ha et de 171 Ii 946 kg/ha. Le champ 
a ete cultive avec du mais pendant 3 ans et, en 1979, avec de la laitue 
suivie a nouveau d'un mais. Les re.sultats de 1979 montrent qu'il nly a pas 
d'effet des boues sur la production des laitues mais qu'el1es entrainent 
une baisse de rendement du mais (-20 %). L' application des boues diminue 
fortement Ie contenu en phosphore du mais, eleve la concentration en Zn, Cd 
et Ni des feuilles de mais et de la laitue, celIe de Ni et de eu de la grai­
ne mais abaisse la concentration en manganese dans les deux especes. La 
plus haute accumulation de cadmium a lieu dans les feuilles de mais et cel­
le de Ni dans la laitue. Les deux niveaux de boue (30 ou 40 t/ha et 200 
t/ha) produisent des effets voisins. 

An acid, sandy soil was enriched for 4 years in succession with 
Cd and Ni polluted sewage sludge, manure or mineral fertilizers. The alOOtmt 
of Cd and Ni incorporated in the soil through the sludge varied respective­
ly from 86 to 512 kg/ha and 177 to 946 kg/ha. The field was cultivated for 
3 years with continuous maize and in ]979 with a lettuce crop and then by' 
maize. The 1979 data showed no effect of the sludge on the lettuce yield 
but a deleterious effect on maize production (-20 %). Sewage sludge appli­
cation decreased drastically the P content of the maize (leaf and grain), 
increased the Zn, Ni and Cd content of the maize and lettuce leaves and the 
Ni and Cu content of the grain, but decreased sharply the Mn concentration 
in both species. The highest Cd accumulation was observed in the maize lea­
ves and the highest Ni accumulation in the lettuce. The two levels of sewa­
ge sludge (30 or 40 t/ha and 200 t/ha) produced almost similar effects. 
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I I INTRODUCTION 

La presence dans la ville de Bordeaux d'une station d'epuration 

qui traite des effluents provenant, entre autres, d'une fabrique d'accumu­

lateurs, nous a conduits a mettre en place une experimentation de longue 

duree destinee a preciser les effets sur tme m:moculture intensive de mais 

et sur les sols d'applications massives de boue issue de cette station. 

Les premiers resultats foumis par cette experimentation ont donne lieu a 
deux publications (I et 2), dont I'une a ete presentee lors du ler Sympo­

sium europeen sur la Caracterisation et l'Utilisation des Bones a Cadara­

che en fevrier 1979. Ltobjet de la presente communication est de rendre 

compte des effets compares de ces memes dikhets urbains sur une culture de 

laitue mise en place dans le dispositif au printemps 1979 et sur la cultu­

re de mais qui lui a i~diatement succede. 

21 MATERIEL ET METHODES 

a) Dispositif et protocole experimentaux. 

Ces derniers ont ete. decrits en detail dans une precedente pu­

blication (2). 

Nous rappellerons que Ie dispositif a ete mis en place en 1976 

sur un sol sableux a reaction initialement tres acide et tres moyennement 

pourvu en matiere organique. 

Les 4 traitements experimentes sont les suivants : 

T = tEhnoin ne recevant qu'une fertilisation strictement minerale 

F = application de 10 t/hal an de fumier de fenne (matiere seche) 

quantite totale epandue depuis Ie debut de l' essai : 40 t/ha (avant Ie 

mais 1979) ; 

B} application de 10 t/ha/an de boue de station d'epuration (matiere se­

che) ; quantite totale epandue depuis le debut de l' essai : 40 t/ha 

(avant le mai. 1979) ; 

B2 application de 100 t/ha de boue tous lea 2 ans (matiere seche) ; 

quanti te totale epandue depuis le debut de l' essai : 200 t/ha (avant 

la culture de laitue 1979). 

Pour des raisons climatiques, Ie fumier et 1a dose 1a plus fai-

bie de boue (B 1) ntont pu etre epandus qu'apres 1a culture de laitue les 

traitements F et BI correspondent donc a 30 t/ba de matiere seche de boue 
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ou de fumier pour la culture de laitue et a 40 t/ha de matiere seche pour 

la culture de mais : bien que ces differences de doses correspondent en 

fait a des variations relatives assez -faibles de la quantite totale d'iHe­

ments incorpores, il est possible que l'ecart separant" l'incorporation des 

boues ou du fumier de l'implantation de la culture ait pu avoir une influ­

ence notable sur l'assimilabilite des elements contenus dans ces amende1lEIlE 

organiques. 

Les quantites totales de fertilisants et de metaux l~ourds in­

troduits dans Ie sol par les boues sont indiquees dans Ie tableau I. Ce ta­

bleau fait ressortir que les apports cumules de boue ont enrichi Ie sol de 

77 ii 86 kg/ha (faible dose) et de 512 kg/ha (forte dose) en cadmium, et de 

142 ii 171 kg/ha (faible dose) et 946 kg/ha (forte dose) en nickel. On peut 

eonsiderer dans ees conditions que la totalite du cadmium et du nickel ain­

si introduits dans Ie sol represente 32 % de la capacite d'echange cationi­

que de l'horizon 0-30 cm pour la plus forte dose de boue et 6 % de cette 

eapacite pour la dose la plus faible. 

La culture de laitue (variete Aurelia - plants issus de semis 

en serre) a ete mise en place au mois de mars ; les residus de la culture 

preeedente de mais ant ete enfouis a 15-20 em par un labour de fin d'hiver; 

les laitues ant ete repiquees a raison de 140 pieds par parcelle de ]8 m2 

sur 7 rangs espaees de 40 em. Une fumure minerale standard de 150 unites/ha 

d' azote, phosphore et potasse a ete appliquee juste avant Ie repiquage des 

laitues. 

I~diatement apr;;s la rikolte des salades (debut juin), on a 

pro cede a l'epandage annuel de la faible dose d'amendement organique, qui a 

ete enfoui a 8-10 cm par une fa~on superficielle. Le semis du mais (variete 

INRA 260) a ete precede. de l' apport des elements fertilisants mineraux, ce 

demier etant realise de maniere a ce que la totalite de la fertilisation 

N-P-K (organique et minerale) de chaeun des traitements T, F et BI , soit la 

meme, 1 'azote des amendements organiques etant considere connne disponible 

pour moitie l' annee de leur enfouissement. 

b) Determinations realisees. 

Le poids moyen en frais des laitues a ete. mesure par pesee se­

paree de chaque pied des 3 rangs eentraux de chaque parcelle (60 plantes). 
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Tableau I 

QUANTITES TOTALES D'ELEMENTS MAJEURS ET MINEURS 

INCORPORES PAR 4 ANNEES D' APPORTS DE BOURS (en kg/hal 

Traitement 

Element BI B2 

Laitue Ma~s 

N 360 449 2 410 

P205 I 320 I 636 8 800 

Ca 3 740 4 457 24 900 

Mg 140 176 950 

K 30 45 195 

Fe I 245 I 521 8 299 

Cu 16 18 104 

Mn 29 34 193 

Zn 105 130 702 

Cd 77 86 512 

Cr 

I 
2 4 14 

Ni 142 III i 946 
I 

Pb I 23 29 i 156 

Tableau II 

INFLUENCE DES DIFFERENTS TRAITEMENTS SUR LA PRODUCTION DES LAITUES 

T • IPOidS moyen d une laitue 
_______ :~:~~~~~------ _iZ_~~_~E!!~~_!!!!~£l!~L 

F I 292 
B 260 

BI 205 

Degre de Si:nification I I % 

ppds 5 % (en g) J 60 

ppds I % " 84 
--------------------- ------------------------

T = temoin; 
F = fumier, 10 t/ha/ an = 30 t ; 
BI = boue, 10 t/ha/an = 30 t ; 

Indice de comparaison 

100 

126 

113 

89 

I % 

B2 = boue, 100 t/ha en 1976 + 100 t/ha en 1978 200 t. 
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Dans Ie cas du mais, 1a pesee de la recolte a ete effectuee 

pour 1a totalite de la parcel1e. 

Les concentrations en iHements majeurs (N, P, K, Ca, Mg) et mi­

neurs (Cu, Fe, Mn, Zn, Cd, Cr, Ni, Pb) de 1a 1aitue ont ete mesurees a 
partir d'echantil10ns de feuil1es entieres prelevees au 3e niveau d'inser­

tion ; on a ega1ement dose 1 'azote nitrique dans 1a nervure centrale des 

feuil1es pre levees egalerrent au 3e ni veau d' insertion. 

Dans Ie cas du mais, les concentrations ant ete mesllrees aux 

trois stades de vegetation suivants (analyse d'un echantillon moyen issu de 

chaque parcelle) : 

stade I - stade 10-12 Euilles, analyse de la 6e feuille ; 

stade II - stade 50 % de la floraison male, analyse de 1a 

feuille de I' epi (1/3 median, deharrasse de la ner­

vure centrale) ; 

graine - analyse d' un echantillon moyen iSSll de chaque parcelle 

L'azote a ete dose par 1a methode Kjeldahl et l'azote nit rique , 

extrait de la nervure centrale par une solution de sulfate de cuivre, 

par electrode specifique. Les metaux ont ete determines par absorp­

tion atomique apres mineralisation par voie seche et Ie phosphore par colo­

rimetrie du complexe phospho-molybdique reduit par I' acide ascorbique. 

3/ RESULTATS 

a) Rendements. 

L'addition de boue au sol, meme a tres forte dose, u'a pas pro­

voque d'effet depressif significatif sur Ie rendement des laitues (tableau 

II) ;on n'a pas observe par ailleurs de symptome de phytotoxicite. Par 

contre, la vegetation spontanee du terrain d'experience, assez mal contro­

lee par des binages a la main, avait envahi au moment de 1a recolte les par­

celles correspondant aux traitements temoin et fumier mais etait quasi­

ment absente des parcelles correspondant aux traitements''boue'! 

En ce qui concerne Ie mais, quelques symptomes tres passagers 

de jaunissement ou de rougissement des feuilles les plus age.es ont affecte 

en debut de vegetation 1es plantes des parcelles correspondant a la forte 

dose de boue. L'application de cette derniere a abaisse Ie rendement de 16 

et 20 % (tableau 5) sans qu'il soit possible cependant de faire apparaltre 
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une difference significative entre les deux doses de boue. On peut remarqlEr 

par ailleurs que, si 3 annees consecutives d'incorporation de fumier ant 

eleve de 26 % la production de la lai tue, ce meme amendement dont Ie demier 

apport a precede de peu Ie semis du mais a fait chuter sensiblement Ie ren­

dement de cette plante. 

b) Composition des plantes. 

a. - ~!!:!!~~. En ce qui conceroe les elements majeurs, on constate 

seulellEnt une legere baisse de la teneur en azote total des lai tues, provo­

quee par l'application de la forte dose de boue (tableau III). Les teneurs en 

zinc, cadmium et surtout nickel ant ete notablement accrues par les boues 

et la teneur en manganese non mains significativement abaissee (tableau IV). 

a - ~I!. Les deux amendements organiques ont provoque une chu­

te importante de la teneur en azote total des feuilles preLevees au stade 

10-12 feuilles mais, au stade 50 % floraison male, seul Ie fumier a conti­

nue a deprimer la nutrition azotee de la plante. Contrairement a ce que 

I' on a pu observer dans Ie cas de la laitue, I' application des boues provo­

que une chute spectaculaire de la teneur en phosphore du mais, notamment au 

stade juvenile OU cette teneur est reduite de moitie ; l'intensite de cet 

effet s' attenue progressivement lars du developpement de la plante mais on 

1 t observe encore de maniere tres nette au ni veau de la graine (tableau VI). 

Connne pour la ·laitue, seuls Ie zinc, Ie nickel et Ie cadmium 

penetrent de maniere notable dans les parties vegetatives de la plante mais 

seule une accumulation de nickel dans la graine est observee pour la plus 

forte dose de boue. On cons tate aussi une augmentation de la teneur en cui­

vre des graines provenant des traitements "balles", alors qui aucune accumu­

lation de ce :metal n'a pu etre mise en evidence dans les parties vegetati­

Yes. Comme dans Ie cas des laitues, I' application de boue a considerable­

ment deprime I' absorption et la translocation du manganese dans Ia totalite 

du plant de mais (tableau VII). 

4/ DISCUSSION ET CONCLUSION 

Bien que Ia comparaison des effets exerces par les boues sur 

mais et sur laitue ne soit pas totalement satisfaisante (pour la raison 

principale que les cultures ant ete conduites durant des periodes climati­

ques differentes), cet essai dem:mtre que les deux especes reagissent de 
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Tableau III 

INFLUENCE DES DIFFERENTS TRAITEMENTS 

SUR LA TENEUR EN ELEMENTS MAJEURS DE LA LAITUE 

I % de la matiere seche 

N Traitementl N total ! ---------- __________ ::~~L ____ ~~ __ I----~--- Mg nitrique 

T 3.96 1.48 0.17! 0.58 0.03 0.54 

F 4.06 1.56 0.18 0.67 0.04 0.77 

B1 4.19 I. 36 0.16 0.61 0.03 0.73 

B2 3.61 1.31 0.19 0.53 0.03 0.51 

Degre de i 
Significat.1 5 % N.S.* N.S. N.S. N.S. N.S. 

ppds 5 % , 0.34 

ppds 1 % : 

.* : non significatif 

T = temoin ; 
F = fumier, 10 t/ha/an = 30 t ; 
BI = boue, 10 t/ha/an = 30 t ; 
B2 = boue, 100 t/ha en 1976 + 100 t/ha en 1978 = 200 t. 

Tableau IV 

INFLUENCE DES DIFFERENTS TRAlTEMENTS 

SUR LA TENEUR EN ELEMENTS MINEURS DE LA LAITUE (ppm M. S.) 

Traitement Cu Fe Mn Zn Cd Cr Ni 

T 4.4 122 91 48 5.9 1.7 

F 3.9 109 71 50 4.3 1.4 

BI 5.4 99 37 68 27.2 15.4 

B2 5.2 105 22 64 42.6 46.4 

Degre de 
signific. N.S. N.S. % % I % N.S. I % 

ppds 5 % 32 9 11.3 3.5 

ppds I % 44 12 15.8 4.9 
---------- ------ ------ ------ ------------- ------
T = temin ; 
F = fumier, 10 t/ha/an = 30 t 
BI = boue, 10 t/ha/an = 30 t 
B2 = boue, 100 t/ha en 1976 + 

, 
100 t/ha en 1978 = 200 t. 
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Tableau V 

INFLUENCE DES DIFFERENTS TRAITEMENTS SUR LA PRODUCTION DU MArS 

(en q/ha de grain 11 0 % d 'humidite) 

Traitement Rendement 

T 

F 

B1 

B2 

Degre de signification 

ppds 5 % (q/ha) 

ppds 1 % 

T = temoin ; 
F = fumier, 10 t/ha/an = 40 t ; 
B1 = boue, 10 t/ha/an = 40 t ; 

83.7 

74.7 

70.5 

67.1 

1 % 

6.2 

8.6 

Indice de comparaison 

100 

89 

84 

80 

1 % 

B2 = boue, 100 t/ha en 1976 + 100 t/ha en 1978 200 t. 

Feuilles 

Element Traitement Stade I Stade II 

T 4.77 4.60 

F 4.43 4.39 
N 

BI 4.39 4.50 
total 

B2 4.29 4.57 
% 

M.S. ppds % N.S. 0.14 

ppds % N.S. N.S. 

------- ---------- -------- --------
T 1.91 1.46 

P205 
F 1. 70 1.26 

BI 0.79 0.89 
% 

B2 0.70 0.87 
M.S. 

ppds 5 % 0.21 0.17 

ppds 1 % 0.29 0.24 

T = temoin ; 
F = fumier, 10 t/ha/an = 40 t ; 
BI = boue, 10 t/ha/an = 40 t ; 
B2 = boue, 100 t/ha en 1976 

+100 t/ha en 1978 = 200 t. 

Graine 

1.64 

1.60 

1.66 

1.64 

N.S. 

N.S. 

--------
0.89 

0.90 

0.74 

0.68 

0.14 

0.20 
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Tableau VII 

TENEUR EN ELEMENTS MINEURS DU MAIS A DIFFERENTS STADES VEGETATIFS (en ppm de M.S.) 

I Feuille, Graine 

i ~i:~:: =~]i~=]=~~~~:f:~!~=~l~~~i~= ~~~i~=J=~~!~:r:~!!=~1~W~= ~~~!~~l~~~~:~t~~;J=~~~= 
ppds 1% - - - - - N.S. - - - - - - - - - - - N.S. - - - - - - - - - - - 0.7 - - - - - -

;:---- ~~;---,~;~---I ~=;---I~;=---! ~;=---I~=;---, ~;~---I~;;--- -;;---'-;;--T;=---I-;;---

~;;-~; I ~;~-~-~ -~~~-;, ;~;~-~ I ~=~-~~: ~;~-~-~ -;~~-; i ;~=~-~ : ~;~-~- ~-~;~; ~ -~;~~; i ;~;~;~ I ~-~~~-
: ppds 5%1 - - - - - - 19 - - - - - -!- - - - - - 26 - - - - - - - - - - - - 0.8 - - - - - -

I ppds 1%' - - - - - - 26 - - - - - -!- - - - - - 37 - - - - - - - - - - - - 1.1 - - - - - -

• ;~----- -;=---I-;~---I-;:--T~;---' -;;--T;~-T~~--T:;--- -;~---I-;~--T;~-T;~---

ppds 5% - - - - - 8 - - - - - -' - - - - - - 6 - - - - - - - - - - - - 3 - - - - - -

ippdsl% ------11------;------ 9------ ------ 4------

: ;~----- --~~;-I--~~~-I-:;~:- !-;~~;-: --;~;-! --~~~-I-;;~;- ! -;~~~- ~;~~:: I ~:~~:~ I ~:~~:~ I ~~~~:: 
, ' 

ppds 5% - - - - - - 9.6 - - - - - i- - - - - - 3.5 - - - - - - - - - - - - N.S. - - - --

ppds 1% - - - - - - 13.4 - - - - - - - - - - - 4.9 - - - - - - - - - - - N.S. - - - - -

~:----- :~:::: I :~:::: I:~:::: I:::::: :::~::I :~::::I :::~:: I:::::: :::::: I:::::: I ::::::1 :::::: 
ppds 5% - - - - - - N.S. - - - - - - - - - - - N.S. - - - - - - - - - - - N.S. - - - - -

ppds 1% - - - - - - N. S. - - - - - - - - - - - N. S. - - - - - - - - - - - N. S. - - - - -

~=----- --;~~-/ --~~;-I--;~~-I--;~;- --~~~-I--~~~-I--~~~-I--;~;- :::::: I :::::: 1 :::::: I--~~;-
ppds 5% - - - - - - 1. 3 - - - - - - - - - - - - 1.1 - - - - - - - - - - - - 0.3 - - - - - -

ppds 1% - - - - - - 1.8 - - - - - - - - - - - - 1.5 - - - - - - - - - - - - 0.5 - - - - --

;~----- --~~~-/ --~:;-I--~:;-I--~:~- --~~~-I--~~~-I--~~~- r-~~;- ::~::: I :::::: I ~:~::: I ::~::: 
ppds 5% - - - - - - N.S. - - - - - - - - - - - N.S. - - - - - - - - - - - N.S. - - - - -

ppds 1% - - - - - - N.S.- - - - - - - - - - - - N.S.- - - - - - - - - - - - N.S. - - - - -

T == temoin ; 
F == fumier, 10 t/ha/an == 40 t ; 
BI = boue, 10 t/ha/an == 40 t ; 
B2 = boue, 100 t/ha en 1976 + 100 t/ha en 1978 == 200 e. 
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manH~re tres differente. Au niveau des rendements, 1 'effet depressif 

qu'exerce Ie fumier sur 1a culture de mais est sans doute a re1ier a 1 'uti­

lisation de materiau trop pailleux, incorpore au sol peu de temps avant Ie 

semis et qui a done perturbe la nutrition azotee de la plante. L'e££et de­

pressif des boues (identique pour 1es deux niveaux experimentes) sur les 

rendements n'apparait que pour le~ais ; cet effet demeure relativement mo­

deste (-20 % au maximum) si I 'on tient compte des quantites caricaturales 

de cadmium et de nickel (plus de 500 kg/ha et pres de 1 t/ha respectiva:rent) 

qui ont ete apportees au sol par les plus fortes doses de boues. 

Au niveau composition minerale de 1a plante, la difference 

principale porte sur la teneur en phosphore, qui est tres fortement abais­

see dans tous les organes du mais, alors qu'elle ne l'est pas dans 1a 1ai­

tue. Cette observation pourrait indiquer que la mobilite physico-chimique 

du phosphore des boues n'est pas en cause mais qu'il s'agit plut6t, dans Ie 

cas du mais, d'un trouble d' absorption de cet element lie a la forte acti­

vite de certains metaux lourds au niveau des racines (2). 

Bien que Ie zinc, Ie cadmium et Ie nickel soient les seuls me­
taux qui donnent lieu a une absorption notable par les deux plantes en pre­

sence de boue, des differences relatives a l'accumulation de chacun d'entre 

eux apparaissent : c' est ainsi que Ie mais, contrairement aux nombreuses 

donnees de la Iitterature rappelees par GIORDANO, MAYS et BEHEL (3), con­

centre dans les conditions de cette experience beaucoup mieux Ie cadmium 

que ne Ie fait la laitue, l'inverse etant vrai pour Ie nickel. Les deux es­

peces ant par contre un comportement assez voisin en ce qui concerne Ie man­

ganese, dont l' absorption et 1a translocation sont particulierement depri­

mees par l' application des boues, phenomene qui peut sans doute s' expliquer 

par l'existence d'une competition au niveau de l'absorption des differents 

metaux. Mais et laitue reagissent aussi de maniere comparable aI' accrois­

sement des doses de boue appliquees, les effets observes pour les doses 30 

a 40 t/ha etant sorrme toute assez voisins de ceux observes pour 200 tlha, 

ce qui tendrait a confirmer les resultats de HINESLY et al. (4), montrant 

que la teneur en retaux lourds des plantes qui se developpent sur un sol 

enrichi avec des boues atteint rapidement un maximum sur 1equel des apports 

supplementaires de boue n'ont que peu d'influence. 

Ces resuitats indiquent done clairement qu'il est diffici1e de 

prevoir avec beaucoup de precision Ie comportement des plantes lorsqu 'on 

enrichit un sol avec des boues de station d I epuration : l' abondance re1ati:re 
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des differents me.taux dans Ie dechet organique parait revetir une importan­

ce tout aussi decisive que la nature de I' espece vegetale, ce qui rend di£­

ficilement utili sables pour cette prevision les resultats d' experiences dans 

Iesquelles plusieurs especes sont soumises a I 'action d'un seul metal ou B­

celIe d 'un ensemble de metaux intervenant simultane.ment mais dans un seul 

rapport. 
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HEAVY METALS EXTRACTABILITY FROM SOIL TREATED WITH HIGH 

RATeS OF SEWAGE SLUDGES AND COMPOSTS 

G. PETRUZZELLI, L. LUBRANO and G. GUIDI 

C.N.R. Institute for Soil Chemistry 

Pisa, Italy 

Results of field experiments (1978-1979) to evaluate the accumulation 
in soil of heavy metals are described in terms of their extractability 
with H20 (readily soluble), KN03 (exchangeable), and DTPA (available). 
High application rates, equivalent to 150 tonslhalyr of manure, on the 
organic carbon basis, were applied to an acidic sandy loam soiL planted 
with corn. Treatments inc luded aerobic and anaerobi c sludges and thei r 
tomposted mixtures with the organic fraction of urban refuse. After two 
years of applications negligible quantities of heavy metals were found 
in the aqueous extracts of soi l. Generally the maximum amounts of DTPA 
extractable metals were found after treatment with aerobic sludge and 
aerobic sludge compost. The greatest extractability was found for copper. 
For this metal the sequential extraction with KN03 and DTPA solubilized 
more than 70 % of total so; L copper in the case of composted aerobic 
sludge. 

At harvest time heavy metals extractabi l ity tended to decrease with the 
exception of KN03 extractable lead which generally increased. 

*This study was supported by the Consiglio Nazionale delle Ricerche, 
Project "Promozione della Qual ita dell'Ambiente". 
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1. INTRODUCTION. 

The use of soil as a disposal medium for sewage sludge 

has been increasingly emphasized in recent years but its 

utilisation on agricultural land may be limited by the 

content of heavy metals. In fact, once applied to the s.oil, 

heavy metals contained in the sludge may persist, and build 

up from repeated sludge applications producing long terms 

problems. Excessive contamination of soils with these metals 

may produce phytotoxic conditions. Even at subphytotoxic 

levels serious metal contamination of food may result. There­

fore more information is needed on the fate of applied me­

tals in soils in order to ascertain their availability to 

plants. The objective of this research was to evaluate in a 

field experiment the possible increase in the soil of the 

most mobile forms of heavy metals after application of high 

rates of sewage sludge and composts, by assessing their 

extractibility with H20, KN03 and DTPA. 

2. MATERIALS AND METHODS 

An acidic sandy loam soil was treated in 1978 and 1979 

wi th sewage sludges and compost at a rate equivalent to 150 

tons/ha/yr of manure on the organic carbon basis and planted 

with corn. Treatments included aerobic (AS), and anaerobic 

sludge (ANS) and their composted mixtures with the organic 

fraction of urban refuse (CAS and CANS respectively). The 

content of heavy metals in the organic materials have been 

previously reported (1,2). The soil contained, on a dry 

weight basis, 0.81% organic matter, 10.6% clay, 16.7% silt, 

and 72.7% sand, pH 5.6, CaC03 absent, and cation exchange 

capacity 14.4 meq. 100g-1 

-730 -



Soil samples were collected to a 20 cm depth at the 

beginning of the experiment (to) and for two years both 30 

days after sludge application (t1 and t 3 ) and at the harvest 

time (t2 and t 4 ) . Extractability of Zn, Cd, Pb, Ni, Cu was 

tested following a sequential extraction with H20, 1M KN03 

and DTPA (diethylene-triaminepentaacetic acid) (3). Zn, Cu, 

Pb, Ni and Cd were analyzed in all extracts by atomic 

adsorption spectrophotometry (Perkin Elmer mod 403). 

3. RESULTS AND DISCUSSION 

Amounts of water soluble metals were always negligible, 

and are not reported. Patterns of extractability in KN03 and 

DTPA over time are reported hereafter for each single metal. 

As known, extraction by KN0 3 removes metals linked to 

the negatively charged exchange sites and those adsorbed 

through weak non-Coulombic forces: "exchangeable fraction". 

DTPA extractability was used as "availability index" and was 

preferred to a dilute acid extraction since the latter may 

remove occluded metals which are thought to be unavailable 

to plants (4,5). 

ZINC - Figures of DTPA extractable Zn are presented in table 

I. At t 1 , 30 days after sludge addition, extractable Zn 

increased, particularly for AS and CAS treatments. Soil 

sampled at harvest 1978 (t2 ) showed that DTPA extractable Zn 

decreased compared to tl for all treatments, particularly 

for CAS. 30 days after the second treatment (t3 ) the change 

in the Zn extractability was generally not as great as after 

the first addition but an increase with respect to t2 was 

found everywhere. After harvest 1979 (t 4) DTPA extractabi­

lity decreased particularly for AS and ANS. 

KN03 extracted less applied Zn than DTPA. The greatest 
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extractability was found at t 1 , particularly for ANS treat­

ment. A sharp decrease was always present at t2 (harvest 

1978). The second addition of organic materials produced 

only a slight increase in the extractability at t3 and 

further small changes at t4 (harvest 1979). 

COPPER - Extractable Cu is reported in table I. Also in this 

case 30 days after the first addition of organic materials 

(t1 ) there was an increase in the DTPA extractable Cu with a 

maximum for AS and ANS. Extractable Cu at harvest 1978 (t 2 ), 

decreased for all treatments. The second addition of organic 

materials produced a certain increase at t3 nevertheless the 

extractabili ty values were always less than those at t 1 • In 

any case decreases of DTPA extractable Cu were observed at 

t4 (harvest 1979). 

The KN03 extractable Cu followed the typical solubility 

pattern previously found, i.e. higher values at t 1 , particu­

larly remarkable for ANS treatment, and a decrease at t2 

(harvest 1978). Similar trends were observed also after the 

second addition of the organic materials, with the maximum 

of extractability for ANS treatment. 

NICKEL - As shown in table I applied Ni remained at relati­

vely low DTPA extractable levels after all treatments, being 

more than 5 ppm only for AS treatment. Trends over time were 

similar to those found for Zn and Cu but all differences 

were flattened. 

The KN0 3 extractability for this metal over time follo­

wed the pattern already showed for DTPA with a maximum of 

the extracted metal for AS and CAS treatments after the 

second addition of organic materials. Decreases were always 

noticed at both harvest sampling times and the KN0 3 extracta­

bility was always higher than DTPA extractability. 

LEAD - Data of DTPA extractable Pb over time are presented 
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TABLE I - Heavy metals extractability by KN03 and DTPA*. 

Time AS ANS CAS CANS 

KN0 3 DTPA KN03 DTPA KN03 DTPA KN03 DTPA 

ZINC 

to 2.6 2.0 2.5 1.9 2.6 2.0 2.4 1.9 

t1 7.1 20.4 8.3 8.4 5.2 10.2 5.2 4.8 

t2 5.5 10.3 4.1 5.0 3.2 2.2 3.8 1.5 

t3 \,.8 15.9 4.5 5.9 5.7 3.9 4.5 2.6 

t4 5.1 10.5 4.4 3.6 3.9 3.4 3.8 2.4 

COPPER 

to 3.1 16.6 3.2 16.8 3.2 16.4 3.1 16.6 

t1 6.6 31.0 14.3 22.4 7.0 21. 8 6.7 21.2 

t2 3.2 23.3 3.2 8.9 3.6 17.4 4.0 13.3 

t3 4.4 27.4 6.9 11.3 4.9 20.7 4.5 14.1 

t4 5.6 17.2 2.5 10.8 3.1 17.6 3.1 11.8 

NICKEL 

to 8.0 3.1 8.0 3.2 8.1 3.1 8.0 3.0 

tl 10.0 5.9 9.5 4.2 11.6 4.9 8.8 4.8 

t2 8.0 5.3 8.0 3.7 10.6 3.7 8.0 2.5 

t3 15.3 5.8 10.2 4.1 15.3 4.2 10.2 3.1 

t4 8.3 4.8 7.6 3.7 12.8 3.3 9.3 2.1 

LEAD 

to 3.0 6.7 3.0 6.6 3.1 6.7 3.0 6.7 

t1 4.0 8.6 5.6 9.0 4.0 11. 5 2.8 7.5 

t2 9.3 10.0 12.0 3.8 12.1 9.0 11.8 5.3 

t3 9.3 17.5 4.6 11.7 3.7 19.1 3.2 10.2 

t4 13.4 14.6 2.2 7.3 6.9 16.1 7.0 8.7 

* Data are expressed as ug/g soil. 
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in table I. In this case the effect of the first addition 

of organic material (t l ) was generally less pronounced with 

the respect to the second addition (t3 ). Decreasing levels 

of the extractable metal were noticed at t2 (harvest 1978) 

and t4 (harvest 1979). The greatest quantities of DTPA 

extractable Pb were found for CAS and AS treatments after 

the second addition of organic materials, 19.1ppm and 

17.5ppm respectively. 

Particularly remarkable were the patterns of Pb extrac­

ted by KN03 , which exhibited contrasting results with those 

of the other heavy metals. Apart the ANS treatment where the 

extractabili ty pattern followed an anomalous trend, for the 

other treatments the KN0 3 extractable Pb showed an increase 

at both harvest times (t2 and t 4)' while a decrease was 

noticed at t3 both for CAS and CANS. At this point of the 

experiment we are not able to find a fully satisfying 

explanation of the described trends. Probably the chemical 

forms of lead in soil might change over time or this metal 

could be present in a chemical form different from the 

others in the organic materials. 

CADMIUM Despi te the high affinity of DTPA for Cd the 

quanti ties found at different sampling times were negligi­

ble, therefore they are not reported. Probably Cd was pre­

sent in a chemical form characterized by weak linkages so 

that 1M KN0 3 was sufficient to solubilize all extractable 

metal. 

Data of KN0 3 extractable Cd over time are reported in 

table II. After the first addition of organic materials 

there was an increase for all treatments, while at t2 

(harvest 1978) the values dropped almost to the original. A 

sharp increase was noticed at t3 with the highest value' of 

KN0 3 extractability for the CAS. 
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In any case it should be noted that values of Cd ex­

tractabili ty were always rather high, ranging from 25% to 

65% of the total content of cadmium in soil. 

TABLE II - KN03 extractable Cd. Data are expressed as ug/g 

soil. 

Time AS ANS CAS CANS 

to 0.8 0.8 0.7 0.8 

t1 1.8 2.1 1.8 1.8 

t2 0.9 0.5 0.8 0.8 

t3 1.9 2.2 2.6 2.1 

t4 1.8 1.6 2.3 1.4 

4. CONCLUSIONS 

A comparison of data for DTPA and KN03 extractable 

metals over time, displayed certain features common to al­

most all investigated metals. Data from to to t1 showed the 

tendency of the extractibili ty to increase for all metals 

both in KN0 3 and DTPA. Soil sampled at both harvest times 

showed decreased extractable levels of all metals in DTPA, 

while different trends are showed by Pb for KN03 extraction. 

Considering the extractability as percent of total me­

tals content of soil at each sampling time (data not repor­

ted here), the adopted sequential extraction procedure solu­

bilized notheworthy quantities of metals. The highest values 

of extractability were observed for Cu, more than 70% for 

CAS and more than 50% for ANS and CANS treatments; and the 

lowest values for Ni which were always less than 10%. 

Differences in the extractability between Pb and the 

other metals may imply a difference in the chemical form of 
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the metals in the organic materials. To account for the 

decrease at the harvest times it should be also considered 

the possible effect of plants. They remove in fact a certain 

amount of metals, particularly with the root system which is 

able to link the metals in forms unextractable by KN0 3 and 

DTPA. At the end of the first two year period we may remark 

that dangerous levels of mobile heavy metals were not obser­

ved in this field experiment, even though levels of extrac­

table metals were always higher when organic materials have 

been added. 
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lUI'! ROCKGANG DER SCHWERI'!ETALLBELASTUNG VON BODEN NACH DER BE­

ENDIGUNG EINER STAOTISCHEN ABWASSERVERRIESELUNG 

G. I'IILOE und V. NEUMAYR 

Institut fur Wasser-, Boden- und Lufthygiene des Bundesgesund­
heitsamtes, Berlin u. Langen 

Decrease of heavy metal contamination of soils after the 
termination of a municipal sewage infiltration 

The reduction of a long term heavy metal contamination of 
a braunerde created by a 60 year sewage infiltration has been 
studied in the area of a sewage farm. 

It has been possible to show that during 18 years after 
termination of the sewage infiltration which lasted approx. 
60 years, a significant regeneration and decontamination of the 
soil and the underlaying aquifer took place. 

Results will be shown of a detail investigation of analo­
gous areas which have been polluted till 1962, till recent 
years and those which are unpolluted. 

The results can be used to estimate the future reduction of 
the heavy metal content in soils after the agricultural appli­
cation of sewage sludge. 
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1. EINLEITUNG 

Wegen der begrenzten Belastbarkeit der Boden mit Schwerme­

tallen entstehen Schwierigkeiten, stadtische Klarschlamme um­

fassend landwirtschaftlich zu nut zen. 

Daher wird die Frage bedeutsam, in welchem Umfang bei wel­

chen BOden ein Rlickgang der Schwermetallbelastung, eine Dekon­

tamination, mit der zeit auftritt. 

Zur Teilbeantwortung dieser Frage konnen auch Studien liber 

den Rlickgang der Schwermetallgehalte von Rieselfeldboden heran­

gezogen werden, die eigentlich einer Beurteilung von Verande­

rungen des Reinigungsvermogens dieser Boden dienen (1). 

2. UNTF.RSUCHUNGSOBJEKT - UNTERSUCHUNGSUMFANG 

Es wurden Braunerden im Bereich des Rieselfeldes Berlin­

Karolinenhohe bearbeitet, die aus pleistozanen Hochflachensan­

den hervorgingen (Bild 1). Durch eingehende bodenkundliche und 

geologische Untersuchungen konnten ana loge Standorte festgelegt 

werden fur Gebiete 

- von 1900 bis zur Gegenwart berieselt 

- von 1900 bis 1962 berieselt 

- unberieselt (Bild 2). 

Ein Vergleich von Schwermetallgehalten dieser drei Stand­

orte erlaubt Rlickschllisse auf den Rlickgang der Belastung eines 

seit ca. 18 Jahren nicht mehr durch Berieselung beanspruchten 

Bodens und den Grad der Annaherung an den unberieselten. 

Die Rieselfelder werden mit nur mechanisch gereinigtem Ab­

wasser aus stadtisch-industrieller Mischbesiedlung beauf­

schlagt. 

Im Maximum wurden im Jahr 20,6 • 106 m3 verrieselt (1961). 

Eine Menge, die einer durchschnittlichen Rieselwassergabe von 

mehr als 7000 mm entspricht. Seit 1961 sind die Verrieselungs­

gaben stark gefallen und liegen heute bei ca. 1000 mm ( 2 - 4 

106 m3) (Bild 2). 

Die Schwermetallbelastung des verrieselten Abwassers zeigt 

heute die in Bild 3 dargestellten Werte. Werte der Schwermetall­

konzentration im Abwasser von 1962 liegen nicht vor. Grunds1tz­
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lich kann aber davon ausgegangen werden, daB damals die Gehalts 

werte von Schwermetallen erster IIPrioritat ll (Cd, Cr, Hg, Se) 

(4) im Abwasser nicht unter den heutigen lagen. Zersplittertere 

industrielle Produktion und noeh wenig entwickeltes "Abwasser­

bewuBtsein" lassen irn Gegensatz sogar hahere Werte vermuten. 

Die charakteristischen Anionen zeigen in der zeitlichen Ent­

wick lung (1962 - 1977) eine wechselnde Tendenz (Phosphat: 

20 ..• 70 mg/l; Chlorid: 120 ••. 170 mg/l; Sulfat: 120 ... 90 mg/l; 

Ges.Stickstoff: 45 •.• 65 mg/l (6)). 

Bei Niederschlagen zwischen 750 und 400 mm gehen dem Grund­

wasser urn 100 mm an Neubildung zu (7). Unter Bertioksichtigung 

der im wesentlichen aus der Bodenzone gespeisten Transpiration 

unterliegt ein nicht mehr berieselter Boden einer "Durchwa­

schung" mit 100 ... 700 mm/a. 

Mineralogisch konnen die Hochflachensande und die aus ihnen 

hervorgegangenen Brau~erden als Quarzsande (50 - 60 % im humo­

sen Oberboden, 70 - 75 % in den Fein- Mittel-Sanden) mit einem 

Feldspatgehalt urn 10 % und Glimmergehalten zwischen 3 und 5 % 

(Schluffe > 10%).charakterisiert werden. Signifikant hohe Gehal­

te an organischer Substanz sind nur bis knapp 1 m unter Gelande 

zu finden (Bild 4). Der berieselte Boden ragt dabei mit Gehal­

ten zwischen 10 und 12 % im Oberboden hervor. Selbst im Bv-Ho­

rizont bis 80 cm Tiefe konnten noch organische Gehalte bis zu 

5 % festgestellt werden. Die organischen Gehalte nicht berie­

seIter Braunerde-Oberboden liegen bei 4 - 5 % und sind im 

Unterboden kaum nachweisbar. Die 18 Jahre nicht berieselte 

Braunerde weist zwar eine deutliche Abnahme der organischen Ge­

halte im Oberboden auf, jedoch fallt der Gehalt von noch 4 % 

im unterboden auf. 

Der geringe Anteil der Tonmineralfraktion « 2 p) weist 

besonders in den Verbraunungshorizonten ein einheitliches Ver­

teilungsbild auf (Illite 63 - 65 %, Smectite 9 - 11 %, Vermi­

culite 13 - 15 %, Chlorit 7 - 9 %, Kaolinit bis 2 %). Einen 

Uberblick tiber Austauschkapazitat und pH-Wertverteilung gibt 

Bild 5. Dabei ist der Rtickgang der Austauschkapazitat gleich­

laufend mit der Abnahme der organischen Substanz charakteri­

stisch. 
-742 -
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Die pH-Wertbestimmung zeigt starker sauere Verhaltnisse in 

den Oberboden der nicht und der seit 18 Jahren unberieselten 

Boden. Der berieselte Standort weist nur maBig bis schwach 

sauere Reaktionen auf, ein Unterschied zu den beiden anderen 

Typen, der auf die merkliche Regeneration des 18 Jahre nicht 

berieselten Standorts hindeutet. 

3. SPEZIFISCHE UNTERSUCHUNGSERGEBNISSE 

Entsprechend der Stufe 1 der "Prioritatenliste" (Erfassung 

von Umweltchemikalien und anderen Schadstoffen) (4) und den 

Untersuchungsmoglichkeiten wurden die Boden auf ihre Cd-, Po­

und Cr-Gehalte untersucht, sowie die Zn-Gehalte festgestellt. 

Nach KLOKE (5) sind Gesamtgehalte dieser Elemente bis zu 

folgenden Werten tolerierbar (bzw. haufig anzutreffen) (mg/kg) : 

- Cd 3 ( 0,1 •.•. 1) 

- Pb 100 ( 0,1 ... 20) 

- Cr 100 (10 ..... 50) 

" Zn 300 (10 ...•• 50) 

Das Verrieselungswasser weist Gesamtgehalte auf bis zu fol­

genden Konzentrationen (pg/l) (Bild 3): 

Cd 17 , Pb 326 , Cr 86 , Zn 2193 

liber die Gesamtelementgehalte der Boden liegen zwei Untersu­

chungsreihen vor (79 und 80) (Bilder 6 und 7). 

Das wesentliche Untersuchungsergebnis besteht in dem Be­

fund, daB im standig berieselten Boden bis zu Tiefen von 0,5 m 

die Toleranzgrenze (4) deutlich uberschreitende Werte (z. T. 

auBer Zn) zu finden sind. 

Nach einer Rieselruhe von 18 Jahren gehen diese Metallge­

halte deutlich in Bereiche des unberieselten Bodens zuruck und 

liegen mit Ausnahme des Pb-Befunds 1980 auch deutlich unter der 

Toleranzgrenze. Die Pb-Befunde 1980 belegen sowohl fur den 18 

Jahre unberieselten wie ebenso auch fur den generell unberie­

selten Boden Werte oberhalb der Toleranzgrenze, hervorgerufen 

durch die allgemeine Umweltbelastung im Raum Berlin. Die An­

naherung an den Tongesteinsstandard nach TUREKIAN und WEDEPOHL 
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(9) und die Xhnlichkeit der Gehalte am nicht berieselten und 

am 18 Jahre lang nicht berieselten Standort belegen die Regene 

rationsf~higkeit des Braunerdestandorts (Bild 8). 

Ohne auf Details weiterer Untersuchungsstandorte einzuge­

hen, ist hier noch zu erw~hnen, daB bei Untersuchungen von 

Parabraunerden im gleichen Untersuchungsgebiet (Untersuchungs­

orte D, E, F - Bild 2) grunds~tzlich ahnliche Regenerierungs­

verh~ltnisse nach 18 Jahren berieselungsfreier Zeit festzu­

stellen sind (Bild 9). 

Ftir Betrachtungen tiber die Mobilisierbarkeit, die Abgren­

zung anthropogen bedingter Metallgehalte u. dgl. 1st es sinn­

voll, die Boden einer Stufenreihe von Extraktionsverfahren 

wachsender St~rke zu unterziehen (0,1 m Bariumchlorid, 0,1 n 

Natronlauge, CO 2-Behandlung, 0,1 n Salzs~ure, 30 % H20 2 und 

1 n Amrnoniurnacetat, 1 m Hydroxylaminhydrochlorid und 25 % Es­

sigs~ure) • 

Die jeweiligen Extrakte lassen sich vereinfacht bestirnrnten 

Elernentbindungsformen zuordnen (adsorptive Phase, organisch 

gebundene Phase, carbonatisch gebundene Phase, oxidische Phase, 

oxidierbare Phase, Hydroxid- und OXidhydratphase, mineralische 

Phase (Differenz zwischen Gesamtgehalten und dem extrahierba­

ren Gehalt». 

Bei den Elementbindungsformen des Cadmiums (Bild 10) fallt 

der hohe Anteil der organisch gebundenen Phase auf - im berie­

selten Boden bis in ein Tiefenniveau von 2 m bemerkbar. Wie 

auch beim Zink zu zeigen ist, kornrnt es im "Dauerrieselboden" 

zu carbonatischen Ausfallungen, die in sehr schwachen Relikten 

auch noch in Teilen des 18 Jahre nicht mehr berieselten Bodens 

auftreten. Auch das Blei (Bild 11) tritt im berieselten Stand­

ort mit einer bis auf 30 % erhahten organiseh gebundenen Phase 

auf, wodureh auch eine hahere Mobilitat des Blei gekennzeichnet 

wird (Bild 11). Besonders beim Zink (Bild 12) zeigt sieh auch 

im Oberboden des berieselten Standorts ein Hervortreten carbo­

natiseher Phas~n,oxidierbarer Phasen vornehmlich organischer 

Subs tan zen sowie organiseh gebundener Phasen. Aueh dureh die 

Elementbindungsforrnen wird die Regenerationstendenz des 18 

Jahre nieht berieselten Bodens deutlieh. 
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TEST BIOLOGIQUE POUR LA SURVEILLANCE DE L'ABSORPTION 

ET DU TRANSFERT, DANS LES VEGETAUX, 

DE METAUX LOURDS CONTENUS DANS LES BOUES 

R. IMPENS~, L. BARIDEAU*, A. JACOB-REMACLE~* et E. DELCARTE* 

x Departement de Biologie Vegetale 

~2 Chaire des Cultures Maraicheres 

Faculte des Sciences Agronomiques de l'Etat, B-5800 Gembloux 

BELGIQUE 

Resume 

Les boues d'epuration et les composts d'ordures menageres 
contiennent souvent des teneurs elevees en metaux lourds. 
L'analyse chimique ne permet pas de prejuger du transfert de 
ces elements dans Ie sol et les vegetaux. 

II s'avere indispensable de disposer d'un test biologique 
rapide pour estimer la dlsponibilite et la mobilite de ces ele­
ments dans Ie systeme boue-sol-plante-chaine alimentaire. 

A I'aide d'essais en vases de vegetation, nous avons com­
pare les transferts du Cd, du Zn, du Cr et du Ni chez des vege­
taux reputes sensibles : la laitue, l'epinard, l'escourgeon 
et Ie ray-gras. 

Ces veg~taux sont cultives en presence de concentrations 
croissantes de boues d'epuration. Nous mesurons les effets de 
ces traitements sur Ie rendement, l'absorption et l'accumula­
tion des metaux dans les organes consommables des vegetaux. 

Nous etablissons des relations entre les teneurs en Cd et 
en Zn des tissus vegetaux et les concentrations de ces metaux 
dans les boues. 

Dans nos essais, la laitue est la meilleure indicatrice 
et Ie ray-gras, Ie meilleur accumulateur. 

Summary 

A biological test to survey the uptake and the transfer to 
crops of heavy metals present in sludge. 

High contents of heavy metals may be frequently present in 
sludge or comparable waste products. With only analytical data, 
we are unable to predict the final levels of metallic contami­
nation of crops and vegetables grown on treated soil. Because 
there are great variations among the sludges, from sewage plant 
to sewage plant, and for a same sludge from time to time, there 
is a need for a quick method to etablish these differences, and 
to find out whether heavy metals in the sludge are available 
for plants and may be harmful. 

Different "sensitive" vegetables, lettuce, spinach or Ita­
lian ray-grass and barley were compared in pot trials (soil 
added with increased quanti tie of sludg~ for their uptake of 
heavy metals, and the transfer of these elements to edible parts. 

We find a very good relation between Cd and Zn contents in 
crops tissues and the addition of contamined sludges to soil. 

Lettuce seems to be the most suitable bioindicator plant 
in our trials. 
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1. INTRODUCTION 

Les boues d'epuration sont utilisables en agriculture, 

leur valorisation presente des avantages economiques certains. 

Elles fournissent aux cultures, de I'azote et du phosphore et 

amenent au sol de grandes quantites de matieres organiques, qui 

autrement seraient perdues. 

Un des obstacles majeurs a l'extension de leur emploi en 

agriculture et en horticulture est leur teneur souvent elevee 

en IDetaux lourds. Quelquefois ces elements metalliques (Cd, 

Zn, Ni, Cu, Cr, Co, Pb etc) sont presents a des concentrations 

qui peuvent affecter negativement la croissance au la qualite 

des vegetaux croissant sur des sols amendes et fertilises par 

lesboues (1, 2, 3). 

Cet apport de metaux lourds par les boues entraine un ris­

que important d'accumulation de ces elements dans le sol. Ab­

sorbes par voie racinaire, ils sont transferes dans les tis sus 

vegetaux. lIs peuvent exercer une phytotoxicite au presenter 

des risques pour l'affouragement du betail et la consommation 

par I'homme. 

L'analyse chimique des boues permet d'y mesurer, avec une 

grande precision, les teneurs de chaque element cansidere cam­

me indesirable (encore que la concentration meme de l'element 

so it seule responsable d'eventuels effets taxiques). Les re­

sultats analytiques ne permettent pas de prejuger du tau x de 

transfert d'un metal lourd vers les plantes, ni de pronostiquer 

la concentration en cet element dans les fourrages, les fruits 

les legumes produits. II s'avere des lors interessant de 

disposer d'un test biologique rapide qui permette de mesurer 

pratiquement la disponibilite d'un ou de plusieurs element(s) 

metallique{s) present{s) dans les boues et d'estimer valable­

ment les risques de transfert du sol vers la plante. 

Compte tenu des variations importantes des teneurs en Cd, 

Zn, Ni et Cr de certaines boues d'epuration produites en Bel­

gique, nous nous sommes particulierement interesses aces 4 

elements. 

D'autre part, depuis plusieurs annees, nous nous sommes 

attaches a definir les transferts air-plante et sol-plante du 

Cd. L'interet porte a ce metal resulte de ses proprietes : 

- sa presence dans la plupart des boues provenant de stations 

urbaines, 
-760 -



- son absorption, son transfert et son accumulation dans les 

fourrages et aliments d'origine vegetale, 

- son potentiel de risque sanjtaire eleve tant pour l'homme que 

pour l'animal, 

- la faible marge existant entre les concentrations reputees 

normal~s et celles induisant des effets toxiques decelables. 

Pour l'ensemble de ces raison, nos essais portant sur la 

mise au point de tests biologiques ont considere Ie Cd comme 

element privilegie. 

2. TECHNIQUES 

2.1. Analyse chimique 

Le Cd, Ie Zn, Ie Ni et Ie Cr sont doses apres mineralisa­

tion par voie humide (HN0 3-HCl04 ), soit pas polarographie im­

pulsionnelle differentielle avec redissolution anodique, a 
l'aide d'un polarographe PAR, modele 174, couple a une cellule 

PAR, modele 303 ; soit par spectrometrie d'absorption atomique 

a double faisceau Perkin Elmer (modele 372) couple a un four 

modele HGA 500 : taus les resultats sont exprimes en p.p.m./ 

M.S. (mg par kg de matiere seche). 

2.2. Methode de culture 

Les cultures se deroulent en vases de vegetation (d'une 

capacite de deux litres), contenant un sol artificiel. Celui­

ci est constitue de 70% de sable blanc, 25% de limon et 5% de 

terreau. On y ajoute, selon l'essai, des volumes croissants de 

boue liquide. 

Nous avons repris une methodologie proposee par Ie dr. s. 

DE HAAN de l'Institut pour la Fertilite du Sol a Haren (Pays­

Bas). Cette methode consiste a ajouter des quantites crois­

sante5 de boues a ce sol, de maniere a determiner 5i la boue 

est apte a servir d'engrais d'amendement ou de substrate DE 

HAAN preconise de cultiver la plante indica trice trois fois 

de suite sur Ie m~me substrat et de suivre, au cours de ces 

trois cultures, l'absorption des metaux lourds par la plante. 

Les doses de boue ajoutees au sol sont en progression 10-

garithmique : 0, 1, 2, 5, 10, 20, 50 et 100% (doses €tablies 

en volume). Les boues mises a la disposition des agriculteurs 

belges sont toutes des boues liquide5, dont l'hydratation varie 

de 93 a 95% ; aussi avons-nous, pour les deux derniers traite­

ments, modifie Ie protocole initial. La dose de 50% est de-
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doublee en un apport de boue sechee a l'air et un apport de 

boue liquide, tandis que la dose 100% est constituee uniquement 

de boue deshydratee. 

Le dispositif experimental comporte cinq repetitions par 

lot (blocs aleatoires complets). La duree de vegetation varie 

selon l'espece cultivee entre 6 et 8 semaines. On me sure Ie 

rendement des differents traitements par pesee de la matiere 

seche produite ~t on analyse les metaux lourds presents dans 

les tissus recoltes. 

2.3. Choix des plantes 

Une revue recente de la litterature decrit de nombreux 

essals de transfert des metaux lourds chez les cereales et 

chez d'autres plantes de grande culture (betterave, pomme de 

terre, soja, etc) ou des plantes fourrageres (3). 

Parmi les legumes, les choux et la bette pOiree (Swiss 

chard) ant e.te retenus comme accumulateurs de metaux lourds 

(1, 4). 

Pour notre part, d'apres nos experiences de transfert du 

Cd, nous preconisons des legumes foliaces tels l'epinard et la 

laitue (5). 

Des cultures d'epinard et de laitue sur sols traites avec 

des boues d'spuration ont deja ete faites par divers auteurs 

(6, 7, 8). Pour nos essais en vases de vegetation, nous avons 

eu, egalement, recours a des legumes racines comme la carotte 

et Ie radis. 

Parmi les graminees de prairie, Ie Lelium multiflorum ou 

ray-gras Italien, slest revele comme une espece interessante 

par son haut potentiel d'accumulation de metaux lourds. 

3. ESSAIS REALISES 

En plus des essais menes en champs, et dont les resultats 

sont decrits dans d'autres rapports, nous avens mene un cer­

tain nombre d'essais en vases de vegetation. 

3.1. Comparaison de la disponibilite d'elements metalliques 

pour deux plantes : la laitue et Ie celeri 

Deux echantillons differents de boue provenant d'une m@me 

station d'epuration, et dont les teneurs en Pb, Cu, Cd, Ni et 

Zn sont du meme ordre de grandeur, ont ete utilises (a raison 

de 50% en volume) dans 2 essais de culture de laitue (~ 
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sativa, var. Hilde} et de celeri (Apium graveolens, var. tardif 

d'Anvers). Les essais ont dure 42 jours (tableau nOl). 

Nous exprimons un taux de transfert egal au rapport entre 

la teneur en un element dans les tissus vegetaux et la concen­

tration de ce m~me element dans la boue. Ce taux de transfert 

est different de celui defini comme etant Ie rapport de concen­

trations de l'element dans les tissus vegetaux et des concentra­

tions de cet element disponible dans Ie sol (9). 

Nos resultats font appara!tre une forte accumulation de 

Cd chez la laitue, plante qui, dans notre essai, absorbe pro­

portionnellement plus de metaux que Ie celeri. 

3.2. Comparaison du transfert du Cd present ou ajoute aux boues 

Des cultures de laitue (Lactuca sativa,var. Hilde) et 

d'epinard (Spinacia oleracea, var. Geant d'hiver) ant ete fai­

tes en des bacs de culture de 20 litres de capacite recevant 

18 litres de sol et 2 litres d'u~e boue contenant 3,62 mg Cd/ 

litre. 

Certains lots ont re~u un complement de 30 mg Cd/litre de 

boue sous forme de edC1 2 " 

Le rendement en matiere seche des lots traitcs a ete su-

perieur a celui des lots temoins. L'effet fertilisant de l'ap­

port de boue est bien marque, sans apparition d'une phytotoxi­

cite due a l'addition de Cd. 

Le transfert du Cd dans les deux plantes choisies est pro­

nonce, ce qui confirme les donnees de la litterature (8, 10), 

(tableau nOlI)" 

La laitue mobilise davant age ~e Cd au niveau des parties 

epigees que l'epinard. Cette observation est l'inverse de cel­

le faite par BINGHAM (10). 

Le rapport entre la teneur en Cd des organes epiges et 

celIe du sol est egal 

- pour l'epinard 0,84 (boue sans apport de Cd), 

et 0,73 (boue avec apport de Cd) I 

- pour la laitue : 1,01 (boue sans apport de Cd), 

et 0,96 (boue avec apport de Cd). 

3.3. Essai standard sur l'escourgeon (Hordeum vulgare L.) 

Nous suivons Ie protocole d'essai defini par DE HAAN. 

la boue utili see (6,8% de matiere seehe) provient de la station 

d'epuration de Bastogne. Elle est caraeterisee par ses teneurs 
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elevees en m~taux lourds (Zn : 2.620 ; Cd 

Cr : 1.479 mg/kg sur la matiere seche). 

8,1 Ni 1.590 

Le rendement en mati~re seche, 42 jours apres la germina-

tion des graines, est fortement accru dans les lots recevant 

20% de volume de boue, et ce au cours des 3 cultures succes-

sives. 

Le transfert des metaux lourds a varie selon l'el~ment et 

selon la culture. II est impossible de citer tous les resul­

tats acquis. Nous donnons les resultats pour les 4 metaux etu­

dies, en fin de la premiere culture (tableau nOIII) et les re­

suI tats de l'absorption et du transfert du Zn (tableau nOIV). 

Le cadmium 

Au cours de la premiere culture, les teneurs en cadmium 

du melange feuilles et racines s'ecartent peu des teneurs _dans 

les temoins. Seul Ie lot 100% sec fait exception. 

Par contre, lors de la deuxieme culture, on constate une 

forte penetration de metal dans les racines, avec un transfert 

reduit vers les feuilles et les tiges. II y aurait done un 

certain blocage de l'element au niveau des racines. Lars de 

la troisieme culture, cette tendance se precise avec une dimi­

nution relative des teneurs en Cd dans les parties epigees et 

des teneurs elevees dans les racines. 

Le zinc 

Cet element est parmi les 4 metaux etudies, Ie plus abon­

dant dans les tis sus vegetaux. L'absorption du Zn par les ra­

cines d'orge est relativement faible, pour des apports de boue 

inferieurs a 20% volume. Quand on depasse cette dose, i1 y a 

une forte accumulation, tant dans les tiges que dans les ra-

cines. 

Le chrome 

Le type de transfert du Cr est proche de celui du Cd ; 

avec un blocage tres net au niveau des racines. Cette absence 

de translocation est manifeste lors de la deuxieme culture, 

avec des concentrations dans les feuilles inferieures, au seuil 

de detection, tandis que dans les racines, on atteint des te­

neurs de 20 a 30 p.p.m. de Cr. 

A la fin de la troisieme culture, on retrouve, dans les tiges et 

les feuilles, 10% environ du Cr present dans les racines. 
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Le nickel 

L'aspect Ie plus etonnant dans l'absorption et la translo­

cation de cet element est la formidable augmentation des concen­

trations en Ni pour les traitements a base de boue deshydratee. 

Ce phenomene est particulierement evident chez les racines, 

oft lion observe un rapport de 1 a 20 (de 16,3 a 331 p.p.m., cul­

ture n02 et de 83,4 a 1.123 culture n03) entre les traitements 

50% de boues liquides et 100% de boues sechees. 

Bien que ces deux traitements mettent en jeu des quanti­

tes de matiere seche differentes, on peut se demander si Ie Ni 

ne 5e trouve pas dans les boues deshydratees, sous une forme 

plus accessible aux racines d'orge que dans les boues liquides. 

4. DISCUSSION 

Nous avons tente de presenter brievement certains types 

d'essais destines a suivre les risques potentiels de passage 

des metaux lourds, amenes par les boues, dans les sols et les 

vegetaux. 

L'addition de metaux lourds aux boues, est un procede ar­

tificiel qui ne permet que de suivre Ie mecanisme d'absorption 

et d'accumulation par la plante, sans qu'il soit vraim~nt re-

presentatif de la disponibilite des metaux amenes par les 

boues. 

II s'avere indispensable de standardiser les essais bio-

logiques prevus pour prevenir et etudier les risques d'ac­

cumulation des elements metalliques dans les sols cultives et 

les recoltes. Une proposition en ce sens a deja ete faite au 

sein du groupe de travail 5 de l'action COST de la C.E.E. (11). 

Le choix des plantes preconise : plantes sensibles : epinard, 

haricot et radis et plante accumulatrice : Ie ray-gras, con­

vient tres bien a 11 experimentation. La necessite de recourir 

a des legumes foliaces, a croissance rapide, s'impose pour ob­

tenir Ie plus rapidement possible les informations sur Ie 

transfert, que llanalyse chimique de la boue ne peut seule 

fournir. 

Dans nos conditions experimentales, la laitue s'est mon­

tree tres satisfaisante pour des essais de routine que l'on 

pourrait mener egalement avec l'epinard et Ie radis. Le pou­

voir accumulateur du ray-gras est bien connu et exploite dans 

d'autres recherches: notamment la surveillance des retombees 

atmospheriques de metaux lourds. 
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Tableau 1 

Comparaison des transferts de metaux lourds chez la laitue 

et Ie celeri cultives sur deux boues de stations d'epuration 

Pb Cu Cd Ni Zn 

Boue A analysee 210,00 428,00 4,80 81,50 2.167,00 

Laitue A' 7,20 25,20 3,40 7,10 192,00 

Rapport 
A' 
A en % 3,42 5,88 70,50 8,71 8,86 

Boue B analysee 247,00 481,00 4,90 112,00 1.787,00 

Celeri B' 2,43 6,83 0,37 4,83 166,60 

Rapport 
B' 
B en % 0,98 ~ 7,55 ~ 9,33 

Res"ultats exprimes en p.p.m. (mg/kg M. S.) • 

Tableau 2 

Teneur en cadmium dans le sol et dans la partie aerienne 

des plantes d'epinard et de laitue a la recolte 

Teneur en Cd (mg/kg M. S.) 

Traitement Sol Epinard Laitue 

Sol 0,18 0,38 0,22 

Sol + boue 0,33 0,28 0,30 

Sol + boue + Cd 1,80 1,44 1,55 

Sol: teneur initiale 0,18 mg Cd/kg M.S. 
Boue de Fleurus: 3,62 mg Cd/kg M.S. 
Cd : apport de 30 mg Cd/litre de boue. 
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Tableau 3 

Teneurs en metaux lourds chez Hordeum vulgare L. 

cultivees en presence de doses croissantes de boues d'epuration 

(Premiere culture) 

Traitement Feuilles et racines 
Cd Cr Ni Zn 

Temoin 0,41 1,8 3,2 50 
1% 0,25 3,9 3,4 50 
2% 0,19 4,8 3,2 65 
5% 0,33 2,3 2,1 50 

10 % 0,22 2,1 1,9 70 
20 % 0,44 2, 1 3,6 115 
50 % 0,05 1,8 9,5 87 
50%x 0,30 6,8 25,4 235 

100 %x 0,79 11,8 124,0 825 

Tableau 4 

Evolution des teneurs en Zn de tiges ct racines 

d'Hordeum vulgare en presence de concentrations croissantes 

de boue d'epuration, au cours de 3 cultures successives 

Zinc Culture n O l Culture n02 Culture n03 
Traitement Tiges + Tiges Racines Tiges Racines 

Apport de boue racines 

0% liq 50 90 150 100 115 
1% liq 50 85 250 86 115 
2% liq 65 80 250 104 103 
5% liq 50 83 150 86 110 

10% liq 70 93 175 120 110 
20% liq 115 110 400 196 267 
50% liq 87 250 275 327 516 
50% sec 235 500 700 500 856 
100% sec 825 1.075 1.340 1.042 1.698 

resultats exprimes en p.p.m./M.S. (mg/kg M.S.)', 
liq boue liquide, 93% d'hydratation, 
sec: boue deshydratee, 60% d'hydratation. 
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SLUDGE PROCESSING 

A.M. BRUCE 
Water Research Centre, Stevenage Laboratory, 

Stevenage 

This Session of 17 papers highlighted once again the very wide range 
of technical topics covered by Working Party pO 1 but is ;s possible 
and convenient to divide the topics into 4 broad subject areas-SLudge 
Production and Characterization, Dewatering, Stab; L ;zation and Econo­
mics. It is notabLe that 3 of the Review papers on these main areas 
were each written jointLy by authors from different countries. This 
refLects the very good co-operation which exists between those invoL­
ved in sewage sLudge research in Europe and which has been LargeLy the 
resu l t of the format i on of the COST 68 Work i ng Pa rt i es. 

Working Party nO 1 has previously defined the basic objective of sLudge 
processing as'to render sludge suitable for disposal at minimum cost' .. 
ALL the research described in the various papers is seen to be directed 
in some way or other at that aim. Much of the researcb is reLated to 
process engineering and evaLuation and to developing improved methods 
of sLudge processing and handl ing. The subject matter is much Less 
controversial than that which is covered by the other Working Parties 
deaLing with 'environmentaL impact' aspects of sLudge disposal. 

SLudge Production and Characterization 

For planning and pLant design purposes, there is a need for rel iabLe 
data on the rates of sLudge production per capita and for quantitative 
information on the factors which affect production rates. It is general­
ly assumed that the rates may range from about 60 to 260 g dry sol ids/ 
person day according to the method of treatment of the sewage (Haugan 
and Mininni). However, the detailed survey of sludge production in the 
Netherlands (Duvoort-van Engers) showed a much lower dai Ly rate of about 
36 g/popuLation equivalent; simi LarLy Low figures have been reported 
from the F.R.Germany. The expLanation for the low rate may Lie in the 
type and proportion of trade waste present in the sewages. Working Party 
N° 1 intends to investigate the reasons for the apparent differences 
between countries. The aim wiLL be to produce a standard protocoL for 
assessing sLudge production. 
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Sludges can vary enormous ly in thei r cha racteri st i cs but, fortunate ly, 
there are now many useful laboratory tests for characterizing the 
physical properties and behaviour of sludges in relation to the various 
processing methods. Such tests may be important as design aids as well 
as for monitoring and control purposes at sewage works. There is sti II 
a need, however, for a simple test of centrifugabil ity and also for a 
reasonably simple and widely applicable test for determining the degree 
of stability of aerobically or anaerobically digested sludges (Haugan 
and IIininn;). At present, there is no common definition of a stabi l iz.d 
sludge. 

The use of Differential Thermal Analysis (Balmer and Kaffehr) is a 
novel approach to the problem of measuring stability but it is still 
too early in this study to draw conclusions about its potential appli­
cation for this purpose. Leschber lists some 32 currently recognized 
parameters for sludge characterization and this list will no doubt 
lengthen in time as new parameters and methods are proposed. A strong 
case is made for international standardization and harmonization of 
methods of characterization. It is the intention of Working Party nO 1 
to do as much as possible to promote such harmonization and a start has 
a l ready been made in thi s di rect ion by a survey of nat i ana l methods 
and the preparation of a compedium. 

Sludge DeJolatering 

Dewatering of sludge, incLuding thickening, is an important means of 
reducing the cost of handLing and transportation and research and 
devel~pment in this area is still very active. A state of the art 
review of dewatering methods is in preparation by Working Party nO 1. 
In a preliminary survey, it has been shown that the proportion of 
total sludge. production which is dewatered, and the methods of dewa­
tering that are employed, vary considerabLy from country to country 
(Spinosa and Eikum). Thus, 75 per cent of all sludge dewatered in 
Norway is dewatered by centrifuge whi le the figure for the United 
Kingdom is only 3 per cent. There are no drying beds in Norway whereas 
in Ireland all sludge .which is dewatered is dewatered on drying beds. 
The reasons for these sorts of differences in methods may relate to 
differences in climate etc. but there is also undoubtedly an element 
of local fashion. This is an area for further study. One common trend 
in all countries is the increasing use of polyelectrolytes for sludge 
conditioning and this ;s related to some extent to an increased use of 
belt presses for dewatering. 

To improve our understanding of the mechanisms of dewatering, there is 
a need for further study of the physical phenomena involved and for 
the development of improved mathematical models of the processes. 
Activated sludge is particularly difficult to dewater mechanically 
and it has now been shown (Casey and Da ly) that the norma l mode l for 
~ke fi ltration under elevated pressures does not apply to activated 
sludges owing to compressibi l ity effects. It has also been shown 
(EngL.mann) that the normal methods for characterizing sludges for 
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dewaterability do not always give good prediction of full-scale per­
formance of dewatering machines. Sludges from chemical-precip:itation 
pLants may aLso be difficuLt to dewater and the detaiLed description 
of the dewatering behaviour of these sludges (Gleisberg) using various 
devices ;s a useful advance in knowLedge. 

It is of interest to learn that FinLand is intending to ban the dts­
posaL of Liquid sLudge within a few years while in the United Kingdom 
and ;n some other countries the disposal of liquid sludge is on the 
increase. For small works in coLd cLimates the method of natural 
freeze-thawing for conditioning sludge foLLowed by drainage on a peat 
medium seems attractively simple and economic (Puolanne). But clearly 
this method is restricted to areas where natural freezing can be relied 
upon. 

Sludge Stabi l ization 

Stabilization of sewage sludge is important for reducing the environ­
mentaL impact of sewage sludge particularly that of odour. Indeed, 
the primary objective of alL methods of stabilization is odour reduc­
tion (Bruce and LoLL) but other benefits may aLso be obtained. Anaero­
bic digestion at 30-35 0 C is by far the most popuLar method in aLL 
countries surveyed by Working Party nO 1 and is likely to remain so 
far the foreseeable future, particularly in view of the fact that it 
is a net energy-producer. 
Aerobic digestion at ambient temperatures is too energy-demanding and 
inefficient to be widely popular, but thermophilic aerobic digestion 
using air may prove of more importance. Composting seems to be of very 
localized significance only. Chemical stabiLization wiLL continue to 
be attractive in certain situations in view of the minimaL investment 
costs and the rapidity with which the process can be put into operation. 

One major disadvantage of mesophiLic anaerobic digestion is its high 
capital cost where conventionaL concrete tanks are empLoyed. This 
factor has been a disincentive to the use of the process at smalL 
rural works. The successfuL instaLLation of a Low-cost prefabricated 
system (Noone and Boyd) based on farm equipment is therefore a very 
significant deveLopment. 
There is always an attraction in the possibility of producing a saLe­
abLe product as a resuLt of the stabiLization of sewage sLudge. The 
new method of producing a stabLe materiaL with good handling properties 
b~ treating sludge with quicklime (Thormann) appears very promising 
but the economics are uncertain and it remains to be seen if it wiLL 
be successfuL. As with dewatering methods, there appears to be a strong 
element of fashion in the methods of stabiLization favoured in dif­
ferent areas. 

Economics 0f SLudge Processing 

There is a great need to assess the reLative costs of alternative 
sLudge treatment and disposaL 'routes' so that the planner can make 
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appropriate decisions about what systems to select in particular 
circumstances. The cost compari sons obta i ned by Co lin are in broad 
agreement with those obtained for some other countries but it would 
be unwise to assume that they are of absolutely general application. 
The data given do bear out the assumption that the less treatment given 
to a sludge the less the cost and this might be usefully linked with 
the other truism that there is no point in providing more treatment 
for sludge than is actually required for its safe disposal. 

General 

The contribution by Busby was a most useful reminder to all those in­
volved in research in sludge of the practical problems faced by ope­
rators in having to deal day-in and day-out with the relentless flow 
of the material on behalf of us all. 
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CHEMICAL POLLUTION OF SLUDGES 

R. LESCHBER 
Institut fur Wasser-, Boden­
und Lufthygiene des Bundes-
gesundheitsamtes, BerLin 

As on previous occasions, contributions to the symposium on 
the subject of "Chemical Pollution of Sludge" concentrated 
on the heavy metals problem. The papers dealt with analyti­
cal studies conduc~ed within the programme established by 
Working Party 2 (WP 2) of Concerted Action 68 bis, by members 
of WP 2 and a number of other laboratories from the partner 
countries. 
The results have shown that these papers meant essential 
contributions on the problem of heavy metals in sludges, their 
determination and their forms of binding. These results are 
expected to meet with considerable attention on the national 
and international leveLs with a view to the preparation of 
legislation on the agricultural ~se of sludges. It has again 
been possible to present to the public information on the 
activities of WP 2 which is being continued (1,2). 

The method of digestion as a step of the determination of 
heavy metals in sludge has been the subject of detailed 
studies in this context. Aqua regia proved to be well suita­
ble as a digesting agent if some elementary procedures were 
observed and it was seen that even less experienced analysts 
could obtain results that permitted an evaLuation of sewage 
sludges. This statement does not exclude the alternative use 
of other methods by experienced workers (1). 

The damaging action proper of heavy metals present on or in 
the soil to crops is essentially influenced by the various 
types of binding and of the mobility of these metals. 
Efforts are made at present to provide a basis for invariably 
suitable criteria of evaLuation by means of joint studies (2). 
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Furthermore, a .report on special studies of the determination 
of heavy metals in Belgium was presented (3). New nata on the 
sources on heavy-metals contamination and the content ot 
such metals in sewage sludges from defined regions were also 
communicated (4,5). Like similar results determined else­
where, such knowledge is of particular importance because 
it will serve as a basis for specific measures of their re­
duction and avoidance in wastewater. Such measures are neces­
sary to obtain a reduction of the heavy metals loads of the 
respective sludges and thus to make an essential contribution 
to the solution of problems arising in the agricultural uti­
li~ation of sludges. 

The true extent of the hazards for humans and animals resul­
ting from this type of waste disposal is at present known 
only in some sectors. For this reason regionaL requirements 
in respect of the maximum permissible concentrations of ha­
zardous substances in sewage sludges have remained rather 
stringent in part. This might be furthermore elucidated by 
future detailed studies of transfer mechanisms and of the 
content and distribution of heavy metals in plant material. 
Thus, the programme of WP 2 has envisaged long-term work on 
these problems. 

Unlike heavy metals, other anthropogenic sewage sludge conta­
minants which may cause health risks have not been studied 
much. Reasons for this may have been the variety of chemical 
compounds involved and the difficulty of or the unjustified 
expenditure necessary for their analysis. Nevertheless, there 
has been detailed research ,nto certain classes of compounds 
as e.g. polychlorinated ·biphenyls in various countries inclu­
ding Switzerland. From results presented in respect of the 
region of lake Geneva, it is concluded that such organohalo­
genide compounds may well cause problems in defined areas 
and thus raise increased attention in the future (6). 

It became evident from an Italian contribution (7) that in 
addition to special analysis of trace substances, a general 
analysis of sewage sludges, i.e. the determination of type 
and quantity of inorganic and organic fractions might be an 
aid in the treatment and utilization of sludges. This might 
also link the work of WP 1 where recently activities have 
concentrated on problems of sludge characterization. 

Discussions on the fields described and on the subject of 
topic 5 (Environmental Effects) when a number of the above 
problems were raised, ~;th particular reference to practical 
aspects, resulted in the following main features of future 
work : 
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1. Despite the identicaL usefuLness of a number of 
methods to determine the heavy metaLs content of 
sLudges, it is recommended to adopt one singLe method 
for purposes of comparison, particuLarLy so if referen­
ce materiaLs are invoLved. Such approach wi LL contri­
bute to a better understanding of the subject aLso by 
those who are preparing corresponding LegisLation but 
do not have a detai Led knowLedge of anaLyticaL proce­
dures. This wouLd aLso permit an impartiaL quaLity 
controL of the performance of Laboratories which might 
be attributed greater importance in the future. 

2. There shouLd be an improved knowLedge of the mobiLity 
of heavy metaLs in the soiL together with more detai­
Led studies of the transfer of these eLements within 
the chain, sLudge-soi L-pLant-animaL and/or man. 
Objective criteria might resuLt in an improved asses­
ment of the presentLy existing and not onLy presumtive 
hazard for man and provide an approach for specific 
poLLution controL measures. 

3. The same effect might be obtained by studies resuLting 
in an improved knowLedge of the sources of heavy 
metals contamination and the behaviour of heavy metaLs 
when passing through the different processes of waste­
water treatment. 

4. The probLems presentLy existing in the fieLd of organic 
micropoLLutants of sLudge seem to be of a regionaLLy 
limited type, a broad programme of research towards 
further elucidation in this field is subject to certain 
constraints because of the compLicated and costLy 
analyticaL procedures involved. Nevertheless deveLop­
ments are foLLowed with interest. 

5. In the view of WP 2, essential points include an 
improvement and standardization of methods of sludge 
characterization cLoseLy associated with the treatment 
of sLudges which are increasingLy considered by WP 1 
in its activities. In case such methods concern ad­
joining fieLds of physics and chemistry it might be 
desirabLe to estabLish joint programmes for both groups. 
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BIOLOGICAL POLLUTION OF SLUOGE 

E. LUND 

Royal Veterinary and Agricultural University 

Copenhagen 

I n accordance with the tenns of reference def i ned by the Concerted Act Ion 

Committee, Working Parties were establ ished where the objectives among others 

were "the qual ity of sludge and derived products for agricultural use" 

and to contribute scientific results to the harmonization of rules or re­

commendations with regard to sludge appl ication on soi I concerning the content 

of pollutantsand pathogens. Working Party 3 should deal with the "Charac­

terization of bacteria, viruses, parasites and all aspects of disinfection", 

The work has resu! ted ina report the summary of wh i ch wi I I be in the Sym­

posium proceedings. A number of the conclusions and suggestions were men­

tioned during our session and only a few points wi) I be repeated: we 

conclude that economically and practically a no-risk level cannot be ob­

tained although the potential technological possibi I ities are there. There 

are no fai I-safe procedures. Risk assessments are difficult from many 

points of view because even if a careful examination of the types and 

number of pathogens present at any time were carried out, al I the other 

factors rema in that make an absol ute assessment i mposs i b I e. The importance 

of local factors of cultural, geographical, economic, pol itical etc. 

nature cannot be stressed too much. 

We have reached agreement on some suggest ions for requ i red treatment for 

various appl ications. 

These are essentially divided into 3 groups 

1. "No treatment" with I imited and very restricted appl ication by special 

permi ss ion 

2. "Stabi I ized sludges" with a number of restrictions suggested 

3. "Sanitized sludge" where there would be no restriction from an hygienic 

point of view. 
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These suggestions are described in our summary report and are supposed to 

be minimal requirements, which could be augmented locally. 

I n our group we have been concerned about the various pathogens that may 

be present in sludge and their importance from a public health point of 

view. 

We have tried to understand the efficiency of the various treament processes 

in rendering the pathogens harmless. 

We have even defined wh1:3t we mean by varrous terms in connect:i'on with 

treatment. The resistance of residual pathogens in the 5011 and the diffi­

cu It i nd icator prob I ems have been d i scu ssed. We have i dent i f i ed a number 

of controvers i a I issues and we have made 1 t a po I nt to focus on some of 

them in the invited papers. The proferred papers also touch various important 

and to some degree controversial questions. 

I shall now try to summarize some of this work. 

ALDERSLADE's paper and the presentation by CROMWELL stresses that the 

potential possibi I ities for pathogens being in waste waters and conse­

quently in sludges seem considerable, but if proper treatment practices 

are adhered to, the actual risk of transmission is minimized. 

In addition, good hygienic practice wi I I reduce the risk of transmission. 

A discussion arose as to what was meant by "good hygienic practice". 

On the quest i on of i nd i cators much needs to be done before ag reement 

within the group can be reached. The various pathogens are not present all 

the time in feacally polluted waste waters. The amount present varies 

cons i derab I y. For some pathogens, we do not have proper methods for the i r 

detection. Consequently we need indicators, that are 

1. regu lar I y and abundant I y present in the i ntest i na I tract 

2. are easy to cultivate quantitatively and 

3. to a su i tab I e degree use more res i stant than the pathogens that they 

are supposed to be indicators for. HAVELAAR tal ked on this subject 

and it is obv i ous that i nd i cators for the presence of pat hogens in 

sludges a re not necessa r i I Y the same as the ones that might be usefu 1 

for estimations of efficiency of various treatment processes. 

Another area, of, at least apparent, considerable disagreement is the import­

ance of the presence of salmonellae in sludges. There is agreement on their 
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presence all In t.urope, but the actual amount In sludges and on pastures 

var les. 

~ reviewed the situation and HESS gave specific examples of desease 

caused by the spread of salmonellae through land application of sludges. 

It seems that the reasons for the apparent variations in importance 

partly may be connected with variations in the actual load. Variations in 

methodology is also suggested. 

STRAUCH presented work on the survival of salmonellas and ascaris eggs in 

forest appl ied sludge. The survival of the bacteria for at least one year 

and the ascaris eggs for at least 60 days prompted the conclusions that 

special measures to prevent spread of infections to man and animal were 

i nd icated. 

In the report presented by BERRON faecal coliforms and streptococci have 

been followed under field conditions. 

It is concluded that the 3-4 months survival time must be remembered 

when poss i b I e hea I th hazards are eva I uated. 

ANSELME presented work on sulphate reducing clostridia. As these very 

res i stant, spore form i ng anaerobs are present anyway in the so ii, they 

are essentially disregarded in sludge. The paper questions this attitude 

because the load is considerably increased through sludge appl ication. 

LACROIX reported that the resistance of clostridia towards gamma­

irradiation could be somewhat decreased by simultaneous oxidation with CaO. 

HANNAN reviewed the various parasites that might be present in European 

sludges. He po i nted out the high res i stance of a number of these, e. g. 

the ascaris eggs, but concluded that Taenia Saginata probably was the 

most important. Toxoplasma Gondi i and Toxocaxa Canis, which both can 

reach the sludge from stormwater have perhaps more importance by th i s 

route of transmission than hitherto recognized. 

The group has had correspondence with US E.P.A. and has received some 

information. The USA "Interim final" guidelines on sludge application 

is mads with speciai reference to Ascaris and Taenia and to protozoan 

cysts. The concern about v i ruses wou I d probab I y then be covered a I so 

as they are not as hardy as the parasites. They admit that different 

climatic and environmental conditions would affect the time required to 

destroy the pathogens and also that various comments have been received 
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to this effect. The EPA wei comes contact with our work. 

BEYTOUT presented a report on the virological problems, especially con­

nected with the difficulties in obtaining quantitatively relevant results. 

The background problems associated with the nature of the virus particles 

and their adherance to various material's was explained. 

RINALDI presented work on virus inactivation during anaerobic digestion 

where it was confinned that the process works somewhat faster than could 

be expected from a simple temperature time relationship_ 

The subject of the pre-pasteurization was treated by BREER and STRAUCH. 

If the two reports are considered together both field studies, pi lot plant 

experiments are included and some important conclusions may be _reached. 

The pre-pasteurfzation as studied bacteriologically is at least not 

inferior to conventional pasteurization. It seems that from a treatment 

plant point of view important advantages may be obtained. If proper heat 

exchange is establ ished the pasteurization would cost I ittle extra energy 

and may even be a technological improvement. 

The pre-pasteurization should be studied further both from a general 

hygienic point of view as well as from a technological point of view. 

The Work i ng Group has i dent j f i ed a number of research needs ahd recommends 

that funds shou! d be made ava i ! ab! e to promote research in these areas, in 

particular 

1. the i nd i cator prob I ems 

2. low level technology and energy saving stabi Ilzation and sanitation 

methods and their efficiency 

3. various lime treatment problems 

4. the importance of spread of infection by protozoan cysts from sludge 

5. vi ro I 09 i ca! stud i es (on detect i on methods and the res i stance of var i ou s 

types of v i ruses etc.) 

6. the importance of animal vectors in the spread of pathogens. 
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VALORISATION AGRICOLE DES BOUES 

CONCLUSIONS GENERALES 

G. CATROUX 

INRA - Laboratoire de Microbiologie des Sols 
BV 1540 - DIJON CEDEX France 

Le Groupe de Travail 4 - valorisation agronomique des bones - effets 
benefiques, occupe nne place bien particuliere dans l'action Cost 68 bis, 
puisque seuls ses resultats peuvent justifier l'utilisation en agriculture 
des bones dont on sait qu I elle presente des effets nocifs ou it tous Ie 
moins des risques pour 1 'Environnement. 

Le travail du groupe s I est concretise lors des communications presentees 
au Symposium de Vienne mais les conclusions et les reflexions que je vais 
presenter par la suite couvrent I' ensemble de I' action. 

Les objectifs de travail du groupe : valorisation agricole - effets bene­
fiqnes nous ant fait considerer les bones selon trois aspects : 

les bones comme engrais azotes 
les bones comme engrais phosphates 
les bones comme amendement organique. 

II faut raj outer a cela un interet evident pour les eventuels effets 
nocifs dus aux elements majeurs apportes par les bones : azote, phosphore, 
qui, s'ils sont actuellement du res sort du Groupe de Travail 5, n'en ont 
pas moins ete consideres simultanement et devraient dans l'avenir etre 
pris en compte par Ie Groupe 4. 

Le Groupe 4 s I est par aillenrs engage a fournir pour 1981 deux rapports 
sur I' azote et Ie phosphore qui resumeront, a 1 I attention des decideurs et 
des services conseils ce qui est connu et ce que I' on peut recommander. 
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Quelles sont actuellement les connaissances acquises et quels sont les 
besoins de recherche ? 

En ce qui concerne l'azote, il faut tout d'abord rappeler que l'effet 
azote est l'effet principal recherche par l'agriculture, on peut dire 
que 

L'effet a court terme commence a etre connu et sera bien connu 
dans un proche avenir. 

II reste que les bones ne seront jamais un engrais azote 
tres facile d' emploi qui exigera touj ours une bonne techni­
cite de l'agriculteur et/ou un bon encadrement. 

les arrieres-effets et les effets 8 plus long terme ne sont pas 
assez connus 

les pertes soit par voie gazeuse et je pense principalement 8 la 
denitrification so it par lessivage ne sont pas conoues. 

Ces points sont essentiels a connaitre si I' on veut correctement 
conseiller et legiferer en prenant l'azote en compte. 

II convient a ce stade, d' insister sur l' utilisation du raisonnement par 
bilan que 1 f on est souvent enclin a employer. Encore faudrait-il I' employer 
correctement ! 
Lorsque lion base la determination de la dose de boues applicable sur 
l' azote en exigeant que les boues n' apportent pas plus d' azote que les 
cultures n'en exportent, cela n'a aucun sens au plan agronomique si lion 
ne precise pas azote mineralisable et si I' on ne tient pas compte des 
pertes par voie gazeuse, volatilisation d'ammoniac et/ou denitrification. 
Ou bien nous aurons des rendements diminues ce que I' agriculture n' acceptera 
pas sans compensation. 

En ce qui concerne Ie phosphore, les problemes sont assez differents dans 
la mesure ou un exd~s de phosphore dans Ie sol (la notion d' exces restant 
assez floue) ne gene pas la production vegetale. 

En general, I' utilisation des boues, si elle est basee sur I' apport 
d'azote, conduit a apporter trop de phosphore qui s'accumule pour la 
quasi-totalite et migre tres peu ou en quantites td~s faibles. II n'y en 
a pas moins augmentation des risques pour les eaux notamment par ruissel­
lement mais 18 encore, il faut faire remarquer que Ie probleme de I' eutro­
phisation est loin d'avoir la meme importance pour tous les pays partiCi­
pants a cette action. 

En effet, les risques d'eutrophisation sont tres differents, selon que 
I' on a obligation ou non de proteger lacs et canaux. Surtout, Ie niveau 
moyen de richesse en phosphore des sols varie certainement beaucoup entre 
pays. 
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Concernant l'efficacite du phosphore des boues et les risques de 
migration, Ie point vient d'etre fait recemment it Haren lors d'un 
semina ire CEE dont les comptes rendus sont prets it etre imprimes. 

II restera it preciser certains points notamment pour les boues physio­
cochimiques et les boues de dephosphatation. 

De meme il semble interessant d t approfondir I' etude des relations 
Phosphore - metaux lourds en connection avec les plantes. 

Enfin pour la matiere organique des bOlles, il faut reconnaitre que nons 
manquons globalement de donnees pratiques utilisables notamment pour : 

la capacite des boues a produire de 1 'humus 
les effets des bones sur les proprietes physiques des sols. 
La question est en effet la suivante : peut-on avoir un effet 
economiquement interessant pour I' agriculture, notamment it 
faible dose par exemple a dose n' apportant pas d' azote en exces? 

Finalement, il Y a tres peu de donnees sur I'influence des boues sur la 
Biologie des sols notamment mauvaises herbes, faune et microflore du sol, 
particulierement Ies agents pathogenes des plantes. 

Ce premier bilan etant fait, et compte-tenu des connaissances aequises 
dans Ie domaine des metaux lourds et des agents pathogenes, il eonvient de 
se reposer la question fondamentale : Compte-tenu des risques que eela 
represente, doit-on utiliser les boues en agriculture? 

Qu I il so it permis au pilote du Groupe 4 de proposer quelques remarques 
personnelles a la reflexion du lecteur. 

La premiere remarque est que les bones representent un faible pourcentage 
des fertilisants utilises en agriculture : si les engrais mineraux et les 
effluents d I elevage sont les deux apports principaux - du meme ordre de 
grandeur - les bones representent au plus de 2 a 5% des engrais mineraux 
azotes et phosphates utilises. 

On peut en tirer deux conclusions contradictoires : 

L'agriculture a la capacite d'utiliser les elements majeurs 
apportes par les boues, 
mais elle est deja confrontee a ses propres problemes de dechets 
d' un autre ordre de grandeur. 

La deuxieme remarque est que I' agriculture n t a pas besoin des boues. II 
est d t ailleurs fort peu probable qu' nne augmentation meme dramatique du 
cout de I' energie, done du eoilt des engrais, entraine une forte augmen­
tation de la demande de boues car I' energie entre pour un faible pour­
centage dans la formation du produit brut de l' agriculture. 

-783 -



Dans ces conditions, I' agriculture ne prendra les boues que si eIIe y 
trouve des avantages suffisant pour contrebalancer les contraintes. 

Ces contraintes sont essentiellement les agents pathogenes et les metaux 
lourds. 

Pour les agents pathogenes qui sont des elements disparaissant dans Ie 
temps on peut considerer qu' il y a des solutions pratiques possibles. Par 
contre les metaux s' accumulent et les exemples donnes lors du symposium 
etaient particulierement demonstratifs a ce sujet: 

On en viendra evidemment a diminuer I' apport de bOlles en se basant sur les 
metaux lourds. Mais je crains beaucoup que I' on ne finisse par epandre 
les boues avec une petite cuillere. 

Si la dose de boues que I' on peut peconiser n' apporte plus assez d' azote 
et de phosphore, ceci pour respecter un apport minimal de metaux lourds, 
alors pourquoi les agriculteurs utiliseraient-ils les boues. 

Quelles conclusions peut-on tirer actuellement ? 

II est de notre devoir de ne pas accepter und degradation irreversible de 
nos sols, ce qui serai t Ie cas avec les metaux lourds, et ceci meme a 
I' echeance du siecle. 

Or actuellement, si l'utilisation agricole des boues est une operation 
benefique globalement, il apparait que c' est plus la collectivite que 
I' agricul ture qui tire les marrons du feu. 

Si dans un avenir proche, les metaux lourds conduisent a diminuer les 
doses de bOlles utilisables en dessous d'un certain seuil, l'agriculture ne 
pourra pas les accepter sans compensation. 

Je suis personnellement convaincll que si dans I' avenir, nous ne reussi­
ssons pas a diminuer fortement la teneur des bOlles en metaux lourds et a 
les enrichir simultanement en elements fertilisants, alors l'utilisation 
agricole des boues nla qu'un avenir tres limite pour ne pas dire pas 
d'avenir du tout. 
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ENVIRONMENTAL EFFECTS OF SLUDGE 

T.W.G. HUCKER 

Department of the Environment, 2 Marsham Street, LONDON SWIP 3EB 

1. The Working Party 5 f S task has been to consider research into the 
effects of heavy metals and organics on the soil, effects of sludge 
on groundwater and on the environment. It has taken into account the 
effects on man and animals since their protection and well being must 
be the ultimate objective. The Working Party has noted the criteria 
being used in guidelines and prepared a comparison of known guide­
lines with the object of seeing that research and criteria are 
related as far as possible and our work should be very important in 
providing scientific evidence for criteria. 

2. The Working Party has considered interaction not just between one 
metal and another but also the effects of nutrients on phytotoxicity 
(Halbwachs). They attended seminars on phosphorus and copper in 
order to appreciate both the adverse and beneficial effects of these 
elements. With these and other elements it is important to note that 
any difficulties result from man's aim to cut the cost of disposal 
and dispose on limited areas. There would be no problem if the 
copper in sludge was disposed on the many areas of copper soil defi­
ciency and the phosphorus used appropriately as a fertilizer. Even 
the problem of cadmium would disappear if sludge is utilised over a 
much larger area of land. 

3. The object of research in our area is to seek information on what 
application rates are acceptable for the most sensitive land use that 
may occur as land use may change. The rates must take into account 
the need to prevent yield depression and to prevent high uptake of 
toxic contents. 

Heavy metals 

4. These can be broadly divided into those that are toxic such as lead, 
cadmium, fluorine, arsenic and selenium and those that are phytotoxic 
such as zinc, copper, nickel, boron and also cadmium. For the former 
a concentration limit seems appropriate and for the latter an appli­
cation limit. 
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5. Phytotoxic effects depend on the presence of the element in the 
soils, uptake and toxic effects. Uptake is a very complex matter 
depending on many factors and is a small fraction of that available 
in the soil. It varies with the elements and plants. The accumula­
tion co-efficient for zinc and cadmium is relatively high - always 
higher in straw than in grain - whilst the content of copper, lead, 
chromium and nickel in plants is hardly influenced by rising contents 
in the soil (Diez). Heavy metal effects are likely to appear when 
ni trogen release declines. 

6. Applications of sludge containing high contents of cadmium. and nickel, 
up to 512 kg/ha and 946 kg/ha respectively, reduced maize production 
by 20%. It also decreased considerably the P content of maize in 
both leaf and grain and increased the zinc, nickel and cadmium con­
tent of the maize and lettuces and the nickel and copper content of 
the grain. It decreased the manganese concentration in both species 
(Juste) . 

7. Availability of metals to plants depends largely on their solubil~ty 
in the sludge soil mixture. Whilst this can be determined by the use 
of an extractant their performance varies and depends on the type of 
sludge. Aerobic sludge usually gave higher extractability, that for 
copper being the greatest, being more than 70% of the total for com­
posted aerobic sludge. Extractability tended to decrease at harvest 
time. 

8. The heavy metal contamination of soils has been shown to decrease 
after a long period of contamination with sewage infiltration and 
those results could be used to estimate the reduction after the 
application of sludge (Milde). 

9. A series of pot trials has been set up with the United Nations Food 
and Agricultural Organisation to determine the extractant which will 
indicate the availability of metals to plants in a wide range of 
conditions most accurately. In the present limited state of know­
ledge it seems preferable to base applications on "total" metals 
rather than "available" metals. 

10. The solubility of metals is pH dependent but ra~s1ng the pH is not 
always the right solution because the availability of some metals 
increases with pH and with others a subsequent fall in pH can release 
metals. 

11. The use of soil concentrations as a limiting objective in sludge 
disposal is theoretically sound but results to date have been too 
variable to recommend this as a sound basis. 

12. Many trace elements such as selenium, and boron have to be used 
within fine limits. They are required for growth but in excess can 
be harmful. 
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13. It is fortunate that the staple food for animals (grass) and for man 
(grain) are poor assimilators and the input of toxic metals limited. 

14. It was suggested that the uptake and transfer to edible parts of 
crops of heavy metals could be predicted by means of a biological 
test (Impens). 

Cadmium 

15. Cadmium is particularly important because of its possible effect on 
man t s health and phytotoxicity. Cadmium is mobile and translocated 
by plants particularly to the leafy parts of vegetables. It is 
present in most sludges and the concentration rises where there are 
trade discharges to the sewers. The metal could have toxic effects 
on man as it accumulates in the body with age. At the same time it 
is right to note that atmospheric precipitation and phosphatic 
fertilizers as well as sludge have an input to agriculture. Further­
more man's input is greatly influenced by his smoking habits. 

16. Nationally sludge is a minor input but locally the position is likely 
to be quite different. The outflow is much less than the inflow so 
that effects are likely to increase (Tjell). 

17. Cadmium solubility increases considerably as soil pH falls. There is 
a linear positive relationship between extractable cadmium and NH4 -
N concentration in soil. Increase in cadmium concentration in the 
soil causes a proportionate increase in NH4 - N due to the inhibition 
of nitrifying bacteria (Hani). 

18. The uptake of cadmium depends on the species and the various parts of 
the plant. Particularly high concentrations of cadmium have been 
found in grain of wheat and oats and in leaves and stalks of corn 
(Diez). The clay content of the soil has less influence than the pH. 
Availability of cadmium also depends on oxidiation - reduction poten­
tial and organic matter content (Pluquet). 

19. Assessment of the potential hazard where sludge is used on land 
should take account of the sludge application, the concentration in 
the crops which could result in phytotoxicity and the effect on the 
food chain (Davis). 

20. Cadmium hinders humate decomposition although that is enhanced by the 
presence of glucose through metabolisation (Gomez). 
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21. There is increasing interest in organics but analytical, methods are 
sometimes very difficult. 

Environmental Aspects 

22. There is little research on acceptability of sludge and these are 
subjective matters difficult to quantify. 

Groundwater Pollution 

23. The results of research on groundwater pollution do not give any 
cause for concern. 

24. Applications to forestry are likely to be limited by the physical 
difficulties of spreading sludge. 

Conclusions 

25. There is a need for research to continue or commence on 

a. input of cadmium to the food chain 
b. other toxic effects 
c. phytotoxic effects 
d. selection of the most suitable extractant 

long term fate of heavy metals 
f. effects of organics 

It is of prime importance to protect the environment and the task of 
scientists to devise means by which this can be done effectively and 
economically. 

Although the great majority of sludge disposal is carried out in an 
acceptable manner research is required to show that the criteria 
being used are an acceptable compromise between safety and minimum 
cost. 
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