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PREFACE 

Disposal of organic sludge and liquid agricultural wastes is a 
universal problem. Their production cannot be halted and as steps are taken 
to maintain or improve the quality of rivers and lakes it grows in 
quanti ty. The Commission's early awareness of the need for action to 
prepare for substantial growth in the Community's' sludge disposal problem 
led to the setting up of the COST 68 project to coordinate and guide 
European research and development work with particular emphasis on 
recycling sludge to agricultural land. Two years ago the field of research 
activi ties was extended to liquid agricultural wastes. This Symposium is 
the latest opportunity to provide a comprehensive review of the results of 
the project, to define current trends in practice and to establish by 
discussion the priorities for research over the next few years. 

The development of instrumentation and of analytical techniques 
during the period has extended our knowledge of the organic and inorganic 
constituents of sewage sludge and agricultural wastes and enabled us more 
readily to identify and measure the risks to which our general environment 
may be exposed when disposing of it. This evolution of understanding is a 
continuing process and an essential guide to the modification of disposal 
practices to achieve safer and more efficient operations. 

However, it is important to take a broad view of the application of 
research findings in the light of the considerable contrast in conditions 
in different parts of the world. Even in the European Community there are 
wide variations in climate, agricultural practices, population density and 
industrial capacity. Conclusions from research may have application in some 
areas but not in others, and practices proved over time to be satisfactory 
in some regions may not be of general application because of these 
variations. 

The agricultural disposal of sludge and agricultural wastes to land 
can supply nutrients to only a small part of the productive land and 
al though of great value to farmers it has no major impact on national 
agricultural operations. 

It is the aim in disposing of sludge to protect public health and 
provide a good environment at realistic cost by utilising best practice 
based on sound scientific knowledge. 'Operations should be carried out under 
controlled conditions with provision for adequate monitoring by sampling 
and analysis and one finds that the authorities responsible for waste water 
treatment and sewage sludge treatment are well fitted to provide the 
scientific and technical organisation needed for supervisory control and to 
give farmers adequate information on the quality of sludge being spread on 
their land. It is the correlation of this practical experience with new 
information from research work which can build up systems of guidance. 
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The original objectives of the Symposium, jointly organised by the 
Commission of the European Communities and the Water Research Institute of 
the National Research Council of Italy, were to give a comprehensive view 
on completed research in Europe in general, and more specifically on the 
resul ts obtained from COST 681 "Treatment and Use of Organic Sludge and 
Liquid Agricultural Wastes" in the last two years. 

P. L'HERMITE 

October 1985 
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OVERVIEW OF SEWAGE SLUDGE TREATMENT PROCESSES 

Summary 

Professor Ulrich Moller 
Ruhr-Universitat Bochum 

AN OUTLOOK 

English abstract of Professor Moller I s paper "General review of 
treatment processes for sewage sludge; looking forward into the 
future" (abstract prepared by editors). 
The paper gives an over-view of sludge disposal routes and of 
stabilization, dewatering and disinfection techniques. It is 
predicted that future legislation will necessitate a closer and more 
critical examination of disposal routes and lead to the introduction 
of increasingly sophisticated techniques of treatment. As an example, 
disposal to landfills would require dewatered sludges of a minimum 
solids content. Sea-disposal of sludge would be unacceptable and 
recycling on land or disposal by tipping would be the only options in 
the future. Following the practice of the Federal Republic of 
Germany, future legislation would specify sludge disinfection (at 
least a reduction of pathogens e.g. salmonella). 

1. Treatment, including pretreatment, as a prerequisite of safe disposal 

Purification of wastewater (sewage) means first and foremost the 
removal or elimination of polluting matter [1] (Figure 1). 

Safe disposal of the residues, i.e. disposal avoiding harm to the 
environment, is thus an integral part of sewage treatment and water 
pollution control. In other words, final disposal of the residues must be 
accomplished in such a way that they can have no prejudicial effects on the 
environment. 

Of the residues from sewage treatment, sludge presents the greatest 
problem. The draft of the new German standard DIN 4045, Waste Water 
Engineering Terms, defines sewage sludge as the water-containing solid 
matter excluding any screenings, sievings and grit which can be separated 
from the sewage [2]. 

As early as 1951, Dr. Karl Imhoff stated, in the 14th edition of his 
"Taschenbuch der Stadtentwasserung" (Municipal Sewerage Handbook) [3], that 
"i t is essential that sewage treatment should result in the complete 
disposal of the sludge. A plant which fails to accomplish this is 
worthless. .. the sludge can be finally disposed only by application to 
agricultural land, dumping in the sea or on a landfill ... ". Presently, the 
term "controlled tip(ping)" is preferred. 

In Germany and in certain other countries, dumping of sludge at sea 
has been prohibited for some time now, but in others, it is still disposed 
of in this manner. Around 24 % of sewage sludge in the United Kingdom was 
disposed of by ocean dumping in 1981 [ 4 ] and there are even plans to 
increase the volume substantially. 

According to reports from the United Kingdom, this method has not 
caused any harm to the environment [4], but I personally feel that it is no 
longer acceptable since sludge discharged to the sea also contains 
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potentially toxic elements which are dispersed in a manner that is not 
amenable to long-term control. 

Thus, sewage sludge can be disposed of safely only by : 
(i) utilizing it in some way, in particular by returning it to the natural 

cycle, or 
(ii) withdrawing it from the cycle by means of dumping, i. e. controlled 

tipping [1], (Figure 2). 
However, owing to its harmful properties and their potentially 

undesirable and deleterious effects, sewage sludge cannot be disposed of in 
the raw state. It must first undergo some sui table form of pretreatment, 
the aim being to render it fit for disposal, i.e. to alter and improve its 
characteristics through various processes so that the ultimate means of 
disposal selected has no detrimental effects on the environment. Given this 
objecti ve, the type of treatment and its extent and result are geared to 
the requirements of the disposal method. 

The properties and composition of raw sewage sludge can have 
undesirable and harmful effects. These characteristics include: 
(i) a high proportion of digestible organic matter, 
(ii) a high water content, 
(iii) the presence of a critically high load of pollutants, 
(iv) the presence of pathogens. 
(See Table 1). 

This state of affairs will not change significantly and the 
undesirable or harmful effects of sewage sludge will be subject to much 
closer and more critical scrutiny in the future. It is therefore to be 
expected that treatment and the techniques employed will have to comply 
with much more stringent requirements, especially as regards quality of the 
sludge and reliability of the techniques used. Treatment processes in 
general will have to be more sophisticated. This will result in the 
application of structured processes tailored very much to the requirements 
of the particular method of safe disposal selected, and it goes without 
saying that treatment techniques and processes will have to be optimized 
both technically and economically. 

2. Basic steps 

The process of altering and improving the properties and composition 
of sewage sludge comprises the following basic steps : 
(i) stabilization 
(ii) separation of the sludge liquor, and 
(iii) disinfection of the sludge. 

Stabilization is a crucial step, both where the treated sludge is to 
be spread on farmland or where tipping is the method of disposal chosen [ 5]. 
As a rule, tipping should not take place until the liquid content of the 
sludge has been reduced to a satisfactory level. 

Where the sludge is to be used in agriculture, forestry or 
horticul ture, disinfection is often essential and the concentration of 
potentially toxic substances must in any case be suitably low. 

These basic steps must form part of any sludge treatment and disposal 
system or process. The' choice of steps and their chronological order are 
variable, as illustrated in Figure 2. 

Future treatment and disposal techniques will also have to take 
account of the prerequisites enumerated above. 

3. Stabilization 
The organic elements of the raw sludge resulting from treatment 
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processes are not stabilized. Their constituents, which under natural 
environmental conditions are degraded as a rule by the action of 
microorganisms, undergo an uncontrolled - but only partial - anaerobic 
decomposi tion process, known as acid digestion. The critical products of 
this digestion are low-molecular organic acids such as butyric acid and 
acetic acid, which can be extremely malodorous. 

Inadequately stabilized sludge can also give rise to other 
aesthetically or hygienically undesirable conditions. 

So one of the key objectives of stabilization of sewage sludge or its 
cri tical constituents by means of controlled processes is to prevent the 
uncontrolled anaerobic partial decomposition of the organic substances. 

The purpose of controlled stabilization is to reduce the organic 
matter content susceptible to putrefactive bacteria and/or alter its 
characteristics so that the sludge can no longer be a nuisance to the 
environment. The degradation and transformation processes associated with 
sludge stabilization generally involve conversion of the constituents from 
an unstable, generally high-molecular and energy-rich form into a stable, 
generally low-molecular state with a low energy content. Transformation of 
the constituents into inert substances (mineralization) is the outcome of 
these processes. 

Sludge can thus be stabilized by means of biological (aerobic or 
anaerobic) , physical and/ or chemical and, in particular, thermal 
decomposition and transformation processes (Table 2). 

By contrast, stabilization by the addition of lime involves temporary 
inhibi tion of the degradation of the organic substances by putrefactive 
bacteria. This is achieved by raising the pH to a value above 10. 

The primary objective of the stabilization process is to stabilize 
the substrate, with a substantial reduction in any constituents liable to 
produce odours. Secondary objectives include : 
(i) a reduction in the volume of sludge (solids), 
(ii) enhancement of the dewaterability of the sludge, 
(iii) reduction of pathogens, 
(iv) production of biogas (only under anaerobic conditions), and 
(v) creation of storage capacity. 

The objectives of the process, and thus the degree of stabilization, 
should be geared to the destination of the sludge, be it further treatment, 
utilization or disposal. 

thus 
(i) 
(ii ) 
(iii) 
(iv) 
(v) 

The key objectives of the stabilization process (see Table 3) are 

application to agricultural land (in liquid form), 
application to agricultural land in dewatered state, 
storage of liquid sludge in sludge lagoons, 
tipping in dewatered state, 
tipping of residues after incineration. 
Table 4 shows the relevant stabilization parameters, together with 

the corresponding degrees of stabilization observed by various authors. The 
values for loss on ignition are in correspondence [8] with the original 
proposal [7] , while the other parameters correspond to the definitions 
given by the authors cited [9], [10], [11], [12]. Experience shows that the 
range of values for acetic acid and fatty acids content are achieved with 
most types of sludge after a shorter period of stabilization than for loss 
on ignition or the BOD/COD ratio. This is particularly true in the case of 
"full stabilization" (i. e. the maximum degree of stabilization technically 
attainable, or the "practical digestion limit") under anaerobic conditions. 
(See also [2]). 

Compared with the other parameters, "loss on ignition " has the 
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advantage of being more straightforward and less demanding in terms of 
analytical effort. The results achieved are often not reliable enough. 

In practice, stabilization of the constituents of sewage sludge is 
effected primarily by biological techniques (Figure 3). 

4. Separation of the sludge liquor 

Wi th increasing concentration of the solid matter, or reduction in 
the water content, not only the volume of the sludge but also its 
properties are altered (Table 5/Figure 4). From the point of view of 
volume, concentration of the solids beyond 30 %, i.e. reducing the water 
content to under 70 %. is of little practical use, but when it comes to 
further treatment and disposal of the sludge it could be important to 
withdraw enough liquor to eliminate the sticky properties of the sludge in 
particular. Table 5 indicates the physical characteristics of municipal 
sewage sludges with varying solids/water content and an insignificant 
industrial effluent component. 

The solids/water content of sewage sludge is not really a good 
yardstick for determining its sui tabili ty for tipping. However, in the 
absence of a technique for measuring and assessing the sui tabili ty of 
sewage sludge for tipping, the approach in Germany has been to use water 
content as a criterion for assessing whether the sludge can be tipped 
together with normal refuse 14. So a new method has now been developed in 
Germany to determine the suitability of sewage sludge for tipping 15 , 16 . 

The reason for the high water content of sewage sludge, and thus the 
technical problems involved in separating the water from the solid matter, 
is its considerable capacity to bind readily, both physically and 
chemically, to the solid matter. The extent of this waterbinding capacity 
is a function of the constituents of the sludge. 

The organic constituents of sludge bind very readily to water, but 
the colloidal and gel-like constituents present in secondary sludges from 
activated sludge plants and hydroxide sludges in particular bind more 
readily still, thus contributing substantially to the considerable 
waterbinding capacity of such sludges. 

This also explains why different types of sludges with quite 
different composition and binding capacity are produced by the processes 
used at each individual sewage treatment stage to eliminate the various 
constituents. 

It is generally acknowledged that organic matter accounts for between 
65 and 70 % of the solids present in raw sewage sludges of domestic origin 
containing an insignificant amount of industrial effluents. If the sludge 
does contain a substantial amount of organic industrial effluents the 
organic component of the solid matter can rise appreciably, but this 
component may drop significantly in raw sludges with a largely inorganic 
pollution load from industrial sources. 

Although the breakdown of the organic constituents of wastewater or 
sewage sludge during biological treatment in particular or during 
stabilization results in a reduction in such constituents, and particularly 
in the proportion of colloidal and gel-like components, this does not 
affect the different binding capacities of the different types of sludge 
produced at each stage of treatment. 

On the contrary, these differences continue to playa crucial role in 
all the subsequent phases of sludge treatment and disposal, and in 
particular in all the processes and steps involved in the separation of the 
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sludge liquor, namely : 
(i) condi tioning; the appropriate dosing depends on the type and amount 

of the conditioning agent, 
(ii) thickening and dewatering; the specific initial solids content and 

the specific process result the latter chiefly involving the 
throughput attainable, the separation effect achieved and the final 
solids content are decisive variables, 

(iii) drying, as a separate stage or in combination with incineration; the 
initial solids content of the feed is a decisive variable. 
In addition, the capacity of sludge to bind to water - expressed, for 

example, in terms of its thickening capacity and dewaterability - can even 
be reduced as a result of stabilization. This is one of the undesirable 
side-effects typical of "cold" aerobic stabilization. Moreover, sludge 
which has already been partially digested does not lend itself at all well 
to conditioning or dewatering (Figure 5). 

As a consequence of these associations, it is more necessary than 
ever before to come up with the best possible combination of quality 
requirements for wastewaters discharged to the sewerage network, the 
choice, combination and form of treatment processes, and the specific steps 
involved in the requisite sludge treatment and disposal. 

5. Disinfection of sewage sludge 

The purpose of disinfection is to render the sludge safe from a 
heal th point of view [18), [19), [ 20) whether or not the sludge liquor has 
been separated, and independent of the basic step of stabilization. 

Prior disinfection is essential (see Table 6) if sewage sludge is to 
be used in agriculture where: 
(a) the sludge is to be spread on arable land, in the growing season [20), 
(b) the sludge is applied to grassland and fodder crops 21 from 1 January 

1987 : application permitted throughout the year; until 31 December 
1986 (transitional arrangement) : where sludge is applied during the 
growing season, from the beginning of the year until end of utilization 
or completion of the harvest. 

It is worth noting here that maize does not count as a fodder crop 
[22), [23). 

The rules contained in guide-line (Merkblatt) M7 [20) on the 
application of sewage sludge to arable land remain in force, whereas those 
rules on the application of sludge to grassland and land given over to 
fodder crops will expire after a transitional period on 31 December 1986. 
The latter will be replaced as of 1 January 1987 by the Sewage Sludge 
Regulations, which lay down a more stringent requirement. The new 
requirement will then have direct legal effect [24). 

The purpose of sewage sludge disinfection is a preventive one, the 
idea being to break the possibly existing chain of infection (sewage _ 
sludge - soil - plant - animals - humans) with salmonella and other 
pathogens. 

Disinfection will also help to eliminate parasites where sludge is 
used to fertilize grassland and to interrrupt the host and intermediate 
host cycle [25). 

5.1. Sewage sludge disinfection: definitions 

The Sewage Sludge Regulations of 25 June 1982 contain the following 
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definition (chapter 2 (2)) : 
"A safe sewage sludge is one which has been subjected to chemical or 

thermal conditioning, thermal drying, heating, composting, chemical 
stabilization or any other process in such a way that pathogens are killed 
... ". 

This definition enumerates the processes which can be used to 
disinfect sewage sludge. Guideline M7 [20) gives a more precise description 
of these processes in its section 5.3 to 5.6 below 

"Conditioned sludge 
Chemical or thermal condi tioning should above all enhance the dewatering 
potential of the sludge. 

Sludge which has been chemically conditioned by the addition of 
metallic salts, alkaline earths or polymers, etc. may be used in 
agriculture provided that such use is not ruled out by the presence of the 
chemicals added. Sludge thus treated, like stabilized sludge, has to 
undergo further treatment before it can be considered hygienically safe. 

If the pH value of the sludge is raised to 10 by the addition of 
alkaline earths and the sludge is then disinfected after a certain reaction 
period, the range of application of the sludge may be extended so that it 
corresponds to that of thermally conditioned sludge. 

Thermally conditioned sludge subjected to temperatures and reaction 
times corresponding at least to those applied in heating wet sludge poses 
no health problems and, in common with the types of sludge described below, 
can also be used for gardening and vegetable growing, or during the growing 
period on arable and grassland. 

Thermally dried sludge 
Thermal drying not only removes water but can alos kill pathogens. 
Thermally dried sludge poses no health problem if the drying process has 
the same effect as the heating of wet sludge. 

Heated wet sludge (pasteurized sludge) 
Sludge subjected to temperatures of over 65° C for at least 30 minutes may 
be considered as hygienically safe and can therefore be used for various 
applications in agriculture. 

Compos ted sludge 
Composted sludge may be used in agriculture provided it has been subjected 
to the requisite composting conditions at temperatures of at least 65° C." 

The following rules apply to stabilized sludge : 
"Stabilized sludge 

Liquid, dewatered or naturally dried stabilized sludge treated 
anaerobically (fully digested in digestion tanks or chambers up to the 
technical digestion limit) or aerobically (in aeration tanks), and thus 
rendered inoffensive as a result of the reduction in its putrescibili ty, 
has to undergo further treatment before it can be considered as safe." 

Guideline M7 therefore not only enumerates the processes that can be 
used to disinfect sewage sludge but also indicates the appropriate 
mechanisms for achieving that end. 

These German definitions can be regarded as indirect definitions 
since, unlike the Swiss definition, they are not based directly on the 
findings of an examination of the sewage sludge that was to be labelled as 
safe before disposal. Article 1 of the Swiss Sludge Regulations [26 ) 
defines sewage sludge as follows : 
"Sewage sludge is considered as hygienically safe, if it contains no more 
than 100 enterobacteriaceae per gram and is free of helminth eggs when 
delivered by the sewage works owner." 
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5.2. Established sewage sludge disinfection processes 

Three different mechanisms (see also Table 1) can be used to 
disinfect sewage sludge : 

a) Adequate heat treatment, by means of 
(i) an external heat source in : 

- pasteurization, 
- thermal drying, 
- thermal conditioning or similar treatment, or 

( ii) 
(iii) 

Spontaneous heating using various composting methods, or 
Development of heat by adding unslaked lime to the sludge, 

b) Adequate radiation treatment 

c) Adequate adjustment of the pH value, by adding calcium hydroxide, eg 
during conditioning, or quicklime. 

Established and proved disinfection techniques include 

a) those 
(i) 
(ii) 
(iii ) 

b) those 
(i) 
(ii ) 
(iii) 
(iv) 

involving an external source of heat 
pasteurization, [ 27], [ 28], [ 29) 
thermal conditioning, 
thermal drying, 

involving spontaneous heating (see also Table 1) : 
aerobic-thermophilic sludge stabilization -[ 30), [31), 
bio-reactors [33), [34), [35), 
composting jointly with refuse [36), 
addition of quicklime [37), [38); 

c) irradiation techniques : 
(i) gamma irradiation [39), [40), [41) 

d) adjustment of the pH value 

[32) , 

(i) addition of hydrated lime, eg during conditioning [38], 
(ii) addition of quicklime [37), [38). 

6. Summary 

Owing to its harmful properties and their potentially undesirable and 
deleterious effects, sewage sludge cannot be disposed of in the raw 
state. It must first undergo some suitable form of pretreatment, the aim 
being to render the sludge fit for disposal, i. e. to alter and improve 
its characteristics through various processes so that the ultimate means 
of disposal selected has no detrimental effects on the environment. 
Gi ven the objective, the type of treatment and its extent and results 
are geared to the requirements of the disposal method. 

Treatment comprises the following basic steps : 
(i) stabilization, 
(ii) separation of the sludge liquor, and 
(iii) disinfection of the sludge. 
Each of these steps involves a variety of processes. 
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This state of affairs will not change significantly and the 
undesirable or harmful effects of sewage sludge will be subject to much 
closer and more critical scrutiny in the future. It is therefore to be 
expected that treatment or preliminary treatment and the techniques 
employed will have to comply with much more stringent requirements than 
in the past, especially as regards quality of the sludge and reliability 
of the techniques used. 

In general, more sophisticated techniques will have to be applied. 
This will result in the application of structured processes tailored 
very much to the requirements of the particular method of safe disposal 
selected, and it goes without saying that treatment techniques and 
processes will have to be further optimized, among other things, with an 
eye to their cost. 
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Objective of Stabilization 

Application in agriculture in 
liquid state 

Application in agriculture in 
dewatered state 

storage of liquid sludge 
in lagoons 

Tipping in 
dewatered state 

Tipping after 
incineration 

Requisite degree of stabilization 

Fully stabilized 

Where the sewage sludge is 
des infected : 
also incompletely or 
even unstabilized 

Fully stabilized 

(i.e. up to the technical limit) 

Unstabilized prior to incineration 

Table 3 Degree of stabilization required for different objectives of the 
stabilization process 

- 15-



www.manaraa.com

- '" I 

I 
B

io
lo

g
ic

a
l 

se
w

ag
e 

IA
er

o
b

ic
 

an
d

 
a
n

a
e
ro

b
ic

 I
 

A
n

ae
ro

b
ic

 
tr

e
a
tm

e
n

t 
I 

I s
lu

d
g

e
 
s
ta

b
il

iz
a
ti

o
n

 I 
tr

e
a
tm

e
n

t 
I 

I 
A

er
o

b
ic

 
tr

e
a
tm

e
n

t,
 

li
q

u
id

 
_

_
_

_
_

_
_

_
_

_
_

_
_

 1
 

I 
1 _

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
 _

_
 

P
a
ra

m
e
te

r 

D
eg

re
e 

o
f 

s
ta

b
il

iz
a
ti

o
n

 

I 
I 

I 
IL

o
ss

 
o

n
 
ig

n
it

io
n

 a
s 

I 
A

c
e
ti

c
 
a
c
id

 
A

c
e
ti

c
 
a
c
id

 
F

a
tt

y
 
a
c
id

s 
IB

O
D

5 
/C

O
D

 
1%

 
o

f 
d

ry
 
m

a
tt

e
r 

I 
c
o

n
te

n
t 

c
o

n
te

n
t 

c
o

n
te

n
t 

I 
ra

ti
o

 
I 

I 
I 

I 
I 

m
g/

1 
m

g/
1 

m
g

/k
g

 
I 

I 
I 

I 
IL

O
LL

 
an

d
 M

O
LL

ER
 

/8
/ 

I 
a
c
c
o

rd
in

g
 

a
c
c
o

rd
in

g
 

a
c
c
o

rd
in

g
 

I a
c
c
o

rd
in

g
 

I a
ft

e
r 

I 
to

 
to

 
to

 
I t

o
 

IR
O

ED
IG

ER
 

/7
/ 

I 
N

IE
M

IT
Z

 
/9

/ 
D

IC
H

T
L

 
/1

0
/ 

BA
U

M
G

A
RT

 
/1

1
/ 

IL
O

LL
 

/1
2

/ 

BO
D

5
./C

O
D

 
r
a
t
~
o
 

a
c
c
o

rd
in

g
 

to
 

D
IC

H
TL

 
/1

0
/ 

--
--

--
--

--
--

_
1

 
I 

1 _
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

 _
_

 

R
aw

 
sl

u
d

g
e
 

(u
n

st
a
b

il
iz

e
d

) 

I 
I 

I 
19

0 
%

 a
n

d
 m

or
e 

*)
 

I 
1

8
0

0
 

-
3

6
0

0
 

n
o

 
d

a
ta

 
>

 1
0

0
0

 
I 

>
 0

,2
5

 
I 

I 
I 

I 
I 

I 
I P

a
rt

ia
ll

y
 

1
(5

0
) 

-
60

 %
 *

) 
I 

1
0

0
0

 
-

2
5

0
0

 
n

o
 

d
a
ta

 
Ic

a
. 

0
,2

5
 

Is
ta

b
il

iz
e
d

 
I 

I (
w

e
ll

 
d

ig
e
s-

1
-

0
,1

8
 

I 
I 

I 
te

d
) 

/6
/ 

I 
I 

I 
I 

I 
IS

ta
b

il
iz

e
d

 
(d

e
p

e
n

-
14

5 
-

55
 %

 
11

00
 

-
1

0
0

0
 

n
o

 
d

a
ta

 
3

0
0

 
-

1
0

0
0

 
Ic

a
. 

0
,1

8
 

I d
in

g
 

o
n

 
o

b
je

c
ti

v
e
 
o

fl
 

I 
1

-
0

,1
5

 
I t

re
a
tm

e
n

t 
an

d
 

I 
I 

I 
I i

n
i t

ia
l 

v
a
lu

e
) 

I 
I 

I 

I 
I <

 
I 

<
 

<
 

1<
 

IF
u

ll
y

 
s
ta

b
il

iz
e
d

 
1=

 
4

5
 

%
 *

*
) 

1<
 

1
0

0
 

.=
 

2
0

0
 

*
*

*
) 

=
 

3
0

0
 

1=
 

0
,1

5
 

no
 
d

a
ta

 

no
 
d

a
ta

 

no
 
d

a
ta

 

<
 0

,1
0

 
*

*
*

) 
I 

I 
I 

.. 
_

_
_

_
 1

 _
_

_
_

_
_

_
_

 _ 

.)
 

D
ep

en
d

in
g

 o
n

 
in

it
ia

l 
v

a
lu

e
 

.*
) 

A
p

p
li

e
s 

o
n

ly
 
to

 
sl

u
d

g
e
 
o

f 
st

a
n

d
a
rd

 
co

m
p

o
si

ti
o

n
 a

n
d

 
s
ta

b
il

iz
a
ti

o
n

 c
a
p

a
c
it

y
 

.*
*

) 
In

c
lu

d
in

g
 
s
u

ff
ic

ie
n

t 
sa

fe
ty

 m
ar

g
in

 
to

 
ta

k
e
 

a
c
c
o

u
n

t 
o

f 
im

p
o

n
d

e
ra

b
le

s 
in

 
p

ra
c
ti

c
e
 

T
a
b

le
 

4 
R

an
ge

 
o

f 
v

a
lu

e
s 

fo
r 

v
a
ri

o
u

s 
s
ta

b
il

iz
a
ti

o
n

 p
a
ra

m
e
te

rs
 

in
 r

e
sp

e
c
t 

o
f 

sl
u

d
g

e
s 

p
re

d
o

m
in

a
n

tl
y

 
o

f 
m

u
n

ic
ip

a
l 

o
ri

g
in

 



www.manaraa.com

Dry matter content Moisture content 

< 15 - 20 % > 85 - 80 % 

- 20 - 30 % - 80 - 70 % 

> 35 - 40 % > 65 - 60 % 

> 60 - 65 % < 40 - 35 % 

> 85 - 90 % < 15 - 10 % 

Characteristics 

Fluid to mushy, capable of 
being pumped 

Generally suitable for 
shovelling, still plastic, 
sticky, thixotropic 

Crumbly, no longer sticky, 
leachable only to a limited 
extent 

Capable of being spread, 
consolidated 

Powdery 

Table 5 Characteristics of sewage sludge types with different moisture 
content. 
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Table 6 Rules for the safe application of sewage sludge in 
agriculture as laid down in the Sewage Sludge Regulation and 
Notice No M7 [2lJ [20 J. 

I II III 

Unutilized Arable land Grass land and 
land fodder crops 

d) 

a) Fb) ~ F 

5.1.1 Raw sludge nhr - - - -
5.1.2 Sludge from small _c) 

sewage works and nhr + + -
cesspools 

nhr 5.2.1 Liquid ~ anaerobically 
or _c) _)1 

5.2.2 Dewatered aerobically nhr + + 
+)2 

5.2.3 Naturally :i~~!!ized nhr 
dried 

5.3.1.1 Chemically conditioned 
sludge (without ade- nhr 
quate disinfectant 
effect) 

5.3.1.2 Chemically conditioned 
sludge (with adequate 
disinfectant effect) 

5.3.2 Thermally conditioned 
sludge 

5.4 Thermally dried + + 
sludge 

5.5 Heated liquid sludge 
(untreated, stabilized) 

5.6 Composted sludge 

5.7 Chemically stabilized 

nhr no health risk 

F fallow season (see also footnote b) 
G growing season 

+ spreading permitted 
may not be spread 

a) This category includes arable land 
crops, marginal land r ploughed-over 
newly planted forest land, waste 
reclamation land. 

not under 
grassland, 

land and 

b) The fallow period includes the winter months 
and the period in which the land is free of 
plants and fruit grown for human or animal 
consumption. Outside the winter months sludge 
should be spread in a way that is not 
detrimental to other farm land. 

c) During the growing season sludge posing no 
heal th risk may be spread on harvested arable 
land provided it is worked immediately into the 
soil and provided that no vegetables or fodder 
crops are sown immediately after spreading. 
Where grain cereals are concerned, this period 
may be extended until just before shoot 
emergence, and where grain maize is concerned 
until the plants reach a height of 25 - 30 cm. 

d) Typically, clover and fodder catch crops. Maize 
does not come into the latter category wi thin 
the meaning of Article 4 (3) (1) of the Sewage 
Sludge Regulations. 

e) Potatoes, which are root crops, do not count as 
vegetables. 

-18 -

G 

-
-

-

+ 

IV V VI VII 

Vineyards Fruit growing Forestry Vegetable growing, 
parks and gardens 

e) 

F 

- - - -
- - +)3 -

+ - +)3 -

+ - +)3 -

) 1 After 31.12.1986 

)2 Only until 31.12.1986 (transitional 
arrangement); until then only from 
completion of use / harvest until 
the end of the year. 

) 3 Only with special consent. 

Spreading of raw sludge is not 
covered by the "Sewage Sludge 
Regulations ll • It comes under the 
regulations on waste disposal. 

) 5 This category includes sludge 
subject to stabilization in 
multi-chamber facilities or plant 
with similar effect. 
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mechanical 
treatment 

primary step 
of ",wage 
treatment 

biological 
treatment 

secondary step 
of sewage 
treatment 

r 

advanced treatmet 
tertiary step of 
sewage treatment 

Sewage 
treatment 

sewage 

Residues from 
sewage treatment 

Disposal 
of the residues 

residues 

r-- --, ,------- ,..---- .... 
I grease trap, t- - ~ grease oil 'to. _ -.' recycling '\ 
L.!!.i!,!rap __ .J ~ ___ ,: ___ " l,-~r~p ___ / 

..... _._ • ..J 
r-- --, . 
I e.g.elimination I ,- -t'".J. - - -, 
of phosphate, _ --.. ter '~ry I 
lfiltration, I- 7', raw .sludge" 
le..:::.... __ J -------

-- not admissible --

Figure 1 Sewage treatment, residues from such treatment and 
their disposal in a municipal sewage works 
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Figure 5 Dewatering potential (CST value) of municipal sewage sludge as a 
function of sludge digestion period. 
According to LOLL (17) 
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DISCUSSION 

G. MININNI 

Are there laws in the Federal Republic of Germany to control the 
treatment and disposal of sewage sludge? 

R. L. LESCHBER 

Regulations, with the force of law, for the control of the treatment and 
disposal of sewage sludge were introduced into the Federal Republic of 
Germany in 1982 by the Federal Ministry of the Interior. These 
Regulations caver many aspects such as sludge and soil quality, 
application rates and, very importantly, hygiene aspects. 

In the Federal Republic, we have tried to reduce environmental pollution 
by following 3 main principles:-

1. Concern for the environment -

this has led to practices designed to reduce the pollution potential 
of the sludge, eg. heavy metal content, in the first place. One way 
of achieving this is by a stricter control of the discharge of 
industrial effluents containing heavy metals to the public sewerage 
system. 

2. Communication-

a number of Working Parties of experts fran both research and 
operational organisations have been established to help diseminate 
the "state of the art". 

3. "Polluter pays" -

this principle has been shown to work well but can only operate after 
the nature and source of the pollution has been identified. 

A further way of rerroving heavy metals fran sewage sludge is through 
bacteriological leaching. Battelle Research Laboratories are examining 
the process at the present time. It appears, however, to be so expensive 
that it only could be used as a final resort. 
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TREATMENT PROCESSES FOR FARM WASTES 

v C NIEI.SEN 
Head of the Farm Waste Unit, A.D.A.S. 

Ministry of Agriculture, Fisheries and Food 

Summary 

This paper reviews the current state of bielogical treatment methods 
for liquid manures to control environmental pollution and to achieve 
better utilisation of the fertiliser value. 

Improved performance of both aerobic and anaerobic treatment 
systems can be achieved by better evaluation of the farm problem. 
A method of carrying out a farm survey is described. 

The parameters which control aerobic treatment cffarm slurries 
have been defined under laboratory and in small pilot plants. Farm 
scale designs based on these parameters have yet to be evaluated. 
The design and operation of aerators in farm systems need further 
development to improve performance in terms of Kg02/kWh. 

Laboratory-scale experiments have established the parameters 
which control anaerobic digestion but application to farm scale 
digesters remains a problem. 

Efficient utilisation of the biogas produced has yet to be 
achieved. Odour control is an'important factor in the economics of 
anaerobic treatment, better evaluation of its effectiveness needs to 
be demonstrated. 

1. INTRODUCTION 
This paper reviews the research and development and farm scale opera

tion of biological treatment systems for liquid manures, for the control 
of environmental pollution and improved utilisation as a fertiliser. The 
increase in environmental pollution arising from intensive livestock hus
bandry practices has led to public concern and this has pressurised 
government departments into finding solutions. As a result there has 
been a general tightening of planning controls for livestock farms and 
control of pollution legislation. The need to find solutions has encour
aged industry and research c,entres to develop novel and improved systems 
of handling and storing farm wastes and for a range of treatment systems 
which will enable farmers to comply with the standards required. 

The aim of treatment must be to enable intensive livestock farming to 
continue while operating within the constraints of pollution legislation 
and at a cost which can be sustained by the enterprise. One approach is 
to develop ey.-..s which intensify the natural microbial processes of 
decomposition which take place in the soil, (1). Treatment must produce 
a stabilised product which can be returned to the land and utilised as a 
source of plant nutrients without causing pollution of the environment. 

Biological treatment systems for liquid farm manures must operate 
within the following constraints: 
1. The plant must be able to treat the daily input of livestock manure 

throughout the year. 
2. The output should comply with the regulations set by enforcement 

authorities. 
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3. The installation, running and maintenance costs must be realistic and 
be within the economics of livestock production. 

4. Systems must be relatively easy to operate by farm staff and have a 
low labour requirement. 

5. Systems must be robust (eg an operational life of at least ten years) 
and be capable of being repaired and maintained quickly and eaSly. 

Treatment systems designed to stabilise farmyard manures (faeces, 
urine and bedding materials) or slurries (faeces, urine plus some addi
tional water from pen cleaning etc), should be assessed on their ability 
to:-
1. Control odours during storage and following application to land. 
2. Stabilise soluble organis matter to prevent water pollution follow

ing land spreading. 
3. Control the spread of livestock diseases, (bacteria, viruses and 

helminths), and plant pathogens. 
4. Improve the utilisation of the major plant nutrients, (N P & K). 
5. Control N content of treated slurry when required. 
6. Utilise where possible surplus heat, energy and other valuable by

products to help offset running costs. 

2. BI0LOGICAL TREATMENT PROCESSES IN USE 
Treatment processes which are available for the treatment of liquid 

manures, (faeces, urine, some additional water = slurry) are: 
1. Aeration 
2. Anaerobic digeetion 
Biological treatment systems depend on the conditions in the slurry. 

The availability of exygen has a fundamental effect on the microbial 
processes within the treatment system. An unrestricted supply of ~gen 
will result in the development of aerobic reactions. In the absence of 
oxygen the reaction will result in anaerobic fermentation. 

The total solids content of the manure will affect the method of 
treatment. Wastes of high total solid contents (over 12 per cent) such 
as farmyard manure, poultry manure and solids from the mechanical separa
tion of slurries are most effectively treated by composting. Total solid 
contents of less than 12 per cent are liquid in character and are most 
effectively treated by aeration or anaerobic processes. 

The control of the volume and dilution of the substances from which 
the mixed micro flora obtain the essential components for continued metabo
lism is often overlooked in the design and operation offarm scale plants. 
Volume and dilution must be controlled and be uniform to provide meaning
ful parameters on which to base the size of the treatment tank and to 
achieve the desired mean residence time for treatment. Wide variations 
in the daily volume caused by the uncontrolled entry of rainwater and 
washing water into the collection tanks will alter the total solids con
tent and volume and lead to failure of the system. Alternative arrange
ments for dealing with exceptional conditions must be incorporated into 
the design of the system. 

Temperature affects microbial activity, increasing it will speed up 
activity. The microbial species will change depending on their optimal 
growth temperature. Extremes will inhibit activity. In temperate 
climates the ambient temperature will not affect aerobic treatment. Low 
winter temperatures will affect the operation of anaerobic digesters and 
thought should be given to preheating slurries before treatment to avoid 
temperature shock. 

The presence of toxic metals, disinfectants or medicants for the 
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livestock inhibit treatment. It is essential to the success of the 
system that these substances are separated and kept out or the manure con
taining them does not enter the treatment system. 

2.1 Farm surveys 
Any farm with a pollution problem should be surveyed. This survey 

should be carried out as part of the investigations to determine the ex
tent and type of pollution and to obtain essential background information 
on the livestock husbandry practices on the unit, this should include:-

1. The cause, extent and type of pollution. 
2. The layout and design of livestock buildings, stores and waste 
handling facilities. 
3. The situation of the buildings in relation to natural drainage, 
wind direction and proximity to private houses. 
4. The age range and numbers of stock at various stages of growth. 
The diet, method of feeding and availability of drinking water. 
5. The characteristics and volume of manure to be treated. It is 
usual to carry out analysis for: total solids, (TS), volatile solids 
(VS), volatile fatty acids, (VFA), chemical oxygen demand, (COD, 
biochemical oxygen demand, (BOD), total nitrogen, (TN), ammonium 
nitrogen, (NH4-N), nitrate nitrogen, (N03-N), phosphorus, (p), 
potassium, (K), copper, (Cu), zinc (Z), and for pH. 

Monitoring should establish when possible variations in volume are likely 
to occur, daily, weekly or monthly and at what point in the system. 
Variations in climate likely to affect treatment, prolonged dry spells, 
heavy rainfall or snow, duration of severe frosts. This information 
will influence system design. 

3. AEROBIC TREATMmr 
The aim is to maintain livestock manures in an aerobic state prior to 

application to agricultural land. It is used primarily to control odours 
during the storage and spreading of slurry, (2, 3 and 4). Other advant
ages are that the treated slurry contains less soluble organic matter than 
fresh or anaerobically stored slurry and is less likely to lead to organic 
pollution of water courses. (5. 6 and 7). Manipulation of the dissolved 
oxygen concentration during treatment and mean residence time can be used 
to remove up to 70 per cent of the NH4-N, (8 and 9). Treatment can 
destroy harmful pathogenic bacteria, (10), and aerobic-thermophilic 
tEeatment is an effective treatment for many pathogenic viruses, (11). 
Systems can be designed and operated to recover the exothermic heat of the 
microbial reactions to produce surplus low grade heat which can be used on 
the livestock unit, (12 and 13). 

The parameters which control continuous aerobic treatment have been 
defined for pig slurry (8) and for cattle and poultry manures, (14). 
These parameters are as follows:-

3.1 Oxygen demands 
When oxygen is present, micro-organisms break down organic chemicals 

to simpler substances or carbon dioxide and oxidise nitrogen containing 
chemicals to nitrate. The nature and speed of these processes depends on 
the amount of oxygen available, the temperature and the time. :&luations 
for carbon (15) and nitrogen (10 and 15) have been given and combinations 
of them define the total oxygen demand of the system (16 and 18). 
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3.2. Oxygen Availability 
If minimal oxygen is present, odorous substances present can be 

oxidised, removing the immediate smell but leaving chemicals which can 
reconvert to odorous substances in anaerobic conditions. As oxygen input 
is increased (gr more time is allowed) these substances, too, are broken 
down, these processes use up oxygen sufficiently quickly to keep the 
oxygen dissolved in the liquid at very low (almost undetectable) levels. 
Finally, when oxygen is more freely available, more extensive oxidation 
of organic chemicals occurs. 

3.3 Choice of a8eEation rates and treatment time 

At a given temperature (determined by microbial activity in the slurry 
as well as by ambient temperature) the length of time and the rate of 
aeration can be varied to alter the odour offensiveness of the treated 
slurry and the potential to regenerate odours during subsequent storage 
before spreading. To achieve an odour offensive rating of 2 (faintly 
offensive, 18 and 19), will require a minimum treatment of 2 days. A 
treatment of 5 days will prevent odour regeneration for several months 
(10 and 15). 

Similarly the level of dissolved oxygen to be maintained varies 
depending on the objectives/aims of treatment. The options are to: 

1. spread slurry immediately after treatment, 
2. 8~ore treated slurry for several months before spEading, 
3. combine odour control with a reduction in water pollution 
potential, 
4. control the residual nitrogen content, 
5. for odour control with heat recovery. 

A computer program to select and solve the most appropriate set of 
equations has been produced by Evans et al, (8), for any of these five 
options. The results of these equations suggests the retention times and 
oxygen demands and hence aerator sizes need to achieve the treatment 
options. 

Laboratory scale work has demonstrated that similar effects to those 
described by the equations, (8), can be achieved using aerobic treatment 
with no detectable dissolved oxygen by controlling the Redox potential 
of the mixed liquor to Omv Eh and producing an acceptable odour free, 
stable slurry, (16). Other work has shown successful odour control 
maintaining the Redox potential of the mexed liquor at levels as low as 
-5OmV (Eh), (19). 

3.4 On-farm treatment systems 
Farm scale aeration systems are in use in many countries to control 

odours, water pollution and to reduce the nitrogen content of the slurry. 
Heat is recovered on some sites and the methods used have often been 
improvised by the farmer, (20 and 21). 

The most common design of treatment system is the semi continuous 
flow process, that is the daily slurry load is pumped often in small 
batches on a regular basis into the treatment tank. Pretreatment in the 
form of mechanical separation to remove coarse solids from the liquid 
fraction may be used to improve pumping, avoid blockages and reduce the 
energy demand when mixing the contents of the treatment tank. Separator 
designs in use have been evaluated by Pain et al, (22). Low total solid 
slurries of less than 3 per cent are normally treated without separation. 
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The whole or separated liquid fraction of the slurry is either pumped 
or flows by gravity into the treatment tank. The size and contiguration 
of the tank invariably depends on the size and shape of tanks already used 
for storage purposes on the farm or when new tanks are obtained, the size 
is determined by the mean treatment time required. There are no pub
lished design data available for slurry treatment tanks in relation to the 
type and size of aerator used. 

There are five basic types of aerators available totreat farm 
slurries, these are: mechanical surface, mechanical sub-surface, combined 
compressed air with either diffusers or mechanical mixing, and pumped 
liquid, (venturi or jet type). The performance criteria which need to be 
determined for efficient aeration have been reviewed by Cumby, (23). The 
most important of these is the ability of the aerator to provide adequate 
dissolved oxygen to the entire volume of the treatment tank. The 
efficiency of the aerator is the main criterion of its performance. This 
is usually expressed as the ratio of the mass of oxygen transferred to the 
energy consumed: kg Oa/kWh. Transfer efficiencies of less than 1 kg 
Os/kWh are considered poor and inefficient, good transfer efficiencies 
range between 1 and 2 kg O~kWh, a few experimental machines have 
achieved more than 2 kg Oa/kWh, (24). The parameters which control 
oxygen transfer include the T.S. content of the slurry, air/slurry contact 
time, the area of the air/slurry interface per unit volume of air. These 
factors can have a significant effect on the operational performance of an 
aerator. A secondary requirement of an aerator is that it must complete
ly mix the contents of the aeration tank. The concept of energy density 
has been used to assess the mixing ability of mechanical aerators. 30 W/m3 
has been estimated to be necessary to achieve complete mixing, (depending 
upon tank size and shape), however 3 W/m3 is usually the level found in 
farm aeration systems, (25). Using energy density seems an indirect way 
of providing design data. It would be better if manufacturers used 
oxygen inputs. 

ElectriCity charges make up between 20 and 50 per cent of the annual 
running costs of aeration systems, (26), depending on the design of the 
system. It has been reported that the electricity required to obtain 
odour control per pig place a year ranges between 52.5 kWh and 55 kWh and 
the total running costs per pig produced range between £1.30 and £1.40; 
using 20-100% of the profits from pig production, (23 and 27). It is 
therefore important to the profitability of the pig farm that the oxygen 
transfer efficiency and the aeration system design take advantage of high 
oxygen transfer aerators operating in correctly designed aeration tanks. 
There is scope for a significant reduction in the costs of operation. 

At present the treated slurry is either discharged continuously or by 
displacement by the addition of fresh untreated slurry. It may be stored 
for up to one week or several months where soil conditions are unsuitable, 
before being spread. If stored for any length of time secondary aeration 
is often carried out in the store to prevent the regeneration of odours. 
Very few aerobic treatment systems have been designed and operated accord
ing to the parameters described by Evans and Baines (8). 

3r5 Conclusions on aeration systems 
Regimes for odour control have been defined in the laboratory and at 

pilot scale in terms of retention time, level of aeration, (dissolved 
oxygen/redox potential) for pig slurry. Similar regimes have been 
suggested for cattle and poultry manures but not tested comprehensively. 
The application of these regimes to commercially available aerators on 
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farms is yet to be tested. 
Farm scale systems in use can achieve odour control and produce 

usable surplus heat. However aerator performance in terms of aerator 
efficiency kg 02/kWh is often not known. Aerators are often sold using 
the concept of energy density, as the measure of per~ormance with no 
reference to oxygen demand. The calculation is based on the size of the 
available treatment vessel after applying an energy density factor, 
(W/m3), (28). 

There are no design parameters for the correct configuPation of the 
treatment tank in relation to the type of aerator used. Therefore com
plete mixing of the tank contents to achieve a uniform dissolved oxygen 
content and prevent settlement is often less efficient than it could be. 

These factors and others mentioned earlier indicate that better 
designed systems could achieve substantial reductions in the costs of 
operating these systems. 

4. ANAEROBIC TREATMENT 
Anaerobic digestion of livestock slurries is primarily carried out to 

obtain energy in the form of biogas, (a mixture of methane and carbon 
dioxide with traces of hydrogen sulphide and ammonia). Biogas can be 
used as: 
1. fuel for heating, (buildings or water), 2. as a fuel for engines to 
power generators to produce electricity and hot water, 3. as a fuel for 
engines to drive vehicles, (29). The digestion of livestock slurries has 
other advantages: 
1. The digested slurry is less odorous than untreated slurryt.but odour 

is not completely eliminated by the process, (30, 31 and 32). 
2. The digested slurry is stabilised and can be stored for long periods 

at varying temperatures without the regeneration of odonous sub
stances, (30). 

3. The digested slu.rry contains less organic matter than untreated 
slurry and is less likely to cause organic pollution of water 
courses, when applied to land as a fertiliser, (37). 

4. Treatment reduces the number of pathogenic organisms which can 
infect livestock, (33 and 34). 

5. Treatment reduces the number of plant pathogens in the slurry, (35). 

4.1 The biomethanation process 
It is an anaerobic process in which a series of communities of micro

organisms operate simultaneously to reduce the organic oompounds present 
in livestock slurries to biogas, biomass and a stabilised sludge. The 
sludge has similar concentrations of N, P and K to the untreated slurry, 
but the nitrogen content will contain higher concentrations of NH4-N to 
organic N than in the original slurry. 

The process takes place in an enclosed tank called a digester. The 
microbial reactions which occur in the digester have been described by 
Pffeffer, (36) and Hobson et al (37). The reactions are complex and 
rely on the correct balance being maintained to ensure the operation of a 
continuous process. The following parameters affect the operation of 
the process. 
1. pH, digesters operating on farm slurries require a pH of between 7 

and 7.2. 
2. Temperature. There are two temperature ranges over which these 

complex reactions take place, 25-45°C mesophilic range and 55-70oC 
thermophilic range. Most farm operated digesters in bemperate 
climates are operated in the mesophilic range at 30-35 C. This 
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temperature range has been selected as most economic one in terms of 
biogas produced per unit mass of substrate and energy required to 
maintain the reaction. 

3. Substrate. Farm digesters normally use a mixture of faeces, urine 
and some washing/cleaning water. The total solids content of neat 
faeces and urine for cattle and pigs is usually between 10-12 per 
cent depending on the diet, and 23-25 per cent for battery laying 
hens. In most farm situations dilution occurs, dairy cattle 
slurries usually range between 6-10 per cent, pig slurry from large 
units, between 2-5 per cent. Poultry manure remains high around 
20 per cent due to the method of collection. Hawkes (38) has shown 
that slurries with a T.S. content less than 4 per cent will not 
attain net energy production. 

Inhibition by dissolved chemicals in the slurry may occur. 
Hydrogen sulphide gas in solution at concentrations greater than 
100 mg/1 and ammonia at more than 3,000 mg/l will affect digester 
performance. (37). 

The volatile solid (VS) content of the slurry is an indication 
of the substrate concentration. It can range between 40-90 per 
cent of the TS content, typical farm waste values are 70-75 per cent 
of the TS, (37). The efficiency of the digestion process is 0ften 
quoted as the m3 biogas/kg V.S; typical values for the different 
species are dairy cows 0.22 m3/kg V.S., pigs 0.38 m3/kg V.S., 
poultry 0.49 m3/kg V.S. (3). Hobson et al, (37), found with 
laboratory scale digesters the following results, dairy cattle 0.22 
m3/kg V.S., pig 0.43 m3/kg V.S. and poultry 0.66 m3/kg V.S. An 
alternative measurement used is m3 biogas/kg TS, typical figures for: 
dairy cattle 0.21 m3/kg TS, pigs 0.30 m3/kg TS, and poultry 0.38 
m3/kg TS. (37). 

4. Retention time. This is the calculated residence time of the slurry 
in the digester. It is a compromise between diminishing gas yield 
per unit of substrate and the unit cost of the digester per m3. The 
optimum return per unit cost is at about 70-80 per cent of the 
theoretical biogas yield per kg of substrate. Retention times 
generally quoted: dairy cattle 20-30 days (37 and 38), pigs 10-15 
days, (32 and 37), poultry, 20 days (37 and 38). 

5. Volumetric loading rate, kg VS (or TS) per m3 digester volume per day. 
It is controlled by the VS and TS of the input slurry and the 
retention time. On many farm systems, there is great aifficu1ty 
in maintaining the TS content of the input slurry. Hobson et a1 
(37) link the gas yield m3/kg TS to an optimum TS content of the in
put slurry, for dairy cattle 7 per cent at a 20 day retention time, 
and for pig and poultry slurry 6 per cent at retention times of 10 
and 20 days. The optimum volumetric loading rate for dairy cattle 
will be 3.5 kg TS per m3 digester volume per day. 

6. Biogas composition. The composition of biogas is affected by the 
species and diet fed. The methane content varies between 55 and 75 
volume per cent. Its calorific value varies from 20 to 26 MJ/m3. 
Cattle slurries generally produce gas with the lower value, po.1try 
and pig slurries achieve the higher value. Hydrogen sulphide gas 
is present in the gas, the content varies between 0.5 and 1.3 per 
cent, (40). At these concentrations the gas is toxic to livestock 
and man and highly corrosive to metal in the presence of water vapour, 
(41). 
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4.2 Design of farm digester systems 
Most agricultural systems are designed to treat slurries with a TS 

content of between 2 to 10 per cent and are therefore liquid handling 
systems. 68 per cent of the European systems surveyed, (29) were semi 
continuous flow, completely mixed digesters, single stage, 16 per cent 
plug flow digesters and the rest of experimental designs. 

Semi-continuous flow, completely mixed digesters consist of a 
collection tank into which slurry is either piped or scraped from build
ings. The tank is usually designed to hold one day's supply, and is 
built below ground in either concrete or steel. The tank may be stirred 
or mixed mechanically to maintain an even supply of solids in suspension 
to the digester. Most digesters are supplied by pumping, usually for a 
predetermined time each hour. The discharge point into the digester 
can be at the base, top or half-way down, there are no design criteria. 

The digester tank shape, height and width vary according to the 
manufacturer, prefabricated tanks are generally modifications of existing 
slurry or feed storage tanks. The tanks are usually made of concrete, 
steel glass enamelled steel sheets or polymeric materials. Digesters 
are usually erected above ground, set on a concrete base. 

The tank walls and roof are often insulated, either internally or 
externally by synthetic polymeric materials; polyurethane or polystyrene, 
glass wool or rock wool. Design parameters to obtain maximum insulation 
at 0 C have been described by Hawkes, (38). It has been shown that 
internal insulation may damage prefabricated enamelled steel tanks due to 
distortion by solar heat. 

Heating digesters can be achieved by direct heating using internal 
heat exchangers or by re-circulation through external heat exchangers. 
There are a large variety of systems in use, at present, (29), these have 
never been evaluated to determine the most efficient system in terms of 
heat exchange and ease of operation, (fouling and blockages to both the 
exchangers and the digester). 

Mixing the digester contents is necessary to maintain even tempera
ture gradients through the digester, to maintain an even supply of sub
strate and prevent settlement and the formation of a surface crust. 
There are a variety of mixing systems, (29), ranging from pumping, gas 
mixing to mechanical stirring. An evaluation of the efficiency of 
mixing, energy requirements and ease of maintenance needs to be made. 

Discharge of the treated effluent from the digester can be by gravity 
flow through a gas trap or pumping. The position of the draw off point 
within the tank varies with the design of system. Few digesters are 
designed to remove heavy settled sludges, which develop due to the ingress 
of small particles of grit, cement dust and the percipitation of inert 
minerals during digestion. Most systems have to be shut down and cleaned 
out manually. 

Gas storage is needed to balance supply and demand and thus contin
uity of supply. The storage contai.ners are kept at a constant pres.sure 
to maintain the gas supply at the correct volume for utilisation. The 
gas store may be used as a reservoir to maintain supplies over periods of 
peak demand or during breakdown or maintenance. 

Farm gas stores usually contain enough gas for 15 minutes to 24 hours 
supply. The stores are generally of two types, variable pressure and 
fixed volume or variable volume and fixed pressure. . The latter are most 
often used on farms. Types most commonly found are floating gasholders 
made of steel and plastic membrane balloons, (29). Volumes stored range 
from 20 m3 to over 830 m3, (41). Farm gas stores design and the construc-
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tion materials, need to be evaluated and engineering and design standards 
set, for practical working systems and safety. 

Biogas purification and scrubbing systems to remove water vapour, 
hydrogen sulphide and carbon dioxide gases are rarely used on farms. The 
systems employed are simple and rarely completely effective. There is a 
need for scientific design criteria. 

Energy saving systems to retain heat from treated slurry and to pre
heat incoming untreated slurry are being developed. Preheating systems 
are used in some countries such as the hot well designs used in Danish 
digesters. There is a need for an evaluation of prese~systems and to 
establish design parameters. 

Pre-treatment of cattle slurry by mechanical separation to remove 
coarse solids of low digestibility has been examined at laboratory scale 
by Hawkes et al, (42). The results indicate that positive net energy 
yields can be obtained throughou~ the range of 10-20 day retention time, 
at temperature ranges from 25-35 C, with the optimum at 300 , and 20 day 
RT. Farm scale development by Pain et al, (43), compared anaerobic 
digestion of whole cow slurry 7 per cent TS at 20d RT with separated 
slurry at 4 per cent TS at 20 and 15d Rl'. Gas yields for whole slurry 
were 0..aY+ m3/kg TS at 20d Rl' with calorific value of 21.3 MJ/m3 and for 
separated slurry 0.279 m3 and 0.251 m3/kg TS for 20d and 15d retention 
times with a calorific value of 21.7 MJ/m3. Mechanical separation has 
advantages in reducing costs by shortening retention time and hence 
reducing digester capacity. 

4.3 Utilisation of biogas and treated slurry on farms 
Efficient biogas utilisation throughout the year is essential for the 

successful economic performance of a digester on a farm. Matching supply 
to demand has been found to be one of the most difficult operations within 
the decision making process on the feasibility of anaerobic treatment for 
a particular farm. It is essential that the site survey described, be 
carried out to determine the volume and suitability of the sUbstrate/ 
slurry. It is equally essential that an appraisal of the farms energy 
requirement is carried out, detailing the farm energy costs for all opera
tions including domestic and industrial. It is then possible to deter
mine walch operations can be supplied by the proposed system, (44). 

Most systems are designed to produce electricity. Converted petrol 
or diesel engines are commonly used with generators or purpose made com
bined heat and power units, (40). Engine cooling water is frequently 
used to provide heat to digester, buildings and for domestic use. Small
er digesters more frequently produce biogas for space heating livestock 
buildings and for domestic use. Surplus gas is often vented through 
lack of storage or occasionally surplus electricity is sold to the 
national grid. In Italy 50 per cent of biogas plants generate electric
ity using cogeneration combined heat and power units, 35 per cent produce 
hot water for space heating, some is used for cheese making. 10 per cen~ 
of plants have no use for the biogas, (45). 

Utilisation of treated slurry as a fertiliser has been compared to 
untreated slurry in a number of studies. Comparison of barley and beet 
yields indicated that there was no significant difference (46), similar 
results were obtained for grassland, (47). 

4.4 Economic performance 
An appraisal of performance of biogas plants in the UK, (26) indic

ated that plants could only be economically viable provided that a 
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monetary value for odour control was included in the assessment. There 
are two important aspects of production and utilisation which must be 
satisfied, these are the efficiency of gas production in terms of output 
per unit capital cost and the utilisation efficiency, gas production must 
match demand. A study of the economics of biogas production in the 
Netherlands, (27) came to similar conclusions. Farm appraisals indicate 
that plants could not pro:iu0.e 'Ul<i lJtilise biogas efficiently enough to 
operate at a profit. Including odour pollution control as saving in 
other plant can justify the installation of biogas systems. 

4.5 Conclusions 
The installation of anaerobic digesters on livestock farms has 

advantages as an on farm supply of energy and as a treatment system to 
control odours. The laboratory and pi10t scale digestion of livestock 
slurries has been carried out successfully to produce good gas yields 
and effective odour control. The translation of this work into farm 
scale plants requires further research and development work into the 
following: 
1. better quality and control of the feedstock 
2. reducing the energy demands of the digester 
3. fundamental improvements to digester design 
4. improving gas utilisation by producing a cleaner and better quality 

gas 
5. improving gas storage 
6. matching demand and supply 
7. improving energy conversion into alternative methods of utilisation. 

5. REX:OMMENDATIONS FOR FURTHER WORK 
Biological treatment systems for liquid manures have been the subject 

of much research over many years. Operational parameters have been 
determined for both aerobic and anaerobic treatment systems in the labora
tory. The translation of these operations into farm scale systems has 
shown up weaknesses in the design and operation of the plant, (detailed 
comments are made in the paper). 

For new buildings and manure handling systems, treatment plants must 
be designed to integrate with the total system. 

Further research and development is required into the engineering and 
technical design aspects of collection, pre-treatment, treatment, storage 
and application equipment to enable a consistently satisfactory standard 
of treatment to be maintained together with the optimum utilisation of the 
products of treatment. 
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DISCUSSION 

J . H. VOORBURG 

You mentioned reduction of the nitrate concentration during treatment. 
How is this achieved? For example, through N2 or NH3 loss after 
conversion from the nitrate via bacterial actlon? 

V. C. NIELSEN 

The reduction is due to ammonia loss caused by stripping. Ammonia salts 
can be oxidised to nitrates and so it is possible to achieve both 
nitrification and denitrification in the same system. In all the 
reduction can be as high as 70% of the original concentration. 

J.H. VOORBURG 

Have you considered the use of enzyme additive to speed the treatment of 
farm slurries? 

V.C. NIELSEN 

Dr S. Baines and Dr M.R. Evans in Scotland have looked at this 
possibility and have shown that a very high concentration was required to 
change the character of the sludge. The bacterial content of bacterial 
additives was too dilute to have any observable effect. Furthermore, the 
mutated strains were unable to compete with indigenous bacteria; I have 
not noticed any effect when these compounds have been used in slurries. 

C. JUSTE 

Are the sludges produced by the anaerobic or aerobic treatment of farm 
slurries really useful for agriculture? 

V.C. NIELSEN 

Treatment either by an anaerobic or an aerobic process removes soluble 
organic matter which is used by the micro-flora and converted into 
biomass. Therefore the original organic matter becomes less mobile in 
the soil and the risk of pollution by run-off is reduced. 
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STABILISATION OF SEWAGE SLUDGES AND LIQUID ANIMAL 
MANURES BY MESOPHILIC ANAEROBIC DIGESTION - AN OlEBVIE,'W 

Summary 

A. M. BRUCE 
Water Research Centre 
Stevenage, Herts, UK 

Mesophilic anaerobic digestion is the longest-established and most 
important method of stabilisation of sewage sludges in all the 
countries participating in COST 681. About half the sludge produced 
in the EEC (3.3 million tonnes OS per year) is subjected to this 
process in over 1700 sludge digestion plants. An increase in this 
number of plants is expected. The application of anaerobic 
digestion to treatment of animal slurries is a much more recent 
development and is still on a small scale with about 300 digesters 
only in Europe treating around 80,000 tonnes DS per year. 
Farm-scale digestion can be successful but is usually uneconomic for 
the farmer unless subsidised. Digester gas represents a very small 
energy source in national or community terms but is important 
locally especially at sewage works. 
In regard to design, the most important developments are in digester 
shape, in the use of prefabricated steel instead of concrete for 
tanks, in the use of various forms of gas mixing and in the growing 
use of pre-heating (for pasteurisation) by aerobic thermophilic 
digestion and other methods. Mesophilic anaerobic digestion itself 
is very effective in reducing pathogens but it is recognised that 
operation of the digestion process as a 'completely-mixed' system 
can reduce removal efficiency. Ways of overcoming this disadvantage 
are discussed. 
The most important problems still occurring wi th sewage sludge 
digesters are operational ones - the feeding of thin sludge, 
overloading, occasional chemical inhibition and sludge foaming. 
With farm digesters, the problems relate also to design and 
engineering aspects and ways of improving these and the economics of 
farm digestion will need to be faced before it is widely accepted. 

1. INTROOOCTION 
The stabilisation of putrescible organic wastes by anaerobic 

digestion represents one of the longest-established and most successful 
applications of 'biotechnology' in the field of pollution control. It is 
now over 60 years since the earliest heated and enclosed digestion tanks 
with gas collection facilities were installed at sewage works in Europe 
for separate stabilisation of raw sewage sludge. Since then, anaerobic 
digestion plants have demonstrated their value at many hundreds of sewage 
works both in Europe and other areas of the world and the number of such 
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plants is still increasing. There have, of course, been operational 
problems in sane cases, resulting mainly from poor process control, 
overloading or chemical inhibition. As a consequence, anaerobic 
digestion has occasionally waned in popularity in sane areas but the main 
weight of operational experience has shown the process to be robust and 
reliable, and effective for its main purpose of odour reduction. 

Anaerobic digestion has also found successful application for 
treatment of many other types of concentrated organic wastes and, in the 
last 10 years especially, there has been particular interest in the use 
of the process for stabilisation of pig, cattle and poultry slurries on 
individual farms or groups of farms. The main incentive for installation 
of farm digesters has been to provide a 'low cost' energy source from the 
digester gas but odour reduction, BOD removal, and improvements in slurry 
handling properties have also been seen as important benefits of the 
process from the environmental aspect. In most countries, much more 
animal slurry than sewage sludge is produced so the potential, at least, 
for farm--scale digestion is very large. 

The scope of the COST 681 activity covers research and developnent 
on the treatment and use of both sewage sludges and liquid animal 
manures. There are sane broad similarities between the two types of 
waste and so far as anaerobic digestion is concerned there is a common 
research interest because the process is essentially the same whether 
applied to the farm situation or to the sewage works. The main 
difference is in the scale of operation and in the financial resources 
available to instal and operate a digestion plant - both being generally 
much larger in the public 'sewage works sector' than in the largely 
private 'farm sector'. There are, however, also sane important 
differences between the characteristics of sewage sludges and animal 
slurries which means there must be some difference in approach to the 
design and operation of digestion plant for the two situations. But in 
the main, many of the research developnents in anaerobic digestion have 
applications in both sectors. 

The object of this paper is to broadly review the current situation 
in regard to anaerobic digestion as applied to sewage sludges and to 
animal slurries, to consider recent developnents and likely future trends 
and to compare the research needs in both areas. 

2. CURRENT USAGE OF ANAEROBIC DIGESTION 
A recent survey (1) has provided information about the current level 

of use of heated anaerobic digestion for stabilising sewage sludges in 
most of the countries participating in the COST 681 activity (Table 1). 
It is seen that, among the 9 EEC countries (Luxembourg not included) 
about 1800 sewage works currently employ anaerobic digestion plants. In 
total, these plants treat an estimated 3.3 million tonnes dry sludge 
solids ( 80 million wet tonnes) per year. This quantity represents 
sludge from a population of sane ] 10 million people and is over 50 per 
cent of the total mass of sewage sludge currently produced in the 9 EEC 
countries included in the survey. Earlier surveys (3) had shown that 
anaerobic digestion is by far the most widely used method of sewage 
sludge stabilisation in all countries. 

Most anaerobic digestion plants are located at medium and 
large-sized works serv ing populations ranging fran 50,000 to over 2 
million. The latest survey shows that there are many hundreds of works 
wi thout digesters but these are mainly of very small size (serv ing less 
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than 5000 population equivalent) and generally not sui table for heated 
anaerobic dige3tion. Some of these works employ cold (unheated) 
anaerobic digestion in lagoons or tanks or use other forms of 
stabilisation, for example aerobic digestion or lime stabilisation. The 
scope for a Significant increase in the numbers of heated anaerobic 
digestion plants in the future is still, however, quite large. This 
applies particularly to existing works of medium size (20,000-50,000 
population) and to new larger works currently under constructon or 
planned. For example, in the UK where just over 50 per cent of all 
sewage sludge is anaerobically digested, it is estimated that there are 
about a hundred sewage works serv ing populations of over 50,000 which 
still have no digestion facilities. It is evident that future investment 
in new digestion plant could be considerable particularly if, as 
expected, environmental pressures on sludge disposal authorities continue 
to increase. Further research and develo!lllent to improve the overall 
economics of anaerobic digestion for sewage sludges is therefore strongly 
indicated. 

The position in regard to the use on farms of heated anaerobic 
digestion plant is rather different. Results of an EEC-sponsored survey 
(4) carried out in 1983 are included in Table 1. These show that, two 
years ago, there were about 220 farms only in the EEC countries with 
full-scale operational digesters treating liquid slurry from pigs, cattle 
or poultry. The total increases to 300 plants if Switzerland is 
included. Apart from the 90 or so digesters in Switzerland, most farm 
digesters are located in Italy and FR Germany where there are some 
financial incentives to treat slurries by this means. It is thought that 
the number of new farm digesters has not increased significantly in the 
past two years, so the data in Table 1 is still reasonably accurate. The 
actual quanti ty of animal slurry being anaerobically digested is 
estimated at around 80 thousand tonnes dry solids per year. This is only 
about 2.5 per cent of the amount of sewage sludge being digested and an 
even smaller proportion of the total mass of I available ' animal slurry 
produced each year in the EEC countries (estimated at around 50 million 
tonnes dry solids). 

The reason for the relatively low usage of anaerobic digesters on 
farms is quite clear. Except where the reduction in polluting load from 
a slurry has an economic value (e.g. in parts of Italy) or where state 
subsidies are provided for the investment costs of a farm digester (e.g. 
in FR Germany), the installation and operating costs render the farm 
digester uneconomic for most farmers. Even with a I do-it-yourself' 
approach to construction and wi th the use of surplus digester gas to 
provide energy on the farm, the 'pay-back' periods are still usually over 
5 years and may be as high as 10 years (4). Operational problems and 
high maintenance requirements have also given farm digesters a bad 
reputation in some areas so that there has been little interest in 
installing them. 

The future growth of farm-scale anaerobic digestion is therefore 
rather uncertain. It will depend to some extent on whether or not 
environmental constraints on slurry disposal become more severe and on 
the availability or otherwise of official subsidies to encourage 
farm-waste treatment. The future popularity of farm digesters will also 
depend very much on the availability of low-cost and reliable plant and 
equi !lllent. 
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3. DESIGN TRENDS 
The broad suitability of sane of the early designs of anaerobic 

digester used for sewage sludges is evidenced by the fact that many are 
still in service after 50-60 years operation. None the less, there have 
been important design and operational improvements in recent years which 
have helped to reduce construction costs, improve the efficiency and 
reliability of the digestion process and reduce maintenance requirements. 

3.1 Materials of construction 
The tradi tional use of reinforced concrete for constructing the 

shell of digestion tanks for sewage works has been maintained in most 
countries and indeed it is still considered essential for tanks of over 
about 2000 m3 capacity. Capacities of individual digesters on large 
works can range up to 12,000 m3 Steel tanks have been used to a limited 
extent for many years but a more dramatic departure fran the 'concrete 
tradition' has occurred in the last 6 years in the UK where the use of 
prefabricated glass-coated steel tanks (based on farm silo technology) 
has now become about the most common form of construction for new 
digesters. Tank volumes of prefabricated digesters may range up to 1000 
m3 which means that for very large installations concrete tanks are still 
used. The alternative is a multiplicity of smaller prefabricated steel 
tanks which can prove more costly. A feature of the prefabricated 
digester is the very effective thermal insulation which can be provided 
resulting in much reduced thermal losses through the digester wall and an 
overall reduction in heat reqUirements especially in the winter. 

The reduction in total capital costs by using prefabricated steel 
digesters instead of concrete tanks is considerable. Costs data for the 
UK have shown that a halving of capital costs is possible (5) over a 
range of plant sizes. This saving would not necessarily justify the use 
of steel tanks if the lifetime of the tanks was likely to be very short 
or if maintenance costs were high. But the probability is that a 
properly installed and protected glass-coated steel tank will have a 
lifetime similar to that of a concrete one. So far, however, the UK 
appears to be the only country which has adopted to any significant 
extent the use of prefabricated tanks as a more econanic alternative to 
the conventional concrete tank at sewage works. 

In regard to farm digesters, the EEC survey (4) showed that both 
concrete and steel digesters are in use in all the countries surveyed and 
in roughly equal numbers. The use of polymeric materials such as glass 
reinforced plastics (GRP) for tank construction is also known (6) but 
mainly for the small sizes of digester (i.e. 100 m3 working volume or 
less). The use of GRP for sewage sludge digesters has not been 
encountered. 

3.2 Digester shape 
The traditional 'low-form' digestion tank (Diameter > Height) 

employed in the UK and North America for many years (Fig. 1 a) is now 
considered to be less conducive to efficient mixing than tanks with a 
high aspect-ratio (Height > Dianeter). Although the 'low form' tanks 
often perform quite well they tend to be difficult to mix and to deposit 
grit. The taller form of digestion tank (Aspect ratios > 1) used 
traditionally at sewage works in mainland Europe (Fig. 1b) is seen in its 
most extreme form in the 'egg-shaped' digesters used for some very large 
plants in FR Germany and a few other countries (Fig. 1c). This shape is 
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(a) 'Low-form' digestertraditional in UK and N, America (sewage sludge) 

(b) Traditional form of continental european digester (sewage sludge) 

(c) Egg-shape used for very large continental digesters (sewage sludge) 

(d) 'High-form' tower digesters with interconnections (sewage sludge) 

(e) Pre-fabricated steel type (sewage sludge/animal slurries) 

(f) Plug-flow tube digester (animal slurries) 
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said to be economical to construct and to be efficient (7) but clearly it 
is only appropriate for very large plants. Tanks with very high aspect 
ratios of around 1.5 have also been employed in FR Germany (8) and in the 
UK (9). In the case of the German plant, pairs of tall tanks are 
hydraulically inter-connected at top and bottom to give a circular mixing 
pattern (Fig. 1d). The prefabricated steel digestion tanks naol in use 
tend to have aspect ratios of about 1-1.2 (Fig. 1e). 

The most radical departure from the conventional tank shape is seen 
in some farm digesters which are operated on the 'plug-flaol' principle 
(Fig. 1 f). The tanks are usually constructed in GRP are essentially 
horizontal and tubular in shape with semi-spherical end walls. This form 
of construction is claimed to reduce costs (6). 

3.3 Mixing systems 
All anaerobic digesters designed for sewage sludges are operated 

essentially as completely-stirred tank reactors (CSTRs) and only in the 
farm digesters mentioned earlier is there an approach to 'plug flaol' 
conditions. In the strict sense, there is no absolute need for mixing in 
order for the anaerobic digestion process to function. But the mixing 
system of a digester does serve several important purposes - i.e. uniform 
dispersal of raw sludge feed throughout the tank, prevention of short 
circuiting, maintenance of uniform temperature conditions, reduction in 
grit deposition and scum accumulation, and prevention of stratification. 

The trend over the years has been away from mechanical mixing 
systems (Figs 2a, 2b, 2c) and towards gas mixing (Figs 2d, 2e, 2f). 
Although gas mixing is, in some cases, less efficient in terms of energy 
requirements it reduces maintenance problems and can be very effective. 
It is claimed that unconfined gas mixing (Fig. 2e) is more effective than 
the confined type but both are used successfully in practice. In most 
cases, the actual energy requirements for mixing are quite small (5-20 
w/m3 digester volume) and it is usually more important to select an 
effective systan with laol maintenance costs than a system requiring 
minimum energy. Casey (10) has recently reviewed the whole subject of 
digester mixing and has described a novel method of 'see-saw' mixing 
which may have some advantages over conventional systems but it is still 
subject to full-scale evaluation. 

3.4 Heating systems 
Virtually all heated anaerobic digesters at sewage works in Europe 

and, as far as is known, all farm digesters are designed to operate in 
the mesophilic temperature range (32-370 C). The numbers of thermophilic 
anaerobic digesters (operating in the range 45-550 C) are very small 
though they are reported (11) to work satisfactorily in Canada and the 
USA. The use of unheated (cold) anaerobic digesters or lagoons is 
outside the scope of this paper though they are important locally in some 
areas (12). 

Most digesters are heated by hot water boiler or by waste heat from 
a gas engine with a water/sludge heat exchange system either internal or 
external to the digester (Fig. 3a). Some small digesters provide 
supplementary (or emergency) heating by electrical inmersion heating 
<3a). The use of direct injection of live steam (Fig. 3b) has been 
successfully revived recently in the UK with some success and claimed low 
costs (13) and it is also used at a few plants in mainland Europe. A 
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Anaerobic Digesters· Heating Systems 

(a) Hot water boiler and sludge/water heat exchange (internal or external). Standby electric immersion heater 

(b) Steam boiler and injection of live steam 

(e) Pre-pasteurisation (to 70°C) by hot water boiler followed by sludge cooling 

(d) Pre-pasteurisation (to 70°C) by submerged combustion followed by sludge cooling 

(e) Heat recovery from gas engine (combined heat and power) 

(f) Pre-heating by thermophilic aerobic digestion followed by cooling 
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major advantage of steam is the direct heat transfer to the sludge and 
elimination of the need for heat-exchange equipment. The need to 
deionize the feed water and the necessary safety equipment required for 
steam boilers represent only minor disadvantages. 

Where pre-pasteurisation is required, by heating the sludge to 700C 
for a minimum period of 30 minutes, it is still most common to use hot 
water boilers with heat exchangers (Fig. 3c) folla.ted by sludge cooling 
before pumping it into the digester. In FR Germany (14) and more 
recently in the UK (15), submerged combustion has been used successfully 
for pre-pasteurisation (Fig. 3d) and has the advantage of high 
heat-transfer efficiency (80-9~). Again, some cooling of the sludge is 
normally required before it enters the digester but no further heating of 
the sludge is necessary. 

Another successful approach to pre-pasteurisation, and one which is 
becoming increasingly popular, is to subject the sludge to a short period 
of thermophilic aerobic digestion (1-2 days at 60-700 C) (16). The 
pasteurised sludge is again cooled before anaerobic digestion at 350C. 

The only practicable system of heating for farm digesters is by hot 
water boiler or by using the waste heat from a gas engine (combined heat 
and power). 

In practical terms, the most common problem on farms is insufficient 
gas to provide the heating requirements for the digester especially in 
the winter. The root cause of this problem is usually the feeding of 
slurry of inadequate solids content. A minimum of 6% dry solids is 
recommended (17). 

3.5 Retention period 
For sewage sludge digestion plants, there has been a gradual 

reduction in the accepted design retention period from around 30 days to 
closer to 15 days. In most countries new, a period of 15-20 days is 
considered quite adequate to give full digestion but the recent survey 
(1) sha.ted that many digestion plants still operate at 25 days retention 
and more. Apart from reduced capital costs, the more intensive digestion 
achieved with somewhat shorter retention times has advantages in terms of 
self-mixing through more vigorous gas evolution (18). 

For farm digesters, the EEC survey shewed that the mean detention 
times used for digesters treating cattle slurry is about 29 days while a 
shorter average retention time of 19 days is normal for pig slurries. 
Some wide extremes around these mean values were observed. ' 

3.6 Feed solids and'feed regime 
One of the long-standing common problems with both sewage sludge 

digestion plants and farm digesters is the feeding of sludge or slurry of 
la.t solids content (i.e. the feed material is too dilute). This gives 
rise to various problems but more particularly to that of inadequate gas 
yield to provide for the heating reqUirements of the digestion plant in 
the colder weather. 

For sewage sludges, a minimum sludge solids content of about 3.5 per 
cent is necessary for a positive heat balance in cold weather conditions. 
The survey ( 1 ) sha.ted that the typical range of feed solids in the 
various countries was 2-5 per cent DS. The introduction of 
pre-thickening plant is a gradual trend and with such plants it is quite 
feasible to produce feed sludges of 6-8 per cent os. The advantage in 
terms of reduced digester volume requirements are considerable quite 
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apart from the much more favourable heat balance. Satisfactory 
digestion of feed sludges up to 9 per cent OS has been obtained (18). 

It has been recommended (17) that farm digesters should not be 
operated with feed sludge solids content of less than 6 per cent though 
this is difficul t to obtain in many cases. Very thick slurries (10-11 
per cent DS) have proved difficult to heat and mix (16) but the problem 
can be overcome by special design features. 

The feeding regime of a digester is important. Tradi tionally, 
digesters were fed once or twice per day only but nCM it is much more 
common to feed either several times per day or continuously. Continuous 
feed is 'ideal' in the sense of maintaining steady loading conditions and 
uniform gas production but it may have unfavourable effects in terms of 
sludge minimun residence time characteristics and this is important for 
pathogen removal (see Section 6). One way to minimise these problems is 
to operate on a 'punp-out - punp-in' regime so that the sludge is 
retained for a minimun period in the digester rather than be allCMed to 
continuously overflow. 

4. ENERGY ASPECTS 
Anaerobic digestion is unique among waste treatment processes in 

being, potentially at least, a net energy producer in the form of surplus 
methane gas. Much attention has been given to the energy aspects of 
anaerobic digestion in recent years and 'energy-production' still stands 
as one of the most important reasons why digesters are installed on 
farms. The use of anaerobic digestion at sewage works is not based 
primarily on the energy-yielding advantages of the process but, none the 
less, the exploitation of the energy from the gas is important in most 
cases. 

The typical yields of digester gas from sludges and slurries are 
well established (Table 2). 

Table 2. Normal gas yields from sewage sludges and farm slurries 

Type of waste 

SeWage sludge 

Pig slurry 

Cattle slurry 

Typical gas yield per 
tonne volatile matter 
fed to the digester 

(m3) 

400-450 

450 

200-400 

Taking these data and assuning that digester gas (65% methane: 35% 
carbon dioxide) has a net calorific value of 22 MJ/m3, it is possible to 
calculate the total energy represented by the gas produced from digestion 
of sewage sludge in the EEC countries and that from digestion of animal 
slurries. It is seen (Table 3) that the total primary energy 'produced' 
by anaerobic digestion in the form of digester gas is extremely small in 
relation to the total primary fuel reqUirements of the 10 countries. 

However, although the energy in digester gas is not very important 
in national or Community terms, it can be very important at the local 
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level. Thus in the UK, the energy in sludge digester gas represents 
about 30 per cent of the total energy requirements of the UK water 
industry. At the more local level of the sewage works, it has been 
appreciated for years that the generation of mechanical or electrical 
power using gas or dual-fuel engines can satisfy most or all of the 
energy requirements of the works (Table 4). In the case of works 
employing biological filters for secondary treatment a surplus of energy 
is available and cases are known now in the UK where surplus electricity 
is sold to the electricity supply utility thus yielding an income. This 
practice still seems to be rare in most of the other countries (1) 
al though it is common almost everywhere to use digester gas to generate 
electricity for use on the works itself. The overall economics of power 
generation at sewage works is still a matter for study but it is thought 
that in many cases it can be an attractive proposition. 

Table 3. The estimated total energy represented in digester gas produced 
annually by sewage sludge digesters and by farm digesters in the EEC 

in comparison with the total annual primary fuel requirements 
of the 10 EEC countries 

Total primary fuel requirement 

Total energy in digester gas 
currently produced from 
digestion of sewage sludge and 
animal slurries 

Maximum possible from sewage sludge 

Maximum possible from all sewage 
sludge and animal slurries 

* Million tonnes of oil equivalent 

10 EEC countries 

Annual energy produced or required 

1cfi GJ MTOE* 

41,000 915 

22 0.5 

60 1.4 

700 15.6 

The efficient exploitation of digester gas as a source of energy is 
crucial to the economics of farm digesters. In many cases, however, too 
high a proportion of gas produced has to be used to heat the digester 
itself (3). The use of combined heat and power units (gas engines) is 
common and in some cases sufficient spare electricity may be produced to 
allow sale to the electricity supply utility. But often it is difficult 
to match the energy reqUirements of the farm with the available gas 
supply. There are also problems with the maintenance of gas engines 
especially where the gas is rich in hydrogen sulphide. It is considered 
most economic to use the gas for heating if practicable (16). The use of 
gas for lighting and cooking is less common. 
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Table 4. Energy balance for sewage treatment and digester gas use 
(Typical Values) 

Annual Energy Consumed 

Sewage Treatment 
Sludge Treatment 

Total 

Annual Energy Produced 

Digester Gas Primary Energy 
Electrical Energy* 

Biological 
Filtration 

2.4 
2.0 

4.4 

48.6 
12.1 

Type of Works 

(kWh/Head) 

Activated 
Sludge 

17 .0 
2.0 

19.0 

53.8 
13.4 

* Assumes 25% overall conversion efficiency by gas engines and generators 

Loll (19) has described the formation of a 'biogas community' in FR 
Germany. Five digestion plants in one village are interconnected by a 
common gas pipeline with a single large biogas storage tank. The system 
is experimental but is claimed to have several advantages including a 
balanced supply for users at all times. Apart from the gas producers 
themselves, other users may also buy gas from the system. The overall 
economics of this sort of scheme are, however, not yet evaluated. 

5. ECONOMIC ASPECTS 
The costs involved in the installation and operation of a sludge 

stabilisation plant are important whether the plant is for sewage sludge 
or for animal slurry. The most economic form of stabilisation process 
will normally be selected provided it meets the required process 
performance specification. As has been indicated earlier, anaerobic 
digestion is by far the most widely used process for stabilisation of 
sewage sludges and for farm slurries but there are other potential 
process options which might be selected in some cases. These are 
composting, lime addition, and aerobiC treatment, and, in particular 
thermophilic aerobic digestion (TAD). The evidence suggests that the 
latter process is the most serious practical "competitor" to anaerobic 
digestion particularly at sewage works serving populations in the range 
5000-50,000 (20). Thermophilic aerobic digestion has become fairly well 
established now in FR Germany where there are over 20 plants in operation 
(21) and there has been development work in the UK and elsewhere. 

Recent comparisons of the capital and operating costs of anaerobic 
digestion plants and of thermophilic aerobic digestion plants for sewage 
works serving populations ranging between 5000 and 50,000 are shown in 
Table 5. The costings apply to UK conditions but the broad comparisons 
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are thought to be valid for other countries as well. It is seen that, as 
expected, anaerobic digestion plants are much higher in capital costs 
than the corresponding TAD plants but the latter method incurs much 
higher operating costs. 

Table 5. Comparison of costs of anaerobic digestion and thermophilic 
aerobic digestion plants (1985 prices) 

Mesophilic anaerobic Thermophilic aerobic 
digestion (1) digestion (2) 

Population Sludge Costs Costs 
served volume 

(thousands) (m3/d) Capital Operating NPC (3) Capital Operating NPC (3) 
£k £k/a £k £k £k/a 

5 9.15 71 3.0 109 48 6.6 
10 18.3 98 5.3 164 56 10.2 
20 36.6 123 9.2 237 74 17.3 
50 91.5 294 19.4 536 118 38.3 

Assumptions 
For (1) Retention time 15 days; energy requirements 0.15 kWhIm3 

sludge treated. No value given to digester gas 
(2) Retention time 8 days; energy requirements 20 kWhIm3 

sludge treated 

£k 

131 
183 
289 
595 

Prefabricated glass-coated steel tanks with covers used for both 
types of plant with external insulation 

(3) Net present costs calculated on basis of 5 per cent discount 
rate over a period of 20 years 

If an econanic assessment of the costs of the two processes 
is made by calculating the Net Present Costs (NPC) based on a 20-year 
life and 5 per cent discount rate, a direct comparison can be made. It 
is seen that, for the assumptions given, the NPC of anaerobic digestion 
plants is conSistently less than that for TAD plants over the range of 
populations considered. However, the accuracy of the cost estimates is 
not such as to rule out use of TAD as an option and actual cases would 
need to be individually assessed. In making the comparison, no value has 
been given to the surplus digester gas that might be available from the 
anaerobic digestion plants and this could markedly improve the econanics 
of anaerobic digestion. On the other hand, the advantages of 
thermophilic conditions (45-550C) in regard to pathogen destruction gives 
the TAD process some technical advantage over mesophilic anaerobic 
digestion. In some cases this could represent a real cost benefit (e.g. 
where disinfection was a requirement) since it dispenses with the need 
for separate pre-pasteurisation. 

The econanic assessment given in Table 5 could apply 
generally also to the farm situation if the same type of plant and 
equi!Xllent as used at sewage works plants were required. Usually, the 
farmer is looking for a cheaper approach, possibly on a 'do it yourself 
basis'. Even then, it has been shown that, at best, pay-back periods of 
5 years are required (4). 
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6. PAlliOOEN INACTIVATION 
The effect of different types of stabilisation process on the 

pathogens present in sewage sludges has been the subject of much recent 
research. This topic wil be discussed in detail in another session of 
this symposium and it is only appropriate to deal briefly here with the 
situation regarding mesophilic anaerobic digestion. The pathogens of 
main concern are Salmonella and the eggs of the beef tapeworm ~ 
saginata. It has been reported that anaerobic digestion for 20 days at 
350C has the following effects (22). 

Salmonella - 90% removal (median) 
T. saginata eggs - Infectivity destroyed 

Therefore, conventional anaerobic digestion has a powerful 
destructive effect on the pathogens of most concern. Further storage of 
digested sludge, and/or appropriate disposal methods will minimise any 
risk of transmission of disease even where there is not a complete 
removal of pathogens. However, the above levels of inactivation assume 
that all the sludge resides for 15-20 days in the digester. Since 
anaerobic digesters are operated as 'completely mixed' reactors there is 
a certainty that a proportion of sludge will have a residence period less 
than the nominal mean period. From the point of view of pathogen 
inactivation, batch operation or plug-flow operation would be ideal but 
this is not really feasible for sewage sludge digestion. As indicated 
earlier, some farm digesters have, however, been designed to operate in 
the plug-flow mode. 

Operation in two or more digestion stages provides some improvement 
in sludge retention characteristics but is undesirable in terms of other 
process requirements and costs. It is considered that the best solution 
is to operate the digester on a 'Pump-out: Pump-in' system by which a 
volume of sludge (equivalent to 1 or 2 days flow) is pumped from the 
digester and then an equivalent volume of raw sludge is admitted. This 
guarantees that all raw sludge is retained for a minimum of 1 or 2 days. 
If such modes of operation are not considered adequate, the only means to 
ensure complete removal of pathogens is to provide a pre-pasteurisation 
stage before digestion. This practice is growing in some countries. 

7. BIOCHEMISTRY 
The successful use of anaerobic digestion for waste treatment came 

well ahead of a detailed knowledge of the basic biochemistry and 
microbiology of the process. But such knowledge, in the long term, may 
be crucial to any significant further advances in process operation or 
control. The anaerobic digestion process is in fact, very complex 
chemically and very dependent on the maintenance of a fine balance 
between at least 4 different groups of bacteria. A detailed exposition 
of the microbiology has been given by Marty (23) and Mosey (24) has now 
demonstrated the key (and hitherto unsuspected) role played by hydrogen 
gas in the maintenance of process equilibrium. Figure 4 gives a very 
Simplified version of Mosey's model. Any build-up in concentration of 
hydrogen gas can result in a blockage in the conversion of propionic and 
butyric acids to acetic acid leading to a reduction in pH and eventually 
a 'stuck' digester. Detection of a rise in the concentration of hydrogen 
in the gas being produced by a digester could thus give an 'early 
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warning' of impending process failure. The availability of an instrument 
to measure low concentrations of hydrogen gas has allowed this idea to be 
demonstrated and the objective now is to develop an on-line hydrogen 
detector to provide for continuous monitoring of the process. 

8. PROBLEMS AND RESEARCH NEEDS 
Following the relatively long period of technical developnent of 

anaerobic digestion plants for sewage sludge stabilisation, the situation 
has now been reached when the major design and engineering problems have 
been resolved although improvements and capi tal costs reductions will 
continue to be sought. There is still room for debate about the best 
method of digester mixing or even the necessary degree of mixing that is 
actually required for satisfactory operation (10). Similarly, the most 
effective method of heating, or the optimum tank aspect ratiO, are still 
matters for discussion and for possible resolution in due course by 
definitive experiment. 

The main problems that still present themselves regularly are 
related to digester operation and are as follows: 

SEWAGE &.UIXlES 
Tbin feed sludges 

The advantages of pre-thickening sludge to above 6 per cent (and 
preferably to 8 per cent) DS have been well demonstrated, yet the recent 
survey (1) showed that in most countries feed sludges of 3-4% only are 
still the norm. This means, essentially, the inefficient use of digester 
capacity and quite often it leads also to problems of inadequate digester 
temperature in winter conditions and of stratification of tank contents 
leading to process failure. 

Process inhibition by toxic chemicals 
The problem of inhibition is now generally much reduced as a result 

of a better understanding of the type of chemicals responsible and of 
improved trade waste control. But process failure through inhibition by, 
for example, chlorinated hydrocarbons, or by heavy metals (25) still 
occurs in some areas. The developnent of I early warning' moni toring 
systems to detect and assess toxicity effects is a perceived need (25). 

Digester foaming 
The phenomenon of sludge foaming, which can give rise to severe 

operational difficulties, is unpredictable and often unexplained. 
Further studies to elicit the cause, or causes, and to identify 
appropriate cures are indicated. 

Farm slurries 
In regard to farm digesters, the EEC survey identified several clear 

engineering problems which need to be resolved before anaerobic digestion 
would become economically viable on farms. There are (a) gas leakages 
from digesters (b) failure of feed pumps (c) ineffective mixing systems 
(d) unreliable electricity generating systems and (e) pipe blockages. In 
addition to these the widespread problem of poor quality feeds (too 
dilute and too many coarse solids) has been identified by others 07). 
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CONQUSIONS 
Mesophilic anaerobic digestion will remain as a very important 

process for stabilisation of sewage sludge with growing numbers of 
digesters installed in Europe. A variety of design trends have been 
discernible in recent years and improvements will continue. Some 
operational problems still need to be tackled. The future for fanm-scale 
anaerobic digestion is less certain and will depend on developnent of 
very reliable low-cost systems though financial incentives will probably 
be determining factors in the rate of growth. 

In both cases, there is still scope for research and developnent to 
reduce costs and improve efficiency. 
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DISCUSSION 

G. MININNI 

You have mentioned anaerobic and aerobic treatment of sewage sludge. 
Have you considered other processes such as 'dual digestion' developed by 
Union Carbide? 

A.M. BRUCE 

Yes we have looked at the dual-digestion process as well as many others. 
For example, there is one which is similar to the Union Carbide process 
except that it uses air instead of pure oxygen. This has been used in 
Switzerland and has been shawn to improve the consolidation of sludge. 
However, as with all new processes it is important to examine closely the 
economics. 

P. J. MATI'HEWS 

You have referred to heated anaerobic digestion. But have you considered 
cold digestion? This has been shawn to be more effective for killing 
Taenia saginata ova than had previously been thought. 

A.M. BRUCE 

I do refer briefly to cold digestion in the paper. I am not certain that 
it has an application to large works where odour problems and land-area 
requirements will probably make it unsuitable. Accelerated cold 
digestion probably is the most interesting new development for small 
works ie. less than about 5000 population-equivalents. Several such 
plants are currently being installed in the Yorkshire Water Authority 
area of the UK. 

There are many other processes available at the moment, for example, one 
involving reed beds. But as always it is vital to examine closely the 
economics of these processes, not just their technical features. 

R.L. LESCHBER 

I would like to mention one method which is being developed in Berlin to 
save costs. This involves a short anaerobic treatment of less than 4 
hours and the partially stabilised sludge is then spread on agricultural 
land. It seems to be promising and could be used for ccmnunities up to 
20000 population equivalents. 

A.M. BRUCE 

I am aware of a high-rate enzymatic sludge stabilisation process 
developed in East Germany and assume that this is what Dr Leschber is 
referring to. We have not yet corrpleted our evaluation of this process. 
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Biological decomposition and stabilization of sewage sludge under con
ditions which allow development of thermophilic temperatures (com
posting) can effect considerable drying. This reduces costs of handling 
and increases the attractiveness of compost for reuse or disposal. 
Microbiological aspects, composting systems and product quality are 
described. 
A review is given on the "state of the art" of composting of sewage 
sludge in Austria, Canada, Denmark, Finland, France, Germany, Ireland, 
Italy, The Netherlands, Norway, Sweden, Switzerland and the United 
Kingdom. 

1. INTRODUCTION 
There is no universally accepted definition of composting. In this pa

per, composting is defined as the biological decomposition and stabilization 
of organic substrates under conditions which allow development of thermophi
lic temperatures as a result of biologically produced heat, with a final 
product sufficiently stable for storage and application on land without ad
verse environmental effects (Haug, 1980). 

The objectives of composting have traditionally been to biologically 
convert putrescible organics to a stabilized form and to destroy organisms 
pathogenic to humans. Composting is also capable of destroying plant dis
eases, weed seeds, insects and insect eggs. Odour potential from use of com
post is greatly reduced because organics that remain after proper composting 
are relatively stable with low rates of decomposition. Composting can also 
effect considerable drying, which is of particular value with wet substrates 
as sewage sludges. Decomposition of substrate organics together with drying 
during composting can reduce the cost of subsequent handling and increase 
the attractiveness of compost for reuse or disposal. 

Compost can be disposed of in a sanitary and usually convenient manner. 
If the product is reused, it can accomplish a number of additional purposes 
including: 
- to improve growth of crops 
- to reclaim and reuse certain valuable nutrients 
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- to serve as a source of organic matter for maintaining or building sup
plies of soil humus, necessary for proper soil structure and moisture
holding capacity. 

Generally, composting has been applied to relatively dry materials. 
Municipal refuse, agricultural residues, dried animal manures and forest 
wastes are examples of substrates commonly used as composting materials. 
Dewatered sludge still has a water content of about 75%. The high moisture 
content, lack of porosity, tendency to compact and the need to dry dewa
tered sludge during composting make sludge composting somewhat unique and 
often difficult. 

To increase the porosity and to reduce the moisture content a bulking 
agent can be added. 

2. MICROBIOLOGICAL ASPECTS 
Composting is a process based on microbial activity. It depends on a 

sequentially changing microbial ecology involving many types of micro-orga
nisms. At first a large variety of bacteria, always naturally occurring in 
all organic wastes, starts the transformation. Changes of trophic conditions 
and of factors such as temperature, moisture, pH and aeration progressively 
cause changes of microbial populations and their activities. 

An unique and general model can only be approximate since great ecolo
gical differences may depend on raw material quality (chemical composition, 
bulk density, moisture, pH) and technology (closed or open system, aeration 
system, static or mixing treatment). According to such a simple scheme an 
early progressive increase of biomass and activity of mesophilic micro-orga
nisms characterizes the first stage of the process. The accumulation of mi
crobial waste heat is at first stimulating the development of mesophilic 
organisms but turns then inhibitory at temperatures within the 40 0 C to 500 C 
range. Species variations depending on the exact critical temperature occur 
during this second transitional period, involving thermotolerant bacteria. 
Thermophilic and spore-forming bacteria as well as thermophilic actinomyce
tes are the agents of the transformation when temperature exceeds 55 0 C, 
while non-thermotolerant microflora dies off. Then, with decreases of tem
perature and the lack of easily degradable substances, an important growth 
of fungi and mesophilic actinomycetes activity takes place until complete 
compost ripening. 

There is not detailed knowledge about microbial species responsible 
for every stage of the process, available information certainly depending 
on microbiological isolation methods used. 

The Civil Sanitary Engineering Department of the Michigan State Uni
versity (1955) reported that as the composting progresses there was a shift 
from a varied popUlation belonging to genera Pseudomonas, Achromobacter, 
Flavobacterium, Micrococcus, and Bacillus, to one dominated by sporeformers 
of the genus Bacillus. Niese (1959) identified Bacillus subtilis and Bacil
lus stearothermophilus. Among spore-forming bacteria belonging to genUS--
Clostridium, Henssen (1957) identified CI.thermocellum. Isolation and iden
tification of thermoduric and thermophilic non-sporulating bacteria from 
composting materials have never been performed. 

Nakasaki et al. (1983), applying the death rate curve method with UV
radiation to differentiate between vegetative cells and spores of bacteria, 
showed that more than 60% of mesophiles remained in the vegetative form at 
60 0 C during thermophilic composting of activated sludge. Concerning Actino
mycetes, Lacey (1973) found out that species of Streptomyces were dominant 
with mild heating, Thermoactinomyces, Micropolyspora and Thermomonospora 
prevailed in hotter piles. Streptomyces thermomonospora curvata, 
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Thermoactinomyces thalpophilus, Thermoactinomyces glaucus and Pseudonocardia 
thermophila had been signalized by Henssen (1957). Coppola et al. (1983) 
isolated 27 species of Streptomyces, 3 of Nocardia, 2 of Streptoverticillium, 
1 of Microbispora, 1 of Thermoactinomyces, 2 of Thermomonospora and 1 of 
Micropolyspora during composting of sewage sludge in mixture with wood chips. 

Fungal identity as presented by several authors studying composting of 
different organic waste materials was reviewed by Finstein and Morris (1975). 
De Bertoldi et al. ( 1983) isolated thermophilic and mesophilic species 
during composting of the organic fraction of urban solid wastes (60%) mixed 
with sewage sludge (40%). Absidia ramosa, Allescheria terrestris, Mucor 
pusillus, Chaetomium thermophilum,~romyces thermophilis, AspergIIIus 
fumigatus, Humicola insolens, Humicola lanuginosa, Lenzites sp., Penicillium 
duponti, Scytalidium thermophilum, Sporotrichum thermophile, Thermoascus 
aurantiacus and Micelia sterilia were identified among thermophilics. Meso
philics included 6 species of Ascomycotina, 8 species of Basidiomycotina 
and 29 species belonging to 23 genera of Deuteromycotina. 

Microbial activities during composting are as complex as microbial po
pulations. They must assure the achievement of the following main objectives: 
i) a maximized decomposition rate of organic material; ii) abundant produc
tion of substances able to make compost a valid soil conditioner; iii) sani
tization of the material. 

Finstein et al. (1983) have emphasized the correlation between the de
composition rate and microbial species diversity of the composting ecosys
tem, as a condition to attain the transformation of a wide range of organic 
compounds. Since community diversity, as measured by authors, is markedly 
lower at 60-65 0 C than at 55-61 oC, the temperature ascent must be restrained 
to less than 60oC. Thus authors have developed a rational strategy for 
countering the tendency of the composting ecosystem to self-limit via exces
sive accumulation of metabolically generated heat. The exceeding heat is re
moved from the composting mass through ventilation, a practical means also 
favouring evaporization of water and oxygen supply. This strategy, compared 
to a conventional approach yielded about four fold more waste treatment in 
half the processing time (Finstein and Miller, 1985). However, composting 
is not only a mineralization process. C02, H20 and heat arise from the aero
bic metabolism of the easily degradable substances. More complex compounds 
are humified. New high molecular weight compounds are synthesized. 

Solid-state conditions within composting are widely favourable to these 
processes. Coppola et al. (1983a) measured interesting cation exchange ca
pacities, humic acids and polysaccharides contents in sewage sludges com
posted in mixture with wood chips or with inert bulking agents. Morel et al. 
(1985) have found in mature compost relatively high quantities of polysaccha
rides extractable in acid, likely corresponding with newly synthesized micro
bial components rather than those fractions which are not yet decomposed. 

Moreover composting is widely considered as a disinfection process. It 
is generally recognized that the temperature effect alone is sufficient to 
kill pathogenic organisms, eggs and larvae of flies as well as weed seeds. 
Wiley and Westerberg (1969) showed clearly that indicator pathogens, added 
to composting primary sewage sludge in enormous number, were rapidly killed. 
The indicator organisms, Salmonella newport, polio-virus type 1, Ascaris 
lumbricoides ova, and Candida albicans were all completely killed. Polio
virus was the most sensitive, Candida albicans the most resistant. Micro
bial antagonism is an additional sanitizing mechanism. Epstein and Wilson 
(1975) described inoculating Salmonella enteritidis serotype Montevideo 
into sterile composted sewage sludge (60% solids). Initial counts were 
measured at 10 3 bacteria per g. After 2 days of incubation, salmonellae 
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counts were found to be greater than 109 bacteria per g. 
Salmonella regrowth in bageed compos ted sludge was found by Russ and 

Yankoo (1981) to occur at 20-40 C, require a moisture content of about or 
more than 20% and a CIN ratio of 15:1. Population peaks occurred around 5 
days under laboratory conditions, followed by subsequent die-off. Authors 
concluded that only appropriate curing and storage of compost can allow to 
achieve the necessary levels of safety. Coppola et al. (1983a) put into evi
dence that by favouring growth of actinomycetes through aeration and drying 
during composting of sewage sludge in mixture with wood chips, a drastic and 
permanent reduction of enteric bacteria counts was achieved. Such compost 
was also unable to support regrowth of Salmonella enteritides. Well con
trolled composting processes have always shown to provide sanitized products, 
as reported also by Strauch (1983). Indeed a permanent hygienization can on
ly be warranted if an intensive transformation of chemical, physical and bio
logical characteristics of the medium is achieved, when sludge becomes un
suitable to pathogens growth. Experiments have shown that within such condi
tions compost exhibits microbial contents very different in comparison with 
the raw material, especially with reference to Enterobacteriaceae and other 
gram-negative bacteria (De Bertoldi, Coppola and Spinosa, 1983). So the mi
crobiological quality of compost reflects the composting procedure. 

3. COMPOSTING SYSTEMS 
Composting systems can be divided into so-called closed and open sys

tems, schematic the systems are as follows: 

composting system 
I 

open system 
I 

mixing no mixing 

C><J 
oxygen 

downstream 
oxygen 

upstream 

I 

I 
vertical flow 

closed system 
I I 
horizontal flow 

reactor 
I 

mixing no mixing 

C><J 
oxygen 

downstream 
oxygen 

upstream 

reactor 

The closed systems have advantages. in humid climates. They are, however, 
expensive both in investment and in exploitation. The output is more or less 
continuous in a limited number of days. 

The open systems are simple and the scale is variable. The investment 
is relatively low, the exploitation costs are depending on the season. A 
longer composting period is necessary compared to closed systems. 

Open system, mixing (windrow) 
The open system, with mixing is a relatively simple system of compost

ing. The sewage sludge is set up in rows, called windrows. Periodically the 
sludge is turned with a frequency that varies from once a day to once a 
week. The aeration and oxygen supply takes place naturally during the 
turning of the material. 

The advantage of the windrow composting is the simple way in which dry 
compost or another bulking agent can be added to the sludge, so that the 
composting process starts quickly. 
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Open system, no m~x~ng (aerated static pile) 
The open system without mixing often is called after the place where 

it is developed namely Beltsville in the United States of America. The 
sludge with bulking agent again is set up in rows. In contrast with the 
windrows system, however, the material is not turned during the process 
but forced aeration is applied to maintain aerobic conditions. 

Closed system, horizontal flow reactor (DANO) 
One of the most important closed systems with a horizontal flow reac

tor is the DANO-system. The drum is rotating, so that the content is moving 
continuously. By the intensive mixing, by which moisture- and oxygen supply 
can be controlled closely, the composting process starts quickly. In a few 
days the material is that stable that post fermentation (ripening) in the 
open air can take place, without odour problems. 

Close system, vertical flow reactor, mixing (Schnorr) 
A vertical flow reactor with mixing is the so-called Schnorr-biocell 

system. The reactor consists of a vertical tower with 8-10 floors, one 
above the other. Each floor contains a hydraulically operated valve which 
allows material to be discharged to the next floor. Oxygen is introduced by 
forced aeration. Retention time is about three days on each floor. At the 
lowest floor the material is that stable that no further ripening is needed 
any more. 

Closed system, vertical flow reactor, no m~x~ng (Kneer, BAV) 
A vertical flow reactor with no interior floors or other mechanisms is 

the Kneer-system, recent versions known as BAV-system. There is no mixing. 
Feed is introduced at the top and flows downward as product is removed by a 
mechanical scraper from the bottom. Oxygen is supplied by forced aeration 
from the bottom. Retention time is 10-30 days. Ripening in the open air can 
take place without odour problems. 

Closed system, vertical flow reactor, no m~x~ng (Triga) 
Another vertical flow reactor without mixing is the Triga-system, a 

reactor which is divided into four separate vertical compartments. Oxygen 
is supplied at the top of the reactor. A screw extractor removes the product 
from the bottom. The retention time is about 25 days. Ripening takes place 
in the open air for 2-4 months. 

There are, of course, several more firms than the above mentioned 
building composting reactors; the systems mostly used for sludge composting 
are described. 

4. PRODUCT QUALITY 
The quality of the produced compost depends on the quality of the 

sewage sludge, the bulking agent and the composting system. 
Comparing data of sewage sludge and the sludge compost (EPA, 1978) in

dicates that only one third of the original nitrogen can be found in the 
compost. This loss is mainly due to the easy leaching of nitrogen and NH4-
evaporation. Phosphate, potassium and magnesium do not leach that quickly, 
so the decrease of these elements is less. 

Almost all heavy metals, both from the sewage sludge and bulking agent, 
can be found in the compost. As by the composting process a part of the or
ganic matter is converted, the concentration of heavy metals in the dry 
matter fraction of the compost will increase. 

It is impossible to give analyses of an "average of compost". The ratio 
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bulking agent - sewage sludge, and the composition of both differs from 
place to place. 

In general it can be said that in all the countries reviewed there are 
guidelines (advices or acts) for the use of sewage sludge in agriculture. 
More and more there are rules that protect the soil for overloading with 
heavy materials. 

If the guidelines for compost quality and use are fixed, on a national 
or an international level, there may be an increase in popularity of com
posting in most countries. A review of guidelines for soil protection (maxi
mum permissible concentrations) is beyond the scope of this paper. 

5. "STATE OF THE ART" ON SLUDGE COMPOSTING 

Austria 
In Austria 2,4 million m3 of sewage sludge is produced yearly with a 

dry matter content of 5% (+ 120,000 ton dm). About 2 (volume)% (48,000 m3) 
is composted. -

Of this quantity only 3,000 m3 is composted with sawdust in a Kneer 
bioreactor. After a composting period of 14 days in the reactor, the product 
ripens in 40 or more days. 

The other 45,000 m3 of sewage sludge is compos ted together with urban 
waste in 7 composting plants. Both the DANO-system and the aerated static 
pile are used. 

About 1/3 of the compost is used in agriculture, the rest of it for 
covering of landfill sites and recultivation of embarkments. 

The quantity of sewage sludge composted will probably decrease the next 
few years because of the guidelines for heavy metals. However, there is a 
great need for organic matter. 

Canada 
------Sewage sludge composting is done only at a very few locations in Canada. 
Less than 1% of the yearly production of 290,000 ton dm is composted. In 
Windsor, Ontario, the windrow method is used; straw is used as bulking agent. 
The product is sold as a horticultural potting medium and soil conditioner. 
The same method with wood chips as bulking agent is used in British Columbia 
(Comox-strathcona Regional District). 

The periods of composting and ripening are 21 and 60 days respectively. 
The compost has been used by the local Parks Department as soil conditioner 
and mulch, however, the intention is to sell much of it in the future. It 
is not likely that composting of sewage sludge in Canada will increase very 
much in future. 

Denmark 
In Denmark there are two plants with combined sludge and solid urban 

waste composting. 
In Frederikssund the DANO-system is used (24 h) with additional Wind

row composting (4 turnings in a 3 month period). They process annually 
4,000 ton sludge (18% dm), 20,000 ton'sludge (3% dm) mixed with 25,000 ton 
domestic waste. 

The reject output from sieving is 15,000 ton/year and is disposed at 
a controlled sanitary landfill. The remaining compost output of 6,000 tonI 
year is partly used on municipal greens (2,000 t/y) while the rest (4,000 
t/y) is used as top layer on sanitary landfills. 

In Fovling, Jutland, the municipal plant process annually 4,000 ton 
dewatered sludge (12% dm) ~ 480 ton dm and 6,000 ton sludge of 4% dm ~ 240 
ton dm together with 24,000 ton hamrnermilled domestic waste. The process is 
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locally designed and looks like the aerated static pile method. 
The total amount of raw sludge compos ted in Denmark is approximately 

2,000 ton dm/y, corresponding to + 1% of the total sludge production. 

Finland 
The development of composting in Finland is shown in table 1. The num

ber of sewage plants using composting indicates the increasing popularity 
of composting. In this table the number of inhabitants connected to treat
ment plants is shown too. 

Table 1. Development of composting in Finland 

Connected population (x 10 3 /1%) Number of works No/% 

1977 1982 1977 1982 
sludge 
composting 96/3 423/13 13/2 46/8 

sewage 
works 2820/100 3320/100 546/100 563/100 

Total population 
4743 4824 

Total sludge production m3/a 
930,000 1,130,000 

(100,000 ton)~ 130,000 (ton)~ ~ data not reliable 

The composting occurs mainly at small sewage treatment plants with the 
windrow system. The composting agent is mainly bark and peat. Big cities 
also use leaves and cut gras etc. and sometimes even sand to control the 
density of the material. 

Big cities, using intensive turning may have a ripening time of 2-3 
months. Small units sometimes have a ripening time of more than 1 year in 
order to include a freezing period. 

The justification is - freezing reduces the moisture content and 
increases the porosity 

- freezing and a long retention give more safety 
margin to pathogen die-off. 

The compost is mainly used as topsoil in parks, "green areas", road 
slopes etc •. The increasing popularity of composting in Finland can be ex
plained as follows: 
- low population density: suitable places causing particularly no odour 

nuisances can be found in the countryside; 
- for fairly small plants simple composting provides the only feasible and 

reliable stabilization method; 
- in the northern parts of the country, little or no crops are grown. Fields 

are used for grazing, and the sludge cannot be used in agriculture. 
Simultaneously there is a lack of topsoil. 

France 
------In France the total sewage sludge production is nearly 800,000 ton dm/ 
year. About 10,000 ton sludge is composted (thus 1.25%). At this moment 
there are 5 composting plants: Royan, Nantes (2), Soisson and Blois. Planned 
composting plants are: Surgeres, Besan90n and Rodez. 
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In Royan the Triga process is used, in Soissons and Nantes the BAV pro
cess and in Blois the windrow system. The compost is used in bags for garden 
centers, vineyards and horticulture. 

Germany 
The annual sludge production in Germany is about 2,4 million ton dm. 

Approximately 2% (48,000 ton dm) is composted with or without urban waste. 
Composting of sludge with no other bulking agents than straw, sawdust etc. 
takes place at 42 locations. Only at 6 locations an open composting system 
is used. The other ones are mainly vertical flow reactors without mixing. 
The connected population is 1,1 million in total. 

In 1990 about 50-60 sewage sludge composting plants are expected with 
a connection of 1.2-1.5 million i.e .. The government stimulates recycling 
of wastes and by this composting of sewage sludge. Of course, a market for 
the product is necessary and this must be developed further. At the moment 
the compost is used as topsoil on landfill sites, on public greens and gar
dens. 

Table 2. Sludge compostin~ in Germany (1983) 

place i.e. system 

I. Deidesheim 13,000 closed 
2. Denkendorf 15,000 closed 
3. Dettenhausen 8,000 closed 
4. Gaggenau 121,000 closed 
5. Liebenzell 16,000 closed 
6. Rastatt 120,000 closed 
7. Mittleres Wuhachtal 14,000 closed 
8. Althausen 4,200 open 
9. Pleidelsheim open 

10. Brilon-Messinghausen 10,000 closed 
II. Delbruck 30,000 closed 
12. Eddersheim 15,000 closed 
13. Ferndorftal 110,000 closed 
14. Freigericht 30,000 closed 
15. Herbrechtingen 25,000 closed 
16. Hochheim 25,000 closed 
17. Kandel 10,000 closed 
18. Kronberg 30,000 closed 
19. Lambsheim 20,000 closed 
20. Lollar 25,000 closed 
21. Lubeck 15,000 closed 
22. Nufringen 15,000 closed 
23. Raisdorf 10,000 closed 
24. Rosbach 20,000 closed 
25. Schofflenztal 25,000 closed 
26. Schliichtern 25,000 closed 
27. Steinenbronn 15,000 closed 
28. Vlotho 20,000 closed 
29. Waldenbuch 15,000 closed 
30. Weilheim/Teck 25,000 closed 
31. Wilnsdorf-Weisstal 15,000 closed 
32. Winterberg 20,000 closed 
33. Laupheim 50,000 closed 
34. Horn Bad Meinberg 25,000 closed 
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place 

35. Bickenbach 
36. Oberwald 
37. Neunkirchen/Saar 
38. Unteres Kochertal 
39. Muhlacker 
40. Oberer Kraichbach 
41. Bad Vilbel 
42. Edertal 

Ireland 

i.e. 

50,000 
20,000 

50,000 

system 

closed 
closed 
closed 
open 
open 
closed 
open 
open 

Any composting that is done in Ireland is on straw, poultry and horse 
manure and is aimed at mushroom production. This, however, is outside the 
scope of this review. 

Composting of sewage sludge does not take place at all. The total 
sludge production in Ireland is about 20,000 ton dm/year. 

Italy 
-----In Italy the total annual sludge production is approximately 200,000 
ton dm. There is only one sludge composting plant; this plant treats 10-20 
cubic meter of dewatered sludge a day (700 ton/year) through the BAV-system 
(mixing with saw dust, 2 weeks bioreactor, 6-8 weeks ripening). The compost 
is used in plant nurseries and public greens. A second plant is going to 
start using the same system, with a load of 1500 ton per year. 

In Italy 5% of the urban solid waste is composted. An unknown percent
age is mixed with sewage sludge in some plants. In total no more than 0,5% 
of the annual sludge production is composted. 

The Netherlands 
At the moment composting of sewage sludge takes place at three loca

tions in The Netherlands, two of them on a rather small scale. One company 
in the western part of Holland treats the sludge from several Water Boards 
to make compost and black earth on a very big scale. The method used for 
composting is the aerated static pile. Wood chips are used as bulking 
agent. 

At all locations "open" systems are used, at the biggest plant the 
composting takes place under a roof. This is to exclude the rainfall and 
to control odour problems, because all the ventilation air can be lead 
through compost filters. 

The compost is particularly used on public greens. 
If the guidelines for compost quality are fixed the quantity of sludge 

compos ted will probably increase to 5 percent of the total sludge produc
tion of 260,000 ton dm/year. 

Norway 
------The total amount of sewage sludge produced in Norway is approximately 
80,000 ton dm, of which 5-7·.5% is composted yearly. 

1,200 ton sludge is composted by the BAV-method, with sawdust as 
bulking agent. The retention time is 10-12 days. Ripening takes place in 
the open air. 

In the Oslo area 4,000 ton sludge is compos ted by the Beltsville meth
od, without using a bulking agent. 

During the last ten years 30 plants for combined composting of domestic 
waste and sewage sludge are built. Most of them, however, are closed; only 
4 are still in full activity, but there are problems with the destination 
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of the compost, because of the high lead content. 
The sludge compost is of a good quality and the total amount is used 

on green areas. 

Sweden 
------The annual sludge production in Sweden is approximately 250,000 ton dm. 
Of which ~ 50,000 ton is composted together with urban waste (20%), mostly 
in open systems. 

The two biorotors constructed are not in use at the moment. 
Only in a few cases sewage sludge is compos ted with bark or sawdust as 

bulking agent. 
The compost is used as landfill cover or in green areas and gardens. 
The quantity of sludge composted will probably decrease because of 

economic reasons. 

Swi tzer land 
In Switzerland only one plant is composting sludge, with an amount of 

200 ton dm per year. This corresponds to approximately 0.1% of the annual 
sludge production of 150,000 ton dm. A closed vertical flow reactor is used, 
with sawdust as bulking agent. Retention time is between 10-15 days. Because 
of the relatively high content of heavy metals and nutrients in the com
posted sludge, the application, mainly in vineculture, is strongly re
stricted to 15 ton per hectare each 15-20 years. 

United Kingdom 
Currently in the U.K. composting is not widely practiced. Only 1% of 

all sludge disposed to land is being composted. The total annual sludge 
production is 1.2 million ton dm. 

Composting is not used more extensively mainly because land area and 
labour requirements for the process are greater than for the preferred 
method of stabilisation (mesophilic digestion). 

About 80% of the sludge composted is lime stabilised, dewatered sludge 
from plate presses. It is composted in open windrows, which are turned about 
once a month. Since the giles are only turned infrequently temperatures sel
dom increase above 40-50 C. After a period of a few months, the organic 
matter in the sludge is reduced from an initial value of 65% to about 40%. 

The compos ted material is then used on arable land, for land reclama
tion and for fertiliser manufacture. 

Pilot scale trials are currently being carried out by the Water Re
search Centre to investigate the benefits and costs of composting dewatered 
sewage sludge using the aerated pile process. 

Summarized the "state of the art" of composting of sewage sludge is 
shown in table 3. 

6. CONCLUSIONS 
In most of the reviewed countries composting of sewage sludge is still 

a minor treatment method. The reason for this is probably that the use of 
liquid sludge in agriculture (mesophilic digested) in general does not meet 
many difficulties. 

Composting can be achieved in open or in closed systems. Most of the 
closed systems are found in Germany, Austria and France. 

In case of open systems mainly the windrow method is used. 
Composting may increase in future if the guidelines for the product 

are fixed, on national or international level, and can be met. 
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DISCUSSION 

G. MININNI 

Same countries covered by your survey use open systems whilst others use 
closed systems. Why is there this difference and does it affect the 
quality of the composted material? 

L.E. DUVOORI'-VAN ENGERS 

They are both good systems and produce similar composted material. The 
choice between the two systems really depends on local conditions, for 
example, if the climate is wet, it is preferable to use a closed system. 
Furtherroore, closed systems, in general, require less land area. 

H. KUNZE 

What is the "state of the art" view of the economics of carposting? For 
example, how does the price of the carposted material compare with cost 
of production? 

M. DE BERI'OLDI 

A paper dealing with this aspect of carposting will be presented next 
April at the International Symposium on Carpost - Production, Quality and 
use. The Symposium will be held in Udine, Italy and will be jointly 
organised by the European Commission, the National Research Council of 
Italy and the International Society of Horticultural Science. 

J.E. HALL 

I would like to point out that since your survey has been carried out a 
further carposting plant has been commissioned in the UK and now there 
are two operational plants. 
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OPTIMIZATION OF PROCESSING , MANAGING AND DISPOSING OF SEWAGE SLUDGE 

Istituto di Ricerca sulle Acque, C.N.R. 

Summary 

Optimization of systems for sludge management requires preliminary 
investigations on the disposal options as a function of sludge char~ 
cteristics, acceptability limits and environmental conditions. Once 
the possible disposal alternatives are identified, the processes, 
which allow the sludge with the desidered characteristics to be obtai
ned, can be selected. Optimization criteria based solely on cost ana
lysis, are however negatively affected by local conditions and by de
sign and operating parameters, which generally do not take into ac
count the interactions among the treatment processes. If models of 
operations, describing how the input sludge characteristics are modi
fied by the process operating variables, are known, then rational op
timization criteria can be developed. 
Sludge disposal options are practically restricted to spreading it on 
the topsoil or disposing of it underground. The practice of dumping, 
which is still carried out in some countries, is subjected to very 
stringent limits because of the risks it entails for the environment; 
incineration and the subsequent disposal of the ashes and composting, 
with relevant use of the product obtained, are valid alternatives to 
the disposal of more or less dewatered sludge. In some cases it may 
be economical to combine disposal of sludges and urban solid waste 
(USW) or fractions thereof, either by means of incineration or compo
sting processes or by discharge in landfill. In these cases there is 
a possible additional advantage owing to the fact that each component 
has a beneficial effect in that: a) USW helps to reduce the auxiliary 
fuel requirements in sludge incineration; b) USW acts as a supporting 
agent and source of carbon for the sludge composting, which provides 
nutrients lacking in the USW; c) USW give the mass greater consisten
cy in the landfill area,thus enhancing its handlability by the vehi
cles used for packing and covering various layers. 
The considerable difficulties encountered in optimizing the treatment
- disposal system are due to the numerous factors that can affect the 
choices to .be made and to problems involving the a priori determina
tion of sludge characteristics during the various stages of the pro
cess and the definition of the capital and operating costs of each 
single operation. The present paper has been subdivided into two par
ts: Part I deals with the models of the most commonly used treatment 
operations and Part II with the main disposal alternatives. 
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OPTIMIZATION OF PROCESSING , MANAGING AND DISPOSING OF SEWAGE SLUDGE 
Part I: TREATMENT PROCESSES MODELS 

L. Spinosa and V. Lotito 
Istituto di Ricerca sulle Acque-Via F. De Blasio 5 70123 BARI 

In this part the following treatment processes are considered and 
discussed: gravity thickening, aerobic digestion, anaerobic digestion, con 
ditioning and mechanical dewatering. 

1. GRAVITY THICKENING 
The widely most used mathematical expression correlating settling ve

locity v to solids concentration c is that utilized by Dick and Young (1): 

-n v =a·c 
where a and n are empirically determined constants, which characterize the 
sedimentation properties of a certain sludge. -5 -5 
The values of these constants range from 0.9 x 10 m/h to 2.3 x 10 for 
a and from 1.1 to 2.7 for n. 

According to the analysiS developed by Hasit ed al.(2), the underflow 
suspended solids concentration (Cu) can be expressed as a function of the 
influent flow rate (Qi) , the influent suspended solids concentration 
(ci) and the area of the thickener (A) by means of the following equation: 

C = [a(n-l)(n/n-lln A] l/(n-l) 
u QiCi 

This equation is valid for thickener operating at the limiting flux 
conditions and with effluent solids concentration equal to zero. It allows 
the thickener surface to be calculated as a function of desired underflow 
sludge concentration. 

2. AEROBIC DIGESTION 
The residence time in the reactor can be considered the primary varia 

ble involved in the aerobic digestion. It affects both sludge dewaterabi-
lity and volatile solids destruction. 

According to Randall et al. (3), the value of Specific Resistance to 
Filtration is reduced by 10 to 50% in 1-5 days, but then increases in the 
following 11-15 days to values higher than initial ones. Typical curves for 
different kinds of sludge are shown in Fig. 1. 

In a case studied by El-Gohary and Saleh (4), the Specific Resistance 
increased by about 280% in 90 h in samples without added nutrients, while 
it decreased by 40% in 111 h with added nutrients. 

However Dick and Hasit (5), proposed neglecting the effect of resi
dence time on dewaterability, because it was not appreciable, data were 
scarce and not consistent and probably not generally applicable. 
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Fig. 1 - Variation of Specific Resistence to 
Filtration vs. aerobic digestion time 
for different sludges (3) 

Volatile solids destruction by aerobic digestion is primarily depen
dant on retention time in the reactor and temperature. Data deriving from 
pilot and full-scale tests of several types of municipal wastewater slu
dges are shown in fig. 2 (6). 

Adams et al. (7), developed the following equation correlating the 
volatile solids concentration of digested sludge VSe(mg/l) as a function 
of stabilisation time t(d), once the volatile solids concentration of feed 
sludge VSi(mg/l), the decay rate constant Kb(d- l ) and the non degradable 
fraction of volatile solids VSn(mg/l) are known: 

VSe = (VSi+Kb·t,VSn)/(l+Kb) 

3. ANAEROBIC DIGESTION 
According to Dick and Hasit (5), sewage sludge dewaterability is re

duced by anaerobic conditions; a poorer quality supernatant is also produ
ced. However with increasing residence time, the extent of this deteriora
tion diminishes and the mass of dry solids disharged from the digester de-
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creases. GeQerally applicable equations correlating retention time to de
waterability are not available but the cost of sludge conditioning and 
dewatering resulted about doublewhen deterioration of dewaterability by 
anaerobic digestion was considered. 
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If) ... > ..... 

a 0.3 If) _ a) 
> 

... b) 
0.2 ... 
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o~~--~--~--~--~~---+--~~ 

VI 
10 ..... 
..... 
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T(OC)f}c (d) 

Fig. 2 - Volatile solids reduction (VSd/VSo) vs.temperature 
(T) and sludge age ( ~c) (6) 
a) Pilot tests 
b) Full scale tests 

The following equation allows the volatile solids abatement rvs 
(weight ratio) to be calculated (8): 

rvs = 0.06 t/(l+0.06·t) 

Since 0.75-1.10 m3 of biogas (consisting of 65-75% of CH4) are produced 
per kg of VSS destroyed, therefore the energy production can be evaluated. 

4. CONDITIONING 
Among the sludge variables affected by chemical conditioners, the 

Specific Resistance to Filtration is that most commonly used for evaluating 
and modelling the dewatering operation. It is related to pressure by: 

Rp = Ro (P/Po)S 

where s is the coefficient of compressibility. 
As regards inorganic chemicals, the following equation was found to 
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give the best fits of experimental results (5): 

where: 

Roc =(F+l)-4.05. e 0.47·F. (L+l)-0.25 
Rou 

Roc = Ro for conditioned sludge 
Rou = Ro for unconditioned sludge 
F = FeC13 dosage (%) 
L = CaO dosage (%) 

10000---------------------------, 

5000 

01 • a) -. 
E o b) u 

A c) 
'-' 
co 
~ 100 0 
a: 

50 

• • o OJoCaO 
6 % " 

---"""---614% " 
i 0 

1L---+---~--~--_+--_+--~----
o 2 4 6 8 10 12 14 

FeCI 3 (0J0) 

Fig. 3 - Comparison of conditioning model predictions 
with observed data (5) 
a) Measured values at 0% CaO 
b) Measured values at 6% CaO 
c) Measured values at 14% CaO 
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Figures 3 and 4 show a comparison of this model with experimental 
results. It is evident that overdosage has a small effect in further im
proving dewaterability which can sometimes, could be deteriorated. 

20 
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10 
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• 
0 

~ 
10 ... 
~ 

Cl 

2 
0 2 4 6 8 10 12 14 

Co 0 (°10) 

Fig. 4 - Comparison of conditioning model predictions with obser
ved data (5) 
a) Measured values at 4% FeC13 
b) Measured values at 8% FeC13 

Previous experiments showed also that conditioning does not alter the 
coefficient of compressibility s (9). 

Tests carried out at Water Research Institute with different kinds 
of sewage sludge and cationic polyelectrolytes, allowed to evaluate the 
influence of polymer dosage on specific resistance (Fig. 5). The following 
correlation, valid for a dosage S (kg/t) ranging from 2 to 9, was develo
ped: 

Rc = 20. 155 • S -1. 803 

These experiments confermed that overdosage could be detrimental. 

5. MECHANICAL DEWATERING 
Filter-press, belt-press and centrifuQe are the most widely utilised 

machines for sewage sludge dewatering. -
The main operating variables affecting dewatering by filter-press are 
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pressure and filtration time. Tests carried out by Mininni et al. (10) led 
to the development of a model, allowing the coefficients a and b of the 
equation expressing the filtrate flux vs. time (0 = a.tb) to be correla
ted with pressure, Specific Resistance to filtration and sludge initial 
concentration. Once a and b are known, and values of chamber volume, fil
tration surface and dry solids density fixed, it is possible to estimate 
the cake solids concentration and the machine yield . 

-0\ 

E -N 

o 
c:: 

• 
10 • 

• 
• 

• •• • 

0.1 '---+---+--+---+---t----f----t--+--..... 
1 2 3 4 5 6 7 8 9 10 

S(kglt) 

Fig. 5 - Influence of polymer dosage on Specific Resistence R 

As far as dewatering by belt-press is concerned, pilot tests carried 
out by Spinosa et al. (11) allowed the following equation to be developed: 

al a2 a3 Ck = aovt . Fo . Co 

where Ck is the cake solids concentration (%), Vt the belt speed (m!h), 
F 0 the input sludge fl ow rate (m3!h) and Co the feed concentrati on (kg!m3). 
The value of coefficient ao and exponents al' a2 and a3 obtained proces-
sing pilot tests results are reported in Tab. I. 

The operating variables, which a centrifuge depends on, are bowl spe
ed, liquid ring height, bowl-conveyor differential speed and input sludge 
flow rate. No widely accepted indications on the effects of such variables 
are to be found in literature and it is commonly known that for some of 
them opposite results may also ensue due to the values of other variables. 
Moreover, a parameter for assessing sludge centrifugability has not yet 
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been defined because it has not been possible to reproduce on a laborato
ry-scale the actual conditions occurring in a full-scale machine. 

Table I - Statistical correlations of belt-press tests: 

Ck = ao • v~l F~2 C~3 1*) 

Notes ao al a2 a3 

24 tests for 76.5 -0.261 0.269 0.024 
sludge A 
24 tests 51. A 83.7 -0.264 0.272 
23 tests sl. B 22.3 -0.179 0.074 0.299 
14 tests sl. B 17.7 -0.199 -0.039 0.401 
with Fo<2 m3/h 
8 tests sl. B 21.8 -0.065 -0.245 0.196 
with Fo >2 m3/h 
24 tests sl. A 51.5 -0'.238 0.165 0.118 
+ 14 sludge B 

sludge A: 
slodge B: 

activated slaughterhouse ICo = 12-43 kg/m3) 
digested primary + activated ICo = 16-31 kg/m3) 

1*) Ck 
Vt 
Fo 
Co 

dewatered sludge concentraction 1%) 
belt speed 1m/h) 
input sludge flow rate Im3/ h) 
feed sludge concentraction Ikg/m3) 

Corr. 
coeff. 

0.922 

0.920 
0.787 
0.909 

0.669 

0.828 

Statistical correlations obtained by pilot-scale tests are reported 
in Table II (12), thus allowing the cake solids concentration to be esti
mated as a function of machine operating variables. 

6. CONCLUSIONS 
Any optimi zati on procedure of sewage sludge management systems .requi

res the knowledge of performace models for each treatment operation. How~ 
wer, these models are in many cases not available, while in the others 
they generally do not apply to all situations because based on experimen
tal results obtained in particular conditions. 

Another problem arises from the difficulty to define the values to 
assign to coefficients appearing in the models, when either the characte
ri sti cs of sludges produced in si mil ar conditi ons or the sludge itse 1 fare 
not available. 

It follows that efforts must be. directed towards the knowledge of the 
sludge properties variations during its treatment and disposal and the mo
delling of all these operations. 
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Tab. II - Statistical correlations of centrifuge tests: 
al a2 a3 

y = aX l x2 .... x 3 

Exponents of xl = ... 

Slude Coeffic. xl = tb hl r Csu .dw 0 
y type a (s) (mm) (kg/m3) (rpm) (kg/h) 

OJ 
Ol 

1 73.75 0.215 0.273 -c - - -
::s 

0.093 ~ 2 81.79 0.203 - - -I/)~ 
c 3 61. 25 0.244 0.263 - - --c OJ 

OJ u 
1. 22 0.123 -0.056 0.717 '- c 4 - -

OJ 0 
~ u 5 11 .97 0.092 -0.272 0.084 - -rtl 
~ 6 0.0122 0.230 0.399 1. 745 - -OJ 

0 

>, 
4 93.95 0.313 -0.946 '- - - --c OJ ..... > 5 397.30 - - - 0.399 -1.594 ~ 0 

0 u 6 96.78 - - 0.311 -0.493 (/) OJ -
'-

tb sludge resid. time on the beach 
hl r liquid ring height 
Csu cone . after 2 h settling 1 1 cylinder 
.dw differential speed 
0s solids input flow rate/liquid ring volume (solids flux) 
1 : 4.8% Aerob. Dig. Activated 
2: 3.2% Aerob. Dig. Activated with dephosp~tation by A12 (S04lJ 
3: 4.5% Aerob. Di g. Activated whit dephospatation by FeS04 
4: 0.7% Aerob. Di g. Activated using pure 02 
5: 1.6% Aerob. Dig. Activated using pure 02 
6: 2.1% Aerob. Di g. Activated using air 
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OPTIMIZATION OF PROCESSING , MANAGING AND DISPOSING OF SEWAGE SLUDGE 
PART II: DISPOSAL OPTIONS 

A.C. DI PINTO and G. MININNI 
Istituto di Ricerca sulle Acque-Via Reno, 1 00198 ROMA 

In this Part the main sludge disposal systems are discussed, putting 
in evidence the relevant characteristics, problems involved and costs with 
reference to Italian situation. 

1. AGRICULTURAL UTILIZATION 
Sludge spreading on farmland allow the recovery of organic content and nu

trients contained in the sludge; the main problems encountered in this 
field are due to the presence of metals and pathogenic micro-organisms in 
excessive concentrations. As far as nutrients are concerned, the limiting 
factor in sludge application is phosphorus; in fact, the requirement of 
this nutrient for most crops is considerably lower than that of nitrogen 
(Table I). The nitrogen and phosphorus requirements are in the ranges 89 -
500 and 22 - 183, whit average values of 210 and 70 kg/ha, respectively. 
Considering that the mean nitrogen and phosphorus concentrations in a slud
ge (expressed as NT and P205), are respectively about 4% and 2.5% with re
spect to dry solids (2), it is possible to evaluate the quantity of sludge 
theoretically needed to satisfy the nitrogen and phosphorus requirements 
of the crops. As an example, some data are presented in Tab. II. These 
data confirm that phosphorus is the limiting factor in sludge application 
and that in some cases (alfa-alfa) the sludge dosages needed to provide the 
required amount of nitrogen is more than three times that necessary to sa
tisfy phosphorus requirements. 

The quantity of usable sludge is, however, limited by heavy metals ra
ther than by phosphorus, when metals concentrations in sewage sludge exce
ed typical values. For example, in the case of cadmium, at the average con
centrations of 16 mg/kg (3), the quantity of disposable sludge,obtained by 
respecting the proposed EEC Directive, is higher than that required for 
phosphorus balance. 

The cost of distribution of wet sludges can vary considerably accor
ding to the method used. If the sludge can be used in an irrigation network 
or other suitable existing on-site installations, the costs are of the or
der of 300 Lit/m3. However, if road tankers and other equipment have to be 
used, the costs are much higher (of the order of 2000 Lit/m3) and vary ac
cording to the peculiar management conditions (road network, practicabili
ty of equipment on the ground, etc). The costs of dewatered sludge spreading 
are of the order of 5500 Lit/t if ordinary manure spreaders can be used. 
It is not economical to use the centrifugal fertilizer spreaders commonly 
used for mineral fertilizers. 
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Tab. I- Annual nitrogen and phosphorus utilization by selected crops 

NUTRIENTS REQUIREMENT 
CROP kg/ha 

N P205 

Barley 194 72 
Corn (grai n ) 267 111 
Rise 122 67 
Soybeans 372 72 
Sugar beets 306 94 
Wheat 194 89 
Broccol i 89 33 
Cobb age 256 72 
Celery 311 183 
Potato (Irish) 278 128 
Tomatoes 278 89 
Apples 111 50 
Grapes 117 50 
Oranges 133 44 
Peaches 106 44 
Alfa alfa 500 89 

Mean 210 70 

Tab. II - Sludge dosages (t/ha) sat; sfy; ng nitrogen and phosphorus requ; re
ments 

CROP NITROGEN PHOSPHORUS 
BALANCING BALANCING 

Corn 6.67 4.44 
Weath 4.85 3.56 
Celery 7.77 7.32 
Alfa-alfa 12.5 3.56 
Average for vaious crops 5.27 2.8 

2. LANDFILL 
In order to evaluate volume and surface of a sludge landfill site, con 

centration, mixing with solid wastes or other organic material and the ty-
pe of landfill must be taken into account. However, it should be pointed 

- 87-



www.manaraa.com

out that the sludge is generally disposed in landfill in conjunction with 
urban solid wastes because of the advantages deriving from optimal volume 
utilization. Sludge can in fact be used to fill the voids within refuse, 
especially at comparatively low concentrations. The annual volume of land
fill requested for sludge disposal is given by: 

v 

were: 
FS daily dry solids production 
X sludge solids concentration 
P mean annual rainfall 
L annual leachate quantity 
E annual evaporation 
A landfill surface 

(t) 

(weight fraction) 
(mm) 
(m3/m2) 
(m3/m2) 
(m2) 

Bulking agent must be taken into account in the computation of land
fi 11 vo 1 ume . 

P,L and E are characteristics of each site and of the operation moda
lities of landfill. When landfill is lined both on the ground and on the 
surface, P and E equal zero and the quantity of leachate tends to diminish 
with time. The most economical system, for leachate treatment, appears to 
be the recycling on the top of landfill. In this may the anaerobic condi
tions are enhanced and thus also the refuse stabilization process. Moreover 
the leachate volume gradually becomes reduced due to evaporation. 

In Italy, sludge is disposed of in landfill in conjunction with urban 
solid wastes. The operationg costs are 20,000-50,000 Lit/t of wet sludge. 

3. INCINERATION 
The cost of incineration and subsequent disposal of the ash is largely 

dependent on the preliminary treatment. 
Incineration costs using a multiple hearth furnace in plant serving 

500,000 inhabitants for currently used treatment lines are shown in Tab.III. 
The data shown in the table are based on the assumptions made in Mininni 
et a 1. (4). IImorti zati on has been cal cu 1 ated over a 15 years peri od at an 
interest rate of 10%. Furthermore, it has been hypothesized that, on the 
lines including anaerobic digestion, biogas could be used to cover incine
ration energy requirements. This would exolain the fact that unlike line D, 
fue 1 costs in 1 i ne C are zero, although the sludge characteri st ics are almost 
identical. The most representative components of the overall operating co
sts are amortization (up to 55%) and fuel consumption (up to 53%) for the 
not selfsustaining lines. The other cost items (personnel and maintenance) 
are comparable. 

The quantity of dry solids treated varies considerably according to 
the treatment line involved, and reaches its peak in lines without dige
stion and with filter-press dewatering because of the considerable quanti
ties of inorganic chemicals involved. This means that specific cost trends 
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of incineration, expressed in units of dry solids, do not coincide with 
that of the specific costs per inhabitant served. 

If post-combustion at 1,000 - 1,100°C of the exhaust gas is required, 
auxiliary fuel consumption rises dramatically; if no energy can be recove 
red, the costs become prohibitive. 

Tab. III - Incineration costs (without ashes transport and disposal) (4) 

Line (*) A B C D 
Dry sludge to be treated (t SS/d) 22 33 24 56 
% SS 18.7 36 27 27 
% VS 61 47 61 60 

Costs (Lit x 106/year ) 

Fuel 325 0 0 1,230 
Energy 75 62 60 110 
Personnel 75 75 75 75 
Maintenance 100 88 85 124 
Amortization 435 385 375 550 

Total 1,OlD 610 595 2,089 

Specific cost (Lit/kg SS) 126 51 68 102 
Specific cost (L it/hd . year) 2,000 1,200 1,200 4,200 

(*) Line composition 
A: Pre-thickening, anaerobic digestion, post-thickening, centrifugation, 

incineration 
B:Pre-thickening, anaerobic digestion, post-thickening, filter-pressing, 

incineration 
C:Pre-thickening, anaerobic digestion, post-thickening, belt-pressing, 

incineration 
D: Thickening, filter-pressing, incineration 

4. TRANSPORT AND STORAGE 
Wet or dry sludges are almost never disposed of on-site, so that it 

is necessary to provide for their transport; even in the case of incinera
tion, which is generally carried out at the sludge production site, the 
ashes still have to be transported. Furthermore, since the sludge disposal 
cycles do not always coincide with treatment cycles, it becomes necessary 
to make adeg uate stockpil i ng provi s ions. Whi 1 e stockpi 1 i ng cost are genera 11y 
not easy to evaluate, since they depend on a large number of local circum
stances, transport costs can be determined fairly accurately once the di
stance from the disposal point to the production site is known. Especially 
when medium-long distances are involved, these costs account for a large 
proportion of overall treatment costs. 

Storage volumes are very high in the case of agricultural utilization 
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as spreading cannot be carried out all year round. In the U.S.A. these 
volumes vary from a minimum accumulation time of 30 days, in the case of 
hot dry regions,to 200 days for cold damp climates. The most common sto
rage systems used are stockpiles and lagoons in the case of dry sludges 
and closed or open tanks or digesters for wet sludges. Generally speaking, 
the most economical storage system is 1agooning. Covered or tank storage is 
preferable in the vicinity of residential areas. 

Liquid or dewatered sludge can be transported by pipe, truck, barge 
or railway. In this paper, only transport by truck will be taken into con
sideration. In fact transport by barge or railway is limited to particular 
situations, when suitable watercourses or railway stations are in the vici
nity of the wastewater treatment plant. 

Pipe transport can be used economically for liquid sludges (maximum 
concentration 8%) (5), only for large quantities. In any case, as for rail 
trasport, it requires high-cost permanent installations which lack the o
perating flexibility offered by truck transport. 

Costs of sludge transport by truck were evaluated with particular re
gard to Italian situation (6). The following data,inc1usive of amortization, 
were derived considering the utilization of large trucks: 

liquid sludge 8 km (one way) 4,400 - 5,700 Lit/m3 
30 km ( " " ) 10,500- 12, 500 

120 km ( " " ) 28,000 - 29,700 

dewatered sludge 8 km (one way) 10,000 - 21,300 Lit/t 
30 km ( " " ) 20,000 - 28,000 

120 km ( " " ) 31 ,200 - 37,000 

6. FINAL CONSIDERATIONS 
Several evaluations referring to the cost of different disposal alte

ratives examined for different distances between the place of origin of the 
sludge and that of its disposal are shown in Tab. IV. 

The data in the table show that, with the assumptions on which the 
analysis is based, liquid sludge disposal is not economical owing to the 
high transport costs involved. It can become economical if the disposal si 
te is located in the immediate vicinity of the sludge production site. In
such a case it could be economical to use pipes, which are cost-effective 
over short distances. 

In the case of dewatered sludge, if long-distance transport is ruled 
out, the most economical alternative is sludge disposal on farmland. Howe
ver, it must be borne in mind that no account was taken in the evaluation 
of either the costs of stockpiling or the savings in fertilizer obtained 
by using the sludges. 

Of the two remaining a1ternatives,disposa1 of dewatered sludges in 
landfill and incineration, the latter is found to be the more economical in 
most cases. On 1y when the costs of 1 andfi11 1 i e at the lower end of the cost 
range shown in the table, this solutionis more economical than incineration. 
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It must not be overlooked, however, that the cost of the biogas produ
ced in the digestion phase and used as an auxiliary fuel in incineration 
has not been included in the cost analysis. 

Si nce transport costs wei gh more heavi ly for di sposa 1 in 1 andfi 11 than 
for incineration, the former alternative can be found more economical than 
incineration over distances shorter than those considered. 

If spreading on farmland is not possible, disposal in landifill beco
mes necessary for smaller quantities as incinerationwould not be feasible. 

It is hardly necessary to point out that these considerations are ba
sed solely on technical/economical evaluations referring to the disposal 
and that the inclusion in the analysis of the costs relative to the treat
ment stage could lead to different results. 
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DISCUSSION 

F. COLIN 

Is there one procedure that you would recommend for the optimisation of 
the sludge treatment and disposal system? 

L. SPIOOSA 

At the rrorrent, we are not able to recommend one particular procedure. We 
need to know much more about the operational and cost parameters before 
we will be able to do that. As I mentioned in my paper we only know 
about a few cases and much more work is required. 

P. BALMER 

What are the main differences between the optimisation criteria discussed 
in your paper and those given in the literature? 

L. SPIOOSA 

In the past, optimisation of a sludge treatment system was attempted by 
considering each step of the process in isolation and optimising that. 
This paid no attention to the interaction between the various processes. 
What we had tried to do is to consider the system as a whole. 
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ALTERNATIVE USES OF SOOGE SLUDGE 

R.C. FROST 
WRc Processes, Stevenage, Hertfordshire, England 

H. W. CAMPBELL 
Wastewater Technology Centre, Environment Canada, 

Burlington, Ontario, Canada 

S!.II!!IIa ry 

Increasing pressure on established routes for the treatment and 
disposal of sewage sludge is causing sludge disposal authorities to 
look for alternative outlets. In this context the beneficial use of 
sludge is attractive in principle since it offers the prospect of 
limiting any increase in expenditure. The chief potential value of 
sludge lies in its protein and fat content and a survey of known and 
potential uses reflects this fact. To illustrate sane of the 
principal features of potential sludge disposal schemes that involve 
using sludge, five cases are presented in more detail. These are: 
fat and protein extraction; precious metal recovery; use as building 
material; electricity generation; and fuel production through low 
temperature pyrolysis. 

1. INTRODUCTION 
Sewage sludge is viewed in a nl.lllber of ways by different sections 

within a community and by different communities. So that in practice the 
methods of treatment and disposal adopted locally are determined by a 
compromise of various and in sane ways conflicting views. Essentially, 
these are:-

sludge presents - at least potentially - an environmental 
threat and nuisance 
sludge is an unwholesome, undesirable but inevitable 
by-product of sewage purification, and as such should be 
disposed of as cheaply as possible 
sludge is a potentially valuable resource which should, 
in prinCiple, be exploited to the maximum and not wasted 

Any sludge disposal philosophy reflects a balance of these considerations 
but the balance is of a dynamic nature and, as a consequence of this, the 
'best' treatment and disposal routes will tend to change with time. 

In recent years public concern over metals, organic and inorganic 
chemicals, parasitic organisms, and more general pollution caused by 
sludge has not been significantly assuaged by the scientific evidence. 
And as a side-effect of the consumerist movement the general public is no 
longer - if it ever was - prepared to simply put up with nuisances such 
as that caused by odour. Coupled with these factors the trend is for 
modern societies to have an ever reducing tolerance towards risk-taking 
on environmental and safety issues. A net effect is that increasing 
public and political pressure is being focused on sludge disposal. 
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Much of this pressure has been directed at the practices of sludge 
disposal to agricultural land and to sea. Since these routes can, given 
the right circumstances, often be the cheapest options open to a sludge 
disposal authority, the increased costs resulting from the imposition of 
further restrictions can be very significant. Because of the potential 
need for changes in practice - changes that will cost more money - and 
their desire to minimise the net increase in expenditure, sludge disposal 
Authorities are increasingly looking at different and further ways of 
exploiting the resource value of sludge. 

There are a number of ways in which sludge can or could be 
profitably used, and some of these currently constitute standard 
practice. These will be mentioned in passing, but the paper will address 
in detail only those uses which are not so common or are at the 
development and evaluation stage. 

2. SEWAGE SLUDGE AS A RESOORCE 
Sewage sludge can be considered the archetypal waste material, the 

waste not just of a single process but of multi tudinous processes and 
sources: comprising not only human faeces and sanitary-based material, 
but also other domestic wastes and the wastes from innumerable trades. 
In consequence, whilst crude protein and fat generally comprise the bulk 
of raw sludge solidS, there are many other constituents as well and the 
concentration of any given constituent can cover a wide range. Some 
representative concentrations are listed in Table 1 together with a 
representive calorific value. 

It is fairly clear that, in general, the principal value of sludge 
as a resource lies in its fat and protein content, and that there exist a 
ntrnber of possible strategies for tapping this resource. These range 
from using whole sludge as an animal foodstuff, through application to 
land as a fertiliser, direct extraction to produce feedstock for the 
chemical industry, down to conversion into fuel products. Locally high 
concentrations of other constituents of high value may also make 
extraction of specifics worthwhile in some cases. An example of this, 
described later, is the possible extraction of gold and other precious 
metals from some incinerator ashes. 

Table 2 contains a few details on a number of known and potential 
uses of sewage sludge, and five of these are described more fully in 
following sections of the paper. These uses have been selected on the 
grounds of example and potential Significance at large sewage treatment 
works. A significant omission from Table 2 is any information on costs. 
Generally this issue has been poorly addressed by the public 
literature, and makes an informed assessment and ranking of the 
alternative uses a very difficult job indeed. This is exacerbated by 
local factors such as the scale of operation, market outlets and the 
availability of government grants for capital expenditure, and by the 
variability of commodity prices. 

3. EXTRACTION OF FAT AND PROTEIN 
The most thorough investigation of this option for using sewage 

sludge was carried out in the United Kingdom in the late 1970's by Thames 
Water Authority and Unilever Ltd(2). A process was developed for 
extracting both fat and protein from co-settled primary and activated 
sludge at Beckton where the sewage from 2.2 x 106 people is treated. The 
production of fat was chosen for optimisation because of the potential 
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Consti tuent 

crude protein 

fat 

total nitrogen 

total phosphorus 

potassiun 

mineral oil 

fibre 

starch 

sugar 

vitamin B12 

cadmiun' 

copper' 

lead' 

nickel • 

zinc" 

chromiun' 

mercury' 

tin* 

silver' 

gold' 

Energy 

content 

(MJ/tonne 
dry solids) 

Table 1. Approximate resource content of co-settled primary 
and activated sludge 

Representati ve Nominal market Nominal gross 
concentration value of consti tuent value of resource 

(kg/tonne dry solids) (i/kg) (£/tonne dry solids) 

32C 0.2 64 
(low grade feedstuff) 

150 0.2 30 

52 0.25 13 
(as fertiliser) 

16 0.6 9.6 
(as fertiliser) 

3.5 0.15 0.5 
(as fertiliser) 

31 0.17 5.3 

120 0.01 1.2 

0.0025 4200 10 

0.016 1.2 0.02 

0.69 0.7 

0.57 0.3 0.2 

0.13 0.5 

1.4 0.6 0.8 

0.78 4.1 3.2 

0.003 8.5 0.03 

0.098 9.5 0.9 

0.017 150 2.6 

0.001 8470 8.5 

18000 0.002C 36-76 
to 0.0042 

(£IMJ as primary 
fuel: coal, gas, oil) 

I concentration covers a wide range 
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for non-edible uses such as the manufacture of soap, and less effort was 
put into the production of protein. Essentially the process for fat 
production consisted of dewatering by belt press, extraction with hexane, 
crystallisation at low temperatures, saponification, removal of mineral 
oil by solvent extraction, and precipitation of fatty acids using mineral 
acid. The product was similar in chain length to that of beef tallow, 
and in degree of unsaturation to that of palm oil, see Fig. 1. 
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Fig. 1. Comparison of the fat extract from raw sludge with 
beef tallow and palm oil. 

Protein recovery was accomplished by treating the residue from the fat 
extraction with alkali followed by acid. The product contained about 50% 
true protein and further work would have been needed on optimisation, 
particularly as regards the removal of heavy metals. Residues, one 
containing organic and mineral solids and another containing heavy 
metals, would have remained for disposal. 

Financial analysis showed that the viability of the process was 
critically dependent on the market price of tallow. Many other variables 
entered into the financial equation including the cost of losing some of 
the gas production at the digesters. The process was not considered 
financially viable in the early 1980 I S because of the future projected 
price of alternative feedstocks open to Unilever Ltd, and hence was not 
implemented. 

4. PRECIOUS METAL RECOVERY 
The metallic content of sewage sludge has many onglns. Effluents 

from industry generally contribute the major load but domestic sources 
and the load introduced by urban run-off are also Significant, and the 
concentrations of total metals and individual metals span a very wide 
range. An amount of work has been undertaken to examine the recovery of 
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heavy metals such as cadmiun, chromiun etc but the costs of extraction 
have generally been found to rule out this option. A general consensus 
exists therefore that the heavy metals in sludge constitute a contaminant 
rather than a resource, and this view is likely to be reinforced by 
changes in industrial practice and structure, still stricter trade 
effluent control and further reduction or abolition of lead in petrol. 

However, the great variability in concentration suggests that there 
might be some circunstance~ in which the recovery of high value 
constituents might be economically and financially worthwhile. A classic 
example of this is the situation concerning gold and silver. Munma 
et al(3) presented concentration data for 31 sludges from cities across 
the USA, the results for gold being shown in histogram form in Fig. 2. 

Fig 2. 
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Variation in the gold content of a nunber of sludges 
in the USA. (After Reference(3)) 

The higher concentrations are of the same order as found in North 
American ores, and since the higher values were found in sludges produced 
in the more western regions it was speculated that the variation in gold 
concentration was a reflection of regional geology. 

In parallel studies Environment Canada in 1984 funded a project to 
determine the concentration of gold, silver and platinun group elements 
in the sludge or ash from fourteen Canadian sewage treatment plants, and 
to carry out a preliminary economic evaluation of precious metals 
extraction from the more promising sludges or ashes(4). . 

Levels of the platinun group elements were sufficiently low as to be 
of no economic interest. By contrast all sewage sludges and ashes were 
highly concentrated in gold and silver, in comparison with the abundance 
of these elements in the earth's crust. Gold concentrations ranged from 
0.29 to 1.55 glt for sludges and from 1.3 to 4.75 glt for incinerator 
ashes. The corresponding figures for silver were 23 to 95 glt for 
sludges and 60 to 328 glt for ashes. Out of the fourteen plants surveyed 
there was only one (Asbridges Bay, Toronto) where the combination of 
metal concentration and plant capacity were sufficiently large to suggest 
that recovery would be economical. The sludge at this plant contained 
1.55 and 95 glt of gold and silver respectively. Because gold and silver 
are both conservative elements they become concentrated when the sludge 
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is incinerated. This results in concentrations in the ash of 4.75 g/t 
gold and 32S g/t silver. Based on 19S4 prices (Cdn) of $400/0unce for 
gold and $121ounce for silver, the gross metal value of the incinerator 
ash is $203/t. This compares to an average gross metal value for 
Canadian and US gold and silver ores of $10S/t. 

Sewage ash is a complex material which is not amenable to 
conventional processes for gold/silver extraction. A preliminary 
screening suggested that segregation roasting/ flotation concentration 
process should be applicable. Using this as the basis for the conceptual 
design, it was estimated that the capital cost for an SO tid plant would 
be approximately $4 million with an annual operating cost of 
$1.5 million. Based on projected metal prices (Cdn) of $500/ounce for 
gold and $12/0unce for silver, this would provide a payback period of 1.7 
years. Experimental data is required to validate the projected metal 
recoveries and cost estimates. Although the number of plants where this 
technology would be applicable is obviously small, it could be quite 
profitable for those which do qualify. 

5. SLUDGE AS A BUn.DING MATERIAL 
An innovative method for combining the use and disposal of sludge is 

its use as a component of building materials. The organic, mineral and 
water content of sludge all have potential value, and significant 
attempts have been made to exploit this in the production of bricks and 
cement. Some work has also been undertaken on the manufacture of 
lightweight aggregate from incinerated sludge ash(5,6); the use of liquid 
anaerobically digested sludge as a mix water for concrete(7); and the 
compression and heating of sludge wi th other materials to produce a 
wall-board(S). 

A recent study conducted at the University of Maryland evaluated the 
use of wastewater sludges as a substi tute for other organic materials 
such as sawdust in the production of light-weight building bricks(9). 
The project included production of bricks at bench-scale, a full-scale 
production run of 35 000 bricks and a further full-scale run of 400 000 
bricks. 

During the bench-scale experiments, sludges at a nominal 25% solids 
concentration were added to the clay mixture at ratios of up to 50% by 
volume. After firing, the sludge amended bricks were subjected to 
various tests in order to compare their properties with those of 
conventional bricks. Density of the bricks decreased as the volume of 
sludge increased; a 50% addition of sludge reduced the density by about 
20%. Bricks produced with 40% or less sludge, met the compressive 
strength standards as defined by ASTM. The addition of sludge increased 
water adsorption which potentially improves mortar bonding, mortar curing 
characteristics and freeze-thaw reSistance. 

The bricks produced at full-scale were significantly improved over 
those at bench-scale e.g. compressive strength of the full-scale run was 
approximately double that of the bench-scale bricks. In general, the 
quality of sludge amended bricks were considered to be equivalent to that 
of the manufacturer I s normal production. There were no discernible 
differences in the appearance, texture or smell of the amended bricks. 
Although the type of sludge did affect the colour of the brick e.g. iron 
conditioned sludge resulted in red bricks, this was not perceived to 
represent a problem. 

Calculations indicated that in the United States, 15% of the annual 
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municipal sludge production could be incorporated in brick production. 
Allowing for the inevitable disparity between where sludge is produced 
and where bricks are manufactured, this application could still represent 
a realistic market for a significant fraction of the sludge produced. 
Potential benefits could be realised by both the brick and the sludge 
industries. With respect to brick-making, the addition of sludge results 
in a less dense product with increased water adsorption properties, 
reduces water consunption because the water in the sludge provides for 
the necessary fluidity and may reduce energy costs in the brick kiln due 
to the inherent calorific value of the sludge. Most importantly, it is 
not unrealistic to expect that the brick manufacturer would receive a 
subsidy from the sludge generator because he is in fact accomplishing the 
necessary task of sludge disposal. With respect to sludge disposal, the 
extremely high temperature (1000 to 12000 C) achieved in the brick kiln 
should oxidise all organic matter and destroy all pathogenic organisms. 
Al though the sludges used in the study did not contain high levels of 
heavy metals, it is probable that heavy metals in sludge would be 
dispersed throughout the ceramic matrix in a relatively inmobile form. 
Finally, because hot kiln exhaust gases are routinely captured and 
recycled to the initial drying stage, the provision of adequate air 
pollution control is relatively simple. 

Though Bonomo et al ( 10) examined the use of industrial sludges, 
there is no known European work on the use of sewage sludge for brick 
manufacture. However a proposal for its use in cement production has 
been reported ( 11). Anaerobically digested sludge from works serving a 
population equivalent of 150 000 would be dried to 70-75% dry solids 
content using a thin-layer contact dryer with integral vapour 
compression. The dried sludge would be hauled by road vehicle to a 
bunker at the cement works, from which it would be metered onto a belt 
weigher and blown into the lower section of the heat recovery system of 
the cement kiln, see Fig. 3. 

1. Reception of dried 
sludge 

2. Metered feeding 
3. Rotary kiln 15000 C 
4. Heat recovery 
5. Raw cement meal feed 
6. Electrostatic 

precipitator 

Fig. 3. Use and disposal of sludge through cement production. 
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Keller(11) indicates that the practical limit on using sludge as a fuel 
supplement in a kiln is 15% of the total heat input. For the case at 
issue only 3% of the total heat requirements will in fact be met, the 
cement producer paying for this heat on the basis of equivalent savings 
in coal. In turn the supplier of dry sludge will be responsible for the 
installation, maintenance and operation of the sludge feeding system, and 
will pay both the capital and operating costs of the installation. In 
addi tion the sludge suppliers will pay the cement factory a fee for 
taking (burning) the sludge. 

Keller identifies a further potential limit on the use of sewage 
sludge in this way, this being set by the chlorine contents of the sewage 
sludge and the raw-meal feed. For rotary kilns with a heat recovery 
system the total chlorine input, he states, should not in practice exceed 
0.02% with respect to final kiln product. 

No adverse effects of sludge on cement clinker quality were 
anticipated. However, no tests had been performed to confirm this view. 

6. ELECTRICITY GENERATION 
The Hyperion Energy Recovery System (HERS) in Los Angeles was 

designed to upgrade sludge handling facilities and ultimately provide an 
energy efficient alternative to the ocean discharge of sludge( 12). The 
basic process consists of dewatering digested sludge with solid bowl low 
speed centrifuges, drying the cake by the Carver Greenfield Process ie 
multi-stage evaporation, combustion of the dried material in fluid bed 
incinerators and landfilling of the incinerator ash. 

Electrical power is generated from two sources, digester gas and 
heat recovery from the incinerators. Digester gas is compressed and 
scrubbed for hydrogen sulphide removal and burned in gas turbines to 
generate electricity. Incinerator off-gases are passed through waste 
heat boilers which generate high pressure steam which in turn drive steam 
turbines for power generation. Both turbine systems generate low 
pressure steam which is used to heat the digesters and to drive the 
Carver Greenfield Process. 

The projected total electrical energy production from the plant is 
25 megawatts. Approximately 15 megawatts will be utilised by the liquid 
and solids processing systems at the plant, leaving 10 megawatts 
available for sale to a local utility. 

The HERS system is capital intensive and complex but it has been 
designed as a complete integrated system in order to maximise the 
utilisation of all available energy streams. The success of this method 
of sludge treatment and cost recovery ie the sale of electrical power, 
will depend on a number of factors. The first is plant size. Some of 
the components of the HERS system such as the fluid bed incinerator and 
Carver Greenfield Process are very costly and can only be justified when 
the economy of scale at larger plants is achieved. In the case of Los 
Angeles the design capacity is 366 tonnes of raw sludge per day. Another 
consideration in any thermal process is the efficiency of the sludge 
dryer. Although capital intensive, the Carver Greenfield Process is a 
very efficient method of drying sludge. More conventional dryers such as 
rotary drum dryers and paddle dryers require 3 to 4 MJ/kg of water 
removed but the multiple evaporator effects of the Carver Greenfield 
Process reduce the energy requirement to less than 1 MJ/kg. Probably the 
most important consideration in a project of this nature is whether there 
is a market for the electrical power and at what price. In order to 
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stimulate energy recovery, federal law in the United States guarantees 
that excess energy will be purchased by the local utility at the premium 
rate which they charge their customers. This ensures that a market for 
excess electrical power is always available. This situation is not true 
in many other countries. In many places the local power authority is 
under no legal obligation to buy power from individual generators. In 
this case a long term contract negotiated with the local utility would be 
a prerequisite for considering this method of sludge disposal and energy 
recovery. 

7. fJJEL PRODUCTION ntROOGH. LOW TEMPERATIJRE CONVERSION 
Enormous efforts have been made world-wide in recent years to 

research and develop alternatives to the use of fossil fuels, and it is 
important that the use of sludge as a fuel source is seen within this 
context. Thermochemical conversion of biomass to fuel products is just 
one route which has been examined, and there are three principle process 
classes - pyrolysis, gasification and liquefaction. These processes have 
been reviewed elsewhere( 13). It was concluded that for sewage sludge 
treatment and disposal low temperature conversion would have the most 
immediate potential. 

The basic concept of low temperature conversion of sewage sludge to 
produce fuel products has been known for many years ( 14) • Recently, 
German researchers have made significant advances in understanding the 
mechanisms by which sludge is converted to oil (15). They heated dried 
sludges to 300-3500 C in an oxygen free environment for about 30 minutes. 
The researchers postulated that catalysed vapour phase reactions 
converted the organics to straight chain hydrocarbons, much like those 
present in crude oil. Analysis of the product confirmed that aliphatic 
hydrocarbons were produced, in contrast to all other processes which 
produce aromatic and cyclic compounds, whether utilising sludge, 
cellulose or refuse as the substrate. The German researchers have 
demonstrated oil yields ranging from 18-27% and char yields from 50-60%. 
The oil had a heating value of approximately 39 MJ/kg and the char about 
15 MJ/kg. 

A research program conducted by Environment Canada's Wastewater 
Technology Centre has generated comparable results( 16). A continuous 
reactor, see Fig. 4, was designed and operated, in part, to determine the 
effect of operating variables on product quality and yield. Tests, at a 
feed rate of 750 glh, with a number of mixed sludges (primary + waste 
activated) resulted in yields of 22 to 25% for oil, 50 to 60% for char, 
10 to 12% for non-condensible gas (NCO) and 5 to 12% for reaction water. 
Typical calorific values for the oil, char and NCO were 36.7, 6.2 and 5.8 
MJ/kg, respectively. Temperature affected both the yield of individual 
products and the split between products. As the temperature increased, 
the yield of oil increased until the optimum temperature had been 
achieved. At higher temperatures, the oil yield tended to decrease as 
conditions favoured the formation of increasing quantities of NCO. The 
calorific value of the NCO increased in direct proportion to the 
temperature. Oil viscosity and char yield tended to decrease as the 
temperature increased. The elemental characteristics (C,H,N,O,S) of the 
oil were not significantly affected by processing conditions. In 
general, the process proved to be quite stable, in that, while swings in 
operating parameters such as temperature were reflected in relative 
yields, the process did not fail nor did the quality of the oil change 
significantly. 
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3 Furnace Control 

Fig. 4. Continuous laboratory equipment for low temperature 
conversion of sludge. 

A significant feature of this conversion option is that the major 
energy product - oil - is produced in a single step, and that storage and 
transportation of the product should be economic. This is in contrast to 
many other methods of exploi ting the energy content of sludge in which 
the recovered energy - methane, steam, hot flue-gas, electricity - is 
mainly used in-house or in the immediate neighbourhood of the plant. 

Currently, the least valuable use for the oil would seem to be as a 
substitute for No.6 fuel oil. However, the high nitrogen content of the 
oil, and the consequent potential for NOx emissions, is cause for sane 
concern in this area. And it remains to be shown that the oil as 
produced by this process is non-corrosive and has stable storage 
characteristics. Preliminary tests indicate that the oil can likely be 
upgraded to an industrial transportation fuel. These are issues critical 
to the success of any marketing operation, a fact recognised by the EEC 
Commission in its formulation of the 1985-1988 EEC Non-Nuclear Energy R & 
D Programme, which calls in part for research proposals to process 
pyrolytic oils into suitable fuels. 

Any proposed process has to be examined in relation to the whole 
system of which it will form one component, and this systems approach has 
been applied by WRc in its preliminary assessment of low temperature 
conversion as an alternative sludge' disposal method. Since the oil is 
formed fran the organic and volatile component of a sludge the obvious 
choice of feedstock in order to maximise oil production will be raw 
sludge. However, many works currently employ anaerobic digestion and it 
is wholly feasible that this process would be retained. One potential 
advantage of retaining anaerobic digestion in such a disposal route would 
be the achievement of complete thermal self-sufficiency, using digester 
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gas alone, under optirrn.m conditions of solid/liquid separation, dryer 
operation and heat recovery, see Fig. 5. 
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Fig. 5. Domains for thermal self-sufficiency of a route 
involving low temperature conversion of anaerobically 
digested sludge (combustion gases used directly for 
flash drying, waste heat from dryer recovered to 
provide digester heat, oil marketed externally). 

The econcmics of converting both raw and anaerobically digested 
sludge have been estimated therefore, and compared with those of the 
equivalent incineration routes. These comparisons have been made for a 
raw sludge production of 30 000 tonne DS/year, and have assumed an 
econanic value for the oil equivalent to that of crude petroleum oil 
(20.2.85), The results of this appraisal are shown in Fig. 6 and 
indicate that a thermal conversion route could be up to 40% more econanic 
than an equivalent incineration route, regardless of whether raw or 
anaerobically digested sludge was processed. 

This alternative use for sewage sludge clearly has an exciting 
potential, and Environment Canada's long term plans call for the 
demonstration of both conversion technology and fuel use at a 25-tonne/d 
facili ty. The current schedule projects the demonstration phase of the 
programme for late 1988 and 1989. 
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Fig. 6. Economic comparison of incineration and low temperature 
conversion routes for sludge disposal. 

8. SUMMARY AND CONa.USIONS 

F 

Whilst there is a lot of interest in the potential for using sludge 
it has to be recognised that most of the proposed uses are not proven. 
Much research, developnent and evaluation work needs to be done before 
this situation can change. If this work is carried out and is successful 
in proving a nunber of the more unconventional uses for sludge, it is 
likely that ~he influence of local factors will bear heavily in deciding 
which use is most beneficial and whether it can be justified on economic 
and financial grounds. 

A set of criteria is outlined in Table 3, and it is urged that 
sludge disposal authorities employ such or similar criteria to assess 
proposed uses of sludge. It ought to be possible to assess alternatives 
using these, with ever increasing confidence, from conception to 
implementation. 
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DISCUSSION 

P. BALMER 

Would it be better to use raw or anaerobically digested sludge to produce 
fuels by the low temperature conversion technique? 

R.C. FROST 

It is not possible to fully answer this question at the present time. 
There are conflicting factors. On the one hand, conversion of raw sludge 
will result in a greater final yield of oil and, hence income, than if 
digested sludge is converted. However, the conversion of a substantial 
proportion of raw organic and volatile matter to digester gas will cause 
the dewatering and drying loads to be less if digested, as opposed to raw 
sludge, is thermally converted to oil. This may result in a less capital 
intensive route, and model calculating indicate that the route involving 
digestion will have a much superior overall energy balance. There is 
also the prospect that the quality of the oil produced from digested 
sludge may be superior to that produced from raw sludge and, hence, may 
be more marketable. 

Research is currently being undertaken to resolve these questions. 

L. SPINJSA 

What are the prospects for the incorporation of sludge into building 
materials? 

R.C. FROST 

This would seem potentially to be a good, environmentally acceptable 
rrethod of disposal of sludge. The high temperatures of cerrent and brick 
manufacture will destroy pathogenic organisms and many complex chemical 
pollutants, whilst the heavy rretals will be incorporated into the 
cerrentatious or brick matrix. It remains to be seen though whether the 
cerrent and brick industries are willing to accept sewage sludge. Studies 
need to be made to find out how much sludge could nationally be disposed 
of by this route and at what costs. 
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SESSION 2 CHARACTERIZATION OF SLUDGE 

Sampling techniques for sludge, soil and plants 

Abundance and analysis of PCBs in sewage sludges 

Chemical methods for the biological 
characterization of metal in sludge and soil 

Characterization of the physical nature of sewage 
sludge wi th particular regard to its sui tabili ty 
as landfill 

Microbiological specifications of disinfected 
sewage sludge 

Inactivation of parasitic ova during disinfection 
and stabilisation of sludge 

Epidemiological studies related to the use of 
sewage sludge in agriculture 

Transport of viruses from sludge application sites 

Heal th risks of microbes and chemicals in sewage 
sludge applied to land - recommendations to the 
world health organisation 
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SAMPLING TECHNIQUES FOR SLUDGE, SOIL AND PLANTS 

A. GOMEZ*, R. LESCHBER** and F. COLIN*** 
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Summary 

The necessity of analyzing inorganic and organic substances in 
environmental samples in the micro- and ul tramicro-analytical ranges 
has led to higher requirements for accurate sampling. Although in the 
field of sludge, soil and plant sampling and investigation, a number of 
recommendations exists, an overview of the general aspects of sampling, 
sample pretreatment and preservation is pointed out as a basis for 
representative results in the subsequent investigation and analysis of 
sludge, soil and plant material. 

GENERAL REMARKS 
Modern environmental investigation methods and analytical procedures 

usually cover the microanalytical range and require highly sensitive 
analytical apparatus and experienced laboratory staff. In the field of 
sludge investigation, the fulfilment of these requirements did not seem to 
be necessary for a long time, due to the relatively high concentrations of 
pollutants, e. g. heavy metals in sludge as compared with other 
environmental matrices. Due to the improvement of the knowledge on the 
negative effects of very low concentrations of some of these pollutants in 
biological processes, there was an increasing need for analyzing substances 
in the micro- and ul tramicroanalytical ranges in sludges as well. In the 
field of heavy metal analysis, this was mainly due to the determination of 
mercury and cadmium especially when transfer reactions in the system 
sludge-soil-plant had to be studied. During the last few years, in 
addition, there was an increasing interest in the determination of organic 
substances which may act as pollutants in the above-mentioned transfer 
system. In the analytical field, all these requirements were met 
satisfactorily by the improvement of existing analytical systems e.g. 
flameless atomic absorption for cadmium determination, cold vapour 
technique for the determination of mercury etc., or by developing new 
analytical methods e. g. GC-MS-coupling for the determination of unknown 
organic compounds. These improvements led to new demands in the field of 
sampling and sample pretreatment for sludges as well as for soils and 
plants. 

SAMPLING OF SLUDGES 
Al though reference was made to basic requirements of sampling, in 

former manuals and handbooks of waste water treatment and analysis, 
detailed procedures were missing for quite a long time. This changed during 
the last decade when some countries laid down regulations on the 
agricultural use of sewage sludge including guide or limit values for heavy 
metals, thus requiring analytical procedures which were given as part of 
the statutory text or within separate instructions. Now, there are a number 
of reports and standards which can be used for proper sampling (1 - 6). In 
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these methodologies or procedures, particular emphasis is placed on how to 
obtain representative samples. Detailed information on the collection of 
representative samples from tanks, pipes, channels, heaps and stockpiles is 
given by the British Standing Committee of Analysts (1) and it is pointed 
out that all procedures should be carried out by competent trained persons. 
The same requirements are part of the German Standard existing at present 
as draft standard (2). Moreover, special attention is paid to the 
cooperation between the staff doing the sampling and the laboratory staff 
responsible for the performance of analytical procedures. Single or grab 
samples are considered to be usually inappropriate due to frequent changes 
in the composition, water content, etc ... of sludges. Therefore, most of 
the references cited contain instructions on how to accurately collect 
composite samples. 

Sampling of sludges benefits also of the accumulated experience in the 
field of liquid- or muddy- industrial wastes (8, 9). Different cases have 
to be considered whether the sludge is liquid or solid. Nevertheless, it is 
always better to carry out the sampling from a material flux during its 
flow or handling that from a deposit or a storage capacity (9). In the case 
of liquid sludges in flow, whether the totality of the flux may be sampled 
during a part of the time, by cutting the liquid vein, or a part of the 
flux during the totality of the time. Various methods are described, 
especially to obtain pumping and transverse homogeneity of the liquid (9). 
Sampling may be executed directly on rotary drums such as digesters. 

Homogenization efficiency of the anaerobic digesters has been measured 
for various configurations and agitation systems (10). Due to accessibility 
problems (8), special systems are necessary for sampling in lagoons. The 
available techniques for solid sludge deposits of relatively low thickness 
are similar to that conceived for soils (4). 

Although rotary drums exist upstream, it is reported that great 
variations in sludge composition wi thin an operating day occur at plant 
hauling tank truck batches to disposal sites and at sludge dewatering 
facilities. From this point of view, a composite sample should be composed 
of at least three grab samples taken at different times (3). 

Automatic samplers have been conceived in order to obtain composite 
samples of liquid sludges (7). Some of them are marketed. 

To perform subsequent analytical determinations, it is necessary to 
homogenize this sample before dividing it into a number of subsamples of 
equal composition. This may lead to certain errors. To overcome some of 
these problems, an American Manuel resulting from the cooperation of a 
number of Agricultural Experiment Stations in the United States recommends 
the preparation of dry residue to determine as many parameters as possible 
from homogenized dry matter (5). For the same reason, the German 
Regulations on sewage sludge demand the determination of heavy metals from 
dried, homogenized sludge samples which have to be digested with aqua 
regia. Interlaboratory comparisons performed within the work of Concerted 
Action COST 68 have shown that the use of dried sludge samples for analysis 
leads to reasonable accuracy and reproducibility. Nearly in all cases, 
however, the sampling of aqueous o'r wet sludge samples (suspensions, 
pastes, humid solids) is necessary. This step is of greatest importance for 
all follow-up procedures. Some aspects have already been mentioned above, 
and some others have still to be discussed, although not in detail because 
comprehensive experience is described in the cited references. 

The choice of apparatus and material may be very important : there are 
scoops, hollow bodies to be closed by valves, grips and prickers to take 
samples and bottels or vessels with wide openings to transport and store 
sludge samples. They are all made of glass, polyolefine, metal or 
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combinations of these materials to make sure that the samples will neither 
be contaminated during sampling nor altered during storage, which would 
interfere with following examination. If changes due to diffusion of 
substances have to be expected during storage of the sample, only glass 
bottles or metal containers have to be used. If sludge samples have to be 
frozen, only plastic bottles and, if possible, metal containers may be 
used. 

For the performance of sampling, special attention has to be paid to 
the choice of the sampling site in order to obtain a representative sample, 
to the clear-description of the site and to an unmistakable marking of the 
sample. The frequency of sampling depends on the requirements of 
examination and on the importance of possible changes of the sludge 
properties. Time of sampling and duration may be of importance in processes 
wi th a discontinuous production of sludge. The quantity of the sample 
usually depends on the examination programme and its extent. Possible 
inhomogeneities of the material require that an adequate number of single 
samples of the same size is taken at different sites or at different times 
and that they are pooled to form a representative composite sample. 

Many processes described for the sludge sampling, especially concerning 
the number and the volume of elementary samples constituting a composite 
one, are based on empirical considerations, for example, taking composite 
samples from sludge stockpiles or from fields, a number of 25 cores should 
be taken to form a composite sample (4). 

Recently, important progresses have been carried out (3,9), 
particularly : 
- use of variographic analyse result series, obtained either with the time 

(chronological series) or with the space (depots), allows to determine 
the degree of successive sample interaction and to fix the minumum 
elementary sampling frequency. 

- use of multifactorial statistical analytical methods allows to carry out 
variographic studies on a very restricted number of sludge 
characteristics which describe as well as possible their variability. 
Thus, it is possible to determine the deposit structure for a relatively 
low cost. The disposal structure knowledge allows to adjust sampling 
operations, not only to know the sludge characteristic average but also 
the statistical property distribution and extreme characteristics. 

To carry out the sampling, manual sampling is the most frequent way 
because experience has shown that sampling devices used in automatic 
sampling (e.g. pumps, valves) may easily be blocked by sludge components. 
If the composi ti'on allows mechanical or automatic sampling, it has to be 
taken into consideration that especially the physical properties of sludge 
may be changed by mechanical conveying installations and that residual 
quanti ties of sludge which remain in the system will mix with the next 
sample. Small sample quantities may have influence on the results. 

As sludge may change rapidly due to biological reactions, these samples 
have to be examined as soon as possible. Physical variables which can be 
determined easily e.g. temperature, pH value and conductivity would be 
determined directly at the sampling site. During further examinations in 
the laboratory, special importance would be attached to a proper and 
thorough mixing of the sludge before filling it into the sampling bottles 
for different investigation purposes. 

During the period between sampling and analysis, sludge samples must be 
kept under conditions corresponding to the original ones. If the sludge is 
kept cool and in the dark, changes caused by biological and chemical 
processes can be minimized. If sludge samples have to be preserved for a 
certain period only, cooling to about 4° C would be applied. Preservation 
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by addition of chemicals cannot be recommended. 
For the evaluation of results by the investigating laboratory, a 

sampling report which has to prepared by the person who takes the samples 
will be of great advantage. This report would include data on the reasons 
for sampling, sample type and site, date, time, person, sampling device, 
local observations and observations relating to the sample, pretreatment, 
possible preservation and storage conditions of the sample until delivery 
to the investigating laboratory. 

SAMPLING OF SOILS 
Soil sampling is commonly used in agriculture. The aim of this practice 

is to establish the major parameter variations responsible of the fertility 
in order to bring a correctible fertilization for optimizing the planned 
cultures (11, 12). Following several steps are used for soil sampling: 
- taking off elementary samples in the field; 
- pretreatment of samples : drying, grinding, sieving, for example in view 

of reduction and possible preparation of a composite sample; 
- laboratory treatment : possible grinding, reduction of the sample to an 

aliquot for a representative analysis of the whole. 
It is generally considered that the 2 last steps are well under control 

and the main source of errors is in the field sampling. 
The increasing production of sewage sludges and their unquestionable 

agronomic value have led to consider their use in agricul ture. 
Nevertheless, the often high contents in various mineral elements (such as 
zinc, cadmium, mercury) or organic compounds (such as PCB), regard to the 
normal soil contents, put a bridle on their agricultural use. 

Various regulations have been established in several countries 
including France (17) to limit the concentrations of elements capable to be 
phytotoxic or to contaminate the trophic chain. This makes necessary to 
strike a mineral - and possible organic - balance of the soil which is 
intended to receive the sludge. Thus, the sampling methodology and analysis 
must allow the determination of the total element amounts present in the 
soil and not, in contrast with agronomic practice, the variations in the 
fertility parameters. 

The extrapolation of results, obtained on a few soil samples to the 
plot from which they were taken off, implies certainly enormous errors. The 
only way to establich an exact balance of a plot consists in a sampling 
which assumes completely its diversity and the element gradients intended 
to be analyzed. 

The plot diversity is understood by the pedologic study of its 
constitutive soils. Inside each pedologic unit, the composition variation 
is related to the possible gradient of the elements under consideration. 
Therefore, the sampling planning will be applied to the sub-plots formed by 
the different pedologic units. As before, the sampling planning will 
include the following steps sample taking off, pretreatment, then 
laboratory treatment before analysis. The 2 last steps being regarded as 
well known and low tainted with error, it seems to be important to consider 
more particularly the sample taking off procedure. 

From a general point of view, the sampling procedure is executed using 
an empirical method and is controlled afterwards by statistical studies. It 
has appeared to us more interesting to take up the following approach : we 
establish a sampling planning based on the statistical study of a 
close-mesh sampling of an homogeneous and low metal polluted soil plot 
(13). The plot* studied in this paper is located on a "Touya" soil 

* The French Ministry of E~vironment had paid for this part of the work. 
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cuI ti vated in non-irrigated maize monocul ture since its breaking up in 
1984. The soil, a typically brown acid isohumic one, is developped on 
recent Quaternary (WUrm). It is characterized by a relatively high content 
in organic matter (5 to 6 %), a texture with mainly fine limon (15 to 20 % 
of clay) and an initially low pH (4,5 to 5) associated with a notable 
charge in exchangeable aluminium (about 300 ppm). Regular limings have led 
to a notable increase in pH values of the soils in this agricultural area 
and, by this way, the disappearance of mobile aluminium. 

The maize monoculture receives yearly an average of 180 kg/ha nitrogen 
(principally urea), 150 kg/ha phosphoric acid (alternance of superphosphate 
and scoria) and 150 kg/ha potassium chloride. A liming of about 1500 kg of 
CaO/ha/2 years is applied (dolomy form) in order to increase the initial 
level of magnesium. 

The plot is a square of 100 m x 100 m where 100 samples have been taken 
off, using a network of 10,40 x 10,40 m chosen to avoid the superposition 
of sampling points with maize rows. Some heterogeneities may exist among 
the seed-rows, due to the intense colonisation of the line by the 
roots-coma or to a localisation always possible of a starter manure or also 
of treatment produces. It is clear that this possible heterogeneity is 
destroyed by next tillage. 

Each sample is obtained with one sole drill-blow of 20 cm depth. The 
sample is immediately put into a tight-closed plastic bag and brought to 
the laboratory. 

The scheme of sample treatment is reported on the document nO 1 added 
in annexe. The weighing of the whole sample, fresh or aid-dried, is carried 
out to exhibit a possible sampling heterogeneity due to the operator and, 
on the other hand, to show in the plot the main differences of texture, 
organic matter content or existence of wettings which may influence the 
sample moisture. The following parameters were measured on the set of 100 
samples : total carbon (Anne method), granulometry (5 fractions), heavy 
metal concentrations (Cd, Co, Cu, Ni, Pb, Zn). The metals have been 
analyzed after mineralization with aqua regia, cadmium in graphite oven and 
the others by atomic flame absorption. 

Beyond these determinations carried out on the whole of 100 samples, 
composite samples have also been prepared. THe procedure used for that is 
indicated in the added document (annexe nO 2). For each elementary sample 
silted at 2 mm, 10 g of soil were sampled and then mixed to constitute a 
sole sample, from which 3 sub-samples were taken off using the "corning and 
quatering" technique. This operation has been triplicated. Thus, 9 
sub-samples were prepared and 3 separated analysis carried out on them. 

The analytical results obtained on the fi ve elementary samples are 
reported in the document annexe n03. The variation in weight due to the 
sampling is relatively slight and approximatively equal to fresh - or dry -
weight. This confirms a relative textural homogeneity (visible in the 
field) and the absence of wettings. The variability in carbon and clay is 
indeed extremely low (variation coefficient of 5 to 6 %) but, on the other 
hand, large differences are observed for metals. 

To determine the m~n~mum sample number necessary for plot 
characterization, two statistical methods have been used for interpretation 
of these results : a classical method using relative precision curves and a 
geostatistical method working by "krigging". Taking account of the spatial 
independance exhibited by the geostatistical method, the results of both 
methods lead to a sample number around 20, following an uniform repartition 
for a relative accuracy of 10 %. A minimum of 25 samples has finally been 
chosen, uniformly distributed, so that the accuracy will be below 10 %. 
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The examination of analytical results obtained on composite samples and 
reported on table-annexe n04 indicates that, except for cobalt, the results 
obtained on a composite sample coming from mixing of 100 elementary samples 
are very close to the average value of the 100 samples analyzed one after 
the other. It is thus possible to conclude without excessive error that : 
- analysis of 25 samples taken off uniformly from an homogeneous plot must 
lead to an estimation of the content in different elements, with a 
precision lower than 10 %; a correct characterization of this plot type is 
consequently possible; 
- analysis of a composite sample of 25 elementary samples with several 
repeti tions is able to give a correct estimation of the plot (with an 
accuracy of about 10 %). 

Concerning the precautions required for sampling, pretreatment and 
laboratory treatment, one is referred to the study presented at the 
Brighton Symposium (14) by one of us. 

SAMPLING OF PLANTS 
Plant sampling benefits of the long agronomic experience. Nevertheless, 

it must be noticed that, in the normal practice, the aim is the deviation 
appreciation in relation with an optimal-like situation or the research of 
one - or several - cause (s) responsible of observed symptoms. 

In the case of transfer risks of undesirable elements such as heavy 
metals, the sample will have to allow the total amount appreciation 
immobilized by plants and, also, the repartition of these elements in the 
different plant organs. This will allow the evaluation of trophic chain 
contamination risks (comestible parts) but also the transport and 
contamination risks (part exported and then restituted to the soil after 
composting or transformation into manure). 

Consequently, it will be necessary to know exactly the concentration in 
elements of each plant part for establishing a balance and also the 
respective weight of each organ under analysis when the whole is too big to 
be analyzed, or to know the average element percentage when the analysis of 
the whole plant is possible. 

An addi ti ve notion will have to be taken under consideration the 
plant age or stage conditions the element repartition and concentration in 
it. For comparative studies (for example, different varieties of the same 
plant), it will be necessary to locate with a maximum of accuracy the step 
to which the sampling and then the analysis are referred. 

From these general considerations, a sampling plann~ng can be deduced 
(16) : 
al definition of the plant number to be sampled - This depends, at the same 
time, on the size of the plant and of the plot where the sampling is 
executed. If the plant is small, for example Ray-grass, several individuals 
have to be taken off in a given point to constitute the sampling unit. In 
the opposite case (maize in the ear stage for example), one sole plant may 
constitute the sampling unit. The number of sampling units is dependent of 
the observed plot heterogeneity. If one is referred to the above paragraph 
concerning soil sampling, for a same pedologic unit, 20 to 25 sampling 
units must be taken off to integrate the possible gradients relative to the 
elements in the soil. Each sampling unit ~ay be either submitted to organ 
separation (if the different elementary repartitions are wished) or stored 
in its whole before going through the pretreatment process. 
bl sampling - During the sampling harvest, all precautions would be taken 
to avoid pollutions such as loam projections by the sampling instrument. If 
possible, it is preferable to operate always in the same conditions : for 

-117 -



www.manaraa.com

example, same hour of sampling, same climatic conditions. Indeed these 
factors may influence the elementary composition of the plant and, more 
certainly, its moisture. Samples will be then put in tight-closed 
containers (for example, plastic bags) and hold in a cool place to avoid 
any variation prejudiciable to the next operations. Too important sampling 
campaigns will be avoided, because they increase too much the delay between 
the pretreatment and the treatment assuming the sample conservation. 
c/ treatment of the sample - Each sampling unit would be submitted to 
certain operations necessary to preserve its representati vi ty and 
conservation with the time, until the constitution of an average sample or 
its analysis. The following operations are distinguished: 
• cleaning - The sampled plant may have been polluted by loam or compounds 
such as pesticides or spraying of nutri ti ve solutions. This operation 
involves the following steps : wiping dry if the sample is very dirty, 
washing by brief rubbing of the surface with cotton wool or woven 
impregnated with water, eventually added or liquid detergent or diluted 
acid solution; then rinse 2 or 3 times by rapid passage of the sample into 
a water bath, the last of them being constituted by demineralized water, 
then wringing of the sample. 
• conservation of the fresh sample - The analyses are relative to fresh 
material and if it is impossible to do it immediately after cleaning. The 
samples will be stored in plastic bags thightly closed in a refrigerator. 
In case of storage in a freezer, particular precautions must be taken to 
recover the whole sample, because it will be constituted of 3 phases 
vegetal fragments, exsudate ice crystals, water of defreezing. 
• dessication - This operation must be carried out on the whole sample as 
quickly as possible to stop the biological processes which may alter the 
sample. Different possibilities are available: 

- dessication by heating in a drying oven, made more efficient by 
aircirculation; for the choice of the working temperature it will be taken 
into account of possible losses of some elements by volatilisation (case of 
mercury and selenium). Generally the temperature will never exceed 80 0 C 

- dessication by infra-red heating 
- dessication by freeze-drying. 

• grinding - The aliquot for the analysis being generally smaller than the 
sample, it is necessary to grind this one. The material used must not bring 
any pollution (case of stainless steel for the analysis of some metals) and 
will avoid the contamination of one sample by the precedent one. This 
operation will always be followed by a rehomogeneization of the obtained 
powder. One must note that a direct relationship is found between the 
fineness of the ginding and the weight of the aliquot assuming its 
representativity. 
d/ Constitution of an average sample - For practical and economical 
reasons, it is not always desirable to analyze each sampling unit; in this 
case an average sample repre'sentati ve of the whole of the sampling units 
would participate in an equivalent way of the others to the constitution of 
the final sample. One of the methods leading to this is : after grinding 
and rehomogeneization of each sampling unit, a same weight of vegetal 
material is taken off, to constitute the average sample after 
rehomogeneization of the aliquots. It is possible to carry out this 
operation, either on the whole plant or on dry material. To avoid errors 
due to dessication of the sample, weighing must be done immediately after 
grinding, when fresh material is used. The material used does not bring 
pollution or elementary retention (for example, it will be better to avoid 
the use of a mixer with stainless-steel pieces for the analysis of some 
metals) . 
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e/ When a long storage precedes the analysis, a rehomogeneization of the 
vegetal powder would be executed before any analysis procedure. Indeed, a 
sedimentation of the vegetal particles, due to gravitational force and 
differences in the grain density in the powder may occur during the storage 
phase. 

GENERAL CONCLUSION 
Sampling is a decisive step in the study of pollutants transfers in 

the system sludge/soil/plant. Many precautions are necessary and the 
present study cannot be considered as exhaustive. Nevertheless, it has an 
indicati ve value, which may be used as a basis in most of the research 
cases. Only a personnal experience allows to improve the steps reported 
here because earch research is a specific case. 

Resume 

La necessite d'analyser des echantillons pour Ie contrale de 
l'environnement, dans Ie domaine mineral ou organique et ceci a des 
ni veaux micro ou ul tra-micro-analytiques, conduit a des exigences 
accrues dans les procedures d'echantillonnage. En ce qui concerne les 
boues de station d'epuration, les sols et les plantes, il existe un 
certain nombre de recommandations pour l'echantillonnage et la 
recherche. Les principaux aspects relatifs aI' echantillonage sont 
abordes ici. Au long de ces pages, l'importance d'un echantillonage 
correct, du pre-traitement de l'echantillon et de sa conservation est 
mise en evidence pour l'obtention de resultats representatifs dans Ie 
domaine de la recherche et de l' analyse des boues, des sols et des 
plantes. 
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Annexe 1 -

Fresh weight 
(homogeneity of samples) 

Sample processing 

Air drying ------~.~ Dry weight 
(Homogeneity of the moisture) 

liquote sampling ~~.------

LGrinding (300)l) 
~ 

Packing ~~.------- Grinding (2 mm).J 

------~ .. ~Mineralization 

C (and S) analysis N analysis 

Granulometry 

Annexe 2 -

Composite sample 

100 samples 

l 
10 g/sample 

. l 
M~xture 

/f" 
Average sample M 

IT\B 
Analysis 
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Annexe 3 -

Results of separated analysis on 100 samples 

1 1 Mean Standard Coefficient of 

1 1 Average deviation variation 

1 1 
1 1 
1 C p. 1 000 1 27,3 1,73 6,3 

1 1 
1 Clay p. 1 000 1 183 9,4 5,1 

1 1 
1 Co mg/g 1 1,22 0,25 20,2 

1 1 
1 Cu " 1 3,41 1,00 29,4 

1 1 
1 Ni " 1 7,69 0,89 11 ,5 

1 1 
1 Pb " 1 11,6 1,24 10,7 

1 1 
1 Zn " 1 15,7 2,12 13,5 

1 I 
1 Fresh weight g 1 1021 120 11,7 

1 1 
1 Dry weight g 1 797 94 11,8 

1 1 

Annexe 4 -

Composite sample results (ppm) 

1 Mean (mg/g) Standard deviation Coef. Variat. % 1 

1---:-:0---,----,:-::------;---:-::-- ---:-:0---,----,-:-------;---:-::--1 1 
1 M1 M2 M3 M1 M2 M3 1 M1 1 M2 1 M3 1 
1 1 __ 1 __ 1 __ 1 

1 1 1 1 1 
Co 1 2,16 2,07 2,29 0,147 0,314 0,005 1 6,8 1 15,1 1 0,2 1 

1 1 1 1 1 
Ni 1 7,59 7,22 7,55 0,287 0,009 0,467 1 3,8 1 0,1 1 6,2 1 

1 1 1 1 1 
Cu 1 3,30 3,55 3,44 0,310 0,318 0,165 1 9,4 1 9,0 1 4,8 1 

1 1 1 1 1 
Pb 1 11,1 10,8 10,7 0,320 0,556 0,419 1 2,8 1 5,2 1 3,9 1 

1 1 1 1 1 
Zn 1 15,0 16,4 17,0 0,440 0,558 0,250 1 2,9 1 3,4 1 1,5 1 
_I 1 __ 1 __ 1 __ 1 
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DISCUSSION 

The main points to emerge from the discussion were that: 
1. It was important to ensure that sampling schemes were practical and 
feasible and not just based on statistical theory. 
2. The details of a sampling programme inevitably depended on a first 
step of setting out the aims of what you want to achieve. 
3. Analysis for some organic contaminants could be very expensive so it 
was only worth doing on a representative sample even if this in turn was 
expensive to obtain. 
4. Liquid sludge was easier to sample properly than solid sludge. 
5. For soil sampling, depth of sample could be important on 
sludge-treated fields and also the pH value and nitrogen content of the 
soil should be considered as well as the metal content when assessing 
the implications of results. 
(Contributors to discussion: Hall, Levi-Minzi, Fleming). 
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ABUNDANCE AND ANALYSIS OF PCBs IN SEWAGE SLUDGES 

J, TARRADELLAS*, H, MUNTAU**, H, BECK*** 
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D-1000 BERLIN 33 

Summary 

PCBs could be an hindrance for the agricultural use of 
municipal sewag~ sludges. In some cases PCBs from sewage 
sludges can be at the origin of the extreme biomagnifica
tion of these pollutants in agroecosystems. A systematic 
control of PCBs content of sewage sludges is needed. The 
Program COST 68 ter of the European Communities had pro
moved an intercomparison project to collect the experien
ces of European laboratories involved in PCBs-determina
tion in sewage sludges and to identify the major error 
sources of this analysis. The samples submited to analysis 
were a set of pure PCBs congeners, a mixture of comercia1 
PCBs, cleaned and rough extracts from sludges and a dried 
sewage sludge powder. The results obtained show that im
provements are necessary, mainly in the strictness of 
the handling of the samples and the identification of 
the most acceptable extraction method, to reach an accep~ 
table coherence between the results of different labora
tories. 
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I. ABUNDANCE OF PCBs IN SEWAGE SLUDGES 

The term "PCBs" represents a well-known family of organic micro-pollu
tants which consists of theorically, 209 different congeners, only 102 
congeners of which are found in comercial mixtures. The presence of 
these products in municipal sewage sludge had been largely studied in 
the last years (ref. 1 to 9). The concentrations of PCBs found in west
ern European sewage sludges varies mainly between 1 to 10 ppm (dry 
materiel) . 
Municipal sewage sludge contain a lot of organic micro-pollutants from 
which only PCBs had been well studied (ref. 1,2,11,12,13). The 
main families of organic-micro-pollutants found in sewage sludges are: 

. Halogenated aromatics : polychlorinated biphenyls PCBs 
polychlorinated terphenyls PCTs 
polychlorinated naphtalenes PCNs 
polych10ro-benzenes 

Aromatic amines and nitroso-amines 

Halogenated aromatics containing oxygen 
phenols 
chlorophenols 
polych10ro-diphenylethers 
polychloro-dibenzofuranes 
polych10ro-dibenzo-p-dioxins 

Polyaromatic and heteroaromatic hydrocarbons 
Halogenated aliphatics 

Aliphatic and aromatic hydrocarbons 

Phtalate esters 

Pesticides : Lindane 
Dieldrin 
DDE 
Organo-phosphorus 

In a recent research realized on the sewage sludges of six swiss 
towns (ref. 10) the concentrations of PCBs were compared with the 
concentrations in PAH (polyaromatic hydrocarbons) phtalates, 4-nonyl
phenol, cadmium and zinc. The results of this research are presented 
on the FIGURE 1 

II. EFFECTS OF PCBs FROM SLUDGES ON SOILS, PLANTS 

AND AGRICULTURAL ECOSYSTEMS 

Organic micro-pollutants in sewage sludges, cannot be, generally, so 
easily translocated in the plants as heavy metals. That could be one of 
the reasons for the existence of only few studies about environmental 
problems induced by organic micro-pollutants in soils (ref. 31) and in 
sludges. Again, PCBs had been the better studied amongst these products, 
partly because they seem to be the less degradable. Some authors (ref. 
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14, 15, 16) have studied the degradation of PCBs in soils. Results de
pend on the rate of chlorination of PCBs and the biological activity of 
the soil. The half-life varies between 2 monthes for 2, 4-dichloribiphe
nyl to 15 years and up for PCBs with more than 3 chlorine atoms. 

FIGURE 2 shows the range of concentrations of PCBs found in natural 
Swiss soils and soils treated by municipal sewage sludges and composts 
(ref. 10). The mean magnification factor of PCBs concentration between 
natural soils and sludges-treated soils is about 5 and between natural 
soils and compost-treated soils about 20. 

FIGURE 2 shows also the range of concentrations of PCBs found in some 
species of Swiss agro-ecosystems. The role of PCBs brought by sewage 
sludges and composts to the bio-accumulation of these products in the 
fauna is clearly underligned by the significative increment of PCBs con
centration in the earthworms living in soils treated by sewage sludges 
and composts. Earthworms are a basic food for a lot of animal species 
of agro-ecosystems and their PCBs contamination by sludges and composts 
is probably one of the main reasons for the extremely high concentrations 
of PCBs found in the eggs of birds of prey. 

III. ANALYSIS OF PCBs IN SEWAGE SLUDGES 

1) Presentation of the COST-Intercomparison 

The results presented above show that PCBs are one of the major orga
nic micro-pollutants to be controlled in sewage sludges. But systema
tic control of PCBs content of sewage sludges, soils and agricultural 
products is hampered considerably by the lack of simple, straight
forward, rapid and accurate analytical methodologies. 

Consequently the Working Party 2 of the COST 68 ter programm had pro
moved since 1982 an intercomparison project with the view to : 
- Collect the experiences of European laboratories involved in PCB

determination in sewage sludge, and establish a realistic picture 
of the current state-of-the-art. 

- Identify the major error sources associated with PCB-determination 
in sewage sludge. 

The first exercise aims at a correct picturetaking of the situation 
with regard to PCB-determination in sewage sludge and its structure 
was adequately designed. 

This paper presents the results of this exercise. 

The following materials was sent out for analysis 

1. Hexane-solution of the PCB-components IUPAC no 
28 2,4,4'-trichlorobiphenyl 
52: 2,5,2',5'-tetrachlorobiphenyl 
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77 3,4,3',4'-tetrach10robipheny1 
101 2,4,S,2' ,S'-pentach10robipheny1 
138 2,3,4,2' ,4' ,S'-hexach10robipheny1 
lS3 2,4,S,2' ,4',S'-hexach10robipheny1 
180 2,3,4,S,2' ,4' ,S'-heptach1orobipheny1 

The code of this material was M1. 

2. Hexane-solution of technical mixtures Ch10phen A30, A40, A60. 
Code M2. 

3. Two raw-extracts made from Ispra standard sewage sludge SL3 accor
ding to two different extraction techniques. Codes M3A and M3B. 
M3A was extracted by acid-digestion way of the dried sludge during 
24 h in a solution of 2 volumes of 70 % perch10ric acid in 3 vo
lumes of glacial acetic acid (ref. 17). 
M3B was extracted by direct stirring of the dried sludge in the 
n-hexane. 

4. Purified (cleaned) extract made from Ispra Standard sewage sludge 
SL3. Code MS. 
MS was obtained cleaning M3A solution by sulfuric acid (ref. 18) 
and F1orisi1 column chromatography (ref. 19) and precipitation of 
sulfur by metallic mercury (ref. 20). 

S. Ispra standard sewage sludge SL 3. Code M4. 

For the material Ml it was asked to express the concentration of each 
the seven congeners (in~g/ml) in the solution. For the other mate
rials the results had to be expessed according to the sheet of re
sults presented on the FIGURE 3 and it was asked to add a description 
of analytical methods. 

The exercise was developed stepwise 
- First step: Analysis of Ml and M2. After this step each labora

tory have received the true value corresponding to 
these materials. These results could be utilized to 
quantify later on M3, M4 and MS. 

- Second step: Analysis of the extracted sludges materials M3 and 
MS. 

- Final step: Analysis of the dried sludge material M4. 

At the beginning of the exercise, 71 laboratories had indicated an 
interest in participating. At least,. 39 laboratories have actually 
send results. The origins of these laboratories are: 
24 from Federal Republic of Germany 
4 from France 
3 from Nederland 
3 from Switzerland 
2 from Finland 
1 from Belgium 
1 from Ireland 
1 from Sweden 
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FIGURE 3: 

SHEET OF RESULTS 

ISAMPLE M 

1 ) Concen tra t i on of isomer 28(1 ) in M .......................................... 

Concen tra t i on of isomer 52(1 ) in M .......................... 

Concentra tion of isomer 77(1 ) in M ...................... 
Concentration of isomer 101(1)in M ..................... 
Concentration of isomer 138(1 'in M .......................................... 

Concentration of isomer 153(1 'in M ...................... 
Concen t ra t i on of isomer 180 ( 1 ) i n M ............................. 

2) Concentration of the isomers 28, 52, 77, 101, 138, 153 and 180(1) 
together in M 

3) Concentration of clophen A30(2) in M 

Concentration of clophen A50(2) in M 

Concentration of clophen A60(2) in M 

TOTAL 

l'g/ml 

l'g/ml 

l'g/ml 

l'g/ml 

l'g/ml 

l'g/ml 

l'g/ml 

l'g/ml 

l'g/ml 

l'g/ml 

l'g/ml 

l'g/ml 

4) Concentration of the sample M in total PCBs(3); ..•.••.......•..•.... l'9/ml 

(I) According to Ballschmitter numbering. 

(2) Or equivalent trade mark (Aroclor, Phenochlor, Kanechlor ... ). 

(3) Please describe how do you proceed to calculate this concentration in total 
PCBs : 
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Amongst these 39 laboratories 
- 36 sent results for Ml 
- 37 sent results for M2 
- 21 sent results for M3A and M3B 
- 18 sent results for M4 
- 20 sent results for M5 

About chromatographic columns: 
- 37 laboratories have utilized capillary columns 
- 2 laboratories have utilized packed columns. 

About detection method 
- 38 laboratories have utilized ECD detector 

1 laboratory has utilized MS detection. 

2) Results 

TABLE 1 presents the "true" and mean value for all the results. The 
dispersion of the results is presented by means of figures showing 
some selected results classified in function of the percent of de
viation with regard to the "true" and mean value. 

This percent of deviation was calculated utilizing the following 
formula : 

Percent deviation = ~ - 1) x 100 

R : mean or true value for the material 
R : value found by the laboratory. 

On each figure the true (for Ml and M2) or the mean (M3, M4, M5) 
value is indicated. 

2.1) B.e~u!t~ fo.!:. !h~ ~i.!:.e~tly_i.!!.j~c!a~l~ ~olu!i£n~.:.. !il..!. !i2_a.!!.s_M~ 

2.1.1) B.e~ult~ £n_Ml 
The FIGURE 4 shows the results obtained for total concentration 
of the seven congeners. 
The FIGURE 5 shows the results obtained for the congener 28. 

2.1.2) B.e~ult~ £n_M.£ 
The FIGURE 6 shows the results obtained in terms of total PCBs 
in the material M2. 

2.1.3) B.e~ult~ Qn_M~ 
The FIGURE 7 shows the results obtained for the concentration of 
the congener 28 in the material MS. 
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TABLE 1 

SAMPLE CONGENER TARGET VALUE MEAN VALUE 
( fg/ m1 ) 

28 2,5 
52 0,9 

Ml 77 0,75 
101 0,5 
138 0,45 
153 0,35 
180 0,3 

Clophen A30 5,0 
Clophen A50 2,5 
Clophen A60 5,0 

M2 28 0,82 f'" g/ml 
52 0,35 " 

101 0,35 " 
138 0,62 " 
153 0,54 " 
180 0,42 " 

Total PCBs 1,41 rg/m1 
28 0,062 " 
52 0,034 " M3 A 101 0,031 " 

138 0,052 " 
153 0,044 " 
180 0,026 

Total PCBs 2,88 r g(,ml 
28 0,14 
52 0,07 " M3 B 101 0,065 " 

138 0,14 " 
152 0,13 " 
180 0,073 " 

Total PCBs 4,9 rg/ g 
28 0,26 " 
52 0,13 " 

M4 101 0,15 " 
138 0,23 " 
153 0,21 " 
180 0,14 " 

Total PCBs 1,15 rg/m1 
28 0,055 " 
52 0,028 " 

101 0,034 " 
M5 138 0,055 " 

153 0,048 " 
180 0,028 " 
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- SAMPLE : M 1 • • tota 1 congeners :28+52+ 

\. 
77 + 101 + 138 + 153 + 180 

number of resu 1 ts : 34 

true value: 5,751'g/ml 

1 .. 
-.. 

.. 
--.... 

I~ -.. 
-60 -40 -20 o ·20 ·40 ·60 

% deviation 

FIGURE 4 : % deviation of the results obtained for the concentration of total of congeners 28 + 

52 + 77 + 101 + 138 + 153 + 180 in the sample M 1. 

- SAMPLE : M 1 - - congener : 28 

• number of results : 32 

-". true value: 2,5 ,MImI 

• 
1. 

I 

-.. 
\ .- • • -r --60 -40 20 o ·20 .40 

% deviation 
Figure 5 % deviation of the results obtained for the concentration of the congener 28 in 

the samp 1 e MI. 
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\ 
SftMPLE : M 2 
total PCBs 

number of results : 28 -. • true va 1 ue : 12,5 f"9/m1 

• -\ 
.., -. ' . • 

I~ 
II. 

-60 -40 -20 o +20 +40 

% deviation 
FIGURE 6 % deviation of the results obtained for the concentration of total PCBs in 

the sample M 2. 
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• -- sample: M 5 • congener: 28 -- number of results: 15 
out of the figure:. 1 resul t • mean value: 0,055 pg/ml 

-

--• -- .. --• --• -- • -60 -40 -20 0 +20 +40 -% deviation 

FIGURE 7 : % devi ation of the results obtai ned for the concentration of the congener 28 
in the sample M 5 • 

• SAMPLE : M 5 

• congener : 180 

-.II number of resu 1 ts : 16 

.- Mean va] ue : 0,028 r9/m] • • • • • • • • 
I. 

• • • 
-60 -40 -20 o +20 +40 

FIGURE 8 
% deviation 

% deviation of the results obtained for the concentration of the congener 180 
in the sample M 5. 
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The FIGURE 8 shows the results obtained for the concentration of 
congener lEU in the material M5. 

2.2) B.e~u.! t~ ~n _ t!!.eJ~w _e~t!.a.£t_m~t~rla.!s _M1A_a.!!d_M3B 

The materials were send to test the purification methods. 
The main purification methods utilized by the laboratories ha
ving analized M3 are listed below 

Chemical purification methods 
H2S04 concentrated 

H2S04, 7 % S03 
ethanolic KOH at 600C 

Chr-omatographic purification method 
-- chromatographic columns packed with Florisil, 

Alumina and Silicagel. 

- Additional purifications for sulfur removal 
precipitation with mPtallic copper or mercury 
chemical reaction with Na2S03. 

The results obtained for M3A material about the congeners 28 and 
180 are presented on the FIGURES 9 and 10. There was no diffe
rences in the quality of the results obtained between M3A and 
M3B. 

2.3) ~x.!r~c!i~n_of !h~ ~rle~ ~l.!!d.9.e.!. M4 

The main target of this exercise was to test the extraction me
thods. These extraction methods can be classified in two groups: 

2.3.1) Qi!.e.£t_s~l~e.!!t_e~t!.a.£tlo.!! ~e!h~d~ 

2.3.1.1) ~a!c!!. £r~c~d.!!res 

B-1: Acetone-petroleum ether extraction (ref. 21) 
The reference sample M4 was shaken for one minute. Ten grams of 
powder were weighted in a centrifuge tube with screw cap, next 
20 ml of acetone were added and the tube was shaken for 20 minu
tes by means of a mechanical shaker. Next the sample was 
centrifugated for 10 minutes with a relative centrifugal force 
of 915 N kg-l. The acetone phase was decanted into a separation 
funnel and the whole extraction procedure was repeated with ano
ther 20 ml of acetone. After combining the acetone phases 5 ml 
of a saturated solution of sodium sulfite were added to remove 
sulfur and the solution was shaken for 1 minute. Next 350 ml of 
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-• 
• • • 

I~ 

• -• -• 
I-

• 

SAMPLE : M 3A 
congener : 28 

number of resu 1 ts : 14 
out of the figure: 3 results 

Mean value: 0,062 fg/m1 

• 
•• \ • • -60 -40 -20 o .40 ·60 

FIGURE 9 
% deviation 

% deviation of the results obtained for the concentration of the congener 28 
in the sample M 3a. 

i-
SAMPLE : M 3A • • congener : 180 

number of resu 1 ts : 16 

• • Mean value: 0,026 rg/m1 

• • - • • • • - • • -. 
-60 -40 -20 o .40 

% deviation 
FIGURE 10 : % deviation of the results obtai.ned for the concentration of the congener 180 

in the sample M 3a. 
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water were added and the solution was extracted two times with 
portions of 50 ml of petroleum ether by shaking for 20 minutes. 
The petroleum ether phases were decanted and the combined petro
leum ether extracts were dried over anhydrous sodium sulfate and 
concentrated to a volume of 20 ml. 

B-2: Acetone-hexane-diethylether extraction (ref. 22) 

10 ml destilled water was added to 2.00 g of the dried sludge 
in a test tube, mixed well, and centrifuged. The supernatant was 
removed and saved. 20 ml acetone was added to the wet sludge 
and the tube rotated overnight. 
After centrifugation, the acetone extract was transferred to a 
separatory funnel containing 20 ml 0,9 % sodium chloride solu
tion plus the supernatant from above. The sludge was re-extrac
ted for 30 min. with 15 ml 2 : 1 hexane : acetone, and after 
centrifugation the solvent extract was added to the separatory 
funnel, which was then shaken well. After phase separation, the 
organic phase was transferred to a pear-shaped flask. The aque
ous phase was re-extracted with 10 ml 9:1 hexane:diethyl ether, 
and the organic phases combined and concentrated to 4 ml under a 
nitrogen stream in a 600C water bath. 

B-3: Acetonitril-water and hexane extraction. AOAC general 
method for chlorinated pesticides (ref. 23, 24). 

25 g of Ispra Powder are extracted twice with acetonitrile-water 
mixture (75:25) in a centrifuge tube with a mixer. The extracts 
were transferred to 1 1. separatory funnel. Saturated NaCl solu
tion (10 ml), water (600 ml) and hexane (100 ml) were added. The 
funnel was shaken vigorously for 1 minute. An aliquot (75 ml) of 
hexane was concentrated to 2 m1 with rotary vacuum. 

B-4: Pre-formaldehyde solution and acetone-hexane extraction 
(ref. 25). 

10 g of the sample M4 and 12 m1 of a 35 % formaldehyde solution 
in water were put in an 1000 ml Erlenmeyer flask. This mixture 
stood without stirring over night. Then 200 ml of an 2:1 hexane 
acetone solution was added. After shaking for 12 hours the inso
luble partice1s were separated by centrifugation (5 minutes at 
2500 rpm) and the liquid part was transferred in a 1000 m1 sepa
ratory funnel. The insoluble residue in the centrifuge tube was 
stirred with 50 m1 of hexane acetone 2:1, subsequently this 
mixture was centrifuged, too and the clear solution was also 
decanted in the separatory funnel. To the united extractes 150 ml 
distilled water and 50 ml of a saturated sodium chloride aqueous 
solution were added. After shaking for 1 minute the aqueous phase 
was let off in a second separatory funnel with 50 ml hexane. This 
procedure was repeated once more and both hexane extracts were 
collected in the first separatory funnel and washed with 150 m1 
distilled water and 50 ml of a aqueous saturated sodium chloride 
solution. After drying the hexane extract for an 1/2 hour over 
sodium sulphate and filtration three drops of dodecane were ad
ded and the hexane was completly evaporated. The residue was 

- 138-



www.manaraa.com

dissolved in 10 m1 of a 1:1 cyc10hexane ethyl acetate mixture. 

B-5: Oi rect hexane extracti on (ref. 26, 27). 

The dried sludge (0,2 g), distilled water (10 m1), and n-hexane 
(20 m1) were homogenised in a centrifuge tube for 5 minutes with 
a Si1verson mixer. When necessary, the mixture was centrifuged 
at 3'000 rpm for 3 minutes. The sample was re-extracted twice 
with n-hexane. The combined n-hexane extracts were concentrated 
to approximately one m1 for direct application to the clean-up 
column. 

2.3.1.2) ~o~hle! ~x!r~c!i~n_ 

Seven laboratories had extracted the dried sludge by the Soxh1et 
method. The solvents utilized were: 

S-l 25 % m1 acetone, 75 % vol. n-hexane. 
S-2 hexane, acetone, diethy1 ether, petroleum ether (2,5 

7,5:1:1). 

S-3 pure n-hexane. 

The time of reflux varies between 6 to 24 hours. 
Below there is the description of one of this extraction method 
(ref. 28). 
Put the empty extraction thimble into the soxh1et, connect 
reflux condenser and round flask and extract by a mixture 
of 12,5 m1 acetone and 37,5 m1 n-hexane until gas chromato
gram by ECO detection does not show any PCB peaks or peaks 
of other disturbing impurities. 
This procedure may take one day or even longer. In this case the 
extraction mixture has to be renewed once or several times until 
the blank test is satisfactory. 
Put an exactly weighed amount of the dried sewage sludge (about 
5 g) into the clean extraction thimble and extract in Soxh1et 
by a mixture of 12,5 m1 acetone and 37,5 m1 n-hexane for eight 
hours. The extract solution will become yellow to brown. Concen
trate the extract solution by an evaporator until nearly 
dryness. 

Add 20 m1 of n-heptane and evaporate until nearly dryness. 

Solve the residue in n-heptane and transfer to a 10 m1 volumetric 
flask and fill us by n-heptane the calibration mark. 

2.3. 1.3) ~t~a~ ~i~t~11a!i~n_(~t~ 

One laboratory have indicated, without details, to have extract 
the material M4 by a combined steam distillation-extraction me
thod utilizing pentane as solvent. 
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2.3.1.1) ~a£o~iii£a!i~n_(~ei._22)_ lSEl 

Macerate 20,0 g sewage sludge in a macerator (Waring Blendor) 
with 15 ml 0,2 M NH4Cl-solution for 5-10 s. Add 100 ml hexane
acetone (1:1 v/v). Macerate 5 min. Transfer the macerate into a 
250 ml centrifuge beaker. Centrifugate at 2000 g for about 3 min. 
Transfer the above solvent over glass wool into a 500 ml separa
ting funnel and transfer the sediment with 50 ml hexane-acetone 
(1:1 v/v) into the macerator. Add 10 ml 0,2 M NH4CL to the sedi
ment and macerate 5 min. Transfer the above solvent over glass 
wool in the separating funnel after centrifugation. 
Transfer the hexane extract into a 100 ml flask, add 20 ml of 
alcoholic potassium hydroxide and saponify on a waterbath for at 
least 45 min. at 700 C (measured inside the flask). Use a conden
sor on the flask. Add a few drops of water and mix. If the soap 
solution turns turbid proceed with saponification. Cool the solu
tion and pour it into a separating funnel (250 ml). Add 30 ml of 
pentane, 20 ml of water and shake for 30 s. Transfer the pentane 
layer into another separating funnel. Extract the water layer 3 
times with 15 ml of pentane and transfer the pentane layers to 
the second separating funnel. Wash the combined pentane solutions 
several times with 15 ml of water until neutral. The pentane 
solution should now be clear. Pass the pentane solution through 
a chromatographic column containing anhydrous sodium sulphate. 
Rinse the column with pentane and concentrate carefully on a ro
tavapor to 2 ml at 300C under slight vacuum. 
Note - Especially chlorobiphenyls with lower chlorine contents 
are volatile and may evaporate. 

The dried powder is vigorously shaken during one minute. Appro
ximately 10 g of powder are exactly weighed and then digested by 
80 ml of acid solution (i.e: 2 vol.s 70 % perchloric acid in 3 
vols glacial acetic acid), for 24 hours over a steam bath. After 
cooling and doubling the volume by distilled and hexane washed 
water, the sample is transferred to a separatory funnel and ex
tracted with 3 vols of 20 ml each of n-hexane. The 60 ml of total 
hexane extract are concentrated to approximately 2 ml. 

2.4) !!.e~u.!.t~ ~b!ain~d_o~ !h~ !,!a!e~i!lYi 

FIGURES 11 and 12 show the results obtained for the concentra
tions of the congeners'28 and 180 by the laboratories having 
performed the total extraction, purification and quantitation 
of the dried sludge material M4. 
On these figures the extraction methods are indicated in front 
of the points representing the results. 
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SAMPLE : M 4 
• B-2 congener : 28 

• S-3 number of resu 1 ts : 15 

8-1. out of the figure : 2 resul ts 

• 8-3 Mean value : 0,26 19/9 

• S-2 

.S-3 

SP. 

S-3. 

S-3. 

I~ 

• 
• B-5 

• B-4 

S-3. 

I 

A I~ 

-60 -40 -20 o ·20 ·40 ·60 

% deviation 
FIGURE 11 : % deviation of toe results obtained for the concentration of the congener 28 

in the sample M 4. 

B-1. 

St. 

SP. 

8-3. 

• SAMPLE : M 4 
congener : 180 - number of results : 10 

• S-3 
out of the figure : 7 results 

• B-4 
Mean value: 0,14 i'9/g 

• B-2 

• 
• S-3 

_. 
I.A 

.S-3 

.S-3 

• S-2 

• S-l 
.St 

-60 -40 -20 o .20 ·40 ·60 

.B-5 

.S-l 

.S-3 

% deviation 
FIGURE 12 % deviation of the results obtained for the concentration of the congener 180 

in the sample M 4 . 
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IV. QUALITATIVE PERFORMANCES OF FOUR EXTRACTION METHODS 

One of the major requirements in view of a successful extraction is to 
avoid further difficult purification steps. 

Utilizing an other dried sludge from the EEC Ispra Center, the Institut 
du Genie de Z'Environnement of the Swiss Federal Institute of Technology 
of Lausanne had compared four methods which do not need special stirring 
material or special glass equipment (ref. 30). 

These methods were : 
- Acid digestion (A), described above. 
- Saponification method (Sp), described above. 
- A direct hexane-extraction without special mixer 

The dried sludge (2.0 g), distilled water (50 ml), and n-hexane (80 ml) 
were homogenised in a 250 ml glass-balloon with a magnetic stirrer for 
15 hours. The mixture was centrifugated at 3'000 rpm for 10 minutes. 
The sample was re-extracted twice with n-hexane. The combined n-hexane 
extracts were concentrated to approximately one ml. 

- An alkaline extraction method abble to extract both PCBs and PAH from 
sludges (adapted from ref. 36) : 
5 to 10 g of dried sludge are reflux boiled with methanolic-KOH 2 N, 
during two hours. After cooling, the mixture is transferred to a sepa
ratory funnel and extracted 3 times with 50 ml of hexane. The combined 
extracts are concentrated to approximately one ml. 

The other conditions were : 
- Clean-Up: The extracts from the four previous methods are purified 

by the same method on Florisil column chromatography. An additional 
clean-up was realized on the extracts from Acid digestion and direct 
hexane extraction to precipitate sulfur by metallic mercury. 

- Chromatographic conditions: A Perkin-Elmer Sigma 3 B chromatograph, 
with an electron-capture 63Ni detector was used with N2 as carrier 
gas. Injection in split mode. A fused silica column (30 m., i.d.: 0,25 
mm) coated with SE 52 was utilized. Temperature conditions: injector 
temp.: 2750C., detector temp.: 3500C, oven temp.: 1700C up to 2650C, 
ramp rate : 20C/min. 
A Perkin-Elmer Sigma 10 B data station was used as recorder and inte
grator. 

Two extractions were performed which results are presented on the TABLE 
below : 
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PCl3s concentration (mg/kg) 
Extraction 1 Extraction 2 R 

Acid digestion 3,19 3,17 3,18 
Saponifi cati on 2,84 2,29 2,56 

Direct hexane extract. 4,23 4,48 4,35 
Alkaline extraction 4,04 3,94 3,99 

The chromatograms obtained after a single Florisil clean-up are presen
ted by FIGURE 13. 

The chromatograms obtained show that acid digestion and direct hexane 
extraction give extracts with a lot of sulfur and consequently these me
thods need a further purification step by metallic mercury (ref. 20), 
additional step which is not necessary with the saponification and alka
line methods. 

v. DISCUSSION 

1) Comments about the guantitation 

Most of the researches dedicated to PCBs contamination and most of 
the regulations about this pollutants give results on total PCBs con
tent. However during the ten last years developments on capillary GLC 
and consequent higher resolution, had allowed to determine and quanti
fy individual congeners (ref. 32, 33, 34). 

PCB residues in the environment and in sewage sludges result from 
different mixtures of various technical products which, however, may 
have undergone changes in their distribution pattern due to degrada
tion or metabolization of individual congeners. Depending upon the 
substrate, distribution patterns of the individual PCB components in 
the residues may vary. For example, PCB residues in fish are of a 
different composition than those in milk fat. 

Owing to their complex nature of PCBs involving numerous individual 
congeners, gas chromatographic determination of the PCB content is 
quite problematical. So far, this has been done mostly by using pac
ked columns with a low separation efficiency. The peaks commonly mea
sured are broad and may consist of numerous individual PCB congeners 
or even other interfering substances. Since in addition the response 
of the detector signal (peak area) is different for the individual 
compounds, identical peak areas may well be consistent with the pre
sence of different ama.mts of individual congeners. It is not possible 
to assign the peaks to defined compounds in a qualitative mode and 
confirm this. For quantitative evaluation, the areas of a number of 
peaks of a sample are compared with peaks occuring with identical re-
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tention time from a commercial product (e.g. Clophen A 60). From this 
a "PCB content (calculated as Clophen A 60)" is inferred although the 
non-identity of the PCB distribution pattern of the peak with that of 
the sample is known. 

For some time already, a number of laboratories have used gas chroma
tography with capillary columns of high separation efficiency for de
termination so that now most individual PCB components result in sepa
rate peaks. However, quantitative determination of all individual con
geners to determine the "true" total content of PCBs involves consi
derable expenditure (calibration by means of approximately 100 single 
components) which cannot be justified for routine analysis. As an 
interim solution a few randomly selected peaks from a capillary gas 
chromatogram were referred to commercial technical products and from 
these an apparent total PCB content was extrapolated. In such extra
polations, it is entirely possible that the true PCB content is si
gnificantly higher than the calculated one; i.e. in fish which contain 
besides the components of (highly chlorinated) Clophen A 60 also low
chlorinated (i.e. from Clophen A 30) ones. On the other hand, the 
true content in mother's milk is only ca. 50 % of the extrapolated 
PCB content because numerous individual congeners of the commercial 
technical products are no longer contained in mother's milk. 

The Federal Health office of the Federal Republic of Germany had 
developped a concept of PCB residue analysis according to which extra
polation to a fictitious PCB content is replaced by the actually mea
sured contents of selected individual PCB congeners. For this purpose, 
the following 6 individual congeners have been selected (the figures 
given in brackets refer to the IUPAC numbering (in accordance with 
ref. 32). 

1) 2, 4, 4'-trichlorobiphenyl 
2) 2,2',5,5'-tetrachlorobiphenyl 
3) 2,2',4,5,5'-pentachlorobiphenyl 
4) 2, 2',3,4,4',5'-hexachlorobiphenyl 
5) 2,2',4,4',5,5'-hexachlorobiphenyl 
6) 2,2',3,4,4',5,5'-heptachlorobiphenyl 

(28) 
(52) 

(101 ) 
(138) 
( 153) 
( 180) 

These defined individual congeners are to serve as indicators of the 
entire PCB distribution ~attern in the samples. They represent limi
ting factors for both the technical PCB products, which are the cause 
of the world-wide contamination ot fhe environment and for the vary
ing PCB patterns in environmental samples due to metabolization and/ 
or accumulation within the food chain and therefore they are suitable 
for the establishment of maximum residue limits (ref. 35). 

The selected individual PCB components are commercially available 
both in pure form and as solutions. 

For the previously presented reasons, these six particular congeners 
were those selected for the quantitation in the COST exercise. 

In fact some other congeners are of importance in environmental and 
sewage sludge samples. The TABLE 2 presents the abundance of 14 indi
vidual congeners in a mixtur~roclors, waste-waters and sludges 
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MIXTURE OF AROCLOR 1242 + 1254 + 1260 

ACID DIGESTION (A) SAPONIFICATION (Sp) 

DIRECT HEXANE EXTRACTION ALKALINE EXTRACTION 

FIGURE 13: Chromatograms of PCBs extracted*from a EEC-Ispra sewage sludge by the 
four methods tested, and chromatogram of an Aroclor mixture 
(*: after a single Florisil purification step) 
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from three Swiss-towns (ref. 10) and in the dried sludge utilized for 
the COST exercisE. According the results presented in this Table, 
congeners 60, 95, 110, 118 and 149 should be eventually considered 
in addition of the six congeners utilized in the COST exercise and 
selected by the Federal Health Office of the FRG. 

2) Quality of the results obtained in the COST exercise 

In spite of insufficient number of laboratories having send results 
the main conclusion of the exercise is that the dispersion of the re
sults obtained increases with the quantity of preparation step of the 
samples. 

For the sample Ml for which it was needed to quantify pure congeners 

75 % of the results are in the range of +/- 20 % of deviation for 
the total concentration of the 7 congeners. 

68 % of the results are in the range of +/- 20 % of deviation for 
the congener 28, which quantitation have gave the worst results. 

For the sample M2 for which it was needed to quantify a mixture of 
commercial PCBs : 

55 % of the results are in the range of +/- 20 % of deviation for 
the total PCBs quantitation. 

For the sample M5 which was a purified extract from a sewage sludge : 
62 % of the results are in the +/- 20 % range of deviation for the 
congener 28. 

62 % for the congener 101. 
56 % for the congener 180. 

For the sample M3A which have needed a purification step realized by 
each laboratory : 

53 % of the results are in the +/- 20 % range of deviation for the 
congener 28. 
53 % for the congener 101. 
56 % for the congener 180. 

For the sample M4 which have needed a total process of extraction, 
purification and quantitation from a dried sludge : 

41 % of the results are in the +/- 20 % range of deviation for the 
congener 28. 

41 % for the congener 101. 
35 % for the congener 180 
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3) Errors on extraction and purification steps 

It appears that extraction and purification are the critical steps 
to increase the dispersion of the results. These two operations are 
in fact closely linked. 

- If the extraction step is poor the extract is clear and easy to 
purify but the recovery of PCBs will be low. 

- If the extraction step is efficient the rate of rec~very of PCBs 
will be good but the extract will need a difficult purification 
step in which one ~ loose the benefits of the extraction. 

The results obtained in the COST exercise and the research presented 
in the chapter IV suggest that : 

- Steam distillation and saponification (ref. 29) methods are quite 
poorly extractive, mainly for highly chlorinated congeners. 
However, saponification gives very clear extracts. 

- Acid digestion (ref. 17) is an extremely strong extraction method 
(particularly concerning sulfur content of the samples) which needs 
special attention to purification steps. 

- Batch-solvent extractions (ref. 21 to 27), Soxhlet extraction (ref. 
28) and alkaline extraction (ref. 36) give both good recovery and 
quite clear extracts. 

less differences appear between purification methods. Column Chroma
tography (with Florisil, alumina or silica-gel) seems to be well adap
ted to sewage sludge extracts. The experience of the operator in the 
use of these chromatographic materials is the critical point for this 
operation. Desulfuration can be operated by metallic mercury (ref. 20) 

4) Instrumental analysis and quantitation 

The COST exercise has indicated some other sources of errors in the 
analyses of PCBs in sewage sludges : 

4.1) ~o.!y~n~ 

It must be absolutely ensured that the standard substances and the 
samples are dissolved in the same solvent because otherwise changes 
in vapourization profiles may result which in turn could lead to chan
ges in retention times, peak areas and peak heights. For example, u
sing toluene instead of iso-octane as a solvent has resulted in an 
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increase of peak height by 35 % (ref. 35). 

4.2) ~ali~r!tio~ ~r!p~ 

Calibration graphs are to be established to ensure that operation ta
kes place in the (approximately) linear range of the ECD. These cali
bration graphs have to be established utilizing different rates of 
dilution of the standard solution. 

4.3) .!.n!e.!:n!l_s!a~d!r~ 

In many laboratories, the use of internal standards (e.g. isodrin; 
1, 2, 3, 4-tetrachloronaphthalene; hexabromobenzene) to reduce the 
injection error has proved to be useful. 

4.4) ~o!!!.p.!!t~.riz~d_i~t~.r.2.r~t!tio~ Qf_t~e_c~rQm!tQg.!:a.2.hicy~a~ 

Quantitative evaluation is conducted by determination of the peak 
area or heights for the individual PCB components in the sample ex
tract and comparison with the areas and heights, respectively for a 
standard solution of known concentration. 

In most of the cases this operation is performed by a computerized 
equipment. The recognition of the peaks is made utilizing relative 
or absolute retention time. The calculation of peak areas and heights 
is performed by the computer according some criteria. Amongst these 
criteria : 

- the test area of the peak before confirmatio~ (area sensitivity), 
- the slope and the rate of change in the slope of the signal level 

used by the system to determine wether it is on baseline or not 
(base sensitivity), 

- the criterion used by the system to consider or not a small peak on 
the trailing side of a big peak (skim sensitivity), 

- the baseline treatment (valley to valley, horizontal, etc). 

Due to the presence of impurities and the difference of balance bet
ween congeners the computerized system can integrate differently the 
same peak between the standard solution and the sample-extract solu
tion. FIGURE 14 shows an example of this type of errors. The figure 
shows an enlargement of the area taken as reference by a computerized 
integrator for the peak corresponding to the congener 180 : 

A in the chromatogram of a mixture of AROCLORS 1242 + 1254 + 1260. 
B in the chromatogram of the extract from an environmental sample 

(brown trout). 

In this particular case, the error induced by the computerized area 
calculation of this peak is about 16 % in proportion of the comparison 
of the heights. 

-149 -



www.manaraa.com

A B 
(t- ... -1 • 
(( • ,-,.', 

fr', ,-,.- . . 
. - . ~ Cr1 
r·" · J.( 

,~ 0 

(' 
I' ' • " • .,-t 

1-. a: ··:1 
~ 

t -") J . 
1-1 ~ 1-~ .' ~ III ~ .. - ~ 

11 
• t -. ~ 
I 

~J. ~"f) • (t) 
~' . c··~ [oj 
~ ., IS: ...... 0") 

S ~ ,I. . I ...... 1:;:1 
r-'(" ~ II (. ~ ",' 

0 

• ~t-f It 
• 

('.J 
~ ... .-1 r'oJ 

1 
~ . ... c'- , 
~ c&) 

, . 

\ I ~~~~ • If 

~ ~ 
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integration of the same peak (congener 180): 
A: in a mixture of comercial Aroclors 1242 + 1254 + 1260 

B: in the extract of an environmental sample (brown trout) 
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VI. CONCLUSION 

The intercomparison exercise of the WP-2 COST 681 group has shown that 
the analyses of PCBs in sewage sludges have to be improved to reach an 
acceptable coherence between the results of different laboratories. 

The two main aspects of improvement are : 

- the strictness of the handling (calibration graphs, same solvent 
for samples and standards, internal standard, quantitation opera
ting on the heights of the peaks) 

- identification of the most suited extraction method to be choose 
amoungst : batch-solvent extraction, Soxhlet extraction or alkaline 
extracti on. 

Any future intercomparison program should forms on the improvement of 
the methodological aspects. 

But PCBs are not the only organic-micropollutants in the sludges. To 
increase the acceptability of the sewage sludges for agricultural use, 
but also in view of their incineration, it is absolutely necessary to 
increase our knowledge about the presence and the analysis of all the 
other main group of organic micro-pollutants which are present in this 
sludges. For this purpose, extraction procedures allowing to study se
veral types· of organic micro-pollutants should be promoved. 
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DISCUSSION 

It was pointed out that the use and disposal of PCBs in industry was 
now strictly controlled. Also sludge was spread on only a small percentage 
of agricultural land. Doubt was expressed about the significance of sludge 
as a source of PCBs in agroecosystems. Aerial deposition was likely to be 
more important. 
(Contributors to discussion: Davis, Tjell) 
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CHEMICAL METHODS FOR THE BIOLOGICAL CHARACTERIZATION OF METAL 
IN SLUDGE AND SOIL 

SUiliinary 

H. H~NI and S. GUPTA 

Swiss Federal Research Station for Agricultural Chemistry 
and Hygiene of Environment 
CH - 3097 Liebefeld-Berne 

0.1 M NaN03 is used to assess bioavailability of metals in different 
polluted soils. Promising results are obtained for cadmium, zinc and 
copper whereas more research is still needed for nickel, to find out why 
the plant response is not so well correlated to soluble soil concentra
tions as in the case of the other three metals. The German colleagues 
prefer CaC12 because this solvent extracts 2 to 4 times more of the metals 
than NaNel3' 

It is further shown that the NaN03 extraction method is also suited to 
characterize critical metal levels in soils which were "naturallY" 
contaminated by different pollution sources. The conseQuences of the 
findings for the soil protection against pollution in the Swiss legisla
tion are emphasized. 

1. INTRODUCTION 

In the Munster Seminar (3) the following was concluded: 

- Bioavailable concentrations of metals in soils are reQuired to assess the 
significance of contamination in terms of effects on crops and the food 
chain. 

- Neutral salt extractantsprovide the most promising chemical method to 
reflect the bioavailability of metals from very different soils. 

- Progressive acidification and seQuential extraction techniQues offer as 
research methods a way of characterizing forms of metal in soil at least 
on an empirical basis, and of evaluating the long-term bioavailability of 
metals. 

- The soil solution is the interface between the plant root and the soil 
and therefore the concentration of metal in soil solution 1S likely to 
be closely related to bioavailabitity. 

It is the purpose of this paper to substantiate the results of neutral salt 
extractants and to give indications that the method, in addition to cadmium 
and zinc, can possibly be extended to copper and nickel. 

2. NORMAL UNCONTAMINATED SOILS 

On analysing normal unpolluted soils the answer one would like to get of 
these analyses is to know if the status of nutrients is sufficient for a 
proper plant growth. 
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In the case of trace elements, Sillanpaa, e.g. estimated critical 
deficiency levels for copper and zinc in soil using acid ammonium acetate
EDTA (pH 4.65) as extracting agent (5): 

- copper < 0.8 - 1.0 ppm 
- zinc < 1.0 1.5 ppm (+ pH correction) 

At the moment it remains doubtful if much milder extractants (such as 
neutral salt solutions) which are proposed for polluted soils can also be 
used for the so-called normal soils. The very low metal concentrations 
found in these solvents may cause serious analytical difficulties. However, 
at the last consultation of the FAO network on trace elements held in 
Murat-le-Quaire (France, 17-20 September, 1985) it was decided to examine 
in a final attempt the suitability of various weaker soil extractants to 
characterize the plant availability of trace elements in normal soils. It 
has to be repeated that the use of mild extract ants was proposed in the 
light of soil pollution, believing the status of trace element deficiency 
could furthermore be described with sufficient reliability by the amount 
dissolved in stronger extract ant s . 

3. CONTAMINATED SOILS 

3. 1 Cadmium and zinc 

In the Munster Seminar (3) it was shown that neutral salt solutions like 
O.lM NaN03 and 0.05 or O.lM CaC12 extracted the amount of cadmium and zinc 
from very different soils which was reasonably well correlated with the 
plant content. Sauerbeck (4) prefers the extraction with CaC12 because the 
amounts brought into solution by this solvent are 2 to 4 times higher for 
cadmium, zinc and nickel (comparative measurements for copper are not yet 
available) than the amounts extracted by NaN03' Thus, detectable amounts 
of cadmium can be dissolved from neutral soils of low contamination degrees 
which is not possible with NaN03' However, beside the purely analytical 
aspects the chemical reactions of the anion should also be considered: 
In contrast to nitrate, chloride has marked complexing properties. Further 
experiments have to show how these complexing properties influence the soil 
plant relationship for other metals than cadmium and zinc (e.g. copper and 
nickel) . 

The results of a pot experiment with soils which were exposed in the field 
to different sources of pollution are presented in tables 1 and 2 as well 
as in figure 1. The plants were analysed for cadmium, zinc, nickel and lead. 
Because the contents of zinc and cadmium were the only ones which were 
situated well above the natural background levels in some cases, these two 
elements have to be regarded as the metals which, considering the 
investigated pollution sources, can cause serious problems in soils. 

It is clearly confirmed by these results that the total content of heavy 
metals in soil is by no means a good approach to assess bioavailability. 
This is especially true for soils 4 and 7 in figure 1: Due to unfavorable 
properties of soil 4 already 51.9 ppm of total zinc give rise to 1.91 ppm 
of soluble zinc in soil and correspondingly high values in plants, whereas 
the properties of soil 7 prevent a considerable increase of the soluble 
fraction even at a total content of 1212 ppm. 
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In soil 2, where the highest concentration of zinc in 0.1 M NaN03 is found, 
toxic effects on plants can't be excluded (s. the low dry matter yield of 
radish tubers in table 1). 

However, it has to be mentioned that contrary to soils contaminated by salt 
solutions some unexpected results were obtained with the "naturally" 
polluted soils. The zinc contenmsof plants grown in soils 1, 7 and 9 are 
too high compared to the zinc concentration in 0.1 M NaN03. One phenomenon 
which should further be studied is the kinetics of the dissolution of metals 
in different polluting compounds. It has to be considered that it might be 
difficult to understand in all cases the dissolution reaction of metals in 
the polluting compounds by a single extraction procedure of short duration 
(e.g. 2 hours) so that the plant reaction can be predicted properly. 

According to table 2 the concentrations of cadmium in 0.1 M NaN03 lie below 
the critical value of 0.06 ppm in all soils. This is in agreement with the 
cadmium contents of less than .. 1 ppm in rye grass and radish tubers. For 
radish ,leaves, however, soluble soil concentrations below the value of 
0.06 ppm can already lead to contents which are above the zootoxic thres
hold of 1 ppm. 

Table 2 Influence of cadmium in soils - enriched from different 
sources - on the cadmium content of plants (for soil properties 
s. figure 1) 

SOILS 1 - 10 PLANTS (mg Cd/kg dry matter) 

Total content cadmium conc. Rye grass Rad.tubers Rad.leaves 

of Cadmium (ppm) in 0.1 M NaN03 (cut 1-3) 

(ppm) 

0.14 - 6.1 < 0.06 0.2-0.84 0.2-0.88 0.2-3.11 

(crit.value:l) (crit. value 0.06) 

3. 2 Copper and nickel 

Figures 2 and 3 show the results of a pot experiment with 6 different soils 
to which zinc and copper have been added separately in form of their nitra
tes. Concerning the assessment of bioavailability, the comparison of the 
two figures is encouraging because 0.1 M NaN03 seems to be an almost as 
good extractant for copper as for zinc (1). Much lower correlations were 
found for NH40Ac and DTPA (s.figures 4 and 5). The same results were 
obtained for cadmium and zinc (2). 

Figure 6 is a presentation of copper contents in vineyard soils. Although 
total contents often exceed the critical ~ue considerably, the soluble 
soil concentrations remain within the tolerated range. This harmonizes 
with the analysis of vine leaves because the measured contents of 11.3 -
17.9 ppm are still below the phytotoxic threshold of 20 ppm. 
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First results with nickel are proffils1ng. However, further research is 
needed to find out why the plant response 1S not so well correlated. to 
soluble soil concentration as in the case of cadmium, zinc and copper. 

4. EFFECT OF METALS ON MICROORGANISMS 

Similar to metal contents in plants and to plant growth soil microorganisms 
and their activities are related to the metal concentration in the soil 
solution. The figures in table 3 illustrate this statement. 

Table 3 Effect of soluble cadmium concentration on % carbon mineralization 
,-.~--

S 0 I L S 

Sandy loam Sandy loam 

pH 5.7 pH 7.0 

% carbon mineralization 59 101 

Total Cd added (mg/kg soil) 16 16 

Soluble Cd (mg/kg soil) 0.61 0.05 

CEC (meqjkg soil) 80 124 

The investigation of the effect of metals on soil microorganisms is 
essential for the judgment of proposed guiding values in soils. For copper, 
e.g. it was observed that the soluble soil concentration (0.1 M NaN03) which 
caused 20 % reduction in carbon mineralization was 7 times lower than the 
concentration which induced phytotoxic contents of 20 ppm in plants (1). 

5. CONCLUSIONS 

- Due to the importance of bioavailable concentrations of metals in soils 
in assessing the significance of contamination, soluble metal concentra
tions in 0.1 M ~aNO~ wer: intro~uced.as guiding values beside those of 
total contents 1n tne SW1SS leg1s1at1on. 

- For safety reasons the guiding values are half the critical values. 
- In judging the guiding values the reaction of different plants and of 

soil microorganisms have to be consi~ered. 
- Switzerland started the experiments with NaN03 and has therefore the 

greatest experience with this extractant. CaC12 is the preferred method 
in Germany. For the future work it should be tried to decide on a stand
ard method in Europe. 

- 161-



www.manaraa.com

REFERENCES 

1. Gupta, S.K., Hani, H. and Rudaz, A. (1985). Relationship between metal 
ion concentration and biological effects. Proc. of Int. Conf. on Heavy 
Metals in the Environment. Athens, Sept. 1985. Publ. CEP Consultants 
Ltd. (in press) 

2. Hani, H. and Gupta, S.K. (1985). Reasons to use neutral salt solutions 
to assess the metal impact on plants and soils. Proc. of a Seminar 
organized by the Commission of the European Communities, held in Munster, 
11-13 April 1984, 42-47. 

3. Leschber, R., Davis, R.D. and l'Hermite, P. (1985). Chemical methods 
for assessing bio-available metals in sludges and soils. Elsevier 
Applied Science Publishers. 

4. Sauerbeck, D.R., and Styperek, P. (1985). Evaluation of chemical 
methods for assessing the Cd and Zn availability from different soils 
and sources. Proc. of a Seminar organized by the Commission of the 
European Comunities, held in Munster, 11-13 April 1984, 49-66. 

5. Sillanpaa, M. (1982). Micronutrients and the nutrient status of soils: 
a global study. FAO Soils Bulletin 48. 

-162 -



www.manaraa.com

ei I 

T
ot

al
 c

o
n

te
n

t 
o

f 
zi

n
c 

in
 s

oi
ls

 
(p

p
m

) 

10
00

 

5
0

0
 o 2 3 4 5 6 7 8 

p
H

 7
.7

 
C

E
C

 1
6

 

zi
n

c 
co

n
ce

n
tr

a
ti

o
n

 i
n

 
0.

1 
M

 N
a

N
0

3
 s

o
lu

ti
o

n
 

(p
p

m
) 

p
H

 
5

.B
 

p
H

 7
.6

 
p

H
 
5

.0
 

p
H

 7
.3

 
p

H
 

5
.B

 
C

E
C

 
1

6
.7

 
C

E
C

 
1

4
.4

 
C

E
C

 
1

1
.7

 
C

E
C

 
1

B
.4

 
C

E
C

 
1

3
.B

 

p
H

 7
.3

 
C

E
C

 2
2

.2
 

_ 
p

p
m

 z
in

c 
in

 
d

ry
 m

a
tt

e
r 

o
f 

ra
di

sh
 t

ub
er

s 

p
H

 7
.7

 
p

H
 6

.B
 

p
H

 6
.2

 
C

E
C

1
4

.4
 

C
E

C
1

5
.1

 
C

E
C

1
9

.7
 

9 

c
ri

ti
c

a
l 

-
-

-
-

-
s

o
il

 
v

a
lu

e
 

o 5
0

0
 

zi
n

c 
co

n
te

n
t 

in
 r

ad
is

h 
tu

b
e

rs
 

(p
p

m
) 

F
ig

u
re

 1
: 

R
e
su

lt
s 

o
f 

a 
p

o
t 

ex
p

er
im

en
t 

w
it

h
 s

o
il

s
 e

x
p

o
se

d
 
in

 t
h

e
 

fi
e
ld

 
to

 d
if

fe
re

n
t 

so
u

rc
e
s 

o
f 

p
o

ll
u

ti
o

n
 



www.manaraa.com

zinc concentration 
in rod clover plants 
grown In 6 d_soll. 
()JII Zn/gdry matterl 

y 

1400 

1000 

500 

100 

10 13 

Figure 2: 
zinc concentration in equilibrium solution ()JII Zn 12.5 ml 0.1 M NaN03 or 1 9 soil) 
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which Zinc has been added in the form of its nitrate 
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Figure 3: Results of a pot experiment with six different soils to 
which Copper has been added in the form of its nitrate at 
a concentration of 0 to 3 ~g Cullg soil 
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at a concentration of 0 to 50 pg Cull g soil 

-165 -



www.manaraa.com

~ I 

T
ot

al
 c

o
n

te
n

t 
o

f 
co

pp
er

 i
n

 v
in

e
ya

rd
 

so
ils

 (
0

-
4

0
c
m

) 

... 
7

0
0

 -

6
0

0
 -

5
0

0
 -

4
0

0
-

3
0

0
-

2
0

0
 -

r
-
-

1
0

0
 -
I
-
-
~
-

r
-
-

,
-

cr
it

ic
al

 s
oi

l 
va

lu
e 

~
~
-
-
-

r
-
-

r
-
-

,
-

r
-
-

.-
-

.-
-

-
-f

. 
-

--
t -

-
-

--.
r=

-:.
. -

-.
-

-
-
-
-
-
-
-
-

.-
-

-
-
f.

-
-
f
-

-

o 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

L
-

L
..

-

L
..

..
.-

0
,5

 -
L

.
.
-

L
..

-
L

.
.
-

L
-

1
,0

 -
'
-
-

L
.
.
-

1
-
-
1

 
'-

-
-

~
-
-
-
-
-
-
-
-

_ 
~t
~l
~i
l~
I~
 _

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
 -

--
-l

.=
..

: 

1
,5

 -

.. 
C

op
pe

r 
co

n
ce

n
tr

a
ti

o
n

 i
n

 
0.

1 
M

 N
a

N
0

3
 s

o
lu

ti
o

n
 

(p
p

m
) 

F
ig

u
re

 
6

: 
C

o
p

p
er

 
c
o

n
te

n
ts

 
in

 v
in

e
y

a
rd

 
s
o

il
s
 



www.manaraa.com

DISCUSSION 

The discussion focussed on the relative merits of calcium chloride 
compared with sodium nitrate. The important principle was that neutral 
sal ts were the best extractants for assessing bioavailable concentrations 
of metals in soils. The authors preferred sodium nitrate because they were 
experienced with its use and had an archive of reference results going back 
five years. Calcium chloride removed more cadmium from soil than did sodium 
ni trate and therefore analysis of the sample was likely to be easier 
especially for soils near to background concentrations. On the other hand 
calcium chloride extracts could pose interference problems and the 
significance of the formation of chlorocomplexes with cadmium was unclear. 
(Contributors to discussion: Leschber, Sauerbeck, Matthews, Levi-Minzi) 
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CHARACTERIZATION OF THE PHYSICAL NATURE OF SEWAGE SLUDGE 

WITH PARTICULAR REGARD TO ITS SUITABILITY AS LANDFILL 

Summary 

U. LOLL 
Abwasser-Abfall-Aquatechnik 
Heidelberger LandstraBe 52 

D-6100 Darmstadt, FR of Germany 

The most significant property of those sewage sludges which are 
planned to be deposited is the physical nature. Nevertheless the 
criteria of dry solid matter after natural and mechanical dewatering 
of sewage sludge has been mostly used until now. This parameter 
describes the behaviour of the material placed in the depositing 
bulk only insufficient. Therefore it is necessary to define para
meters for the bearing capacity, the density and the shearing 
strength that are able to describe the soil mechanical behaviour of 
sewage sludges which are planned to be deposited. The paper presents 
new appropriate measuring methods, measuring devices and criteria to 
determine the depositing capability of dewatered sewage sludges. 

1. INTRODUCTION 

The physical properties of sewage sludge are especially important 
for the design of sludge pumps, thickeners and dewatering equipment and 
for the optimization of conditioning, dewatering, heat treatment and 
controlled tipping operations (landfill). 

For the physical parameters listed in Table 1, there are standard 
methods which have become widespread internationally. Full details of the 
tests and the corresponding national and international standard specifi
cations are given in the final report of the COST 68 TER Project (2) or 
in that of the COST 68 Project (1), with reference to further relevant 
literature. In addition, Colin (4) has described the most important 
features involved in characterizing the physical state of sludges. 

At present there is no standardized method of determining 
"suitability as landfill", which is extremely relevant to sludge disposal 
practice. As land available for tipping becomes ever scarcer, especially 
in the heavily populated areas of the industrial countries, and the 
dumping in them of dewatered sludge, either alone or mixed with household 
or industrial waste, has to be carried out under technically controlled 
conditions, there is a pressing need for suitable parameters giving 
information on the bearing capacity, solidity and a shear strength of 
dewatered sludges. Possible test methods and equipment have thus been 
tested in Germany in a cooperative project (supported by the Federal 
Ministry of Research and Technology - BMFT) over the last 3 years, and 
initial proposals have been made for the establishment of threshold 
values. 

The aim is to develop a standard, internationally-applicable test to 
determine the suitability of dewatered sludge as landfill on the basis of 
the results reached together with the other partners in the Euro-COST 
Programmes. 
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Table 1 : Internationally standardized rnethcrls to describe th2 physical 
status of sewage slOOge 

I. ) GRAVlMEI'RIC 

1.) 'Ibtal solids (per cent dry matter) 
2.) Volatile solids (loss on ignition) 
3.) Dissolved solids 
4. ) Suspended solids 

II. ) OJNDITICNm3 AND DEl'IATERING 

5.) Canditionability (coagulant demand) 
6. ) Effect of shear (floc strength) 
7.) Specific resistance to filtration 
8.) Capillary suction time 
9.) Canpressibility coefficient 

III. ) OI'HER PARAMETERS 

10.) particle size distribution 

2. PARAMETERS FOR DESCRIBING THE PHYSICAL STATE 'OF THE SLUDGE WITH 

REFERENCE TO ITS PROCESSING AND DISPOSAL 

Colin (in references 3 and 4) defined the categories for charecter
izing the physical state of sludge as follows: 

(a) Liquid state Sludge which flows under the effect of gravity. This 
is the best state for handling. 

(b) Plastic state The state in which the material may undergo permanent 
deformation if the mechanical stress applied to it 
exceeds a certain threshold. Sludges in this state can 
be pumped if sufficient pressure is applied. 

(c) Solid state with shrinkage This is a solid state in which the volume 
decreases as drying progresses, i.e. it relates to a 
medium still saturated with water. 

(d) Solid state without shrinkage 'Below the moisture content level cha
racterizing the limit of the preceding state, the 
volume of the sludge no longer decreases as drying 
progresses, i. e. the medium is no longer saturated 
with water. 
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In properly run tips, sewage sludge, which is mostly mechanically 
dewatered, is usually placed in the "plastic" or "solid with shrinkage" 
state. Sludge in the "solid state without shrinkage" is also sometimes 
placed in landfill. 

In any event, the "solid state without shrinkage" is also fully 
suitable as landfill, as the material can have a load placed upon it 
without damage, both during casting and when subsequently placed under 
load, and it does not have limited solidity or low shear strength. 

The threshold of suitability for use as landfill probably lies in 
the upper range of the plastic state (where a large force must be applied 
to deform it) or in the solid state with shrinkage. 

There is no direct connection between the above definitions and 
suitability as landfill, which means that efforts at measuring the former 
are hardly applicable to the problem to be addressed here. 

The penetrometer presented by Colin, which is used for describing 
the plastic state, is most suitable for consideration. 

fixed device for 
measuring the depth of 
penetration ~ 

reading ~indow ~ 

metal tape 
measure 

OIodule lockin 
lever-

moving uni t _ r--ilo'l"----i 

bloc", of Slu~ ~~;§§;l.. 

unse ~'i th 
"dju~t"blc __ I-~"----_ 
height 

level-adjus t 
scrc'ftS 

Fig. 1: Diagram of the penetraneter with various diveces with different 
angles of conicity (after Colin) 
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Since the tests developed by Colin are 
transport, storage handling and production 
obtained cannot be applied to the setting 
appropriate to landfill. 

only related to sludge 
techniques, the results 
of targets for values 

In particular, the way in which the samples are prepared and mounted 
in the test apparatus does not enable the boundary conditions in the 
landfill to be simulated. 

3. RESEARCH OBJECTIVE 

The aim of the studies, which have been planned to cover a fairly 
long period, is to define the suitability of dewatered sludges for use as 
landfill on the basis of figures drawn from soil mechanics, and to 
develop easily manageable measuring techniques for use in sludge 
dewatering and controlled tipping operations. 

In particular, the minimum strength of sludges to be tipped was to 
be determined, with regard to the way in which they are placed and the 
way in which they are expected to behave over a long period in the 
landfill site. In the first cooperative experiments, the strengths of 
several hundred sewage sludges of various origins, which had been subject 
to varying stabilization, conditioning, dewatering and post-treatment 
processes, were studied using the test equipment and procedures described 
below. After choosing a suitable test procedure, the aim was to promote 
the international harmonization of determination methods with the 
recognized standard test on the basis of the results obtained. 

The possible influence of sludge treatment, conditioning and, where 
used, subsequent treatment on changes in its consistency were to be 
studied to enable sludge treatment sequences to be optimized. 

4. TEST APPARATUS AND PROCEDURES 

To perform the investigations, the following laboratory apparatus, 
which is familiar in soil mechanics, being based on the associated test 
procedures, were used: 
- Laboratory vane apparatus to measure the vane shear strength (Fig. 3) 
- Falling-cone apparatus for measuring cone shear strength (Fig. 4) 
- Plunger apparatus to measure bearing capacity (Fig. 5). 

The sample or specimen container shown in Fig. 2 was used for all 
tests so as to produce constant test conditions. 

The sample container has a capacity of 1.5 litres, a height of 
approx. 150 mm and a diameter of 113 mm. 

The dewatered sludge is placed in the sample container in 4 layers, 
each being compacted with a hand rammer with a surface area of 10 cm2 

until no further compaction is possible and the surface is reasonably 
even. To provide a defined test surface, the compacted specimen is cut 
through with a knife under the removable headpiece and the upper part of 
the specimen discarded. 

The vane apparatus for measuring vane shear strength, which is shown 
in Fig. 3, has an electric motor and can also be operated by hand. 

The vane is turned either manually with a handle or using the motor. 
The vane is connected through a torsion spring to a display which shows 
the angle of deflection on a 360 0 scale by means of a trailing pointer. 

The torsional moment can be calculated from the angle of deflection 
shown and the spring constant. 
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The torsional moment increases as the vane turns and the pointer 
remains stationary at the reading of maximum moment, when the specimen 
fails. The experiment is repeated three times for each measurement in 
order to exclude any accidental readings. The value of the vane shear 
strength is calculated from the torsional moment at failure of the 
specimen, the geometrical data on the vane and tables specific to the 
apparatus. 

The falling cone shear strength is defined as the resistance of a 
soil. to penetration by a geometrically defined cone. This 'cone 
resistance' is determined from the weight and vertex angle of the cone 
and the depth to which it penetrates. With the apparatus shown in Fig. 4, 
the cone is so placed at the beginning of the experiment that its point 
just touches the surface of the specimen. It is held in this position 
magnetically. After release the cone falls and penetrates the material to 
be tested. The depth of penetration of the cone is measured after 5 
minutes. Five measurements are carried out in each experiment at 
different points on the same specimen. The falling-cone shear strength 
can be determined from the depth of penetration of the cone using 
correlation tables relating the penetration depth of the various cones 
and the shear strength determined with the vane apparatus. 

Bearing capacity is determined using a plunger apparatus with a 
bearing surface area of 10 cm2 , which is balanced with a counterweight 
and placed vertically on the surface of the sludge to be investigated. 
According to the consistency of the sludge, it is loaded to between 0.1 
and 10 kg. After 30 seconds under load, the depth of penetration of the 
plunger is measured. The depth of penetration is plotted against the load 
in KN/m2 , giving load curves illustrating the behaviour of the material 
under load. From these curves, the load under which the plunger 
penetrates to a depth of 4 mm is defined as the bearing capacity of the 
material under investigation. For each test, the specimen is placed under 
load three or more times with varying loads to determined this point. The 
depths of penetration allowed lie between 2 and 6 mm. 

5. EVALUATION OF TEST APPARATUS AND METHODS 

Although all 3 apparatuses gave the expected scatter of results, 
partly caused by the nature of the material sampled, they yielded a 
relatively high degree of uniformity in the sludge strength data 
obtained, after a staff familiarization period. Interpretation of the 
results showed that, even with differing types of sludge to be tested, 
all three test methods performed similarly and indicated comparable 
sludge strengths. Correlations were obtained for each combination of the 
three apparatuses described. The correlation coefficients obtained 
between these, r ~ 0.9, showed good comparability of results. 

Converting the minimum strengths laid down yielded the following 
error estimation for the three laboratory test apparatuses used: 

- vane shear strength CFL 10.0 KN/m2 ~ 2.0 KN/m2 

- falling-cone shear strength CFK = 12.3 KN/m2 ~ 1.3 KN/m2 

- bearing capacity CTF = 23.5 KN/m2 ~ 2.3 KN/m2 

The measuring errors which were determined were partly caused by the 
test technique, but also often by the lack of homogeneity of the 
specimens. The primary causes of inaccuracies were uneven compaction of 
the specimen and fibres and other solid particles. 

As a rule, such errors give the impression of a strength higher than 
it really is. However, these can usually be quickly eliminated by taking 
multiple readings. 
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SAMPLE CONTAINER 
with 1500 em' Volume 

Fig. 2: Sample container 

LABORATORY VANE APPARATUS 

_.- -40-

Fig. 3: Latoratory Vane Apparatus (vane shearing strength) 

- 173-



www.manaraa.com

FALL- CONE APPARATUS 

rud"Sl d4'~.c:t' 
IT'm UCIO--HEI 

reHIOloll' For 

pell"O'lt'M. ....... ' 
• 

Fig. 4: Fall-Cone Apparatus (fall-cone shearing strength) 

LOAD PUNCHEON APPARATUS 

Fig. 5: Load Puncheon Apparatus (bearing capacity) 
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Drying of the surface of the sample had a differing effect on the 
different apparatuses. While the vane apparatus was virtually unaffected, 
the plunger was somewhat affected and the falling cone considerably. 

Without going into the reasons in detail, these being destined for 
inclusion in an extensive research report, the results up to now indicate 
that the vane apparatus is the most accurate of the three test 
apparatuses presented. 

6. RESULTS 

From a large number of test results, we now proceed to a more 
detailed description of the correlation between vane shear strength, as 
determined by the apparatus assessed as best, and the percentage of dry 
solid matter in the dewatered sludge. In Fig. 6, pairs of results for 
vane shear strength and solid matter content in the sludge being tested 
are correlated for a number of differing sludges. 

If the possible minimum values for sewage sludge to be suitable as 
landfill are taken to be 35% dry matter or a vane shear strength of 10 
KN/m2 (see Fig. 6), it can be seen that there is no linear relationship 
between the two values. This means, in the face of current practice which 
holds that sewage sludges with more than 35% d.m. are suitable as 
landfill, that, in the light of their soil mechanics properties, this is 
not always true. As may be seen in Figures 6 and 7, many sludges did not 
attain the minimum strength of 10 KN/m2 , which has been determined as the 
minimum working value, although their d.m. content was over 35%, and that 
some of the sludges studied had already reached the criterion fixed for 
minimum strength and thus for suitability as landfill at a dry matter 
content below 35%. Sludges for which both parameters lie below the 
minimum value must generally be regarded as not suitable as landfill. 
Sludges with both properties exceeding the minimum values may be regarded 
as unrestrictedly suitable as landfill. In general it can be stated that 
the criterion of dry solid matter (or of water content) in dewatered 
sludge is not a satisfactory measure of its suitability as landfill. The 
tests described above represent a significantly better method for 
determining this parameter, as it relates to real tipping conditions. 

The introduction of these new criteria would provide a guarantee for 
the tip operator that the sludges delivered could be placed without 
difficulty and without having deleterious effects on the stability of the 
tip. For operators of sludge dewatering plants, it could mean that they 
would need to use new sludge stabilization, conditioning, dewatering and 
subsequent handling techniques in order to comply with the new criteria. 
In this connection it should be emphasized that a higher final solid 
matter content in dewatered sludge does not automatically mean that it 
has a higher strength. 

7. CHANGES IN THE SUITABILITY OF MECHANICALLY DEWATERED SEWAGE SLUDGE 

AS LANDFILL ON ADDITION OF QUICKLIME 

There are various ways of rendering more suitable as landfill 
sludges which do not comply with the minimum values for the criteria 
given. One example is to add quicklime after mechanical dewatering. 
Fig. 7 shows changes in the dry matter content and vane shear strength 
for a digested sludge dewatered on a filter belt press. At that stage, 
without the addition of lime, the sludge had a dry matter content of 
20.8% and a vane shear strength of 2.5 KN/m2 • Both final dry matter 
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content and vane shear strength increased with increasing lime dosage. It 
emerged that whereas after the addition of approximately 75 kg of 
quicklime per m3 of dewatered sludge, a final dry matter content of 35% 
was reached, the vane shear strength still did not exceed the minimum 
value. 

After the addition of approx. 225 kg of lime per m3 , both parameters 
reached the range in which the sludge's suitability for dumping is 
undisputed. When 300 kg of lime per m3 were added in the tests, this was 
clearly an overdose. 

8. PRELIMINARY RESULTS AND CONCLUSIONS 

These studies, on which only a brief report has been possible here, 
have between them determined that the criterion of final dry matter 
content is not a satisfactory description of the suitability of dewatered 
sludge for use as landfill. The test apparatuses presented are in 
principle suitable for measuring soil mechanics data which describes the 
behaviour of dewatered sludge when used as landfill. Current and future 
studies are intended to refine the test methods and in particular to 
adjust the initial postulated working values of minimum strengths to the 
real necessities of landfill operations. Attempts are to be made at 
further development of the proposed test methods in cooperation with more 
international institutions, with the aim of developing a generally 
recognized standard of measurement. The work described here was funded by 
the Ministry of Research and Technology of the Federal Republic of 
Germany. 
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MICROBIOLOGICAL SPECIFICATIONS OF DISINFECTED SEWAGE SLUDGE* 

D. STRAUCH** and M. DE BERTOLDI*** 

Institute of Animal Medicine and Animal Hygiene, 
University of Hohenheim, Stuttgart, Fed. Rep. of Germany** 

Institute of Agricultural Microbiology, University of Pisa; 
Study Center for Soil Microbiology, C.N.R., Pisa, Italy*** 

Summary 

Some selected literature dealing with indicator organisms for con
trol of disinfection measures for sewage sludge is discussed. The 
question whether bacteria or bacteriophages can be used as indica
tors for pathogenic viruses is still undecided and must be further 
investigated. Also still uncertain is the suitability of certain 
groups of bacteria as reliable indicators for other pathogenic bac
teria. Enterobacteriaceae and fecal streptococci seem to be suitable 
to a certain extent. Further comparative investigations are still 
necessary. 
Since no standardized microbiological methods in this field are 
available internationally a pragmatic proposal of the requirements 
for an efficient disinfection of sewage sludge with various methods 
is presented for discussion. This seems necessary because in several 
countries the authorities are in need of such definitions to pre
pare legal regulations for public health reasons. 

1. INTRODUCTION 
The task of Working Party 3 has been to exchange scientific informa

tion on all aspects of pathogenic microorganisms in sewage sludge, as 
they affect human and animal health when sludge is applied to land. Atten
tion has been focused on the definition of an adequate time interval bet
ween sludge application and allowing cattle to graze, sludge disinfec
tion, indicator organisms and epidemiological studies. The working party 
has discussed these subjects in its meetings on the basis of reviews by 
some of the members and has produced summary reports representing the 
general opinion of the members which does not exclude that in certain 
points different opinions still do exist. 

As far as indicator organisms are concerned the following conclu
sions have been drawn for the Final Report (Part II) of COST 68ter Treat
ment and Use of Sewage Sludge (1). 

Indicator bacteria have only a limited use in the field of sewage 
sludge hygiene. In many cases it is advisable to analyse for or seed with 
pathogens directly. Two possible uses of indicator organisms have been 
identified: monitoring disinfection processes and checking for regrowth 
after disinfection. Fecal streptococci appear to be most useful for criti
cal monitoring of disinfection processes. E. coli or other related counts 
(coliforms, enterobacteriaceae) have a general low resistance and would 
only detect gross under-processing. Bacteriophages (especially male-spe-

*This paper reflects the personal opinion of the authors and not 
necessarily that of Working Party 3 
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cific) and mycobacteria are potentially useful, but there is too little 
data to further define their use. To check for regrowth in disinfected 
sludge, enterobacteriaceae and most probably also total coliforms can be 
used. 

In the following paper we do not intend to repeat all the discus
sions on indicator organisms with pro and contra. We rather would like to 
discuss the problem on the basis of some recent developments in that 
field and finally present a pragmatic proposal for the hygienic evaluation 
of some disinfection methods as in some countries it may be needed for poli
tical decisions. 

2. BACTERIA AND BACTERIOPHAGES AS INDICATORS FOR VIRUSES 
Scarpino has recently discussed indicator systems for monitoring the 

virological quality of potable water, wastewater, solid waste, shellfish, 
fish and crops (2). For drinking water he directed concern at the bacterial 
indicator system that is routinely used to approve its safety. Based on 
reported viral isolations, the coliform standard used may itself be in
herently defective or the bacterial sample quantity and timing may be the 
difficulty. In addition, consideration must be given to the wide range of 
susceptibility to chlorine disinfection displayed by different viruses 
and the more recent disclosure that there may be disinfection rate diffe
rences between stock virus strains commonly used in laboratory disinfec
tion studies and the apparently more resistant indigenous viruses. Studies 
have shown how low levels of viruses may pass through the water treatment 
procedure and be later isolated from drinking water samples while the 
coliform indicators apparently do not survive the rigors of water treat
ment. 

It has also been established that fecal coli forms, fecal streptococci 
and total coliforms are not always adequate indicators of viruses in dis
infected primary sewage effluents. Viruses were found to survive in all 
the effluents even though the fecal coliform counts were within the limits 
permitted in USA for recreational waters and for approved shell-fish-gro
wing waters. It was emphasized that even if the total coliform counts had 
been used instead of the fecal coli forms, the bacterial counts would still 
have been within the acceptable limits of safety - with pathogenic viruses 
still present. 

Concerning bacteriophages as an indicator of water contamination the 
author expresses guarded optimism that under certain circumstances bacterio
phage indicators can be used to detect viral presence and inactivation 
but not in all situations. 

Studies with solid wastes suggest that Salmonella are rather stable 
microorganisms which could be a better indicator for the potential presence 
of viruses in sewage than currently used fecal streptococci or fecal coli
forms. Studies of viruses and bacteria under identical conditions show 
that viruses survive longer than bacteria under most conditions. This of 
course would cast doubt on using bacteria as indicators of virus presence. 
Scarpino draws the conclusion in his study that in the solid waste envi
ronment it would appear that the only reliable indicator of virus pre
sence is finding the virus itself. 

For the indication of viruses on or in crops he thinks that although 
fecal coli forms have been used to evaluate public health risk in regard 
to crops, the indicators for virus presence seem justifiable at present. 
Also in this case there does not appear to be a substitute for direct eva
luation of pathogenic viral presence. 
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Scarpino has drawn these conclusions: "Certainly we should continue 
to strive to develop a surrogate system or model that would enable us to 
replace the direct determination of pathogenic viruses. However, this has 
not always been possible, but the vision does not need to fade; the same 
and other candidates need to be re-examined or discovered. Perhaps we 
should accept the fact that indicators need not to be 100 % successful 
in every case - and that direct pathogenic virus determination is the 
best way to safeguard public health. The indicators could provide us with 
assistance in reducing public risk, but should never replace direct ob
servation. Again, perhaps the best indicator for pathogenic virus presence 
is the virus itself." (2) 

3. INDICATOR ORGANISMS FOR PATHOGENS OTHER THAN VIRUSES 

3.1 The US-Environmental Protection Agency has initiated a literature 
review on density levels of indicator and pathogenic organisms in munici
pal wastewater sludge (3). This report is based on the assumption that 
"sludges originating from municipal wastewater treatment plants harbor a 
multitude of microorganisms, many of which present a potential health 
hazard. Risk of public exposure to these organisms is possible when slud
ges are applied to land as a means of disposal. In recognition of this 
problem, and as required by Section 405 of the Clean Water Act of 1977 
8PL 95-217), criteria for the control of infectious disease in the land 
application of sewage sludge and septic tank pumpings were issued by the 
U.S. Environmental Protection Agency (EPA) in 40 CFR Part 257 (Federal 
Register Vol. 44, No. 179, September 13, 1979). 

The "Part 257 criteria" specify what minimum treatment of municipal 
wastewater treatment plant sludges is required prior to land application 
of the residue. Acceptable treatment methods, termed "Processes to Signi
ficantly Reduce Pathogens," are as follows: 

Aerobic digestion - Agitation of sludge in aerobic conditions at resi
dence times ranging from 60 days at 15°C to 40 days at 20°C, with a 
volatile solids reduction of at least 38 %. 

- Air drying - Draining and/or drying of liquid sludge on underdrained 
sand beds, or on paved or unpaved basins in which the sludge is at a 
depth of 9 inches (22.9 cm). A minimum of three months is needed, two 
months of which temperature average on a daily basis is above O°C. 
Anaerobic digestion - Maintenance of sludge in the absence of air at resi
dence times ranging from 60 days at 20°C to 15 days at 35°C to 55°C, 
with a volatile solids reduction of at least 38 %. 

- Composting - Using the withinvessel, static aerated pile or windrow com
posting methods, the sludge is maintained at minimum operating condi
tions of 40°C for five days. For four hours during this period, the tem
perature exceeds 55°C. 
Lime stabilization - Application of lime to sludge in quantities suffi
cient to produce a pH of 12 after two hours of contact. 

- Techniques demonstrated to be the equivalent of the above on the basis 
of pathogen removals and volatile solids reduction. 

An additional category of treatment processes, termed "Processes to 
Further Reduce Pathogens", was designated in Appendix II of 40 CFR Part 
257 as required if (I) affected land is to be used within 18 months of 
sludge application for the cultivation of food crops and (2) the edible 
portion of the crop is likely to be exposed to the sludge. These additio
nal processes are: 
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High temperature composting 
- Heat drying 
- Heat treatment 
- Thermophilic aerobic digestion 
- Irradiation." 

For the review the following organisms, categorized into four groupings, 
were emphasized: 
- Indicators - Total coliform, fecal coliform, and fecal streptococcus bac

teria; Clostridium perfringens (welchii); bacteriophage 
- Pathogenic bacteria - Salmonellae, Shigellae, Pseudomonas ~, Mycobac

terium ~, Candida albicans, Aspergillus fumigatus 
- Enteric viruses - Enterovirus and its subgroups (polioviruses, echoviruses 

and coxsackieviruses), reovirus and adenovirus 
- Parasites - Entamoeba histolytica, Ascaris lumbricoides, Taenia ~, 

Schistosoma ~, and others. 
In addition to reporting density levels in raw sludge and septage, 

and the effectiveness of conventional sludge treatment processes in redu
cing density levels, this review also identified design and operating va
riables that affect process efficiency, compared results of laboratory 
pilot-scale studies to those of full-scale plants, and contrasted survi
val of indicator organisms to that of pathogens. Methods used by each re
searcher to enumerate organisms were also described, and brief summaries 
were provided of related citations that were encountered but were not ac
tually used in this report. 

Density levels in raw sludge 
Levels of bacteria, viruses and parasites in raw sludge are presented 

in Table 1. Note that the densities of pathogenic organisms are several 
logs less than indicator organisms. Also, there is a noticeable lack of 
information on the densities of select pathogenic organisms in raw sludges 
and septages (i.e., lack of parasite organisms data in septages). 

The following sludge treatment methods were evaluated in their effect 
to reduce the numbers of indicator organisms and of pathogens: anaerobic 
digestion, mesophilic aerobic digestion, "mesophilic" composting (45°-65°C 
or higher), lime stabilization, drying beds, sludge storage /lagooning, 
sludge conditioning/ mechanical dewatering. 

The review results in the following conclusions and recommendations. 
"Because a large body of literature containing comparable data is not avai
lable, it is recommended that additional research be conducted on the ef
fectiveness of sludge treatment processes in reducing density levels of 
organisms. It is recommended, further that researchers document carefully 
all pertinent aspects of their experimental design. 

The following conclusions appear to be valid based on the literature 
reviewed. 

Anaerobic digestion and lime stabilization consistently produce reduc
tions of about 1 to 2 logs in densities of indicator and pathogenic bac
teria and, in the case of anaerobic digestion, in densities of viruses as 
well. At a minimum, effectiveness depends on the processes being carried 
out under the conditions specified in 40 CFR Part 257. Neither sludge stabi
lization process appears to be particularly effective for inactivating pa
rasite organisms. 

Conditions of mesophilic composting may inactivate common indicator 
and pathogenic bacteria and viruses, provided that specified temperatures 
are attained uniformly throughout the compost mass for over the specified 
time period. The pathogenic fungus Aspergillus fumigatus thrives under 
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conditions of mesophilic composting, however, and parasite ova appear to 
survive this process. 

Density reductions of bacteria by aerobic digestion are variable and of 
relatively small magnitude. However, there is a lack of data on the perfor
mance of this process and also of air drying in reducing densities of micro
organisms. 

Sludge lagoons can achieve I-log reductions in densities of bacteria 
and viable parasite ova, but, depending on conditions, storage of one month 
to more than three years may be required. 

Mechanical dewatering of sludge, with or without the use of chemical 
conditioners, has little reliable effect on densities of pathogens. 

Few of the laboratory-scale studies reviewed could be related to re
sults obtained at full-scale treatment plants. Operating parameters used 
in laboratory experiments differed radically from those at full-scale 
plants. For this reason, comparing density levels was seldom possible. In 
addition, laboratory studies often used seeded bacteria, viruses, or pa
rasites and it is doubtful whether their behavior mimics that of natural
ly occurring organisms. 

No single indicator organism (either bacteria or bacteriophage) was 
found to maintain a density level of a constant relative value to that of 
pathogenic organisms. The data available made it impossible to determine 
whether this inconsistency is due to the inability of current techniques 
to enumerate pathogenic bacteria and enteroviruses accurately, or to the 
fact that densities actually vary. 

Of the traditional indicators, fecal streptococci appear to be the 
most conservative indicator of both the density levels of pathogenic bac
teria and enterovirus in raw sludge and of their inactivation during sludge 
treatments. Additional research is required to identify other indicator 
systems, both bacterial and viral, whose numbers better reflect both den
sity and reduction of density levels of pathogenic organisms. 

A wide variety of methods were used to enumerate all of the organisms 
considered in this review. Although standard methods are available for 
quantifying the coliform and streptococcus bacteria and for Salmonella ~, 
there are no standard techniques for other pathogens, enteroviruses, or 
parasites. It is recommended that this area be addressed so that compa
rable data can be produced in future studies." 

3.2 In extensive microbiological studies a variety of composting systems 
were investigated by de Bertoldi et al. (4, 5) and the isolated numbers of 
Salmonella spp., fecal coliforms and fecal streptococci compared (Table 2 
and 3). 

Based on their results in Table 2 and 3 as well as on results publi
shed elsewhere and on unpublished data de Bertoldi et al. (5) did evaluate 
the composting methods tested. Their conclusions are: 

"Several factors affect pathogen survival during treatment. In com
posting, heat is one of the primary factors contributing to pathogen inac
tivation. Most pathogenic microbes are destroyed by heating for several 
hours to temperatures above 50°C. Microbial competition is another im
portant factor in controlling pathogen diffusion during composting. A 
variety of saprophytic microorganisms participates in the composting pro
cess; these microorganisms might be considered the indigenous or natural 
micro flora of the compost system. Municipal sludge contains a second 
microbial population, the pathogens, which represent a numerically in
significant fraction of the total microbial population. Hence competition 
comes into play when the community is heterogeneous and the population 
density is high relative to the supply of any limiting feature of the en-
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vironment. The indigenous saprophytic population has a highly distinct 
competitive advantage over the other population; composting material is 
not the natural environment for pathogenic microorganisms, therefore in 
this ecosystem competition will tend to result in the elimination of the 
less fit rival. 

The choice of the most suitable composting process depends on diffe
ring local situations and conditions; nevertheless only processes which 
guarantee good quality and sanitized end-products should be chosen. 

All the experimental data reported in this paper indicate that static 
composting systems provide a better control over pathogens than does tur
ning. 

In the closed systems, horizontal reactors seem to guarantee better 
control over pathogens than vertical continuous reactors. This may be 
mainly due to the fact that masses over three meters high are difficult to 
control during the composting process. In particular oxygenation of the 
mass is not homogeneous, resulting in anaerobic zones with lower tempera
tures. 

Since the term "composting" encompasses numerous processes which may 
create physiologically disparate physico-chemical environments for patho
gens in the sludge being composted, it can not be tacitly assumed that 
composting renders municipal sludge pathogen-free. However, well-conducted 
processes with prolonged periods of high temperatures do seem to provide 
a sanitized product. 

Finally, there is a need for a better definition of the term "saniti
zed compost". At present, there is no legal specification of what should 
be a disinfected sludge. 

For this reason, and because it is essential for compost to have speci
fications for pathogens, too, it is of primary importance to lay down not 
only which microorganisms are to be monitored, but also their maximum per
mitted level in a sanitized product." 

It is therefore 2suggested to use as indicators enterobacteriac3ae 
with a limit of 5xl0 /g and fecal streptococci with a limit of 5xl0 . These 
figures derive from numerous experiments which were carried out by de 
Bertoldi and co-workers in Pisa on many different composting processes. 
When these indicators are lower in number than the limits given above, 
Salmonella spp. is always absent. 

For parasites the eggs of Ascaris suum are usually considered as the 
representative indicator or test organism. Their thermosensitivity is in 
the range between 50° - 55°C so that they are covered by tests performed 
with microorganisms like fecal streptococci or f2-phages with a higher 
thermostability. 

The figures for fecal streptococci mentioned above present a contra
diction to a statement of Havelaar (6) who proposed for the hygienic eva
luation of the aerobic-thermophilic stabilization (ATS) of liq~id sludge 
the fecal streptococci as indicators with an upper limit of 10 /g. Further 
investigations under practical con- ditions are necessary to disentagle 
this difference in opinion. 

There is a further contradiction in the opinions as far as the hygie
nic evaluation of ATS is concerned. The evaluation of ATS is based on the 
assumption that ATS is performed in only one reactor (6). Recent investi
gastions in practice have shown that ATS in one reactor may result in a 
hygienically safe product when all necessary parameters for pathogen kill 
are favorable, which never can be guaranteed under the hard conditions of 
sewage works practice (7). Therefore a prerequisite for the production of 
a hygienically reliable product is the two or three stage operation of such 
ATS plants combined with a continuous registration of the temperatures in 
the reactors with liquid sludge (8, 9, 10). Under these conditions the 

- 183-



www.manaraa.com

proposed continuous monitoring of each batch of the end-product of ATS 
plants based on indicator organisms like fecal streptococci (6) is super
fluous. Moreover a batch-wise control of the end-product of a single-stage 
ATS plant is practically not possible because none of the ATS plants to 
date is operated as batch system for economic reasons; all of them are con
tinuous or semi-continuous systems. 

3.3 In a very thorough study in three 
is composted in different systems: 
- Prat-system: refuse + refluxcompost + 
- DANO-system: refuse + sludge 
- Hazamag-system (aerated static pile): 
the authors inoculated the raw material 

Staphylococcus aureus 
Klebsiella pneumoniae 
Streptococcus faecalis 
Candida albicans 

ATCC 6538 
ATCC 4532 
ATCC 6057 
ATCC 10231 

German plants where municipal refuse 

water + ammonium compounds 

refuse + sludge, 
directly with liquid cultures of 

These bacterial strains are the same which are used in the Federal Republic 
of Germany as test strains for testing the antibacterial effect of chemi
cal disinfectants (II). 

The results of this study are very important for the evaluation of 
composts from municipal refuse. In none of the composts investigated the 
outer compost layers were considered to be hygienically safe. Even if the 
material of these layers was put into the inner core of the windrows by 
mechanical means the authors did not always succeed in destroying all of 
their test microbes. But also in these experiments Streptococcus faecalis 
proved to be a reliable indicator organism. 

Based on their results the authors doubt that the results of studies 
in other composting systems which are published in the literature and indi
cate that these other systems are producing composts free of pathogens, 
are appropriate. They ask the question whether it is really necessary to 
make such rigid demands on the hygienic quality of refuse composts and 
tried to answer it by other investigations. 

They made microbiological analyses of composts of the three plants 
tested which were sold to the public and compared the results to analyses 
of organic fertilizers, gar ten molds, peat which were bought in shops and 
soils of private gardens, sand from children play grounds and top-soil.of 
forests. Three typical results are shown in Figures 1-3. From the results 
of this study the authors draw the conclusion that the refuse composts 
usually had higher densities of germs.than the fertilizers or soils. This 
seems to be very natural since the composts are produced by microbiological 
conversion processes and are used from bacteria and fungi as substrates 
for nutrition. They consider all 18 of the detected bacterial species as 
pathogenic or facultative pathogenic. From these they found in compost 
and in the other materials investigated: Citrobacter, Enterobacter, E. coli, 
Klebsiella, Pseudomonas, Aspergillus, Salmonella. Only from compost were 
isolated: Achromobacter, Proteus, Serratia, Enterococcus, Streptomyces, 
Mucor, Rhodotorula, Penicillium, Geotrichum candidum. 
-----Since these microbes may become pathogenic only under certain condi
tions they do not raise the hygienic risk of the compost so that no ag
gravating differences between the composts on the one hand and the sum 
of the other substrates analyzed·could be seen. The question of the real 
risk of the utilization of refuse or refuse/sludge composts in agricultu
re, landscape gardening or private gardening can only be answered by a 
thorough analysis of risk which could not be done within this study. As 
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long as the utilization of the substrates like organic fertilizers, garden 
molds, peat, soils etc. is not regularized the authors do not have objec
tions against the utilization of refuse composts for the purposes for which 
they are destined (II). 

3.4 Another approach to the problem of indicator organisms and monitoring 
pathogen destruction was made by a research group in the USA (12, 13). 
Although several studies showed the potential for destruction of pathogens 
by composting, the authors thought a method for determining the capability 
of a particular system was needed. 

"A straightforward method of determining the success of a process in 
destroying pathogens would be, of course, monitoring for the pathogens them
selves or for an indicator organism. The utilization of pathogens is not 
practical because, for most, the procedures are too difficult for routine 
application. The use of a specific pathogen is ruled out not only because 
of the difficulty, but to be effective one would have to know the concentra
tion of the pathogen at the initiation of composting. A specific pathogen 
could be low enough in numbers or sensitive enough to destruction by heat 
so that its absence would not guarantee that all others had been destroyed. 

The use of the indicator organisms (fecal coliforms) were ruled out 
because although these organisms may be destroyed during the composting 
process, they are capable of repopulating the compost if they are reinocu
lated and reinoculation is impossible to prevent in most composting proces
ses as they are presently conducted. 

To overcome these problems it was decided to use a temperature-by-time 
monitoring system with the relatively heat-resistant bacterial virus f2 
as a standard. A search of the literature showed that the resistance of f2 
to heat was high enough so that if it was destroyed all enteric pathogens 
would be also. The D values of a number of enteric pathogens as compared 
with f2 are shown in Table 4. A D value is the amount of time required to 
cause a ten-fold (one log) reduction in population numbers. The tempera
ture must be specified. A plot showing the number of logs of f2 killed for 
different temperatures with time is shown in Figure 4. As a reasonable 
goal for a composting operation it was decided to use 15 logs of f2 inacti
vation. At 55°C this could be achieved in 2.5 days. In the canning indu
stry, the time at a particular temperature to inactivate II logs of bacil
lus spores is considered adequate, but even with the control realizable 
in the canning process for uniform heating the theoretical spore reduction 
often is not obtained. Therefore, in a much less controllable composting 
system, the use of a 15 log criterium did not seem to be an unreasonable 
value to insure safety. 

To determine the applicability of the approach to the Beltsville pro
cedure and to determine the most suitable monitoring sites, 15 composting 
piles were monitored taking random probings associated with three pile re
gions: the center, the lateral portions, and the lower portions at the pile 
end (pile toes). Consistently the latter area was found to be at the lowest 
temperatures. Nevertheless it was found that one could expect to achieve 
at least 55°C in this portion of the pile and therefore in all portions 
of the pile for 10.6 days of the 21 day composting period with a confidence 
level of 95 percent. Therefore it appeared reasonable to monitor the pile 
in this zone. 

Studies have shown that salmonellae are capable to some degree of repo
pulating sludge and compost. In sterilized compost growth can be extensive, 
but in sludge and compost that has not been sterilized, the population in
crease over the inoculation levels is usually only a log or so with a re
duction to undetectable levels in a few days. The experience at Beltsville 
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has been that during periods when windrow composting of raw sludge was in
terrupted by heavy rains and cold, one was able to find salmonellae in 
stored compost and on the site pad. But monitoring monthly for one and one
half years while composting by the aerated-pile method, one was unable to 
detect salmonellae on the pad or in stored compost. As a result of this 
experience it is recommended that in addition to temperature monitoring 
the finished compost be monitored monthly at the site for salmonellae by 
an agency independent of the organization operating the site and doing the 
temperature monitoring. 

As of March 18, 1982, the Dickerson sewage sludge composting site in 
Montgomery Country, Maryland had been in operation for 15 months and had 
been using the temperature-by-time criteria and salmonella monitoring since 
starting. Once the six monitoring points have maintained a minimum tempera
ture of 55°C for at least three consecutive days then only biweekly tem
perature monitoring is required. In addition to temperature monitoring, a 
monthly sampling of the 21 day old aerated piles, screened compost storage 
piles, and unscreened compost storage piles was conducted. Samples were 
taken at a point one-foot below the pile surface and analyzed for salmonel
lae. As yet no samples positive for salmonellae have been found." 

3.5 In own experiments according to the Swiss regulations for the determi
nation of enterobacteriaceae (EB) after disinfection of sludge we found 
that in quite a considerable number of cases EB could be cultivated on 
selective solid medium and identified even when the Mossel-enrichment broth 
was negative for EB. 

We also could confirm the statement of Scarpino (2) that there may 
be differences in disinfection rate when using laboratory stock virus strains 
versus indigenous virus. We found certain differencies in the temperature 
sensitivity between laboratory strains of Salmonella ~ when seeded into 
the sludge and indigenous Salmonella ~ strains isolated from the same 
sludge. The same was also true for strains of Streptococcus faecium (ATCC 
6057) and strains indigenous of the same sludge. 

In other own experiments it could be proved that indigenous fecal 
streptococci (FS) have a considerably lower pH-sensitivity than Salmonella 
~ thus indicating that it may become necessary to choose different indi
cators for the hygienic control or evaluation of different sludge treatment 
systems. 

3.6 In summarizing the literature quoted and other literature as well as 
own experiences it must be concluded that the problem of monitoring methods 
to render sewage sludge free of pathogens by looking for indicator orga
nisms is not solved for a long time yet. Several approaches were described 
but all of them still have to prove their efficacy under practical condi
tions and for more than only one system of sludge treatment. The concerns 
of Scarpino (2) and others about the use of bacteria or bacteriophages as 
indicators for pathogenic viruses have to be considered as well as the con
clusions and recommendations of Pederson (3) and the demands of de Bertoldi 
et al. (5) to better define the term "sanitized compost" and to lay down 
not only which microorganisms are to be monitored, but also their maximum 
permitted level in a sanitized product. For this evaluation also the re
sults of Schrammeck and Sauerwald (II), which are of practical importance, 
have to be drawn into consideration. 

In following the conclusions of Working Party 3 that it is in many 
cases advisable to analyse sludge for pathogens directly and use them to 
seed sludge to test the efficacy of treatment systems the described obser-
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vat ions have to be considered that under certain circumstances differences 
in sensitivity of indigenous pathogens and the seeded laboratory strains 
may exist which can distort the results of such studies. This question has 
especially to be investigated in connection with the recommendation of f2-
phages as indicator organisms (12, 13). 

Much more practical work is to be done in this respect before final 
decisions can be made and standardized methods are internationally available. 
To achieve this easier the recommendation of Pederson (3) should be better 
observed in the future that researchers document carefully all pertinent 
aspects of their experimental design. 

Since the authorities in several countries are preparing regulations 
for the safe utilization of sewage sludge in agriculture, gardening and 
possibly in forestry the politicians need definitions of parameters for 
hygienically safe sludges which are relating to practice, which can be con
trolled by the authorities and which can easily be changed when new scienti
fic results indicate that there is a need for revision. Therefore in the 
following chapter we are presenting for discussion a proposal of the re
quirements for efficient disinfection of sewage sludge with various methods. 

4. PROPOSAL FOR REQUIREMENTS OF DISINFECTING SLUDGE 

I. At the time of delivery of hygienically safe sludge by the sewage 
treatment plant to the customer the sludge should meet the following re-
quirements: 2 
- the sl~dge should not contain more than 5 x 10 Enterobacteriaceae and 

5 x 10 Fecal Streptococci per gram or milliliter, 
- the sludge should not contain salmonellas (pre-enrichment) in 100 g, 
- the sludge should not contain infective parasite ova. 

II. For efficient disinfection of sludge the technologies used should meet 
the following requirements: 

I. Pasteurization 
Pasteurization of sewage sludge is only appropriate if raw sludge is 

treated prior to digestion (pre-pasteurization). Pasteurizing of digested 
sludge (post-pasteurization) should be abundoned because it almost inevitab
ly results in a recontamination with regrowth of enterobacteriaceae, sal
monellas and other bacteria. 

Pasteurization should generally be done for 30 minutes at at least 
70°C which includes a safety margin. Higher temperatures can also be 
applied with appropriate exposure times. Pasteurization between 60°-70°C 
for at least 30 min is only acceptable in combination with subsequent 'stabi
lization processes like e.g. anaerobic digestion. 

2. Composting 

a) Windrow (Stack)-Composting 
To ensure a hygienically safe product the composting process must be 

operated for at least three to four weeks. During this time the tempera~ 
ture should exceed 65°C for at least one week. 

It is most important that all of the compost mass in the windrow must 
reach this temperature for the recommended period of time. These require
ments can be met by operating a program of regular turning of the piles or 
by covering them with a layer of composted material. Thus a more uniform 
temperature profile in the composting material can be achieved. To further 
improve the hygienic quality of the compost the composting process should 
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be followed by curing the material in stacks for another three or more 
weeks. 

b) Bioreactor-eomposting 
In bioreactors more uniform temperature profiles in the composting 

material can be attained and the temperature can be influenced by the aera
tion rate and the technique of feeding. For a hygienically safe product 
the temperature of the compost in the reactor should reach 65° - 70 0 e and 
the material should not pass this temperature range faster than in 48 hours. 
The flow time of the material through the reactor(s) should be in the range 
of two weeks or above. A subsequent curing time of at least three weeks 
will help to improve the technical and hygienic quality of the compost. 

In bioreactors the temperature must closely be monitored and in case 
of disturbaces immediate counteractions by the operator are necessary. That 
material which has not reached the required temperataure either must be 
used as reflux material for another passage through the reactor or must 
be stored in a windrow for at least three weeks with at least one turning. 

3. Aerobic-thermophilic stabilization 
Aerobic-thermophilic treatment of liquid raw sludge as the sole sta

bilization process, combined with the aim to disinfect the sludge, should, 
as a rule, always be operated at least as a two-stage system with two reac
tors. The mean hydraulic detention time in the system should at least be 
five days and the minimum detention time in each of the reactors one day. 

Disinfection under these technical conditions can be achieved if in 
the course of the whole process a minimum temperature of ssoe for at least 
48 hours with a pH about 8 or 60 0 e for at least 24 hours with a pH distinct
ly above 8 can be ensured. 

With single stage aerobic-thermophilic stabilization an inactivation 
of pathogens in sewage sludge can be achieved under certain conditions and 
observance of certain parameters. But it is nearly impossible in the daily 
practical operation to constantly maintain these necessary parameters and 
control them. Moreover hydraulic short-circuits resulting in still infec
tious effluent cannot be excluded. 

Even in the two-stage aerobic-thermophilic stabilization process one 
has to reckon with a breakthrough of pathogens in reactor I for similar 
reasons as in the single-stage process which can be counterbalanced by the 
thermical and biochemical activities in reactor II. Therefore aerobic-thermo
philic stabilization of raw sludge with the purpose of eliminating pathogens 
basically should only be operated as a two or more stage system. 

4. Aerobic-thermophilic treatment with subsequent anaerobic digestion 
When a single-stage aerobic-thermophilic treatment is used as a kind 

of "pre-pasteurization" for the following anaerobic mesophilic digestion 
process, the requirements are less stringent than those for aerobic-thermo
philic stabilization because it results in a more effective and more rapid 
decomposition of the sludge and of the pathogens in the subsequent mesophi
lic anaerobic stabilization process. 

For these reasons the single-stage aerobic-thermophilic treatment should 
be operated in the temperature range of about ssoe for 24 hours and during 
this time a temperatuare of 55° - 60 0 e should be maintained for at least 
one hour in order to eliminate viable parasite ova. 
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5. Lime treatment 

a) Lime as CaO 
Unslaked lime is used to solidify dewatered sludge. This results in 

an exothermic chemical reaction by which temperatures between 55°C and 70°C 
should be reached. In the inner parts of the stacks these temperatures 
remain for about 24 hours, thus resembling a prolonged pasteurization pro
cess. The initial pH of the sludge-lime mixture should be at 12.5 or above. 
For the hygienic success of the whole process the intensity and speed of 
mixing lime with sludge, the method of conditioning and degree of dewate
ring the sludge as well as the CaO concentration and quality are critical 
factors which have carefully to be observed. 

Disinfection in this temperature and pH range is achieved within a 
few hours. For optimizing the process it is recommended to use an insula
ted and closed vessel for storage of the lime-sludge mixture. 

b) Lime as Ca(OH)2 
Slaked lime 1S frequently added to liquid sludge as a conditioning 

step before dewatering. This will result in an increase of pH, depending on 
the lime dose and the sludge characteristics. 

Vegetative bacterial cells and the hygienically relevant viruses are 
destroyed by liming of the sludge with an initial pH of 12.5 or better 
above. The limed sludge should be kept at the treatment plant for at least 
3 days before further utilization. It does not matter whether the lime is 
used for dewatering sludge or just for mixing with liquid sludge as a dis
infecting measure. Thorough mixing of lime and sludge is most important. 

As far as parasite ova like those of Ascaris and Taenia are concerned 
it is possible to reduce the epidemiological risk considerably when after 
liming a pH of 12.5 or above was reached and a minimum storage time of two 
months is observed. 

Limed raw sludge can also be used for anaerobic digestion without 
technical disturbances in the digester, even if the initial pH is above 
12.5. In this case the method can be compared in its hygienic effect with 
"pre-pasteurization". 

A dosis of 0.2 kg lime/kg DM is provisionally recommended. 

6. Thermal Drying 
Thermal drying generally is performed at temperataures slightly over 

100°C for a long enough time to destroy vegetative bcterial cells, viruses 
and parasite ova. Certain bacterial spores, which are not relevant for 
human or veterinary epidemiology, may survive this process in reduced num
bers. 

Generally thermically dried sludges can be considered to be hygieni
cally safe. 

7. Irradiation 
The recommendations issued by Working Party 3 of the CEC-Concerted 

Action "Treatment and use of sewage sludge" - COST 68 bis for the required 
irradiation doses for sludge disinfection are: 

500 Krad for irradiation of liquid sludge 
1.000 Krad for dewatered or dried sludge. 

III. Newly developed technologies for the disinfection of sludge should be 
tested before they are introduced into practice and, according to the re
sults, be approved by national or local authorities. For these tests the 
system should be controlled for its efficacy by using known and representa
tive pathogens like salmonellas, parvovirus and Ascaris eggs. If this is 
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not feasible for certain reasons also fecal streptocci can be introduced 
as bacterial test organisms. For testing the disinfecting efficacy on vi
ruses instead of parvovirus also the f2-phage should be used to add more 
practical experience to the results described by Burge et al. (12, 13). 

Disinfection processes should result in a complete inactivation of 
salmonellas and infective ascaris eggs, a reduction of 4 logs of parvo
virus ~r a reduction of 4 logs of fecal streptococci (that not more than 
5 x 10 g/m1 can be isolated) and 15 logs of f2-phages. All the results ob
tained in following these recommendations of part III should be subject 
to international discussions and be tessera for a final international 
standardization of monitoring methods. 
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Table 3. Effect of sludge cornposting in different types of biorcactors on the recovery 

of salmonellas, fecal coliforms and fecal streptococci (S) 

MICROORGANISMS STARTING MATERIAL AFTER REACTOR PASSAGE 

Salmonella sp. absent absent 

F. coliforms 1.4 x 107 .l.S x 106 

F. streptococci ).4 x lOS 9.0.106 

Salmonella sp absent absent 

F. coliforms l . .l. 108 7.8 • 103 

F. streptococci 1.5 • 106 1.9 x 109 

Salmonella sp absent absent 

F. coliforms 3. 1 • 101 l.S x lOS 

F. streptococci 4.7. 107 7.6 • 106 

Salmonella sp 1.3 x 102 absent 

F. coliforms 5.7 • 107 2.5 • 102 

F. streptococci 8.0.106 1.7 x 102 

Salmonella sp 8.1 • 102 absent 

F. colilorms 7.9.108 9.2. 10' 

F. streptococci ".S.106 1.9.102 

A = Vertical reactor (Weiss). Mixture sludic .. organic fraction of SUW h4 d) 

B : Vertical reactor (Weiss). Mi.ture sludge .. organic fraction of SUW (.11 d) 

C : Vertical reactor (BAV). Mixture sludge + organic fraction of SUfi (IS d) 

D : Horizontal reactor (Yotohama/Japan). Mixture sludge + cornposted sludge (to) 

c 

o 

E : Horizontal reactor (Paygro/USA). Mi.ture sludge + sawdust + composted sludge II .. d) 

Table 4· Time required for a Io-fold reduction of enteric pathogen 

by heat as compared with that for f2 bacteriophage (13) 

Organism 
D Value (Minutes) 

55'C 6o'C 

Adenovirus, 12 NIAID II 0.17 

PoliOVirus, type I 32 19 

Ascaris ova 1·3 

Histolytica cysts 44 25 

Salmonella' 80 7·5 

Bacteriophage, f2 267 47 

, Serotype senftenberg 775 W 
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Figure 4. Curves showing the time -by- temperature 
regimes necessary for the inactivation of a 
desired number of logs of f2 bacteriophage(12) 
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SlDlInary 

INACTIVATION OF PARASITIC OVA DURING DISINFEX::TION 
AND STABILISATION OF SLUDGE 

E B Pike and E G Carrington 
Water Research Centre, PO Box 16, Henley Road, 

Medmenham, Marlow, Bucks, SL7 2HD, United Kingdan. 

Quantitative information upon the destruction of eggs of Ascaris spp. 
and Taenia saginata by thermal disinfection and during stabilisation 
of sludge has been examined to determine those processes which 
significantly reduce viability or infectivity by at least 90% or 
reduce them to undetectable levels. Where possible specific decay 
rates have been calculated and used to compare the efficacies of 
processes operated either batchwise or with continuous or 
discontinuous feeding of sludge. At temperatures above 50 °C, eggs 
of T. saginata are more resistant than those of Asca6is spp. and 
complete destruction requires treatment in excess of 60 C for 3h, as 
in pasteurisation, treatment with quicklime or in bioreactor 
camposting. Significant reductions in the infectivity of T. saginata 
ova for calves are given by anaerobic mesophilic and 8.ccelerated cold 
digestion, by lagooning for 28d, treatm8nt at 52-60 C for 3h and by 
thermophilic oxidative digestion at 47 C for 6d. Lime treatment at 
pH12 will significantly reduce infectivity of T. saginata but will 
require at least 7d to reduce Ascaris viability significantly. 

1. PARASITES IN SLUDGE AND THEIR CONTROL 
The eggs of enteric helminth parasites and protozoan cysts are passed 

by active cases and carriers in the community and so are found in sewage. 
Because of their small dimensions and similar density to that of water 
they are only partially removed in sedimentation processes, except in 
sewage treatments which are largely quiescent, such as oxidation ponds. 
Nevertheless, they appear in greatly concentrated numbers in primary 
sludges compared with sewage and treated effluent. Hence, sludge will 
appear on a volume to volume basis to present the greatest hazard to the 
health of man and animals in its disposal, although the real risk will be 
determined by the actual numbers ingested and by such factors as the 
immunity of the recipient host animal and the infectivity of the 
parasite. 

A World Health Organisation (WHO) Working Group considered that the 
risks to human health fran agricultural use of sludge was greater for 
Taenia saginata and salmonellae than for the other pathogens identified. 
(l) • 

Man is the definitive host for the adult beef tapeworm, ~. saginata 
and for the large roundworm Ascaris lumbricoides. Sewage sludge and 
other faecal contamination are the means by which infection is 
transmitted, in the former case to cattle and the latter to man. 
Roundworm infection by Ascaris suum is very common in intensively reared 
pigs but is not usually transmissible to man and infection in pigs is 
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normally by direct contamination on the farm. With A. suum, Echinococcus 
species, Toxocara species and the sporozoan parasite, Toxoplasma gondii, 
danestic, farm and other animals are the normal or definitive hosts, 
although man can acquire infection. The role of sludge is therefore 
unimportant since the input of these parasites to the sewerage system 
must normally be small. The Working Group noted that the parasites for 
which sludge was a significant vector were T. saginata, Ascaris species, 
Toxocara species and sarcosporidia (1). 

More recently, a COST 681 Workshop on Epidemiological Studies of 
Risks associated with Agricultural use of Sewage Sludge concluded that 
sludge spread on land could act as a vector of T. saginata and Ascaris 
species and that its role in the spread of Giardia, Sarcocystis, and 
Toxoplasma was less clear and required further study (2). 

It is obvious that disinfection of sludge by methods sufficiently 
intense to destroy the infectivity of the distributive stages of these 
parasites will canpletely remove any hazard fran agricultural use of 
sludge. The practical problem lies in defining a degree of treatment 
that will guarantee disinfection, with an adequate margin of safety, and 
which can be carried out reliably at an acceptable cost. Another more 
widely acceptable, but pragmatic, approach is to identify the ability of 
commonly used processes for stabilising sludge to destroy the infectivity 
of parasites and then to place suitable restrictions on the use to which 
the land receiving sludge may be put, in order to allow the infectivity 
to decay to an extent posing negligible risk. Such an approach is 
implicit in many national guidelines or laws. Since incidences of 
infections in the canmunity, agricultural practices, climate and other 
local factors will influence the risk, it is to be expected that such 
recomnended practices and restrictions will vary fran region to region. 
The features of these two approaches to disease control - disinfection 
and stabilisation with controls on disposal - have been discused (3). 

2. DETERMINING THE EFFEX::TS OF TREATMENrS ON INFEX::TIVITY OF PARASITES 
The distributive stages of intestinal parasites found in sludge and 

sewage are either eggs in the case of the helminths considered or cysts 
for the protozoans. These are resting stages with much greater powers of 
resistance to disinfection, drying and other treatments than the adult 
worms or trophozoites which inhabit the body. 

Ideally, the effect of disinfection and other treatments upon 
infectivity should only be obtained by observing the ability of the 
treated resting stage to cause infection in test host animals. This is 
usually impossible, particularly if the definitive or only host is man or 
very expensive if a large animal, such as cattle. Most investigators 
have resorted to using systems modelling infectivity. These have 
included microscopic examination to determine cellular integrity or 
disorganisation, or attempts to initiate outgrowth and hatching of 
infective stages from the resting stage by incubation in acid conditions 
resembling those in the stanach and small intestine - as with the 
bile/trypsin hatching test with T. saginata ova (4). The eggs of Ascaris 
spp. are fertilised in utero and undergo cell division subsequently after 
release from the female worm. After about three weeks at normal ambient 
temperatures, development will have proceeded as far as the infective, L2 
larval stage, in which the embryonic motile worm can be seen inside the 
shell. Incubation of treated eggs in acidified water for three weeks is 
often used as the basis of assaying viability of Ascaris eggs (4). 
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Great care must be taken in interpreting the results of experiments 
to determine the 'viability' or infectivity of parasitic eggs and much of 
the published work is suspect. Thus comparative work has shown that the 
bile/trypsin hatching arrl activation test for viability of T. saginata 
ova greatly over-estimates their ability to infect calves (5,6) and is 
not even correlated with it (6). The results of animal infectivity tests 
are influenced by the innate or acquired inmunity of the test animals, 
although the latter can be obviated by segregation of the animals from 
all likely sources of infection prior to test and by using animals of the 
same breed arrl age. There is a considerable degree of variation in the 
number of cysts produced in seemingly identical· animals in a batch fed 
with identical numbers of T. saginata eggs (6,7) arrl the response is not 
proportional to the numbers of Taenia spp. fed to host animals (8). 

The reason for these anomalies is probably because infection is not a 
single or even simple process. Apart from considerations of the inmunity 
of the host animal arrl its state of health, the infection process begins 
when eggs are ingested. Enzymic activities in the gut bring about 
dissolution of the protective shell of the eggs, followed by attachment 
of the embryo to the gut wall and its migration through the animal body. 
If large numbers of eggs are swallowed it is likely that an immune 
response will result so reducing the final degree of infection. 

These are analytical problems, similar in essence to those 
encountered when attempting to estimate numbers of bacteria by viable 
counting methods. Other difficulties arise when laboratory-scale models 
are used to determine the decay of pathogens in treatment processes and 
when 'surrogate' marker organisms are used instead of pathogens to 
indicate the efficacy of treatment. These problems will be described in 
later sections of this paper. 

Another indirect way of determining the efficacy of treatment is by 
intensive surveillance of disease arrl by studies of case histories of 
outbreaks. In the general conclusions and recommendations of the EC COST 
Workshop on epidemiology it was noted that ••• "improved surveillance and 
reporting of infections and diseases in human and animal populations 
exposed to sludge are necessary to identify risk associated with 
presently accepted sludge disposal strategies" (2). 

3. PRINCIPLES OF DISINFEcrION 
The efficacy of a disinfection process depends ul timately upon two 

factors, the time and the intensity of exposure. It is ccmpletely 
unknown for all organisms exposed to disinfection to die simultaneously, 
hence there is no such concept in reality as 'survival time'. The term 
is often used, wrongly, to indicate the period of exposure, after which 
the analytical methods failed to detect any survivors. 

To determine and to predict the degree of disinfection needs a death 
rate to be applied to a model of disinfection so that the effect of 
period of exposure can be described. 'Survival times' cannot be used to 
calculate death rates unless the initial population density arrl the 
analytical limit of detection are known. 

The simplest disinfection model, that of exponential decay, assumes 
that all the pathogens are equally susceptible to disinfection and that 
they are equally and randomly exposed to the agency, so that a constant 
fraction x~x of the original population, x , is killed in any defined 
interval or dke (t - to) 0 

x /x = e-k(t-to) I 
t 0 
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where k is the exponential death rate constant. Deviations from this law 
will occur when organisms are clumped, are of differing resistances, or 
when infectivity or viability are comprised of a number of vital 
properties each differing in sensitivity. 

Another important feature, often ignored when comparing mechanical 
processes is the configuration of the reaction vessel or plant. There 
are two ideal types of reactor, the batch and the continuous stirred tank 
reactor (CSTR). 

In the batch reactor, the mater ial to be treated is retained for a 
finite process time, before being emptied. It should also be stirred so 
that all elements of the material are equally exposed to treatment. The 
effect of disinfection is directly described by Equation 1, if the 
special conditions apply. If the treatment is carried out in 
continuously-fed narrow channels or pipes, or in a large number of 
stirred tanks in series the treatment process is termed 'plug-flow'. If 
back-mixing is unable to occur, so that each element of the material 
receives identical exposure, then Equation 1 equally holds, if the term 
(t-t ) is replaced by the retention period. 

£n the CSTR, material is fed continuously and overflows after 
treatment at the same rate, expressed as the 'dilution rate', D, 
expressed as volume changes per unit time. The mean retention period is 
obviously 1/0. The CSTR is assumed to be completely mixed so that all 
elements have an equal chance of being removed in any interval of time. 
There is thus a statistical distribl,ltion of residence times, such that 
the fraction of el_~nts with a residence time equal to or greater that t 
is expressed as e • It can be shown that after one volume change has 
occurred in a CSTR (the mean retention period), 63.2% of the elements 
originally present will have overflowed and therefore have received a 
less complete treatment than they would if exposed in a batch reactor for 
a similar process time. It follows that the CSTR provides a much less 
effective degree of disinfection than the batch or plug-flow reactor and, 
in general, CSTR's are completely unsuitable for processes where 
disinfection is the primary aim. 

The disinfection performance of a CSTR can be described, if it is 
assumed to be in steady operation so that a number balance can be applied 
to the pathogens entering, leaving and dying. 

Rate of output = Rate of input - Rate of death 

Dx = Dx - kx 
o 

where x and x are the populations entering and leaving the n~cctor 
respectRrely. Since the mechanisms and the kinetics of death are 
unchanged by the type of reactor under ideal conditions, the death rate 
constant, k, has the same meaning in Equations 1 and 2. It is therefore 
permissible to determine k experimentally in one type of reactor and 
apply in to predict the efficiency of another. 

In practice, continuous reactors, such as anaerobic digesters are fed 
discontinuously, have unmixed or dead spaces, perhaps filled with grit, 
which increase their effective dilution rate and may be poorly mixed, so 
that Equation 2 does not hold completely. 

If the reactor is fed batch-wise so that a certain proportion is 
replaced at periodic intervals, then its efficiency in disinfection will 
be intermediate between that of the batch reactor and the CSTR. The more 
frequently it is fed, relative to the mean retention period, then the 
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more closely its efficiency will approach that of the CSTR. If the 
fraction of the reactor volume replaced at each feeding is R am an 
equivalent volume is removed before feeding, then the fraction x/x of 
the original population, xo ' surviving after treatment is given by 0 

x/x = R/{ekR/D -l+R) 
o 

In practice, stabilisation processes, such as anaerobic mesophilic 
digesters, are fed batch-wise either at daily intervals, as at smaller 
works, or semi-continuously, as at larger works. Thus, their 
disinfecting effect is best described by Equation 3 or Equation 2 
respectively. It will be obvious that the disinfecting effect will be 
reduced with batch-feeding, if fresh sludge is fed before an equivalent 
amount is withdrawn. Sludge pasteurisation plants always treat separate 
batches of sludge or are continuous with plug-flow characteristics 
ensuring that each element of sludge receives a defined degree of 
treatment, eg 30 minutes at 70 °C. In this case, Equation 1 will apply. 
Composting in lower processes, or windrows, lime treatment, stockpiling 
of sludge and cold anaerobic digestion processes will also be described 
by Equation 1. Where sludge is lagooned, the retention characteristics 
are usually poorly defined unless the lagoon is in the form of tanks in 
series or a long channel preventing mixing and short-circuiting. 

The effects of various sludge treatment processes upon the eggs of 
Ascaris am T. saginata will now be considered, with the aim of 
predicting how efficient full-scale processes should be at destroying 
them. Not all published work can be used predictively, either because 
unsuitable, inaccurate methods have been used to measure decay or because 
the data is not quantitative. 

There remains the problem of interpretation of risk, because risk 
cannot be directly related to numbers of parasites surviving. The United 
States Environmental Protection Agency has categorised sludges and the 
way in which disposal to land is regulated, according to the degree of 
pathogen reduction expected during treatment. Thus, a 'process to 
significantly reduce pathogens' must achieve 90% reduction in pathogens 
(type unspecified) or 99% reduction in faecal coliform bacteria and the 
operating conditions necessary for such processes to achieve this are 
specified. Greater degrees of disinfection are achieved by other defined 
processes ' to further reduce pathogens' which presumably are able to 
reduce pathogens to undetectable levels (9). These definitions are 
convenient, but arbitrary and will be used in this paper for interpreting 
published data. 

4. ASCARIS 
The eggs of the pork roundworm (Ascaris suum) and of the human 

roumworm (Ascaris lumbricoides) cannot be distinguished microscopically. 
Both are usually, but not always, specific for the ir respective host. 
However both species can be present in sludge, particularly if there is 
drainage from pig-rearing units, markets and abattoirs. The fertilised 
eggs, released by the female worm and passed with faeces, undergo 
cellular development to the L2 larval stage in the external environment 
am can only re-infect the host upon ingestion once this stage is 
reached. The eggs remain infective for many months in soil am water am 
are very resistant to chemical disinfection. 

Table 1 shows that only processes in which the eggs are subjected to 
heat of 50 °c or greater can reduce viablili ty to below detectable 
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limits. The temperature is critical. Thus, exposure of eggs to 45-55 °c 
in the Bauart-weiss bioreactor for 72h failed to destroy viability 
completely (10). Pasteurisation of eggs in sludge at 45 °c for 3h had no 
significant effect on viability, whereas it was destroyed after 15 min at 
55 0C (11). Indeed if the data of Carrington (11) are examined further 
by a plot of the natural logarithm of the specific death rate (In k) upon 
reciprocal absolute temperature (Arrhenius plot) it can be deduced that 
the energy of activation for the disinfection reaction (the slope of the 
curve) progressively decreases with increasing temperature. A similar 
phenomenon was found for loss of viability in vitro of T. saginata eggs 
(4) • While the theoretical interpretation is speculative (eg that death 
is caused by starvation at lower temperatures and chemical denaturation 
of cell components at higher temperatures), the practical significance is 
clear - that temperature control must be precise over the whole reactor 
volume and must allow an adequate safety margin. 

The processes shown in Table II are those which significantly reduce 
(ie by at least 90%) viability. Lime treatment gave a progressive loss 
in viability, significant at pH 12.5 and 11.6, but not at 7.7 and 10.6 in 
the experiments of Schuh et ale (17) and in the experiments of Polprasert 
and Valencia (18) at pH 9, 10, 11 and 12 - in which eggs of 
A. lumbricoides in infected faeces were used. Only at 12.5 was the rate 
of disinfection, corresponding to 90% loss in viability in 7.4d, high 
enough to make lime stabilisation an effective method for disinfecting 
sludge containing Ascaris eggs. 

All the processes in Tables I and II are batch or plug-flow processes 
with the exception of anaerobic digestion at 49 °C, which is not a 
practical proposition, since gas production and control is poor. 

5. TAENIA SAGINATA 
Although the in vitro test for viability of Taenia eggs is 

relatively simple and rapid compared with tests for infectivity towards 
calves, which involve slaughter and dissection of car cases , 2-3 months 
after infection, viability bears no simple relationship to infectivity 
and always over-estimates infectivity (5,6). Apart from cost, 
infectivity experiments present several difficulties. In countries where 
tapeworm infection is rare, supply of eggs for experiments is difficult. 
Only those proglottides voided by cases or a few proglottides at the 
distal end of the worm contain infective ova and, since eggs are 
continually expelled from 'ripe' proglottides, few contain a full 
complement of eggs (50~80 thousand). 

During storage at 4 °C, infectivity is progressively lost, so that 
fresh eggs must be used and that where the sludge treatments involve 
exposure of the eggs for several weeks, as with anaerobic digestion, 
control animals must be infected at the start and conclusion of each 
experiment in order to separate the effect of the experimental treatment 
from that of decay in storage. Thus during experiments conducted by 
Severn-Trent Water Authority (S'lWA) and the Institute for Research on 
Animal Diseases (IRAn) (see Reference and Acknowledgements), storage of 
eggs for 25, 28 and 50 days respectively caused a decline in numbers of 
cysts produced from a given number of eggs to 70, 76 and 0.96% of those 
produced in i~itial control infections. This represents a specific decay 
rate of 0.18d (or 90% loss in infectivity in 13 days). 

The relationship between numbers of eggs fed to susceptible animals 
and the count of cysts produced is not linear and even with the same 
doses to animals of identical breed and ages, is extremely variable 
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Table I. Processes giving complete destruction of the viability of 
Ascaris eggs* 

Process and conditions 

Aerobic thermophilic stabilisation, 
Fuchs system~ 49.5 °C, 57h, pH 7.5 

Aerobic, thermophilic stabilisation, 
Thieme system~ >53 °C, 3-4d. 

Bioreactor composting: Kneer system~ 
50% sludge, 25% sawdust, 25% recycled 
compost, 75 °c max., 24h~ Bauart-Weiss 
system~ sludge 20% sawdust 30%, recycled 
compost, 50%, 67 °c, 24h. 

Pasteurbsation: batch ~stem~ 60 °c 
and 65 C, 30 min~ 70 C, 5 min. 

Pasteurisation: batch, 55 °c, 15 min 

Quicklime toeatment (calcium oxide): to 
produce 62 C in first 2h, pH 13.4. 

Authors (and reference) 

Strauch (12) 

Strauch, Hammel and 
Philipp (13) 

Strauch, Berg am Fleischle 
(10) 

Strauch and Berg (14) 

Carrington (11) 

Strauch and Berg (15) 

* Eggs of Ascaris suum added to sludge (11) or in sealed ampoules or 
'germ carriers' into the treatment process. Viability estimated by 
ability to embryonate on incubation and/or ability to produce L3 
larvae in livers of mice. 

Table II Processes significantly reducing the viability of Ascaris 
eggs. 

Process and conditions 

Anaerobic digestion~ 4-b 
digester fed daily, 49 C: 

Retention 10d 
16d 
20d 

Passeurisation: batches, 
53 C, lh 

LimO treat:ment~ batches, 
29 C pH 12.5, 7.4d 

Survivor Specific 
ratio* deatblrate,* 

k (d ) 

<0.0043 >1. 7 
0.0043 1.3 
0.0043 1.1 

0.011 4.5 

0.10 0.25 

Authors (and 
reference) 

carrington 
and Harman (16) 

Carr ington (11) 

Schuh, PhiliW 
and Strauch 
(17) 

* Survivor ratio is fraction of treated eggs recovered fram sludge able 
to embryonate compared with untreated eggs~ k calculated from Equation 
3 (batch-fed) or Equation 1 
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(6,8). Analysis of data relating yield of cysts (y) to the mnnber of 
eggs given (x), STWA/lRAD experiments (6,7), yielded the relationship 

y = 0.3886xO.7075 

This shows that gfoduction of a single cyst would require ingestion of 6 
eggs and that 10 eggs would yield 1300 cysts on average. It therefore 
follows that generalised infections with cysticerci must have resulted 
from ingestion of one or more proglottides. Similarly, although a 
threshold for infection exists it is low, compared, for example, with the 
thousands of salmonellae required to set up clinical disease. 

Few infectivity experiments have been carried out quantitatively. 
Silverman and Guiver's (20) experiment showed that eggs in sludge 
withdrawn after batch digestion at 35 °c for 5, 10, 15 and 20 days, 
pooled arxl fed to a single calf were not infective. Shafai showed that 
aliquot samples of 20 000 eggs treated in water (not sludge) for 15 min 
at 60 °C, 70 °c for 5 min and 80 °c for 2.5 min respectively were 
rerxlered non-infective, compared with controls(5). 

Table II sWlll\arises the results of infectivity experiments carried 
out by STWA arxl lRAD. The experimental conditions have been described 
(6,7). Results for those processes which did not significantly reduce 
infectivity - anaerobic mesophilic digestion for 24h at 35 °c (survivor 
ratio, 1.0) arxl aerobic stabilisation at 7 °c in an oxidation ditch 
'package' plant (0.16) are omitted. The eggs in these experiments were 
exposed to the treatments for specified times, so that if first-order 
kinetics were obeyed, disinfection would be described by Equation l. 
Some of the processes are carr ied out full-scale with continuous or 
periodic feeding. As explained in section 3, this considerably reduces 
the efficiency of disinfection, as shown by the calculation of survivor 
ratio assuming the reactor to be a CSTR. Many processes are fed only 
daily and if the treated liquor is withdrawn before feeding, the 
efficiency is slightly improved, but only when the retention period is 
short and the death rate high. The difference between the calculated 
survivor ratios is appreciable only for thermophilic oxidation, eg 0.11 
for the CSTR mode arxl 0.059 for daily feeding, with 6 days retention in 
each case. 

The difference between treatment at 60 °c in water, in which o infectivity was destroyed in 15 min (5) arxl at 60 C in sludge in which 
1.1% of infectivity remained (albeit for only 4 cysts per animal for a 
dose of 4850 eggs) emphasises that experiments should be carried out in 
sludge to be representative. 

The data of Table IlIon analysis show, as noted in Section 4 for 
Ascaris eggs, that the specific death rate is not linearly related to 
temperature. The Arrhenius plot of In specific death rate on reciprocal 
absolute temperature shows that the energy of activation, associated with 
disinfection, decreases as temperature rises. This confirms the need for 
careful control of temperature during pasteurisation. 

6. CONCLUDING DISCUSSION 
Comparison of Table I-III shows that the death rates of Ascaris eggs 

are much lower than those of T. saginata at temperatures below about 
50 °C, whereas the latter are more resistant above 50 °C. Thus it must 
be assumed that for a thermal process to kill both organisms, the aim 
must be to kill T. saginata. This would appear from the evidence given 
to require conditions in excess of 60 °c for 3 hours, although the 
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Table III. Processes significantly reducing the infectivity of 
T. saginata ova for cal ves* • 

Process and conditions 

Accelerated cold digestion; 
3 °C, 50d. 

Ana8robic mesophilic digestion, 
35 c: 

l5d retention 
30d retention 
10d + secondary digestion lSd 

0 Lagoon storage; 7 C, 28d 

Lime stabilisation, pH12 initally 
24h 
48h 

pasteurAsation, 3h: 
°c, ld 52 C + digestion 35 

55 0C 
60 °c 

Thermophilic oxidative 
digestion; 49 °C, 6d 

Survivor 
ratio 
observed 

0.076 

<0.00059 
0.0053 
0.0011 

0.018 

0.041 
0.050 

0.041 
0.014 
0.011 

0.00036 

Specific 
deat~lrate, 
k (d ) 

0.052 

>0.50 
0.17 

0.14 

34.0 
36.0 

1.3 

Survivor 
ratio for 
CSTR 

0.27 

<0.12 
0.16 

0.11 

* From results of S'IWA/IRAD experiments, some published (6,7). OVa 
suspended in microporous carriers in reactors. Survivor ratio 
observed calculated as ratio of number of cysts produced fram treated 
eggs to that initially produced fram same number of untreated eggs. 
Specific death rates calculated from Equation 1. Where the full-scale 
process is continuously-fed (CSTR), survivor ratios have been 
re-calculated fram Equation 2. 

experiments of Table III did not determine conditions needed to reduce 
infectivity below detectable limits. Table III shows that many processes 
carmonly used to stabilise sludge will also bring about significant 
reductions in infectivity of T. saginata eggs for calves. Particularly 
interesting, because of their suitability for use at small sewage works 
are lagoon storage, accelerated cold digestion and lime treatment at 
pH12. It will be noted that lime treatment has less effect upon Ascaris 
eggs and it may be inferred that the initial pH value should not be less 
than 12 and that if Ascaris infection is comnon amongst the hllllan 
population, sludge will need storing for longer that 24h, perhaps 7-l0d, 
to achieve significant reduction. The efficacy of meSophilic anaerobic 
digestion in reducing infectivity of T. saginata eggs is confirmed by 
Table III. 

Lastly, the results presented confirm the views of Working Party 3 
expressed at the 3rd International Symposium on Processing and Use of 
Sludge on the use of indicators of efficacy of treatment (21). It was 
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reccmnended that in the initial developnent of new processes, tests of 
efficiency should be carried out with pathogens rather than with 
indicators. Thus the new processes of accelerated cold digestion and of 
thermophilic oxidative digestion have been validated in Table III with T. 
saginata, rather than with Ascaris ova as a more easily obtainable and 
easier to use indicator. In this report of WOrking Party 3 an attempt 
was made to express disinfecting ability in kinetic terms to enable 
comparisons of resistance to be made. This approach has been continued 
in this paper to enable comparisons to be made between small-scale batch 
processes and large continuous and semi continuous processes. 
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Summary 

Metz, 

The present knowledge and future research needs for epidemiological 
studies related to the use of sewage sludge in agriculture were 
discussed in a Workshop, organized by COST 681 Working Party 3, in 
Metz (F) from May 21-23, 1985. The discussions considered four 
separate themes: bacteria, parasites, viruses and occupational 
hazards. One conclusion, common to all themes, was that there exists 
a need for better surveillance of sludge exposed (human or animal) 
populations and adequate reporting of surveillance data. These data 
would give a continuous flow of information, and could indicate the 
need for more detailed epidemiological studies in particular cases or 
areas. 
Such studies were at present considered necessary only with regard to 
parasites, because it was concluded that the guidelines proposed in 
the draft EEC directive were not always sufficient to prevent 
parasitic infections. 
Sufficient knowledge was present with regard to risk assessment and 
prevention of bacterial infections. Little was known about viral 
infections or occupational hazards related to land use of sludge, but 
epidemiological studies were not recommended because of the complexity 
of the design and the small chance to obtain conclusive results. 
It was again stressed that adequate prevention of sludge transmitted 
infections requires measures that depend on local situations with 
regard to such factors as prevalent infections, type of animal 
husbandry, availability of land, climate, etc. Guidelines, in 
particular those from supranational bodies such as EEC, should take 
this into account and local authorities should, where necessary, 
require further steps to be taken. 

1. INTRODUCTION 
Working Party 3 of EEC COST Concerted Action Project 681 concerns 

itself exclusively with pathogenic microorganisms in sewage sludge. It has 
been well established that a great variety of pathogenic microorganisms 
(bacteria, parasites, viruses, fungi, etc.) may be present in sludge, the 
actual numbers depending on a great many factors such as country, prevalent 
infections among the human population, season, industrial wastes (e.g. 
slaughterhouses), etc. Therefore, the use of sewage sludge poses a health 
hazard to man and animals. In this context, a hazard [1] is defined as the 
potential for adverse health effects. Whether there indeed is a 
significant health risk (i.e. a distinct possibility for infections to 
occur) depends on factQ;S such as the nature of the pathogen, its actual 
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numbers, the sludge disposal practice, the use made of the land and other 
geographical, climatological and demographic factors. It is the actual 
risk that defines whether particular sludge disposal practices are 
acceptable from a hygienic point of view and guidelines should preferably 
be based on risk assessment. 

Risk assessment of sludge use in agriculture has since long been a 
matter of much debate and as yet no consensus has been reached on desirable 
preventive hygienic measures. To further discuss and evaluate this 
problem, COST 681 Working Party 3 organized a Workshop (21-23 May, 1985, 
Metz, France) under the title: Epidemiological studies of risks associated 
with agricultural use of sewage sludge: knowledge and needs. This Workshop 
brought together a multidisciplinary group of 39 scientists from 12 
countries with a wide range of expertise in problems on sludge hygiene. 

The objectives of the Workshop were to consider carefully available 
epidemiological studies and case reports, particularly from a 
methodological point of view and to consider the risks associated with 
sewage sludge in the overall epidemiology of certain infectious diseases. 
Furthermore, recommendations were to be made as to which epidemiological 
studies should be carried out in future. 

The presently available knowledge was presented in review papers and 
subsequently discussed in panel discussions, which set out to answer 
questions on future research needs. The panel discussions were organized 
in parallel on four themes: bacteria, parasites, viruses and occupational 
hazards. The conclusions from the panel discussions will be briefly 
presented below. Full details of the Workshop can be found in the 
proceedings, that shall be published early 1986. 

2. BACTERIA 
Traditionally, concern about pathogenic bacteria in sludge has been 

almost exclusively directed towards the genus Salmonella and this emphasis 
was again confirmed in the Workshop. It was concluded that other bacteria 
were of little concern as far as transmission by sludge was concerned, but 
that there was ample documentation in the case of salmonellosis. In 
particular, the following outbreaks were considered. 
- Scotland: 23 incidents involving sewage effluents (10 incidents), septic 

tank effluent (8 incidents), sewage sludge (3 incidents), abattoir 
effluent (2 incidents), [2]. 

- Scotland: detailed account of one of the above outbreaks involving 27 
cattle and 98 human cases consuming raw milk. Sludge containing slurry 
from a chicken factory was spread on grassland and cattle allowed to 
graze almost immediately [3]. Rare S.typhimurium RDNC isolated from 
cattle, pasture, sludge and a poultry factory. 

- U.K.: leakage of septic tank waste from household with S.paratyphl B 
carrier on to field. Five cattle infected on farm. Contamination of 
water supply and failure of chlorination; 90 cases in village supplied 
from borehole in field [4]. 

- U.K.: 30/90 cattle infected with S.aberdeen. Raw sewage from cracked 
sewage pipe overflowing on the pasture [5]. 

- Switzerland: nine cattle infected with rare S.tokoin fed with grass cut 
from pasture treated 4 weeks earlier with sludge; serotype isolated from 
pasture 7 weeks after sludging. Cattle did not graze this pasture, so 
cross-contamination was not involved [6]. The dried sludge remaining on 
the pasture yielded S.tokoin. Other feedstuffs were negative for 
salmonellas. 

- Switzerland: five other outbreaks of salmonellosis involving use of 
sludge on grassland. 
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It was noted however that these outbreaks occurred before the 
publication of national guidelines and that they might not have occurred if 
rules such as those proposed in the Draft EEC Directive on the use of 
sewage sludge in agriculture had been obeyed. Preventive measures in the 
Directive include the requirement for stabilization, which brings about a 
significant, albeit variable reduction of viable salmonellae, and a no
grazing interval between sludge spreading and the admission of cattle of at 
least 6 weeks. Under most circumstances, these measures may be considered 
to be effective but, depending on local conditions they might be 
supplemented with national or local guidelines which may be more 
restrictive. Such guidelines might include the need for disinfection to 
eliminate positively any hazard. 

The Workshop considered the available information on salmonellosis and 
its control with regard to sludge adequate, and therefore no experimental 
epidemiological studies were considered necessary. It was emphasized 
however that there was a high priority need for recording and publishing 
details of outbreaks, which could eventually lead to amendment of national 
or international guidelines. 

3. PARASITES 
Contrary to the situation with bacterial infections, the spectrum of 

parasites to be considered in relation to sludge use in agriculture is very 
broad and fundamental information is largely absent. Parasites of concern 
include the nematodes of the Ascaris spp., the trematode ~ saginata, 
the coccidia Sarcocystis and Cryptosporidium and possibly the protozoans, 
Entamoeba, Giardia and Toxoplasma. It was agreed that the only absolutely 
safe practice was disinfection of the sludge before application to land by 
processes such as pasteurization or composting, provided proper control on 
the efficiency of the process was exercised. On the other hand, improperly 
handled sludge has been documented as a vector of such parasitic infections 
as ascariasis and taeniasis in the past and might still be so in the 
future. The proposed EEC Directive was not considered to be safe from the 
parasitological point of view. In particular, concern was expressed on the 
exclusion of treatment plants of a small processing capacity, on the 
effectiveness of soil injection in eliminating the risk of transmission of 
parasitic infections and on the highly variable effect of different 
stabilization processes on viability and infectivity of parasitic stages. 
In order to gain more information and possibly recommend further safety 
measures, the following was recommended. 
- Development of guidelines for parasitological 

sludges throughout Europe with particular 
concentrations and origin (human or animal) of 

- Epidemiological studies on the role of sludge 
parasitic diseases. 

investigation of sewage 
reference to the types, 
the various parasites. 
in the epidemiology of 

- Surveillance of any parasitic diseases eventually associated with the use 
of sludge under the proposed Directive. 

4. VIRUSES 
Though much is known about the occurrence of viruses in sewage or 

sludge, many questions remain unanswered. One major obstacle is the 
inadequacy of present methods to accurately measure and identify viruses in 
environmental samples, in particular the lack of detection methods for 
epidemiologically relevant viruses like the hepatitis-A virus or gastro
enteritis viruses (rota, calici, astro, parvo and the group of Norwalk 
agents). Presently detectable viruses (predominantly in the group of 
enteroviruses) are of little epidemiological concern in the field of sewage 
and sludge hygiene and should be regarded as indicator viruses for human 
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faecal pollution. It is questionable however in how far the resistance of 
these indicator viruses is relevant for other viruses, and consequently 
what value should be attributed to their inactivation during sludge 
processing and application. 

While the role of sewage as a vector of viral infections by various 
routes (shellfish, drinking water, recreational water) has been amply 
documented, little information is available on sludge. Only two case
histories were identified, one on milk-borne hepatitis-A in Czechoslouwakia 
originating from pollution of process water with cesspool contents [7] and 
one on hepatitis-A among sludge spreaders [8]. 

It was considered practically impossible however, to design and imply 
meaningful epidemiological studies with regard to viruses in sludge. 
Firstly, there is no specific association between infection and disease 
(low percentage of clinically manifest cases, wide range of symptoms for 
one virus and same symptoms for different viruses). Secondly, such studies 
might be immensely costly and even then lead to inconclusive results. 

It was emphasized that an effective system of surveillance and 
reporting should be developed and preferably be organized on an 
international basis. For the time being, preventive measures should be 
based on studies regarding the nature and survival of culturable viruses in 
sludge, in particular the efficiency of various sludge treatment processes. 

A particular point of concern for the virologists in the Workshop was 
the increasing use of commercially available (sludge derived) compost for 
private gardens, without any regulation with regard to its hygienical 
quality. 

5. OCCUPATIONAL HAZARDS 
The panel on occupational hazards considered the possible adverse 

health effects of microbiological origin for people who by their work come 
into contact with sludge. It was realized however, that in some situations 
(e.g. at a sewage treatment plant) it was difficult to discriminate the 
effects of sludge and wastewater. Health risks identified and documented 
in the literature were infections with hepatitis-A virus [8] among sludge 
spreaders, and Aspergillosis infections among compost workers. In the 
latter case, the infections are more likely to be connected with the 
composting process ~~ than with sludge. In a study in Ohio (USA) no 
difference was detected in the health status of farming families using 
sludge on land or controls. This implies that a health risk was either 
absent or too small to be detected by the study as designed. 

In view of the complex design of meaningful studies in this field, 
these were not considered of high priority. Alternatively, an effective 
system of surveillance of the health status of the exposed population was 
recommended, together with the implication of a code of good hygienic 
practice. Surveillance data might indicate the need for further, more 
detailed epidemiological studies. 

6. GENERAL CONCLUSIONS 
The participants in the Workshop have not been able to give 

quantitative estimates of actual risks related to sludge use in 
agriculture. Available epidemiological data were either on incidents where 
relevant guidelines were not yet effective or not followed, or - in the 
case of prospective studies - often inconclusive. Nevertheless, remarkable 
consensus was obtained on the definition of obviously hazardous and safe 
procedures, and it should be possible to base risk management of sludge 
disposal techniques on the opinions as expressed in the panel discussions. 

Improved surveillance and reporting of infections and disease in human 
and animal populations exposed to sludge are necessary to identify risks 
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associated with presently accepted sludge disposal strategies. Criteria 
should be developed for designing and implementing appropriate surveillance 
systems. Surveillance may then indicate specific situations for 
epidemiological studies. 

Presently, the Workshop has identified a need for expertly designed 
epidemiological studies only in the field of parasitic infections. For 
other pathogens (e.g. salmonellae) it was felt that adequate knowledge 
existed or, if this was not so, the designing, conducting and interpreting 
of prospective studies might not be possible and/or the cost might be 
prohibitive. 

Reduction of pathogens in sewage sludge before disposal may decrease 
risks because it reduces exposure. However, there are many other 
transmission routes of pathogens and the disease incidence associated with 
sludge disposal is not known. Therefore, it cannot be predicted whether or 
not specific treatment and disposal guidelines will result in a decrease of 
disease incidence at a national level. 

The primary aim of sewage sludge disposal guidelines is to provide a 
product which is safe for use in agriculture. The present EEC directive is 
not considered adequate to prevent spread of infectious microorganisms 
under all circumstances. Therefore, in certain regions additional 
precautions or treatment may be required and further studies under local 
circumstances are needed to define these needs. Such studies would concern 
fate and transport of pathogens in the environment including groundwater 
and health effects on exposed populations (human or animal). 

ACKNOWLEDGEMENTS 
Although the opinions expressed in the paper are 

the presentation has been based largely on the 
discussions prepared by E.B.Pike (United Kingdom), 
E.Lund (Denmark) and J.C.Block (France). 

REFERENCES 

those of the authors, 
reports of the panel 
J.Hannan (Ireland), 

[1] The risk to health of microbes in sewage sludge applied to land. 
Report on a Working Group. World Health Organization, Regional Office 
for Europe, Copenhagen, 1981, p. 8. 

[2] REILLY, W.J. et al. (1981). Human and animal salmonellosis in Scotland 
associated with environmental contamination, 1973-1979. Vet. Rec., 
Vol. 108, 553-555. 

[3] BURNETT, R.C.S. and MAC LEOD, A.F. (1980). An outbreak of 
salmonellosis in West Lothian. Communicable Disease Scotland, Vol. 14, 
6-8. 

[4] GEORGE, J.T.A. et al. (1972). Paratyphoid in man and cattle. Br. Med. 
J., Vol. 3, 208-211. 

[5] BICKNELL, S.R. (1972). Salmonella aberdeen infection associated with 
human sewage. J. Hyg. Camb., Vol. 70, 121-126. 

[6] HESS, E. and BREER, C. In: Proceedings of symposium Radiation for a 
Clean Enviroment, Munich, 1973. International Atomic Energy Agency, 
Geneva, pp. 203-208. 

[7] RASKA, K. et al. (1966). A milk-borne infectious hepatitis epidemic. 
J. Hyg. Epidemiol. Microbiol. Immunol., Vol. 10, 413,427. 

[8] TIMOTHY, E.M. and MEPHAM, P. (1984). Outbreak of infectious hepatitis 
among sewage sludge spreaders. Comm. Dis. Rep., 20th January, 3. 

-214-



www.manaraa.com

TRANSPORT OF VIRUSES FROM SLUDGE APPLICATION SITES 

P.H. J0RGENSEN and E. LUND 
Department of Veterinary Virology and Immunology 

Royal Veterinary and Agricultural University of Copenhagen 
13 Bulowsvej, 1870 Frederiksberg C, Denmark 

Summary 

The information on virus in sludge is r~viewed 5 s~udge,. even di.gested 
sludge, can contain probably up to 10 - 10 ~nfect~ous un~ ts of 
enteric viruses. The viruses that may be present are especially the 
enteroviruses (polio-, coxsackie-, echo- and infectious hepatitis 
virus), adenoviruses, and presumably rotaviruses. The enteric viruses 
are relatively resistant towards inactivation in the environment and 
may persist for several months in sludge. They do not withstand 
severe drying. Usually the virus is adsorbed by the upper soil layers 
but under extreme condi tions they can pass through to the 
groundwater, e.g. when heavy rains cause water to pass through sand 
at a high rate. Virus adsorption is a reversible process influenced 
by pH, ionic strength, temperature, soil characteristics and type and 
amount of virus. Adsorption has been investigated in laboratory 
models and confirmed in the few natural systems that have been 
investigated. It is concluded that more investigation on the 
transport of virus through soil is needed, because of the potential 
public health problems involved in groundwater contamination. 

1. INTRODUCTION 
Wi th the increasing land disposal of sewage sludge it has become 

important to evaluate the fate of indigenious human and animal viruses in 
the sludge. Most types of urban wastewater and wastewater sludge may be 
contaminated with a wide range of mammalian enteric viruses. Little is 
known about the content of viruses from domestic animals in sewage and 
sewage sludge due to the lack of investigations concerning these types of 
viruses. Such viruses can however be present in sewage effluent from 
abattoirs etc. as had been shown earlier (29). Animal and human viruses are 
in all likelyhood similar with respect to inactivation rate and persistance 
in the environment, when corresponding virus types are compared. 

2. HUMAN VIRUSES INDIGENIOUS IN SEWAGE SLUDGE 
The occurence of human enteric viruses in water and sewage sludges 

have been reported in numerous publications e.g. (4) (8) and (45). The most 
commonly studied group has been the picornaviridae, which includes 
polioviruses, coxsackieviruses A and B, echoviruses, enteroviruses 68-71 
and as a newly accepted member enterovirus 72 (the etiologic agent of 
hepati tis A). Also adenoviruses and reoviruses have been isolated from 
domestic sewage. Hepatitis A virus and Norwalk type agents have been 
responsible for water-borne and especially sea-food borne epidemics traced 
to sewage contamination. Hepati tis A virus can only be grown in the 
laboratory with great difficulties, and the Norwalk type agents have not 
yet been cuI ti vated. Reoviruses have also been isolated from sewage, but 
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their role in human disease is not understood. An important group of 
reoviruses are the rotaviruses which appear worldwide to be the major cause 
of childhood diarrhea. Human rotaviruses are difficult to cultivate in the 
laboratory in connection with water and sludge examinations; in fact 
indigenous rotavirus has not yet been demonstrated. 

Some enteric viruses are excreted in concentrations as high as 10 log 
uni ts per gram feces and more than 5 log units of infectious virus per 
li tre have been detected in raw sewage (31). Mechanical treatment by 
sedimentation combined with biological treatment reduces the concentration 
of enteroviruses in wastewater by 1-2 log units (1) (25). Viruses removed 
from the water will concentrate especially in the primary sludges. This 
transfer takes place because the virus particles adsorb to particular 
matter in the wastewater. The concentration of enteric viruses in raw 
sludges may vary between 3 and 6 log units per 1 under European and North 
American conditions (1). This is considerably more than in the raw sewage 
(26) • 

The digestion of the sludges is carried out mainly to produce 
odourless and stable sludges and to reduce the bulk of the material. As the 
digesters usually are run continuously the detention time is an average 
measure and part of the recently added escapes when the next cycle of fill 
and draw is carried out. In extreme cases a significant fraction of the new 
sludge may be withdrawn after only a few hours treatment, even though the 
average treatment time is measured in weeks. Under such conditions virus 
reduction in the digester will be much less than in a batch digester with 
the same (average) detention time. Mesophilic digestion of sludges before 
disposal reduces the number of infectious virus particles wi th 
approximately 1-2 log unit under normal conditions (1) (28). In addition to 
the influence of the detention time, it is known that high values of pH, 
temperature, drying and certain chemical and biological factors may greatly 
increase the inactivation rate of viruses (28). 

The amount of virus present in the sewage is highly variable and 
depends on factors such as the prevalence of infection in the community and 
climatic factors. In temperate climates peak levels of enteroviruses occur 
in the late summer and early fall, although they may be isolated all year 
round with sufficiently careful methods. In warmer climates the seasonal 
variation in the virus concentrations are less pronounced. 

It seems reasonable to estimate the concentration of indigenious 
human enteric viruses in mesophilic digested sewage sludge to be up to 4-5 
log units per 1 before land application. 

3. TRANSPORT AND TRANSMISSION OF VIRUSES FROM SLUDGES 
Viruses indigenous in sludge may after land disposal be either 

inactivated on the application site or infectious virus may be transported 
wi th horizontal or vertical waterflows. Also transport by aerosols may 
occur depending on the application method. Viruses are also inactivated 
during transport through the soil. Even passive adsorption and desorption 
may provide time enough to significantly reduce the amount of infectious 
virus. The rate of this inactivation will depend on specific conditions and 
the mode of transport and can be very slow. 

As viruses are inactivated in the environment no matter what route of 
transport they may follow, the ini tial virus concentration, the 
inactivation rate, the transport distance and time and the infective dose 
are important parameters, when viral hazards associated with land disposal 
of sewage sludge are evaluated. 
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4. AEROSOLS 
Viruses may be transported from land application sites of sludges by 

means of aerosols. Transport via this route is restricted to the very act 
of application. If the sludge is sprayed onto the soil surface, aerosols 
are created. The content of dry matter of the sludge may reduce the 
possible virus transport by aerosols. Viruses are likely to be associated 
with the solids, and aerosol droplets containing sludge particles will not 
move for long distances because of their size. As land disposal sites 
normally are situated in remote areas, this transport route mainly seems to 
concern the people actually doing the job. 

Several investigations, reviewed in US EPA (41) have dealt with a 
possible association between exposure to wastewater aerosols and illness of 
different population groups, e.g. sewer workers, inhabitants of wastewater 
treatment plant surroundings etc., but they have all failed to find causal 
relations of statistic significance. 

A retrospective epidemiological study was carried out on the 
association between enteric disease incidence and wastewater utilization in 
79 kibbutzim in Israel having a population of 32.672 (39). However, no 
evidence of excess risk associated with effluent irrigation was found, 
contrary to what was indicated in a preliminary work (15). 

The literature concerning aerosol transport of viruses from land 
application of sludge is very sparse. Nevertheless the problem should not 
be ignored. The negative results of the investigations may partly be due to 
the lack of sensitivity of the epidemiologic methods. 

5. INACTIVATION OF VIRUSES IN THE ENVIRONMENT 
The inactivation rate of indigenous viruses in sewage sludge disposed 

on land is of importance for both horizontal and vertical transport of 
infectious viruses. Various factors influence the inactivation rates. High 
temperature, drying of the sludge and ultraviolet inactivation from 
sunlight will all increase the inactivation rate. The inactivation rate is 
so strongly dependent upon temperature that for many purposes only the 
exposure to the higher end of the temperature range contributes 
significantly to the loss of infectious virus. 

Damgaard-Larsen et al (3) found that coxsackievirus mixed in surface 
applicated sewage sludge on the top of lysimeters was reduced from 9 log 
units per 1 of sludge to undetectable levels during a 23 week period under 
Danish winter conditions (temp. range : just below zero to 10 o C. Tierny et 
al. (40) found, that the concentration of poliovirus 1 dropped from 3 log 
uni ts per gram of soil to undetectable levels wi thin a period of 96 days 
during the winter (temp. range - 14°C/+27°C) and 11 days in summer 
peirods (temp. range: +15°C/+34°C). The virus was added to the soil with 
inoculated wastewater and sludge. Nielsen and Lydholm (34) isolated 
indigenous coxsackievirus B5 from anaerobic mesophilic digested sludge 4 
months after field application during the spring/early summer period in 
Denmark. Bitton et al. (2) investigated inactivation of poliovirus 1 
inoculated in sewage sludge. The sludge was applied to the top of soil 
columns, which were placed under out-door conditions. The virus 
inactivation was monitored during a warm, dry period (soil temperatures in 
the range of +18°C/+27°C) and in a warm, humid period (soil temperature in 
the range of +24°C/+29°C). The virus was inactivated from 7 log units of 
PFU per gram dry matter to undetectable level during a period up to 21 days 
in the dry period under the former conditions and during a period of more 
than 35 days in the humid period. The results thus confirm, that the 
relative humidity of the atmosphere influences the inactivation rate. 
J¢rgensen and Lund (13) isolated indigenous viruses (poliovirus type 1 and 
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2, coxsackievirus B1 and B3, adenovirus type 2 and 5) up to 21 weeks after 
disposal on land from anaerobic mesophilic digested sewage sludge. The 
sludge was applied on a sandy soil in a forest plantation in Denmark during 
the month of September. The temperature varied in the range OOC/13°C during 
the investigation period. The concentration of virus was estimated to vary 
between 1.7 and 4 log units per litre. These results are in accordance with 
the results of Damgaard-Larsen (3) and Nielsen and Lydho1m (34). 

6. HORIZONTAL TRANSPORT 
Horizontal transport of viruses may lead to contamination of surface 

waters. Viruses present in such waters may reach susceptible hosts where 
surface water is employed for drinking water production. Also transmission 
via recreational water, consumption of shellfish, harvested from 
contaminated water or consumption of crops, grown in surface water 
fertilized fields are associated with potential viral hazards. Many surface 
waters are contaminated with human enteric viruses (1) (31) (45). The most 
prevailing contamination route is via treated or untreated sewage discharge 
directly. The literature concerning horizontal transport of virus from land 
application of sludge is very sparse. The best studied case seems to be the 
report from Czekoslovakia 1966 (4, 36) where an outbreak of infectious 
hepatitis was traced to illegal use of cesspool sewage on farm land in the 
ear ly spring when the ground was frozen. The results was gross fecal 
pollution of the stream supplying potable water, but the actual outbreak 
became milk-borne. 

7. VERTICAL TRANSPORT 
Virus concentration of ground waters has become a matter of serious 

concern especially in connection with land treatment of wastewater. Several 
reliable reports of vertical virus transport have been published (16). The 
public health hazard is obvious, as ground water is widely used for 
production of drinking water. The treatment of ground water only rarely 
aims at removing viruses from the water and infectious virus particles 
present in the groundwater supply may therefore pass to drinking water. 

Occurence of human enteric viruses in natural groundwater has been 
reported by several authors. Wellings et aI, Schaub and Sorber (37) , 
Koerner and Haws (18) isolated virus from groundwater below irrigation or 
slow rate infiltration wastewater land treatment, and Vaughn et al. (42) 
reported occurrence of viruses in groundwater below high rate wastewater 
land infiltration. In all cases the soils were sandy and highly permeable. 
One report (44) describes detection of up to 78 PFU of enteroviruses in 190 
1 samples collected beneath a wastewater irrigation site. The soil was pure 
sand and heavy rainfalls preceeded the sampling. 

Damgaard-Larsen et al. (3) could not detect coxsackievirus B3 in 
leachates collected from lysimeters. On the top of 4 lysimeters with 
different soil types, sewage sludge seeded with coxsackieviruses B3 to a 
concentration of 9 log units TCID50 per 1 was displaced. The percolates 
were collected 125 cm below the soil surfaces during a 5 months Danish 
winter period. Tritium marking of the sludge indicates that the water went 
through after 2 months. 

Farrah et al. (7) examined groundwater samples from areas with 
landfill disposal of sewage sludge. Although viruses could be isolated from 
sludge samples none of the ground water samples contained detectable 
amounts of virus. J¢rgensen and Lund (13) detected coxsackievirus B3 and 
poliovirus 2 in one out of 16 groundwater samples taken from sandy soil 
plantation area with soil surface application of anaerobic mesophilic 
digested sewage sludge (25 tons sludge dry matter per hectare). Some of the 
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negati ve samples were collected from areas without sludge disposal. The 
volumes of the samples varied between 5 and 100 1, the volume of the 
positive sample was 30 litres. The soil of the area is a highly permeable 
diluvial sand, and the distance between the soil surface an the groundwater 
level varies between 1.5 and 10 m. The positive sample was collected 11 
weeks after the disposal of sludge, and the period preceeding the 
collection was characterized by increased precipitation compared to the 
normally registered average of the region. 

8. EXPERIMENTS EMPLOYING SOIL COLUMNS 
The number of investigations of vertical virus transport from surface 

deposited sludge are relatively few. The obvious reason for this is the 
great practical and economical difficulties encountered in studies of 
groundwater. As a consequence a number of reports have appeared where 
experiments under artificial conditions employing soil columns in the 
laboratory have been carried out. The problems envolved in these studies 
are essentially connected with their acceptability as good models for the 
real world situation. Such factors as proper dimensions and packing of the 
soil in the columns to avoid seeping at the sides and canalization must· be 
controlled. Other factors like flow rate, water quality and composition are 
more easily managed. 

Many investigators have performed soil column experiments of 
different design concerning virus transport in soils. Many factors 
influence the possible transport of virus in the columns, e.g. pH and ionic 
strength of the water, whether the flow is saturated or unsaturated, the 
available adsorption surface of the soil, competing organic materials in 
the water, the chemical composition of the soil matrix, and the water flow 
rate and the virus strain. Adsorption of viruses to the surface of soil or 
sludge particles is a reversible process which does not influence the 
infectivity of the virus (27), but in general the virus stays with the top 
soil. 

Lance et al. (19) and Duboise et al. (6) found in soil column 
experiments, that the adsorption of poliovirus 1 was positively correlated 
wi th the ionic strength of the percolating water. In column experiments 
wi th highly permeable sandy soil Landry et al. (23) found that di fferent 
strains of enteroviruses apparently adsorbed in different ways. The highest 
adsorption was seen in soil previously percolated with wastewater. Wang et 
al. (43) could not confirm significant strain differences, but reported 
inverse proportionality between retention of virus and flow rate of the 
percolating water. Funderberg et al. (10) noticed proportionality between 
adsorption of poliovirus 1 and reovirus 3 and three soil characteristics 
namely the CEC (cation exchange capaci ty), the content of organic carbon 
and of clay. Lance et al. (20) did not register significant differences 
between adsorption of echovirus 29, echovirus 1 and poliovirus 1 below 40 
cm depth in soil columns. Schaub et al. (38) detected indigenous 
enteroviruses from 52 % of 29 percolate samples collected 170 cm below the 
surface of soil lysimeters percolated with primary and secondary treated 
wastewater. 

In Berlin Filip et al. (9) examined soil and ground water samples 
from fields irrigated with wastewater for year long periods. From (8 %) of 
87 soil samples poliovirus and coxsackievirus were isolated. Only one of 
the positive samples was taken below 60 cm's depth. Virus was not recovered 
from ground water. Bitton et al. (2) detected no virus in percolates 
collected from the previously mentioned unsaturated soil columns. Lance and 
Gerba (21) found, that the mobility of poliovirus 1 in soil columns was 
fastest with deionized water, intermediary with wastewater and slowest with 
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tap water. Presence of organic matter in the water reduced the adsorption. 
The virus adsorption was also registered to increase with increasing 
concentration and increasing valence of cations. Dizer et al. (5) found 
maximum adsorption of 4 different enteroviruses in sandy soil columns when 
suspended in ground water or tertiary treated wastewater. Surprisingly 
adsorption to soil materials suspended in distilled water exceeded 
adsorption when secondary wastewater was used. These authors found that 
hydrophobic interaction between virus particles and soil matrix enhanced 
retention of virus. J¢rgensen (14) carried out experiments with 2 soil 
types in 100 cm unsaturated columns. On the top of each column sewage 
sludge seeded with adenovirus 1 and coxsackievirus B3 was placed. The 
columns were kept in the dark and percolated with artificial rain water for 
a 6 months period in accordance with the natural precipitation of Denmark. 
No virus could be detected in any of the collected percolates though the 
applied sludge was seeded to concentrations of approximately 8 log units 
TCID50 per 1 of each virus type. Furthermore no virus could be detected in 
soil samples taken from below 2.5. cm in the columns at the end of the 
period though both viruses were detectable above this depth in the columns. 
Wang et al. (43) showed in soil column experiments that inverse 
proportionality existed between virus adsorption and the flow rate of the 
percolating water. Several investigations have indicated that the mobility 
of viruses is greater under saturated compared to unsaturated conditions. 
This has been shown in experiments (2) (19) (22) and rendered probable 
under natural conditions (9). Flow rates of water in unsaturated soil are 
very much slower than in saturated soil. 

9. STUDIES ON VIRUS ADSORPTION 
The nature of the adsorption mechanisms between virus particles and 

soil material has been studied in several batch experiments. These 
experiments provide information about adsorption mechanisms under saturated 
conditions similar to deep soil horizons. It remains difficult to evaluate 
how far such laboratory experiments are relevant for natural conditions. 

Moore et al. (32) (33) and Lipson and Stotzky (24) found in different 
bath experiments that approximately 90-99 % of human enteric viruses 
(reovirus and poliovirus) adsorbed to a wide range of minerals and soils. 
Lipson and Stotzky (24) found that adsorption of reovirus increased with 
increasing surface and with increasing CEC of clay minerals. This finding 
could not be confirmed by Moore et al. (32) (33), but the methods employed 
were not the same in the different experiments. Moore et al. (33) and 
Lipson and Stotzky (24) also found that the virus adsorption increased with 
the concentration and the valence of cations. This was confirmed by Lance 
and Gerba (22) in soil column experiments. 

Presence of organic matter in the soil reduced the adsorption of 
virus in batch experiments (11) (32) (33). This could not be confirmed by 
Funderberg et a1. (10) and Landry et a1. (23), who showed that high content 
of organic matter in soil columns enhanced virus adsorption. In other soil 
column experiments high concentration of dissolved or suspended organic 
matter in the percolating water reduced the adsorption of viruses (22). 
These different results may reflect differences in the methods employed, or 
differences in the organic matter. It could probably be concluded that when 
organic matter is dissolved or suspended, it may compete with virus in the 
adsorption process. Immobilized organic matter, integrated in the soil 
matrix, apparently tends to enhance adsorption of virus and adsorbed virus 
is more resistant to thermal inactivation than free virus. If the 
proportions between suspended and adsorbed virus can be measured, the 
retention factor, which is the proportion between the water and virus 
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transport velocity, theoretically can be calculated (30) (35). Calculated 
retention factors values of 500 are reported for poliovirus in soils with 
high concentration of clay minerals and water with high cation 
concentration. This factor is so high that for practical purposes it means 
that virus does not move, before it is inactivated. 

10. STABILITY OF VIRUS UNDER GROUNDWATER CONDITIONS 
Keswick et al. (17) examined the inactivation of coxsackievirus, 

poliovirus and simian rotavirus SA 11 in McFeters perfusion chambers. The 
temperature of the water was 13-15°C, and the pH was 7.8. They found that 
poliovirus and coxsackievirus were inactivated with 1 log unit per 5 days, 
while the same inactivation of rotavirus SA 11 occured wi thin 2.7 days. 
J¢rgensen and Lund (13) examined the stability of coxsackievirus, 
adenovirus and echovirus under simulated groundwater conditions in the 
laboratory. We found, that these viruses were inactivated with I log unit 
per 15-25 weeks at +6°C. All three viruses adsorbed readily to soil 
particles in the experiment, and the adsorption generally tended to protect 
virus against inactivation. 

11. CONCLUSIONS 
Viruses from man and animals may be present in sludge and in the 

environment after sludge disposal. They are also present in treated sewage. 
Their survival in the environment depends on their type and the amount of 
virus and on local conditions, essentially the climatic situation. Some 
viruses like rotaviruses and the virus of infectious hepatitis are 
important food- and waterborne viruses, but are much more difficult to 
demonstrate than enteric viruses like poliocoxsackie-and echoviruses. The 
enteric viruses are quite resistant in the environment but are inactivated 
by severe drying. When digested sludges are disposed on land virus may be 
demonstrated in top soil samples several months after the disposal. 
Infectious viruses may be transported through the soil to groundwater but 
this happens only under extreme conditions with heavy precipitation passing 
through sand or when canalization through the soil occurs. In general virus 
is retained in the uppermost soil layers but the adsorption is a reversible 
process influenced by ionic strength, pH, flow rate of water, nature of the 
soil and even the type of virus. This has been confirmed in model 
experiments employing various types of soil columns in the laboratory under 
varied conditions. If groundwater becomes contaminated with human enteric 
viruses serious public health problems may result, because the virus 
persist for very long periods under groundwater conditions and conventional 
water treatment may not be sufficient for their removal. 
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temporary advisers to the WHO Regional Office for Europe, Copenhagen. 

SUlDlARY 

The paper sunnnarises the findings of two WHO Advisory Working Groups. 
These were convened to make recommendations on the risks of pathogens 
and chemicals present in the sewage sludges applied to land. Whilst the 
Groups did not favour universal operational guidance and criteria, they 
identified the main features of concern and made recommendations on the 
main points which should be taken into account when deriving guidance on 
safe practices. The Groups also gave some consideration to further work 
which is needed to develop criteria which are available now. 

1 • Ilfl'IlODUCTlON 

In 1981 and 1984 the Regional Office for Europe World Health 
Organisation (WHO) convened two Advisory Working Groups to discuss and 
report on the risk of sewage sludge applied to land. One dealt with the 
risks of pathogens, and the other dealt with the risk of chemicals 
present in sludge. In both instances the Working Groups drew heavily on 
European and North American experiences. This paper sunnnarises the main 
elements of the two reports. 

Providing adequate sanitary facilities is a major responsibility facing 
communities throughout the world. Hence the WHO has a legitimate and 
extensive role in providing support and guidance on sewage treatment as 
an important contribution to the good health of Europe and the rest of 
the world. 
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As communities shift in balance from being predominantly rural to being 
predominantly urban and as social expectations rise, the principal 
method of dealing with human wastes shifts from essentially domestic, 
such as privvies and septic tanks, to municipal in which the water-borne 
wastes are taken away in sewers and treated. The last two or three 
decades has seen massive investment in sewage treatment facilities in 
many countries and hence sludge production has risen rapidly; further 
increases in many countries are still expected. 

In Western Europe, current annual production is about 5.5 million tonnes 
(expressed as dry solids) and this is expected to rise by about 25-50% 
(EWPCA 1984). In the USA, the flow receivin~ at least primary 
sedimentation treatment will rise from 133.4 x 103m /d in 1982 to 161.5 
x 103/d in 2000 and the volumes receiving only primary treatment will 
fall from 11.5 x 103m3/d to 0.8 103m3/d (US EPA 1983). In Japan, it was 
estimated that sludge production for disposal would rise from O. 9M dry 
tonnes in 1980/81 to 1.56M dry tonnes in 1985 (Kurihara 1981). 

The safe and economic disposal of these sludges constitutes a problem 
which is being given urgent attention by many countries. National 
policies are being developed. The principal options available are 
agricultural utilisation, marine dispersal, landfill and incineration. 
The WHO Working Groups were charged with consideration of agricultural 
utilisation and similar disposal methods, such as use on vegetable plots 
and gardens. 

In disposing of a sludge, all the available disposal and environmental 
options should be considered. After taking account of any statutory 
limitations and necessary measures to protect public health and the 
environment by using differing forms of environmental impact analysis, 
each option is appraised economically. The cheapest option should then 
be selected. This approach is known as the "best practicable 
environmental option". In doing the economic appraisal, the short and 
long-term costs and benefits should be evaluated. 

At the present time the often-made decision to use a particular sludge 
as a fertiliser or soil conditioner is usually determined within 
national policies, on the basis that by reference to criteria for safe 
disposal it is the most economically feasible method of dispersal. The 
available low cost options of landfill and marine dispersal may not be 
available for a particular sludge due to geographical factors or 
specific policies which preclude their use. Although incineration is 
expensive and destroys what could be a valuable resource, it may be 
necessary if local conditions prohibit the application of sludge to 
land. 

Sludge may be treated prior to disposal in order to reduce disposal 
costs and to render it more suitable for disposal. Hence, the choice of 
treatment, if at all, depends on acceptability of the product and 
economics. 
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2. PRINCIPLES OF SAn 1JTILlSArIOR PUCTlCES 

If sewage sludge is to be disposed satisfactorily by use as a fertiliser 
or soil conditioned it must be wanted, even needed, by customers, 
particularly farmers. It is a source of nutrients particularly nitrogen 
and phosphate, organic matter, lime (especially where this has been used 
in the treatment of the sludge) and even water.The services provided by 
the disposer must fit in with good agricultural practice to the extent 
that there is mutual benefit to disposer and farmer. Sludge only has a 
modest contribution to make in terms of national fertiliser needs; for 
instance in the UK with about 80% of the population served by sewage 
treatment, if all the sludges were to be used for their nitrogen and 
phosphate content only about 5% of Nand 10% of P205 maximum of national 
needs could be supplied. 

The inorganic fertiliser industry has, therefore, nothing to fear from 
this practice. However, the contribution on a local basis around sewage 
treatment works can be substantial. 

Farmers and communities will want to be reassured that the use of sludge 
is safe. Even with good practice, this presents a difficult public 
relations problem for disposers because necessary hygiene training at an 
early age causes a psychological aversion to all feacal matter. This 
aversion is strengthened by the fact that sewage sludge is the "sink" 
for most of the water-borne waste of the urban community. 

Sewage sludge contains a variety of pathogens, including bacteria, 
viruses, parasites, and fungi, reflecting the presence of these agents 
in the human and animal population contributing to the sewage. 
Consequently treatment may be required prior to disposal. 

The chemical composition of municipal sludge varies widely, particularly 
in terms of minor constituents. The strictly domestic sources of metals 
and organic pollutants include a background from faecal matter, as well 
as contributions from detergent, cosmetics, insecticides, paints and 
other materials used in house care. Contributions from corrosion of the 
buildings and substances applied to gardens, may be included together 
with aerial deposits from smoke and automobile exhausts if urban runoff 
is combined with domestic sewage. 

Municipal sewage also includes contributions from restaurants, food 
handlers and other institutions whose sewage closely resembles that from 
entirely domestic sources. In addition, there are contributions from 
small business - painters, printers, dry cleaners, jewellers, dentists, 
garages, auto workshops, e1ectroplaters, school laboratories, etc. 
which can greatly increase the concentration of one or another 
substance, depending on local conditions. 
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Industrial effluents may make substantial contributions according to the 
nature of the industrial processes. In industrialised areas, the 
concentrations of several metals may be elevated by discharges from 
metal processing industries, such as electroplating, leather processing, 
battery and paint manufacture, etc. Very high concentrations can arise 
because of discharge from one or more factories. 

Industries may discharge large quantities of specific waste, either by 
historical permission or because of local inattention to pollution 
problems. In some cases, although pollutants are known to be 
discharged, there is reluctance to interfere with companies supplying 
the source of local payrolls. 

It is important, therefore, that industrial effluent control is 
exercised by the statutory authorities and that manufacturing processes 
are managed and the industrial effluents are pre-treated to produce 
acceptable qualities with respect to the sewage effluent and sludge 
disposed by the receiving sewage treatment works. This is effective in 
reducing the excessive loads by individual discharges and in reducing 
the loads discharged by industry, in general, within a catchment area. 

The summary of the two Working Groups' views was that good practice for 
sludge utilisation should have the following features: 

(i) Chemical quality should be controlled in such a way that the 
receiving soil does not become contaminated so as to cause crops 
to be hazardous to eat or for reduction of their yields. Clearly 
irresponsible practice can cause insidious long term problems. 
Care should be exercised so that pollution of surface and 
groundwaters does not occur. 

(ii) Microbiological quality should be taken into account so that the 
spread of human animal and plant diseases is prevented. It is not 
possible to control the microbiological quality in quite the same 
way as chemical quali ty (except by the control of animal derived 
industrial effluents). Hence the objective of prevention of the 
spread of disease is achieved by a combination of rigorously 
controlled utilisation practices and treatment of the sludge on 
the sewage treatment works as required. 

(iii) Aesthetic considerations should be taken into account and the 
operation should not cause nuisance or offence. 

(iv) The product and service should be acceptable to farmers. 

3. CBEKICAL QUALITY 

The Working Group met in Malta in October 1984 (WHO 1985). It 
considered elemental, particularly metallic, and organic chemical 
residues in sludge and in soils which have received sludge; it also gave 
some consideration to the way in which water may become polluted by 
sludge use and, in this context, nitrate received the most attention. 
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The Group concluded that for heavy metals the following points were of 
importance. Sludge from areas that have strict discharge controls has 
lower heavy metal concentrations than sludge from less controlled 
areas. Heavy metals in sludge, except cadmium, are not expected to 
affect human health through accumulation in food and fodder plants. 
There would appear to be little risk to health of applying sludge 
containing cadmium to forest land or to land producing fodder and seed 
crops. Tobacco grown on land receiving sludge causes an additional risk 
to human health from the inhalation of cadmium in tobacco smoke. The 
uptake by crops of lead from land treated with sludge does not 
contribute an appreciable amount of lead to the human food chain. 

With respect to organic compounds the Group concluded that information 
on identified organic pollutants in sludge and their pathways to man is 
limited. The concentrations reported in the literature appear to be 
low, and almost always below 10 mg/kg dry solids. The most significant 
route or organic pollutants from sludge to man is through ingestion of 
soil and sludge by grazing animals, transfer through food crops is 
negligible. The contribution to total human intake of identified 
organic pollutants resulting from sludge application to land is minor 
and is unlikely to cause adverse health effects. 

From the discussions and conclusions the Group were able to make the 
following recommendations. 

General 

Both the short- and long-term health risks costs, and benefits should be 
evaluated when selecting a method of sludge disposal. When applying a 
sludge to land, management practices should consider concentrations of 
organic and inorganic chemicals in the sludge, maximum allowable 
accumulation levels in soils, rates of accumulation, local soil 
conditions (pH, soil organic matter and cation exchange capacity), 
climatic conditions, and topography. Sludge should be spread in a 
manner that meets the needs of the plants and preserves the quality of 
soil, ground an surface water. Sludge utilisation should be supported 
by effective industrial effluent control practices and policies. The 
implications for sewage treatment and sludge utilisation should be 
evaluated before a new chemical is considered for wide use. Sludge 
should not be applied to growing food crops, such as vegetables and 
fruits, or in such a way that would contaminate drinking water sources. 
Sludge should not be applied to land that is used by the public (parks, 
playgrounds, sports fields) unless adequate precautions are taken to 
ensure the protection of human health. The lead content should not be 
above 1000 mg/kg dry solids to protect children against ingestion of 
lead in soil. Exposure studies should be conducted on worst-case 
population groups, such as exposed workers, and on adults and children, 
using home-grown vegetables in acidic soils that have been treated with 
sludge. Special emphasis should be given in pathway studies to the 
long-term bioavailability of the different chemical pollutants (both 
heavy metals and organic compounds). 
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Caclaiua 

Concentrations of cadmium in sludge applied to land should be as low as 
practicable to decrease the risk of its transfer to man through food. 
Additions of such sludge should be assessed in the light of other 
cadmium sources, such as fertilisers and atmospheric deposition. Sludge 
that is excessively contaminated with cadmium should not be used on 
light and acidic soils because uptake of cadmium is likely to be highest 
in vegetables grown on these areas. Sludge application rates that are 
higher than those based on cadmium limitations may be acceptable on land 
producing plants not used for food, provided there is no risk of 
contaminating the groundwater or surface water. Tobacco should not be 
grown on land receiving sludge because of excessive cadmium accumulation 
by this crop. Further dietary and faecal cadmium studies should be 
undertaken to improve knowledge of the long-term individual intake and 
retention of cadmium. Studies should be undertaken to establish (a) how 
cadmium concentrations in sludge affect potential cadmium uptake by 
plants and (b) the persistence of cadmium availability to crops. A 
group of experts should re-evaluate the "provisional tolerable weekly 
intake (of cadmium) per individual" set in 1972 by a Joint FAO/WHO 
Expert Committee on Food Additives. 

Organic Ca.poanda 

More information should be obtained on the organic pollutant content of 
sludge, especially where local point sources of industrial pollutants 
exist. More information should be obtained on the fate and behaviour of 
persistent organic chemicals of significance to health in sludge and 
soil. Improved method should be developed for the extraction and 
preparation for analysis of organic pollutants of health significance in 
sludges, with a view to undertaking systematic surveys of these compound 
in sludge to provide basic information. 

More studies should be carried out to quantify the relative importance 
of the pathways of organic pollutants of health significance from 
sludge-treated soil to man. Broad-spectrum tests related to effects on 
human health (such as enzyme inhibition and mutagenicity tests) should 
be developed to overcome the practical problems of analysis posed by the 
large number of organic pollutants in sludge. 

Nitrate 

When applying sludge to land, account should be taken of both the total 
and soluble nitrogen in the soil, because both can contribute to 
groundwater pollution. 

4. MICROBIAL QUALITY 

The Working Group met in Stevenage, UK in January 1981 (WHO 1981). It 
discussed the implications of the presence of a wide range of 
micro-organisms in sewage sludge and concluded that the use of sludge 
results in the distribution of pathogens in the environment. 
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However a number of other sources and routes of transmission of 
pathogens contribute to the total risk to human and animal health. The 
additional risk of a given sludge disposal practice must therefore be 
considered against this background. It is however, extremely difficult 
and expensive to measure the risk by microbiological and epidemiological 
methods. The public health risk from the disposal of sewage sludge on 
land may nevertheless be reduced by appropriate treatment and use of the 
land. It would be unrealistic to expect a significant or early 
reduction in the incidence of disease if other important sources of 
pathogens remain unaffected·. 

Acceptable levels of risk in given communities depend on a number of 
different factors. These include: the health status of the local 
population; the nature of the soil; the temperature, humidity, 
precipitation, and groundwater table; the nature of the agriculture and 
animal husbandry; and the way in which the sludge can be safely 
transported and spread on the land. Such acceptable levels cannot be 
expressed in absolute terms, but the public health risk may be 
controlled by the use of appropriate guidelines, which would vary from 
place to place according to local circumstances. 

Salmonellae responsible for food poisoning represent one of the risks to 
human health that may be increased by the spreading on land of sewage 
sludge containing these organisms. Although there is no epidemiological 
evidence available for this yet, it has been shown that cattle exposed 
to such sludge may become carriers of Salmonellae to a greater extent 
than controls. T. saginata is a specific parasite of man, and where 
infection occurs the eggs are excreted in human faeces. They may be 
disseminated by sewage sludge and thus infect cattle, the subsequent 
development of cysticerci presenting an infection risk for man. 
Salmonellae and eggs of T. saginata in sewage sludge can be eliminated 
or reduced by various forms of heat treatment, by ionizing radiation, or 
by long-term storage. In contrast to the Salmonellae, the eggs of T. 
saginata are resistant to chemical disinfectants. 

The risk to public health from other pathogenic agents appears to be 
less than those from Salmonellae and Taenia in most areas studied. 
However, the possible risk from viruses and from parasites such as 
Sarcocystis has not been adequately evaluated. 

Measures should be taken to effect a substantial reduction in the 
concentration of pathogens in sewage sludge before it is allowed to come 
into contact with crops such as fresh vegetables and fruit that are 
brought into the kitchen raw. Sludge containing pathogens that may 
multiply in or contaminate meat, poultry and dairy products should not 
be spread on land where food animals are raised unless an adequate 
interval of time elapses between spreading the sludge on the land and 
allowing the animals to graze. 
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The following measures should be taken for the disinfection of 
sewage sl udge so that its use can be relatively unrestric ted: 

(a) heat treatment such as 70°C for 30 minutes, thermophilic 
composting, or heat drying; 

(b) ionizing radiation with at least SkGy; 
(c) extended batch storage for a time that is inversely related 

to the temperature; 
(d) treatment with chemical agents that destroy the organisms in 

the sludge enviro11l1ent. 

For restricted use, where direct contact with fresh food that may 
be bro ught raw into the ki tc hen is not involved, anaerobic 
digestion and other stabilisation processes should be utilised if 
they are carried out in such a way as to minimise recontamination. 
Uniform regulations should not be imposed over large regions 
witoout due regard to local conditions. Carefully planned 
epidemiological investigations into the relationship between sludge 
sprea:li~ an:! the public health soould be encouraged. 

5. SUHMARY 

Land application is a cost effective method of using sludge and 
results in minimal risk to health when good management is 
pr ac ticed. Good management practice should be adaptable to new 
developments and soould incorporate monitoring of the sludges, 
sl udged soils, effects on crops and effects on crop consumers as 
an:! when appropriate. The WHO Working Groups, particularly that 
for microbial risks, did not favour universal recommendations since 
depen:!i~ on local circumstances, different measures are needed in 
d iffe rent localities and situations to reduce the problem to an 
acceptable si ze. The formulation and application of suitable 
control measures must be a local decision. Several countries have 
taken the decision to formulate national statutes or guidelines 
(WHO 1981, EWPCA 1983, EPA 1984). The WHO Working Groups 
sunmarised the main features which control measures should take 
in to account. 

In the case of chemicals, which may be present in the sludge, it is 
important that there slnuld be integration or close liaison between 
management responsible for sewage sludge disposal and utilisation 
and that responsible for industrial effluent control. In 
determining what can be allowed in discharges, amongst a wide range 
of toxicological data available to the control authorities soould 
be data on the hazards arising from dispersion on agricultural 
soils. 

The WHO has not attempted to produce comprehensive guidance on the 
principles and main features of all aspects of sludge utilisation. 
Good practice in sludge utilisation is an important contribution to 
public health. It assists in the good management of sewage 
treatment as well as preventing problems in the essential disposal 
of the sludge. 
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The EWPCA recommended that it would be appropriate for one 
consolidated report to be produced which would include not only the 
precautionary guidance, prepared by WHO, but also advice on 
agricultural benefits. This will encourage the establishment of 
safe practices in recycling a valuable and natural resource. 
However, it may well be that it would be beneficial to extend this 
re port to inc Iud e conditions outside those in Europe and North 
America. 
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SESSION 3 MANAGEMENT CONSIDERATIONS IN SLUDGE 
AND EFFLUENT DISPOSAL 

Recommendations on olfactometric measurements 

Manure Nutrient composition 
assessment 

rapid methods of 

Efficiency of utilisation of nitrogen in sludges 
and slurries 

Effect of a long term sludge disposal on the soil 
organic matter characteristics 

Contamination problems in relation to land use 

Long-term effects of contaminants 

Effect on a long term sludge disposal on cadmium 
and nickel toxicity to a continuous maize crop 

Trace metal regulations for sludge utilization in 
agriculture; a critical review 
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RECOMMENDATIONS ON OLFACTOMETRIC MEASUREMENTS 

M. HANGARTNER 
Institut fur Hygiene und Arbeitsphysiologie, Zurich 

J. HAR WOO 
Institut fur Tierhygiene, Hannover 

J.H. VOORBURG 
Government Agricultural Wastewater Service, Arnhem 

SUMMARY 

A special 'odours' sub-group of COST 681 Working Party 1 has made an 
inventory of existing guidelines for olfactanetric-methods. These 
were discussed at a recent FAO/EEC Workshop on odours and a group of 
experts ('Rosewarne Group') agreed a series of recommendations 
formulating minimum conditions for conducting odour measurements with 
the aim of producing more consistent results and improved 
inter-laboratory comparisons. The recommendations cover (1) 
Sampling, including materials sui table for use, volumes reqUired, 
transport and storage. (2) Olfactaneter design, including minimum 
flow rates at sniffing ports, choice techniques, calibration and 
cleaning. (3)~, including the required background conditions, 
panel selection and panel size. (4) Operational procedures including 
method and numbers of presentations, size of dilution steps, and the 
minimum interstimulus interval. (5) Presentation of results 
including the method of calculation of the group threshold value. 
The recommendations are put forward for comment which could lead to 
improvements. It is proposed that the work of the special COST 681 
sub-group on odours should continue with particular attention being 
paid to the measurement of odour offensiveness. 

1. INTROOOCIION 
In the EEC working 'party on sludge treatment (COST 681) the emission 

of odours is one of the problems being studied. In order to focus more 
attention on odour measurement a special subgroup was fonned. This 
subgroup made an inventory of the existing guidelines and prescriptions 
for olfactometric odour measurements. The results of this inventory are 
reported in the papers by Hartung (1), Hangartner (2) and Voorburg (3) 
given at a recent FAO/EEC Workshop on odours. 

During the Workshop seSSions devoted to odour measurement, the 
experiences of experts were discussed and evaluated. As a follow-up of the 
discussion a small group of experts, meeting under the name of the 
"Rosewarne Group", agreed with these recommendations. The members of the 
Rosewarne Group are: 
A.M. Bruce, Water Research Centre, Stevenage (UK). 
M. Hangartner, Institut fur Hygiene und Arbeitsphysiologie, Zurich (CH). 
J. Hartung, Institut fur Tierhygiene, Hannover (ERG). 
P. l'Hennite, C.E.C., Brussels. 
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E.P. Koster, Vakgroep Psychische Funktieleer, Utrecht (NL). 
R.L. Moss, Warren Spring Laboratory, Stevenage, (UK). 
M. Paduch, Verein Deutscher Ingenieure, Dusseldorf (FRG). 
H.M.J. Scheltinga, Staatstoezicht op de Volksgezondheid, Arnhem (NL). 
M.F. thaI, Commissariat a l'Energie Atomique, Fontenay aux Roses (F). 
V. Thiele, Landesanstalt fur Immissionsschutz, Essen (FRG). 
J.H. Voorburg, Government Agricultural Wastewater Service, Arnhem (NL) 
( Chai nnan) • 
H. Wijnen, Ministry of Housing, Physical Planning and Envirorment, Air 
Directorate, Leidschendam (NL). 
These recommendations are produced to formulate minimun conditions for 
research workers, organisations and industries, who wish to have 
consistent results and measurements which can be compared with odour 
measurements in other laboratories and other countries. Laboratories 
beginning work on odour measurements are advised to start at least at this 
level. 

Improving an olfactometer into a more consistent and more sensitive 
one means that the resul ts of earlier measurements lose part of their 
value. 

In all research work, the design of experiments, the sampling 
technique and the analytical methods used require careful consideration 
and rwch commonsense. This is especially true for olfactometric 
measurements. 

Olfactometers are used to assess concentrations of odour emission and 
immission. An olfactometer is a device which dilutes the odorous air to be 
tested, with odour-free air. These diluted samples are offered to a panel 
of people whose ability to detect a smell enables the odour threshold to 
be determined. Because the nose is the detector, several limitations are 
imposed by the 'hunan factor'. In this connection, a warning must be 
given against the measurement of samples containing harmful SUbstances. 

To understand these recommendations, some aspects of the hunan factor 
should be mentioned. The sensitivity of a hunan being is quite variable 
and influenced by e.g. weather conditions and hormonal changes. Even with 
an accurate olfactometer, one should realise that measurement of one 
compound by the same person over some days may give a 3-fold variation. 
Referring to Koster (4) special attention should be paid to adaptation, 
habituation and response bias. Adaptation to an odour means loss of 
sensitivity to the odour. Exposure to clean air for one minute is needed 
for recovery of sensitivity. 
Habituation is a reduced sensitivity caused by loss of interest due to 
long and monotonous experiments. 
Response bias is the capacity to distinguish a stimulus. It is important 
to understand the difference between a 'yes/no' choice and a forced 
choice. With a 'yes/no' technique the panelist tests the air from one 
single sniffing port and has to decide whether the air smells or not. A 
good panel member is motivated and wants to give correct answers. So he 
only says: "yes" if he is sure that he can smell something. In the case of 
a forced choice technique, the panelist is testing the air from two or 
more tubes. He knows that one of the tubes contains polluted air. At 
concentrations near the threshold he selects the tube that is the most 
likely to contain the odour. This results in a threshold at a much higher 
dilution rate than that determined with a 'yes/no' technique. 

Another very important fact is that it is not possible to predict the 
effect of mixing odours on the concentration in odour units of the 
mixture; it is never the sun of the individual odour concentrations. The 
olfactometer should therefore be constructed from materials which do not 
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produce or adsorb odours. Sometimes a part of the odour is not emitted as 
a gas but adsorbed on dust particles. In measuring odour emissions, the 
dust particles may block the olfactaneter. Olfactaneters with high flow 
rates and large orifices and valves have less problems with dust 
particles). These recommendations do not, however, provide a solution to 
the dust problem. 

2. DEFINITIONS 
Odour concentration expressed in odour units per cubic meter (O.U. 

nr3) is the nunber of dilutions to the detection threshold. (The odour 
concentration of an undiluted sample which is at threshold level is 1 O.U. 
nr3.) 

Individual odour thresbold is that concentration which is preceived 
by the subject in 50s of the cases in which it is presented to him. 

Group threshold is the concentration that is perceived by 50s of the 
panel members. 

3. SAMH,IOO 
The materials to be used should be inert so that absorption and 

desorption are avoided. There should be no reaction with the sample, and 
the material should not change the odour. Some examples of materials to be 
used for the probe, the tubes and the valves are:- PIFE 
(polytetrafluorethylene) 

- stainless steel 
- glass. 

Preflusbing is recommended. In the case of long tubes, at least half 
an hour is required. 

Predilution should be provided in order to prevent condensation. 
The ~ should be representative taking into account whether it is 

a fluctuating or a constant source. In the case of static sampling, at 
least two samples should be taken. 

Sampling by concentration on an absorbent is not recommended unless 
further research proves it to be reliable. 

In the case of static Sampling, the material of the bag should have 
the same properties as given above and, moreover,should suffer no sample 
losses by diffusion. Good experiences have so far been made with PFTE, 
TEDLAR and Polyamid bags. 

One should be careful with the re-use of the bags. 
The Volume of the Sample will be determined by the air flow rate to 

the olfactaneter, the number of presentations and the concentration of the 
sample. 

Transport and storage time should be as short as possible with a 
maximum of 24 hours. The bag should be kept in the dark at a temperature 
sufficient to prevent condensation. 

In the case of new types of odour emiSSion, the reliability of the 
bag should be tested. The same holds for new bag materials. 

If a dust filter is required, it should be upstream of the 
olfactaneter and not upstream of the sampler. Experiments should be 
carried out to demonstrate that the properties of the odour have not been 
changed by the filter. Glass fibre filters are in use in Germany (LIS, 
Essen) and in the Netherlands (HI/INO, Apeldoorn). 

4. CLFACTOMEIER 
Only dynamic systems should be used. The materials to be used should 

have the same properties as given under "sampling". The construction 
should prevent losses of odorants and uncontrolled intake of clean air due 
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to leakage. 
The clean air should be odour-free as judged by each member of the 

panel. We recommend synthetic air or ambient air filtered with charcoal 
followed by a dust filter, to remove charcoal particles. 

The tube or sniffing ports in use have various designs. The ~ 
condition is that the panelist should be supplied with the minimum flow 
required for breathing and that he or she should not inhale air from 
outside the sniffing port. In present practice, flow rates of between 16 
and 170 1. min-1 (0.96 - 10 m3. h-1) are used. 

Forced-cboice techniques (two or more tubes, one containing the odour 
and the others only odourless air) and ~ techniques (one tube) are 
used. The forced-choice technique is more sensitive. The results obtained 
should be corrected for guessing by applying the following formula: 

Pobs - Pchance x 100 Pcorr = ------
1 00 - Pchance 

in which Pcorr = Pcorrected. 
Pchance = the percentage correct observations obtained 

by mere guessing (50% in the case of 2 
tubes) • 

Pobs = Percentage observed. 
Calibration of the flow rate in the olfactometer should be done 

regularly. The frequency depends on: 
- construction of the olfactometer, 
- frequency of transport of the olfactometer, 
- degree of pollution of the sampled air, 
- working situation (dirt, humidity, etc.). 
Calibration can be done with a tracer gas, e.g. methane, Once a year, a 
standard experiment should be carried out with a large panel and H2S as 
well as n-butanol as odorants. 

Cleaning is done with warm air, steam or, if poSSible, by washing 
after dismantling. Special attention should be paid to cleaning after 
working under dirty conditions. 

5 • .PANEL. 
The following background conditions are important: 

- The test area should be odour-free. 
- The room should be well ventilated (at least 6 times per hour). 
- The tests should be carried out at room temperature and with 

normal humidity (40 to 70%). 
There should be comfortable surroundings with no external stimuli such as 
smoke, nOise, perfume, etc. No tests should be carried out within half an 
hour after a meal. 

The test procedure: 
There should be an independent panel leader. During the actual assessment 
there should be no communication among the panel members, and the 
communication between leader and panel should be very restricted. 

Selection of panelists: 
Panelists should screened and trained. They should be familiar with the 
test procedure. This means that at least one series with H2S should be 
carried out. If possible more extended tests with more components are 
recommended. 

Only individuals between 16 and 50 years of age who have a normal 
sense of smell and can follow Simple instructions should be included in 
the panel. Persons with an erratic judgement have to be exclUded from the 
panel. 
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The size of the panel: 
The following minimum numbers of panelists are required: 
a) 16 panelists to measure a representative threshold, 
b) 8 panelists for all practical measurements, 
c) 4 panelists in case of comparative judgements. 
The panelist should be motivated (interested in the job). 
The panelist should not be informed about his performance until after the 
test. 

6. OPERATIONAL PROCEDURE 
Fatigue should be prevented. In every hour, the panelist should 

always have a rest of at least 15 minutes. 
The presentation can be at random or in steps of ascending 

concentrations. Series of descending concentrations should not be used 
(risk of adaptation). 

The size of the dilution steps, i.e. the ratio between two adjacent 
dilutions, should be between 1.5 and 3. 

The maximum exposure time to the stimulus should be 15 seconds. 
The interstimulus interval should be sufficient to avoid adaptation 

of the panelist to the odour and sufficient to allow the olfactometer to 
provide the new stimulus. This can be attained with a cycle time of 1 
minute (cycle time = exposure time plus interval). 

The number of presentations (dilution steps) made to panelists in any 
one series should be at least 5. The range of dilution should be such that 
responses of less than 16% detection and more than 84% detection are 
obtained from the panel. 

The number of test series should be at least two (one replicate). 

7. PRESENTATION Of RESULTS 
The group threshold should be calculated as the geometriC mean of the 

observations or by graphical evaluation. Standard mathematical procedures 
should be followed (5). 

Geometric means: the dilution at whlch the response changes from no 
perception to perception has to be determined for each test series. After 
that the geometric mean of the dilution so defined has to be calculated. 

Graphical evaluation: the distribution of the frequency of 
perceptions as a function of dilution has to be determined. The evaluation 
can be performed using frequencies before or after probit transformation. 

8. CQNa..UDING REMARKS 
The authors are interested in comments on, and experiences with, 

these recommendations, in order to improve them. Furthermore they propose 
that the work of the COST 681 sub-group "odour measurement" should be 
continued with particular attention being paid to the measurement of the 
offensiveness of odours. 
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DISCUSSION 

P J Matthews 
Did you consider condensation techniques? These have been tried and 

found successful for sewage odour. Secondly, it is a difficult task to 
measure odour offensiveness, more complicated than intensi ty, and is a 
psychological problem resulting from public health training. Overcoming 
such problems with the public largely depends on whether they are town or 
country people. 

J H Voorburg 
At the Silsoe workshop, Professor Koster from Utrecht played an 

important role on these psychological issues. The problem in analysing 
the air to be tested is that from the number of compounds present, the 
odour quality of the mixture cannot be predicted. 

R Levi-Minzi 
I have had some experience of testing odours but not as a researcher. 

The researcher has difficulty himself in understanding limits making this 
a difficult technique to use objectively. It is better not to know the 
source of the odour to avoid psychological problems. 

J H Voorburg 
The measurement 

testing. The panel 
intensity. 

of odours is 
members need 

very dependent on the conditions of 
to agree a standard for level and 
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MANURE NUTRIENT CCWOSITION : RAPID METHODS OF ASSESSMENT 

HUBERT TUNNEY 
Agricultural Institute, Johnstown Castle Research Centre 

Wexford, Ireland 

SUIJIllary 

This paper deals with a nunber of rapid mettnds for estimating the dry 
matter and fertiliser value of sewage sludge and liquid agricultural 
wastes. The Slurry Meter is a hydrometer calibrated in percent dry 
matter and is based on a highly significant straight line relationship 
between dry matter and specific gravity of these wastes. The 
fertiliser value can then be estimated from the dry matter. The 
Nitrogen Meter is based on the release of nitrogen gas after the 
oxidation of ammonia by calciun hypochlorite. The mixing takes place 
in an enclosed chamber where the pressure is proportional to ammonia 
content and is measured by a pressure gauge. The aumonia electrode is 
extensively used in laboratories for determining ammonia content of 
waste and waste waters. Water analysis field kits can also be used 
for estimating the aumonia and phosphate content of manures. The 
suitability of these rapid tests for estimating the value of wastes 
under farm conditions is discussed. 

1. INTRODUcrION 
Results of analyses, of organic sludges and liquid agricultural wastes 

(slurry), from the literature show that there can be a wide variation in 
nutrient composition. This variation in composition is a major obstacle to 
effective integration of these valuable sources of plant nutrients into a 
farm fertiliser programme. 

A simple field test to give a rapid estimate of the dry matter and 
nutrient content at the time of spreading has obvious advantages. It would 
enable the farmer or his advisors to estimate the nutrients in the manure 
and thereby decide the correct rate of application. It would enable an on 
the spot check of the quanti ti es of N, P and K in a tank or tanker of waste 
and would put organi c manures into a category similar to chemi cal 
fertilisers where the composition is stnwn on the outside of the bag. 

A simple reliable rapid field test of composition would permit the 
correct rates of application and this in turn would help to reduce the 
risks of soil and water pollution from excessive rates. It would also 
facilitate the movement of organic manures from sewage treatment plants and 
intensive livestock farms to surrounding land where the nutrients are 
required. 

The idea of a rapid test for estimating the nutrioot content of 
manures is not new. Over 70 years ago, there were a nunber of publications 
on a qydrometer mettnd to estimate the nitrogen content of liquid manures. 
(Dussere, 1915; Vogel, 1916; Lagers, 1918). 

In the 1920's a paper was published stnwing that sodiun hypochlorite 
could oxidize aumonia in slurry and relase it as nitrogen gas. (Tovborg 
JE!lSen, 1929). This is the basis of an instrunoot called a Nitrogen Meter 
for estimating available nitrogen in manure. 
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This paper describes recent work on the twdrometer meth:xi or Slurry 
Meter and the Nitrogen Meter, in addition to other metmds which may be 
used for assesing the nutrient oomposition of orgmic manures. 

Most of the work to date has been with liquid agricultural manures. 
HCMever, work is oommencing on the sui tabili ty of these meth:xis for sludges. 
Results of an American study on rapid metmds for determining fertiliser 
value of livestock manures l'Bs recently been published (Chescheir and 
Westennan, 1984). 

2. SLURRY METER 

2. 1 Animal Manures. 

This mettDd l'Bs been developed at Jotnstown Castle Research Centre in 
recent years. Studies on the composition of cattle and pig slurry showed a 
statistically significant correlation between dry matter and nutrient 
content (Tunney, 1975). It was evident from these stooies that a simple 
test for dry matter would give a good estimate of the fertiliser value of 
slurry. The relationship between dry matter and nitrogen content of cattle 
and pig slurry is smwn in figure 1 (Tumey, 1979). 

As a result a number of methods for obtaining a rapid field test for 
dry matter were investigpted. These included conducti vi ty, colorimetery 
and denSity measurenents. The most promising method was based on a highly 
significant linear relationship between dry matter and specific gravity of 
slurry (TtrlIley, 1979). This relati ons hip is reproduced in Figure 2. 

Based on this relationship a hydraneter, known as a Slurry Meter and 
calibrated in per cent dry matter can be used to estimate the dry matter of 
organic manures. The instructions for the Slurry Meter contains a table 
smwing the relationship between dry matter and the N, P and K content for 
cattle slurry and pig slurry. The background to this method and practical 
experience with its use l'Bs already been presented at E.E.C. Worksmps. 
(Tunney, 1984; Tunney, 1985). 

A copy of instructions for use with the Slurry Meter is smwn in 
Appendix A. The relationship between dry matter and nutrient content will 
of course depend 00. the diet of the animal. Ideally the relationship 
between dry matter and nutrient content should be calibrated for each 
country with major differences in animal diet. 

In addition to Irish work on this method it has also been stooied and 
reported on in Canada (Dube, 1982), America (Chescheir and Westerman, 1984) 
Demark (Kjellerup, 1985) and France (Bertrand and ~agghe, 1985) and other 
stooies are currently in progress. 

A slJlllDary of the equations of the relationships between dry matter and 
specific gravity adapted from the literature is smwn in Table 1. The 
equations are adapted so tl'Bt a specific gravity of one corresponds to a 
dry matter of zero. 

The results in table 1 smw a good agreement between the dry matter 
and specific gravity obtained in the different stooies. 

It is clear tl'Bt there is a good straight line relationship between 
dry matter and specific gravity of manures. 

Figure 3 smws the relationship between specific gravity and total 
solids (dry matter) obtained by Chescheir and Westennan (1984) for cattle 
and pig manure. Dube (1982) in Canada and Chen (1982) in U.S.A. confinned 
a similar relationship for pig slurry and cattle slurry respectively. 
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Table 1. Dry matter versus specific gravity equations adapted fran the 
literature. 

2 
Equations R Reference Manure· 

S.G. = 1 + .0039 (% D.M.) .96 Tumey 1979 P, 
= 1 + .0041 .72 Dube 1982 P 
= 1 + .0036 Chen 1982 C 
= 1 + .0043 .~ Cbas chi er 1984 P, 
= 1 + .0036 .92 Tumey 1985 H 
= 1 + .0042 .91 Kjellerup 1985 P, 

S.G. = 1 + .004 (% D.M.) Mean 

• P = pig, C = cattle, H = hen manure 

C 

C 

C 

Figure 4 stDws ttBt tbare is a similar relationship fer manure fran 
laying hens (Tunney, 1985) • This relationship is interesting as tba 
poul try manure is soli d ratbar ttBn slurry. 

The specific gravity measurements were made by four fold dilutions to 
obtain a slurry, foll<Med by a lWdrometer reading and multiplying tba 
results obtained by 4 to get the final values shown in Figure 4. 

Figure 5 stDws a diagramatic representation of the slurry meter being 
used to estimate the dry matter of two slurries. After estimating the dry 
matter tba N, P and K oontent of tba slurry can be read off fran a table as 
shown in Appendix A. 

Several hundred Slurry-Meters tBve been manufactured to date by a 
hYdraneter manufacturing company in London. Feed back fran people who mve 
used tba Slurry-Meter imicates ttBt tbay fotmd it easy to use. It is made 
fran glass which is fragile for farm use, however it is resistant to 
corrosion by slurry. Slurry Meters tBve also been manufactured in metal, 
tbay are not as streamlined as glass and hence accuracy may be reduced with 
high dry matter or visoous slurries. Plastic Slurry Meters may tBve 
advantages, however, a demand for over one thousand would be necessary to 
justify tooling up costs. 

American work (Cbascheir and Westel'lllan, 1984) tBs stDwn ttBt tbare is 
a better correlation between nutrient content and specific gravity th3.n 
between dry matter and nutrient oontent. This offers the possibility of 
improving the accuracy of the Slurry Meter for estimating tba nutrient 
content of manures. 

Cbascheir and Westel'lllan (1984) calculated the percentage of samples 
ttBt g:lve a result with less ttBn + 25% error using tba direct correlation 
between specific gravity and nutrient content of slurry, this is summarised 
in Table 2. 
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Table 2. Per cent of estimates far nutrients and total solids within + 
25% error (Chescheir and Westerman, 1984). 

Nitrogen 
Poosphorus 
Potassillll 
Total Soli ds 

2.2 Sewage sludge 

Dairy 

94 
88 
76 

100 

Swine 

93 
72 
82 
86 

Sewage sludge was oollected fran 20 sewage treatment plants in Ireland 
in May 1985 and analysed for dry matter and specific gravity. The specific 
gravity was determined by weighing 500 mls of the liquid sludge in a 500 ml 
vollllletric flask. With solid sludges appropriate dilutions were made to 
enable accurate measurements. The results of this study are slllmarised in 
Figure 6. This indicates that sewage sludge obeys the same relationship 
already established far animal manures. 

There was a statistically significant oorrelation between dry matter 
determined by the Slurry Meter and by oven drying. However, estimating the 
dry matter of sewage sludge with the Slurry Meter is mare difficult because 
of the high viscosity, even at low dry matter, of sane sludges. In this 
study the relationship between dry matter and nutrient oontent was also 
statistically significant. 

The sludges tested were fran extended aeration treatment plants with 
the exception of one from an anaerobic digestion treatment plant. Sane of 
the sludges IBd polyelectrolyte added. A nllllber of the high dry matter 
sludges had been mechanically dewatered after the addition of 
polyelectrolyte. 

This work irrlicated tlBt specific gravity can be used as a rapid 
estimate of sludge dry matter. However, the use of the Slurry Meter to 
obtain an accurate estimate of sludge dry matter requires further work and 
pqysical or chemical pretreatment of the sludge to reduce viscosity would 
be necessary. The presence of a high oontent of gps rubbles trapped in the 
sludge can reduce the accuracy of the specific gravity determination. 

3. NITROOEN DETEm1INATION 
There are three possible rapid methxis far estimating the nitrogen 

content, or more specifically, the ammonia content of manure. The choices 
are (1) Nitrogen Meter, (2) Anmonia Electrode and (3) Water Analysis Field 
Kit. 

3.1 Nitrogen Meter 

Tovborg Jensen (1929) soowed tlBt mixing sodillll twpochlarite with 
manure caused the release of nitrogen gas by oxidation of ammonia. The 
pressure of the released gps is proportional to the ammonillll content of the 
manure. 

In 1983 a Sewdish company, Agros, developed the Nitrogen Meter which 
is similar in princiPle to the method of Tovborg Jensen but uses calcium 
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hypochlorite (Ca (OC1)2) instead of sodillll hypochlorite (Na OCl). 
The Nitrogen Meter consists of a stainless steel reaction chamber with 

a lid, incorporating a pressure gauge with ttree measuring scales. TMre 
are three measuring cups, snall, medillll and large to correspond with the 
ttree scales on tM pressure gauge. Measurements start with tM snaller 
cup and the final choice of cup depends on tM amnonilll1 content of tM 
manure. The slurry is measured fran the cup into the chamber and a 
constant amount of tM calcium hypochlorite reagent is added to a tipping 
tray in the chamber. TM air tight lid is sealed on tM chamber and the 
reagent is tipped into the slurry. The reaction takes place and the 
ammonillll oontent is estimated fran the gauge. Care sh:>uld be taken to 
ensure that the pressure does not exceed the scale on the gauge. 

A oomparison of the Nitrogen Meter and standard labortory analyses 
(Technicon, 1974) for ammonium was made using inorganic salts by Chescheir 
and Westerman (1984). Their results are sh:>wn in Table 3. 

Table 3. Comparison of Nitrogen Meter with standard laboratory analyses 
using ioorganic salts (Chescheir and Westerman, 1984). 

loorganic 
Compound 

NH4 Cl 

NH4 Cl 

NH4 Cl 

(NH4)2 S04 

(NH4)2 S04 

(NH4)2 S04 

Standard 
Solution 

1,000 

5,000 

10,000 

1,000 

5,000 

10,000 

Laboratory 
Analyses 

NH4 - N mg/L 

1,010 

5,000 

9,930 

1,020 

5,180 

10,020 

Nitrogen 
Meter 

1,200 

5,400 

11,000 

1,200 

5,150 

10,100 

Difference 
% 

19 

8 

11 

18 

-0.6 

0.8 

The resul ts in table 3 sh:>w good agreement between the two meth:>ds. 
The sane authors found satisfactory agreement between ammonilll1 in manure 
measured by laboratory analyses and the Nitrogen Meter. They ooncluded 
that "the Nitrogen Meter is an excellent device for measuring ammonium 
nitrogen and easily oxidised organic nitrogen in manures, lagoon effllEnt 
and sludges". 

They noted, h:>wever, ttRt the Nitrogen Meter gave mlCh higher vallES 
for stacked or scraped poultry manure and scraped pig manure than 
laboratory analyses and this was attributed to the measurement of urea and 
perhaps sane other nitrogen canpounds. T he results of one aero bi cally 
digested muniCipal sludge gave a vallE of 520 mg/L ammonillll nitrogen with 
laboratory analyses and 1,100 with the Ni trogen Meter. (Chescheir and 
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Westerman, 1984). 
Recent work in Denmark (Kjellerup, 1985) on 128 samples of CBttle and 

pig slun-y, with a range of 0.5 to 6.0 kg amnoniun nitrogen per tonne of 
manure stowed good agreemErlt between amnoniun nitrogen determinatioo by 
distillation and the Nitrogen Meter. The relationship was 

NH4-N (laboratory) = 0.5 + 0.84 NH4-N (Nitrogen Meter) 
2 

with R = 0.94. 
The oonclusion was tmt "lIlder practical oonditioos the Agros Meter will 
gi ve a good estimate of the amnonium content". 

3.2 Ammonia Electrode 

Orion Research Inoorporated mve developed an amnonia electrode 
(Orion, 1972). This ammonia selective electrode has been used successfully 
in many laboratories to meastre the ammonia oontent of organic manures and 
waste waters. 

In one of the earliest stooies on cattle and pig slurry (Byrne and 
Power, 1974) the ammonia electrode was found to give excellent results when 
CODlIBl'ed with oonventional analyses fer amnonia. 

There are several reports of stooies with the ammonia electrode for 
manures and the results indicate tmt it is an accurate metmd for aumonia 
determination (Sievers and Brune, 1978; Hills, 1980; Georgacakis et al. 
1982; Le Dl\Y and Samson, 1982; Sievers et al. 1983). 

Figure 7 srows the results of a canparison of a oolorimetric metOOd 
with the ammonia electrode for estimating the anmonia oontent of cattle and 
pig slurry (Chescheir and Westerman, 1984). The results in Figure 7 show 
tmt the ammonia electrode overestimates the ammonia oontent, and this is 
in contrast with results found by Sievers et al. (1983). This difference 
may be attributable to the quantity of soditm hydroxide used. The aumonia 
selecti ve electrode is used in conjunction with a Iii meter and measuranent 
is made after the addition of soditm hydroxide to raise the Iii so tmt 
ammoniun ions in the waste are converted to aumonia. Chescheir and 
Westerman ( 1984) stated tmt the aumonia electrode was very good for 
determining the ammonia nitrogen in animal slurries; they suggested, 
tDwever, tmt a higher amoll1t of NaOH tmn recommErlded in the instructioos 
was necessary. 

3.3 Water Analysis Field Kits 

The anmonia oontent of pig slurry was estimated by a Nesslers field 
kit (Steward, 1969) with good accuracy. More recently this method has been 
tested by Chescheir and Westerman (1984) and they fOl.lld reasonable 
agreanent with conventional analyses. The results of this work are 
stmmarised in Figure 8. These auttDrs found tmt large dillutioos of 
slurries were required for analyses with field kits. They also used field 
kits to estimate the orttD-phosphate oontent of cattle and pig slurry. In 
stmnary they stated that the kit was adequate for measuring ammonia in pig 
slurry but rot in catle slurry. In oontrast the kit was adequate for 
pmsprorus measuranent in cattle slurry but not in pig slurry. 

The field kits are based on oolorimetric measuremErlts after the 
addition of chemical reagents to the diluted slurry. 

- 248-



www.manaraa.com

4. DISCUSSION 
Trere is a growing interest in recent years in rapid metmcts of 

estimating the fertiliser value of liquid wastes as evidenced by tre 
publications cited. 

Fer a rapid test to be acceptable fer farm use it stould be simple to 
use and irexpensive. More elaborate rapid tests, requiring sane laboratery 
facilities e.g. dilution, could be used by advisory services rut would not 
be ideally suitable for general farm use. 

Tre oost of the rapid test equi\lllEnt fran the lalest to the highest is 
(1) Slurry Meter, (2) Water Analysis Kits, (3) Nitrogen Meter, (4) Ammonia 
Electrode. 

Crescheir and Wastennan ( 1984) stated th3.t the Slurry Meter and 
Nitrogen Meter would be suitable for farm use while the Water Analysis Kits 
and Ammonia Electrode oould be used on farms rut they would require more 
skill in operation and in making dilutions. . 

Tre Slurry Meter is the simplest to use and the least expensive, 
costing about the same as the fertiliser value of one tanker load of 
slurry. It therefere oould be recommended as the first choice fer a rapid 
test on the farm. It also has tre advantage of being the most accurate 
rapid test fer estimating the dry matter oontent of slurry. 

For more accurate detennination of ammonium content of slurry on the 
farm the Nitrogen Meter would be suitable. The oost is relatively high and 
it would be best suited for use on larger intensive fanns, by farm advisors 
or oo-operatives. 

The Ammonia Electrode is already widely used in many laboratories at 
present, but would not be sui table for farm use except in exceptional 
cireunstances. 

The Water Analysis Kits are perhaps of more limited value rut oould be 
considered where they are already available, for example in sewage treabnent 
plants. 

All the meth:>ds would benefit fran further study to detennine their 
suitability in practical use and to improve their accuracy. 

In oonclusion it would seem th3.t any of these rapid tests fer slurry 
would be an improvement on the present situation where application rates 
are based on average composition. 

In the final analyses their major oontrirution would be as an 
educational tool so that farmers and their advisors would be convinced of 
the fertiliser value of these materials and h:>w they can be used to reduce 
farm costs. In this way it should be possible to reduce excessive 
application rates and the associated risks of soil and water pollution. 
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APPENDIX A - SLURRY METER INSTRUCTIONS 

1. Collect representative sample of animal manure slurry. 

2. Put slurry in a plastic bucket and stir well. 

3. Place slurry meter in slurry and read dry matter immediately. 

4. Read corresponding N, P and K content from Table below; 

5. Cattle slurry higher than 5% dry matter (d.m.) and pig slurry higher 
than 8% is normally too viscous for accurate measurement. In such cases, 
mix slurry with an equal volume of water, stir well and take d.m. 
reading with Slurry Meter. Double the reading obtained to get the 
correct d.m. of the undiluted slurry. If necessary make further 
dilutions. 

0' Dr~ Matter Concentration " 

0 - 5 Low 
2%DM .-. 8%DM 

. :;:: . . . .... 
Meter 5 10 Medium 

10 15 High 

Note: depth of slurry in bucket 
should be 25 to 30 cm. 

Table 1. Total N, P and K content of cattle and pig slurry in 
kg/tonne (kg/m 3 ). 

Cattle Slurry Pig Slurry 

N P K 0' Dry Matter N P K ,0 

1.5 0.2 1.6 2 - 2.5 0.5 1.2 
2.5 0.4 2.2 4 - 4.5 1.0 1.7 
3.5 0.6 2.7 6 - 5.5 1.5 2.1 
4.2 0.8 3.1 8 - 6.0 2.0 2.3 
5.0 1.0 3.5 - 10 - 6.5 2.5 2.5 
5.5 1.2 3.7 - 12 - 7.0 3.0 2.6 
6.0 1.4 3.9 - 14 - 7.2 3.5 2.7 

The higher the dry the higher the fertiliser value. If a slurry sample 
containing mostly urine is collected the Nand K values will be higher 
and P values lower than shown. 

It can be assumed that the N value shown in Table 1 will be half as 
effective and the P and K will be as effective as their chemical fertiliser 
equivalents. 

Consult your agricultural advisor for information on the correct rates to 
apply and how you can reduce fertiliser costs by recycling animal manures. 
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Figure 1. Relationship between dry matter and nitrogen content of cattle 
and pig slurry (Tunney, 1979). 
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Figure 2. Relationship between dry matter and specific gravity of pig and 
cattle slurry (Tunney, 1979). 
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Figure 3. Relationship between total solids (dry matter) and specific 
gravity from an American study on dairy and swine manure 
(Chescheir and Westerman 1984). 
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Figure 4. Relationship between dry matter and specific gravity of poultry 
manure from laying hens (Tunney, 1985). 
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Figure 5. Diagramatic representation of Slurry Meter being used to measure 
low (left) and medium (right) dry matter slurry. 
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Figure 6. Relationship between dry matter and specific gravity of sewage 
sludge. 
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Figure 7. Ammonia nitrogen measured by colorimetric method (NHC) 
versus ammonia electrode (NHE) in dairy and swine manures 
(Chescheir and Westerman 1984). 
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Figure 8. Ammonia nitrogen measured by cholorimetric method (NHC) 
versus water analysis kit (NHK) in dairy and swine manure 
(Chescheir and Westerman 1984). 
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DISCUSSION 

D Sauer beck 
This technique is very appealing because it is simple but deviation 

will be large at high dry matter contents. It could be used for animal 
slurries but may not be possible for sewage sludge. Do you feel that in 
the normal range of 4-10% dry solids for animal slurry that the accuracy 
is good enough? 

H Tunney 
Advice to farmers is currently on average analyses for slurry which 

is not very good as there can be a ten-fold variation in actual analysis. 
We reckon on an accuracy for the meter of =25% which is a very good 
improvement on current practice. 

P J Matthews 
Any method to allow the use of waste to be more efficient is welcomed 

as it may reduce pollution problems. For sewage sludge, there are good 
operational reasons for knowing dry solids content to assess the 
efficiency of sludge transport for instance. 

Does the relationship between nutrients and dry solids indicate 
available or total nutrients? The hydrometer may not be so useful for 
sewage sludge due to its viscosity will it meet our operational 
requirements? There may also be different densities and nutrient contents 
for different sludges. 

H Tunney 
The relationship of dry solids to nutrients measures total nutrient 

content. It can be assumed that total P and K are the same as available 
but it is more complicated for N. The correlation of nutrients with 
specific gravity is in fact better than for nutrients and dry solids. 
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EFFICIENCY OF UTILISATION OF NITROGEN IN SLUDGES AND SLURRIES 

J H WILLIAMS and J E HALL 
Ministry of Agriculture, Fisheries and Food, Wolverhampton, 

West Midlands, UK. 
Water Research Centre, Medmenham, Bucks, UK 

Summary 

The importance of utilising sludges and farm slurries on 
agricultural land with maximum benefit to the farmer and at 
minimal risk to the environment is now widely recognised. This 
paper is concerned with the efficienct use of the nitrogen 
contained in these manures concentrating on possible methods of 
improving the efficiency of the nitrogen. Rate, timing and 
method of application are of prime importance and such manures 
need to be applied according to their NH -N content and the N 
requirements of the crop. On arable lan~, the efficiency of the 
total N in sludges or slurries relative to that of fertiliser -N 
appears to be between 50-70% when applied in spring and worked 
into the soil. Autumn or early winter applications can reduce 
the efficiency to 20-30%. On grassland, the average nitrogen 
efficiency is about 50% when surface applied in spring and can be 
as low as 30% from autumn application. Efficiency can be 
enhanced by soil injection in spring and on grassland, the method 
reduces odours, prevents smothering of grass making it more 
acceptable and hygienic for grazing stock. Methods of treatment 
to improve the efficiency of nitrogen utilisation such as 
anaerobic digestion, addition of chemical additives to inhibit 
nitrification to reduce nitrate leaching and ammonia losses are 
discussed for arable and grassland in relation to greater 
flexibility of time of application without detriment to the 
environment. 

1. INTRODUCTION 

The efficient use of sewage sludge and animal slurries in 
European countries without detriment to the environment is now 
considered to be of high priority. Some 40% of the total sludge 
produced in the UK is applied to agricultural land compared to 30% in 
the rest of the EEC Community. On average this represents some 20,000 
tonnes N which is only 2.5% of the total inorganic fertiliser N 
applied in the UK and only 1% in terms of "available" nitrogen. 

In contrast nearly 1 million tonnes of total N are contained in 
animal wastes produced annually in the UK and, of this, nearly 50% 
will require handling and spreading on agricultural land. About half 
of this again, ie 250,000 tonnes N will be applied as liquid slurry 
and the other half as solid FYM. Until the 1940's farm manures 
provided the greater part of the nitrogen used on most farms in the UK 
but by 1957, farm manures only supplied about 20% of the nitrogen 
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applied to crops. By 1982, the Survey of Fertiliser Practice revealed 
that only 28% of the area of crops and grass in England and Wales 
received organic manures. This apparent decrease reflects a large 
increase in the use of inorganic fertiliser and decline of mixed 
farming systems. At the same time, livestock numbers increased and, 
with intensification, came a change from solid to liquid slurry 
systems. In the 1960's and early 70's environmental aspects were less 
important, fertilisers were cheap and farmers and advisers were only 
concerned with the disposal of slurry. Attitudes have now changed and 
the emphasis is on the efficient utilisation of sludges and slurries 
and their incorporation into the overall fertiliser policy of the 
farm. Losses of nitrogen can occur at any stage from collection to 
spreading on land and can continue after application. With the 
Control of Pollution Act in the UK there are constraints which require 
that farmers do not cause pollution or a nuisance. Safe and efficient 
handling and utilisation of all wastes as organic manures is an all 
important part of waste management practice and from which a 
significant financial gain can be achieved. This paper considers 
possible ways and means of improving the fertiliser efficiency and of 
obtaining more consistent results from sludges and slurries. 

2. NITROGEN CONTENT AND VALUE 

2.1 SEWAGE SLUDGES 

It is the amount of ammonia present and the degree of stability 
of the organic matter that results in differing nitrogen values for 
different types of sewage sludge. The proportion of ammonia ranges 
from 5% of the total N in unstabilised sludges to more than 70% in 
anaerobically digested sludges. Most of the N value of unstabilised 
sludges comes from mineralisation of its organic N in the soil and is 
thus a slow release source of N but the digestion process, converts 
this easily degradable organic N to ammonia thus making liquid 
digested sludge a quick acting source of N leaving organic matter that 
is relatively resistant to mineralisation. 

Dewatered sludges lose their soluble nitrogen and may be regarded 
as slow release N sources, their rate of N mineralisation depends on 
whether they were digested or not prior to dewatering. 

The nitrogen availabilities and predictive equations for 
different sludges have been described by a number of workers and these 
have been reviewed (1, 2, 3, 4). Table 1 summarises average nitrogen 
contents for different sludge types and gives percent availability and 
the average N available in sludge as spread, in the first cropping 
year (5, 6). When dewatered sludge is applied or regular applications 
of liquid sludge are made, residual effects from the organic N may be 
expected in subsequent years; such cumulative and residual effects are 
fairly predictable as the value of the organic N from a single 
application will decrease by half each year(7). 

2.2 FARM SLURRIES 

Farm slurries, like sewage sludges are useful sources of nitrogen 
if stored, handled and applied correctly. Field experiments to 
determine their nitrogen value have been undertaken for some 25 years. 
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They still continue to provide variable results arising from 
variations in the N and dry matter contents and the climatic and soil 
conditions under which they were tested. The effectiveness of slurry 
N has been shown by some workers to be closely related to the soluble 
N content (24 hour extraction in cold O.iN HC1) and more recently in 
Northern Ireland to its NH4 -N content (8). 

Typical content of nitrogen in cattle, pig and poultry slurry are 
shown in Table II (9). Content varies with type of feed and age of 
stock. Availability of the nitrogen to the plants depends on many 
factors. The readily soluble forms and the easily mineralisable 
organic fractions will be available in the short term. Of the total N 
some 43, 66 and 66% will on average be present as NH4 -N in cattle, 
pig and poultry slurry respectively on the basis of 10% dry matter. 
Availability also depends on cropping, method and time of 
applications. When spread in autumn or early winter, in particular on 
arable land, a significant proportion of the available nitrogen may be 
lost through leaching and/or denitrification depending on soil 
temperature and moisture conditions. 

3. IMPROVING EFFICIENCY OF UTILISATION 

The reasons for the variability in the efficiency of the nitrogen 
in sludges and slurries are numerous and include:-

i. rate of application and dry matter content; 
ii. NH4-N content and biodegradability of the residual organic 

matter; 
iii. method and time of application, the cropping situation, soil and 

weather conditions. 

Dilution of the slurry and frequent small dressings have been 
shown to be more effective than a single application on grassland. 
Reduction in physical smothering of the sward is obviously a factor to 
be considered and any growth response to such treatments is probably 
the net effect of the positive and negative benefits. The mechanical 
separation of slurry solids might be expected to improve the 
efficiency of N in the liquid fraction by increasing the proportion of 
NH4-N and reducing the smothering effect on grass. A number of 
farmers have installed aerobic treatment systems in attempts to 
overcome odour problems and a few have also built anaerobic digestion 
plants. The increased nitrate content of aerobically treated slurry 
or the high NH4-N content of anaerobically digested slurry would be 
expected to give improved N utilisation. Farmers have claimed 
benefits in terms of consistency of product, slurry handling and 
reductions in smothering of grass after such treatment of farm 
slurry. 

3.1 RATE AND TIME OF APPLICATION 

3.1.1 Sewage Sludges 

The amount of sludge or slurry applied should be related to the 
nutrient requirements of the succeeding crop. Whilst the US EPA 
recommended rates of sludge application 1.5 to 2 times the full 
nitrogen requirement of the crop (10) there is concern in the UK that 
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application rates should be limited to 50 m3/ha at anyone time (11, 
12). Whilst this incurs higher costs to the sludge disposal 
authorities it also appears to improve the nitrogen efficiency of 
sludge applied to grassland as shown by Table V. 

It is often necessary for operational reasons to apply sludges 
and slurries at times of the year when conventional nitrogen 
fertiliser would not be applied. This relates particularly to 
applications made over the autumn and winter period when warm, moist 
soil conditions and high rainfall could lead to large losses of 
nitrogen by leaching and denitrification. 

In grassland, such losses of N tend to be low but are related to 
rate, timing, rainfall and soil type. Hall and Williams (13), 
described a series of grassland trials in the UK on sites of differing 
soil texture with rainfall ranging from 500 to 1000 mm per year which 
compared sludge applied over the winter period. This is summarised in 
Table III which gives yields relative to the highest yield (100%) in 
each trial and indicates that grass yields from the autumn application 
can vary from only one third to being equal to the spring 
application. 

Winter losses of sludge N from arable soils are not so well 
researched but are accepted as being much higher particularly those 
resulting from the period of autumn cultivation and early growth 
stages of winter sown crops when any nitrate formed is at risk of 
being leached. Table IV summarises UK cereal trials on a similar 
basis to Table III and appears to indicate that losses from autumn 
applications may not be as great from sludge as hitherto thought. The 
average rainfall for the six month period from October was less than 
300 mm so that these results are probably not representative of Europe 
as a whole but information is lacking on this point. 

3.1.2 Farm Slurries 

The results from field trials on rate and time of application of 
cattle slurries on grassland have been very variable ranging from 
50-80% efficiency of slurry N applied in late winter or early spring. 
Early work at the Hannah Research Institute in Scotland showed that 
applications of dilute liquid manure applied over the growing period 
commencing in February were between 80 and, 90% as effective as 
fertiliser N. (The November application was only 35% as effective as 
the February applied slurry (14, 15, 16). 

Conflicting results were reported from Northern Ireland, Scotland 
and ADAS in England and Wales with efficiencies of cattle slurry N 
ranging from 16-80%, being highest when applied as a diluted slurry 
frequently over the grass growing season (17, 18, 19, 20). The 
experimental results up to the mid-70's were considered by ADAS who 
suggested an average value of 50% for the availability of cow slurry N 
following a late winter/early spring application. A further series of 
field trials were carried out over England and Wales starting in 1977. 
These are listed together with a summary of the findings when slurry 
applied to grass in Table VI. A comprehensive review of the UK 
experiments has recently been published by Smith and Unwin (21). 

On arable crops, work in Northern Ireland by Stewart (22) 
suggested that slurry nitrogen for barley is almost as effective as 
fertiliser-N if applied in winter or spring. In 1974-76, Pain 
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investigated the effects of cattle slurry on spring barley (23). 
Markedly improved grain yields were obtained from the slurry 
treatments compared to fertiliser -N but had little effect on grain 
quality in terms of its N content. In 1965-67, experiments on the 
fertiliser value of pig slurry for barley were carried out in East 
Yorkshire, UK (18). When applied at up to 190 kg/ha total N to the 
seedbed, slurry N was 50-70% effective and at higher rates, 25-50%. 
Mid-winter applications were 20-35% effective. Recent experiments in 
Lincolnshire, UK on spring barley showed even lower efficiencies of 
pig slurry N applied in winter - only 10% from December applications 
and 20-25% from January applications (24). 

The effect of different rates of slurries (pig, cattle and 
poultry) on arable crops and grass was studied at Gembloux (25). The 
main arable crops studied were winter wheat and winter barley. 
Slurries were applied immediately before ploughing in September or 
October and compared with increasing quantities of fertiliser N 
applied at the recommended time in the spring. Examples of the 
results obtained expressed as % efficiency of slurry N are shown in 
Table VII. Efficiency of the slurry N applied in the autumn was, on 
average, 50% on the deep loamy soil for winter wheat and decreased 
with increasing quantity of slurry N applied. On the shallow soil, 
efficiencies were much poorer for winter barley, ranging from 6-22% 
depending on quantity of slurry applied. It was concluded that the 
application of 120 kg/ha slurry N would seem to be optimum for winter 
cereals, particularly wheat, which, given the mean composition of 
slurry, corresponds to 20-25m3/ha of pig slurry and 30-35 m3/ha of 
cattle slurry. 

Other workers on the continent found a fair measure of agreement 
for the efficiency of slurry N for arable crops, applied at different 
times between autumn and spring. Their results are summarised in 
Table VIII abstracted from the review by van Dijk and Sturm (9). They 
are in broad agreement with results of UK field trials and show that 
efficiency depends very much on the type of slurry, its composition 
particularly its cpntent of readily available nitrogen, soil type and 
the method of application. 

The data provides ample evidence of reduced siurry N efficiencies 
when rates are increased, if applied in late winter/early spring or if 
applied later in the season after the first cut of grass. Dilution of 
the slurry is obviously another explanation for the variation in N 
efficiency as demonstrated by Stewart (26) who showed that several 
small dressings on grass were more effective than a single application 
and that diluting the cow slurry 1:6 increased N efficiency. Dilution 
would reduce the smothering effect on the sward. Loss of N by ammonia 
volatilisation during and after applying slurry in the April/May/June 
period could account for decreased N efficiency. It has been 
suggested by Kolenbrander that losses by this means could be as high 
as 30% (27). 

3.2 VALUE OF ANAEROBIC DIGESTION 

Unstabilised sludges and manures have wide C:N ratios, from 14 to 
50, and during anaerobic digestion carbon is metabolised and a 
proportion of the nitrogen is mineralised reducing the C:N to about 
10. Whilst evidence of nitrogen immobilisation has been observed by 
Chaussod (28, 29) in incubation studies with unstabilised sewage 
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sludges and other organic wastes, this has not been a quantifiable 
effect under field conditions. Nevertheless, anaerobic digestion does 
have a significant effect on the nitrogen fertiliser value of sludges. 
This has been briefly reviewed by Hall (3) and Demuynch (4) who showed 
that the reported N availabilities for anerobically digested sludge 
ranged from 20 to 84% with an average value of about 50% whilst the 
availability of nitrogen in undigested sludge in the year of 
application was only around 35%. 

Figure 1 compares grass yields following the application of 
stored digested and undigested sludges to a clay loam soil in the UK. 
Whilst this data is just an example, it does illustrate the point 
that, at a given application rate, liquid digested sludge not only 
provides more nitrogen but it is also more available. 

In terms of the agronomic benefits, it is very doubtful whether 
the setting up of anaerobic digestion plants on the farm can be 
justified purely on economic grounds. Digested slurries will have 
higher ammonia contents and will be more readily available to the 
crop but there are very real risks of losses during storage, during 
and after spreading. However, digestion does improve the quality of 
the wastes, it resolves the odour problems encountered during 
spreading, the digested effluents are less sticky and more homogenous 
which means easier handling and fewer blockages; the smothering 
effect on grass will be reduced with fewer weed problems leading to 
improved efficiencies of slurry N in many cases and lastly a reduction 
in plant pathogens, bacteria and parasitic cysts. 

Air temperature is one of the meteorological variables which 
affects ammonia volatilisation of the most. Losses can be as high as 
60-70% of the NH -N if applied to almost bare ground followed by 
dry windy condit~ons (30, 31). The losses can be avoided by applying 
digested wastes on crops which fully cover the ground and by 
incorporation immediately after applications if applied to bare 
ground. 

The nitrogen effect of anaerobically digested and undigested 
cattle and pig slurry was studied in field experiments with barley and 
beet at Askov in Denmark (32). The results for spring barley, 
averaged over 17 trials during 1979-81 and 9 trials during 1982-84, 
are given in Table IX. Results for 18 trials on fodder beet are shown 
in Table X. In the cattle slurries used in these trials the NH -N 
was approximately 50% and in pig slurries about 66% of the totaY N. 
Based on the amount of total N in the slurry the digested cattle 
slurries had a slightly better effect on average than raw slurry but 
not significantly; with pig slurry efficiency was variable but with a 
tendency to smaller differences between raw and digested than for 
cattle slurry. 

Studies by Suess and Wurzinger in Germany showed slurry from a 
biogas plant to be more effective than fresh slurry for winter wheat 
grown on a low yield potential soil (33). The results obtained for 
winter wheat grown on a fluvio-glacial soil are shown in Table XI. 
Chemical analysis of the fresh and biogas slurries showed a decrease 
from 9.7 to 7.3% dry matter and an increase from 3.4 to 3.7 g/litre of 
NH4-N after digestion. 

In the absence of fertiliser N applied, the yield is higher after 
the use of biogas slurry even though there is a lower amount of total 
N applied which suggests a higher availability of the nitrogen in 
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biogas slurry applied to the growing crop. Where 80 kg/ha fertiliser 
N was applied, differences in grain yield were not statistically 
significant and no difference between slurry treatments. 

3.3 ALTERNATIVE METHODS OF APPLICATION 

3.3.1 Soil Injection 

Soil injection of liquid manures (particularly sewage sludge) is 
becoming an increasingly attractive option for both farmers and sludge 
disposal authorities. Whilst capital and running costs tend to be 
higher compared to surface spreading, the agronomic benefits (reduced 
ammonia loss, soil loosening, pasture hygiene) and the environmental 
benefits (control of odour and surface run-off, compliance with 
proposed EC Directive (34) are sufficient to outweigh the 
disadvantages where these benefits are important and can result in an 
overall reduction in operating costs (ie injection of liquid 
undigested sludge may be a cheaper option to anaerobic digestion 
dewatering). These aspects of soil injection have been reviewed by 
Hall (35, 36). 

Soil injection of sludge and slurry improves the efficiency of 
nitrogen utilisation by preventing ammonia volatilisation. This can 
have significant effects of crop yields bearing in mind that a high 
proportion of the total N present in slurry and digested sludge is 
ammonia and that significant amounts can be lost following surface 
spreading (30, 37, 38). However, the improved N efficiency through 
soil injection may be limited to some extent by soil conditions and 
injector design, particularly on grassland where the quality of finish 
is important and damage to the sward surface and roots must be 
minimised. 

On arable soils there is generally no such constraint except when 
injecting into a growing crop. The tines can be positioned closer 
together than for grassland so that their areas of disturbance 
interact and produce a greater cultivation effect with improved 
distribution of slurry under the soil surface. Table XII summarises 
data from a number of sources where equivalent rates of slurry were 
surface applied and injected; increases in yields have been expressed 
relative to fertiliser response. It is clear that in all cases bar 
one, higher yields resulted from the injected slurry than from the 
surface applications and this is very largely attributable to the 
prevention of ammonia loss by volatilisation as indicated by Table 
XIII. 

Larsen (39) has shown with spring barley and fodder beet that 
close injector tine spacings of 30 cm gave higher yields than spacings 
of 60 and 75 cm at equivalent application rates. Kemppainen (40) 
showed, under Finnish conditions, that injection in the autumn before 
ploughing gave lower barley yields than spring injection but was 
nonetheless better than an autumn surface application by a factor of 
two. This work also showed that injecting into an emerging barley 
crop in early summer can result in serious crop damage. The optimum 
time for surface application or injection was just before sowing in 
Mayor at emergence and injection gave the better yields at this 
time. 

Injection into growing crops is generally only successful in row 
crops, particularly maize. Beauchamp (41) found that injecting maize 
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when t~e crop was 15-20 cm high resulted in the same yield as from 
injection prior to sowing. Larsen (42) compared surface application, 
placement between rows and injection between rows at different crop 
heights; the results given in Table XIV indicate that injected slurry 
produced the highest yields at each growth stage tested with the 
greatest response at the 15 cm crop height. 

On grassland, higher yields following injection have been 
observed when compared to equivalent surface applications (Table XV). 
However, the benefits of preventing ammonia volatilisation are reduced 
to a variable extent by damage to the sward surface and roots. 
Injection has increased grass yields by up to a factor of three (43) 
but under difficult soil conditions the yield may be significantly 
depressed compared to the equivalent surface application (44). It is 
clear that there is an interaction between soil type and soil 
moisture, and therefore the prevailing weather conditions at the time 
of injection. 

Injection in the spring in moist, light textured soils generally 
results in improved yields compared with surface applications (40, 43, 
45, 46) but can be improved further by irrigation (30 mm) following 
injection (40). On heavy textured soils, such irrigation benefitted 
only the surface application (presumably partly due to preventing 
NH3 loss) and generally yields following injection on such soils are 
lower than for surface applications due to the localised damage around 
the injection time. 

Injection in the autumn appears to allow the sward to recover 
before growth starts in the spring as yields are higher than from 
spring injection (44). Generally, less damage is done by injection in 
the autumn to grassland compared with summer injection as there is a 
greater likelihood of subsequent rain and surface conditions tend to 
be more moist. However, in late spring and early summer when the soil 
is entering a drying phase, with soil moisture deficits over 40 mm 
(47), increasing amounts of grass die-back may be expected due to 
soil-root disturbance. 

Much of the relative yield reduction caused by injection on 
grassland is short-lived and often only limited to the first cut of 
grass following injection. For example in Table XV, the injection of 
digested sludge into a clay soil in the spring resulted in a very poor 
initial response. However, the residual effects were such that by the 
first grass cut the following year, the injected treatment had out 
yielded the surface application (44). This initial depression in 
yield was caused by persistent anaerobic conditions in a wet clay soil 
and it is likely that nitrogen would be lost by denitrification under 
such circumstances. Ryden found denitrification of about 2 kg N/ha 
over 8.5 days following injection of cattle slurry into a loam soil in 
July when denitrification losses from the surface application were 
only one tenth of this (48). Such losses could perhaps be controlled 
by nitrification inhibitors, but trials reported by De la Lande Cremer 
showed only a small benefit from Didin in the first harvest following 
spring injection and was not worthwhile overall as shown by Table XV 
(49). 

Good tine design is important in minimising sward damage and this 
has been discussed by Hall (36). Larsen showed on a loam soil that 30 
cm spacing (3.5 cm width tine) produced a higher yield than at 60 cm 
with the same tine or 75 cm with 37.5 cm winged tine. However, on a 
sandy soil, tine spacing did not affect yields (46) except when 3 
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passes were made. This is in agreement with tine spacing trials (25 
cm winged tine) in the UK (44) on a loamy sand (Figure 2) but on a 
clay soil, optimum spacing was found to be 65 cm; the lower yield at 
SO cm was due to the increased amount of sward damage (ie more tine 
passes per unit area) although it was found that under wet soil 
conditions, injection at SO cm produced the more even growth 
response. 

Overall the data presented in Tables XII and XV show that surface 
spread slurry is about 25% more effective on grass than on arable land 
and whilst injection is 1.5 times more effective than surface 
spreading on arable soils through the prevention of ammonia 
volatilisation, it is only 95% as effective, on average, as surface 
spreading on grassland due to sward damage. 

Incidental to improving the efficiency of slurry N to grass but 
important in improving grazing value, is the effect of injection on 
grass palatability as the surface application of slurry can lead to 
rejection of herbage by ruminants. Apart from the hygienic aspects of 
preventing access by cattle to any sludge or slurry-borne pathogens, 
the intakes of herbage have been shown to be higher on grassland which 
has been injected compared with surface spreading as indicated by 
Table XVI and will lead to improved pasture efficiency. 

3.3.2 Application to Growing Crops 

With the increasing acreages of winter sown cereal crops, sludge 
disposal authorities in purely arable areas face increasing difficulties ir 
finding suitable land on which to spread sludge over the winter period. 

The use of mobile irrigators provides an opportunity to apply 
sludge effluent or separated slurry liquid to growing crops in the 
spring period, for example to cereals, potatoes and to maize crops. 
Diluted liquid manures (2-4% dry matter) will give an improved 
efficiency of N use. Stage of growth of the crop and dry matter 
content of the sludge or slurry are important factors to consider if 
crop damage is to be avoided. Soils are drier and ground conditions 
generally more favourable for liquid application at this time of the 
year. Adequate on-farm storage for large volumes of liquid effluents 
and slurries are essential if such a system is to be successful. More 
evidence on the agronomic benefits to be achieved is required before a 
firm recommendation can be made for such a system with the high 
capital costs that could be involved. 

3.4 USE OF NITRIFICATION INHIBITORS 

Recently a number of nitrification inhibitors have appeared on 
the market. The efficacy of some of these have been tested in 
vegetable growing soils in an attempt to reduce the nitrate content of 
leafy vegetable crops and economise on the use of nitrogen. There 
were obviously several factors which affected the efficiency of these 
inhibitors, that is their stability, persistence under different soil 
and climatic conditions such as moisture and temperature. 

Workers in Holland, Belgium and Denmark have recently 
investigated some of the inhibitors in an attempt to reduce the rate 
of nitrification of NH4-N in slurries when applied to soil thus 
improving the efficiency of slurry N use and reduce the risk of 
nitrate leaching and/or denitrification losses. In Belgium for 
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example, Destain and his co-workers recently used dicyandiamid (DCD) 
as an inhibitor to try and improve the efficiency of N in pig slurry 
applied to winter wheat grown on loam soils at Gembloux. The DCD was 
mixed into the pig slurry and applied immediately to the soil in_1 
August prior to drilling in the autumn at a rate of 20 kg DCD ha • 
The results obtained were i~lonclusive but the DCD treatment which 
provided 135 kg slurry N ha gave identic~l yields to pig slurry 
applications supplying 172 and 210 kg N ha without added DCD. In 
winter barley there was a small positive response_in yield to the 
inclusion of DCD in the pig slurry at 190 kg N ha applied (50). 

At the Askov Experimental Station in Denmark three types of 
inhibitors (Didin, Dwell and N Serve 240E) were tested in field 
experiments on spring barley and beet (51). The rates of cattle 
slurry applied were 50 tlha for barley and 100 tlha for beet. There 
were good effects in spring barley in 1983 following the application 
of all 3 inhibitors in the slurry applied in December 1982 (an 
additional yield of 1 tlha of grain compared to non-treated slurry. 
There was no effect of the inhibitors following slurry application in 
September or April. In 1984, there was a good effect from the 
inhibitor applied in September 1983 (+ 1.6 tlha grain) but not from 
the December or April treatments. Temperatures were lower in the 
autumn of 1983 than in 1982 - higher temperatures cause degradation of 
the inhibitDr. By December 1983, soil temperatures were so low (less 
than SOC) that, even without inhibitors, there was very little 
nitrification taking place. 

3.S FIELD METHODS OF ASSESSING NUTRIENT COMPOSITION 

Studies on the composition of animal slurries have shown that 
there is a good correlation between dry matter and the nutrient 
content. Based on the fact that there was a straight line 
relationship between dry matter and specific gravity a hydrometer 
calibrated in percent dry matter was patented by Tunney in Ireland 
(52). It can be used under field conditions to obtain a rapid 
estimate of the dry matter content of the slurry and the corresponding 
total N, P and K content from an accompanying table. It is 
particularly valuable for on the farm estimation of the slurry 
dressing required to provide the necessary nutrients. 

Complementary to the slurry hydrometer, there has also been 
produced the Agros Nitrogen Meter in Sweden which permits a rapid and 
reasonably accurate determination of the ammonium-N content of a 
liquid slurry. This is a particularly useful parameter on which to 
base slurry dressings which, if coupled with the hydrometer for dry 
matter estimation can provide a good estimate of major nutrients 
present. At Askov Experimental Station, comparisons of measurements 
by the Agros Nitrogen Meter and the traditional laboratory 
distillation procedure for ammonia have been made for pig and cattle 
slurry samples. There was a significant correlation (R2=0.94) between 
the two values with comparable absolute NH4-N contents (53). To 
overcome variability in composition it is very useful to have a simple 
method which quickly gives an approximate estimate of nutrient 
content. 
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4. AVOIDANCE OF POLLUTION 

4.1 ATMOSPHERIC POLLUTION 

The application of sludge and slurry to land can give rise to 
odours (although when digested, these materials are not nearly so 
offensive); aerosols and ammonia volatilisation may also be of 
concern. The problem has two stages; firstly the action of spreading, 
whilst of short duration, can produce aerosols and odours that can 
drift several kilometers and is related to the design of the spreading 
equipment (Table XVII). Secondly, there is the longer term problem 
with manure lying exposed on the ground surface generating odours and 
losing NH3 for several days following application, unless 
immediately cultivated into the soil. 

Whilst aerosols are unpleasant, there do not appear to be any 
significant health risks associated with them (54). However, half of 
the farm-related odour complaints in the UK are concerned with 
spreading manure. As previously discussed, NH3 losses by 
volatilisation can be high, particularly under drying conditions, and 
concern has been expressed about possible environmental effects of 
NH3 in relation to acid rain (55). 

It is clear that spreading equipment that will deliver large 
droplets close to the ground, such as dribble bars, minimise the 
problems during spreading but, unless cultivated in, there will still 
be a persistent odour problem. Potentially, soil injection is the 
only promising technique which will significantly reduce ammonia loss 
into the atmosphere (48, 56) and the production of odours (57). 

4.2 WATER POLLUTION 

Inputs of nitrogen into the system can be large in intensive 
grass/arable situations. The greater the input, the higher will be 
the leaching losses particularly where large dressings of slurry or 
sewage sludge are applied immediately after cereal harvest in the 
autumn. Following long dry periods, mild and moist weather conditions 
in the autumn will enhance the degree of nitrification from soil and 
slurry sources and presents a very serious risk to water quality. 
Lysimeter studies with sewage sludge and farm slurry have been 
conducted in Denmark (58). Following an application of 700 kg/ha 
sludge N (dewatered dizested sludge with 27% dry matter) each year for 
8 years, on average, 100 kg/ha N was lost through leaching. Similar 
studies were carried out using cattle slurry for a crop rotation of 
beet, barley, italian ryegrass and barley. After applying 50 or 100 
t/ha of cattle slurry, containing 225 and 450 kg slurry N, to spring 
barley, losses were high and of the order of 60 and 100 kg/ha N 
respectively. Leaching was substantially lower after sugar beet and 
lower still after Italian ryegrass. The difference is due to the 
longer period of uncropped land from August onwards after spring 
barley compared to beet or grass. It has been demonstrated by Vetters 
and Steffens (59) that catch cropping reduces N leaching quite 
markedly when slurry is applied in the autumn after cereal harvest. 

Lysimeter studies in the UK in 1984/85 reported by Unwin (60) 
demonstrated however, that with all the lysimeters sown to winter 
barley in October, high leachate nitrogen levels were still being 
found after applications of 100 and 200 m3 ha- of pig slurry. 
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Following winter barley the losses were 215 and 239 kg/ha Nand, 
after spring barley, 225 and 315 kg/ha N after the low and high rate 

of slurry applications. The results indicate a considerable pollution 
risk when slurry is applied at high rates in the cereal stubble 
situation. 

In grass lysimeters, despite a high NH4-N content, N losses 
were very low over 3 years even when 1000 kg/ha slurry N were applied 
during the growing season. A ten year study with grass lysimeters and 
cattle slurry on sandy loam and calcareous silt loam soils showed that 
the quantity of nitrate leached from both soils at nil and 125 kg/ha N 
as ammonium nitrate or slurry has been similar, in the range of 10-14 
kg/ha NO -N per year. Only 3 leachate samples out of 120 in the 
last 6 y~ars have exceeded 20 mg/l N03-N. Losses from the high 
slurry treatment (500 kg slurry N/ha) have been less than from 500 
kg/ha N as ammonium nitrate which may be due to ammonia losses from 
slurry through volatilisation. From both these treatments, 
appreciable amounts of nitrate were leached each year and mean 
leachate concentrations have been in excess of 13 mg/l for the past 6 
years. The increased leaching from the 500 kg/ha N rate is related to 
seasona weather conditions. In 1981/82, for example, the effect was 
magnified when fertiliser and slurry were applied during a dry spell 
in July and August which was followed by the wettest winter in 10 
years. Losses reached 240 kg/ha NO -N on thee sandy soil with mean 
leachate concentrations of 46 and 55 mg/l for the fertiliser-N and 
slurry treatments respectively. 

Whilst the risks to ground water quality are probably no more or 
no less if sludge or slurry is injected provided injection is in the 
rooting zone and above the depth of any gravel backfill that may be 
present over the field drains. Injection into dry cracked soils or 
into drained land with shallow gravel backfill is inadvisable due to 
the risks of sludge running directly into land drains and 
watercourses. 

Pollution of watercourses through surface run-off can occur 
following excessive rates of application, heavy rainfall after 
spreading and on sloping ground. A grass crop or rough cultivation 
can greatly reduce the risk and if the conditions are right, soil 
injection can reduce it still further. Winged and inclined injector 
tines, because they give a better shattering of larger volumes of soil 
and hence of voids, are much better than simple tines in preventing 
run-out from injection slots on sloping ground. 

5. CONCLUSION 

The fertiliser value of organic manures is not being fully 
exploited at the present time. It would be reasonable to assume that 
the P and K contained in sludges and slurries can be efficienctly 
utilised irrespective of time of application. The variability 
reported in the efficiency of the nitrogen from sludges and slurries 
can be ascribed to a number of factors which include:-
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1. Dry matter and soluble nitrogen content 
2. Rate, time and method of application 
3. Soil type and depth 
4. Cropping 
5. Weather conditions over the period between application and sowing 

of the spring crop or the start of grass growth. 

In attempting to maximise the efficiency of the nitrogen in these 
liquid manures the additional costs incurred, such as better 
facilities for treatment, collection, storage and spreading can far 
outweigh the value of the nitrogen. However, many farmers are 
prepared to accept such costs on the basis that it gives them a more 
manageable system and one which must be more environmentally 
acceptable. Having accepted such a system, it becomes more important 
to use the manures to maximum benefit and, at the same time, reduce 
the environmental impact to a minimum. To achieve this, soil 
injection of sludges and slurries offers a very real possibility but 
will be more costly than surface spreading and may take longer under 
certain soil and weather conditions especially in grassland. The 
technique offers a means of reducing odours, ammonia losses and the 
risk of infection. Results from the use of chemical additives in 
liquid wastes to slow down nitrification have been variable and whilst 
show some promise, a firm recommendation for their use cannot be made 
at the present time. 

Whilst anaerobic digestion gives very much improved efficiency of 
the nitrogen in sewage sludges, in the case of farm slurries it is of 
doubtful advantage probably because the latter already contains a high 
content of NH4-N (about 50% of total N). Digested sludges and farm 
slurries with such relatively high contents of NH4-N may suffer 
losses of ammonia when spread on the surface; sucli losses can be 
reduced by:-

1. Late winter and early spring applications when air temperatures 
are lower. 

2. Soil injection. 
3. Smaller, split applications which spreads the risk. 
4. Applying more dilute slurries to ensure more rapid soil 

penetration. 

The latter would apply particularly on grassland and to growing 
crops in the early spring. Additives such as aluminium salts or 
zeolites have shown some promise in reducing ammonia losses by 
increasing the acidity of the waste. 

Rapid methods for assessing the nutrient composition of farm 
slurries just prior to spreading can provide the farmer with a 
reasonably good estimate of the dry matter content using a simple 
hydrometer and from that, its N value. The use of the Agros nitrogen 
meter can also provide a good estimate of NH4-N content of cattle 
and pig slurries which correlates well with the laboratory 
determinations. Increasing environmental constraints are being placed 
on farming practices and if farmers are being forced into more costly 
slurry storage and handling systems it becomes increasingly important 
to obtain maximum benefit from nitrogen in sludges and slurries in 
order to be able to reduce fertiliser-N costs. 
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TABLE I - AVERAGE NITROGEN CONTENT OF DIFFERENT SEWAGE SLUDGES AND ITS AVAILABILITY 

FDR CROP GROWTH. 

Dry Solids N Content Availability Total N Avall!lble N* 

(%) (% ds) (~) (kg/m3) (kg/m3) 

Liquid Undigested 5 3.5 35 1.8 0.6 

liquid Digested 4 5 
** 

100 NH4 -N 2.0 1.2 

(3+2) +15 organic N 

Und Igested Cake 25 3 20 7.5 1.5 

Digested Cake 25 3 15 7.5 1. 1 

* Ava I l<!Ible In first cropping year 

** (Ammonia + organic N). 

TABLE II - AVERAGE NITROGEN CONTENTS OF CATTLE, PIG AND POULTRY SLURRY - MEAN AND RANGE UNDER 

DUTCH CONDITIONS (61). 

C<!Ittle Slurry Pig Slurry Poultry Slurry 

On dry matter b!lsls 5.0(4.0-8.0) 8.25(5.4-14.4) 7.8(4.24-11.25) 

(~) 

On wet matter basis 5.0(4.0-8.0) 8.25(5.4-14.4) 10.9(5.9-15.75) 

(kg/tonne or m3) 

For Comparison (kg/m3) 

UK (MAFF) (62) 5.0 6.5 13.8 

Germany (63) 4.5 7.0 10.0 
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TABLE III - RELATIVE YIELDS OF RYEGRASS RESULTING FROM APPLYING SLUDGE AT DIFFERENT TIMES OVER 

THE AUTUMN-SPR I NG PER I OD 

Oct Nov Dec Jan Feb Mar Apr Reference 

Undigested 

Sandy loam 81 100 (64) 

Silty 10II1II 67 100 (64) 

Clay loam 100 96 (64) 

Loam 90 100 (65) 

Silty clay loam 85 100 (45) 

Digested 

Sandy loam 54 100 (66) 

Si Ity loam 100 100 (66) 

Clay loam 43 100 (66) 

Calcareous loam 100 97 (66) 

Clay loam 33 95 100 95 (67) 

Sandy clay loam 88 100 88 72 (67) 

SII ty c IllY loam 96 100 (45) 

TABLE IV - RELATIVE YIELOS OF CEREALS RESULTING FROM APPLYING SLUDGE AT DIFFERENT TIMES OVER 

THE AUTUMN-SPRING PERIOD. 

Sept Oct Nov Dec Jan Feb Mar Apr References 

Undigested 

Spring barley (3 trials) 82 100 (65) 

Digested 

Spring barley (11 trials) 100 97 85 (31) 

Winter whellt 

1 trial 86 93 100 99 (68) 

3 trials 92 100 (69) 
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TABLE V - MEAN NITROGEN VALUES OF UNDIGESTED SLUOGE APPLIED ANNUALLY TO GRASS IN AUTUMN 

AND/OR SPRING, 1978-81 (65). 

Autumn 

Spring 

Autumn and Spring 

*lm3 contained 6.4 kg total N. 

Rate of application 

(m3/ha) 

60* 

60 

30 + 30 

Fertiliser replacement 

value (kg N/ha) 

46 

51 

60 

TABLE VI - SUMMARY OF FIELD TRIALS CONCLUDED SINCE 1977 AND EFFICIENCIES OF SLURRY N ON GRASS. 

Year Country of Origin Type of Slurry Rate Applied 

1983 N Ireland Cattle 52 kg/ha of slurry N 

1980 NIRD In England Cattle 

1979 NIRD and ADAS, England Cattle 

1982 NIRD and ADAS, England Cattle 

(27 trials) 

174-210 kg/ha slurry N 

In single dressings 

148-370 kg/ha slurry N 

80 and 160 kg/ha slurry N 

- 279-

N Efficiency Reference 

March - 86S (70) 

Jan - 80S 

Nov - 80S 

25-30S 

Over whole season 

Mid-winter - 15S 

Early spring - 30% 

After 1st cut - 25% 

Early spring - 38% 

(low rate) 

Early spring - 23S 

(high rate) 

After 1st cut - 24% 

(low rate) 

After 1st cut - 17S 

(high rate) 

(71 ) 

(72) 

(73) 
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TABLE VII - J EFFICIENCY OF SLURRY N ON ARABLE CROPS (25). 

Type of 5 I urry Crop Loclltlon Totlll N In Slurry Efficiency 

Dee!! 10lIIII:t soli 

Pig W Wheat Marcq 121 50 

Pig W Wheat MlIrcq 247 24 

Cattle W Wheat MlIrcq 108 90 

Cattle W Wheat MlIrcq 207 48 

Poultry W Wheat Marcq 142 49 

Poultry W Wheat MlIrcq 288 42 

Shill low 5011 

Cattle W Barley Brill blInt 91 22 

Cattle W Barley Bri!ll blInt 157 13 

Cattle W Barley Brill blInt 181 17 

Cattle W Bi!lrley Emptlnne 88 11 

Cattle W Barley Emptlnne 152 7 

Cattle W Barley Emptlnne 172 6 

TABLE VIII - EFFICIENCY OF SLURRY N FOR ARABLE CROPS (EXPER I MENTS CONDOCTED ON THE CONT I NENTl 
(9) 

Eft Iclency 
Yellr Country Type of Slurry Crop of Slurry N (J) Reference 

1967 Netherlands Cattle Arllble Spring - 50 Ko I en brander 
Autumn - 25 lind De I i!I LlInde 

Cremer (74) 

1978 Netherlands Cattle Arable Spring - 50 
Autumn - 30 

Pig Spring - 55 51 u IJsmans et a I 
Autumn - 30 (75) 

Poultry Spring - 65 
Autumn - 30 

1979 Germany Pig Arllble Oct/Nov Dec/Jlln Feb/Mllr 
Sandy Soil Vetter lind 

10-20 30-50 60-70 Steffens 
Silty Clay 5011 (76) 

20-30 30-50 60-80 
Deep Loam So I I 

30-50 40-60 60-80 
1982 Denmark Pig Barley Dec/Jlln -35 Hemming (77) 

- 280-



www.manaraa.com

TABLE IX - SPRING BARLEY - YIELDS FROM RAW AND DIGESTED SLURRIES (t/ha) (85% DM)-(32) 

Control - NI I N 

Fertiliser (CAN) 

40 kg/ha 

80 kglha 

120 kg/ha 

RIIW - 80 kg N/ha 

- 160 Nlha 

Digested - 80 kg Nihil 

- 160 kg N/ha 

1979-81 

(Average of 17 trials) 

1.06 

1.66 

1.68 

0.92 

1.25 

0.94 

1.35 

Yield Increases 

1.08 

1.70 

1.29 

1.91 

1982-84 

(Average of 9 trials) 

2.20 

2.20 

2.46 

1.55 

2.30 

1.55 

2.26 

TABLE X - FODDER BEET - YIELDS FROM RAW AND DIGESTED SLURRIES (CROP UNITS/HA) (1 Crop Unit 

= 100 kg barley grain) - (2) 

Control - NI I N 

Fertiliser (CAN) 

75 kg N/ha 

150 kg N/ha 

225 kg N/ha 

Slurry 

Raw - 120 kg N/ha 

- 240 kg N/ha 

Digested - 120 kg N/ha 

- 240 kg Nihil 

1979-81 

(Average of 12 trials) 

27.4 

42.0 

51.8 

Cattle 

27.0 

38.1 

30.4 

43.6 

- 281-

Y lei d Increases 

1982-84 

(Average of 6 trials) 

28.3 

31.4 

32.8 

Clltt I e f..!.s. 

24.0 27.1 

36.0 40.9 

30.3 28.9 

35.0 36.1 
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TABLE XI - EFFECT OF BIO-GAS SLURRY ON THE YIELD OF WINTER WHEAT (t/ha) - (33) 

No slurry appl led 

30 m3 fresh slurry 

(11 March - 156 kg N) 

30 m3 bio-gas slurry 

(11 March - 108 kg N) 

30 m3 fresh slurry 

(19 April - 168 kg N) 

30 m3 blo-gas slurry 

(19 April - 148 kg N) 

No Fertiliser N 80 kg/ha Fertiliser N 

(LSD = 0.6 t/ha (P = 0.05) 

3.90 6.36 

5.30 7.49 

6.18 7.08 

4.62 7.12 

5.30 7.20 
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TABLE XIII - LOSS OF AMMONIA FOLLOWING SURFACE APPLICATION OR INJECTION OF SLURRY ('). 

Cumulative loss of NH3 

Appllclltlon SlImpllng Surface 

Slurry rate per lad (h) applied Injection Reference 

Pig 90 84 14.0 2.6 (56) 

135 84 12.2 

180 84 11.2 2.6 

Cattle 40 18 10.7 1.0 (48) 

45 14.0 1.2 

65 14.8 1.2 

88 15.2 1.2 

116 15.6 1.2 

204 16.1 1.2 

TABLE XIV - EFFECT OF DIFFERENT METHODS OF APPLICATION OF CATTLE SLURRY (60 t/hll) TO 

GROWING MAIZE. INCREASES IN YIELD Of COB AND STALK (tdm/ha). MEAN OF 4 

EXPERIMENTS AND 2 SOILS-(42). 

Slurry appl led at crop height (cm) 

Surface appl IClltlon 

Placed between rows 

Injection 

- 284-

0.8 

1.9 

2.4 

15 40 

1.6 0.6 

2.1 2.2 

4.3 3.1 
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TABLE XVI - THE RELATIVE PALATABILITY OF GRASS TREATED WITH CATTLE SLURRY. 

Fertlll ser 

100 

100 

Surface applied 

70 

78 

Injected Ruminant 

98 Sheep 

114 Cows 

Reference 

(40) 

(79) 

TABLE XVII - EQUIPMENT DESIGN AND RELATIVE RISKS OF ODOUR AND AEROSOL PRODUCTION 

Means of Droplet Dlstrl butlon Odour 

discharge size Trajectory device risk 

Vacuum 
sma I I high 

gun high 

pump splash plate ! auger large low 
dribble bar 

gravity InJector low 
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FIGURE 1. Increase In graas yields following the application of liquid digested 

sludge (II) and liquid undigested sludge CD) at 70 and 140 m3/ha. 

(Example from reference63) 
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FIGURE 2. The effect of Injector tine spacing on mean grass yield. 
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DISCUSSION 

C Juste 
Amongst the work programme for Working Party 4 it was planned to 

examine micropollutant effects on nitrogen mineralisation in sewage 
sludge. 

J H Williams 
We have not considered this. 

D Sauer beck 
I was not certain for the basis of calculating efficiencies - total 

or mineral N? Much depends on the amount of available nitrogen and 
applying it as close to the maximum growth period as possible. In FRG, 
there are official regulations which prohibit spreading slurry between mid 
October and February. This has many pros and cons and the farmers try to 
empty their tanks by October which is worse still. Applications in late 
winter would be better for minimising nitrogen losses. 

J H Williams 
I agree with your comments. This is why we are pursuing research on 

these applications, discouraging autumn application with the 
recommendation to store until winter. The efficiencies in the paper are 
based on total nitrogen content. 
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EFFECT OF A LONG TERr4 SLUDGE DISPOSAL 
ON THE SOIL ORGANIC MATTER CHARACTERISTICS 

M. LINERES, C. JUSTE, J. TAUZIN and A. GOMEZ 

I.N.R.A., Station d'Agronomie, Centre de Recherches de Bordeaux (France) 

Summary 

The long term effet (8 years) of an anaerobic partially dried sewage 
sludge (10 t/ha/year or 100 t/ha/2 years in dry matter basis applica
tions) on the organic status of a sandy soil cropped to continuous 
maize was compared to the effect of a similar farmyard manure applica
tion. 
Organic status of soil (60 cm depth) has been evaluated using study 
of C and N soil transformation, biological activity (respirometric 
study), C.E.C. and water holding capacity of treated soils. Changes 
organic matter of sludge treated soils were also evaluated using C, 
N analysis and IR spectroscopy of extracted humic acids. 
No increase in soil organic C occ'urs in plots as a result of 10 t/ha/ 
year sewage sludge disposal. At the end of the experiment, 3 % of C 
added as sewage sludge was recovered whereas 49 % was recovered in ca
se of farmyard manure disposal. In plots amended with heavy level of 
sewage sludge (100 t/ha/2 years) C recovery percentage was higher 
29 %). 
Nitrogen, added to soil as sewage sludge or farmyard manure, accumula
ted in the 0-60 cm layer andwwas more resistant to decomposition than 
carbon; as a result, a strong decrease in C/N ratio of residual sewa
ge sludge organic matter was observe (1,9 to 6,2 values). 
The low capacity of sewage sludge disposal to increase soil organic 
carbon content was corroborated by the absence of sewage sludge ef
fect on the C.E.C. and water holding capacity of treated soils. 
Sewage sludge disposal brought however noticeable changes in soil or
ganic matter composition as reflected by specific carbon biodegradabi
lity increa~e and N enrichment of extracted humic acids resulting 
from proteinaceous material addition. 

INTRODUCTION 
One of the main reasons why municipal sludge is promoted in agricultu

re is its organic content. The latter is regarded a priori as capable to 
maintain the stock of soil humus and thus to improve the behaviour of 
soils through its effect on their structural stability, cationic exchange 
capacity, water holding capacity and food-growing-potential. 

This long term contribution assumes that this type of material is li
kely to leave a stable residue in the soil, as do the ligno-cellulosic re
sidues usually included in organic fertilizers such as farmyard manure. 
Data from long term field experiment concerning the effects of continuous 
sludge applications on the composition of soil organic matter are extreme-
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ly rare, due to the recent use of this type of wastes in agriculture. 
Such informations are necessary, however, if the use of sewage 

sludges in agriculture is to be sensibly controlled. The purpose of this 
project is to provide some of the answers, with respect to environmental 
conditions (sandy soil, mid, damp Atlantic climate) and growing techniques 
(a single maize crop, massive fertilization, irrigation, weed control) 
which optimize the breakdown of organic matter. For that, on experimental 
plots conditioned over an eight-year period with either sludge or manure, 
the soil carbon and nitrogen balance and the impact of repeated applica
tions on the cationic exchange capacity, water holding capacity, biologi
cal activity and composition of the humus fraction were studied. 

MATERIAL AND METHODS 
A/ Experimental design 
The exp~riment is located in an INRA experimental farm, on an old 

clearing which had carried two stabilizing crops (maize in 1972 and oats 
in 1973). 

The lay-out consists in a randomized block of four 18 m2 plots (3 x 
6 m) each treatment being repeated five times. 

The test started in 1974 and then bore eight successive maize crops 
(INRA 260 variety) until 1981. 

The soil is gravelly, with a very coarse structure (74 % coarse 
sand), initially poor in organic matter and very acid. At the start of the 
experiment, a chemical analysis was done on the surface layer and a granu
lometric analysis of the surface and bottom layers (see Table I). 

The four experimental treatments are as follows : 
C control, mineral fertilization only ; 
M annual application of 10 t/ha farmyard manure (dry matter basis), gi

ving a total of 80 t/ha in 1981 ; 
Sl annual application of 10 t/ha sewage sludge, giving a total of 

80 t/ha ; 
S2 application of 100 t/ha sludge every two years, giving a total of 

400 t/ha. 
The annual applications of mineral fertilizers (N, P, K) for the C, M 

and Sl treatments were adjusted to the same level, taking into account the 
inputs of the various organic amendements and supposing that the half of 
organic nitrogen they contain mineralize into one year. 

The sludge came from a sewage plant in a mainly residential area : 
the sludge is biological anaerobically digested one, then flocu1ated with 
a polyelectrolyte before being passed through a filter press. It had an 
medium heavy metal content. 

B/ Organic balance 
Before each incorporation, the organic matter was analysed in order 

to evaluate the total quantities of C and N incorporated each year into 
the soil from this source. 

The balances were drawn up by comparing the quantities of C and N 
thus added with the quantities detected in the soil after eight years of 
spreading sludge. 

In October 1981, soil samples were taken from the 0-20, 20-40 and 
40-60 cm layers in each plot and the bulk density was measured. Once the 
percentage of gravel had been determined (0 > 2 mm), each air-dried sample 
was finely grinded and sifted to 315 ~m. Carbon was determined by combus
tion at 1 050· C and coulometric analysis of the CO2 released, and nitro
gen by Kjeldahl's method. 

C/ Cationic exchange capacity 
The exchange capacity for the 0-20 and 20-40 cm layers is determined 
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by percolation with normal ammonium acetate it is expressed in milliequi
valents per 100 g soil. 

D/ Water holding capacity 
This characteristic is measured in the upper 2 layers (0-20 and 20-40 

cm). The samples, saturated by capillarity, are centrifuged to 1 000 g for 
20 minutes. The results are expressed as a percentage of fine soil. 

E/ Soil biological activity 
The biological activity of the soil samples taken from the upper 

layer (0-20 cm) was measured in the laboratory. The respirometric techni
que used consists in measuring quantities of carbon produced in the form 
of CO2 resulting from the microflora activity in the incubated soils. The 
measuring vessels used are 250 ml erlenmeyer flasks with ground-glass 
necks, sealed with washbottle stoppers with taps fitted to the inlet and 
outlet tubes. At the determination moment, this rig made it possible to 
ventilate the atmosphere of the vessel with a flow of gas (air or oxygen), 
entraining the carbon dioxide produced by the soil to the measuring 
cham-ber of an Eraly analyser, where CO2 is determined by coulometric 
analysis. 

The experiment was corried out as follows : 
50 g of air-dried soil, passed through a 2 mm sieven, from each of the 4 

plots in the block are placed in measuring flasks. After the soil has 
been moistened by adding demineralized water, the flasks are sealed herme
tically and placed in a bacteriological drying oven at 28° C. 
- The quantity of carbon released in CO2 form is measured after 1, 2, 4, 
7, 9 and 11 days of incubation. After each measurement, the soils are 
immediately put back in the incubator, the passage of air required for the 
analysis being regarded as sufficient to renew the oxygen in the vessel 
atmosphere. 
- The results are plotted in a graph indicating, for each day and each mg 
of carbon initially present in the sample, the average rate of carbon 
produced (~g/h). 

F/ Study of the soil humic fraction 
The humic acids are extracted from the upper layer (0-20 cm) of the 

C, M and S2 plots. 
- ExtractIon of humic acids - For each of the 5 plots, 75 g of soil are 
added to 150 ml of 0,5 N sodium hydroxide and stirred for 4 hours. The sus
pension is centrifuged and ~hen filtered. The filtrates from each plot 
sample are collected, their pH being adjusted at 1 by adding several 
quantities of HCl producing precipitation of humic acids over a 24 hour 
period. The humic fraction is separated from the fulvic one by decanting, 
centrifuging and dialysis. The final product is dried in the drying ovent 
at 40° C and finely grinded. 
- Analytical measurements - The carbon content of the humic acids is deter
mined by combusting in oven and measure of CO2 by coulometric analysis. Ni
trogen is determined in a Technicon auto-analyser. 
- Infra-red spectrophotometry - Potassium bromide pellets are used to pro
duce the spectra, the organic products being added in a rate of 1 %. The 
apparatus used is a Beckman Acculab 8 spectrophotometer. 

3. RESULTS AND DISCUSSION 
A/ Organic balance 
The results of the analysis are expressed in concentrations and in 

tons or kilograms per hectare for each layer, allowance being made for the 
bulk density and weight of the fine soil. 
- Carbon - The following conclusions can be drawn from the results in 
Table 2 : 
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• carbon effect is only marked in the 0-20 cm layer : no significant 
deep removal of the organic matter applied is observed whatever its na
ture ; 

• in the upper layer (0-20 cm) it was found that the carbon concentra
tion resulting from the S2 treatment is clearly greater than that from the 
other 3 treatments (significant at 0,1 % level). Among these, manure 
treatment (M) is the richest (significant at 1 % level). There is no signi
ficant variation, however, beetween the Sl plots and the controls : the 
sludges applied at a rate of 10 t/ha/year dry matter do not therefore in
crease the final carbon content ; 

• about 50 % of the organic matter brought by the manure remains after 8 
years of annual application, whereas the residual amount left from the 
same dry matter weight of sludge represents only 3 % of the applications. 
By contrast, massive application of sludge leads to a much higher humic 
contribution (22 %). 

In other words, the disappearance rate of the sludge incorporated at 
10 t/ha dry matter is much higher than that of massive treatment, probably 
because, in the latter case, the soil biological purification capacity is 
saturated. 
- Nitrogen and C/N ratio (see Table 3) - Down to 60 cm, the N content for 
the S treatment method is significantly different at 0,1 % level from 
that :ror all other treatment methods, which means that only the nitrogen 
applied in the heavy rate of sludge had partly migrated to the lower 
layers. Just as for carbon, the persistence of nitrogen in strongly increa
sed, therefore, when a heavy quantity of sludge is applied (S2). 

It was also found that much more nitrogen (incorporated from either 
sludge or manure) is conserved than carbon (the isohumic coefficient is 
higher and the disappearance rate therefore lower). As a result, the C/N 
ratio of the residual organic matter (see Table 4) is clearly lower than 
that for the initial organic matter, especially in the case of sludge. 

Clearly, for either carbon or nitrogen, the disappearance rate can be 
regarded as a broad indication of the proportion mineralized during the 
year following incorporation, when the latter occurs every year. Neverthe
less the identification of this average disappearance rate with an annual 
rate is more debatable when sludge is applied every 2 years. 

B/ Cationic exchange capacity (C.E.C.) 
It will be seen from Table 5 that cationic exchange capacity increa

ses only in the case of treatments M and S2' the latter being quite dis
tincti ve from the rst. By contrast, the low sludge application (Sl) doe s 
not affect the soil C.E.C. 

For the whole experiment, a linear relationship is established 
between carbon content and cationic exchange capacity: C.E.C. (in me/100 
g) = 0,30 C (per 1 000) - 0,78. 

The curves for (a) just the control plots (y = 0,24 x -0,11) and (b) 
the control and manure plots (y = 0,25 x -0,25) have weaker slopes which 
hardly differ from each other. This leads to the conclusion that sewage 
sludges have a greater effect than manure on the the variation in C.E.C •• 
This preponderant effect can be attributable to the stable organic matter 
resulting from changes in the sludges applied since the beginning of the 
assay as well as to the sludges recently worked into the plot (1980) and 
still transforming. 

C/ Water holding capacity (see Table 6) 
Water holding capacity, which was initially very low, inc rases signi-

cantly only after high sludge applications (S2) the manure treatment 
only tendes to have a favourable effect on thlS soil characteristic. 

The following linear relationship between carbon content and water 
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holding capacity is observed: 
water holding capacity (%) = 0,32 x C (per I 000) + 3,12 

where r = 0,87 (significant at the 0,1 % level). 
The looser correlations between carbon content and water holding 

capacity than those observed in the case of cationic exchange capacity are 
probably explained by manure having a lower specific effect on water 
holding capacity than on C.E.C. 

D/ Soil biological activity (see Figure 1) 
It was found that the biological activity of the plots conditioned 

with manure or sludge was greater than that of the control plots. The supe
riority of the Sl treatment can be explained by the existence in these 
plots of a microflora activated at regular intervals by annual applica
tions of sludge that was more fermentable than the original organic matter 
in the soil and also richer in fertilizing elements. Between treatments S1 
and C, therefore, there are differences in the organic matter compOSl
tion and the behaviour of their respective microbial flora which are note 
revealed by simply determining total carbon. 

E/ Study of humic fraction of the soils 
- Carbon and nitrogen (see Table 7) - The large amount application of 
sludge principally incrases the nitrogen content of the humic acids, 
bringing about a significant decrease of their C/N ratios, a decrease 
comparable to that found in the residual organic matter of the higly condi
tioned plot= (see Table 4). 
- Infrared spectra (see Figures 2 and 3) - The humic acids extracted from 
plots conditioned with 100 t of sludg~levery two years_fre characterized 
by a shift i~lthe OH band from 3 350 cm to 3 300 cm and by a peak 
at 1 640 cm • These analytical and spectrometric results indicate the 
presence in the extracted compounds of protein material, a phenomenon wich 
certain authors, notably BOYD S.A. et al. (1980) have already reported. 

4. CONCLUSION 
The essential point to remember from the experiments just described 

is that, in the medium term, some types of sewage sludge are almost unable 
to enrich with stable carbon an sandy intensively cropped soil (irriga
tion, large scale use of mineral fertilizer) in a mild oceanic climate, 
despite applications far in excess (10 t!ha!yr dry matter) of those 
currently recommended in practice. From this point of wiew, even applied 
in caricatural quantities (100 t/ha/2 years dry matter), sludge proves a 
much less suitable way of increasing the soil stock of stable humus than 
farmyard manure applied in moderate rates. 

According to Terry et al. (1979), GILMOUR J.T. and GILMOUR C.M. 
(1980) who showed with the help of laboratory experiment, that about 60 % 
of a sluge organic matter resists decomposition, a significant increase in 
the soil organic matter content should have been observed with lay-out, 
but this was not the case. It must be concluded that field conditions 
considerably enhance the biological brakdown of sludge, stable humus yield 
of which is ultimately quite low. 

However, as regards quality, the suitability of sludge for enriching 
the soil humic fraction with protein products and the increase in the 
specific biodegradability of the carbon in the conditioned soil show that 
the pre-existing organic material is reworked, since a part is probably 
replaced by organic compounds deriving from the waste. 

The current use of unlimed biological sludge with a moderate load of 
heavy metals may therefore, in the long terme, have a different effect on 
soil fetility to that of an organic ligno-cellulosic amendement such as 
manure. 
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TABLE 1 

Granulometric and chemical analysis of the soil 

cm 

0-20 20-40 40-60 

Gran. size (% of fine soil) 

a 2 J.l 4,7 4,5 5,2 

2 J.l a 20 J.l 7,3 7,2 8,8 

20 J.l a 50 J.l 5,4 5,1 6,2 

50 J.l a 200 J.l 11,0 10,2 10,9 

- 200 J.l a 2 000 J.l 71,6 73,1 68,9 

Chemical analysis 

- % of fine soil 

· C 1,57 

N 0,16 

C/N 14,0 

pH-water 5,3 

pH-KCI 4,6 

- %0 of fine soil 

· assimilable P205 (Dyer) 0,249 

· Ca 0,579 

· K 0,053 

· Mg 0,020 
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TABLE 4 

C/N ratio of the organic matter 

TREATMENTS 

Manure (M) 
Sludge 10 t/ha (51) 
Sludge 100 t/ha (52) 

TABLE 5 

C/N organic matter 

applied residual 

15,3 
11,1 
10,3 

12,2 
1,9 
6,2 

Exchange capacity, me /100 g (average of 5 replications) 

Control (C) 
Manure (M) 
Sludge 10 t/ha (51) 
Sludge 100 t/ha (52) 

TABLE 6 

Depth 

0-20 

3,6 
4,4 
3,9 
6,3 

(cm) 

20-40 

2,5 
2,9 
2,6 
3,0 

Water holding capacity in % (average of 5 replications) 

Control (C) 
Manure (M) 
Sludge 10 t/ha (51) 
Sludge 100 t/ha (52) 

TABLE 7 

C/N ratio of various 
(Qepth 0-20 cm) 

Depth 

0-20 

8,0 
8,5 
7,9 

10,8 

humic acids extracted 

(cm) 

20-40 

7,1 
6,7 
6,6 
7,4 

from the soils 

C/N of the 

TREATMENT Carbon Nitrogen C/N residual organic 
% % matter 

Control (C) 51,14 3,74 13,7 
Manure (M) 55,76 3,92 14,2 12,2 
Sludge 100 t/ha (52) 54,51 5,06 10,8 6,2 
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Figu~ 

IR spectra of numic acids extracted from the soiL of the S2 pLot 

Upper horizon (0-20 cm) 40-60 em horizon 
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DISCUSSION 

J E Hall 
Whilst accepting that rates of organic matter decay vary between 

different soils and climates, this experiment suggests that farmyard 
manure has a longer term effect on soil conditions than digested sludge. 
This is contrary to commonly held views and other experiments which show 
that FYM decays rapidly in soil and the organic matter in digested sludge, 
because it is already humified, persists much longer. In such experiments 
a comparison on the basis of organic matter additions would be more 
informative than the approach chosen of equivalent dry solids additions. 
I would also question the validity of some of the calculations on residual 
C and N. Also you present only total nitrogen data, was mineral N 
measured? Nevertheless such experiments are important as there is 
relatively little data on the longer term effects of organic matter 
additions to soils. 

M Lineres 
Only total nitrogen was looked at. 

C Juste 
The experiment was set up because the industry was advocating the use 

of sludge on land to increase organic matter levels. A long term test was 
the best way to offer an answer to farmers wanting to know the humic value 
of sludge. Under this particular soil and climate, the stable humic 
contribution is virtually nil. These long term tests are useful as with 
FYM we found 50% of the carbon remaining in 0-60 cm. This agrees with the 
classical literature. 
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CONTAMINATION PROBLEMS IN RELATION TO LAND USE 

G A FLEMING* and R D DAVIS** 

* Plant Nutrition and Biochemistry Department, An Foras Taluntais, 
Johnstown Castle Research Centre, Wexford, Ireland 

** Environmental Impact Group, Water Research Centre, Henley Road, 
Me dmen ham , POBox 16, Marlow, Buckinghamshire SL7 2HD, UK 

Summary 

Use of sewage sludge on land has to be controlled to avoid 
environmental problems from contaminants such as heavy metals which 
usually occur in higher concentrations in sludge than in the soil to 
which it is applied. The problems to be avoided are associated with 
effects on crop growth and quality, animal nutrition and soil 
fertility and contamination of ground and surface water. The 
following general principles are suggested to minimise potential 
problems. (1) Applications of sludge to the land should be 
controlled in terms of quantity, timing and location; (2) The 
receiving land should be managed according to good agricultural 
practice; (3) Levels of contaminants in sludge and soil should be 
monitored regularly to ensure compliance with limits; (4) Levels of 
contaminants in the sludge should be controlled by appropriate limits 
on industrial discharges to the sewer. The likelihood of 
contamination problems arising depends on the way in which the land 
receiving sludge is used and different land uses are discussed in 
this context. Local conditions are important but a generalised 
assessment suggests that horticulture, gardens and allotments are 
high-risk outlets; arable land, grassland and forest land are 
medium-risk outlets; whilst reclamation, green areas and viniculture 
provide comparatively low-risk utilisation routes for sludge. 

1. INTRODUCTION 
Soil contamination or pollution is not new. Since the dawn of 

history man's activities have resul ted in the addition to soils of 
unwanted materials of one form or another. Pollution from prehistoric 
copper mining in Israel has, for instance, been revealed by archaeological 
research (1). It is undeniable nevertheless that in the last one hundred 
and fifty years or so, the rapid growth of cities and the development of 
industry and agricul ture have all conspired to accelerate the 
contamination of soils. While soil contamination is primarily associated 
with human activity, it is not exclusively so. Natural or geochemical 
pollution resulting from the weathering of metal-rich rocks occurs in 
sizeable land areas. Thus lead toxic soils resulting from the erosion of 
a galena ore-body have been reported from Norway (2) and nickel-rich soils 
in Scotland have developed from serpentine rock (3). In Somerset, 
England, soils associated with severe animal health problems (and now 
known to contain high levels of molybdenum) were recorded many years ago 
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(4). In Ireland, soils containing extremely high levels of both selenium 
and molybdenum occur (5). The source rock here is Carboniferous black 
shale. A disturbing aspect of soil pollution compared with air or water 
pollution is its long term nature. Atmospheric pollution ceases rapidly 
once the source has been eliminated while rivers appear to be cleansed 
within a year or so 0). Elements such as boron are relatively easily 
removed from soils by leaching but the retention of others e.g. copper, 
lead and zinc is virtually permanent (6). The application of sewage 
sludge to land while contributing much to the improvement of soil 
fertility has on the other hand frequently increased the heavy metal 
loading of soils. 

The purpose of sewage treatment is to produce an effluent clean 
enough to be discharged safely to rivers and coastal waters. This is 
achieved partly by transferring the polluting load of raw sewage into 
sewage sludge which can then be separated out but subsequently has to be 
disposed of safely and economically. Sewage sludge contains organic 
matter, nitrogen and phosphorus of value to agriculture. Utilization on 
land is a cost-effective and environmentally acceptable method of disposal 
provided any problems due to odour nuisance, pathogen transmission and 
pollution by contaminants are avoided. This paper is concerned with the 
latter problem and how it relates to the way in which land receiving 
sludge is used. Background information about contamination problems is 
provided by Matthews (7) and the Report of a World Health Organisation 
Working Group (8). 

2. GENERAL CONSIDERATIONS 
Sewage sludge may contain a variety of different contaminants 

according to the nature of the catclment of the sewage-treatment works 
where it was produced. Vigilance is needed to anticipate and control 
unusual contaminants associated with particular industrial or commercial 
discharges but the ubiquitous contaminants which occur even in sludge of 
domestic origin are cadmium, copper, nickel, zinc and lead for which 
mandatory limits are proposed in the draft Directive on the Use of Sewage 
Sludge in Ariculture prepared by the European Commission (9). The 
potential contamination problems which have to be considered are effects 
on crop growth (phytotoxicity) and quality (food chain contamination), 
nutrition of farm animals and soil fertility (soil micro-organisms), and 
eutrophication of ground and surface water. All of these problems .are 
less likely to occur if the application of sludge to land is controlled in 
terms of quantity timing and location. Thus sludge should be applied in 
accordance with crop requirements for nitrogen and phosphorus in 
quantities which take account of the need to avoid excessive build-up of 
contaminants in the soil. The timing of applications should take account 
of the growth cycle of the crop or future use of the land by livestock. 
Sludge should be spread so that contamination of surface water by runoff, 
for instance, is avoided. The operation as a whole is likely to be more 
successful if the land is well-mal1aged both in terms of control of 
applications of sludge and all aspects of good farming practice. Levels 
of contaminants in sludge and sludge-treated soil should be monitored 
regularly to ensure compliance with limits. The toxicity of these metals 
depends principally on their concentration in soil not sludge (10) so 
contamination problems can be avoided by ensuring that soil limits are not 
exceeded by adjusting the rate of application of slUdge according to its 
metal content. If the metal content of the sludge is comparatively high 
then effective control of rates of application must be assured which is 
not possible for all outlets. If the metal content of the sludge limits 
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its application to rates inadequate for crop requirements for nutrients 
then the farmer will not want the sludge and the operation is likely to be 
uneconomic. So control of contamination problems on disposal is made 
easier if the concentration of contaminants in sludge is kept as low as is 
realistically possible by appropriate limits on industrial discharges to 
the sewer. 

So potential contamination problems can be minimised if: 
1. Application of sludge to the land is controlled in terms of 

quantity, timing and location to avoid contamination of soils, crops, 
animals and water courses. 

2. The receiving land is managed according to good agricul tural 
practice. 

3. Levels of contaminants in sludge and sludge-treated soil are 
monitored regularly to ensure compliance with limits. 

4. Every reasonable effort is made to control levels of contaminants 
in the sludge by appropriate limits on industrial discharges to the sewer. 

3. PARTICULAR LAND USES 
Following on from these general principles, problems associated with 

different land uses are discussed below and an attempt is made to compare 
the relative hazard of the different utilisation routes. 
3.1 Farmland 
3.1.1 Arable - land used to grow a rotation principally of cereal and 
forage crops. Phytotoxicity problems and contamination of plant products 
for human and animal consumption depend largely on the availability for 
plant uptake of metals introduced to the soil in sludge. If the metals 
remain in the soil in insoluble or inert form they will be less hazardous 
than if they are readily solubilised in soil solution and available for 
crop uptake. Soil conditions influence availability as indicated in Fig.1 
which presents results obtained in 1980 from the Royston and Cassington 
field trials, detail s of which were described at the Vienna Symposium by 
Davis and Stark (11). Concentrations of cadmium in wheat grain were lower 
on the calcareous soil containing free calcium carbonate with a pH value 
of about 8.0 compared with sandy loam and clay soils having a pH value of 
approximately 6.0. The precise effect of pH value on the availability of 
metals remains to be quantified further (12) but metal accumulations (with 
the exception of molybdenum for instance) are in general terms likely to 
be less hazardous in calcareous soils containing free calcium carbonate. 
Guidelines for s11:ldge utilisation in the UK take this into account (13). 
The cation exchange capacity of the soil and its content of iron and 
manganese oxides also influence availability but for most metals (with the 
exception of cobalt for instance) the effect seems to be less marked than 
for soil pH value and again remains to be quantified. However, phytotoxic 
effects of cadmium on the yield of spinach and radish in pot trials at 
Johnstown Castle were found to be directly related to soil texture. 
Yields were more severely depressed in a light textured soil (6% clay) 
than in a medium textured one (15% clay) and the smallest yield depression 
occurred in a heavy textured soil (22% clay). Some metals such as lead 
and chromium appear to be almost completely unavailable in arable soils 
and therefore present little hazard. 

The second important influence on the availability and hence hazard 
of metals in soils is the type of crop grown. Some crops achieve much 
higher concentrations in their tissues than others grown on the same soil. 
An example is lettuce which tends to achieve higher concentrations of 
cadmium in its tissues than do other crops. This effect is demonstrated 
in Fig.2 which presents results from the Royston field trial obtained in 
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1981. In Fig.2 crop concentrations of cadmium are shown on a dry weight 
basis. On a fresh weight basis or in terms of quantities eaten in the 
average diet, wheat grain and potato tubers assume much greater 
significance. Like lettuce, spinach and swiss chard (both members of the 
Chenopodiaceae) also show high foliar concentrations of cadmium and are 
often used as indicator crops in pot trials. Sensitivity in terms of 
tissue concentrations of metals is illustrated for 18 species of forage 
crop, classified according to botanical family on the basis of a 
glasshouse po t trial repor ted by Carl ton-Smith and Davis (14) • 
Leguminosae (clovers and lucerne) achieved comparatively high 
concentrations of molybdenum in their leaves whilst members of the 
Chenopodiaceae (mangold and sugar-beet) readily took up zinc. Highest 
concentrations of copper and nickel occurred in grasses but the Cruciferae 
(kale and turnip) and especially the cereals were less sensitive to metals 
in the soil. Use of arable land to grow cereals for animal feed purposes 
is a particularly effective way of reducing the transfer of metals such as 
cadmium from sludge-treated soil into the human food chain. According to 
one review, there would in these circumstances be no need for a cadmium 
soil limit to protect human health (15). 

Metals limits for arable land receiving sludge are designed to 
provide long-term protection to the productive capacity of the soil and 
the quality of crops it produces. However, the incidence of contamination 
problems in arable farming systems using sewage sludge can be further 
minimised by maintenance of soil pH value at optimum levels for crop 
growth and by avoiding crops which are known to be sensitive to metals in 
the soil. CuI tivation of forage crops or small grain crops for animal 
feed is a low-risk option particularly suitable for historically 
contaminated soils where soil metal levels may already exceed the maximum 
permissible concentrations set in current guidelines for sludge 
utilisation. Strict management along these lines can permit productive 
farming to continue on sacrificial land of this kind (16) which might 
o therwi se be condemned to permanent derel ic tion. 

In order to support crop growth and to comply with guidelines for 
sludge utilisation, the pH value of arable soils receiving sludge is 
usually maintained at a minimum of at least 5.5. In these circumstances 
it is thought that leaching of most metals is likely to be minimal. In 
relation to cadmium, Hansen and Tjell (17) concluded that high loadings of 
cadmium to soil do not lead to excessive contamination of groundwater. It 
should be noted that raising the soil pH value may actually increase the 
possibility of leaching for some elements such as molybdenum, selenium and 
chromium. Potential leaching of macronutrients especially nitrate 
presents more of a problem. Circumstances which would encourage leaching 
of nitrate include the application of heavy dressings of sludge in excess 
of crop nutrient requirements or the application of sludge at times of the 
year when crop uptake of nitrogen is likely to be minimal. Since sludge 
is produced continuously throughout the year it is often convenient for 
disposal authorities to spread sludge on the land at times when the 
appl ication of inorganic fer til izer would no t be contemplated. Working 
party 4 of COST 681 has defined the availability for crop uptake of the 
plant nutrients in sludge so that excessive applications can be avoided 
(18). As to unorthodox times of application, it appears that sludge 
nitrogen, being in the ammoniacal or organically bound form, is not 
leached as readily as fertiliser nitrogen (19). It is also reassuring 
that sludge is utilised on only perhaps 1% of agricul tural land in Europe 
so that attention to conventional farm fertiliser practices and to the 
utilisation of animal slurries would be a more effective way of protecting 
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Figure 3 COMPARATIVE SENSITIVITY OF FORAGE CROPS 
TO METALS IN SLUDGE-TREATED SOIL 
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groundwater from pollution by nitrates. Guidelines for sludge utilisation 
should recommend that sludge is not spread near aquifers or water 
abstraction points or where pollution of surface water could occur 
following runoff. 

The next paper (20) deals with long-term effects but recent studies 
in this area concerning effects on soil micro-organisms are of relevance 
to the use of sludge on arable land where maximum soil fertility is 
required to sustain crop production at profitable levels. Indications 
that metal s from sludge may ul timately reduce soil microbial biomass and 
nitrogen-fixing capability (21) need to be further investigated to find 
out whether they are widespread and how they relate to crop production. 
Coppola's work (22) has shown that certain soil micro-organisms may be 
affected by remarkably low concentrations of cadmium. 
3.1.2 Grassland. Provided that problems of pathogen transmission are 
avoided this outlet is in many ways very suitable for sludge. Grasses 
are not particularly susceptible to phytotoxic effects and respond well to 
the nutrients in sludge, especially to ammoniacal nitrogen. Grassland is 
accessible for sludge spreading throughout the year (provided that the 
ground is not too \Net) and any excess of nitrogen from a winter 
application is likely to be held in the turf mat and utilised when growth 
commences in the spring rather than leached into groundwater. Also small 
increases in herbage content of essential elements such as selenium, 
copper and zinc are likely to be beneficial to grazing animals. 

When sludge is spread on the surface of grassland, contaminants tend 
to accumulate in the upper few centimetres of the profile. Fig.4 
illustrates how 76% of the increase in soil concentration of zinc 
resulting from surface applications of sludge remained in the upper 5 em 
of soil. Ruminant animals inadvertently ingest soil as they graze and 
entry of contaminants into the animal by this route has implications for 
the health of the animal and the quality of meat and dairy products for 
human consumption. This question has been discussed in detail by Fleming 
(23,24). The amount of soil ingested by grazing animals is dependent on a 
variety of interrelated factors the most important of which are soil type, 
season and animal management (24). It is not well understood how the 
health of animals is influenced by ingestion of sludge-treated soil but 
there might be effects (either beneficial or deleterious) on trace element 
status depending on the composition of the sludge. An incident of 
fluorosis has been reported where cattle grazed pasture treated with 
fluoride-rich sludge (25). Such problems are exacerbated by poor farming 
practice such as over-stocking the land which breaks down the protective 
turf mat especially if the animals over-winter outside. Ingested metals 
are not thought to accumulate in dairy products or meat with the exception 
of offal (kidneys and liver). However, lipophilic organic contaminants 
which are not normally considered to present a problem in sludge used on 
land, many transfer by the direct ingestion route from sludge and 
sludge-treated soil into milk (26). Potential problems associated with 
direct ingestion are avoided if the grassland is periodically ploughed or 
if the sludge is applied by sub-surface injection. 
3.1.3 Horticul ture. Farms of this kind usually grow leafy vegetables 
known to be sensitive to metals in soil (Fig.2 and para 3.1.1 above), 
which are produced for human consumption with the minimum of processing. 
In order to maintain maximum productivity of the soil and take several 
crops each year it is often the practice to apply repeated heavy dressings 
of organic manure to horticultural land. On this basis, horticultural 
land would seem to present a comparatively high-risk outlet for sludge in 
terms of possible phytotoxicity and contamination of the food chain by 
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Figure 4. DISTRIBUTION OF ZINC THROUGH A SANDY LOAM 
GRASSLAND SOIL PROFILE AFTER SURFACE 
APPLICATIONS OF SLUDGE 
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crop uptake and soil dust. It is probably suitable only for sludges or 
sludge cempost of low metal content and requires careful management. Soil 
sampling on small horticultural units is likely to prove expensive and 
spreading equipnent cannot be easily accamnodated, leading to an 
uneconomic operation. 
3.1.4 Viniculture. Vines are very deep-rooted and can tolerate high 
concentrations of copper at the soil surface since this builds up 
following repeated app1 ications of fungicide based on Bordeaux mixture. 
Transfer of contaminants frem sludge into wine for conslDDption seems 
unlikely. Vineyard soils tend to be poor in plant nutrients and organic 
matter and the use of dewatered sludge or sludge cempost to establish 
young vine plants represent a novel outlet for sludge which could be 
exploited on a limited scale as econemic considerations permit. 
Obviously, it may not be suitable for steeply sloping land where there is 
the likelihood of runoff. 
3.2 Gardens and allotments 

Potential contamination problems associated with gardens and 
allotments used for vegetable growing are similar to those described above 
for horticu1 ture. Excessive applications of cadmilDD in particular are to 
be avoided because of the possibility that individuals or families might 
obtain the bulk of the vegetable part of their diet from allotments. Soil 
dust could contaminate these crops with lead, or soil could be ingested 
directly by children. Control over rates of application of sludge cannot 
be guaranteed. Use of sludge on gardens and allotments is therefore a 
comparatively high-risk outlet. Sludge used as a basis for composted soil 
conditioners for garden use obviously needs to be very low in metal 
content. In the UK it was recommended in 1981 that the supply of sewage 
sludge to the general public should be phased out (13). 
3.3 Reclamation 

Exploitation of natural resources particularly by the extraction of 
coal, minerals, clay, sand and gravel leaves behind barren land which is 
detrimental to the environment in aesthetic terms because it remains bare 
of vegetation and is therefore unsightly. The substrate is likely to be 
poorly structured and devoid of organic matter and plant nutrients and may 
be subj ect to erosion, acid runoff or high levels of toxic metals. Sewage 
sludge can supply the missing organic matter and plant nutrients so that 
vegetation can establish which will greatly improve the appearance of the 
site and help to prevent erosion. Lime will be needed to correc t acidity 
but the high cation exchange capacity of sludge organic matter can 
contribute towards the detoxification of metals where these are a problem. 
Application of sludge can therefore transform the surface of derelict land 
into fertile top soil (27) and provided that logistical problems can be 
overceme, use in land reclamation can be a very satisfactory disposal 
route for sludge. In order to avoid problems, account must be taken of 
the proposed use of the restored land. With good management there should 
be no difficulties where the land is to be used for low grade agricultural 
purposes or for landscaping as is often the case. If housing is proposed, 
then the fact that the restored land will become gardens for vegetable 
growing has to be considered. Sludge is likely to be applied once only 
during land reclamation and a rate of application of the order of 100 
tonne dry solids/hectare is necessary to restore soil fertility. 
Inevitably some contamination of ground and surface water may occur 
immediately after such an application. Similar problems occur during land 
reclamation with chemical fertilisers and such effects are usually 
negligible cempared to the environmental problems present prior to 
reclamation (28). Indeed, leaching from chemical fertilisers with their 
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high content of soluble nutrients may well be greater than from sludge. 
It has been suggested that the short-term disadvantage of groundwater 
contamination is far out-weighed by the long-term benefits of revegetation 
(29) • 
3.4 Green areas - amenity grasssiand, golf courses, parks, playing 
fields. This outlet is closely related to land reclamation in that the 
after-use of reclaimed land will often be as green areas. The maj or 
advantage of this outlet is that the principal vegetation cover is grass. 
Grass is efficient in using nitrogen so that leaching of nitrate into 
groundwater should be minimal. Also green areas are not used for growing 
food chain crops. Like reclamation, use on green areas is a sensible 
outlet for sludge as summarised in one of Berglund's principles developed 
at the Uppsala Seminar of COST 681, "The use of sludge on green areas and 
for land reclamation should be encouraged" (30). 
3.5 Forestry - timber (usually coniferous) production forest not broad 
leaf amenity woodland. Use of sludge on forest land is unlikely to become 
a maj or outlet for sludge because forests tend to be many kilometres 
distant from the conurbations where sludge is produced in quantity. 
Forests are usually developed on land which is unsuitable for agriculture 
because of low soil fertility, steep slopes or harsh conditions of 
climate. As with the reclamation of derelict land, it would seem that 
sludge should be suitable for improving the fertility of forest soils. 
The US Environmental Protection Agency reports that forest soils are in 
many ways well suited to sludge application (28). They have high rates of 
infiltration (which reduce runoff and ponding), large amounts of organic 
material (which immobilise metals from the sludge), and perennial root 
systems (which allow year-roWld application in mild climates). Al though 
forest soils are frequently quite acid, research at the University of 
Washington has found no problems with metal leacl~ing following sludge 
application (28). Also, there should be no food chain problems. Effects 
of sludge applications on tree growth appear to be equivocal. Work at the 
University of Washington has showed impressive improvements in coniferous 
tree growth following applications of sludge. In the UK two experiments 
are in progress in pine forests, one in Southern England and one in 
Scotland. Preliminary indications from the trial in Southern England with 
liquid digested sludge are that sludge is an effective source of nutrients 
for the trees (31). The trial in Scotland is with undigested sludge to 
which it is understood the trees are not responding so well. Experiments 
on the use of sludge in Mediterranean forests fOWld a good initial 
response to sludge but three years after application growth rate tended to 
decrease compared with trees growing on control, untreated plots (32). 
More research is needed to evaluate the extent of any phytotoxic effects 
due to metals or disruption of mycorrhizal associations due to changes in 
nutrient balance or oxygen depletion in the surface soil. However, the 
primary environmental concern associated with the use of sludge in forests 
relates to contamination of surface water by rWloff or groundwater by 
leaching, particularly of nitrate. Forests are often important catchment 
areas for potable water supplies. It is thought that these problems are 
avoidable by careful site selection to avoid runoff and applying the 
sludge at rates compatible with tree requirements for nitrogen. Whilst 
forest land remains a very minor outlet for sludge it is unlikely to 
contribute significantly to groundwater contamination. In some cOWltries, 
for example the Netherlands, sludge application in· coniferous forests is 
not recommended (33). 
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4. CONCUJS IONS 
This paper has been concerned entirely with contamination problems 

and has inevitably treated the subject of sludge utilisation on land in a 
negative way. It must be appreciated that sludge utilisation on land is 
an environmentally acceptable method of disposal and is usually the 
principal outlet for countries practising sewage-treatment on a 
large-scale. Potential contamination problems can be minimised if: 

1. Application of sludge to the land is controlled in terms of 
quantity, timing and location to avoid contamination of soils, crops, 
animals and water courses. 

2. The receiving land is managed according to good agricul tural 
practice. 

3. Levels of contaminants in sludge and sludge-treated soil are 
monitored regularly to ensure compliance with limits. 

4. Every reasonable effort is made to control levels of contaminants 
in the sludge by appropriate limits on industrial discharges to the sewer. 

Much depends on local circlDDstances but Table 1 presents a general 
assessment of hazard associated with the various options for sludge 
utilisation on land. A natural extension would be to extend this approach 
to other disposal routes for sludge (landfill, incineration, sea) to help 
in planning the best practicable environmental option for sludge disposal 
from particular sewage-treatment works. 

TABLE 1 GENERALISED ASSESSMENT OF HAZARD ASSOCIATED WITH SLUDGE 
UTILISATION ROUTES 

Route 

Farmland : 
- arable 
- grassland 
- horticul ture 
- viniculture 

Gardens and 
allotments 

Reclamation 

Green areas 

Forestry 

Potential Contamination Problem 

Food Phyto
Chain Toxicity 

2 
1* 
3 
1 

3 

2 
2 
3 
1 

3 

2 

2 

Zootoxicity 
(by direct 
ingestion) 

2 
3 
2 
1 

2 

1 

1 

Surface or 
Ground

water 

1 
2 
2 

2 

3 

* except organics in milk 1 low; 2 = medilDD; 3 = high 

ACKNOWLEDGEMENTS 

Overall 

Hazard 

Rating 

2 
2 
3 

3 

1 

2 

Results shown in Figures 1, 2 and 4 are from experiments at the Water 
Research Centre funded by the UK Department of the Environment. 
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DISCUSSION 

H Kuntze 
You have shown us the strong correlation between pH, texture and 

heavy metal uptake. Large areas of Northern Europe are sandy and of low 
pH. Looking at your graphs liming could be a solution but the pH of soils 
are limited for other reasons. We found that iron content and quality, 
particularly for acid sandy soils, gives a good method for controlling 
metal additions. 

G Fleming 
There is a problem with liming as on peat land, grass grows best at 

pH 5.5. Iron and manganese are powerful scavengers of heavy metals. Mn02 
can be used for fixing cobalt 60 and iron oxide has an affinity for 
molybdenum but what are the costs of this approach? 

M Sbaraglia 
If you look at germination tests, I think you see if you dilute 

sludge, you get a better yield. This is because the salt load in the 
sludge is too high. So when considering metal effects, salt effects on 
germination must also be taken into account. When using germination tests 
it is important to state the level of salt otherwise, there is little 
point looking at heavy metal effects. Did you take account of the salt 
content? 

R D Davis 
In the case of the cadmium trial, levels were too low to cause an 

osmotic effect and there was no effect on germination. ,We should have 
mentioned that there may be occasions when the salinity may cause problems 
with some horticultural crops. 
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LONG-TERM EFFECTS OF CONTAMINANTS 

D. R. SAUERBECK and P. STYPEREK 
Institute of Plant Nutrition and Soil Science 

Federal Research Center of Agriculture Braunschweig-Volkenrode (FRG)*) 

Abstract 

This paper summarizes the results from 15 European field experiments 
with sewage sludge concerning the long-term accumulation of 6 heavy 
metals in the treated soils, the availability of these sludge-derived 
contaminants to different plants, and the possible change in their 
availability after long-term residence in different soils. 
According to this information about the transfer from field soils to 
plants, the data confirm that the German threshold values for most 
heavy metals in soils except cadmium are reasonably safe. As far as 
the long-term significance of these toxic sUbstances is concerned, 
the following main conclusions have been drawn. 

1. The long-term effect of contaminants cannot be judged on the basis 
of a few years or decades only but requires the scope of centuries 
to be fully realized. 

2. Any incorporation of persistent contaminants, even if it is very 
gradual, will in the long term result in a gradual deterioration 
of soil s. 

3. Due to this fact, we should not only think in terms of what soils 
can stand now but instead aim at reducing the input of such 
contaminants by all possible means. 

4. Accordingly, the long-term use of sludges is not a question of 
soils on which such wastes would be safely directed but of tracing 
and closing all possible sources of contaminants without compro
mise. 

1. INTRODUCTION 
Having the task to discuss "long-term effects of contaminants", the 

referee naturally wonders what the concept "long-term effects" actually 
means. There are three main aspects of contaminants in sludges and soils. 

(1) the long-term accumulation of contaminants in soils which were 
treated repeatedly with polluted sludge 

(2) the availability to plants of soil contaminants resulting from 
long-term sludge applications 

(3) the change in availability of such contaminants after their long
term residence in soils. 

*) Additional institutions cooperating in this project are listed at the 
end of this text. 
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2. LONG-TERM ACCUMULATION OF CONTAMINANTS IN SOILS FROM POLLUTED SLUDGE 
For reasons of time these considerations have to be restricted to the 

most persistent group of contaminants which are the heavy metals. With 
regard to the first question of long-term accumulation the answer does not 
require specific experimentation but just to calculate the time period 
required to enrich a soil with these elements up to a certain extent 
(Table 1). Taking the threshold heavy metal values for German sludges and 
soils, and the maximum sludge application allowed per unit of time, we 
arrive at theoretical accumulation periods varying between 110 and 250 
years. Since many sewage sludges have now much lower contents, the calcu
lated accumulation periods increase correspondingly. On the other hand, 
there is a good chance for at least the cadmium threshold value in soil 
to be reduced soon from 3 to 2 ppm, and this would consequently decrease 
the accumulation period by a factor of about one third. 

- Table 1 -

Threshold heavy metal contents in German sludges and 
soils and the corresponding accumulation periods 

sewage sludge soil 
threshold loading threshold average enrichment 

elarent ppn g/ha·a ppn content ppn period (years) 

Cd 20 33 3 0.2 250 --------------- ------------------ ------------
Cr 1200 2000 100 26 110 --------------- ------------------ ------------

1200 2000 100 11 130 ----------------------------------
25 42 2 0.1 140 

Ni 200 333 50 30 180 ---------------------------------- ------------
Pb 1200 2000 100 22 120 ---------------------------------- ------------
Zn 3000 5000 300 50 150 

5 t sewage sludge d. m. in 3 years; 3 kg heavy meta1/ha = 1 ppn 

This means that the time spans allowed for safety are not very large, 
although for some elements like Cr and Pb the maximum permissible soil 
contents may be unnecessarily low. German authorities are going to re
consider the present sludge guidelines by 1988, and they will probably 
not accept the risk of sludge treated soils becoming further enriched 
with heavy metals in the future. The ongoing drop in the actual heavy 
metal content of current sludges since the present guidelines were issued 
in Germany gives rise to the hope that the threshold values can be lowered 
accordingly but still maintain a chance of sewage sludge being recycled 
into agricultural soils. 

3. AVAILABILITY TO PLANTS OF CONTAMINANTS RESULTING FROM LONG-TERM SLUDGE 
APPLICATION 

As far as the second question about the actual availability of con
taminants derived from long-term sludge applications is concerned, Europe 
has a number of field experiments from which corresponding conclusions can 
be drawn (Table 2). However, the problem of evaluating and comparing such 
experiments is, that they were not originally designed for such inter
comparisons. The cumulative amounts of sludge applied and the extents of 
soil contamination resulting therefrom differ considerably as also do the 
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time spans elapsed since the last treatment, the duration of the experi-
ment and the crops grown on these plots. 

- Table 2 -

Long-term field ex~eriments with sewage sludge rendering information on 
heavt metal loading of soils and ~lants 

Material Appl. rate Soil 
Location Start used tdm/ha tt~e ~H % C CEC 

Bn1 1958 liq.sludge 5- 10/2.year uL 6.5 0.9 14 
Bonn Bn2 1958 sl.compost 2- 12/2.year uL 5.6 1.2 12 

Bn3 1972 lig.sludge 4.5- 9/2.year 15 6.6 1.1 14 
Braun- Bs1 1971 liq./filt.sl. 5- 15/year ulS 5.5 1.6 9.3 
schweig Bs2 1971 lig.sludge 5- 15/year ulS 6.7 0.9 8.4 

Bremen Br1 1968 liq.sludge 20/year peat 4.2 28.9 234 
Br2 1972 lig.sludge 12- 20/year ~eat 4.0 16.1 190 

Gil 1972 sl.compost 120- 200/3.year L 6.6 1.1 11.6 

GieSen Gi2 1979 dehydr. sl . 4.5- 9/year L 6.2 0.9 10.5 
Gi3 1969 liq.sludge 2.5- 5/year L 5.9 0.8 12.4 
Gi4 1969 liq.sludge 2.5- 5/year L 5.4 5.9 17.8 

Mu1 1980 sludge cake 100-2000/single sL 6.6 7.9 

Munchen Mu2 1976 1 iq. /fil t. sl. 100- 690/single 15 5.8 2.3 16 
Mu3 1978 liq.sludge 5- 10/year sL 6.3 1.4 
Mu4 1979 lig.sludge 2.5/year 15 6.4 1.7 

Bordeaux Bx1 1974 dehydr.sl. 10/year 5 5.5 2.2 
Bx2 1974 dehydr. s 1 . 100/2.year 5 5.5 2.2 

Steven age Ste 1976 air dry sl. 35- 280/single cL 8.0 1.1 

It is only by chance that certain crops have been grown at more than 
2 or 3 places, and in some cases the number of comparable data sets is 
even lower. Up to now 15 German field experiments from 5 different research 
stations have been evaluated, of which only a summarizing review can be 
given here. As the analytical soil data and the treatments specified in 
Table 2 indicate, these experiments do not only represent a selection of 
different soils but also all kinds of possible sludge treatments varying 
from small regular applications up to large single doses at a certain time. 

The following figures refer to these different field experiments and 
are all of the same design in order to enable a summarizing representation 
of the results to be made. They are arranged in the sequence of elements 
and crop plants, each showing the soil contents of the respective location 
in the lower part, and above the corresponding contents of the plant parts 
grown on these plots. In two cases we have also received corresponding data 
from comparable experiments carried out by colleagues abroad, which were 
incorporated in the corresponding evaluations for maize and herbage. 

The abbreviations and numbers on the left of these graphs refer to 
the experiments listed in Table 2. The corresponding symbols represent the 
variants of the individual experiments, and where the same crop was grown 
several times, the degree of blackening in these symbols indicates the 
consecutive experimental years. As far as possible the results of each plot 
and year were represented, but in some cases these data were just too close 
together in order to be individually shown. Hence, the overall number of 
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data pairs is also indicated numerically for each experiment, making clear 
that the visually distinguishable row of symbols only represents the actual 
range of metal contents but not always all single values concerned. The 
common scale for the metal contents in both soils and plants is shown at 
the bottom, but in some cases additional scales were required for the most 
highly polluted soil plots and plants. The arrows at this normal scale 
indicate the German threshold value for sludge treated soils. 

Starting with the element Pb it can be concluded from almost all the 
existing results that not only soil contents lower than the German thres
hold value of 100 ppm but also much higher Pb concentrations did not result 
in an appreciable Pb uptake by the plants. This is not only true for both 
summer and winter wheat as well as for summer barley, for oats and for corn 
(Figure 1), but also for most dicotyledoneous plants. 

Grains contained even less Pb than straw, and beet roots less than 
the leaves, but part of the Pbin the leaves from such row crops may actual
ly be due to an external contamination with polluted soil (Figure 2). 

A somewhat unexpected result were the relatively high Pb contents of 
potato leaves in one of the Munich experiments, but this exception was not 
confirmed by the results from the other experiments with high soil Pb 
pollution, and the tubers remained low in Pb anyway (Figure 3). 

Similar to Pb were the general findings for Cr, against which most 
grain crops like wheat and barley, but also the corn discriminated most 
effectively (Figure 4). 

Only in one case for oats there was a somewhat higher Cr recovery in 
the grain as compared with the straw, but the second plot with less organic 
matter near Munich did not reflect this in the same way (Figure 5). 

Sugar beets also showed rather low Cr uptake into both leaves and beet 
roots, whereas potato leaves, as shown for Pb, seem to accumulate Cr some
what more (Figure 6). 

For the trace metal Cu its uptake by small grain crops from soils 
containing less than 100 ppm was not significantly increased above the 
control, but if soil contents exceed about 100 ppm; at least oat and corn 
grains may also in some cases reach about 20 ppm (Figure 7). 

Sugar beet roots turned out not to have much lower Cu-contents than 
the corresponding leaves, so the 100 ppm threshold value may in fact be 
the acceptable maximum at least for more sandy soils (Figure 8). 

As shown before for Pb and Cr, potato leaves also accumulated relative
ly large quantities of Cu, which at least for the soil plots exceeding 
100 ppm may already have reached the phytotoxic level (Figure 9). 

Coming to the Ni, this elements also hardly moved into summer or 
winter wheat grains, but accumulated to some extent on a high-carbon soil 
in barley and in both oat straw and grains (Figure 10). 

On the other hand, even extreme Ni contents in a coarse French sand 
soil near Bordeaux (1) were not reflected by corresponding Ni contents in 
the corn grains (Figure 11). 

A somewhat more pronounced Ni-accumulation was found in some sludge
treated sugar beet experiments, which suggest that the threshold value of 
50 ppm for non-geological Ni in soils should not be exceeded (Figure 12). 

A much more complex picture appears when Cd or Zn contents of soils 
and plants are compared, because the Cd guide values for plants are low 
and the availability in soil of this element is relatively high. Cereal 
grains always contain less Cd than the straw, but the difference is not 
so pronounced, and in soils near or above 2 ppm a grain content of about 
1 ppm was frequently found. Even worse looks the situation on soils having 
10 or more ppm Cd, although even at 40 - 50 ppm soil Cd, 3 ppm Cd was not 
much exceeded in summer or winter wheat grains and straw (Figure 13). 
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Barley, however, although only grown so far on the sludge plots near 
Munich translocated somewhat less Cd into its grains. The same seems to 
be true for corn as an effective discriminator against Cd in the grains 
(Figure 14), whereas oats did not differ from wheat as far as the grain 
Cd contents were concerned. 

If 1 ppm Cd in sugar beet leaves are not to be exceeded, there is 
little doubt that soil contents should also be maintained below 2 ppm 
because 5 - 45 ppm Cd in the near-Munich soil already induced 3 - 18 ppm 
in the beet leaves. Even the beet roots in this case contained up to 3 ppm 
Cd, whereas in all other soils about 0.6 ppm in the sugar beets was not 
exceeded (Figure 15). A similar uptake pattern was found in the experiments 
near Munich for potatoes, but so far no comparison can be made with other 
soils except some relatively low Cd plots near Bonn. 

Apart from much higher Zn levels, the transfer ratios from soils to 
plants for Zn were quite similar to what has been said for Cd. Hence, it 
may be sufficient to state here that in cereals and in corn even 400 -
1800 ppm soil Zn did not raise the Zn contents in the straw much above 
300 ppm, which for grain crops is not yet phytotoxic (Figure 16). 

Sugar beet leaves, on the other hand showed Zn contents in about the 
same range as that in the soil. This explains practical observations of 
Zn toxicity in sugar beet crops on highly polluted soils (Figure 17). 

Not much Zn data exists for potatoes on sludged soil plots yet, but 
in two experiments near Munich critically high contents were recorded in 
the potato leaves grown on the high1y-Zn polluted plots (Figure 18). 

Pulling all these field observations together, it can be safely 
concluded that Pb and Cr in such sludge-treated soils are no serious 
problem for plant growth or plant metal uptake, unless the soil contents 
are extraordinarily high. The present German threshold values of 100 ppm 
in soil (Table 1) are extremely cautious and do not justify stringent 
restrictions of soil use even if they are exceeded several times. 

For Cu the 100 ppm threshold value has turned out to be fairly 
correct, but may already be too high for some crops on light sandy soils. 

The Ni threshold value of 50 ppm guarantees non-toxic Ni contents in 
all crop plants tested, and needs to be taken seriously only if this soil 
Ni is pollution-derived and not of geological origin. 

Regarding the safe upper Zn limit, some dicot plants contained this 
element in similar concentrations to those found in the soil in which they 
grew. Hence the soil threshold value of 300 ppm cannot be increased, but 
according to pr~sent knowledge there is also no pressing need to lower it. 

The present Cd threshold value of 3 ppm was shown to result in Cd 
contents of some staple foods which cannot be tolerated in larger areas. 
Hence, in order to be on the safe side, a lowering to not more than 2 ppm 
Cd seems to be required at least in soils used for food production. 

As far as the corresponding threshold values for grassland soils are 
concerned, only a few long-term experiments with higher degrees of metal 
pollution have been evaluated so far. Since grasses are known to absorb 
less trace metals than most dicoty1edoneous plants do, the danger from Pb 
for animals is relatively small unless they take up air-borne Pb or pollu
ted soil along with their food. The Pb uptake by herbage itself, however, 
was relatively low even on acid peat soils from Bremen exceeding the German 
threshold value considerably (Figure 19). The same low uptake by grassland 
plants was also found in all cases for Cr. 

The significance of the Cu contents in herbage depends on the kind 
of animals which eat it, but if 20 ppm is considered safe in the feed, more 
than 100 ppm in the soil cannot generally be allowed (Figure 20). Ni was 
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obviously not problem in these 6 grassland experiments, because in no case 
was the threshold Ni value strongly surpassed. 

Cd contents of much more than 1 ppm in ther herbage only occurred on 
a most strongly Cd polluted soil near Munich, but otherwise neither in peat 
nor in mineral soils Cd contents up to 5 ppm gave rise to critical Cd levels 
in the plants (Figure 21). Hence, probably no need exists to reconsider 
the 3 ppm threshold value here. 

About the same as for Cd is also true for In. As already mentioned 
for cereals, even between 1500 and 1800 ppm In in soil did not harm the 
grass, although this does not imply that dicots in the sward were not 
negatively influenced. The 300 ppm threshold value, however, is certainly 
not too high. 

4. AVAILABILITY OF CONTAMINANTS AFTER THEIR LONG-TERM RESIDENCE IN SOIL 
Our last question which still remains to be answered in this context 

was whether there is a possible change in the availability of contaminants 
after their long-term residence in soils. In order to answer this, one 
requires experiments where former sludge treatments have resulted in a con
siderable degree of contamination, which after ceasing these treatments 
did not increase any more. Only a few experimental sites meet these two 
requirements, and little precise information about them is so far known. 

The data of 2 such experiments have been considered here in order to 
tackle this question for grassland conditions. The results from Stevenage 
(2) for the Smallford site showed a considerable drop in Cd uptake from 
the first to the following year, but no consistent decrease in Cd availa
bility later on. A similar tendency can be guessed for the behaviour of 
In, but the contamination with this element was not very high (Figure 22). 

However, if this is compared with a similar experiment at Baumannshof 
near Munich (3), a less pronounced decrease in the Cd or In uptake was 
observed there. In order to explain this it needs to be mentioned that in 
this latter experiment the sludge application took place 2 years earlier, 
so that the possible initial drop during the first year was perhaps just 
not seen. Nevertheless the fact remains that in later years not much change 
was observed any more. Regarding the first year drop it should also be 
realized that a newly sown grass sward is very different from what develops 
later on, which was most obvious at the Smallford site where oats had been 
mixed with the ryegrass at the first cut. 

Ryegrass because of its low heavy metal uptake is in fact not parti
cularly suited as an indicator crop for the actual heavy metal availability. 
A comparison of the same two experiments for the elements Ni and Cu con
firmed this as far as the contents in herbage were concerned, and did not 
confirm any decrease in availability as a function of time except perhaps 
for Ni (Figure 23). 

In the experiment at Baumannshof near Munich not only herbage but also 
a number of other crops have been grown. The Figures 24 - 26 showing some 
of the results are somewhat difficult to understand because they were 
originally made for another purpose. However, if the squares representing 
the heavy metals in plants from the most highly polluted plots are compared, 
they indicate at least a tendency for the cereals of decreasing contents 
during the later years. However, this tendency was not free from exceptions 
especially for the grains, which is not surprising in view of the concomi
tant side-effects of the various sludge treatments made (Figure 24). 

These contradictions were even more frequent for sugar beets, indica
ting that such a tendential drop in heavy metal availability as a function 
of time cannot be generalized (Figure 25). 
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As a matter of fact, the heavy metal accumulating crop spinach even 
exhibited the opposite, i. e. an average increase in heavy metal content 
during four consecutive years after the sludge application by a factor of 
almost two (Figure 26). 

5. CONCLUSIONS 
This actually means that we cannot expect the persistent heavy metals 

to become sufficiently immobilized later on in contaminated soils. Pending 
more reliable information from elsewhere, the final conclusion from the 
present findings may therefore be summarized as follows: 

1. The long-term effect of contaminants cannot be judged on the basis 
of a few years or decades only but requires the scope of centuries 
to be fully realized. 

2. Any incorporation of persistent contaminants, even if it is very 
gradual, will in the long term result in a gradual deterioration 
of soil s. 

3. Due to this fact, we should not only think in terms of what soils 
can stand now but instead aim at reducing the input of such conta
minants by all possible means. 

4. Accordingly, the long-term use of sludges is not a question of 
soils on which such wastes would be safely directed but of tracing 
and closing all possible sources of contaminants without compromise. 
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DISCUSSION 

J Taradellas 
We have heard some interesting results on the transfer of heavy 

metals to plants but what about the species of the metal. It is important 
to know total metal, species and route especially in sludge, soil and 
plant in relation to their impact. 

G Fleming 
The whole question of the speciation in which metals are combined is 

being worked on but more is needed. The absorption of metals results in 
the form of the metal is a truism as chromatography has shown for plants 
and animals. With selenium efficiency in animals, we are really talking 
about the enzyme; we know the active form is relative to ferric oxidase. 

How valuable are total metal contents in soils and in plant? I see a 
great expansion in effort in the future in metal speciation. Total metals 
have given a lot of information but now is a bit too simplistic. 

D Sauer beck 
I am not so optimistic. I have worked on speciation and reported 

this to the Working Party 5 meeting at Stevenage. These are empirical 
fractions and bear no direct relation to uptake and availability. I agree 
with Dr Fleming that the state of art is rather poor with soils and 
sludges however there has been some good work on river sludges and 
sediments but the connection with availability studies has not yet been 
achieved. 

We have already discussed availability tests. With zinc, cadmium and 
to a lesser extent, nickel there is no question that the soluble fraction 
gi ves the most reliable indication of availability. In the UK, soil 
solution but we suggest neutral salts which are nicely related to uptake 
and availability. We need to take longterm trials where plant and soil 
contents are well known and test these samples with neutral salt 
extraction. Cadmium, zinc, nickel and to some extent copper are most 
critical and their availabilities should be predictable from such an 
extraction procedure. With EC collaboration, we could get sufficient data 
pairs to see if the neutral salt approach is valid. 

R D Davis 
Soil properties determine speciation with soil acidity posing a 

difficult problem with extractant. Dr Sauerbeck said that 1 ppm in wheat 
grain could be regarded as an acceptable limit. In figure 1 in the paper 
by Drs Fleming and Davis showing the cadmium concentration in wheat and 
soil, 1 ppm cadmium in wheat is reached at 8 ppm in the soil. So the 
limit of 3.5 ppm in soil is quite safe and does not support FRG lowering 
their soil cadmium limit to 2 ppm. 

? (1) 
-----What about the importance of transformations in the soil particularly 
with chromium. 

D Sauerbeck 
Hexavalent chromium is very toxic to plants but it is strongly fixed 

and unavailable. I do not know of any mechanism which can reverse this 
normal soil process. 
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EFFECT ON A LONG TERM SLUDGE DISPOSAL ON CADMIUM AND NICKEL TOXICITY 
TO A CONTINUOUS MAIZE CROP 

Summary 

C. JUSTE and P. SOLDA 
Station d'Agronomie, I.N.R.A. 

33140, Pont de 1a Maye, France 

Anaerobically digested sewage sludge dewatered by the Porteous heat 
process was applied from 1976 to 1980 to an acidic coarse sandy soil, 
on which a continuous maize crop was grown from 1976 to 1984. 
Tests on the sludge revealed very high cadmium and nickel contents, 
as the treatment plant received the effluent discharged by a battery 
manufacturer. 
Treatments applied involved conditioning test plots with sludge (at 
doses of 10 tonnes D.M/hectare/year and 100 tonnes D.M./hectare/2 
years) while control plots received only mineral fertilization. The 
field weight of the maize grain was determined, as were the Cd, Ni 
and Zn contents of the 6th leaf, sampled at the 12th leaf fully 
emerged stage. 
Sludge application significantly decreased grain yield (-10 % and 
- 18 % respectively for the low and high rates of sludge 
application). However, in 1980 yield was drastically affected (-50 %) 
in the plots treated with high sludge dosages : purpling of seedling 
leaves, resembling signs of severe phosphorus deficiency, was 
observed in this case. 
Cadmium uptake was greatly enhanced by the addition of sewage 
sludge : contents of up to 80 ppm were observed in some years. 
However in 1980 Cd uptake was much reduced. The Cd content of maize 
originating from the control plots increased over time, indicating 
appreciable cadmium pollution of the control plots. 
Nickel uptake was also increased by the application of sludge, though 
to a lesser extent than Cd; in 1980 the Ni content of the 6th leaf 
was drastically increased. 
The pattern of zinc uptake was similar to that for Cd, but a very 
large annual variation in the concentration of Zn in plants was 
observed during the experiment, uncorrelated with sludge 
applications. 
Cd, and to a lesser extent Zn, should be seen as heavy metals which 
are highly available to the maize plant. Ni availability, on the 
other hand, was considerably lower. 
No clear relationship between grain yields and heavy metal content in 
the 6th leaf was observed in the course of the experiment except in 
1980; in that year a marked decrease in grain yield was associated 
with a significant increase in Ni uptake, accompanied by a decrease 
in the uptake of cadmium. 
This data could be interpreted as evidence that Ni toxicity towards 
maize explains the marked drop in yield in 1980. The data for that 
year shows a probable mutual influence between the accumulation of Cd 
and that of Zn. The low soil temperature prevailing in the first 
stage of maize growth in 1980 provides an explanation for these 
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metals' behaviour: Cd uptake may have been reduced by the low soil 
temperature in the rooting zone whereas Ni uptake was less affected, 
resulting in a large decrease in maize yield. 
More research is needed to assess the antagonisms involved in heavy 
metal uptake and the influence of translocation and temperature on 
this physiological process. 

The heavy metal content of sewage sludge is the main factor which 
still restricts the general recycling of this type. of urban waste for use 
on farming soils. 

A great deal of research has been carried out to evaluate the effects 
of sludge spreading on the build-up in soils and plants and the behaviour 
of heavy metals. It must be admitted that very few such investigations have 
revealed a toxic effect whose precise cause is the heavy metal content of 
sludge, despite an often marked build-up in the soil and in plants. From 
this, one could draw the conclusion that the risk of heavy metal toxicity 
to plants arising from the spreading of sludge is a secondary risk, the 
main one being that of contamination of the food chain. 

However, there are cases where the spreading of certain types of 
sludge does lead to a reduction in crop yields. The aim of this study is to 
describe one such case in which it was possible to ascribe the 
phytotoxicity of the sludge to its abnormally high cadmium and nickel 
contents. 

MATERIALS AND METHODOLOGY 

1. Design of experiment 
The experiment was conducted in the open and was. set up on an 

LN.R.A. experimental farm near Bordeaux. It was carried out on a coarse 
sandy soil (70 % coarse sand) which was found on pretesting to be acidic 
(pH = 5.5.) with a low organic content (2.2 %). 

It was set up in 1976 on land long cleared for cultivation on which 
crops had been rotated since 1972 (maize-oats-maize). The test crop was an 
irrigated maize monocul ture, using a single variety from 1976 to 1984 : 
INRA 260. The mineral fertilizers applied, weed control practice and soil 
cultivation were modelled strictly on current farming practice in the 
sector under consideration. Only the grain was removed, crop residues 
(mostly stems and leaves) being ploughed in every year at the end of 
winter. 

2. Treatments 
Treatment A : control; 
Treatment B : sludge (10 tonnes dry matter/hectare/year) spread from 

1976 to 1980 inclusive; 
Treatment C : sludge (100 tonnes/hectare/2 years) spread in 1976, 

1978 and 1980. 
The addition of sludge was deliberately hal ted in 1980 so as to 

monitor its after-effects. 
Mineral fertilization was adjusted to the same level (200 N - 200 P2 

05 - 200 K2 0) in the plots for treatments A and B, assuming that the 
ni trogen in the sludge was available for 50 % the year in which it was 
applied. Each plot was replicated five times in a randomized complete box 
design. The areas treated with sludge and fertilizer were 3 m x 6 m. 
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3. Sludge used 
The sludge came from a sewage treatment plant in the Bordeaux 

conurbation, which treated an equivalent population of 300 000. It had been 
anaerobically digested and dewatered using heat (by the Porteous process). 
A battery factory upstream of the works, which discharged its effluent into 
it, caused heavy cadmium and nickel pollution of this sludge. 

4. Measurements carried out 
In addition to measuring crop yield, an analysis was made of the 6th 

leaf, which was removed after the 12th leaf had completely unfurled. After 
dry mineralization, the concentration of Cd, Ni and Zn in the mineralizate 
(hydrochloric acid) was measured by atomic absorption flame photometry. The 
zinc was measured because of its relative abundance in the sludge used and 
the fact that it is often observed to behave similarly to cadmium. 

The results were subjected to multifactorial analysis, which enabled, 
among other things, the mul tiannual effect to be taken into account. The 
level of significance was determined using the Bonferoni test. 

RESULTS 

(a) sludge composition 
Table 1 sets out average contents measured over the five years of 

application and the range of values obtained. Cd, Ni and Zn were found to 
be the most abundant metals in the sludge. The cumulative quantities added 
to the soil thus reached very high levels in the case of the higher sludge 
dosage (Table 2) and these values were confirmed by the extraction of 
exceptionally high quantities of Cd and Ni with aqua regia. 

(b) Crop performance - yield 
Table 3 shows that, for the period considered (nine years, 1976 to 

1984) sludge application had a depressive effect (fall in yield of the 
order of - lO % for the lower sludge dosage and - 18 % for the higher 
dosage). Altogether, this depressive effect was quite small in view of the 
enormous quantities of reputedly very toxic metals (Cd and Ni) which were 
added to the soil through the application of sludge. 
However, the yearly results (Figure 1) indicate that the depressive effect 
the last time that the sludge was spread (1980) was far greater, amounting 
to - 50 % in the-case of the higher sludge dosage. It was also in this year 
that the most spectacular poisoning symptoms occurred, at the first stage 
of development of the plant. These consisted of intense reddening of the 
leaves and were very similar to those observed in cases of acute phosphorus 
deficiency. These symptoms then disappeared and were replaced by chlorosis 
between the veins, affecting the whole plant. In addition to these 
symptoms, the plants in the sludge-treated plots were distinguished by 
being shorter and more slender in appearance. 

(c) Metal content of the 6th leaf 
Cadmium 

Table 4 shows clearly that this metal was strongly accumulated in the 
6th leaf, although there was a ten,dency for it to level out for the highest 
dosage of sludge applied. It also shows that the leaves of plants from the 
control plots contained a much higher quantity of cadmium than that usually 
found in plants from non-contaminated soils (0.5. ppm on average). Figure 
2, representing concentration trends over the years, shows a progressive 
increase in cadmium content in plants originating from control plots : it 
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thus seems very likely that there was increasing pollution of the control 
plots by the metal, no doubt owing to soil cultivation practices or 
erosion, possibly even to the transfer by lateral migration of Cd in the 
form of ions or complexes. 

Figure 2 also shows that plant cadmium content dropped considerably 
in 1980. In that year an exceptional drop in yield was recorded for the 
sludge-treated plots. Despite the halting of the application of organic 
waste after 1980, plant cadmium contents continued to be very high. 

Nickel (Table 5) 
The application of sludge resulted in a highly significant increase 

in nickel concentration in the plant. However, this increase was lower than 
that observed for cadmium. 

Figure 3 shows that in 1980, when there was a very marked drop in 
yield, leaf nickel content reached its maximum value (approx. 18 ppm for 
the high rate of sewage application. Unlike the situation observed for 
cadmium, nickel concentrations in the control plants did not show a 
progressi ve increase over time : it would thus appear that the control 
plots were not polluted with this metal. 

Zinc (Table 6) 
Concentrations of this metal were monitored because many research 

results had indicated certain parallels between the behaviour of this metal 
and that of cadmium. It was found that zinc, the content of which in the 
sludge was of a similar order of magnitude to that of nickel, accumulated 
much more in the plant than the later. Figure 4 shows that the effect for 
each year cannot be related to additions of sludge, as is shown by the 
fluctuations of the concentration in plants from the control plots. 

(d) Availability indices of metals 
This index was calculated (Table 7) for both sludge application rates 

by considering the increase in concentration of a given metal in the plant 
and the total quantity of metals added in the sludge for each treatment. 

The value of this index reveals that cadmium is most easily absorbed 
by the plant, zinc less so by a factor of 2, while nickel is distinguished 
by a much lower bio-availability. These results confirm the relative 
similarity of behaviour of Cd and Zn in terms of bio-availability. The very 
low availability of nickel may be associated with the lower solubility of 
this metal, phenomena of competition between metals for absorption or with 
the self-restriction by the plant of absorption and translocation of a 
metal whose high phytotoxicity is well established. 

(e) Relationship between plant yield and metal concentration 
In 1980, as indicated above, there were simultaneously a very large 

fall in yields, a very appreciable increase in plant nickel content and a 
no less marked drop in Cd concentration, which reached, in the case of the 
highest sludge rate of application the lowest value observed for the whole 
period of the experiment. 

This observation would seem to indicate that it is above all nickel 
which has a phytotoxic effect, whereas cadmium may in some years reach high 
concentrations (approaching 80 ppm) without apparently causing too much 
damage to the plant. 

The exceptional uptake of Ni in 1980 raises a question, as the 
quanti ties added in the form of sludge in 1980 were of the same order of 
magni tude as those applied in 1976 and 1978. One possible hypothesis is 
that this is due to the lower ambient temperatures during establishment of 
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the crop in 1980; Figure 5 does show that average soil temperatures 
measured at a depth of 10 cm during 10 day periods in May and June were 
lower in 1980 than in 1976 and 1978. It is possible that under these 
conditions absorption of Cd could have been reduced. As a result Ni uptake 
was enhanced because likely there is competition for plant uptake between 
the two metals. 

CONCLUSIONS 

A marked increase in concentrations of Cd and Ni originating from 
heavily polluted sludge in a sandy soil resulted in a very significant 
decrease in yields, even after the end of sludge application. 

Detailed examination of the results tends to show that toxicity to 
maize is more related to the soil content of nickel than that of cadmium, 
which is much more easily absorbed by the plant; in the case of maize, 
phytotoxici ty does not therefore constitute an effective barrier to the 
translocation of cadmium into the food chain. 

Supplementary studies would appear to be necessary to investigate the 
antagonisms which appear to exist between heavy metals regarding absorption 
and transfer and into the conditions which may increase such competition. 
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Table 1 Average composition of sludge samples tested and range of values 

Average Range 

Carbon 16.78 15.89 - 17.66 

% 
Nitrogen 1.26 0.89 - 1.42 
P205 4.22 3.16 - 4.75 

D.M. Ca 10.59 7.17 - 14.45 
Mg 0.29 0.16 - 0.40 
K 0.12 0.08 - 0.15 
Fe 3.65 2.76 - 4.15 

Cu 488 248 - 663 
Mn 699 405 - 984 

ppm Zn 3 066 2 300 - 4 718 

D.M. 
Cd 1 830 910 - 2 672 
Cr 219 127 - 365 
Ni 4 071 2 920 - 5 000 
Pb 722 578 - 875 

Table 2 Cumulative amounts of metals added to the soil by applying high 
dosages of sludge: period 1976 - 1980 (kg/ha); 
quantities extracted with aqua regia (ppm). 

Metal Cumulative amounts Metal extracted 
of metal with aqua regia 

1976 - 1980 (kg/ha) (ppm) 

Fe 11 354 3 470 
Mn 234 81 
Cu 170 46 
Zn 976 158 
Cd 641 110 
Ni 1 337 269 
Pb 231 49 
Cr 64 18 
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Table 3 Effect of adding sludge on average yields from 1976 to 1984 

I 
I 
I 
I 
I 
I Grain at 0 % moisture 
I content (kg/ha) 
I 
I 0 t/ha of sludge 
I 50 t/ha of sludge 

Cumulative amounts (t/ha) 
of sludge 

o 50 

8 544 7 733 

v.s. 
v.s. 

300 

7 122 

v.s. 
v.s. 

1 __________________________________ ~- _______ _ 

Iv.s. difference greater than the 0.1 % significance 
I level 

1---------------------------------------

Table 4 Cadmium content of the 6th leaf 

I 
I 
I 
I 
I 
I Cd (ppm / D.M.) 
I 
I 0 t/ha of sludge 
I 50 t/ha of sludge 

Cumulative amounts (t/ha) 
of sludge 

o 50 300 

6.9 35.6 54.6 

v.s. v.s. 
v.s. v.s. 

I----~~------~~--~~~~~-----I v.S. = difference greater than the 0.1 % significance 
I level 

1--------------------------------------

Table 5 Nickel content of the 6th leaf 

Ni (ppm/D.M.) 

o t/ha of sludge 
50 t/ha of sludge 

Cumulative amounts (t/ha) 
of sludge 

o 

1.3 

v.s. 

50 

3.2 

v.s. 

300 

9.0 

v.s. 
v.S. 

v.s. = difference greater than the 0.1 % significance 
level 
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Table 6 Zinc content of the 6th leaf 

Cumulative amounts (t/ha) 
of sludge 

o 50 300 

Zn (ppm / D.M.) 24.6 46.0 56.7 

o t/ha of sludge v.s. v.s. 

50 t/ha of sludge v.s. v.s. 

v.s. = difference greater than the 0.1 % significance 
level 

Table 7 Availability index of metals 

I Mean increase ICumulative amounts I Availability 
I in concentrations I of metal added index 
I compared with the I to soil (kg/ha) 
I control (ppm) I 
I (a) I (b) (c) 
I I 
I I 

ICumulative amounts I I 
I sludge spread I I 
I (t/ha) I 50 300 I 50 300 50 300 
I I I 
I I I 
I Cd I 28.7 47.7 I 107 641 26.8 7.4 
I I I 
I Ni I 1.9 7.7 I 223 1 337 0.9 0.6 
I I I 
I Zn I 21.4 32.1 I 163 976 13.1 3.3 
I I I 
I (a) 
I (c) = - x 100 
I (b) 

I 
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Figure 2 

EFFECT OF ADDING SLUDGE ON THE CADMIUM CONTENT OF THE 6th LEAF 
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Figure 3 

EFFECT OF ADDING SLUDGE ON THE NICKEL CONTENT OF THE 6th LEAF 
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20 " 

r application of high sludge dosage 
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TRACE METAL REGULATIONS FOR SLUDGE UTILIZATION IN 
AGRICULTURE; A CRITICAL REVIEW. 

J.C. TJELL 
Department of Environmental Engineering 

Technical University of Denmark, DK-2800 Lyngby, Denmark 

Summary 

It is argued that three different approaches 1) historical, 2) pragmatic, 
and 3) scientific have been adopted when formulating national regulati
ons on sludge utilization in agriculture. 

The historical approach recognized metal toxicities to crops (phytotoxi
city), and regulations limiting metal additions to soils to avoid this 
were developed. The pragmatic approach recognized phytotoxicity, but al
so current sludge guality and the need for disposal, and regulations we
re developed based on sludge metal concentrations and useful sludge ap
plication rates. 

The scientific approach involves human health risk analysis, and regula
tions can be developed to protect the quality of animal and human food
stuff, and thus the human health. 

It is further argued that metal concentrations in sludges in certain 
countries are diminishing considerably,. which may clear the ground for 
stricter international guidelines acceptable to countries with sensitive 
environments. Guidelines should also take into account naturally occur
ring differences in soil conditions, especially pH as an important gover
ning factor in the dietary transfer of metals from soils to humans. 

INTRODUCTION 
Utilization of sewage sludge in agriculture as a fertilizing material 

is regarded as a beneficial and economical outlet for the solid residues 
from waste water treatment. In order to safeguard the public health, many 
countries have in recent" years adopted some form of regulatory measures to 
avoid unwanted side effects from contaminants in the sludges. A number of 
these national guidelines were reviewed by Webber et al. (1984), regarding 
rules on trace metals. Additional guidelines, and amendments to those pre
viously reviewed are listed in Table 1. 

The major outcome of the review was the impression of large differences 
in the national approaches, leading to remarkable differences in the selec
tion of metals included in the guidelines, as well as large variations in 
the actual limits for the individual metals in terms of sludge concentrati
ons, soil concentrations, annual loadings or total loadings of the sludged 
land. 

The aim of this paper is to explore possible factors and approaches 
which might have been considered when the national guidelines were formulated, 
and to give an account of the ongoing discussions on the scientific basis 
for regulations, exemplified for cadmium. 
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Table 1. Additional guidelines, and guideline modifications since the review by webber et al. 1984. 

Max.Conc. in sludges to land Annual loading limit Total loading limits 

ppm in DS kg/ha,y 

USA Nether- Scotland Austria USA Nether- Scotland Austria Italy US N-E Scotland Italy South 

N-E lands N-E lands kg/ha Soil kg/ha Soil Africa 
ppm ppm kgjha 

As 10 150 0.02 0.3 12 30 

Cd 25 20 10 0.4-0.9 0.01 0.04 0.038 0.04 2-4.5 1.6 1 
Co 10 

Cr 1000 500 2000 500 20-120 1.0 1.875 3.6 100-600 120 300 380 

CU 1000 600 1500 500 5-30 1.2 1.875 4.5 25-150 80 200 100 150 

Hg 10 7.5 10 0.02 0.015 0.038 0.025 0.4 

Mo 25 0.05 5 5 
Ni 200 100 600 100 2-12 0.2 1.2 0.38 1.2 10-60 48 120 50 36 
ph 1000 500 1500 500 20-120 1.0 3 1.875 3 100-600 90 225 100 225 
So 40 0.08 2.4 
Zn 2500 2000 2500 2000 6-50 5 7.5 50-300 150 375 300 870 

Minimum 6.0 5.5 6.0 
pH 

Maximal 
sludge 
loading 
t/ha,y 

USA Northeast Metal loadings are according to three soil classes. pH is ~asured in 1:1 soil: -..a.ter faate. Sludge should be 
used as a fertilizer (no specific limits). Metal loadings are originally in pounds/acre. (Baker et al. 1985). 

Netherlands Loa.dings are for arable land. Loadinq to pasture land are one-half the values shown (revised April, 1984 for 
rules covering Cd and Hg) . 

Scotland The total loadings are inclusive the indigenous soil contents. If low sludges are applied higher r:s ma.y be 
allowed. (Scottish Agricultural Colleges 1981). 

Austria Metal limits may be raised two fold if only one metal exceeds the limits. A maximum sludge loading of 5 t DS/ha,y 
is recommended. It is anticipated that it will take more than 100 years to reach the tolerable soil concentrati
ons as used in FRG. (Oww 1984). 

Italy The values are from a proposal by Genevini et al. (1983). The annual loadings are meant for soils with CEC >12 meq/ 
100g, and should be halved for soils with a CEC 6-12 meq/l00. Presl.Ullably soils, with lower CEC ought not receive 
sludge. 

South Africa The values are from a proposeal by Nell & Engelbrecht 1982. Only cumulative metal loading is limited. Sludge should 
be utilized as a fertilizer. 

THE HISTORICAL APPROACH IN ESTABLISHING REGULATIONS 
When the first guidelines for management of sludge utilization were 

formulated 10-15 years back, the scientific background for setting limiting 
values was rather scarce. However, toxicity of metals to plants (phytotoxi
city) was recognized and consequently guidelines were formulated to avoid 
this unwanted side effect, often as a limitation on the maximum concentra
tions of mobile metals in soils to be reached after sludge use. The metals 
often referred to as phytoxic are Zn, Ni and Cu, but also Cd may become 
phytotoxic, as well as the non-metal B. 

Over the years several modifications to the essentially phytotoxicity 
limitations have led to decreasing figures for tolerable contamination of 
soils. There is no clear indication of how the emphasis on the protection of 
the plant production was shifted to protection of the consumers of plant 
materials, which is the stated purpose of all current guidelines. 

An illustrative example of this revision proces may be taken from Ger
many (FRG) , see Table 2. The tolerable soil concentrations have decreased 
considerably over the years, especially for Pb and Cd. The guideline for 
sludge application (Klarschlammverordnung 1982) states an intention of pro
tecting the food chain, and one of the regulations is soil concentration li
mits to fulfil this objective. 

A possible clue to the present german tolerable soil concentrations may 
be the wish to accomodate most german soils in the tolerable range. The 
concentrations of trace metals in soils in Nordrhein-westfalen were reported 
by Kick et al. (1979), and by Vetter et al. (1983) for Baden-Wurttemberg. In 
both areas a small but significant part of the soil samples analyzed exceeded 
the present tolerable soil concentration limits for the FRG (largest for Ni 
14.9%) . 
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Table 2. Development in tolerable soil concentrations (in mg/kg) in 
the Federal Republic of Germany. 

Metal 1974* 1977* 1982** 

Cd 50 5 3 
Cu 100 100 
Hg 5 5 2 
Ni 50 50 
Pb 2000 100 100 
Zn 500 300 300 

* Referred by Claussen 1979 
** Klarschlammverordnung 1982 

But whatever the reason for the continued enforcement in the FRG of the 
values in Table 2, it may not be safe to tolerate in the future that for in
stance the Cd content of all german soils may increase to 10 times hi~her 
level (3 ppm), than at present (-0.3 ppm, Augustin et al. 1984), presumably 
rising the human dietary intake of that metal to well over the tolerable 
level. 

Included in the historical approach is also international copying of 
limiting values. It may be noted from the tables produced by Webber et al. 
1984, that the limits to soil concentrations for the FRG for several metals 
appear rather identical in guidelines issued in France, Austria and Switzer
land and also seems to have been the basis for the proposal from the Commis
sion of the European Communities (CEC 1982). 

THE PRAGMATIC APPROACH IN ESTABLISHING REGULATIONS 
The stage following the historical approach in establishing guidelines 

may be called the pragmatic approach. Besides recognizing the need to pro
tect soils from becoming phytotoxic, the pragmatic approach recognizes the 
current sludge qualities and the wish or need for disposal of sludges in 
agriculture as a fertilizer material containing Nitrogen and Phosphorous. 
Most current guidelines appear to be of the pragmatic type, which may be il
lustrated by considering the current national limitations for Cadmium. 

In Figure 1 is plotted for various countries the allowable annual loa
dings of Cd against the sludge concentrations of Cd reported shortly before 
the guidelines were issued. The maximum allowable sludge concentrations are 
also shown. In the figure is further shown the annual Cd loadings following 
sludge applications of 2, 5 or 10 t DS/ha,y with the indicated sludge Cd 
concentrations. These doses cover the normal range of sludge utilization 
practice. The 10 t/ha,y corresponds to a total-N of 300-500 kg/ha which is 
considered a useful dose when sludge is meant as a N-fertilizer, and the 
2 t/ha,y corresponds to a total P of 15-30 kg/ha,y which should be suffici
ent to meet the P requirements of the crops, but not of N. 

Looking at Figure 1 it is obvious that the maximum sludge Cd concentra
tions often are chosen to 2-3 times the known mean or median sludge concentra
tions. In defining the maximum annual Cd loading the countries appear to ha
ve used a presumed optimal sludge dosage of 5-10 t/ha,y, when N fertilizati
on is considered feasible, and the then recent sludge concentrations of Cd 
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known. For countries with a probable policy of using sludge as a P fertilizer 
(0, OK, N, S and SF) the chosen sludge dose appears to be 2-5 t/ha,y. 

It should be mentioned that the regulations for the US (out of scale in 
the figure) fits into this pattern, even when stricter regulations are en
forced in 1987, (500 g Cd/ha,y and a max. sludge conc. of 25 ppm Cd for ve
getable crops). The CEC regulations do not either deviate from this pattern 
except that the values approach the highest values for the member states. 

200 

150 

100 

50 

30 
20 
10 

0 

Maximum 
Cd loading 
g/ha,y 

UK 

CEC -M 

NL OK 

5 10 

10 t DS/ha,y 

5 t DS/ha,y 

SF 

Cd 

15 20 25 30 35 
ppm in 
OS 

Figure 1. Compilation of national guidelines on Cadmium for allowable 
sludge concentrations (,) and maximum annual loading of ag
ricultural land receiving sludge. For each country is further 
shown reported sludge concentrations prior to the issue of the 
guidelines, as mean (E9), or median (83) values. The three li
nes indicate the annual Cd loading following sludge dosing of 
2-5-10 t/OS,ha,y. The data are from Webber et al. 1984 and 

. Table 1. 
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Although most of the national regulations are said to protect the pro
ductivity of agricultural soils, as well as protect the consumers of the ag
ricultural products, it is doubtful if any of the regulations actually are 
based on calculations to fulfil the said objectives. It appears more likely 
that the regulations are based on rather pragmatic considerations on what 
was practical and possible, at the time of formulating the regulations,ta
king into account politics and economics of sludge disposal. 

Although the pragmatic approach may not be founded em clear principles 
it does work for a continuous improvement of the situation, simply by put
ting pressure on reductions in the industrial discharges of metals to the 
sewers. In Figure 2 and 3 are shown two examples of steadily decreasing me
tal concentrations in sludge from larger municipal waste water treatment 
plants, with a considerable influx of trade waste. Especially for the pro
blematic metal Cadmium it has been possible in both cases to reach the rath
er low concentration of 7 ppm in DS. The concentration levels for the four 
metals shown are not necessarily the ultimate which can be obtained. In the 
Danish case the lead content is still high, caused by a large battery manu
facturing company, which still decrease its discharges despite increased 
production. When Pb in gasoline finally is faded out, the Pb concentrations 
in sludges may fall much further. 
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Ni =55 
Cd= 6.9 

79 80 81 82 83 84 Year 73 74 75 76 77 78 79 80 81 82 83 84 Year 

Fig. 2. Development in concentrations {in ppm in DS} of four metals in 
sludge from Munich (FRG) sewage treatment plant producing 35.000 t/ 
year of sludge dry matter. Eichinger 1985. 

Fig. 3. Development in concentrations (in ppm in DS) of four metals in 
sludge from Lundtofte sewage treatment plant {outside Copenha
gen, Denmark} producing 5000 t/year of sludge dry matter. 
(Values obtained from Lyngby municipality) . 
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THE SCIENTIFIC APPROACH IN ESTABLISHING REGULATIONS 
The scientific approach in examining the effects of metals after sludge 

application to agricultural land is timewise relatively short, but has re
sulted in a great volume of work, with great many details being studied. 
With the object of using the wealth of scientific envidence in establishing 
well founded regulations for use of sludge it is logical to follow a line 
of reasoning as used by e.g. Ryan et al. 1982: 

1. Establish relationships between soil-plant-animal concentrations of in
dividual metals, under various circumstances, like soil conditions (pH, 
texture, temperature, water regime, etc.) species of plants, and nutri
tional availability to animals. 

2. Define the various transport routes for metals in the food chains rele
vant to sensitive species (mostly the human species) and individuals. 

3. Define the dose-effect of individual metals to sensitive species and in
dividuals. 

4. On this basis (hopefully) define acceptable doses of metals for sensitive 
species and individua1s. 

5. Define the section of the populations to be protected under the regula
tion. 

6. Calculate on these assumptions the acceptable loadings of metals to land, 
and/or define ameliorating conditions (e.g. soil pH) . 

Table 3. Approximate metal concentrations in purely domestic sludges, and 
suggested limits for metal loadings to agricultural land not giving 
rise to unwanted long term side effects, see text for details. 

Approximate 

Metal concentration in 
domestic sludge 

ppm in DS 

As 5 ++ 
Cd 3 +++ 
Cr(III) 50 + 
Co 5 ++ 
Cu 200 ++ 
Hg 2 ++ 
Mn 500 + 
Mo 5 ++ 
Ni 25 ++ 
Pb 100 ++ 
Se 2 ++ 
Sn 10 + 
Zn 700 ++ 

B 25 ++ 
F 200 ++ 

Provided an annual application rate of <3t DS/ha, 

+ 10 x higher concentrations may be tolerated. 
++ 3 x higher concentrations may be tolerated. 

+++ Higher concentrations should not be tolerated 
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With this type of reasoning process for a long row of netallic contami
nants in sludges, it may be possible to define under which circumstances 
there should not be any long term unwanted side effects of utilization of 
sewage sludges in agriculture. In Table 3 is shown the approximate metal 
concentration levels in purely domestic sludges together with an assessment 
of possible allowable deviations from these concentration levels, provided 
the sludge is used for P-fertilization at application rates up to 3 t DS/ha,y. 
The table is based on evidence compiled by Chaney 1982 (the "soil-plant bar
rier" concept), CAST 1976, Webber 1984, and a selection of data on sludge 
concentrations, Sj6qvist 1984, Skov 1982, DOE 1983, and Augustin 1984. 

There may still be some additional metals which are not examined to 
such an extent that they may be deemed harmless, but until we know more 
about metals as Ag, Be, Ce, La, Sb, Te, Tl and V it is most likely that 
they are not able to cross the "soil-plant barrier". 

THE SCIENTIFIC APPROACH APPLIED TO CADMIUM 
It is well known that cadmium is considered to be the most troublesome 

metal often limiting sludge application in agriculture, and certainly the 
most disputed of the contaminants in sludges. Digging a little deeper into 
the current scientific approach on this metal may cast light on the problems. 

1. Based on extensive reviews by CAST 1981, Logan & Chaney 1983, Ryan et 
al. 1982, Page 1981 and Davis & Coker 1980 it may presently be the most li
kely assumption that the plant uptake of cadmium from soil is not declining 
with time, is largely proportional to the cadmium concentration in a soil, 
and that the other most influential soil parameter is pH, with an approxi
mate increase in Cd uptake of 2-3 x for each pH unit decrease. A lot of ano
malies from these three rules of thumb have been found (Logan & Chancy 1983) , 
but for a crop producing region at large this seems to hold. A special case 
to note it the very low plant availability of Cd at higher concentrations, 
in calcareous soils, as described by Davis 1984, and with a possible expla
nation by Christensen & Tjell 1984. 

The transfer of cadmium to animals are not as well studied, but it is 
most likely that a moderate increase in intake with fodder raises the organ 
concentrations proportionally (Logan & Chaney 1983). 

2. For humans, dietary studies in industrialized countries, have revealed 
that the present intakes of Cd often is around 25 and range from <20 to 
>40 ~g/P,d and"that a rough sharing between food classes is as shown inTab
le 4. 

Table 4. Approximate amounts of Cd in human food classes in 
industrialized countries. 

Intake 
Food class % Cd ~g/P,d 

Vegetables (& fruit) 15 4 
Potatoes 20 5 
Cereals 25 6 
Animalia 20 5 
Other 20 5 

Total 100 25 

Note: The food class "other" contains items like beverage, 
Water, fish etc. which do not obtain Cadmium from 
Soil. 
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3 + 4. The provisional tolerable weekly intake of Cd (400-500 ~g/p,w) with 
food defined by WHO/FAO 1972, seems still valid, although suggestions for 
raising the figure are numerous. (e.g. Taylor 1984, Epstein & Alpert 1983, 
Logan and Chaney 1983). A recent discussion of the ptwi for Cd is presented 
by Dean and Suess 1985, with a suggestion for a reevaluation of the figure. 

5. The definition of the section of the population to be covered under a 
safe regulation is not really a scientific problem. An individual (smoker) 
consuming copious amounts of lettuce, wild champignons and kidney pie may 
take in excessive amounts of cadmium, whatever regulations be adopted. But 
it may be argued that the higher the average human food intake is, the more 
individuals are exceeding their tolerance. This type of argument is not easy 
to guantify in a scientific way. But a short resume may be useful to show 
some of the key problems in that process. 

A method for deciding on the future intake of cadmium is the so called 
scenario, where various assumptions are used in predicting the impact of 
ra1s1ng the soil concentrations of Cadmium, with or without sludge applica
tion to land. 

An average hypothetical situation may be defined as in Table 5 (based 
on scenarios by Ryan et al. 1982, Naylor and Loehr 1981, Davis et al. 1983, 
Hansen and Tjell 1983 etc.). 

The assumed transfer factor soil-human for Cd is not easy to calculate 
with great accuracy, but taking literature informations on daily intakes and 
soil concentrations the magnitude is as shown in Table 6. The selected va
lue is 4, although it may be justified to use a lower figure. All figures in 
Table 5 are proportional to this transfer factor. 

Table 5. Average of various scenarios predicting increases in human dietary 
intakes of Cadmium following a 1 kg/ha addition of the metal to the 
soils producing the listed food items. See text. 

Food items 

All food 
Vegetable + potatoes 
Cereals 
Vegetables 

Assumptions: 

f:, Cd plant in % 
f:, Cd soil in % 

Transfer factor soil - human: 

Increase in 

Calcareous 

3 

1 
0.5 

dietary Cd ]lg/P,d 

+ 1 pH Neutral 

16 40 
7 18 
5 12 
3 8 

Cd plant, pH 
Cd plant, pH + 1 

Ave. soil derived Cd intake 
Ave. top soil content 

20 ~g/P,d 
0.5 kg/ha 

2 
4 cm 

P,d 
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Table 6. A compilation of recorded human food intakes and average soil con
centrations of cadmium, and the corresponding transfer factors for 
the metal from soil - human. 

Cd Cd in soil Transfer factor 
Country intake conc. content cm2 /P,d 

~g/P,d p~ kg/ha 

us Northeasta 32 0.19 0.57 5.6 
W-German~ 35 0.25 0.75 4.7 
Denmarkc 25 0.22 0.66 3.8 
Swedend 18 0.22 0.66 2.7 
Canadae 52 0.3 0.9 5.8 
Finlandf 13 0.22 0.66 2.0 

Ref.: a Naylor & Loehr 1981 Luce 1985 
b Weigert et al. 1984 Augustin et al. 1984 
c Hansen & Tjell 1983 
d Kjellstrom et al. 1978 Andersson 1977 
e Ryan et al. 1982 McKeague & Wolynetz 1979 
f Varo & Koivistoinen 1980 Sippola 1985 

The scenario summary in Table 5 points to that predictions of the in
crease in dietary Cadmium intake following addition of 1 kg Cd/ha, may range 
from 0.5 to 100 ~g/P,d depending on assumptions on soil parameters and food 
classes assumed to be affected. Relating the content of Table 5 to the ac
tual situations in various regions of the world will inevitably produce 
highly differing opinions on the level of tolerable soil contamination with 
Cadmium. 

A point to note is the high impact of vegetables and potatoes alone. 
This may have special significance to sludge utilization schemes near larger 
cities. Although not always the case, a high proportion of vegetables and 
some potatoes are grown near the cities, and thus a higher recycling of 
contaminants back to the population may occur, which is not anticipated 
in the scenarios. The same possibility exists of excessive exposure to in
dividual families from utilization of sludge in private gardens. 

6. Now the key guestion is raised mostly to the health authorities: Which 
end of the scenario to base limiting values for Cd addition to land, also 
in sludge. And this is where the dispute gets heated, as the health autho
rities mostly opt for the high impact end to be the most realistic leading 
to strict regulations (as in the Nordic countries and Scotland). The mode
rating effect of a limited available sludge amount which can be disposed 
in high dosage rates on limited land areas, and thus limiting the impact 
(Ryan et al. 1982), may not be very obvious in densely populated countries. 
And with increasing interest in the fertilizing value of the sludge, espe
cially the phosphorous value, this possibility may not be optimal either. 

Reason for opting for the low impact end of the scenarios are not all 
that clear, but a reasonable guess is according to the pragmatic approach, 
that the situation is not yet mature for too tight regulations, as they 
might jeopardize ongoing sludge operations, or that the general soil pollu
tion status in some localized areas would not comply with tighter regula
tions issued for sludge application to land. 

The especially low impact of rising soil contents of Cadmium on calca
reous soils have led to the least strict regulations for sludge on land 
(eq. Davis 1983, DOE 1981), which is quite justifiable if UK soils are pre
dominantly calcareous. 
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This is approximately the situation at present, leading to the great 
disparity among countries on which limiting values for Cd to choose. 

It is difficult yet to say that the scientific approach in establishing 
guidelines is much better than the two previous ones. But if there is aneed 
of unification of soil pollution regulations covering metals, it is probably 
the only possibility for getting the differing opinions to meet. 

IS THERE A WAY TO MORE UNIFORM AND JUSTIFIABLE REGULATIONS? 
It is quite obvious that the utilization of low metal sludges in agri

culture is of no major concern in respect to associated risks to the public. 
As suggested in Table 3 for most metals even 3-10 times higher metal con
centrations than found in domestic sludges may be tolerated for moderate 
sludge application rates. How restictive to ongoing sludge utilization these 
limitations may be is shown in Table 7 for sludges from FRG and UK. It is 
clearly Cadmium and to a lesser extent lead and Nickel which are the 
troublesome metals according to this rather practical approach. On the ot
her hand it is also clear that sludge concentrations are on the way down, 
probably as a result of the pragmatic regulations imposed on sludges and 
because of public awareness in general. This point was illustrated in Figu
res 2 and 3, and in Table 8 is shown the improvements in the situation with 
time for Cadmium in three countries. Although not exactly compatible (and 
maybe not entirely correctly read from figures in the publications) the 
trends for UK and Sweden are clear. It is possible to reduce sludge concen
trations considerably through efforts in the industries and waste water 
authorities. 

But the tables also show that considerable quantities of sludges (espe
cially from larger towns) are still not satisfactorily low in metal con
tents to be used as fertilizers. It is a philosophical question if the 
farming community, and indeed the whole community, should accept cheep fer
tilization and disposal of heavily contaminated sludges, with all the pos
sible risks involved. 

Table 7. The amount of sludge (UK), or number 
of sludge samples (FRG) in two sur
veys not complying with the maximum 
loadings listed for individual metals 
in Table 3 (at 3 t DS/ha,y) . 

UK FRG 
Metal DOE 1980 Riegler 1981 

% % 

Cd 63 60 
Cr 20 10 
Cu 20 10 
Hg 8 
Ni 35 25 
Pb 40 20 
Zn 15 25 
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Table 8. Approximate classification (in %) of sludges in three countries 
according to the Cadmium content. 

Country UK FRGc SWEDENc 

Conc. 1977 a 1980a 1980b -1980 1969 1973 1976 1981 
group 

0-5 ppm 13 23 37 40 20 30 40 85 
0-10 ppm 37 45 60 74 70 70 70 98 

a Surveys in 1977 and 1980 of the amount of sludge disposed of to agri
cultural land and landfills. 

b Survey in 1980 of the amount of sluQge disposed of to agricultural 
land alone. 

c Percent of number of sludges analyzed 

References: DOE 1981 & 1983 Riegler 1981 
Sjoqvist 1984 & 1978 

Regarding the prospects for future unified sludge utilization regulati
ons concerning trace metals three options may be mentioned: 

1. A rather elaborate system of rules covering the various nature given dif
ferences in soil conditions (e.g. in Europe). There will have to be pro
vision for variations in pH covering acid sandy soils and calcareous 
clays. Even then the risk assessment (scenarios) will be viewed upon with 
some suspicion, as long as the rules may have to accomodate heavily con
taminated sludges. 

2. Adopt stricter rules (e.g. Table 3) and a limit on soil pH with a period 
of grace for either bringing down the sludge concentrations, or to halt 
the most risky sludge utilization schemes. 

3. Leave it entirely to the national authorities. It is anyhow their own 
public health situation which is most at stake. Countries contemplating 
on sludge utilization regulation (new or amendments) are able to chose 
between a whole array of possibilities. 

IS THERE A NEED FOR UNIFORM REGULATION? 
In the review by Webber et al. (1984) it was pointed out that internatio

nal trade in agricultural products is large and increasing, and in order to 
ensure uniform quality of food chain products amongst countries, it is Use
ful to standardize allowable loadings of contaminants to agricultural land. 
It may be argued (e.g. Matthews 1984) that sludge is only a minor contribu
tor of contaminants to land, and as such not important enough to warrant ef
forts to harmonize the national regulations. The tricky point is however 
that regulation of contaminant loadings to land with sludge often appears to 
be the first serious national attempt to control the quality of soil and 
hence agricultural products, and thus may serve as a model for later regula
tions of the much larger contaminant loadings from the atmosphere and through 
the use of chemical fertilizers, as pointed out by several authors (e.g. 
Hansen & Tjell 1983). 
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It is difficult to argue that sludge regulations ought to be internatio
nally standardized, for the sake of protecting consumers from unsafe imported 
agricultural produce due to improper use of sludge. But the eventual adoption 
of sound international rules or guidelines for use of sludge may open up a 
fruitful discussion on the necessity of controlling the mentioned much lar
ger loadings. 

The question of international harmonization of rules for the sake of 
promoting equal economic competiveness may not be very important for this 
particular subject, not either in the EEC. Although disposal of sludge seems 
costly, each citizen may annually pay less than 2 £ extra for even the most 
expensive sludge disposal method, mechanical dewatering and sanitary land
fill, compared to agricultural disposal, thus averting rather more costly 
industrial measures to curb excessive metal discharges to the sewers. 
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Chemical properties of sewage sludges produced in 
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Autothermic sludge incineration 
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volumes which can be used on crops 

Chemical composition of sludges from sewage 
treatment systems in the Emilia Romagna region 
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Anaerobic contact digestion of biochemical sludge 
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Slurry meter instructions 
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Varietal tolerance in cereals to metal 
contamination in a sewage treated soil 

Effect of sample storage on the extraction of 
metals from raw, activated and digested sludges 
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IR'l'RODOCTION TO 'ftIE POS'lBR. SESSION 

The Chairman introduced the session and said that 
a total of 33 posters had been exhibited. He said 
that it was interesting to note the numbers of 
posters relevant to the activities of the respec
tive Working Parties. Thus there were some 10 
Posters each of special interest to Working Party 
1 (processing), Working Party 4 (Agricultural 
Effects) and to Working Party 5 (Environmental 
Aspects) respectively. However, there were only 3 
Posters for Working Party 2 (Chemical Aspects) and 
none for Working Party 3 (biological Aspects). 
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LEACHING RESULTING FROM LAND APPLICATION OF SEWAGE SLUDGE! 

M. MELKAS, M. MELANEN, A. JAAKKOLA, M. AHTIAINEN * 

Summary 

Sewage sludge (16 - 20 t ha- 1 DM) was applied on a 
clay soil and movement of nutrients, heavy metals, 
organic matter and (indicator) micro-organisms was 
monitored in a five-year experiment. Two of the years 
were hydrologically exceptional: weather conditions 
had a strong effect on leaching. Following results 
were obtained: 1) mostly 80 - 90 per cent of total 
leaching was through subdrainage; 2) no harmful 
leaching of heavy metals or micro-organisms through 
subdrainage or surface was found; 3) the treatments 
had the most profound effect on nitrogen leaching 
and on conductivity of runoff waters; effect duration 
was over two years for nitrogen; 4) application of 
sludge on snow immediately increased NH4 concentrations 
of surface and subdrainage waters; in the long run, 
applications on snow and on nonfrozen soil yielded 
equal nitrogen leaching. 

1. INTRODUCTION 
The amount of municipal sewage sludge has grown 

rapidly in Finland and it was over 100 000 tons DM (dry 
matter) in 1980. About half of the sludge is at present 
disposed of for agricultural purposes. 

In Finland sewage sludge should not be spread more 
than 20 t ha- 1 DM once in every five years. If applied 
more often, the maximum dose is 4 t ha-1 DM a year. Cadmium 
content may limit the use of sludge: the highest acceptable 
amount is 100 g ha- 1 Cd once in five years or 20 g a year. 
Particularly liquid sludge should be mixed into soil 
immediately after application. Dewatered sludge is also 
recommended to be spread on nonfrozen soil and mixed into 
it within one day. A protection zone of 20 - 50 metres 
with no sludge application is recommended by watercourses. 

1 This paper is based on the original paper by Melanen et al. 
(1985). 
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Spreading is not allowed in the vicinity of drinking-water 
wells or important groundwater aquifers (Latostenmaa 1976 
(1), Laakintohallitus 1977 (2), Vesihallitus 1979 a) (5). 

A test field was constructed in 1978 in Liperi (Siika
salmi Agricultural School: 62 0 32'N, 290 22'E) in eastern 
Finland for studying movement of the constituents of sewage 
sludge resulting from land application. Uptake by crops 
was also studied in the project which was carried out by 
the National Board of Waters, the North Karelia Water 
District Office, the Agricultural Research Centre and the 
local municipalities. A detailed description of the study 
is given in Melanen et al. (1985). 

2. MATERIALS AND METHODS 
The soil type of the Liperi field is clay. In the top 

layer, 0.1 - 0.6 metres, the clay fraction is over 60 per 
cent. The average slope of the field is 0.5 - 1 per mille. 
Typically, just 0 - 10 per cent of precipitation percolates 
to ground-water storage in soils of this kind. 

The test field was arranged in the form of a latin 
square with 16 test plots, about 600 m2 each (Fig. 1). 

The year 1979 was a calibration year without 
fertilization (the cultivated crop was a mixture of peas 
and oats). 

The treatments were given in 1980. Dewatered municipal 
sewage sludge (9 - 12 % DM) was spread on snow in the end 
of March (treatment b) and on nonfrozen soil in May 
(treatment c). Limed sludge (pH 8.4) was also spread in May 
(treatment d). The amount of sludge was 16 - 20 t ha- 1 DM. 
The reference plots were not fertilized (treatment a). Each 
treatment had four replicates. After spreading of sludge on 
nonfrozen soil it was immediately mixed into the soil. 

The amounts of the three major nutrients spread in the 
different treatments in 1980 were as follows (in kg ha- 1 ): 

Treatment N 
a 
b 1 300 - 1 400 
c 750 - 950 
d 450 - 550 

P 

500 - 600 
400 - 500 
450 - 500 

K 

130 - 150 
80 - 100 
25 - 30 

The heavy metal contents of the sludges were close to 
averages (Vesihallitus 1979b). 

In 1981, no fertilization was given. In 1982, all 
plots were fertilized with NPK fertilizer (16 - 7 - 13) 
(350 kg ha-1 ). The cultivated crop in 1980 - 1982 was 
barley. 

A large number of constituents - nutrients and heavy 
metals (Ntot, NNH4' NN03' Ptot ' PP04, K, Ca, Mg, SS04' Na, 
Cl, Fe, Mn, Cu, Cr, Ni, Cd, Hg, Pb), conductivity, pH, 
organic matter (CODMn), suspended solids (SS) and indicator 
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micro-organisms (coliform bacteria and enterococci) - were 
analyzed on the subdrainage and surface waters. 

The Mann-Whitney rank-sum test (Malik and Mullen 1973)(3) 
was used to test the hypothesis that two samples come from 
populations with the same distribution. The latinsquare 
procedure of the analysis of variance (Cochran and Cox 1957) 
was applied to test the effect of the treatments. 

3. RESULTS AND DISCUSSION 

Hydrological conditions and soil effects 

Two of the years - 1981 and 1982 - were hydrologically 
exceptional: the 1981 mean runoff has an average return 
period of about 30 years; the 1982 spring runoff is exceeded 
only once in 20 - 30 years on an average. 

Subdrainage runoff caused 75 - 90 per cent of total 
runoff. Most of both surface and subdrainage runoff came 
during the snowmelting period. 

After the application, in 1980, in all sludge treatments 
(b, c, d) a higher content of soil phosphorus, iron and zinc 
and a slightly higher content of potassium, manganese and 
copper was observed than in the reference treatment (a). 
A difference could also be found in nickel, cadmium, lead 
and conductivity in treatments b (sludge on snow) and c 
(sludge on nonfrozen soil) compared to treatment a. In 
1981, higher contents still persisted in the sludge 
treatments as regards phosphorus and zinc (and iron). The 
contents had however decreased since 1980. In 1982 the 
difference in soil phosphorus still existed. (Heavy metals 
were not measured in 1982.) The content of soil ammonium 
and nitrate nitrogen was measured in September 1981. The 
content was raised in treatments with unlimed sludges (b and 
c) in all soil layers down to the depth of one metre. 

Quality of and leaching with subdrainage and surface waters 

Two seasonal peaks were generally observed in 
concentrations: one in the snow-melting period and another 
in the autumn. 

On the order of 70 - 90 per cent of nitrogen was in 
nitrate form. Treatment effects could also be seen in 
the annual total leaching rates (Table I). The effect of 
the limed sludge was smaller than that of the other sludges. 

Raised concentrations of nitrogen could be seen in 
subdrainage water still in autumn 1982. In autumn 1983 
differences no more existed. 

Raised contents of ammonium nitrogen were observed in 
both subdrainage and surface waters immediately after 
spreading of sludge on snow (treatment b) in 1980: the 
monthly flowweighted mean concentration was 1.7 mg 1-1 in the 
subdrainage water in April and 1.0 - 1.2 mg 1-1 in the 
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surface water in April-May. The concentrations in the other 
treatments were below 0.1 mg 1-1 . 

On the order of 30 - 50 per cent of phosphorus was in 
phosphate form. The increase in the total phosphorus 
content in 1980 - 1981 and 1981 - 1982 was obviously mostly 
caused by increased runoff. The phosphorus content was 
generally higher in the surface water than in subdrainage 
water. Only a small increase could be observed in the 
flow-weighted mean concentrations of potassium after the 
treatments and this growth is, obviously, mostly explained 
by runoff. The small increase in organic matter content 
(CODMo ) was obviously also mostly explained by increased 
runoff. 

The median concentrations of heavy metals remained at 
the detection limit of analysis (0.003 mg 1-1 Cr, 0.0001 
mg 1-1 Cd, 0.0001 mg 1-1 Hg, 0.001 mg 1-1 Pb). Land 
application with normal sludge, performed according to the 
present guidelines, thus does not seem to cause any harmful 
runoff of heavy metals. 

A reliable evaluation of bacteria runoff was not 
possible because of too few samples. Fecal coliforms 
seemed, however, to disappear in a short time after the 
application. 

The effect of the treatments was also visible in the 
annual leaching rates (Table I). On an average, 90 per 
cent of total nitrogen, almost 80 per cent of total 
phosphorus and over 80 per cent of potassium came through 
subdrainage. The exceptionally rainy years had a 
considerable effect on leaching rates. 

The runoff rates had a great influence on leaching 
(Table I, Fig. 2). The leaching through subdrainage 
in 1980 - 1981 was exceptionally high because of exceptional 
runoff and large amount of nitrogen in soil storage. 

CONCLUSIONS 

The various analyses on the effects of the different 
sludge treatments can be summarized as the following main 
findings: 

1) The treatments had the most profound effect on 
nitrogen leaching and on the conductivity of runoff 
waters. 

2) The duration of treatment effect was over two years 
for nitrogen. 

3) The application of limed sludge on nonfrozen soil 
caused, in general, the lowest leaching among the 
three studied sludge treatments. 

4) Application of sludge on snow raised the content 
of ammonium nitrogen in runoff waters for some period. 
In the long run, applications on snow and on nonfrozen 
soil yielded equal nitrogen leaching. 
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5) No harmful leaching of heavy metals or bacteria was 
observed. 

The smaller amount of nitrogen in the limed sludge 
may have corresponded to plant needs better than the 
amount in the other sludges. The amount of nitrogen has, 
however, been adequate and the time of application 
favourable because the crop yield was as good as in the 
other treatments. 

The observations on constituent accumulation in soil 
support the leaching results. 
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GERMINATION TESTS FOR THE DETERMINATION OF 
SLUDGES AGRICULTURAL VALUE 

Summary 

L. BARIDEAU 
Groupe Valorisation des Boues 

Faculte des Sciences Agronomiques 
B-5800 GEMBLOUX 

The relation between nitrogen availability for ray-grass (Lolium 
perenne) and germination index of cress (Lepidum sativum) as deter
mined by the Zucconi method is examined. A logarithmic relation is 
established between these two variables. The possibility of measu
ring ammonium nitrogen content of sludges with a germination test is 
discussed. 

I. INTRODUCTION 
Pot trials are widely used to measure soil fertility, organic matters 

fertility, nutrients dynamics in soil and for a lot of other purposes. 
Ray-grass (Lolium perenne L.) is one of the very often used species in 
these tests. 

Germination tests are used to characterize toxicity of a large range 
of products amongst which composts. Cress seeds (Lepidum sativum L.) have 
been selected by many authors for their sensitivity and rapid germination. 

Discordance was observed between germination test and pot trial re
sults in a recent work (Barideau, 1984). The best result in pots being 
achieved with a "toxic" sewage sludge, as far as the germination test was 
concerned. We try in this work to verify what kind of relation links the 
two techniques. 

2. GERMINATION TESTS 

2.!. Method 
The method used for this test is the method proposed by Zucconi et 

al. (1984) adapted for liquid sludges: no pressure extraction is perfor
med, the sludges are just homogenized in a mixer and the dilutions made at 
once. The same concentrations are used than those proposed in the Zucconi 
method : 3, 10, 30, 100 %. 2 ml of dilution and 10 cress (Lepidum sativum 
L.) are introduced in Petri dishes lined with a filter paper. The dishes 
are incubated during 24 h at 27° C in the dark. 

The number of germinated seeds and the length of the roots are recor
ded at the end of the incubation period. The results are expressed as 
germination index 

GI : G L • 100 
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with G 

Gc 

L 

Lc 

germinated seeds. 

germinated seeds in the control. 

total root length. 

total root length of the control. 

2.2. Origins of sludges 
Fourteen sludges of different origins have been compared in this ger

mination test. Table 1 summarizes the characteristics of the sewage 
plants where they were sampled. Most of the plants treat sewage from ru
ral areas or small towns. Philippeville, Eghezee, Fleurus are larger 
towns (7500-15000 inhabitants). Wasmuel is a very large sewage plant 
(420000 e.i.) and Baileux purifies the sewage of a cheese-dairy. 

2.3. Results 
Table 2 contains the results of the germination test. The first five 

sludges have a very favourable effect on germination and root length : 
germination index (GI) is well over 100, mainly because of root growth, 
stimulated by these sludges. At the other end of the table, the three 
last sludges depress germination and root growth. There is often no root 
growth at all, giving GI values of zero. 

Nothing justifies these differences : sewage plants use very diffe
rent purification and stabilisation processes and sewages are of very 
different natures. At first sight no satisfying explanation can be given 
to explain the phenomenon. 

3. POT TRIALS 

3.1. Method 
Ten out of the fourteen sludges have been compared in a pot trial in 

order to measure the nitrogen they were able to provide to a ray-grass 
(Lolium perenne L.) culture. 

The sludge volume containing 5 gr of dry matter was mixed with 1.5 kg 
of soil (loamy agricultural soil) and the all placed in 13 x 13 x 13 cm 
plastic containers. 1.5 gr of ray-grass was sown in each container. 
Sludges containing less than 3 % dry matter were not included in this 
trial, their volume containing 5 gr of dry matter being too large. 

Pots were maintained at 20° C with a photoperiod of 12 hours. Ray
grass was harvested after six weeks of growth, dry matter production and 
nitrogen content were measured. 

3.2. Results 
The net amount of nitrogen exported by ray-grass can then be com

puted for each sludge as the difference between the total exported nitro
gen and the nitrogen exported by the control (table 3). Statistical ana
lysis (Newman and Keuls test) segregates several groups of sludges shown 
by identical letters in table 3. To simplify this, one may consider two 
great sludges groups : one of poor sludges containing 10-30 mg available 
nitrogen per 5 gr dry matter and another of rich sludges containing 70-120 
mg nitrogen per 5 gr dry matter. The Fleurus sludge occupies an interme
diary position with 40 mg N/5 gr dry matter. 

4. RELATION BETWEEN THE TWO TESTS 
A relation exists between the results of the germination and the pot 

trials, more precisely between the net nitrogen exportations (N exp.) and 
the GI of the 3 % and 10 % concentrations (GI 3 and GI 10). The relations 
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can be best described by the following regression equations 

Ln (1 + GI 3) = - 0,0273 Nexp + 5,203 

with r = - 0,82 and r2 = 0,67 

and Ln (1 + GI 10) = - 0,0424 Nexp + 5,2203 

with r = - 0,81 and r2 = 0,66 

The correlation is high and the regression assumes two thirds of the 
variation. 

These two equations show that Zucconi's germination index has some 
relation with the sludge nitrogen availability and thus with their agri
cultural value. 

If the results obtained here were confirmed for other sludges, this 
germination test should be a useful tool for rapid sewage sludge charac
terization. 

5. AN HYPOTHESIS 
One may try to go somewhat further on and try to explain the observed 

correlation between the two tests. One serious hypothesis seems to be the 
presence of ammonium nitrogen in the sludges. This should explain all 
together the effect on ray-grass yields, the amounts of exported nitrogen 
and the decreasing function describing the relation between these varia
bles and germination index, germination and root growth being inhibited 
by ammonium nitrogen. 

To verify this, we performed a germination trial with ammonium nitra
te, ammonium chloride and ammonium hydroxide solutions at various concen
trations starting from 0,5 NHt gil. This concentration can be found in a 
sludge with 5 % dry matter, 3 % total nitrogen, 1 % ammonium nitrogen. 

Table 4 shows that the GI variations are widest with the ammonium 
hydroxide solutions. These variations are very similar to those observed 
with the sewage sludges. The solution pH was measured (table 5) and how
ever it varies from 7.85 to 10.55 for the NH40H solutions, it does not 
seem to be involved. 

Another germination test with dilutions of a 0.01 N solution of NaOH 
providing a large scale of pH showed that GI was not a function of pH in 
this conditions (table 6) and that consequently, its variations could be 
attributed to the presence of NHt. 

6. CONCLUSION 
The germination test developped by Zucconi to measure compost maturi

ty has shown to be a mean of agricultural value evaluation of sewage slud
ges. Ammonium nitrogen, rapidely mineralized in the soil, is largely res
ponsible of this agricultural value. Our observations show that it is 
most probably at this factor that cress reacts when sewage sludges are 
used in this method. Zucconi's test should then be a biologic method for 
measuring ammonium nitrogen with reasonable accuracy. 
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Saive x x -
Biercee x 2,65 

Moustier x x 8,15 

Han sf Lesse x 12,0 

Winenne x x 5,3 

Philippeville x x 7,9 

Rance x x 0,12 

Wasmuel x x 3,7 

Cerfontaine x x x 6,17 

Beaumont x x 0,12 

Eghezee x x 2,0 

Fleurus x x 5,3 

Durbuy x x 3,83 

Baileux x x 4,52 

Table I. Sewage plant and sludges characteristics. 
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Sewage plant Concentration 

3 10 30 100 

Saive 238,4 33,9 0,3 0 

Biercee 234,2 221,3 82,0 0 

Moustier 215,8 169,0 86,7 32,3 

Han sf Lesse 1~5,6 88,5 44,0 2,7 

Winenne 151,0 110,4 41,8 0 

Philippeville 88,3 69,2 38,4 0,8 

Rance 82,0 22,6 5,5 25,0 

Wasmuel 75,5 76,9 3,6 0 

Cerfontaine 61,4 I 41,9 2,7 0 

Beaumont 48,5 85,7 9,2 0 

Eghezee 46,8 170,6 65,2 15,5 

Fleurus 23,8 

I 
19,7 0 0,2 

Durbuy 16,7 4,8 0,3 0 

Baileux 9,5 
I 

0 I 0 0 
I 

Table 2. Germination index of the fourteen sludges at 
four different concentrations. 
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Sewage Exported nitrogen 
plant Total 

-
Net 

Moustier 48,1 b 16,7 

Ran s/ Lesse 41,0 a 9,5 

Winenne 49,7 b 18,3 

Philippeville 57,5 c 26,0 

Wasmuel 100,2 e 68,7 

Cerfontaine 44,0 b 12,5 

Fleurus 72 ,5 d 41 ,1 

Durbuy 110,9 f 79,4 

Baileux 124,3 g 92,8 

Control 31,5 a -

Table 3. Total and net exported 
nitrogen (mg/pot). 

+ 
NH4 NR4 N03 NR4 Cl NR4 OR 

g/l 

0,5 73,9 92,8 2,2 

0,15 78,9 87,6 63,0 

0,05 60,2 155,5 95,8 

0,015 71,3 153,5 135,7 

Table 4. Germination indexes for three 
ammonium sources. 
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+ 
NH4 NH4 N03 NH4 Cl NH4 OH 

gil 

0,5 5,80 5,55 10,55 

0,15 6,00 6,10 9,95 

0,05 6,00 5,95 9,25 

0,015 6,15 6,05 7,85 
I 

Table 5. Ammonium sources solution pH. 

Normality 

0,005 

0,002 

0,001 

0,0005 

0,0002 

0,0001 

Table 6. 

pH GI 

11 ,7 123,1 

10,7 177 ,0 

7,8 157,0 

6,9 112,9 

6,1 147,1 

I 
5,9 95,6 

Relation between pH 
and GI. 
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UTILIZATION OF SEWAGE SLUDGE AS FERTILIZER IN ENERGY 
PLANTATIONS ON PEAT LAND 

T. BRAMRYD 
Department of Plant Ecology, University of Lund, 
Ecology Building, Helgonav~gen 5, S-223 62 Lund, SWEDEN 

Summary 

Sewage sludge was used as fertilizer in a plantation with 
fastgrowing willow (Salix viminalis) in a former peat excava
tion area. Exoerimental plots were fertilized with 3 and 5 kg 
dw per m2 of sewage sludge (20 % dry matter). The sludge was 
mixed with the upoer 30 cm ~eat layer. In a pilotstudy plastic 
tubes were filled with peat, humus and mineral soil and were 
fertilized with sewage sludge, peatashes, woodashes or commer
cial NPK fertilizer. The columns were irrigated daily during 
14 days with 2x100 ml of simulated acidified rain (pH 4.0). 
Sewage sludge fertilization increased the concentrations of 
potassium, phosphorus and nitrogen in the peat soil and in
creased the productivity of the Salix seedlings compared with 
control areas. The accumulation of Cd and Cr was slightly in
creased in the upper peat layers after sludge fertilization, 
but the uptake in the vegetation was small. Copper showed both 
the highest accumulation and the most significant uptake in 
Salix biomass. This was explained by a relatively high concen
tration in the sludge. Sewage sludge increased the pH in the 
peat soil from about 5.2 to about 7.7 in the upper peat layers. 
This was about one pH unit more than after fertilization with 
the- same amounts of peat- or woodashes or with calcium car
bonate. The irrigation experiments showed that the soil sub
strete has a significant effect on the leaching rate. Metals 
were effectively immobilized by complex bindings in low decom
posed peat. The highest leaching rate was found in mineral 
soil with low concentrations of particles with complex-forming 
capacity as organic matter or clay particles. 

1. INTRODUCTION 
Sewage sludge from the treatment of domestic waste water 

is rich in nutrients, especially nitrogen, but also phosphorus 
and many trace elements. Due to high concentrations of heavy 
metals in the sewage a large proportion of the sewage sludge 
in the world has been landfilled or dumped in the oceans. 
During the last years efforts have been made in many industri
alized countries to separate metal-containing industrial ef
fluents in order to reduce the concentrations of heavy metals 
in the sewage. An increasing amount of sewage sludge is used 
in agriculture where it is regarded as an alternative to com
mercial nitrogen fertilizers. In addition to nutrients sewage 
sludge is a valuable source for humus substance in the soil 
which improves the water- and nutrientholding capacity (1,2,3). 
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In some cities sewage sludge compost is used as top soil 
in parks, along roads a s o. In this case higher concentra
tions of heavy metals can be allowed than if the sludge is 
used in agriculture. 

Investigations in eg the US (4,5) and in Sweden (1,2,3) 
with sewage sludge fertilization in pine- and spruce forests 
have reported positiv effects on the nutrient balance in soil 
and on tree productivity. 

In order to produce biomass as a fuel large scale planta
tions of fast growing tree species have been discussed. In 
Scandinavia willow species, birch and aspen have been con
sidered as the most suitable species. To achieve a fast as
similation and a high productivity it is essential to supply 
with fertilizers and sometimes water in relatively high 
amounts. Generally nitrogen, potassium and phosphorus are con
sidered to be the most essential limiting factors for the pro
ductivity. This is especially the case in organic soils with 
normally low natural concentrations of phosphorus and potas
sium. 

In large scale experiments in Sweden fertilization with 
ashes from wood and peat has resulted in increased productiv
ity of willow (Salix sp) (6). Within this research program 
field experiments have also been started with sewage as a 
fertilizer in willow plantations. In field experiments and in 
pilot studies the effects of sewage sludge have been compared 
to those of wood- and peatashes. The aim of this study was to 
investigate the effects of sewage sludge on the nutrient 
status and biomass production. Accumulation and uptake of 
hea.vy metals were investigated and compared with the situation 
after fertilization with ashes. In irrigation experiments the 
leaching of nutrients and heavy metals from different soil 
types was compared. 

2. MATERIAL AND M.ETHODS 
2.1 Experimental design 

Experimental plots on peat SOil, each with a size of 
50 m2 , were fertilized with" sewage sludge in the amounts of 3 
and 5 kg dw per m2 . The research area was a former drained bog 
in the north of Scania, south Sweden, where peat had been ex
cavated during l.vorld War II. About 1-2 m of the bottom peat 
layer was left. The upper 50 cm of the peat layer was milled 
and carried no herb vegetation. The research area is situated 
in the nemoral phytogeographical region and has an annual mean 
temperature of about +7 oC. The relative humidity is about 
100 rom (according to Tarom (7)) and a mean precipitation of 
about 500-600 rom. - -

The sewage sludge was obtained from the sewage works in 
Lund, a university city of about 70 000 inhabitants and with 
a mixed industrial and domestic waste water. The sludge con
tained residues from the first mechanical, the biological, and 
the third phosphorreducing processes of the sewage treatment. 
The sludge was dewatered to about 20 % dry matter. (Chemical 
composition, see table 1) 

After fertilization the sludge was mixed within the upper 
30 cm of the peat layer. The experimental plots were planted 
with seedlings of Salix viminalis. The experiments were started 
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in spring before the growing season had started. 
In a pilot study plastic tubes (50 cm high with a diam

eter of 10 cm) were filled with milled peat, with humus, and 
with mineral soil from a nodsolic snruce forest soil. These 
columns were treated with·" sewage sludge, peatashes, woodashes 
or commercial N P K fertilizer. The fertilizers were mixed 
within the upper 10 cm of the soil column. The columns were 
irrigated during 14 days with 2x100 ml of a simulated acidi
fied rain (destilled water acidified with sulphuric acid to 
pH 4.0). This volume corresponds to the normal precipitation 
during approximately 2-3 years. 

P K Ca Mg Cd Cr Cu Mn Ni Pb Zn 
(pg/g dw) 

Peat 
ashes 3780 12500 50 7.0 2.9 65 79 801 200 42 283 

Wood 
ashes 5630 24080 300 10.0 21.2 26 52 6000 50 19 1130 

Sewage 
sludge 28000 4300 27 6.4 9.9 260 1070 265 110 315 3510 

Table 1. Concentrations of phosphorus, potassium, magnesium, 
and heavy metals in sewage sludge and in ashes from 
peat and woodchips. 

2.2 Field sampling and chemical analyses 
In the field experiments peat samples were taken before 

and one year after fertilization from different layers down to 
50 cm. From each research area 2x20 subsamples were taken and 
then nut together to two general samples from each area; one 
sample containing peat from the upner 0-30 cm layer and one 
from the layer 30-50 cm. 

The peat samples were analyzed for pH, K, P and the heavy 
metals Cd, Cr, Cu, Mn, Ni, Pb, and Zn. Before the analyzation 
of metals and nhosnhorus the soil samples were dried and di
gested in conc~ntr~ted nitric acid. The metal concentrations 
were determined with a Varian AA-475 or Varian Techtron AA6 
atomic absorption spectrophotometer. The total concentration 
of phosphorus was analyzed colorimetrically according to 
Kitson and Mellon (8). 

During late summer the height increment of the Salix 
viminalis species were measured and biomass samples were taken 
from the leaves and the stem for chemical analyzes. The bio
mass samnles were treated similar to the neat samples and were 
analyzed-for phosphorus, potassium and the heavy metals above. 

The collected leaching water samples from the soil col
umns in the pilot study in the laboratory were evaporated to 
about 20 ml each and were then digested with concentrated ni
tric acid. The heavy metals Cd, Cr, Cu, Ni, Pb, and Zn were 
analyzed with the same technique as the peat and biomass 
samples above. pH was measured in the original leaching water. 

3. RESULTS AND DISCUSSION 
Fertilization with sewage sludge increased the concentra

tions of potassium and to some extent phosphorus in the peat 
soil (table 2). As K and P are limiting nutrients in most 
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peatlands in Scandinavia the sludge treatment resulted in in
creased productivity of the Salix seedlings. Table 3 shows the 
length increment of the seedlings during the first vegetation 
period after fertilization compared to parallel experiments 
with peat- and woodashes. The table indicates that sewage 
sludge gives a better growth effect than ashes although P and 
K are added in both experiments. This is probably due to the 
supply of nitrogen through the sewage sludge. The root systems 
also developed faster for seedlings fertilized with sewage 
sludge, and therefore these were less sensitive to drought. 
The differenses in growth between areas fertilized with 3 resp 
5 kg dw of sewage sludge per m2 were relatively small. 

Soil analysis 
oH P K Cd Cr Cu Mn Ni Pb Zn .. H2O 

(pg/g dw) 
Sewage Slud'1e 

3 kg dw/m 
o - 30 cm 7.7 402 605 0.21 5.4 6.9 173 6.2 6.7 75 

30 - 50 cm 6.2 585 154 0.05 2. 1 8.6 155 3.2 4.1 18 
Sewage slUd'1e 

5 kg dw/m 
o - 30 cm 7.7 338 537 0.28 3.8 13. fl 111 3.8 2.5 17 

31 - 50 cm 7.9 232 169 0.04 3.0 12.3 136 4.6 0.5 26 
Control 

o - 30 cm 5.2 245 174 O. 14 2.2 6.7 114 3.6 2.8 14 
30 - 50 cm 5.6 219 284 0.09 0.8 3. 1 84 3.2 4.4 25 

Table 2. Concentrations of nutrients and heavy metals in soil 
samples from two different layers. Soil samples taken 
at the end of the first vegetation period after 
sewage sludge fertilization in a drained and exca
vated peatland. pH in water solution. 

Average height increment 
(cm) 

year 1 year 2 
Sewage sludge 

m2 3 kg dw per SO 110 
5 kg dw per m2 85 115 

Peat ashes 
3 kg dw per m2 70 100 

Wood ashes 
3 kg dw per m2 40 70 

Control 30 60 

Table 3. Average height increment (cm) of Salix during the 
first and second vegetation periods after sewage 
sludge fertilization. The Salix seedlings were 
planted immediately after fertilization. 

The soil concentrations of cadmium in the sewage sludge 
fertilized areas were about twice as high as in control areas 
(table 2). The increase could only be noticed in the upper 
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0-30 cm. No significant difference could be seen between the 
two different doses of sewage sludge. A slight uptake of Cd in 
the Salix biomass was noticed (table 4). 

The accumulation of chromium was slightly increased after 
fertilization with sewage sludge, but the uptake in the bio
mass was not influenced. Chromium very easily form stable com
plexes with organic matter and therefore has a very low mo
bility and rate of uptake (9). 

Plant biomass analysis 
Cd Cr Cu Mn Ni Pb Zn 

yug/g dw) 
Sewage sludge 

3 kg dw/m2 
stem 1.9 1.2 2.3 261 0.59 1.6 51 
leaves 1.7 2.0 3.4 170 0.93 5.3 119 

Sewage sludge 
5 kg dw/m2 

stem 1.3 1.5 7.4 365 0.64 0.9 137 
leaves 2.1 3.3 9.3 340 1.15 6.4 355 

Control 
stem 0.8 1.4 1.1 427 0.54 1.1 36 
leaves 1.3 3.2 2.1 1319 1. 20 6.5 101 

Table 4. Concentrations of heavy metals in different fractions 
of Salix biomass. Samples taken during the first ve
getation period after sewage sludge fertilization. 
Salix seedlings planted immediately after fertiliza
tion. 

According to table 1 sewage sludge from the city of Lund 
contains 15-20 times as much cop~er as eg ashes from peat and 
wood. This is to a great extent due to the widespread use of 
copper tubes for drinkingwater in new houses, but also to in
dustrial emissions. The twofold increase in soil concentra
tioT'.s of copper in the area fertilized with 5 kg dw of sewage 
sludge per m2 was therefore expected (table 2). 

The noticable increase of the Cu concentrations at the 
depth of 30-50 cm can be explained by the fact that copper 
like most other heavy metals have a relatively strong tendency 
to form complexes with organic matter. Although this will lead 
to some immobilization in the upper peat layers, copper bound 
to the soluble organic fraction of the sludge will penetrate 
to deeper soil layers. This tendency has also been shown by 
earlier investigations (eg 6). The uptake of copper in Salix 
biomass was about four times higher in the experiments with 
a higher dose of sludge (table 2). 

The concentrations of manganese and nickel are only to a 
minor extent affected by the sewage sludge fertilization. 

In mechanically managed research areas the contamination 
of lead is quite pronounced and no clear trends can be seen 
for this metal. In most treated areas the concentrations of 
lead is higher in the top-soil than in the 30-50 cm horizon. 
Lead form strong complexes with the peat material (10). These 
complexes have a high stability and the rate of leaching is 
very slow (11). This is especially the case at the relatively 
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high pH values (around ?H 7-8) prevailing after sewage sludge 
fertilization of these research plots. The pH in the reference 
areas is around 5.0-5.5 (table 2). 

The concentrations of zinc increase slightly after sludge 
fertilization. In the area with a higher dose of sludge the 
uptake of zinc in the Salix biomass seems to be more pro
nounced (about three times higher) than in the area with 3 kg 
dw of sludge per m2 . This probably explains the lower concen
trations in the peatsoil compared to the experiments with the 
lower dose. Zinc forms the weakest complex· bindings among the 
heavy metals and is easily leached down to deeper layers of 
the soil. 

The concentrations of most heavy metals and nutrients are 
higher in the green leaves with an active metabolism than in 
the stem tissues. The leaves are also more direct subject to 
deposition of airpollutants. 

- Compared to parallel experiments in the same peatland 
locality with ashes from peat and wood burning, the sewage 
sludge fertilization increased the pH value of the soil more 
than the same amounts of ashes. After fertilization with 3 kg 
dw of peat- or woodashes the pH increased approximately 1 pH 
unit less than after sewage sludge fertilization (6). This 
indicates that sewage sludge has a good buffering capacity. 
Similar effects have been recorded from sewage sludge experi
ments in pineforests on sand sediment soils (1,2,3). 

The accumulation of Cd is more pronounced after ferti
lization with wood ashes than with sewage slud~e (approxi
mately 7-10 times higher concentrations (6). However the up
take in the plant biomass is of the same magnitude which in
dicates that the retentive capacity of the peat through the 
formation of complexes is rather high. 

The accumulation and uptake of Cu is somewhat higher 
after sewage sludge fertilization than after fertilization 
with peat- or woodashes (6). This was expected as the sludge 
contains higher concentrations of Cu. 

In pilotstudies plastic tubes filled with peat, humus 
(from a podzol), and mineral soil (from a podzol) were fertil
ized with sewage sludge, ashes or N P K. These soil columns· 
were leached with simulated acidified rainwater with pH 4.0. 
The experiments snowed that the soil substrate had a great 
influence on the leaching rate (table 5). The humus substrate 
was more susceptible for leaching than the peat. This is prob
ably due to a higher content of soluble organic humus com
pounds which form complexes with the metals and carry them 
away in the leachates. Peat is rather low decomposed and the 
metals are more effectively immobilized by complex bindings 
(12). Relatively high leaching rates were also found for the 
mineral soil with low concentrations of clay particles or 
organic matter which could immobilize the metals through com
~lexbinding. 

The investigations show that there is a slight tendency 
that an addition of well-buffering fertilize~s, as ashes or 
sewage sludge, sometimes decreases or sustains the leaching of 
heavy metals, in spite of the addition of heavy metals through 
these fertilizers. This is the case for eg Cu and Cr in the 
column with mineral soil. For these metals the complex binding 
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processes are favoured bv an increased pH which leads to an 
immobilization. As ex~ected the sustaining effects on the 
leaching of Cd and Zn were smaller. These metals form weaker 
complexes than the other heavy metals (13). Fertilization with 
the commercial fertilizer N P K decreased the pH in all sub
strates and increased the leaching of most of the investi
gated heavy metals. 

Fertilizer 

Peat 
Sewage sludge 
Peatashes 
Woodashes 
N P K 
Control 

Humus 
Sewage sludge 
Peatashes 
Woodashes 
N P K 
Control 

Mineral soil 
Sewage sludge 
Peatashes 
Woodashes 
N P K 
Control 

pH 

5.0 
5.6 
5.5 
4.6 
4.8 

4.6 
4.5 
4.5 
3.9 
4.3 

4.9 
4.8 
4.8 
4.1 
4.4 

Cd Cr 

2.0 
1.6 
1.4 
4.3 
1.8 

2.9 
2.3 
2.6 
4.5 
2.9 

4.0 
3.1 
3.8 
1.7 
2.0 

(pg/g dw) 

0.3 
0.6 
0.8 
6.9 
0.7 

4.2 
3.7 
3.9 
5.5 
5.6 

0.2 
0.5 
0.5 
2.9 
0.6 

Cu 

4.5 
7.5 
4.9 

14.5 
5.5 

22.3 
10.0 
16.0 
13.8 
16.0 

6.8 
9.5 
6.0 

48.0 
14.8 

Ni 

1 .0 
2.3 
2.0 
0.7 
1.0 

9.7 
7.5 
8.7 

21.0 
61.0 

9.5 
5.6 
8.5 
4.7 
4.4 

Zn 

45.0 
360.0 
40.0 
30.0 
10.0 

320.0 
170.0 
380.0 

1168.0 
110.0 

315.0 
280.0 
270.0 

3225.0 
260.0 

Table 5. Irrigation of fertilized soil columns of peat, humus 
(from a podzol) and mineral soil (from a podzol) with 
acidified water (pH 4.0). Soilcolumns fertilized with 
sewage sludge, ashes from peat or woodchips and com
mercial N P K fertilizer, pHH20 and concentrations of 
heavy metals in the collected leaching water. 
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THE USE OF COMPOSTED AGRICULTURAL WASTE AS PEAT SUBSTITUTE 
IN HORTICULTURE 

Y. CHENI, Y. HADAR 2 , and Y. INBARI 
IDept. of Soil and Water Sciences, and 2 Dept. of Plant Pathology 

and Microbiology, The Hebrew University of Jerusalem 

Summary 
Composted agricultural wastes were tested as substitutes for peat 
in container media. The wastes used in this study, all composted 
prior to their use as media, were: (1) anaerobically fermented 
cattle manure; (2) separated cattle manure; and (3) grape marc. 
The physical and chemical properties of the composts were 
determined. The composts were tested as growth media for the 
production of vegetables' seedlings and for growing ornamentals 
up to an age of 8 months. Plant growth response was either equal 
or better as compared to peat. Mixtures of 1: 1 of the composts 
with peat seemed to provide a recommended growth medium. 
Mechanisms for the improvement of growth in the compost are 
proposed. 

1. INTRODUCTION 
In the last decades the demand for peat as a substrate in 

horticulture had increased continuously while its availability is 
decreasing. A number of organic wastes such as bark, leaf mould, town 
refuse, sawdust, spent mushroom compost, treated animal excreta and 
many other organic materials were introduced as peat substitute in 
container media after proper composting (Bik, 1983; Cull, 1981; Lohr 
et a1. 1984; Raviv et a1. 1985; Verdonck, 1984). Both cattle manure 
and grape rnarc (the residue of wine processing) are agricultural 
wastes which are produced all over the world. By proper treatment 
these wastes can be converted into container substrates. 

This paper summarizes some research conducted on the recycling of 
these agricultural wastes to container media. 

2. COMPOST TYPES - DISCUSSION OF PROPERTIES 
I. The use of cOOJposted slurry-produced by methanogenic fermentation 
of cow manure (cabutz). 

The anaerobic digestion of organic matter is a well known 
technology which is used to produce biogas from wastes, especially 
manures. The digested slurry is usually used for direct application 
in the field. We found that by sieving and leaching the digested 
slurry on a vibrating screen, two major products are obtained: (i) a 
fibrous material which resembles peat in its physical structure. This 
fraction is commercially named IIcabutz", and may serve as a growth 
substrate. (ii) an effluent which is similar in its composition to 
liquid fertilizers. The cabutz has been tested for physical and 
chemical 'properties in our laboratory and was found to maintain high 
hydraulic conductivity and air capacity as well as an adequate water 
and nutrients retention. As a result of the high temperature in the 
digesters (5? 0(;), plant disease problems were not observed in any of 
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our experiments. The particle size of cabutz ranges from 1-5 mm, 
which is slightly larger than sphagnum peat moss from Finland. The 
bulk density is 0.08-0.12 glcm and the porosity reaches 93-95%. 
Water and air capacity of the cabutz are 62% and 31-33~, respectively. 
Hydraulic conductivity at saturation is as high as 150 cm/h. Similar 
values were measured on peat moss. The chemical properties of cabutz 
are related to the leaching intensi ty and duration. The electrical 
conductivity ranges from 0.5-3.0 mmhoslcm or less, if required, the pH 
range is ".0-7.6 and the nutrient contents resembles that of enriched 
sphagnum peat moss from Finland (Chen et a1. 1984 a &: b). 

Cabutz was composted in windrows for 100 days. Temperatures rose 
to 55CC within a week. Chemical analysis of samples taken during 
composting revealed that the total contents of macroelements (N,P ,K), 
minor elements (Fe, Mn, Cu, Zn) and ash increased about two-fold, and 
the CIN ratio decreased from 40 to 15. The pH dropped from '7.5 to 
6.6, and the amount of soluble salts rose from 15 to S7 meq/100 g. 
Growth experiments were conducted under greenhouse conditions. 
Germination and seedling development of peppers, cucumbers and 
tomatoes were compared in growth media consisting of raw cabutz, 
composted cabutz and peat. The raw cabutz had a strong inhibitory 
effect on tomatoes. This inhibition was not removed by fertilization. 
For all plants, the composted cabutz appeared to be as good or 
superior as compared to peat. Fertilization with inorganic 
fertilizers or slurry effluent increased both plant dry weight and 
height (lnbar et a!. 1985; Hadar et a1. 1985). This compost can be 
used as a sole medium or as a component in a mixture at levels similar 
to those known for peat. 
II. Separated cattle manure 

The traditional way of treating cattle manure is to spread it on 
the soil as source of nutritional elements or as conditioner, either 
raw or after composting. 

HUijsmans and Lindley (1984) investigated solid-liquid separation 
systems for pre-processing dairy cattle manure prior to anaerobic 
digestion. They suggested that the main product is the liquid 
fraction which may be used either for irrigation or for biogas 
production. In their system, the solids fraction is a by-product 
which can be applied to land as soil conditioner and if composted, as 
a mulch for nurseries and landscape use. Cull (1981) stated that 
animal fibers appear to be promising substrates but composting and 
distribution could present problems. 

In our system, the cattle manure is separated to liquid and 
solids. The liquid is used after dilution as organic liquid 
fertilizer, while the fibrous solids are compos ted in windrows and 
later used as growth medium (lnbar et a!. 1980). Compos ted slurry 
manure was successfully tested-as--Peat substitute or peat 
complementary media for vegetables seedling production. Development 
of pepper, cucumber and tomato seedlings was faster in compost 
containing media in comparison to peat+vermiculite media. 
Ill. Grape marc 

In the wine producing industry, the marc which accumulates in 
relatively large quantities is usually considered a waste and its 
disposal seems expensive. Grape marc is not suitable for direct soil 
application since during its degradation materials that are highly 
incompatible with plant root systems are released. As a result, it 
was not previously considered to utilize grape marc as an organic 
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fertilizer. Graefe (198U) and Streichsbier et a1. (19ti2) investigated 
the biological process in which marc material was decomposed by 
microbes. They propose to use the composted grape marc as a high 
grade organic fertilizer, while recovering heat and CO2 which are 
produced during the process. 

Because of their high sugar content, grapes belong to the class 
of fruits which are highest in calories. Grape pressing residues 
which contain somewhat more than 50% moisture have a sufficient amount 
of easily degradable carbohydrates in solution to provide the micro
organisms with easily available nutrients. Thus, in 3-4 days 
temperatures higher than 50<X: are reached during aerobic decay. If 
adequate supply of moisture and oxygen is available, skins and stalks 
can be converted after only a few weeks at the high decaying 
temperature prevailing in the compost pile to a fine friable humus. 
Only the grape seeds can stand the action of the micro-organisms and 
maintain their external structure and shape. Two to four years in a 
compost heap or in soil are required to achieve decomposition (Graefe, 
198U) of the seeds. 

In our study, grape marc which consisted of grape skins, seeds 
and stalks was composted in windrows for 6 months. The composted 
material was tested as growth media (Inbar et a1. 1986). The 
composted grape marc was found to be a promising organic component in 
growth media. It was tested for several vegetable crops as well as 
for ornamentals such as carnations and Ficus. 

3. CONCLUSIONS 
Composts obtained from slurry produced by methanogenic 

fermentation of cattle manure, separated cattle manure and grape marc 
were tested for their performance as the organic component of growth 
media, or as a sole substrate. These composts exhibited some 
advantages over peat and commercial mixtures when vegetable seedlings 
were grown. The growth period of seedlings was shortened by 6-10 
days. The reaons for the composts superiority over the control 
treatments are not fully understood. However, the following possible 
mechanisms are suggested: 
1. 'The composts intially contain high nutrients level. 
the intensive leaching prior to planting, the nutrients, 
and K, are slowly released into the solution during 
period. 

In spite of 
especially P 
the growing 

2. Water and air capacity are within the range of the "ideal 
substrate" (de Boodt and Verdonck, 1972). 
3. The composts contain high levels of humic substances which are 
potential growth stimulators (Schnitzer and Poapst, 1967; Lee and 
Barlett, 1976). 
4. High activity of the microbial population may suggest increased 
growth response due to rhizosphere micro-organisms. 

The composts studied provide inexpensive, high quality peat 
substitute as well as a solution for environmental problems of waste 
disposal. 
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LABSCALE SIMULATION OF ISMAN-COTTON BATCH PHASE ANAEROBIC 

DIGESTION FOR PREDICTION OF PLANT DESIGN AND PERFORMANCE 

Pierre AMMANN 1) , Armand COTTON 2)' Nicolas MAIRE 3)' 

SUMMARY 

1) Ecole Poly technique Federale de Lausanne 
Genie biologique, CH - 1015 LAUSANNE 

2) A. COTTON S.A. - CH - 1253 VAND~UVRES-Geneve 

3) ACEPSA - CH - 1041 OULENS 

Process design parameters and environmental conditions are of 
main importance during digestion of mixed wastes, but full scale 
optimisation is tedious and expensive. 

The aim of this work is to try to simulate different experimen-
tal conditions (farm wastes to sludge ratio, different C : N : P, 
pre-aeration time, etc.) in small labscale units in order to collect rapid
ly and simply a lot of informations and to evaluate to which extent 
such simulations can be used for prediction of plan design and perfor
mance. 

In this preliminary study we chose the C/N ratio as the only variable 
biological paramter in conjunction with two scales for the laboratory appa
ratus used for these simulations. 

The C/N ratio is of fundamental importance in biological waste treat
ment, especially when these wastes contain lignocellulosic materials, be
cause the carbon contained in the wastes is not readily bioavailable. This 
means that the biological C/N ratio is lower than the measured C/N ratio of 
the substrate. 

The raw material used are horse manure and digested sewage sludge. In 
a first step, the horse manure was air-dried and milled to lower heteroge
neity (smaller than 2 mm) of the material. The raw material was rehumidified 
with water to obtain a substrate with a C/N ratio of 80 and with different 
volumes of sludge for C/N ratios of about 60 and 30. 

After incubation at 350 during 12 hours to restore microbial life, the 
mixtures were incubated 4 days at 550 to simulate aerobic prefermentation. 
After the completion of the first step, the CO2 production and the ATP-bio
mass were measured in replicates. The remaining samples were then incubated 
anaerobically at 350 . The evolution of pressure and gas quality (H2, C02, 
CH4) were monitored for estimation of biogas production and quality. At 
the end of the experiments (10 weeks), the ATP-biomass and substrate quali
ty were measured. 

The results of the "gram-scale" experiments were compared with those 
obtained in a similar way with "kilogram-scale" and full scale runs. 
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MATERIAL AND METHODS 
The horse manure treated in the lab-scale reactors (fig. 2) and full 

scale units (fig. 3) is of the same origin (farm), but not necessarily 
sampled at the same time. The same remark can be made for digested sludge 
(different dry matter contents). 

Aerobic prefermentation in the gram-scale experiments has been perfor
med in 25 ml glass beekers, perforated at the bottom for aeration. 

The labscale simulation procedure has to be as simple as possible. We 
tested aerobic pretreatment at room temperature (250C)and at 550 C (thermo
phile pretreatment) in order to see if we obtain comparable results or con
clusions with regard to the biological evolution of the fermented material. 
Only the samples incubated at 550 C have been digested anaerobically. 

Aerobic prefermentation for the kilogram-scale experiment has been per
formed in "home made" stainless. steel anaerobic jars of a volume of 3 1, 
under a pressure of 3 bars, with daily air renewal. These jars are equipped 
with a pressure gauge and a septum port for gas sampling. The roughly cut 
material « 30 mm) was placed in a polyethylene basket. 

The main difference between the full scale and labscale procedure 
(fig. 1) lies in the fact thatin reality, liquid of a previous digestion 
run is added as an innoculum to the aerobically pretreated manure, while 
this has not been the case in the simulations. 

For the anaerobic digestion step, the pretreated manure of the gram
scale experiments has been transferred in 50 ml incubation flasks and 
sealed with a thick black septum. 

The initial air atmosphere has been replaced by nitrogen at a pressure 
of 1 bar (atmospheric). 

The pressure monitoring in the 50 ml incubation flasks has been achie
ved by measurement through the septa with a manometer equipped with a sy
ringe needle (fig. 2). The dead volume of the manometer assembly is 3.6 ml. 

ATP-biomass has been measured with a bioluminometer (SKAN, Basel) and 
the luciferinelluciverase system. 

C02 production has been measured by trapping in KOH and titration. Gas 
composition has been measured with a gas chromatograph equipped with a 

thermal conductivity detector (TCD) (VARIAN Vista 60001401) and a Carbosieve 
SII (2mm x 2m) glass column (SUPELCO). 

RESULTS 
1. PREFERMENTAI10N 
1.1. Lowering the C/N ratio of horse manure with digested sewage sludge 

gives higher biological activity (C02 production) and ATP-biomass (fig.4A-B). 
These values are higher at 550 C than at 250 C, but the evolution in time 
and the relation between the different C/N ratios are comparable. 

1.2. The respiratory activity at C/N ration = 30 is higher than at C/N = 
80, but the time evolution of this parameter is quite similar and consistent 
with a stabilization process. On the"other hand, at C/N = 60, the evolution 
of the activity is on the opposite sens (fig. 4A). 

1.3. The degree of mineralization is highest at C/N = 30 and quite si
milar for C/N = 60 and 80 (fig. 4C). 

2. ANAEROBIC DIGESTION 
The mean gas production and composition observed in the laboratory for 

C/N = 30 and 60 are similar, but the reproducibility is much better at C/N 
30. The mean gas production at C/N = 80 has been very low and gas quality 
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poor (fig. 6 - 9). 
The lag phase of the methane production is quite short at C/N 30, a 

little bit longer at C/N = 60 and long at C/N = 80. 

3. FINAL PRODUCTS 
The ATP-biomass and respiratory activities are significantly lower for 

the final products than during prefermentation. For lab- and fullscale we 
observed at C/N = 60 the same abnormal evolution of the activity during pre
fermentation and in the final products, (fig. 4 - 5). 

4. SCALE COMPARISION 
The specific gas production rates expressed in m3/ton OM. day are lower 

than in the lab than in full-scale, but comparable at C/N = 30 and 60, 
(fig. 10). This comparison is not so good when the specific gas production 
is expressed in m3 gas/m3 reactor·day. 

The comparision for the 50 ml run at C/N = 80 is bad. The runs in the 
kilogram-scale with a particle size 30 mm are not comparable with the full 
scale runs. 

CONCLUSIONS 
At C/N ratio = 80 (no sludge added) the biological evolution is consis

tent, but productivity and the degree of mineralization are much lower in 
the simulation than in fullscale and the gas quality is poor (differences in 
the procedure). At C/N = 60 we observed an abnormal biological behaviour 
during prefermentation and in the final product. This is true for all scales. 
The reproducibility was bad, but the gas production very good. 

C/N = 30 seems actually to be an optimum for this type of solid phase 
process, even if productivity is lower than at C/N = 60, because the over
all process is more stable. The biological parameters are very consistent 
with a good stabilization. The biogas production is rapid and very repro

ducible. The final products show the best equilibrium for agricultural use. 
The results show that if labscale units are fed with raw material 

with a particle size lower than 2 mm, it is possible to have results 
which are comparable with those obtained in full scale. Further improve
ment of the simulation procedure and measuring technics is ncesssary for 
design purposes. 

The simulation is good with regard to the biological parameters, like 
respiratory activity, ATP-biomass and gas composition. 

The main advantage if labscale simulation is an economical one: 
The eleven experiments described here lasted approx. 100 days and 
could be performed exactly in the same environment and with the same 
substrate quality. 
11 full-scale runs should last more than 3 years with different 
environmental conditions and substrate qualities. 

Further research will be made in order to: 
- Improve simulation procedure 
- Test other substrates 
- Test time and temperature of pre-fermentation 
- Test thermophile digestion 
- Clear up the abnormal behaviour of C/N = 60 
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r S I M U L A TID N PRO C E D U R E 

I GRAM-SCALE I KILOGRAM-SCALE 

RAW MATERIAL DIGESTED RAW MATERIAL 
Horse manure SLUDGE Horse manure 

• 
AIR DRYING 

I 
MILLING CUTTING 
< 2 /TID < 30 /TID 

I 

I 

REHUMIDIFICATION MIXING 
3 g DM 
15-45 ml sludge 

200 g DM 
333 ml sludge 

I 
STABI LI ZATI ON 

12 h,350C 

l 
AEROBIC PRE- MOiHTORING AEROBIC PRE-
FERMENTATION - ATP-biomass,C02 FERMENTATION 
4 days,5S0C 4 days,SSOC 

I I 
ANAEROBIC MONITORING ANAEROBIC 
DIGESTION ~ Pressure ~ DIGESTION 
10 weeks,350C H2,CH4,C02 10 weeks,350C 

I 
DIGESTED MONITORING DIGESTED 
MATERIAL I- ATP-biomass,C02 MATERIAL 

FIGURE 1 : SIMULATION PROCEDURE 
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FIGURE 2 

lABSCALE REACTORS OF 

3 LITERS AND 50 ML 

FIGURE 3 FULLSCALE UNITS OF 4.5 M3 
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FIGURE 6 : TIME EVOLUTION OF THE CH 4/C02 RATIO IN 
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FIGURE 10 

COMPARISON OF THE DIFFERENT SCALES 

Scale 50 m1 3 1 4.5 m 3 

Specifi c gas m3 m3 m3 m3 m3 m3 
-- -- -- --production tDM·d m3.d tDM·d m3·d tDM·d m3·d 

30 5.6 0.34 - - lQ-17 fl. 48 
I 

CIN ratio 60 8.2 0.49 0.14 9.4 9,5-1211. 06 
I 
I 
I 

80 0,02 - - - 8-11 lO.97 
, 
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SOLIDE PHASE ANAEROBIC DIGESTION OF FARM WASTES MIXED WITH SEWAGE SLUDGE 

Annand COTI'ON 
Biogaz-Bureau d'etudes techniques 
et realisations, A. Cotton S.A. 

CH - 1253 Vandoeuvres 

Following Professor Isman' s research work, dating back to the 40' s, 
we created a CCMroST/MEI'HANE G1\S pilot-plant, of the BMOi/SOLID type, 
which we have further mproved, then patented. 

1. DESCRIPl'ICN OF THE Pn.DI' PI1\NI' 
The prototype ccnsists of the. following elements 

2 digesters (1) of 4,5 m3 each. Each digester includes 1 :renovable door 
(2) and a cover (3). The liquids pour into a pit (4) by settling. The 
transfer of the liquids is made by rreans of the purrp (5) which pours them 
either into the pit (1), or into the liquids stock tank (6). 

A fan (7) injects air under the solid substrate. The biogas is tawed 
in the cover on position (8). The sewage sludge or liquid' manure is intro
duced into the pit by the pipe (9). The handling of the solid substrate 
is dane with the help of a frontal pitchfork tractor (10). 

The digesters are kept wann by auto-consurrption of the produced rretha
ne gas (about 25 %). 

2. STAGES UNDERroNE BY THE SUBSTRATE 
The tests concentrated on various vegetables (straw), but mainly on 

horse manure, alone and in addition with sewage sludge. The A, B and C 
stages take plaae in the digester, the D stage out of it (ooopost pile) • 

A - Filtration 

'!he straw acts as a filter; it holds back the organic matter in suspension 
within the sludge, thus enriching itself with nitrogenous material. Besi
des, the straw bec:x:mas inpregnated and swollen with liquid. 

B - Hygienization 

With foraed aeration, the solid substrate WaDl\S up to reach a terrperature 
of about 700 C and even nore. 

C - Methane gas producing stage 

The contents of the digester are iImersed with the liquid fran the precee
ding ferrcentation - stocked in (6). The liquid is still wann and contains 
all rrethanogenous micro-organisms (inoculum). The terrperature of the mix
ture reaches 35/3~ C. The cover is se.t in plaae, the methane gas produc
tion begins and raises progressively. 
The rrethane gas producing stage gaes on for about 4 weeks. 

D - Carposting 

W1en the production bec:x:mas teo lCM, the liquid is drained into the stock 
tank (6), the solids are taken out and piled up. '!he substrate wants up 
again to reach a level of 45/500 C and cools down progressively. 
After 4 weeks, a good ooopost is obtained. 
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3. ENERGY PRODUCl'ION 
The rrethane gas production varies in tine. It begins right after the 

airtight closing of the digester. It shCMS a peak after 1 week, then lo
wers slcwly. Sate substrates have produced during 75 days or rrore, but the 
production becares laver. During the first 3 or 4 days, the rrethane gas is 
poor, with a CO2 content of IlOre than 60 %. Then the CO2 averages 40 %. 
The average production with various substrates during 28 days shCMS : 

cattle manure 1,06 m3 rrethane gas/day /m3 digester 

horse manure 0,97 " 
horse manure + pig liquid manure 1,08 " 
horse manure + grass 1,19 " 
horse manure + sewage sludge 1,48 " 
With the introduction of sewage sludge, the production is higher 

because of a better-balanced C/N ratio. 
Usually, a production plant includes 3 digesters or IlOre. The total 

production of the digesters is thus continuous or slightly serrated. 

4. TRANSEDRW\TION OF THE SUBSTRATE 

Action of the hygienization stage (B) 

This aerobic stage has two consequences 

- reduction of the percentage of dry matter (OM). With horse manure, the 
percentage gces fran 50 to 20 % in 4 days, because it is swollen with 
liquid. 

- reduction of the C/N ratio by oxydation of the carbon. Ihvever, 15 days 
are needed in order to reduce the C/N ratio of horse manure fran 80 to 30. 
This too long a tine is a waste and can be avoided by adding sewage sludge, 
rich in nitrogen. 

Action of the rrethane gas producing stage (C) 

Usually, the percentage of OM gees fran 20 to 12 % after 4 weeks, 
rather constantly,_ whatever the substrate may be. 

The C/N ratio by the end of the process will depend on the ratio it 
started with. For horse manure, it will be located between 35 and 45; for 
horse manure enriched with sewage sludge, it will reach 20 to 25. 

Action of the C01]?OSting stage (D) 

The final aerobic stage, after rrethane gas production, ccnpletes the 
maturation of the carpost. A horse manure without adjunction of sewage 
sludge evolved in the follcwing manner, after 30 days 

before after 

C/N ratio 44 24 

totN (% of OM) 1,24 2,12 

P205 0,72 1,34 

K20 3,32 4,30 
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5. IDRSE M!\NURE ENRICHED wrm SEWAGE SWDGE 
Analyses, leade4 after the methane gas prcx1uction stage, shOlY' that 

the mixture is ready to be used as a rrature carpost. 

after the rtethane . gas prcx1uction stage 

C/N ratio 22 

totN (% of OM) 2,26 

?20s 1,43 

2,96 

6. CCH:UJSIOOS 

Horse manure, as well as other fann wastes, processed in the a:MI?OSr/ 
Mm'HANE GAS prcx1uction plant can provide an excellent carpost. It has to 
undergo 4 working stages (filtration, hygienization, methane gas prcx1uction, 
carposting) during about 2 rronths. 

With the initial adjunction of sewage sludge, which inproves the C/N 
ratio, the same quality is reached in 3 stages only (filtration, hygieni
zation, methane gas prcx1uction) , within 1 m::mth only. Furthenrore, fran 
the ecological point of view, it is advantageous to tum liquid sewage 
sludge, which drain into the soil, into a solid carpost which renains on 
the ground. 
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FIGURE 1 FLOWSHEET OF ISMAN-COTTON PROCESS 
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A) LOADING THE DIGESTER 

B) ANAEROBIC DIGESTION 

() END OF RUN 

FIGURE 3 
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AEROBIC STABILIZATION IN THE SOLID STATE OF PARTIALLY 
DEWATERED SEWAGE SLUDGE 

Summary 

S. COPPOLA, F. VILLANI 
Istituto di Microbiologia agraria e 
Stazione di Microbiologia industriale 

F. ROMANO 
Istituto di Meccanica agraria 

Universita degli Studi di Napoli 
1-80055 Portici, Italy 

A method of aerobic stabilization in the solid state of partially 
dewatered sewage sludge in the form of filter-cake pieces has been 
pointed out. The process includes a brief treatment (11 hours long) 
with pure oxygen in a closed system followed by ripening through 
the conventional windrow system. The resulting product is hygienically 
safe and richer in nitrogen in comparison with other compos ted 
sewage sludges. 

Sewage sludge can be aerobically stabilized in the solid state by 
means of composting in mixture with other organic solid waste materials: 
sawdust, wood chips, domestic refuse, tree barks a.s.o. Synthetic and inert 
bulking agents have also been successfully assayed (Coppola et al., 1983). 
This poster deals with experiments of stabilization of partially dewatered 
raw sludge in the absence of bulking agents, as a treatment able to produce 
a solid and hygienically safe material suitable to agricultural utilization. 
With composting, stabilization is achieved as the effect of microbial 
activities promoted by appropriate aeration. The transformation of organic 
matter is typically coupled in this process to self-heating of the mass up 
to temperature values absolutely effective to kill all pathogenic micro
organisms. A similar treatment of partially dewatered sewage sludge in the 
form of filter-cake (72~73 per cent of moisture content) does not produce 
sufficient temperature ascent because the law CIN ratio and the high water 
content of the material. Depletion of the carbonaceous energy supply and 
CIN ratios <10 are reported by Sikora and Sowers (1983) as responsible for 
the cooling of compost piles. Water content thermodinamically affects the 
composting process, where energy should be available both for heating and 
water evaporation, according to Haugh (1983). In addition, excessive moist~ 
re prevents from aerobic conditions slowing oxygen supply to the reacting 
mass. 
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The experimental adiabatic equipment outlined in figure 1 has been 
utilized to define operative conditions necessary to obtain intense bio
oxidative reactions and self-heating of the sludge. The Dewar vat contained 
2 Kg of pieces of filter cake resulting from press-filtration of raw sewage 
sludge from the urban waste water treatment plant of Torre del Greco-Villa 
Inglese (Naples) previously characterized (Coppola et al., 1983). Sludge 
moisture was 72~73%, organic matter 60~6l%, Carbon 34~35%, Nitrogen 4.3~4.4 
per cent. 

Experiments have shown that flowing of pure oxygen through sludge 
quickly promotes temperature ascent up to 63°C. A similar result can be 
achieved by forcing into the closed system a high flow of air yielding the 
internal pressure to >0.025 atm, probably able to increase the oxygen 
solubility in the sludge water, according to the Henry law. Figure 2(A) 
showes that the best result is produced by an oxygen flow of 0.5 l.min-l 

Temperature monitoring presents a very interesting flexion around 45°C, the 
critical value corresponding to the upper limit for mesophilic microorgani 
sms. Anyway ascents can be fitted to straight~lines, whose equations are 
reported in table 1 for an easy comparison of their slope. 

Table 1. Temperature ascent by self-heating up to the highest 
value, of sludge treated with different flowes of air or oxygen. 
TemEeratures (OC) are considered as a linear function of time (h). 

Air, 0.2 l.min- l °C=0.692 h + 23.591 r = 0.958 
-1 

Oxygen, 0.2 l.min °C=2.204 h + 26.838 r = 0.950 
-1 

Air, 0.5 l.min 
-1 

Oxygen, 0.5 l.min 

°C=2.099 h + 29.901 

°C=2.607 h + 32.154 

r = 0.955 

r = 0.954 

-1 
In figure 2(B) the cumulative release of C02is reported as g of C.Kg of 
sludge dry matter. The highest oxygen flow rate seems responsible for the 
highest CO2 production, but mineralization of sludge organic matter is not 
correlated to temperature. On the other hand it is well established that 
lower temperatures allow a larger number and variety of microorganisms to 
be active (Finstein et al., 1982). Considering C-C02 released per liter of 
oxygen supplied during the treatment, the time-course of organic carbon 
mineralization appeared as reported in figures 3 and 4 showing two 
characteristic steps when temperature ascent caused the mesophiles-therm~ 
phi~Is succession and a regular trend following the treatment with 0.2 I 
min of air, unable to increase significantly the temperature of the mass. 

Therefore the process results interesting mainly as a sanitizing 
treatment. This objective can be achieved the more quickly the larger the 
reacting surface (Figure 5). Then the sludge is discharged from the closed 
system and ripened by conventional windrow system. Figure 6 showes the 
decrease of moisture content and of the water activity (a ) dUzing this last 
stage of the transformation. At the end the product showe~ 10 C.F.U. of 
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Enterobacteriaceae per gram, about 8 per cent of water content, 55 per cent 
of organic matter and 3.5 per cent of total nitrogen. 

Experiments at pilot-plant scale and further microbiological investi 
gations are still in progress. 
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ENVIRONMENTAL IMPACT ASSESSMENT OF AGRICULTURAL USE OF SEWAGE SLUDGE 

E. DE FRAJA FRANGIPANE, R. VISMARA, V. MEZZANOTTE 
Istituto di Ingegneria Sanitaria del Politecnico di Milano 

Summary 

Agricultural use of sewage sludge emerges as an economic and con
venient disposal practice for many aspects (reduced technological 
treatment cycle, resource recycling, etc.) but can induce remark~ 
ble environmental problems, yet widely documented, involving soil 
and water (surface and groundwater) pollution, negative effects 
on crops and animals, and on human health. To evaluate the envi
ronmental impact, and thus the feasibility of such disposal sy
stem, a scheme is proposed, based on the use of matrices, which 
can provide general, preliminary indications on the major proble
ms arising from the different situations, from the environmental 
and economic point of view, and on the relative tools to minimize 
the environmental impact. Such scheme will then have to be inte
grated by specific matrices, calibrated according to the local si 
tuation. 

1. INTRODUCTION 

The environmental impact study of agricultural use of sewage slu 
dge is needed as a tool to evaluate the ecological feasibility of such 
disposal system. 

The pollutants removed from the aqueous phase, though concentra
ted in sludge in a relatively small volume, still constituite a great 
amount of undesired by-products, to be disposed in a hygienically 
safe and ecologically correct way. 

Even if agricultural use appears firstly as simple and convenient 
it can't be looked at as the only disposal solution, for both ecologi
cal-environmental reasons and for economical and perspective problems. 
Moreover, it is not suitable for all situations (1) and must be con
sidered to integrate other disposal ways, such as landfilling or inci
neration, rather than to substitute then. Actually, fertilizing demand 
commonly concentrates in twice a year, thus allowing agricultural use 
of sewage sludge for no more than 4 months per year. 

The reasons for such kind of disposal must be searched in its low 
cost, so as in the possibility to recycle agronomic valuable resources, 
due to the organic matter and fertilizing element (espeCially nitrogen 
and phosphorus) content of sewage sludge. Thus agricultural use appears 
not only as a disposal system, but also as a resource recycling way. 
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On the other hand, just being a sewage treatment by-product, sew~ 
ge sludge can carry potentially hazardous elements and compounds, so 
as pathogenic organisms and micro-organisms reducing its agronomic va
lue and inducing a certain number of risks, which must be evaluated 
both in general terms of frequency and for the single case. 

2. AGRONOMIC FEATURES OF SEWAGE SLUDGE AND EFFECTS ON THE AGRARIAN EN
VIRONMENT 

Due to the great variety of sewage sludge to be disposed, from a 
planning point of view agricultural use is practically restricted to 
domestic sludge, though it is difficult to demonstrate its better qu~ 
lity with respect to the whole of industrial sludges, and to exclude 
that a domestic treatment plant receives also some industrial sewage. 
Sludge composition is greatly variable, due to the fluctuating of both 
sewage composition and of the plant efficiency. 

Anyway, the concentrations of various elements can be indicative
ly grouped in frequency classes as reported in Tab. 1. Sewage sludge 
carries an important amount of organic matter and its fertilizing ele
ment contribution must be taken into account, especially for nitrogen 
and phosphorus, even if they're prevalently present in not readily 
available chemical forms. Potassium contribution is, on the contrary, 
pratically negligible. 

A feature observed for nearly the whole of sewage sludges is their 
high metal content. These, actually, are removed from sewage with a va 
riable but anyway considerable efficiency (Tab. 2), and thus concentr~ 
te in sludge. 

Depending on their concentration and form, metals can have, in ca 
se of agricultural use of sewage sludge, consequences of various kind 
and importance on the environment. 

Toxic effects on plants can actually appear, so as quality modif~ 
cations in the plant tissues which can result, in their turn, in bio
accumulation along the food chain. Though less frequent, some risks 
can emerge for groundwater pollution, due to leaching, and for surface 
water, due to run-off. 

An excess and long-lasting metal enrichment of soil, even if, in 
particular cases, may not show clear negative effects, will anyway r~ 
suIt in the pollution of soil, which will thus be altered in its che
mical and biological functions (1). 

Sludge may also carry a certain number of pathogenic organisms 
or micro-organisms, and this fact limits, in practice, agricultural 
use to suitable sites and to particular application techniques (6, 8). 
Toxic and/or persistent molecules can also be present but, generally, 
do not cause any particular problem. 

With respect to agricultural use, sludge treatments have also a 
great importance. A good stabilization is needed, in fact, to reduce 
bad odours, and further treatments do not only determine sludge phy
sical properties, but pass through the addition of chemicals as well, 
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and lead anyway to chemical modifications of sludge. As to the norma! 
ly used conditioning chemicals, polyelectrolytes do not pose any limit~ 
tion to sludge agricultural use, while for aluminium an immobilizing 
action has been detected on phosphorus, which consequently decreases 
its plants availability. In case of limed sludge, a further criteria 
must be applied, consisting in the pH evaluation in the chosen soil: 
a high calcium application rate affects soil pH, and, consequently, 
the availability of various elements. At high pH values the solubili 
ty (and thus the toxicity) of metals decreases, but the plant avail~ 
bility of phosphorus decreases too. 

A similarly negative effect on phosphorus availability can be 
attributed to iron salts in acid soils, where sludge application should 
anyway be avoided, with respect to the higher mobility of metals. 

3. ENVIRONMENTAL IMPACT ASSESSMENT 
The weighted evaluation of the differently importanr. environmen

tal impacts, both desired and undesired, has been done in a wide st~ 
dy, presently in press, of which a short synthesis is reported here, 
in the usual terms of environmental impact matrices. Such matrices aim 
chiefly at general evaluations about the importance of the various ef
fects, and thus represent methodological tools to extend environmental 
impact studies to specific situations. Environmental impact assessment 
will then obviously need to be integrated by an economic appraisement. 
In Tab. 3 the impact matrix is reported, in which the main impact se
ctors can be individuated (soil, crops, water, animals, public health), 
so as the operative conditions, defined by a series of parameters, gro~ 
ped to describe: 
- soil characters (~); 

- land use features (~); 

- sludge characters (~); 

- characters of the sewage treatment plant form which sludge derives 
(~); 

- sludge application system (5); 
- sludge application period (6). 

As to the features of soil (1) and of the treatment plant (~), at 
least two alternatives are possible for each parameter (e:g.: C.E.C. 
6-12 meq/100 g, or C.E.C. ~ 12 meq/100 g), while for the other groups 
(~, ~, ~, §) one line excludes the others. 

For each impact sector different indicators have been chosen, to 
which a value included between 0 and 3 has been assigned. 

o does not necessarily mean no effect, but rather effects compar~ 
ble to those deriving from the conventional agronomic practice. 

Actually, the various impact sectors are strictly related among 
them, since the effects on plants, on waters, on animals and on man can 
be mostly considered to be indirect, and deriving from the effects on 
soil. In practice then the environmental impact assessment of sludge 
agricultural use must take into account desired and undesired effects, 
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the first including fertilizing element and organic matter enrichment, 
and the latter being relative to most of the other influences of slu
dge on the various environmental indicators. 

Column totals represent the general importance of the various i~ 
pacts, meaning the relative frequency for the various indicators are 
affected in the whole of different situations. 

Line totals, from which the values corresponding to desired effe 
cts (first two columns), have been deducted, are indices of the risks 
to which the various impact sectors are subjected, in connection to the 
single characters of the specific operative situation. The most favou 
rable situation will thus be the one for which summing up the whole of 
line totals the lowest value will be obtained. 

Looking at the column totals, the main, or more frequent, problem 
can be individuated in the metal enrichment of soil, carrying altera
tions in the product quality, drops in crop yield and bioaccumulation 
along the food chain. Relatively high values of column totals also em~ 
rge for bad odours and for alterations in soil biological activities, 
also connected, to a certain extent, to the metal enrichment of soil. 
However, effects showing a lower column total can be important too. 
This can easily be explained taking into account the fact that, for in 
stance, water or animal impact will only be observed when water or ani 
mal are present, and will thus be characterized by a low column total, 
related to their limited frequency. A similar trend emerges with re
spect to public health and hygienic conditions for operators, getting 
greater importance with increasing direct contact between man and sl~ 
dge. 

Considering separately biological and chemical effects of agricu! 
tural use of sewage sludge, the first should include the diffusion of 
diseases (among men, in general, among the operators and among animals) 
and of bad odours, and the latter the enrichment of soil with substan
ces undesired or, anyway, quantitatively exceeding the right or toler~ 
ble amount, with all the previously listed consequences some of such 
substances can be subjected to a more or less rapid metabolism in soil, 
while others (e.g. metals) are not bio-reacting. The preminent impor
tance of soil metal inputs must be practically evaluated, not only in 
frequency, but also in duration terms. Actually while in case of bio
logical pollution the consequences will last for a relative short ti
me, in the order of hundreds of days, the effects of chemical pollu
tion will last much longer (some decades) in the absence of any pos
sible recovery intervention. 

4. QUANTIFIABLE COSTS AND BENEFITS 
With respec~ to other disposal ways, agricultural use of sewage 

sludge entails costs and benefits which are not entirely quantifiable 
a priori. Actually, while on the one hand the relative incidence of 
costs for storage, transport, treatment and control can be evaluated, 
on the other hand the economic results of being able to dispose at 
low costs a certain amount of sludge, or of other factors, strictly 
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connected to the specific characters of the disposed sludge and to the 
practical situation can difficultly be foreseen. 

Anyway, though sludge can have its intrinsic value, due to its or 
ganic matter and fertilizing element content, the farmer must be allo
wed to get it with no cost as shows the consolidated example of other 
european countries. Often, it can even be convenient for the plant man~ 
gement to take also the transport expenses upon itself. 

From the plant management point of view, a comparison is needed 
between the costs of the technological sludge treatment cycle plus fi
nal disposal (generally landfilling) and those of the reduced technolo 
gical cycle (excluding, or instance, artificial dewatering) plus agri
cultural land disposal. 

From such comparison, within the various possible hypotheses, agr~ 
cultural use of liquid sludge emerges as more convenient than landfil
ling, leaving other factors, such as the economic value of sludge, out 
of consideration. We can also observe that, when the covered transport 
distances are shorter than 20 km (there and back), the cost for dewate 
ring equals that for transport, so that, in the end, liquid sludge sh~ 
uld be preferred for agricultural use. 

As to the different local and operative conditions, anyway, the 
various costs can change, taking into account that the application of 
precautionary measures to minimize environmental impact is reflected in 
increased costs. Tab. 4 has been complied according to the same crite
ria followed for the environmental impact matrix (Tab. 3). Line totals, 
calculated summing up costs, off the savings, allow to compare the di! 
ferent situations defined by the whole of corresponding items. In Tab. 
5 too, the inherent alternative must be chosen among the proposed ones. 
The item "competition towards animal slurry (surrounding production 
centres)" can be either considered or simply left out, according to the 
case. 

Column total, calculated summing up the values corresponding to the 
chosen items, are representative of the incidence of the various costs 
and benefits. 

It is obviously question of purely indicative values, giving any
way a quite reliable idea of reality. Though it is evident that vari
ous local and/or engineering problems, not appraisable in general te
rms, can affects the distribution of costs, the scheme can anyway be 
proposed as an evaluation tool, with the needed adjustments related to 
the specific situation. 

5. MEASURES TO MINIMIZE ENVIRONMEN~AL IMPACT 
For a correct approach to the problem of agricultural use of sewa

ge sludge the double-dealing need emerges to evaluate previously the i~ 
cidence of the various impacts in the specific situation we're refer
ring to and, consequently, to minimize them keeping the situation con
trolled during the whole dispo~al period. 

The first question can be dealt with by an accurate survey on the 
climatic, hygieni~, agronomic and territorial features (area, slope, 
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hydrogeological characters, proximity to surface waters and built-up a
reas), jointly to sludge and soil analyses and phytoxicity tests (6, 7). 
Anyway, aiming at minimizing the environmental impact, we can group the 

constraints to be respected as belonging to the following main cate
gories: use prohibitions, use criteria and modality, tools for manage
ment and control. 

Use prohibitions 
According to what has been pointed out by a previous study carri

ed out by the Authors (1), agricultural use of sewage sludge must be 
prevented: 
- on soils subject to hydrogeological constraint, and anyway at distan 

ces below 300 m from the nearest well; 
- for fresh (not digested) sludge, both liquid and dewatered; 
- for sludge from hospitals or nursing-homes; 
- at distances below 300 m from built-up areas, farmhouses excepted; 
- on vegetable crops; 
- on vegetative phase crops; 
- for sludge with undesired substances exceeding the fixed concentra-

tions, and on soils not coming into the estabilished quality stan
dards; 

- for sludge coming from plants receiving loads of not domestic assimi 
lable sewage in quantities over 40% (cooling waters excepted), unless 
particular cases, needing anyway to be controlled and authorized; 

- on pasture lands during animal grazing; 
- on pasture lands where animals will enter before 60 days have passed 

from land application, or where mowings will be effected within the 
same period; 

- on water soaked, or snow-covered, or frozen soils; 
- in public used parks and gardens, if people can enter the sludge trea 

ted areas; 
- on rice-fields; 
- anyway and on any 

3 
crop at application rates over 200 m Iha day, un-

less more restrictive limits depending on soil and sludge characters; 
- for liquid sludge on soil having a slope over 5%; 
- at distances below 300 m from lakes and 50 m from rivers; 

for liquid sludge on forest lands and in the protected oasis; 
- in greenhouses and tunnels. 

Use criteria and modality 
A substantial criteria for any impact mlnlmlzlng strategy consists 

in determining the exact bonds of the future actions. In the case of 
agricultural use of sewage sludge, it is thus needed to establish, fi
rst of all, how long such practice will be carried out, what kind of 
sludge will be used, if, and to what degree, soil can bear pollution. 

The following bareers will thus be posed: a quality standard for 
sludge, a quality standard for soil, and a maximum lasting for the d! 
sposal period. 

Aiming at the respect of the quality standard for soil, sludge aE 
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plication rates will be functions of the soil characters and of the di
sposal period, and will anyway be inversely proportional to the undesi
red substance concentrations in sludge. 

Sludge treatment, then, affects the importance and kind of environ 
mental impact, and a remarkable weight can be attributed to the modali
ty adopted for sludge application. While a certain range of possibili
ties can be admitted for the kind of sludge to be used, in relation to 
practical and economic facilities, the modality for sludge application 
are generally restricted to the immediate earthing up, or, in case of 
liquid sludge, to the sub-surface injection. 

Tools for management and control 
There is evidence for the need to put the indicated countraints 

into operation by an efficient structure for management and control, 
allowed to use all the possible means to carry out its task. Without 
such a structure, the efficacy of both use prohibitions and use cri
teria and modality will drop considerably, thus undermining the whole 
operation. Its tasks will include the control on the disposal modali
ty and authorization, the management of a cadastre for agricultural 
usable sludges and of experimental plots. 

The public administration will then have to produce periodical 
reports on the agricultural use of sewage sludge, based on data col
locted by the structure for control and management, which will thus 
be verified in their turn. To evaluate the efficacy of the various 
measures to minimize the environmental impact of agricultural use of 
sewage sludge a matrix has been set up (Tab. 5), according to the s~ 
me criteria followed for Tab. 3 and Tab. 4, attributing the maximum 
value (10) to the most efficient measures and the minimum value (0) 
in the contrary cases. Apart from the possible alternatives about the 
kind of sludge to be used and of the management (public or private) 
the indicated measures make up a single whole of the interventions 
held to be the most efficient. 

The sector where environmental impact can be minimized at best 
is that inherent public health. The highest values for line totals, 
corresponding to the greatest efficacy, can be observed, in the or 
der, for the following items: sludge compos ted with carbon residues 
at low metal content, - sludge application rate as a function of 
soil pH, C.E.C. and quality standard, of sludge quality standard and 
of the lasting disposal period, - obligatoriness of periodical reports, 
affecting a greater number of environmental impact sectors. Anyway, the 
importance of measures characterized by a lower line total must not be 
undervalued, because the impact minimization may be determinant even 
if concerning only one sector. Such efficacy evaluation must anyway 
take into account the incidence of the various impacts in the specific 
considered situation, and must be integrated by and compared to the 
costs that each measures entails. 

The weight values assigned in the matrix have an essentially ge
neral meaning and admit adjustments according to the pratical reality. 
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From a merely economic point of view, we must remind that all use pro
hibitions result, at first, in increasing costs for storage, transport 
and treatment. Such increase can hardly be quantified a priori, but in 
case agricultural use would emerge as not suitable, the whole of pro
hibitions would induce a remarkable rise of the disposal costs, due to 
the need for alternative sludge destinations (landfilling, incineration, 
etc.) not considered in the present work. 
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(1) P.L. Genevini, R. Vismara, V. Mezzanotte (1983): Utilizzo agrico-

10 dei fanghi di depurazione. Ingegneria Ambientale, 12, 9, 1-133 
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-biologico per la valutazione del possibile impiego agricolo dei 
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to delle Acque Reflue e dei Fanghi; Nuovi Aspetti Tecnologici e 
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smaltimento di fanghi in agricoltura. Ingegneria Sanitaria, 32, 
2, 24-31 

(4) - EPA (1977): Trace metal removal by wastewater treatment. Techno 
logy Transfer , gennaio 1977 

(5) - Commissione delle Comunita Europee (1982): Proposta di direttiva 
del Consiglio concernente l'utilizzazione in agricoltura dei fan
ghi residuati dai processi di depurazione. Gazzetta Ufficiale del 
Ie Comunita Europee 264/3 - 264/7 
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Tab. 1 - Composition of digested domestic sludge (data on dry weight b~ 
sis) (1). 

More frequent 
Parameter Minimum Maximum 

concentration classes 

Org. C. 20 44.4 20+30 (67%); 30 (33%) 
Org. matter (%) 35 73 40+60 (54%); 60+70 (30%) 
Tot. N (%) 0.22 21 3+4 (27%); 2+3 (22%) 
Org. N (%) 2.59 4.81 3+4 (44%) 
NH4-N (%) 0.012 4.3 0.01+1 (54%) 
Tot. P (%) traces 15 0+1 (38%) ; 1+2 (30%) ; 2+3 (25%) 
K (%) traces 70 0+2 (57%) ; 2+4 (19%); 4 (23%) 
Ca (%) 0.8 27 0+2 (20%) ; 2+4 (31%) ; 4-6 (22%) 
Mg (%0 ) 0.11 16 0+5 (51%) ; 5+10 (34%) 
Na (%0 ) 0.5 13.9 0+5 (75%) ; 5+10 (20%) 
Al (%) 0.2 16 0+1 (64%) 
Fe (%) 0.34 18 0+10 (40%) ; 10+20 (38%) 
As (ppm) 1 1,800 
B (ppm) 0.2 1,000 0+50 (35%) ; 50+100 (25%) 
Cd (ppm) traces 3,000 0+10 (41%) ; 10+20 (18%); 

20+30 (10%) 
Cr (ppm) traces 40,615 0+100 (32%); 100+200 (11%) ; 

> 1,000 (25%) 
Mn (ppm) 20 4,021 0+200 (23%); 200+400 (23%) ; 

>1,000 (25%) 
Mo (ppm) 0 1,000 
Ni (ppm) traces 14,150 0+50 (45%); 50+100 (16%) 
Pb (ppm) 10 26,000 100+200 (16%); 0+100 (15%); 

> 500 (40%) 
Zn (ppm) 58 50,000 0+1,000 (27%); 1,000+2,000 

(22%); 2,000+3,000 (24%) 
Cu (ppm) 16 22,682 0+200 (22%); 200+400 (19%) 
Co (ppm) 0.6 1,565 0+10 (71%) 
Hg (ppm) 0,1 61 0+5 (41%); 5+10 (32%) 
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Tab. 2 - Metal removal by activated sludge treatment (4). 

Concentration in raw 
(mg/l) 

Mean Removal after activated 
Metals sewage 

(%) values sludge treatment 
Range 

Cd 0.008 - 0.142 0.02 20 - 45 

Cr 0.020 - 0.700 0.05 40 - 80 

Cu 0.020 - 3.360 0.10 0 - 70 

Hg 0.0002 - 0.044 0.0013 20 - 75 

Ni 0.0020 - 8.80 0.10 15 - 40 

Pb 0.050 - 1.27 0.20 50 - 90 

Zn 0.030 - 8.31 0.18 35 - 80 
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Tab. 3 - EnvironMental I.pact 
Matrix for aarlcultu
ral uaa of aew .. _ slu!! 
Ie. A value included 
between 0 and 3 has 
been a •• ilned to the 
varioue indicator •• 8£ 
cord ina to the iMpact 
iaportanc. with r.spec 
to the operative cond! 
tion •• defined. in 
their turn. by varlou. 
It.... choeen .. onl the 
line liated ones. 

C.E.C. 6-12 .eq/lOO 

C.E.C. > 12 .eq/l00 

pH < 1 

:!I pH > ? 

Slope < 51 

Slope >sx 
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III and fl'Ollll lakes < 300 AI 

Public porka and cardenc 

~I Horticul ture 
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Forale cui tura 
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Foreat 
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2 
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2' 2 
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2 2 
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2 
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Effect. 
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o 
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o 

o 

o 
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3 

o 

o 

o 

I 

o 

o 

o 

o 

Effects on hUlllan heal th 

o 

o 

o 

o 
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o 

o 

o 
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o 
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o 
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15 
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~~Ir-I'_lq~U_ld __ ._IU_d~._. ________ -r __ 2-t ___ 2-+ __ 2-1 __ I __ r-2 __ +-_2-1 __ ' __ t-_1-1~O __ r-'~+-~2-1~0~t-~I __ I~2~+-O~~'~1~ 
~ Dewatered sludae 2 I 3 2 2 3 1 0 0 1 2 0 o 13 
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i. r-Hy~g~I~.n~I~Z.~d~.-IU-d-'.------~~2-t--~1-+-2~+-~I~r-2~t-~2-t~.~r-o~+-~o~r-o~t-~e-t~0~t-O~~-~2--~0~t-~9~ 
~~ r-~~~~~~------t--2-1--~+-~4-~-r---t~~r-~t-~4-~-r~-t~-1r-~t-~-r~-+~-+~-1 

COIIpoated sludae 1 2 1 2 2 1 0 0 0 1 0 d 0 0 6 

l.I~~n~·~=:~~d~lt=~~~~~~~I_.t_l_o_n:_< __ 5._000 __ r-_2-t ___ 2-+ __ 2~ __ 1 __ r-1 __ +-~1~~1~r-0~~~0 __ r-0~+-~1~~0~r-~0 __ ~1~+-0~+-~4-t 
;- ~~e~~~~~2~8~O~~_·f~~~g~~6~1~~~'n~t~.-r~2-t __ ~2-+_2~;-~I __ r-2~,-+~2-1~1~t-0~;-~I __ r-0~+-~I-1~O~t-0~~~1 __ +-O~t-~7-t 
'ii ~Yavw&r°fn't.~tl\c:.':a\8 2 2 3 2 3 3 1 0 2 0 2 1 a o 14 
!G ~nr~ltrial wastewaters 2 2 2 1 2 2 1 0 1 0 1 0 0 I 0 1 
~ .. ~~~--~----------t---~---+--~~--t---+----r~-+~~~~t-~+-~-r~-+~--j-"~+-~+-~~ 

~nr~ltrlal waatewatera 2 2 3 2 3 3 1 0 i a 2 1 0 1 a 14 

.~~-- Surface application 2 1 2 1 2 2 1 1 3 1 2 1 1 3 1 18 
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- 424-

39 

o 

3 

26 44 

o 

I 

16 46 

16 

10 



www.manaraa.com

Tab. 4 - Comparison between costs and benefits of the agricultural use of sewage 
sludge. On line, a value from 0 to 10 has been assigned to each item, 
referred to the various costs and benefits, except for treatment costs, 
for which a wider range has been used, from 0 to 30, because of their 
high variability. The maximum value (10 or 30) corresponds to the 
maximum cost or saving. On each line, for costs non-dependent from the 
operative condition the minimum value in the whole column has been 
attributed. Totals have been obtained summing up the costs, off the 
benefits. 
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Tab. 5 - Matrix to evaluate the etricacy of the different 
poaaible lIIeHure. to .ini.iz. environmental illlpact in 
the differ.nt sectors. Coluan parUal totala have 
been calculated only for use prohibi tiona; tor the 
other aroup. of •••• ure. the totals must be calculated 
case by cas. accord ina to the chosen alternative. 
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Summary 

ANALYTICAL CHARACTERIZATION OF BIOLOGICAL SEWAGE SLUDGES 

EXPECIALLY ABOUT SOME ORGANIC COMPOUNDS 

P.L. Genevini (*) and M.C. Negri (**) 

(*) Istituto di Chimica Agraria, Universita di Milano 
(**) Ecodeco s.p.a., Giussago - Pavia 

On a lot of 57 biological sewage sludges coming from civil and industrial 
plants, the following parameters have been researched: total organic car
bon, animal and vegetal fats and oils, mineral oils, surfactants, chlori
nated solvents, aromatic solvents, chlorinated pesticides, phenols, alde
hydes. All the alalysed sludges had previously passed the biological assay 
and had a eavy metal content below the prescripted limits (EEC proposal). 
At the doses prescribed in Lombardy Region, all the detected compounds sup 
ply to soils seems roughly negligible. 

1. INTRODUCTION 

Since a long time most authors have found in mineral fraction of sewage 
sludges and particularly in heavy metals, the most affecting factor of 
land disposal of sewage sludges. 
Former studies of the authors pointed out the not negligible importance of 
the composition of the organic fraction: as a matter of fact these one can 
give, like heavy metals, phitotoxcity problems or more general problems 
connected with an agricultural recovery of such by-products (1). 
Problems involved in heavy metals differ from those related with organic 
compounds not only for a different behaviour concerning soil and crops me
thabolism, but also for well known analityca1 difficulties. These difficul 
ties are undenlined by the poor number of studies concerning organic com
pounds compared with and extremely large number of works on heavy metals 
vehiculated by sewage sludges. 
Also, most laws give quality limits in land disposal of sewage sludges r~ 
lated only to heavy metal concentration. Rules adopted in Lombardy Region 
differ from other countries' adding to heavy metals determination the re
search of some organic compounds and a more general evaluation of the slu
dge with a biological assay on crops. 
On a lot of 57 sewage sludges coming from civil and industrial plants, the 
following parameters have been researched: total organic carbon, animal 
and vegetal fats and oils, mineral oils, surfactants (MBAS), chlorinated 
and aromatic solvents, chlorinated pesticides, phenols and aldehydes. All 
the analysed sludges had previously passed the biological assay and had a 
heavy metal content below the prescripted limits (EEC proposal). 
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2. MATERIAL and METHODS 

Parameters have been detected following the most usual laboratory methods 
going from usual analytical techniques to the use of mass spectrometry. 

3. RESULTS 

3.1. Total Organic Carbon (% d.w.) 

average 
26 

median 
27 

s.d. 
12 

min. max. 
4 56 

A certain variability is shown, owing to the different origin and treat
ment of tested materials. However average and median values are very clo
se and agree with literature data (2). It is noticeable that these values 
are comparable at a rough estimate to those of a typical FYM and support 
the opportunity of an agricultural recovery of sewage sludges. 

3.2. Animal and Vegetal Fats and Oils (% d.w.) 

average 
5.3 

median 
2.1 

s.d. 
9.4 

min. 
tr 

ma~. 

58.5 

The values are largely variable. A rilevant difference is revealed betwe
en average and median values. 
Toxicity of those compounds has already been studied by the authors (3): 
temporary problems were evidenced caused by the supply of 100 qlha of tri
glycerides. Those problems, mostly due to a nitrogen immobilization with 
consequent yield decrease were easily bypassed by an adequate balancing of 
CIN ratio. In the same study authors found that the most outstanding fatty 
acids in sludges were: oleic, lauric and palmitic. 

3.3. Mineral Oils (% d.w.) 

average 
2.3 

median 
2.2 

s.d. 
3.3 

min. max. 
0.02 21.5 

Mineral oils presence in sewage sludges shows a certain coincidence of a
verage and median values, settled on 2 %. 
Considering the different origin of samples and the normal appearance of 
the values distribution, it is likely that the main source of mineral oils 
in such sludges can be ascribed to the use of lubricants in plant manage
ment. 

3.4. Surfactants (MBAS) (ppm d.w.) 

average 
219 

median 
19 

s.d. 
1098 

min. 
tr 

max. 
8337 

Literature shows that some depressing activity concerning crops and soil 
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biological activities is ascribed to surfactants compounds, expecially a
nionic (4, 5, 6). Critical values on crops is estimated in 1,000 ppm and 
on soils in 30 q/ha. In the worst case of the highest registered value, 
calculating a supply to the soil of 3 t/ha.year of dried sludge, the cri
tical values are however very far to be reached. 

3.5. Chlorinated and Aromatic Solvents, Chlorinated Pesticides (ppm f.w.) 

average median s.d. min. max. 
Chlor. Solv. 0.12 0.10 0.05 0.08 0.35 

Arom. Solv. 11.70 2.00 28.20 2.00 160.00 

Chlor. Pest. ........... . below 0.002 . .............. 
Data show a general preminence of aromatic solvents on chlorinated sol
vents. However the concentration values are unassuming, even if considered 
on a dry matter basis. 
Chlorinated pesticides, researched with a global screening, always showed 
values below 2 ppb. In few cases chlorinated compounds peaks were detected 
but these were unlikely to be related with pesticides compounds; further 
informations will income after a deeper outstanding study of the processes 
from whom the involved sludges were originated. 

3.6. Phenols (ppm d.w.) 

average 
214 

median 
78 

s.d. 
357 

min. max. 
tr 1908 

A consistent difference between average and median values is evidenced. 
Fifty percent of samples shows a phenol concentration below 78 ppm, that 
would involve a supply of about 300 g/ha of phenols to soil. 
This amount wouldn't seem to cause any environmental problem: no problems 
would arise either in the use of the sludge containing the maximum detec
ted amount (about 6 kg/ha of phenols with the prescripted 3 t/ha.year of 
dried sludge (7)). 

3.7. Aldehydes (ppm d.w.) 

average 
761 

median 
203 

s.d. 
1460 

min. max. 
tr 6272 

The rilevant variability in obtained data can be ascribed to the produc
tion of aldehydes in natural methabolic processes, mostly depending on the 
sludge stabilization operations. 
For this, and because of the biodegradability of such compounds, authors 
consider this parameter not necessary to be detected in a sewage sludge, 
even if required by the Regional rules. 
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4. CONCLUSIONS 

This survey, based on a sufficiently representative number of samples, 
shows a very low presence of the detected organic compounds, with the ex
ception of animal and vegetal fats and oils and mineral oils. 
On this subject, it is important to specify thet environmental problems 
would arise only related to mineral oils; however literature references 
are scarce and contradictory. 
At the doses pre scripted in Lombardy Region, other compounds supply to so
ils seems roughly negligible. 
It is important to underline that suche values concern only sludges that 
have previously passed a standadized biological assay. 
Being this correspondence more proved it would be possible to bypass the 
expensive and difficult research of the organic compounds detected in this 
survey, giving further attention to the more exhaustive biological assay 
which globally can verify the impact of sludge on agricultural environment 
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SLUDGE COMPOSTING AND UTILIZATION IN WEST SWITZERLAND 

Interdisciplinary research conducted by the "Institut de Genie 
Rural", E.P.F.L. (Prof. P. REGAMEY as initiator and G. HUBERT 
as coordinator) 

Research partners: 
- Ecole Poly technique Federale de Lausanne (E.P.F.L.), Lausanne 

(Instituts de Genie Rural et de Genie de l' Environnement) 
- Station Federale de Recherches Agronomiques de Changins (RAC) 

Nyon 
- Service Intercommunal SIEG, Vevey-Montreux. 

1. INTRODUCTION 
Studies on the treatment, agricultural use and disposal of sewage 

sludge have been in progress in French-speaking Switzerland since 1980. 
Up to now they have been carried out in the catchment area of 113 water 
treatment plants, mostly in the Canton of Vaud, treating effluent from 
a population of 275 000. The studies are divided into four parts: 
a) An agronomic part determines direct agricultural markets for liquid 

and dewatered sludges according to composition, environmental con
straints and agricultural demand. This is assessed after an indepth 
information campaign and a survey of interested parties. The quanti
ties of sludge which could be usefully used on each farm are calcula
t.ed on a basis of the phosphate manure requirement. 

b) A "technology" and "transportation" part proposes procedures and e
quipment best adapted to deal with the particular situations of deve
loping direct agricultural outlets, of transforming the sludge into 
compost, or of sludge disposal (incineration, landfill). 

c) An "economic" part is concerned with the costs of sludge treatment 
and delivery. It also takes into account possible revenue from the 
sale of compost. 

d) A final report synthesizes these three parts and makes precise re-
commandations. 

Sludge composting with a carbon-based bulking agent has often appeared 
as a possible future solution for recycling sludge which cannot be di
rectly used in agriculture. From the technical point of view, several 
firms could provide reliable composting facilities; however, this pro
cess is only attractive economically if the compost produced meets the 
precise needs of the agricultural market and can be sold. 

It is thus essential that the advantages of the product be demons
trated before a decision is made to build the facilities. 

In 1984-85, intersiciplinary research was undertaken, bringing toge
ther the various french-speaking swiss organizations listed above. 

In paralled with a bibliographical study (G.HUBERT and E. RUEGG), 
summing up current knowledge of risks in the use of sludge compost and 
of its performances in practice, compost was prepared at the SIEG to 
serve as the base material for different trials: the use of compost as 
an organic soil conditioner to reduce erosion (J.P. VIANI and P. BARIL) 
and as a substrate in floriculture (J.P. RYSER and D. PIVOT). 
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2. COMPOST PREPARAIION 

G. HUBERT, Institut de Genie Rural (Hydrologie et amenagements) E.P.F.L. 

The manufacture of compost consisting of digested sewage sludge and a 
carbon-based bulking agent ~awdust or crushed conifer bark, was carried 
out at the SIEG, Vevey-Montreux, sewage sludge treatment plant at Roche. 
The composting took place in two 24m3 cells with aeration from below, ac
cording to the method recommended by M.S. FINSTEIN (temperature control by 
forced ventilation to ensure that 55-600C, the range of maximum microbial 
activity, is not exceeded). 

It was only possible to control the process manually. Continuous or in
termittent forced aeration could be brought about by blowing or by suction. 
Preparation of the bulking agents and mixtures, control of the operating 
parameters (temperature and aeration) and turning over of the compost were 
carried out by the SIEG, (D. KRATZER and M. CHAMMARTIN). The total compos
ting period was six months, the compost being turned over five times du
ring this period to ensure complete disinfection. 

During the composting period, samples were taken: 
- for routine analysis: pH, dry matter, organic matter by loss on ignition, 

total and water soluble nitrogen 
- for specific analysis: measurements of adenosine triphosphate (ATP) and 

biological activity (C02 given off) by J.P. DUBOIS; of specific respira
tory activity (02 consumption), polysaccharides and volatile fatty acids 
by P. AMMANN; of organic micropollutants (polychlorinated biphenils by 
P. DIERCXSENS and 4-nonylphenol by Miss M. TROCME). 

- for growth tests by S. PACHE. 
The initial sludge /sawdust and sludge/ bark mixtures had the following 

characteristics: moisture 62.8 and 60.2 (% fresh weight) respectively; wet 
bulk weight 0.73 and 0.72 t/m3; volume of free air space 32.5 and 32.9 %; 
thermodynamic balance (weight of water/weight of biodegradable organic mat
ter) 12.3 and 10.5. 

In both cases the overall percentage degradation of organic matter in 
the mixture was 19 %. If the sludge is assigned a degradation coefficient 
of 40 %, then the rates of degradation of the sawdust and the bark were 
11.3 and 15.5 % respectively. Water losses were 40 and 25 % respectively 
and total nitrogen losses 18 and 0 :%. 

The following points emerge from examination of the temperature curves: 
- It is difficult not to exceed 55-600C by switching between intermittent 

and continuous forced ventilation without automatic temperature control 
of the aeration system. 

- There is a temperature gradient in the direction of aeration, the coldest 
area being on the air inlet side (at the bottom of the cell in the case 
of blowing, at the top where suction is used). Alternating between blo
wing and suction does not appear to be sufficient to create even tempe
rature distribution throughout the cells. To achieve this, and hence com
plete disinfection, turning over the compost is essential. 
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3. CHANGES WITH TIME OF CHEMICAL AND BIOLOGICAL PARAMETERS 

J.P. DUBOIS, Institut de Genie Rural (Pedologie) E.P.F.L. 

Changes observed in the values of chemical parameters (pH, watersoluble 
nitrogen) and biological ones (C02 given off, ATP) show that there are 
three phases in the composting process. 
- The first, lasting a week, is characterized by the rapid multiplication 

of microorganisms resulting in considerable quantities of C02 being gi
ven off and an increase in ATP biomass. 

- During the second phase (10-80th day) the system passes through a tran
sitional state. Respiratory activity decreases as a result of the ex
haustion of readily biodegradable matter while at the same time the stea
dy increase in the biomass shows that the microbial spectrum is being re
established. The drop in activity also reflects a reduction in microbial 
synthesis and explains the accumulation of nitrate in the system and the 
concomitant decreases in pH. Instability at this stage, which is more 
marked in bark-based compost, is attributed to temperature variations in 
the heap. These variations can be quite significant (45-550C for sawdust 
and 20-70oC for bark). The latter type of compost also has a lower con
tent of water-soluble NH4 because of the influence of lignoproteinic com
plexes which retard the biodegradation of the organic nitrogen and thus 
reduce the production of nitrate. This "buffer" effect explains the re
lative stability of the pH. 

- In the final phase (from 80th day onwards) all the parameters are 
in a steady state. 

4. ESTIMATION OF MICROBIAL ACTIVITY 

P. AMMANN, Institut de Genie de l'Environnement (Genie Biologique) 
E.P.F.L. 

Measurements of specific respiratory activity (02 consumption) on com
post samples at different stages of maturity have shown that microbial ac
tivity drops considerably after six weeks for both types of compost. There 
is little change in polysaccharide content whether extracted by water or 
acid: hence, there is little readily available organic matter. Concentra
tions of volatile organic acids were not measurable. 

5. FATE OF POLYCHLORINATED BIPHENYLS (PCBs) 

P.DIERCXSENS, Institut de Genie de l'Environnement (Ecologie des 
polluants) E.P.F.L. 

Nearly all the PCBs found in the compost originated from the sludge 
(0.9 ppm/DM as against 0.007 ppm for sawdust and 0.010 ppm for bark). No 
degradation of PCBs was observed during composting. On the contrary, a re
lative increase was observed owing to the partial decomposition of the or
ganic matter. 

This contradicts the results of work by Hunter et al. (0 to 78 % decom
position of Aroclor 1016 and 1254 in a laboratory composting test). 
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6. FATE OF 4-NONYLPHENOL (4-NP) 

Miss M. TROCME, Institut de Genie de l'Environnement (Ecologie des 
Polluants) E.P.F.L. 

Nonylphenol is a toxic non-ionic surfactant which accumulates to high 
concentrations in sewage sludge. In Switzerland, it originates mainly from 
the degradation of nonylphenol polyetboxylate Ilsed tneeter§ents. 

The 4-NP content (the most common nonylphenol compound) in the 
sludge/sawdust mixture described above was monitered over a nine-months 

composting period using gas-phase chromatography. The concentration in the 
starting mixture was 418 ppm/DM while that in the sludge varied from 850-
1100 ppm. After two months of composting, the concentration fell to 143 ppm 
and after nine months to 3 ppm. 

A change in the chromatogram pattern was also observed. The relative si
ze of some peaks increased while that of others decreased, resulting in a 
completely different pattern after nine months. 4-NP is a mixture of iso
mers with alkyl chains branched to varying extents. The change in pattern 
could be related to the fact that the more the alkyl chain is branched the 
more difficult it is to decompose. 

At the high temperatures reached during composting, volatilization of 
4-NP may be significant, mainly owing to the codistillation effect. Vola
tilization of 4-NP was monitored during incubation of mature compost do
ped to a concentration of 600 ppm/DM at 550C and 65 % moisture. No signi
ficant volatilization was observed. These results show that the almost com
plete disappearance of 4-NP during the composting of sludge is due to de
gradation. 

7. BIOLOGICAL TESTS AND ANALYSES OF COMPOSTS USED AS SUBSTRATES 

S. PACHE, Sol-Conseil, Nyon 

Sludge/sawdust and sludge/bark composts were assessed at different sta
ges of maturity using a growth test for barley in pots (pure substrates) 
and by the modified Standford and De Ment test (measuring root development 
in an aqueous extract of the substrate). The growth tests did not show" any 
phytotoxicity. The yield of dry matter was higher from the sludge/sawdust 
compost than from t~e sludge/bark compost. Leaf analysis reveals nutritive 
unbalance for the sludge/sawdust compost (high nitrogen and low potassium). 
On the other hand, the sludge/bark compost show an equilibrium close to 
that for the control. 

Chemical analysis of the water extract from the sludge/sawdust compost 
showed high nitrogen level and salinity. During the Standford and De Ment 
tests this extract gave the best results after composting for 140 days, 
whereas it showed symptoms of phytotoxycity at the start of composting. 

8. EFFECT OF SLUDGE/SAWDUST COMPOST ON THE ERODIBILITY OF SANDY LOAM: 
LABORATORY AND FIELD TRIALS 

J.P. VIANI and P. BARIL, Institut de Genie Rural (Hydrologie et Amena
gements) E.P.F.L. 
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The effects of a sludge/sawdust compost on the erodibility of a leached 
brown pseudogley soil from the Vaud plateau were measured using two expe
rimental apparatuses: 
- a laboratory test bench consisting of a tank (6 x 2 x 0.6 m) divided in

to two compartments, and a rainfall simulator. 
- two plots of land (2 x 18m) subject to natural rainfall (St-Cierges/Vaud 

area) • 
For each of the two plots (bare soil and soil treated with compost), 

soil losses were quantified and characterized analytically; changes in the 
physical 'and hydrodynamic properties of the remaining soil were monitored. 

Laboratory simulations were effected, varying the amount of compost, 
slope, rainfall intensity and rain sequences. The addition of compost was 
accompanied by a reduction in mineral soil losses varying from 40 to 60 %. 

In the field, 16 rainstorms recorded over seven months led to soil 
losses of 1.8 kg DM/m2 for the bare plot and 0.8 kg DM/m2 for the treated 
plot. 

As for the remaining soil, the application of compost was accompanied by 
an increase in its structural stability, total porosity, permeability and 
water retention capacity. These results, taken together, serve to explain 
the reduction of erosion by splashing and run-off. 

During these tests, the compost had a beneficial effect, reducing e
rosion. It would be desirable to carry out tests on a field scale over 
long periods. Such tests should support these initial results and enable 
the amount of compost and the period and manner of its incorporation into 
the soil to be determined. 

9. TEST ON THE USE OF COMPOST AS A SUBSTRATE IN FLORICULTURE 

J.P. RYSER and D. PIVOT, Station Federale de Recherches Agronomiques 
de Changins, Nyon 
Two tests on the use of sludge/sawdust or bark composts for growing pot 

gerberas were carried out simultaneously at Changins and Conthey. The aim 
of these tests was: 
- To measure the fertilizing capacity of the composts and the required mi

neral fertiliter supplementation (J.P. RYSER) 
The sludge/sawdust substrates were too rich in fertilizers (nitrogen and 
salinity) and had to be diluted with peat in order to fit the plant re
quirements. On the other hand, the sludge/bark substrates had low ferti
lity levels, and presented a good plant growth when supplemented with a
dequate amounts of mineral fertilizers. 

- To improve the water retention characteristics through addition of peat 
or rockwool-Grodan® "green" (20 or 40 % by vol. )(D. PIVOT). 
The experimental mixtures were checked against a standard of peat and 
perlite (80:20 %). Mixtures of sludge/sawdust or bark and peat (60:40 %) 
or rockwool (80:20 %) proved more satisfactory than the control for plant 
growth. The raw composts give uneven results due to the difficulty of 
proper watering (permeability index is much too high). 
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PRODUCTIVITY AND QUALITY OF CEREAL CROPS 
GROWN ON SLUOOE-mEATED SOILS 

M. CONSIGLIO, R. BARBERIS 
Istituto per Ie Piante da Legno e l'Anbiente, Torino (Italy) 

G. PICCONE, G. DE LUCA 
Istituto di Chimica Agraria, Universita di Torino (Italy) 

A. TROMBETTA 
Assessorato Ambiente ed Energia, Regione Piemonte, Torino (Italy) 

Sunmary 
A series of studies concerning the agricultural use of sewage 
sludges produced in the Piedmont region was carried out.In this 
context the application effect of increasing amounts of a 
sludge with a high concentration of heavy metals on a wheat crop 
with or without the addition of a mineral fertiliser was 
assessed. The grain production data offered no evidence of a 
toxic effect, though a negative interaction between sludge and 
fertiliser was noted. After the first year of the experiment, it 
was found that the grain content of Cd, Cu, Ni, Pb and Zn was 
not markedly increased by the application of greater amounts of 
sludge. The latter displayed a significant correlation with Cd 
and Ni content only. An interaction between sludge and mineral 
fertilisation can be postulated in the case of Cd. 

1 • INTRODUCTION 

The Piedmont Regional Government, the Faculty of Agriculture, 
Turin University, and IPLA (Istituto per Ie Piante da Legno e 
l'Ambiente) have set up a long-term applied research project designed 
to investigate the possibility of using sewage sludges in 
agriculture. During the first three years of this project, several 
experiments have been carried out inter~ia on the fertilisation of 
cereals (wheat, maize, rice), fruit crops, vegetables and flowers 
( 1,2) to obtain information on the follOWing points: 
- the productivity of crops treated with sludges and the possible 

interaction between sludge and ordinary mineral fertilisers 
application; 

- changes in crop quality,with particular reference to the absorption 
of heavy metals; 

- long-term changes in the physical, chemical and biological features 
of the main Piedmontese soil types following treatment with sewage 
sludges. 
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This paper presents preliminary results observed during a 
multi-year full-field fertilizing of wheat crops growing on a highly 
fertile alluvial soil ( 3) near a large Piedmontese wastewater 
treatment plant. 

2 • MATERIAL AND ME'lHODS 
2.1. Soil 

The soil on which these first agronomic tests have been carried 
out is located in the municipality of Settimo Torinese. It is a 
typical udifluent on the left bank of the Po river and extends over 
middle-recent alluvial deposits consisting of gravel with sand and 
clay lenses that are occasionally terraced. The mean depth is around 
1.5 m. The surface horizons (0-40 em) have a free sand texture (USDA) 
and are sufficiently structured with small-sized aggregates. Their 
biological activity is good. The mean chemical and chemico-physical 
values are: 
Texture (5155) 
Clay 4.48%, fine silt 14.37%, coarse silt 6.24%, fine sand 62.84%, 
coarse sand 12.07%. 
Chemistry 
pH (H20) 7.3, 
total N 0.158 
43 ppn. 

pH(KCl) 6.6, organic matter 2.69%, org. C 1.56 %, 
%, c/N ratio 9.9, available P205 24 ppn, available K20 

Exchange capacity (meqjl00 g) 
C.E.C. 10.2 ; Ca 7.8, Mg 1.6, K 0.09, Na 0 20, B.S. 95%. 
Extractable elements (Lakanen) (ppn ) 
Al 26, Cd 0 32, Cr 0.42, Cu 10, Fe 160, Mn 106, Ni 22, Pb 10, Zn 12. 

The soil displays a sublkaline reaction and is well endowed with 
organic matter and humus, whereas it has little assimilable P and K. 
Its OC is average to low. The BS is high, marnly due to the presence 
of CA. Extractable metals are poorly represented, with the exception 
of Cu, Ni,and Mn. 
2.2. Sludge 

Sewage sludge with the following composition was applied : 
pH 7.5, s3luble salts 94.7 meqjl00, moisture 74.4%, ash 41.3; organic 
matter 58.7, totalC %, total N 3.44 %, c/N ratio 9.5, P 1.25 %, K 
0,21 %, As 0.8 ppm, B 66 ppn, Cd 6.38 ppm, Cr 1044 ppm, Cu 694, Hg 
6.1 ppn, Ni 267 ppn, Pb 109 ppn, Se not detected, Zn 3280 ppn. 

It was obtained from the Collegno-Grugliasco-Rivoli joint 
municipal treatment plant in the province of Turin. Owing to its 
composition, it was thought that the crops would be polluted by 
components released from the sludge and hence to plants. 

Cd, Cu, Ni and Zn were the heavy metals that appeared to offer 
the greatest risk, both because they were present at high 
concentrations and also because they are readily absorbed by plants. 
Ph was also regarded as potentially dangerous on account of its high 
concentration, even though it is poorly transported into plants. 
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3. EXPERIMENTAL PROCEDURES 
What follows refers to the production of grain in the first two 

years, and its quality (in terms of heavy metal content) for the 
first year only, since the experiment is still in progress. 

Plots measuring 50 m were studied. The factors examined were: 
sludge and mineral fertilisation (sludge 50 and 100 tonnes/hectare 
(wet basis);mineral fertiliser added or not). Three trials were run, 
giving a factorial pattern of (3 x 2) x 3 (see table 1). 

The fertilised plots received 130 kg of N per ha in the form of 
a ternary complex and calcium nitrate. The sludge was applied on 
ploughed soil with a manure spreader and turned in with a disc 
harrow. 

4. RESULTS AND C<l+lENTS 

First and second-year crop production is illustrated in Table 2 
and the heavy-metal content (first year only) in Table 3. 

Field observations were also made during the growing seasons. A 
difference in plant reig1t. was noted in both years between fertilised 
and non-fertilised soils only when 0 or 50 tonnes/ha of sludge were 
applied. When 100 tonnes/m were accompanied by the application of 
mineral fertiliser (treatment nO 6), laying occurred. This was 
probably caused by high amounts of nitrogen introduced through the 
combined application of sludge and the mineral fertiliser. 

s. DISCUSSION 
It is clear from table 2 that in the first year the plots 

treated with sludge alone (no 3 and nO 5) are comparable with the 
control plot (nO 2). Fifty tonnes of sludge per hectare provide 340 
units of total nitrogen per hectare. This can be compared with the 
130 units given by mineral fertilisation, assuming 50% 
mineralisation. It can also be seen that massive application of 
nitrogen, whether in organic form (plot 5) or in organic and mineral 
form (plots 4 and 6), does not result in a further increase in 
production. There is, indeed, a slight fall in plot 4. 

Statistical analysis shows that a significant negative 
interaction (p 0.05) exists between the amount of sludge and the 
presence of mineral fertiliser. Over-heavy introduction of nitrogen 
leads to growth imbalance by encouraging stem and leaf developnent. 
This in turn leads to the risk of laying, whereas grain production is 
unchanged. All these impressions were confirmed during the second 
year. As expected, production fell in the non-fertilised control due 
to soil impoverishment. The negative interaction between sludge and 
mineral fertiliser was again significant. The main "sludge dose" and 
fertilisation effects, on the the other hand, were not significant. 

Apart from the risk of flattening and depressed production owing 
to an excess of nitrogen, no adverse effects associated with the use 
of sludge have been observed in the first Tho ~. 
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It is evident, however, that application of 100 tonnes of sludge 
per hectare is equivalent to application of an ordinary mineral 
fertiliser (see plots 2 and 5). The quality data are set out in Table 
3. Since wheat is a plant whose grain is used as food, no account was 
taken of possible direct pollution due to contact with sludge 
particles. Consideration was therefore confined to indirect 
absorption through the soil. 

The data obtained are in line with those in the literature (4). 
Statistical analysis led to the following results: there is a highly 
significant (p = 0.01) correlation between fertilisers and Ni, and 
between the presence of sludge and Cd and Ni concentrations; there 
is a significant interaction between mineral fertilisation and the 
presence of sludge on the case of Cd only. 

As far the sludge doses are concerned, there was a 
(p = 0.05) relation with regard to Cu (dose 1 vs dose 2), 
vs dose 2) and Cd (dose 0 vs dose 1 and dose 2). 

6. CONCLUSIONS 

significant 
Ni (Dose 0 

At this stage of the research, the conclusions can be drawn: 
- potential toxicity of the sludge used, with its high heavy metal 

concentrations, has no adverse effect on the wheat at any stage of 
its growth, even when applied in an amount coo responding to 20 
tonnes of dry matter per hectare 

- a limit to the application of sludge can be seen in the amount of 
nitrogen introduced into the soil. Too much nitrogen, in fact, is 
followed by growth imbalance and the risk of laying. 

- after one year I s treatment with sludge there was no dangerous 
accumulation of heavy metals in the grain, though an increase in 
Cd and Ni absorption was observed. 

As the research progranme continues particular attention will 
also be directed to the accumulation of heavy metals in the soil. 

Table 1 - Results (t/ha) concerning grain production in the first 
and second year; the results are the average of three 
tests and refer to 15 % moisture content. 

~~~~================================================================= 

Treatment Sludge 
t/ha 

Fertilizer First year Second year 

1 0 absence 3,92 2,85 
2 0 presence 4,54 4,44 
3 500 absence 4,50 3,01 
4 500 presence 3,86 3,39 
5 1000 absence 4,50 4,34 
6 1000 presence 4,57 3,57 
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Table 2 - Results(t/ha) concerning grain production in the first and 
second year; the results are the average of three tests and refer to 
1 S% moisture content. 

====================================================================== 
Treatment First year Second year 

s.d.* s.d.* 
1 3.92 0,33 2.85 0.29 
2 4.54 0,11 4,44 0,14 

3 4,50 0,44 3,01 0,35 

4 3,86 0,56 3.39 0,02 

5 4,50 0,12 4,34 0,16 
6 4,57 0,34 3,57 0,42 
* s.d. = Standard deviation 

Table 3 - Analytical data concerning heavy metal content in grain 
produced during the first year of the experimentation; the results 
are the average of three tests expressed as ppn. 

====================================================================== 
Cu Zn Ni Cd Ph 

s.d. s.d. s.d. s.d. s.d. 
1 4,57 0.55 115 15,1 1,03 0,23 0,09 0,006 0,73 0,058 
2 4,47 0,03 115 27,5 1,73 0,40 0,11 0,030 0,40 0,26 

3 4,73 0.21 109 18,2 1,30 0,26 0,19 0,010 0,60 0,17 

4 4,70 0,36 136 9,45 2,50 0,46 0,19 0,006 0,67 0,31 

5 4,27 0,115 134 12,12 1,97 0,42 0,23 0,025 0,70 0.10 
6 4,80 0,36 130 2,52 2.57 0.32 0,18 0,006 0,87 0.15 

x 4,49 0,35 123 17,32 1,85 0.65 0,16 0.05 0,66 0,22 
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BIOLOGICAL EVALUATION OF SLUDGE PHYTOTOXICITY 
P. NAPPI, R. BARBERIS, M. CONSIGLIO, R. JODICE 

Istituto per Ie Piante cia Legno e I' Anbiente - Torino (Italy) 
A. 'lRCMBETI'A 

Assessorato all'Ambiente ed Energia, Regione Piemonte - Torino 
(Italy) 

ABSTRACT 
An account is given of two years' work on the biological 
determination of sludge phytotoxicity using three methods: 
phytotoxicity of sludge with respect to the germinative capacity 
of Lepidium sativum seeds; phytotoxicity of sludge wi~h respect 
to the root develoJEent of a pregerminated test essence (Lupinus 
albus) grown in a liquid medium; phytoxicity of sludge with 
regard to the growth and development of L. sativum and Lolium 
italicum raised in pots as closely as possible to ordinary 
cultivation condition. 

1 • INTRODUCTION 
As part of a long-term research programme conducted by several 

public instituts in Piedmont (1)( 1-2), the need has emerged to 
evaluate and perfect analytical methods to determine the possible 
phytotoxicity of sludges. 

It must be stressed that toxicity is a variable function in the 
stabilisation process of organic matter. Different levels of toxicity 
are present and require different methods for their determination. 

The most commonly used lab test is the Lepidium test devised by 
Zucconi et al. ( 3) . This evaluates the influence of sludge on 
germination and the early root growth of seeds. It can thus be 
regarded as a test of instantaneous toxicity, subject to change each 
time the substrate and the process are altered. 

This analysis, however, is not in itself enough for overall 
evaluation of processes as complex as the biodegradation and 
stabilisation of organic matter. Next, an assessment must be made of 
the effect of sludge on another critical point in plant development, 
namely root growth. For this purpose, the Lupious test is used. 

The results given by these two tests have been checked and 
supplemented by testing in pots. In this case, the results, even 
though tey are not inmediate and mediated by the substrates with 
which the sludge is mixed, are more complete, since the sludge is 
regarded in its entirety and not just as an extract. In all tests, 
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but especially those in pots, 
fertility factors introduced by 
the sludge itself. 

account must also be taken of the 
the nutrient elements contained in 

This paper describes two years' work on evaluation of these 

methods. 

2. MATERIALS 

Sludges were obtained from wastewater treatment plant using 
aerobic digestion (at Bra and Canelli) and anaerobic digestion (at 
Collegno and Pianezza). Their chemistry is illustrated in Table 1. 

To determine the efficiency and correspondence of the assays 
usee!,. and as further basis ·for comparison, parallel tests were I'tUl 

with three organic fertilizers obtained by composting popl/l,r b~p}{ se
wage sludges vith vine stalks for 5 months, and with poplar bark for 
Q mont.h", - Table I _ (hernical characterist.1~S of sludges utilised in biological toxicity 

assays. 
==:::========;;=====:::::====;;===================::::::::::========:;::==============:====================== 

pH moisture ash N C/N P K B Cd Cr Cu Hg Ni Ph Zn 

% % % % % ppm ppn ppn ppn ppn ppn ppn ppm 
Collegno 7.5 74.4 41.3 3.44 9.5 1.25 0.21 666.38 1044 694 6.1 267 109 3280 
Pianezza 7.7 68.3 32.3 4.11 9.2 0.65 0.2089 1.02 3450 1020 2.6 700 538 5750 
Canelli 7.5 77.6 37.0 5.15 6.8 0.53 0.38 520.30 58 248 1.154 212 1050 
Bra 7.5 80.8 30.8 4.57 8.3 0.91 0.44 59 0.54 148 370 2.7 75 367 1727 

3. RESULTS AND DISCUSSION 
3.1 . Germination assay with Lepidium sati vum 

Germination and root growth of L. sativum seeds at various 
extract concentrations are evaluated in Petri dishes and compared 
with a control consisting of distilled water. The influence of 
temperature, time and light on germination were considered during the 
experiment. 

The extract was obtained by adding water to the sludge up to 90% 
moisture content. After 12 h the sample was centrifuged for 15' at 
6000 rpm and filtered with a sterilising membrane using a pressurised 
filtering apparatus. 

The toxicity of the filtrates was shown in the case of anaerobic 
sludges from the Collegno plant. (Fig. 1) 

The anaerobic sludge from the Pianezza plant, on the other hand, 
was highly toxic at high concentrations, whereas its toxicity was low 
at greater dilutions. Lastly, the aerobic sludge from Bra was not 
toxic or barely toxic, even at high concentrations. 

As far as the filtrates of- organic fertilisers are concerned, 
the response of the biological assay is essentially positive, since 
their germination indexes are high even at high concentrations and in 
the sludge as such(Fig.2)In addLion, organic fertilisers 1 and 3 (from 
sludge with poplar bark and sludge with vine stalk respectively), 
display higher values than the control at high dilutions. It may thus 
be supposed that they contain physiologically active substances that 
stimulate germination and root growth. 
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3.2. Lupinus albus growth assay 
The L. albus test can be regarded as midway between the toxicity 

test in dishes and that in pots. Briefly, seeds genninated in 
distilled water and with similar root lengths are placed in test 
tubes containing sludge extracts at different dilutions and compared 
with a distilled water control. The Collegno anaerobic sludge was 
used for this assay. 
Table 2 - Total weight, root weight and total length of Lupinus albus 
tested in different concentrations; data are the average of three 
tests. 
================================================================ 
Sludge extract Total weight Root system weight Total length 
concentration 

(%) (g) (g) (cm) 

100 0.91 0,23 5.43 
50 1,33 0,45 7,00 
30 1,33 0,50 8.03 
10 1.25 0.43 8,23 
3 1.42 0.48 10,53 

Control(water} 1.48 0,63 11.00 

As can be seen, Collegno sludge as such is highly toxic. When 
brought into contact with the extract, the Lupin root necrotises and 
dies. At intermediate concentrations (50% to 10%), there is no 
substantial difference with regard to weight and total length. 
The roots have difficulty in growing, but get the critical stage. At 
the lowest concentration (3%), indeed, the results observed with the 
extract are virtually the same as in the control. The roots easily 
withstand the transplantation crisis and develop considerably. 
3.3. Growth assay in pots 

The ex~riments carried out were designed to devise a suitable 
method for evaluating the toxicity of sludges. Attention was given 
to: 
- the identification of an effective "control"; 
- the choice of materials for the preparation of a basic substrate to 

which different amounts of sludge could be added; 
- the choice of sludge amounts in the light of two considerations: 

detection of the amount at which toxicity first appears; 
recognition of the fact that sludge also contributes fertility in 
the form of organic matter and nutrient elements. 

Various materials were tested singularly or in combination to 
serve as the control: agricultural soil, farmyard manure, peat, river 
sand and perlite. It was found that a mixture of acid peat with sand 
and a suitable mineral fertiliser made the best control. These 
materials are easily obtained and ensure efficient repeatibility 
compared with soil and manure. Furthermore, the assay can be checked, 
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since no considerable variability factors are included: river sand 
has a very low amount of organic matter and nutrient substances, 
while peat has few nutrient elements and its organic matter is 
difficult to degrade. 

'!he control mixture was therefore used as the basic substrate 
for addition of the sludge. 

As to amounts of sludge employed, experience showed that 50-100 
g/dry sludge per litre of substrate gave rise to toxicity. To enable 
the fertility contributed by the sludge to be evaluated, therefore, 
amounts of 12.5 and 25 g/litre were chosen. '!hese are close to the 
levels used in agriculture (50-70 tonnes/ha). As a further reference 
for evaluating the response of the assay, the organic fertilisers 
described earlier were also employed. 

The following method was then elaborated: sludge as such was 
added to the substrate in the proportion of 12.5, 25, 50 and 100 g 
dry sludge per litre of substrate and mixed in. The acid reaction of 
the peat was previously buffered with lime to pH 6.5 - 7.4. The 
mixtures were placed in 2-litre pots containing a 1 cm layer of 
expanded clay for drainage. To ensure that germination would take 
place and make it possible to evaluate the toxic effect on plant 
growth only, the mixture was covered with a 1 cm layer of river sand. 
For each test plant the number of seeds sown per pot was sufficient 
to ensure the germination of at least 100 seeds. The seeds were then 
covered with a 1 em layer of perlite. 

Data on the production of Lolium italicum and Lepidium sativum 
are shown in Table 3 an Fig. 3-4. 

Table 3 - Lolium italicum and Lepidium sativum production (g/pot) obtained 
in growth tests in pot. Data are the average of three tests. 

Typology Dose Lolium italicum production Lepidium sativum production 

First cut Second cut 
(g/pot) (g dry matter/pot) (g dry matter/pot) 

average s.d. average s.d. average s.d. 

0 1,81 0.09 1,58 0,12 18,36 2,34 
25 2.48 0,43 4,12 0,60 24,46 1,59 

(Ollegno 50 1,73 0,04 4.15 0,42 9.48 2.14 
sludge 100 1,44 0,18 4,17 0.43 4,68 1,92 

200 0,57 0,25 3,09 1,14 0,76 0,21 

0 1.81 0,09 1.58 0.12 18,36 2.34 
Pianezza 25 1,80 0,12 3,44 0,27 12,84 2,29 
sludge 50 1,36 0.12 3.51 0,94 6,19 0,53 

100 0,43 0,11 1.94 0,72 0.79 0.32 
200 0,09 0.05 0.03 0,03 0.71 0,17 

Canpost A as whole 2,47 0.18 2.78 0,47 43,05 1.28 
Compost B as whole 2,79 0,09 7.13 1,36 37.47 2,19 

Notes: 
Compost A = obtained from sludge and poplar bark 
Compost B = obtained from sludge and vine stalks 
s.d. = Standard deviation 
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Higher sludge doses brought about marked toxicity, with a 
distinct fall in the production of biomass for both sludges and for 
both plants.Toxicity appeared at the commencement of growth (5-6 days 
after germination), when the roots came into contact with the 
substrate, and took the form of yellowing and root tip necrosis. This 
was more marked as the amount of sludge increased. At 200 g of sludge 
per pot, the seedlings withered almost completely. This was 
perticularly true in the case of L. sativum, which is more sensitive 
than Lolium. 

The difficulties encountered by the plants during the early 
growth stages seem to be less apparent as the assays proceed, though 
they are reflected in the size of the final crop. This improvement 
may be the result of adaptation to the substrate, or a falling off of 
toxicity owing to chemical and physical changes in the substrate 
itself. These phenomena are particularly evident in the case of 
Lolium, where the second-cut biomass is much greater than that of the 
control, even when larger amounts of sludge are applied. It would 
thus seem that sludge exerts a temporary toxicity that appears in the 
early growth stage and the first harvest, whereas in the second stage 
changes in the substrate are such that fertility factors due to 
nutrient elements (especially nitrogen) in the sludge gain the upper 
hand. Not even temporary toxicity, however, was noted when smaller 
amounts of sludge were used. The production of both Lolium and 
Lepidium, in fact, was always higher than those responsible for 
toxicity. 

Particular importance may also be attached to the results 
obtained with two composts obtained from sludge mixed with vine 
stalks and poplar bark. Their productivity was always higher than 
that of the control both with Lolium and Lepidium. 
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THE FATE AND BEHAVIOUR OF SELECTED HEAVY 
METALS DURING PYROLYSIS OF SEWAGE SLUDGE 

R.C. KISTLER, F. WIDMER and P.H. BRUNNER 
swiss Federal Institute of Technology Zurich 

Summary 

The distributions of chromium, nickel, copper, zinc, cadmium, mer
cury and lead between the solid residue, condensates and flue gas 
during pyrolysis of sewage sludge have been measured. Cr, Ni, Cu, 
Zn and Pb are retained in the solid residue up to 750°C. The 
volatilization of Cd started at 600°C. Hg was quantitatively vola
tilized at 3500C. The heavy metal balances were 100% ±15%. 

1. INTRODUCTION 

The use of sewage sludge on agricultural land is limited in densly 
populated areas or if the sludge contains high concentrations of toxic 
organic and/or inorganic constituents. In such cases the sludge has to 
be dewatered and disposed of in sanitary landfills or it has to be 
incinerated. Due to the high temperatures during combustion (800°-
1000° C) the heavy metals with the highest volatility (Hg, Cd, As ••• ) 
may be released to the atmosphere in spite of air pollution control 
equipment. 

It is expected that lowering the reaction temperature to 500°-600°C 
would prevent the metals (except Hg) from volatilization. 

This study investigates the distribution of heavy metals between 
flue gas, condensates and solid residue during pyrolysis of dried sewage 
sludge. 

2. EXPERIMENTAL 

In an all-glass batch pyrolysis unit (fig. 1) (Duran, "hot" parts: 
quartz) dried sewage sludge was pyrolyzed at different temperatures. The 
vapour phase which contained condensable and non condensable gases was 
cooled in two stages to -75°C. The non condensable gases were filtered 
and scrubbed in two impingers with a saturated KMn0 4/10% H2S0 4-solution. 

Due to the low gas velocities in the reactor and due to the fact 
that the sewage sludge was kept in a sample boat, no particle "carry 
over" was observed in this experimental set-up. 

The heavy metals Cr, Ni, Cu, Zn, Cd, Hg and Pb in the sewage sludge 
feed and in the pyrolysis products ash, condensates and scrubbing li
quids were analized by Atomic Absorption Spectroscopy. Special emphasis 
was put on accuracy of sampling and analysis in order to calculate mass 
balances of the investigated metals. It was thus possible to keep the 
deviations between material input and outputs always below ±15%. 
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Figur 1: 
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3. RESULTS 

3.1. Products of pyrolysis at different temperature 
Figur 2 shows the temperature dependence of the product yields. The 

higher the temperature, the more gas and less solid residue is produced. 
The condensate yield has a maximum at 625°C. 

In the investigated range (2-25 °C/Min.) the yield of solid residue 
is not affected by the heating rate. At higher temperatures (>6250 C) and 
higher heating rates (>20 °C/Min.) the yield of condensate decreases 
about 5-10% and the gas yield rises therefore 5-10%. 
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Figur 2: 
Distribution of py
rolysis products at 
different tempera
tures 

3.2. Distribution of Cr, Ni, Cu, Zn and Pb between gaseous 
and solid phase 
In the temperature range between 350°C and 750°C, the quantities of 

Cr, Ni, Cu, Zn and Pb in the condensate and scrubber liquids were 
neg1ectible. These metals are trapped in the solid residue and do not 
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pose a thread to the atmospheric environment, unless they are transfered 
to the gas stream in particulates due to the high gas velocities in the 
reactor system (e.g. fluidized beds). 

According to these results no volatile species of Cr, Ni, Cu, Zn 
and Pb are formed during pyrolysis. The residence time does not influ
ence the distribution of these metals. 
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3.3. Volatilization of cadmium 

Figur 3: 
Distribution of Cr,Ni, 
Cu, Zn and Pb between 
gaseous and solid 
phase 

margin of error is 
shown by the bar on 
the right side 

The pyrolysis temperature has a marked influence on the 
volatilization of cadmium. At SOOoC Cd is retained 'quantitatively in the 
solid pyrolysis residue, whereas more than 9S% of Cd is found in the 
gasphase at 7S0oC. At 62SoC the evaporation is only slow, and therefore 
the total amount of volatilized Cd depends on the residence time. At 
7S0oC the rate of evaporation of Cd is at least as fast as the pyrolysis 
rate of sewage sludge. The evaporated Cd is easily trapped in a 
condenser at temperatures below ISOoC. 
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3.4. Emission of mercury 
For all investigated temperatures (350°, 505°, 625°C) Hg is comple

tely volatilized. The condensation of this metal was not achieved at 
200C (fig.l, no.4), but at -750C (fig.l, no.6). A considerable amount 
(~10%) of Hg even passes this condenser and is captured by the first 
scrubber (fig.l, no.S). Hg concentration in the second scrubber liquid 
is always at or below detection limit. Since Hg is difficult to strip 
from the flue gas, it should not be disposed of by the sewage system. 
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4. CONCLUSION 
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During the pyrolysis of sewage sludge in a laboratory reactor, most 
metals were retained in the solid pyrolysis residue. Exception are 
metals with a high volatility such as cadmium and mercury. While for 
cadmium the shift to lower pyrolysis temperature «550°C) prevented the 
emissions of this metal completely, mercury was quantitatively trans
fered to the ga~ phase at all investigated temperatures from 350° to 
625°C. Since the elimination of mercury from the gas stream proved to be 
difficult, this metal should be kept away from the sewage system. 

- 451-



www.manaraa.com

IATEST TEST RESULTS IN SLUIX>E DEWATERING WIlli THE CHP-FILTER PRESS 

Sumnary 

U. Loll 
Abwasser - Abfall - Aquatechnik 

Heidelberger Landstr. 52 
D-6100 Darmstadt 

With the invention of the CHP-filter press the development of a 
contimnus working high pressure press has been succeded by the 
first time at which the pressure on a suspension to be dewatered 
can be continuously increased and therefore dewatering results 
which were so far only able to be achieved with charnber-, plate
or membrane filter presses are obtained. The development characte
ristics, the constructive realization and the field of application 
as well as the efficiency of the equipnent are described belCM. 

1. CP~Z\.RACIERISTICS OF THE CCM1ENTlrnFL M]lCHINES FOR 'Th'E SOLID/ 
LI(oUID SEPARATlOO OF SLUDGE-LIKE SUSPFNSIOOS 

The use of the so far existing machinery for the solid/liquid separa
tion, such as centrifuges, decanters, vacuum filters, screen- and belt
presses, as well as chamber-, plate-, and menbrane filter presses include 
the follCMing problems. In case of reasonable arrount of machinery and 
aimed continuous operation in many cases of application the dewatering 
results are insufficient. In order to receive satisfactorily dewatering 
results, a considerable number of equipment and therefore high investment 
costs as well as a non-continuously working procedure had to be accepted. 

The follCMing characteristics are particularly relevant: 

1 . 1. Centrifuges and decanters 
Continuous working rrethod, favourable relation between machinery and 

flCM rate, high capacity, ICM dewatering results, bad separation cut. '!he 
separation cut and the dewatering results differ very high according to 
the specific weights in the sludge liqu::>r. With increasing specific weight 
difference, the dewatering results improve. 

1.2. Vacuum filters 
Continuous '.vorking roothod, unfavourable relation between machinery and 

flCM rate, high capacity, ICM dewatering results, good separation cut, 
partial vacuum up to approx. 0,6 bar. 

Even the addition of press-belts does not shCM significant improvement 
in the dewatering results. 

1.3. Screen- and belt fil~resses 
Continuous working roo, reasonable relation between machinery and 

flCM rate, small capacity, reasonable dewatering results, reasonable separa
tion cut, short-tiIre pressure of up to approx. 2,5 kp/an2 • 

Since the pressure is too ICM and the tiIre of activity is too soort, 
the real dewatering results can only be insignificantly improved. 
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1.4. Charnber-, plate-, and IreIllbrane filter presses 
Non-continoous working nethod, very tmfavourable relation l:etween 

nachinery clilrensions and flCM rate, high capacity, gocxl dewatering result, 
good separation cut, long-term filtration pressure up to 20 bar, respectiv
ely 15 kp/crn2 of nembrane filter presses. 

2. DEVELOPMENT CHARACTERISTICS AND DEWATERING PROCEDURE OF THE 
NEl-l CCNI'lNt.XX.E IDRKING HIGH PRESSURE FILTER PRESS 

For the new develq:m:mt of the described continuous working high 
pressure filter press, the follCMing requirenents in technology, efficiency 
and optinal nachinery ~re postulated: 
- continuous shrlge feeding 
- continoous increase of pressure 
- continoous cake outlet 
- continuous filter cloth washing 
- highest possible regulation of the flCM rate 
- gocxl dewatering results 
- high separation cut 
- low amotmt of nachinery (small dinensions) 
- lCM energy demarrl 
- highest possible pressure up to 20 kp/cm2 

- pressure control in amotmt and activity tine. 
The dewatering procedure of the high pressure filter press, of which 

the rrost relevant elenents are shown in figure 1, rtmS as follCMS: 
- The suspension is fed continoously into the nachine by a helical rotor 

punp via a static pre-dewatering-chamber stage V (which is not shown in 
fig. 1 due to lack of space). 

- A closed sludge chamber (stage K, R, and H) changes its volurre according 
to the dewatering progress) . 

The sludge chamber consists of two endless filter l:elts, two endless 
channel l:elts, two endless asided seals, and two endless anroured l:elts 
consisting of high pressure plate elements. 

All sludge chamber elements are in operation synchronoously within the 
nachine. The dewatering in the closed chamber is effected by successive 
following pressure phases, being individually controlable in amotmt and 
activity period. Arrotmt and kind of reaction of the individually chosen 
pressure always correspond to the specific dewaterability of the suspens
ion to l:e dewatered. 

The follCMing pressure phases ~re passed through: 
- Increasing hydrostatic filling- and filtration pressure up to 0,25 bar 

(stage V) turning into an 
- increasing static pressure op to 0,5 kp/cm2 (stage K), 

turning into an 
- increasing dynamic pressure up to 2,5 kp/cm2 (stage R), 

turning into an 
- increasing static pressure up to 20 kp/cmz (stage H) • 
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STAGE H STAGE R STAGE K STAGE V 

Fig. 1: Elerrents of the continous working high pressure filter press 

Fig. 2: The CHP-filter press in operation on a sewage treatment plant 

3. crnSTROCTIVE RFALlZATICN OF THE RBJUIRED PRESSURE REACI'ICNS 

The hydrostatic filtration pressure up to 0,25 bar is produced by 
gravity of the filling hight of the suspension itself. Within a 0,6 m ¢ 
filter chamber consisting of motionless filter cloth the filling hight up 
to 2,5 m can be controlled. The filter efficiency of the chamber is acti
vated and increased by two speedcontrolled wipers. 

By steadily reduction of the inflO'W and increasing solid matter con
centration the hydrostatic filtration pressure turns into an increasing 
static pressure up to 0,5 kp/cm2 • This pressure is produced by the progress
ing sphenoidal reduction of the chamber channel belts, a number of pressure 
rolls, and the two side walls. Pressure rolls and side walls are built in, 
whilst the filter- and channel belts move synchronuously with the suspens
ion, as controlled. The turning into the dynamic pressure is achieved 
infinitely. 
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The controlled dynamic pressure up to 2,5 kp/an2 is produced by in
creasing pressure of stationary built-in pressure rolls. All chamber ele
rrents, like the t\vo filter belts, the t\vo channel belts, and the t\vo asided 
seals are operating synchronoously. The chamber volurre is automatically 
reduced with the progress of dewatering. 

The increasingly controlled static pressure up to 20 kp/an2 is pro
duced by plate elements with ,built-in hydraulic cylinders. All chamber 
elements including the pressure producing plate elements with built-in 
hydraulic cylinders cooperate snoothely synchronous. The chamber volurre is 
also reduced automatically with the progress of dewatering. According to 
building dimensions of the machine the total static pressure produced at 
the sane tine is up to 1500 Mp. 

Since all pressure transmitting elements do not nove relatively to 
each other, but only mutual and synchronously with the rredium included, a 
Sm:::lOth pressure transmission to the dewatering chamber and the suspension 
is possible. The pressure ~r only reacts within the pressure elements. 
Therefore outside effecting pressure and ~ight is not produced, and the 
fOlmdation has to carry only the ~ight of the machine itself. 
h In figures 3 and 4 some important details of the construction are 

s own. 

4. SPOCIFIC MACHINE DATA AND EFFICIENCY RANGE OF THE VARIOUS MX>EIS 

The new continoous w::>rking high pressure filter press is built in six 
different basic types according to various application. The nost important 
technical data for the machine and the efficiency range of the various 
nodels are conpiled in table 1 - 3. Special constructions for individual 
application where certain phases of dewatering have to be extended resp. 
shortened in order to receive an optimal dewatering result for problematic 
cases can be done. 

All types can be equipped on request with a continoous operating 
sludge washer, which might be installed for the dewatering of centain 
sludges of nostly industrial sources. 

Table 1: Teclmical machine data 

fil ter cloth cylinder length width hight total power total 
type width diameter capaci ty weight 

with with 
m m m m stage V m stage V kW Mp 

H1/0,5/1,2 0,5 1,2 7,5 1,2 2,5 2,0 2,4 4,5 _ 5 

H2/1,OI1,2 1,0 1,2 7,5 1,7 3,0 2,0 2,4 6,6 _10 

H3/1,5/1,2 1,5 1,2 7,5 2,2 3,5 2,0 2,4 7,6 -20 

H4/1,5/1,5 1,5 1,5 6,5 2,2 3,5 2,3 2,9 7,6 -25 

H5/1,5/1,6 1,5 1,6 9,5 2,2 3,5 2,6 3,4 9,2 -30 

H6/1,5/2,1 1,5 2,1 10,5 2,2 3,5 2,9 3,9 9,2 -35 
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Fig. 3: Hydraulic system 

Fig. 4: Single hydraulic cylinder 
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type 

all 
type. 

Type 

Hll 
0,51' ,2 

H21 
1, 0/1,2 

H31 
1,5/1,2 

H41 
1,5/1,5 

H5/ 
1,5/1,8 

H6/ 
1,5/1,2 

Table 2: Pressure and tine of active pressure 
" 

stage V Itag_ It atage II atage H 
pre. sure pre •• ure pre.lure pre.sure total ti.e of 

amount. ti.e amount ti._ amount Um_ UlOunt Um_ active pre.sure 
bar .. in kp/ .. ' lIin kp/.' min kp/m' min min 

0,05 1,5 I I 2,2 5,7 
to to up to to up to to up to to to 
0,25 IS 0,5 7 2,5 7 20 IS H 

Table 3: Jlctive static and dynamic filter cloth values 
efficiency range of different machine types 

active atatic filter active dynamic filter effiency range of different types 
cloth values total- cloth value 

-length -area length area supporting cake cake sludge inflow 
speed thickness production 

m II' m/h m'/h m/sec mm .. '/h m'/h 

5,9 6,0 II 10 0,003 15 0,07 
to to to to to to to up to 
7,9 9,8 77 70 0,021 30 1,0 10 

5,9 11,6 II 21 0,003 IS 0,15 
to to to to to to to up to 
7,9 15,4 77 147 0,021 30 2,1 20 

5,9 16,9 II 32 0,003 IS 0,25 
to to to to to to to up to 
7,9 20,7 77 224 0,021 30 3,3 40 

7,5 21,8 14 40 0,003 IS 0,3 
to to to to to to to up to 
9,5 25,6' laO 280 0,021 30 4,2 60 

9, I 25,8 18 52 0,003 IS 0,4 
to to to to to to to up to 

1',1 29,6 126 364 0,021 30 5,6 80 
10,7 30,7 22 63 0,003 IS a,s 
to to to to to to to up to 

12,7 34,S ISO 440 0,021 30 6,7 100 

5. FmD OF APPLICATICN AND CAPABILITY' OF THE ~ 

5.1. Field of application 
The new continoous working high pressure filter press is suitable for 

tre dewatering of sewage sludges, suspensions of industrial production and 
sedi.nent sludges. 

Since the anount as well as the tine of pressure activity can be con
trolled in a wide range, thewrole scale of ained dewatering degrees can 
be covered. If requested, a conditioning of the material as well with or
ganic as with anorganic coagulants resp. flocculants or thennal condition
ing is possible. With the new kind of sewage sludge dewatering it is pos
sible to produce a final product for land fill disposal or grain filter 
cake for agricultural use with one and the same machine. 

The carpact constructicn and the low weight of the machlne make it 
suitable for many cases of iITpl.enents, where conventic;mal dewatering ma
chines cannot neat atrj nore the increased flow rate demand resp. the higher 
solid ccntent of tre filter cake. 
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5.2. Efficiency 
Based on the high and long lasting active pressures, the new press 

achieved final solid matter qualities in the filter cake unter all so far 
tested applications, as they are only known from chamber-, plate-, and 
ncmbrane filter presses. Especially in direct efficiency comparison with 
decanters and belt filter presses. The possible dewatering results in con
nection with the conditioning with organic flocculation aid are clearly 
exceeded. Since sewage sludge solid matter results ranged between 35 - 55 % 
dry matter content industrial suspensions partly were dewatered up to more 
than 75 % dry matter continuously. 

6 • PARALLEL TEST RESULTS WITH CENI'RIFUGE, BELT FILTER PRE3S, AND 
CHP-FILTER PRESS 

In order to make the efficiency of the new CHP-filter press judgable, 
parallel test results under technical conditions with centrifuge, belt 
filter press and CHP-filter press are shown in the following: 

Based on an anaerobic stabilized sewaqe sludqe of a municipal water 
treatment plant with approx. 6,4 % dry solids content and after thickening 
by gravity a sludge conditioning with an organic polyelectrolyte (BASF 
CF 600) was perforned before the dewatering. 

The quantity of polymers used for all three dewatering processes was 
kept·in the same range in order to have absolutely equal basic conditions 
for the three machines. The individual dewatering results for the dewater
ing presses are corrpiled in fig. 3. 

During the test of the CHP-filter press two different final pressure 
stages in the system were applied. At an final pressure in the H-phase of 
5 bar for about 4 minutes solid matter results between 34 and 38 % in the 
filter cake were reached. 

At an increased final pressure of 15 bar for about 8 minutes a clear 
irrprovement of the results, namely between 40 and 44,5% solid matter was 
achieved. When corrparing these results achieved by the technical tests as 
those achieved by Perchthaler and Stefou for the dewatering of sewage 
sludge with high pressure zones of a belt filter press (see fig. 4) a 
principle conformity in results is given. 

REFERENCE 

1. PERCHI'HALER, H. and STEFOU, St. (1984). Filter belt presses with 
high-pressure zones. Recycling International, EF-Verlag Berlin, 
416-421 
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I I 
conditioning with 

anaerobically digested 6,4 % dry solids organic polyrrers 
sludqe Type: BASF CF 600 

t 
reached dewatering results 

in parallel test under technical conditions 
+ 

decanter centrifuge 1 I belt filter press1 CHP-filter press 

26 - 27 % dry solids 25 - 26,5 % ds pressure: 5 bar, 4 min 

34 - 38 % ds 

t 
CHP-filter press 

pressure: 15 bar, 8 min 
40 - 44, 5 '~ ds 

Fig. 5: Results of a parallel test with 3 different dewatering machines 
with special reference to the CHP high pressure filter press 
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A POT EXPERIENCE WITH A HIGH LEVEL COPPER SEWAGE SLUDGE 

Abstract 

A. MANRIQUE, I.ARROYO, A.M.SANZ, 
J.M.GARCIA DE BUSTOS,A.M.NEBREDA 

Seccion de Analisis Ambiental 
Servicio de Investigaciones Agrarias 

Junta de Castilla y Leon 

A pot experiment has been performed with alfalfa crop, under contro--
lIed temperature and humidity conditions, in order to assess the res-
ponse of this crop when applying a sludge which is rich in copper. Di
fferent dosages of sludge have been used to obtain concentrations of -
50, 100, 200, 400 and 800 mg. of dry soil matter. For dosages greater/ 
than 300 mg. of CU/kg. we have obtained a diffusor effect which rea--
ched 20% of production loss when the dosage of copper added was 800 mg/ 
kg. dry weight of soil. When analysing the aerial parts and roots of -
alfalfa, we found that copper was retained by the roots, and only small 
amounts were accumulated in the aerial parts. 

1. INTRODUCTION 

During the purification phase, approximately 90 % of the copper present 
in the waste water is concentrated in the sludge (1). As a consequence of -
this, there in an important accumulation of this metal in sludge which may/ 
later on be used in agriculture. This fact may provoke soil contamination -
unless caution in taken when using such sludge. Quite a large number of - -
studies have been carried out until now regarding possible harmful effects/ 
(2, 3, 4, 5) which could be caused by applying important amounts of copper 
to the soil, damaging both the soil and the vegetation which is developed -
on it. In our case, we have tackled this study due to the high copper con-
tent of sludge from the sewage purifier plant in the town of Palencia, wnich 
comes from waste water tips of an industry that is devoted to electrolysis/ 
of this metal. Since this sludge is being used in agriculture, we have felt 
it worth while to carry out this experiment in flower pots, to find the be
haviour of this sludge in an alfalfa crop (Medicago sativa) under contro- -
lIed temperature, humidity and illumination time conditions. 
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2. MATERIAL AND METHODS 

As we have already said, for this experiment a sludge was used from -
the sewage purifier plant of the town of Palencia, on a soil near our labo 
ratory and using an alfalfa crop (Medicago sativa). The characteristics of 
the sludge and soil were determined at the laboratory and were as follows: 

Sludge: 

pH H20 

N total "/0 

P205 "/0 

7.1 
0.91 

1.10 

Metal content - aqua re£!ia 

Cd 24.4 ppm 
Cr 40 ppm 
Cu 5.280 ppm 
Mn 151 ppm 
Ni 500 ppm 
Pb 491 ppm 
Zn 2.200 ppm 

Soil: 

7.8 pH 
NT 0;0 

P205 
K20 
M.D. 

0.06 "/0 
assimilable - 16.7 ppm 
assimilable - 316 ppm 
0.78 "/0 

Heavy metal content 
Aqua regia 

Cd - 0.06 

Cr - 18.5 
Cu - 24.5 
Mn - 196 
Ni - 18.7 
Pb - 0.02 
Zn - 72.6 

0.24 
27.8 

Humidity "/0 31.2 
Conductivity 3,370 and mhos/cm. 

Metal content NH4 Ac/EDTA pH 4.65 

Cd - 12.6 ppm 
Cr - 1.4 ppm 
Cu - 2.500 ppm 
Mn - 74.1 ppm 
Ni - 150 ppm 
Pb - 31 ppm 
Zn - 356 ppm 

Conductivity 
Sand 36.9 "/0 
Lime 38.5 "/0 
Clay 24.6 "/0 

Metal content 

882 & mhos/cm 

NH4 Ac/EDTA pH 4.65 

Cd - 0.04 

Cr - 2.5 
Cu - 10.5 
Mn - 91.5 
Ni - 1.3 
Pb - 0.01 
Zn - 11.2 

For this study, the plants were cultivated in 4 kg. plastic flower pots 
adding different dosages of sludge until copper concentrations of 0, 50, 100 
200, 400 and 800 mg. of Cu/kg. dry soil matter were obtained. Four repeat -
tests were made with each of the different dosages, and were placed in a --
growth chamber having the following temperature, humidity, and lighting time 
conditions: 
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Day 
Night 

Temperature Humidity 

sOO/o 
SIJ'/o 

Time 

10 hours 
14 

Under these conditions they were maintained for four months and threel 
cuts were made to control the production in fresh and dry weight. The ti t£ 
lerance indexes were calculated and the ratios of concentration C, accumul~ 

tion A for copper, with the help of the repeat mediums, as other authors ha 
ve done (6). -

The alfalfa samples (aerial parts and roots) were digested via humid -
means with a mixture of N03H - CI04H 2:1 v/v. As soon as the soil was dry,1 
it was digested with boiling aqua regia for two hours to determine the to-
tal content and with Ac NH4 I EDTA at pH 4.65 for the assimilable ones. The 
copper was analysed in all the samples prepared in this way, using a PERKIN 
ELMER mod. 460 Atomic Absorption Spectrophotometer. 

3. RESULTS AND DISCUSSION 

The tolerance index ranges for each cut made and for the average of all 
the cuts are shown in table I. Here some minor differences are observed with 
the results of the three cuts that have been made, but generally speaking -
it is found that for dosages of 50, 100, 200 ppm, the tolerance indexes are 
greater than 1.00, which means that by adding these dosages, there is a be
neficial effect on the alfalfa crop under review. 

TABLE I 

Tolerance indexes for each cut and average value 

Dosage 1st cut 2nd cut 3rd cut Average Value 

Not treated 1.00 1.00 1.00 1.00 
50 ppm 1.02 1 . 11 1.27 1. 13 

100 ppm 0.87 1.10 1.27 1.07 
200 ppm 0.93 LOS 1.27 1.09 
400 ppm 0.83 0.95 0.97 0.91 
SOD ppm 0.74 O.SO 0.87 O.SO 

When we exceed the 200 ppm mark, there is an important jump in the to
lerance index, and moreover becomes less than 1.00, i.e. a prejudicial ef-
fect is detected. Although we do not have the intermediary dosages in the -
experimental desingn, we calculate that the prejudicial effect of excess c£ 
pper is in the region of 300 p.p.m. It must furthermore be mentioned that -
as the different crops are cut, the tolerance indexes increase and for dosa 
ges of 50, 100 and 200 are the same, such that the presence of copper at 
these dosages does not modify the behaviour of the crop. 

The drop in production which we have observed is in consonance with fi 
gures obtained by other authors (7.S), although since the conditions are 
not the same, this should only be considered as orientative, reaching pro--

- 462-



www.manaraa.com

duction losses close on 2ry~ for dosage of 800 p.p.m. of copper added in the 

form of sludge. 
Really, we feel that the above mentioned value of 300 p.p.m. as produc 

tion loss limit is quite high and we understand that this is because this -= 
is a soil with mildly alkaline pH, because as the pH increases, the copper/ 

is immobilized (9) in the soil. 
Table II shows the copper concentrations in alfalfa, and soil after 

the experiment and Table III shows the concentration and accumulation in ae 

rial parts and roots. 

TABLE II 

Average copper content in alfalfa and soil (expressed in mg/kg. dry matter) 

Not treated 
50 

1[J0 
200 
400 
800 

Aerial parts 

11.80 
17.56 
14.32 
14.05 
16.15 
15.84 

TABLE III 

Roots 

21.86 
32.1 
44.93 
54.68 
92.83 

154.34 

Total Soil EDTA soil 

20.6 10.5 
78.1 31.2 

124.93 52.6 
203.40 98.7 
433.7 187.2 
738.6 376.4 

Relation of concentration C and accumulation A in aerial parts and roots 

Dosage 

50 
100 
200 
400 
800 

A e ria 1 

C 

1.48 
1 . 11 
1 . 19 
1.36 
1.34 

p a r t s Roo t s 

A C A 

0.28 1.46 0.49 
0.05 2.05 0.56 
0.05 2.50 0.37 
0.05 4.24 0.40 
0.03 7.06 0.36 

In the above tables,we can observe that the copper concentration in ~ 
erial parts is very small, and does not undergo any increase when the added 
dosage is increased. When comparing ourresults with those of other authors/ 
(9.10), we observe that they are very similar to the ones which these auth~ 
rs found in soils with concentrations or normal ones. When observing the r~ 
suIts of the roots however, a sharp increase is detected when the amount of 
copper which is added is increased, and we consequently understand that al
falfa retains the metals at root level. When comparing with the values of -
phytotoxicity levels, (11) we find that these levels are not reached in our 
study; in other words, the negative effect of copper is not detected in the 
aerial parts of the plant. Furt~ermore, although there is a reduction in -
production at higher dosades, the quality of the alfalfa undergoes no varia 
tion which would render it unserviceable as cattle fodder. 

The concentration and accumulation relations ratify all that has prev1 
osly been said regarding incorporation of copper in the roots, not in the 
aerial parts. 
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Making a correlation study between copper contents in roots and alfal
fa production, we find that as the concentration increases in the roots,pro 
duction drops (correlation index - 0.9804 with a significance level of 0.01) 
If, on the contrary we make the correlation between copper in rootsand lea
ves, we find there is no correlation, in other words,the copper in the soil 
does not pass to the leaves through the roots.lf however, when studying the 
correlation, we eliminate the results of dosages of 400 and 800 p.p.m. of -
copper,we get a very higt correlation coefficient (0.9780), between the cop
per content in leaves and production, which means that in not very high do
sages of sludge there is a beneficial effect on the alfalfa crop and that -
it is with concentrations that are superior to 300 ppm when copper that is/ 
present in the sludge of the Palencia purifier plant begins to have negati
ve effects on production. 
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CHEMICAL PROPERTIES OF SEWAGE SLUDGES 
PRODUCED IN THE PIEDMONTESE AREA (ITALY) 

G. PICCONE, C. SAPETTI, B.BIASIOL, G. DE LUCA and F. AJMONE MARSAN 
Istituto di Chimica agraria. University of Turin (Italy) 

A. TROMBETTA 
Assessorato Ambiente ed Energia. Regione Piemonte 

SUMMARY 
Sewage sludges from representative treatment plants of the Piedmont 
region (Italy) were investigated to verify their suitability to 
agricultural uses. 
A major limitation is 
wastewaters discharged by 

the concentration of heavy 
the industry of the area. 

metals from 

The main aim of this research was therefore to set the conditions for 
obtaining a fertilizing effect without causing toxic accumulation in 
crops. 

1. INTRODUCTION 
The Istituto di Chimica Agraria and the Istituto di Microbiologia e 

Industrie Agrarie of the University of Turin in collaboration with the 
Isti tuto per Ie Piante da Legno e I' Ambiente (IPLA) and the Assessorato 
per l'Ambiente e l'Energia of the Regione Piemonte have been carrying out 
for three years a joint research project to examine the possibility of 
employing sewage sludges in agriculture. 

The major subjects were the following: 
- Preparation of disposal regulation according to the national laws 

(319/76 and 915/82). 
- Testing of the analytical methods for sludges, soils and plant tissues 

to verify the effects of sludges. 
- Characterization of sludges from representative treatment plants. 

Toxicity and accumulation of heavy metals in soils and crops and 
fertilizing effects. 

A preliminary study on the influence of sewage sludges on wheat grain 
production and composition conducted in collaboration with the IPLA is 
also being presented to this Meeting. (2) 

This study deals with the characterization of the sludges to assess 
their suitability to the use as fertilizer in relation to the variation of 
the composition with time, the nutrients content and the concentration of 
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potentially toxic substances. 
Only sludges from domestic or mixed (domestic plus industrial) 

wastewaters were examined. 

2. TREATMENT PLANTS IN PIEDMONT 
The number of ready to operate and operating plants is remarkably 

high. Of the 926 planned plants in the region, 191 are already regularly 
running. Furthermore, 64 associations of communes are provided with 
plants, 41 of which are working. 
The great variety of plants and the consequent difficulty of clas
sification is to be noted. If communal and association plants are 
considered separately a possible way of classifying them is to take in to 
account the number of served inhabitants thus excluding plants of small 
size (less than 5.000 inhabitants) whose production causes little disposal 
problems. The type of treatment is also to be considered, with special 
regard to sludge production (aerobic or anaerobic digestion, drying beds). 
The composition of wastewaters, roughly related to the ratio industrial 
domestic waters and to the type of industry, can be another criterion of 
classification. 

3. CRITERIA FOR PLANTS SELECTION 
On the basis of the above indicated parameters the plants can be 

classified as shown in tables I and II. 

Table I. Communal treatment plants. 

Province 

Alessandria 
Asti 
Cuneo 
Novara 
Vercelli 
Torino 

TOTAL 

Plants 
discarding 
excluded. 

Total n. 
of plants 

179 
91 

1$4 
127 
132 
213 

926 

were selected 
plants under 

Regularly Served 
working 
plants 

37 
22 
59 
22 

8 
43 

191 

pop. 
>5000 

3 
3 

10 
3 
1 
8 

28 

that provided 
modernization; 
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Aerobic 
working 

2 
1 
1 
1 
1 
2 

8 

Anaerobic 
working 

1 
2 
1 

1 

5 

drying 
beds 
only 

1 
i 
7 
1 

5 

15 

regular production of sludge 
the obsolete ones were also 
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Table II. Association treatment plants 

Province 

Alessandria 
Asti 
Cuneo 
Novara 
Vercelli 
Torino 

TOTAL 

Total n. Regularly Aerobic Anaerobic 
of plants working working working 

plants 

12 8 5 3 
2 
5 5 2 3 

21 16 12 4 

8 6 6 
16 6 3 3 

64 41 28 13 

4. SELECTED TREATMENT PLANTS DESCRIPTION 
The following plants were chosen as representative: 

- Biella (province of Vercelli). The plant serves a population of 35.000 
and 15.000 population equivalents (PE). Detergents and dyes are the most 
important polluting agents discharged by the textile industry. Primary and 
secondary treatment with anaerobic digestion, screen filtration and 

drying. 
- Bra (province of Cuneo). Communal plant serving 22.000 inhabitants and 
8.000 PE. Activated sludges and total oxidation, secondary aerobic 
digestion and screen filtration. Industrial waters of various type are 
treated. 
- Collegno (province of Torino). Association plant in an industrial 
suburban area serving a population of 65.000 plus 65.000 PE. Metal and 
mechanical and related industries. Two settling tanks and anaerobic 
digestion. Sludge dried by screen filtration. 
- Canelli (provi~ce of Asti). Communal plant; served population: 10.500. 
Activated sludges, aerobic digestion, centrifugation and drying beds. 
- Cassano (province of Alessandria). Association plant; 3.000 residents 
and 60.000 PE served. Anaerobic digestion and drying by screen filtration. 
- Pianezza (province of Torino). Association plant serving 25.000 
residents and 9.000 PE. Technically similar to Collegno. 
- Fossano (province of Cuneo). It serves a population of 12.000. Activated 
sludges with total oxidation, aerobic digestion, screen filtration. No 
industrial discharges are treated. 
- Verzuolo (province of Cuneo). 5.000 people are served. Activated sludges 
with total oxidation, drying beds. 
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5. CHEMICAL COMPOSITION OF SLUDGES 
The fellewing analytical parameters were determined: pH, 

salinity, meisture centent, ashes, C, N, P, K, Cu, Zn, Pb, Ni, Cr, Cd, As, 
Hg, B, anienic surfactants and velatile phenels. 

Currently available analytical metheds were used with modificatiens 
fer the specific type .of sludge when needed (1), (4), (6). 

6. RESULTS AND DISCUSSION 
The statistical analysis .of the data shewed significant changes in C, 

ashes and As centents with the seasen. 
A significant cerrelatien resulted between the served area and pH, P, 

Ni, Cu, Zn, Pb, Cr, salinity, ashes, C and surfactant. 
The Pianezza and Biella plants (medium size, anaerebic) are different 

in pH values frem the ethers; the same helds fer Pianezza and Cellegne 
surfactants lead. 

Plants serving industrial areas (Pianezza and Cellegne) shew a 
different cencentratien .of heavy metals frem the ethers (Tab.III). 

Table III. Heavy metals significantly differing between plants. 

Biella 

Bra 

Cellegne 

Canelli 

Cassane 

Pianezza 

Fessane 

Bra Cellegne Canelli 

Pb,Ni CU,Zn 
Cr 

CU,Zn 
Cr 

Pb,Cr 

CU,Zn 
Cr 

Cas sane Pianezza 

Pb,Ni CU,Zn 
Cr Cr 

Pb Cu,Zn,Pb 
Ni,Cr 

Cu,Zn Cr 
Pb,Cr 

Cu,Zn,Pb 
Ni,Cr 

CU,Zn,Pb 
Ni,Cr 
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Fessane Verzuele 

Cu Pb,Cr 

Pb 

CU,Zn CU,Zn 
Pb 

CU,Pb 

Zn,Pb 

CU,Ni CU,Zn,Pb 
Cr Ni,Cr 

Cu,Pb 
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Summary 

AUTOTHERMIC SLUDGE INCINERATION 

P. OCKIER 

W.Z.K. 

Coastal water Authority 
Ostend, Belgium 

The possiblities of autothermic sludge incineration in a fluidized 
bed furnace are explained by means of thermal balances. 
More stressed is the existing sludge treatment plant of Bruges. 

1. INTRODUCTION 
Incineration is an expensive methode of sludge treatment. 

Decisive are the fuel costs. A self sufficient incineration during conti
nuous operation is becoming an absolute must. 

2. SLUDGE INCINERATION IN A FLUIDIZED BED FURNACE 
The fluidized bed furnace is the most suitable furnace for sludge 

incineration because of a good burn out, a low air factor and a concurrent 
system which guarantees an odourless combustion. 
The flue gas temperature amounts to 750-850° degree. 
Different possibilities of energy recovery on flue gases are used in 
practice : 

- preheating of combustion air 
- preheating of sludge in an indirect dryer by means of ther-

mal oil (1) (2) or steam (3) 
- thermal conditioning of sludge (4) (5). 

The figures 1 & 2 give the results of the heat balance of a fluidized 
bed furnace. The operation conditions are mentioned. The difference be
tween those figures is a thermal sludge predrying of 0,2 kg water/kg wet 
sludge. Table I is concluded from the curves. 
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TABLE I 
Autothermic sludge incineration 

Air factor : 1,2 Centrifuge FilterpressX 

Flue gas temperature exit furnace : BOO°C beltpress 

1. Moderate digested sludge (3.000 kcal/ 
kg dry solids) 

1.1. without predrying 
- without air preheating 39 
- with air preheating to 600°C 29 

1.2. with predrying 
- without air preheating 34 
- with air preheating to 600°C 26 

2. Raw sludge (3.500 kcal/kg dry solids) 
2.1. without predrying 

- without air preheating 35 
- with air preheating to 600°C 26 

2.2. with predrying 
- without air preheating 31 
- with air preheating to 600°C 23 

* "1 F~ terpress 25% anorganic additional materials based on 
sludge dry solids 

46 
35 

40 
31 

40 
31 

36 
2B 

It gives the dry solids content by which autothermic operation occurs 
under the operation conditions mentioned before. 

When a centrifuge or beltpress is used an air preheater and a sludge 
dryer are advised. 

In the case of a filterpress, air preheating is sufficient for raw 
sludge. Disadventages are that, after the filterpress, a buffer has to be 
foreseen and the quantity of ashes quasi doubles. New on the market is the 
continuous working high pressure filterpress (6). The sludge is condi
tioned by polyelectrolytes. The results of dry solids content are compara
ble with those of a classical filterpress. 

3. THE SLUDGE TREATMENT PLANT OF BRUGES (1) (2) 
The wastewater treatment plant of Bruges is built for 305.000 popula

tion equivalents (1 p.e. = 54 g BOD), from which 116.000 from the industry. 
The water treatment exists of an activated sludge process. The figure 

3 gives a survey of the sludge treatment process. The mixed primary and 
activated sludge is thickened and dewatered in centrifuges. A part is ther
mally dryed and mixed with the mechanically dewatered sludge to about 30 % 
dry solids content. That sludge is burned in a fluidized bed furnace. The 
air is preheated by the flue gases, which are further cooled to about 
320°C by air mixing and finally dedusted in an electrostatic precipitator. 

The sludge is indirectly dryed in a mUltiple hearth dryer by means of 
thermal oil, which is warmed up in a heat exchanger between flue gases and 
oil. In the multiple hearth dryer the sludge vapours are diluted by air to 
avoid condensation in the following pipes. The sludge vapours are conducted 
to the furnace to burn the volatile solids. After the dry sludge storage 
bin, sludge can be removed to agriculture. 
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The figure 4 gives an example of material balance for sludge dry so
lids. The multiple hearth dryer is designed on the one side to dry enough 
sludge so that there is an autothermic incineration and on the other hand 
it permits a sludge storage (for removal to agriculture or to mix it du
ring low centrifugal efficiency and/or low heat value of the dry solids). 

The figure 5 shows the thermal balance of sludge with 23 % dry solids 
and a heat value of 3.500 kcal/kg dry solids. Without thermal drying they 
need 150 kg/h supplemental fuel. 

Two alternative draw ups are investigated for the heat exchanger be
tween flue gases and thermal oil, namely before and after the elctrostatic 
precipitator. This last solution was selected because it garantees a safer 
operation - the flue gas temperature is low (limited to 320°C) so that 

fewer material problems occur and degradation does not exist 
for the oil (425°C) ; 

- the flue gases are already dedusted so that there exists 
slighter danger for erosion. 

The disadvantages are : 
- lower beginning temperature and so the requirement for a big

ger heat exchanging surface 
- bigger cooling air required before the electrostatic precipi

tator. 
Sludge incineration is started in 1985. 
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MODIFICATION OF HEAVY METALS SOLUBILITY IN SOIL TREATED WITH SEWAGE 
SLUDGE 

Summary 

G. PETRUZZELLI, G. GUIDI and L. LUBRANO 
Institute of Soil Chemistry C.N.R. Pisa Italy 

Aerobic and anaerobic sewage sludges were applied to a sandy loam soil. 
Sludges were apllied at a rate corresponding to 30 t/ha/yr of organic 
matter and planted with corn. Soil samples were collected at the 
beginning of the experiment, every year, one month after sludge 
application and at harvest time. A sequential fractionation (H20, KN03 , 
DTPA) was used to study the solubility of heavy metals in the soil. The 
exchangeable form of metals but Pb showed an increase after each addition 
of sludge and a decrease at harvest time. A similar trend was found for 
metals in complexed or adsorbed forms. Interactions among heavy metals 
and organic matter were also studied. In untreated soil metals were 
linked only by organic matter of a low molecular weight; in the 
sludge-treated soils metals distributed between fractions of humic 
materials of both high and low molecular weight. 

1. INTRODUCTION 
In Italy, where arable soils are intensively cuI ti vated and where 

there is a deficiency in the amount of manure applied to soil. the 
agronomic utilization of sewage sludge for its high content of organic 
matter has been increasingly emphasized The use of sewage sludge or 
compost on soil must be in a manner that produces beneficial effects on 
soil productivity, while preventing accumulation of heavy metals in soils 
and crops. 

Evidence that accumulation of heavy metals is associated with 
possible environmental deterioration stressed the need for a better 
knowledge of the chemistry of these elements in soil Since the greatest 
amount of heavy metals in the human diet arises from soil. The present 
investigation was undertaken to evaluate the influence of repeated sewage 
sludge applications. on the solubility of heavy metals in soil, in a 
field experiment which lasted five years. 
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2. MATERIALS AND METHODS 
2 

Field trials were carried out on plots (500 m ) of a sandy loam soil 
which contained on a dry weight basis 0.9% organic matter, 10.0% clay, 
14.1% silt, 75.9% sand. The pH was 5.8, CaC03 was absent and the cation 
exchange capacity was 13.4 me/100 g. 

Treatments included a control, aerobic (AES) and anaerobic (ANS) 
sludge, compost of the organic fraction of urban refuse with aerobic 
(CAS) and anaerobic (CANS) sludge. The yearly addition rates of sludges 
and composts were made equivalent 150 tons of manure/ha/yr on an organic 
carbon basis that corresponded to about 30 metrie trons of dry 
matter/ha/year. Organic materials were surface-applied and were plowed in 
before seed-bed preparation. All plots planted to corn were also treated 
wi th inorganic fertilizers (250, 120 and 120 kg of N, P ° and K ° 

2 5 2 
respectively/ha/year) because in the experiment sludges and composts were 
being mainly considered on the basis of their supply of organic matter to 
soil. 

Soil samples (0-20 cm depth) were collected at the beginning of the 
experiment before any treatment (to) and every year one month after the 
sludge application (odd times) and at harvest time (even times). 
Solubility of heavy metals in the soil was investigated by a sequential 
extraction procedure with H20, 1M KN03 , and DTPA (Diethylentriaminopenta
cetic acid). Heavy metals were determined by atomic adsorption spectro
scopy (Perkin Elmer mod 403, equipped with a background corrector). 
Linkages between heavy metals and organic matter were investigated by 
extracting the organic matter from the sludges and soils with 0.5 N NaOH. 
Samples of alkali-extracted organic matter were gel-fil tred on Sephadex 
G-200 with 0.1 Borax as an eluant. In each chromatographic fraction heavy 
metals were determined by atomic adsorption. 

3. RESULTS AND DISCUSSION 
Among the various treatments, only the addition of aerobic sludge 

brought about a rise in soil pH. The pH level dropped in most of the 
sludge soils. However, the water soluble fraction in the investigated 
soils was generally negligible, nevertheless in the last year of the 
experiment at time t7 the soluble Zn was 1.4 and 1.1 pg/g of soil for AES 
and ANS respectively. 

Solubilization of heavy metals by KNO and DTPA over time are 
reported in Tables 1-5. Certain trends a~e common to almost all 
investigated metals: samples collected one month after the incorporation 
of organic materials in the soil showed an increased extractability both 
in KNO 3 and DTPA while the opposite was found at harvest time. In the 
case of AES exchangeable metals (KNO 3 extraction) generally dropped to 
those found at t . On the contrary Pb increased with time showing a KNO o 3 
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extractabili ty more than doubled. Similar data were obtained for ANS 
where Pb showed a more anomalous trend, with great variations in the five 
years of the experiment: i.e. extractable amount at t =t , while at t it 

4 0 8 
was three times to' 

In soil treated with composted sludges KNO 3 extraction solubilized 
nearly the same quantities of heavy metals. A certain increase was found 
at the end of the experiment for Cd: from 0.7 ppm to 1.4 ppm and for Pb 
from: 3.0 ppm to 8.1 ppm. Extraction by DTPA from soil treated with 
composted sludges showed a remarkable increase in extractable Zn after 
five years of experiments for CAS treatment from 2.0 ppm (t ) to 8.5 ppm 
(t ) and for Pb from 6.7 ppm (t ) to 17.1 ppm (t ). Simi Par increases 
we~e found for Pb also in CANS tr?eated soil, while8 solubilization of Ni 
and Cu by DTPA increased slightly after the repeated addition of CAS and 
CANS to soil. 

Considering the not composted sludges, on average, with respect to 
the total content exchangeable metals ranged from 7% (Cu) to 28% (Ni) for 
AES and from 9% (Zn) to 18% (Pb) for ANS. Greater quantities were found 
in the complexed or adsorbed form,roughly from 9% (Ni) to 42% (Zn) for 
AES and from 8% (Ni) to 38% (Cu) for ANS. As a concluding remark it must 
be stressed that even if the total content of heavy metals in the soil 
remained nearly the same, the fractions extractable by KN03 and DTPA 
greatly changed from one sampling time to another; moreover the 
quantities in available forms largely depended on the composition of the 
utilized sludges which varied with time, as is apparent, for example. for 
the AES treatment, where at time t 6 the amounts of Zn, Cu, and Pb, 
remained at harvest time much higher than the other years. because of 
their anomalous content in the sludge of that year. It is noteworthy that 
these high quanti ties of the three metals were available the following 
year, as shown by the decrease to a much lower value of extractability 
after harvest time at t . 

Heavy metals in so~l have been considered divided into the following 
chemical pools:water soluble, easily exchangeable and adsorbed or 
complexed, which are in reversible equilibrium with one another. Further 
chemical pools have been postulated but they are not important as a 
source of heavy metals for plants. Each pool corresponding to a different 
chemical form of heavy metals in soils has been estimated by the 
previously described sequential extraction procedure. In the course of 
the whole experiment good correlations were found between plant uptake 
and DTPA extractability (data not reported here) 

In this field study, over a five years period, it was observed an 
increase in soil organic matter content after AES treatment (1). The fact 
that a certain amount of the sludge organic matter is resistent to the 
decomposition agree with previous findings (2,3) and it is of particular 
importance, since humic substances could increase the adsorption capacity 
of a soil for heavy metals. Moreover even if a part of the native 
organic matter decomposes when sludges are added to soil the humification 
process produces new organic matter in the soil In this field 
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experiment, in particular we have found a change in the quality of the 
soil organic matter, with the appearence of humic compounds of high 
molecular weight. Such compounds have been demonstrated to play an 
essential role in retaining heavy metals irreversibly (4). 

Gel-filtration experiments showed that in untreated soil metals were 
linked only by organic matter of a low molecular weight on the contrary 
in the sludge-treated soils they were complexed by humic materials of 
both high and low molecular weight. 

These data are of particular interest since interactions among heavy 
metals and organic matter may alter the solubility and the mobility of 
these elements in soil 

REFERENCES 
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Table 1 - Zinc extractability by KN03 and DTPA. Data are expressed 
as }Ig/g soil. 

Time AES ANS CAS CANS 

KN03 DI'PA KN03 DI'PA KN03 DI'PA KN03 DI'PA 

to 2.6 2.0 2.5 1.9 2.6 2.0 2.4 1.9 

t 7.1 Zl 8.3 8.4 5.2 10 5.2 4.8 
1 

t2 5.5 10 4.1 5.0 3.2 2.2 3.8 0.5 

t3 5.8 16 4.5 5.9 5.7 3.9 4.5 2.6 

t4 5.1 11 4.4 3.6 3.9 3.4 3.8 2.4 

\ 5.6 45 5.9 7.5 3.7 6.2 4.3 4.2 

t6 5.5 38 3.5 6.2 3.5 3.3 3.1 3.5 

t7 6.6 39 3.7 7.5 3.9 6.1 3.6 6.9 

t8 3.3 14 3.4 5.3 2.6 8.5 3.2 4.2 

Table 2 - Copper extractability by KN03 and DTPA. Data are expressed 
as J.lg/g soil. 

Time AES ANS CAS CANS 
KN03 DIPA KN03 DIPA KN03 DIPA KN03 DI'PA 

t 3.1 
0 

17 3.2 17 3.2 16 3.1 17 

\ 6.6 31 14.3 22 7.0 22 7.7 21 

t2 3.2 23 3.2 8.9 3.6 17 4.0 13 

t3 4.4 27 8.9 12 4.9 21 4.5 14 

t 4.6 
4 

17 2.5 11 3.1 18 3.1 12 

\ 5.1 33 4.7 Zl 5.6 25.2 4.7 Zl.5 

t6 3.3 3:) 3.6 19 3.3 19.9 3.3 15.2 

t7 3.6 31 4.3 22.4 3.5 23.1 4.6 22.7 

ta 2.2 18.3 2.6 19.1 3.1 Zl 3.2 Zl.6 

- 482-



www.manaraa.com

Table 3 - Nickel extractability by KN03 and DTPA. Data are expressed 

as pg/g soil. 

Time AES ANS CAS CANS 

003 IJI'PA 00 
3' 

D'lPA 00 D'lPA 003 IJI'PA 
3 

to 8.0 3.1 8.0 3.2 8.1 3.1 8.0 3.0 

\ 10 4.9 9.5 4.2 12 4.9 8.8 4.8 

t2 8.0 5.3 8.0 3.7 11 3.7 8.0 2.5 

t3 15 5.8 10 4.1 15 4.2 10 3.1 

t4 8.3 4.8 7.6 3.7 13 3.3 9.3 2.1 

\ 8.5 10.3 8.5 5.6 14 6.8 11 4.6 

\ 6.0 7.1 8.5 5.0 9 6.5 8.5 4.0 

t 10.1 7.4 8.5 5.7 9.8 7.1 10.1 5.6 
7 

t8 8.9 6.7 7.2 4.0 8.4 5.2 9.4 4.5 

Table 4 - Lead extractability by KN03 and DTPA. Data are expressed 
as pg/g soil. 

Time AES ANS CAS CANS 

003 IJI'PA 003 D'lPA 00 
3 

D'lPA 003 D'lPA 

t 
0 

3.0 6.7 3.0 6.6 3.1 6.7 3.0 6.7 

t 
1 

4.0 8.6 5.6 9.0 4.0 12 2.8 7.5 

t 
2 

9.3 10 12 3.8 12 9.0 12 5.3 

t 
3 

9.3 18 4.6 12 3.7 19 3.2 10 

t 13 
4 

15 2.2 7.3 6.9 16 7.0 8.7 

\ 8.3 15.6 8.3 13.5 16.6 <D.8 11.6 13.5 

t 
6 

13.3 21.2 10.1 11.1 18.6 11.1 10.6 11.1 

t7 9.8 <D.9 10.2 11.8 8.9 22.0 8.0 15.7 

t8 9.7 21 10.3 7.8 8.9 17.1 8.1 14.4 
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Table 5 - Cadmium extractability by KN03 and DTPA. Data are expressed 

as )lg/g soil. 

Time AES ANS CPS CANS 

003 D1PA 003 D1PA 00 D1PA 00 D1PA 
3 3 

to O.B O.B 0.7 O.B 

\ loB 2.1 loB loB 

t2 0.9 0.5 O.B O.B 

t3 1.9 2.2 2.6 2.1 

t loB 
4 

1.6 2.3 1.4 

\ 2.0 1.0 2.0 0.4 2.7 0.9 1.9 O.B 

t 1.6 0.7 1.5 
6 

0.3 1.3 0.5 1.4 0.3 

t 1.6 0.6 1.7 
7 

O.B 1.4 0.9 1.6 0.6 

tB 1.3 0.5 1.6 0.6 1.3 0.5 1.4 0.5 
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METHODS OF TREATING PIG SLURRY TO INCREASE THE VOLUMES 
WHICH CAN BE USED ON CROPS 

Piccinini S., Cortellini L., Bonazzi G. 
Centro Ricerche Produzioni Animali 

Via Crispi, 3 - 42100 Reggio Emilia - Italy 

Summary 

In this paper the current situation regarding the treatment and agr£ 
nomic use of pig manure is analysed1 the lack of success in the po! 
lution-treatment system applied to such a type of waste-water, the 
faults in legislation and the subsequent confusion on the part of 
those operating in the pig sector are brought to notice. Finally 
four possible solutions for the areas with high density pig breeding 
are given. The most favourable solution is that of agronomic sprea
ding which is the least costly while at the same time allowing a 
minimisation of risks to the environment. 

1. INTRODUCTION 
Emilia-Romagna, a region which represents a twentieth of the total 

land area of Italy, contains 2,300,000 head, a quarter of the national 
pig population. This population is not distributed uniformly throughout 
the region, but is concentrated in the area where Parmesan cheese is 
produced. Swine rearing in this area is an age-old tradition since it is 
linked to production of whey, which has always been used as a feed stuff. 

The great increase in the number of swine reared in the area in the 
last 20 years is due to the increases in national pork consumption and to 
the presence, in this same area, of the country's largest butchering and 
pork-processing industries. 

The average size of the farms is 600 head, 48% of the pig population 
being contained in farms with more than 1000 head, the vast size of which 
along with the dense concentration of these farms in the area heighten 
the problem of manure disposal. 

In Italy regulations concerning manure disposal are contained in the 
national law nO 319/76, entitled "Water Pollution Control Act." This law 
was successively integrated by another law (nO 650/79), which allotted 
certain tasks to the various Regions for the upkeep of the law itself and 
has provided financial backing to contribute to pollution control work. 

The law establishes two categories of farming enterprises: 

a) INDUSTRIAL-TYPE farms: i.e. farms without agricultural land or with in 
sufficient agricultural land for manure disposal (> 4 tons of live 
weight/Ha)1 

b) AGRICULTURAL-TYPE farms: i.e. farms with sufficient agricultural land 
for manure disposal « 4 tons of live weight/Ha.) which produce part 
of the feed needed for their stock (the quantity is unspecified) on 
this land. 
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Farms of the former type are sybject to the ruling of the National 
Law, while those of the latter type are subject to regulations enfor
ced by each single Region. 

It has been shown that on a territorial level, the contribution to 
pollution by pig manure represents a small part of the total amount which 
is mainly due to urban, industrial and widespread agricultural waste (feE 
tilization with mineral fertilizers). 

In the hydrographic Po basin, according to the theory formulated by 
the IRSA (1) on the distribution of the loads of phosphorous carried 
along to the Adriatic, pig waste along with cattle waste affect the total 
amount by 17%, not to be ignored but nonetheless lower than that recorded 
for municipal waste-water, and detergents which represent respectively 
25% and 30,5%. However it is equally true that a single effluent contains 
a very high polluting rate. If we take BODS as a parameter to indicate 
the level of organic load and nitrogen as a chemical species responsible, 
together with phosphorous, for the phenomenon of eutrophycation of river 
life, we have some idea of the impact of this kind of effluent on the en
vironment. 

Table 1 shows the figures for the concentration of manure from pigge 
ries of the kind annexed to cheese dairies, in comparison to the figures 
shown for municipal waste. 

Tabel 1: BODS' TKN and Pt in pig slurry (cleaning with water) and in muni 
cipal waste. 

PARAMETERS PIG SLURRY 

BODS (mg/l) 3500-8000 

Total Kjeldhal Nitrogen (mg/l N) 800-1800 

Total Phosphorous (mg/l P) 300-1000 

MUNICIPAL WASTE 

200-400 

20-85 

6-20 

The figures involved are very high, in the case of Nitrogen even 20 
times above those for municipal waste. 

It is with these figures that we must begin if the reasons which ha
ve brought about the lack of success of the pollution treatment system aE 
plied to pig waste are to be understood. Law n0319/76 making legal limits 
the same for all wastes, did not take into acount the specific nature of 
zootechnic wastes, and did not consider that for several parameters such 
limits are practically impossible to reach consistently, despite the use 
of costly and complex plants. Hence the great confusion of those opera
ting in a production sector in which, since the passing of law n0319/76, 
the following facts have been noted: 
- insufficient indication, on the part of the organisations whose task is 

to oversee the application of the law, as to the technology to be used 
in order to adhere to the extremely restricting limits imposed on the 
unloading of effluent in ground surface water; 

- insufficency and delays in the distribution of contributions to those 
equipped with a pollution treatment plant. Thus to the very high run
ning costs of the plants are added the equally high interest rates; 

- differences in treatment received among breeders: those who, at the ti
me, were defined as having agricultural-type farm were able to put off 
the required adjustments as stipulated by the Regional Authorities in 
their regulations on waste for this type of farm, by benefitting from 
the delays which continue even now; 
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- the harmful effects on the environment brought about by this state of 
things are well known. 

Agronomic spreading in the absence of any precise ruling or directi
ves (the Emilia-Romagna Region is the only one to have issued a law speci 
fically on waste for agricultural type farms) is lither not carried out~ 
hence unloading into surface water is continued, or it is carried out ir
rationally, unloading excessive amounts over a few hectares of agricultu
ral soil with the extremely grave risk of polluting the underground wa
ter and irreversibly degrading the soil itself. 

Pollution treatment systems, where adopted, offer no better picture. 
From a study carried out by the C.R.P.A. (2), in the context of a 
research and experimentation project of the Emilia-Romagna Region on the 
performance of pollution treatment plants currently in existence, it ap
plears that often these plants are lacking in components essential to 
their proper performance. The equaliser tank is hardly ever present, the 
primary settling tank is often missing and the sludge rotation system is 
non-functioning even its operation is carried out in a not altogether pro 
per fashion. The farmer has received very sketchy training from the con= 
struction firms and he operates the plant in a very empiric way, conside
ring it as separate from the farm's production scheme, without however 
the help of adequate technical assistance. 

2. POSSIBLE SOLUTIONS 
The points discussed lead to the conclusion that the problem of 

spreading pig slurry is far from being resolved. Not only that, but we 
should admit that the suggestions made as time goes by, even if valid in 
certain situations, for the most part rarely provide definitive solu
tions. Agronomic spreading is the least costly solution, capable at the 
same time of minimizing risks to the environment. Much work is still nee
ded if the rules for proper use are to be laid down and respected. 

Agronomic spreading is the solution which can and must be adopted 
wherever the density of pig-breeding is relatively low, with even distri
bution throughout the territory. 

More complex are the solutions in areas with high density of bree
ding and heads. There is almost always found an excess of manure either 
due to the kind of cultivation unsuitable for its use or due to the exi
stence of environmental limits. 

The solutions in sight for these areas are: 

a - moving piggeries to more suitable areas for those unsuitably housed, 
for example piggeries which are situated in built-up areas. 

b - Connecting up the piggeries to sewerage collectors and unloading all 
the excess waste produced in the area or a part of it for pollution 
treatment, mixed in with municipal waste, in the treatment terminal 
of the right size. It is a solution which is becoming increasingly 
practical as the network of public pollution treatment systems 
extends. 

c - Collecting excess wastes and subsequent agronomic use in areas picked 
out as particularly suitable (inter-farm solution). 

d - agronomic spreading carried out within single farms. 

It is to be presumed that, in most of the situations, the four solu
tions must be adopted together. 

Solutions b, c and d presuppose almost always that in order to be 
put into effect, the wastes are subjected to treatments suitable for sta-
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bilizing and deodorizing them and for reducing the nitrogen and phospho 
rous load. 

In figure I the most straight-forward and least costly lines of 
treatment are summarised graphically, both from an investment point of 
view and a management one. 

As reagards solution b, simply separating solids from liquids 
(screening and/or sedimentation) may prove to be sufficient as a pre
treatment. 

The simplest line is that of separating solids from liquids and the 
subsequent storage of the clarified part in a lagoon. The separated 
solids (2-4% of the volume of the wastes) must reach their destination 
outside the farm or inter-farm land if the nitrogen and phosporous con
tent in the waste is to be considered effectively reduced. 

As regards consortia, more efficient systems of mechanical separa
tion can also be envisaged (ego centrifuges) which however cannot be con 
sidered in the case of farm treatments, due to management complexity and 
high costs both in investment and management. Depending on the lengh of 
storage time (from a minimum of 3 months up to a 6 months maximum), the 
nitrogen will be reduced noticeably due to loss into the atmosphere. 

The amount of nitrogen and phosphorous segregated in the sludge can 
not on the other hand be considered, since sooner or later this sludge 
will have to be taken back and spread on available farm land. 

A period of storage lasting more than 6 months has not been cons ide 
red on purpose, as a choice of this kind, as well as being costly (also 
as invested farm surface area) can lead to a concentration of the sprea
ding of waste in short periods, in particular in the period summer
autunn when crop production drops. The reduced removal capacity of the 
crops can increase the risk of pollution in the winter period due to the 
run-off of the residual nitrogen. 

In the second line of treatment a greater reduction is achieved by 
means of the addition of a settling tank between the screening and stora 
ge. The thickened sludge which is obtained (maximum concentration of dry 
matter: 5%) can be removed and spread on land outside the farm or treat 
ment centre. 

In this way, having removed the nutrients contained in the scree
need solids and those contained in the thickened sludge, the percentage 
of reduction in the clarified liquid is raised considerably (roughly 50% 
for nitrogen, 55% for phosphorous) . 

Of course the right conditions are necessary for the operation to 
be successful. The volume of sludge to be transported is about a quarter 
of the volume of waste treated, consequently, sufficient land must be 
found, and the further the land, the higher the costs to be faced. 

The operation has a chance of succeeding in the plains of the Vene 
to, Emilia and Lombardia, where the number of land farms without cattle 
are increasing in number, where the demand for organic fertilizers is on 
the increase. 

The use of a settling tank is justified only in the case of highly 
diluted wastes. Above a level of 2.5% dry matter the operation appears 
to be of dubious use. 

As regards treatment consortia, where qualified personnel are to 
hand, the settling tank can be replaced by more complex systems such as 
flotation units, which can improve the separation efficiency of the su
spended solid fraction. 

In the third line of treatment the insertion between screening and 
storage of an aeration section is envisaged, with a retention time and 

-~-



www.manaraa.com

Fig. 1: Methods of treating pig slurry. 
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installed power suitable for promoting good stabilisation and deodoriza
tion of the waste. A secondary effect, one that is nonetheless essential 
to the final result, is the high removal of the nitrogen by volatiliza
tion of ammonia and by nitrification-denitrification. 

Management costs are relatively high, however the right definition 
of the amounts of oxygen to be transferred and perfection of the aeration 
systems can contribute to improving the efficiency of these systems and 
consequently to reducing such costs. 

In the fourth line of treatment a more complete system is introdu
ced, one which is capable of reaching high levels of removal without 
being as complexas a pollution treatment plant •. 

The investment costs are obviously the highest as are management 
costs. 

It is in fact necessary to add on the costs of transporting the thi
ckened sludge, for the spreading of which the same points as expressed 
for line 2 apply. 

In the case of treatment consortia centres, instead of the transpor
tation of thickened sludge as such outside the area, its stabilization in 
an anaerobic digestion plant may be of interest. The digested sludge, g! 
ven the large quantities at stake, could be convenienctly subjected to 
the treatment of separating solids from liquids, for example with a fil
ter press or a beltfilter press. A solid proportion (about 25% of dry mat 
ter) would thereby be obtained, for which transportation outside the area 
would certainly give fewer problems than the sludge as such. 

The production of biogas would therefore consitute an advantage, ca 
pable by means of the plant's indipendent energy source of reducing re= 
markably the liabilities in the budget. 

3. CONCLUSION 
The technological systems have been fully tested and have the bonus 

of being flexible and capable of being adapted to specific situations. 
They can be adopted both in consortia solutions (agronomic spreading or 
pollution treatment mixed in with municipal waste) and because of their 
straighformardness, in farm solutions which foresee agronomic spreading. 
What is needed at the moment is the setting up of several projects which 
have the financial and technical support of the local authority because 
of the value which they have in demonstrating the practicability of 
staighforward and relatively low-cost solutions. 
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CHEMICAL COMPOSITION OF SLUDGES 
FROM SEWAGE TREATMENT SYSTEMS IN THE EMILIA ROMAGNA REGION 

N. ROSSI, R. RASTELLI and P.L. GRAZIANO 
Istituto Chimica Agraria, Universita Bologna (Italy) 

N. DE MARTIN 
Ente Regionale Sviluppo Agricolo per l'Emilia Romagna, Bologna (Italy) 

Summary 

Sludges from urban sewage treatment systems in the Emilia Romagna 
Region of Italy were analyzed chemically for the following: dry 
matter, pH, ash, total nitrogen, inorganic nitrogen, sulphur, phos
phorous, potassium, calcium, magnesium, sodium, iron, manganese, 
zinc, copper, lithium, cobalt, nickel, lead, chromium, cadmium, 
arsenic, mercury, and molybdenum. During the period 1980-1983, 
samples of sludge were collected from sewage treatment systems whose 
capacities exceeded 20,000 equivalent inhabitants, grouped as follows. 
systems serving i) small-medium cities located along the Adriatic 
Riviera, ii) small-medium cities located in the interior of the 
Region and iii) medium-large cities located in the interior of the 
Region. The sludges examined can be considered as fertilizing ma
terials of mediocre agronomica1 value. They contain only modest 
quanti ties of plant nutrients, but have a substantial quantity of 
organic matter (around 50% dry weight basis) and generally the heavy 
metal content is not too high. Wi th the exception of Zn for some 
samples, the heavy metal contents are below those proposed by other 
countries of the EEC as limiting values acceptable for agricultural 
use of sluqges. 

1. INTRODUCTION 

Various solutions have been proposed for the disposal of the large 
quanti ties of sludge from urban sewage treatment systems. Among these, 
those solutions which take into consideration the possibility of recover
ing useful substances contained in the sludges are of particular interest. 
Basically organic sludges containing substances which are useful andnon-
toxic for agriculture can be disposed of by spreading them on the soil, 
including soil destined for agricultural use (2,3,6). In fact, sludges 
coming from urban sewage treatment systems can have a fertilizing effect 
since they do contain components which are among those elements essential 
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for plant nutrition (e.g., nitrogen, phosphorous, potassium and other 
macro- and microelements) as well as considerable amounts of organic 

matter, a useful soil conditioner. 

Before applying sludges to agricultural land, however, it is indis

pensable that the sludge be analyzed chemically in order to determine the 
quantities of the various plant nutrients it contains so that the quanti
ties of normal fertilizers which must be added to supply the soil with the 

correct amounts of nutrients can be calculated. In addition, chemical 

analyses of the sludges are doubly important because it also is necessary 

to quantify the concentrations of certain toxic elements contained in the 

sludge; of particular importance are the quantities of heavy metals. 
Excessi ve quanti ties of these elements are undesirable not only because 

they are toxic to the plant and also can accumulate in the soil to which 

the sludges are applied but also because they can be absorbed by plants, 

influencing their growth and entering into the food chain. For this 
reason, determination of the heavy metal content in sludges destined for 

disposal on agricultural land is of particular importance. Research in 

this respect must be carried out not only for those elements which are 

highly toxic such as Pb, Cd and Hg, but also for other metals such as Cu, 

Mn and Zn which beneath a certain limit are indispensable for plant growt~ 

but which above certain limits hinder growth. 

In view of this possible agricultural utilization of the sludges, at 

the beginning of the 1980's when a discrete number of urban sewage treat

ment systems were already in operation, the Regione Emilia Romagna felt it 
worthwhile to assign a research project to the E.R.S.A. (Ente Regionale 
Sviluppo Agricolo) 

agricultural use 
operating in the 

directed towards determining the feasibility of an 
for the sludges from urban sewage treatment systems 
Region. A systematic investigation of the chemical 

composi tion of the sludges coming from the various systems studied under 

the E.R.S.A. project was carried out at the Institute of Agricultural 
Chemistry (University of Bologna) and the analytical results obtained are 
reported and discussed in this paper. 

2. MATERIALS AND METHODS 

Samples of sludge were taken from all the urban sewage treatment 
systems having a capaci ty of at least 20,000 equivalent inhabitants and 
grouped into the following 3 categories: systems serving i) small-medium 
cities located along the Adriatic Riviera, ii) small-medium cities located 

in the interior of the Region and iii) medium-large cities located in the 
interior of the Region. 

Samples of sludge from the sewage treatment systems in the cities 
studied located in the Adriatic Riviera were collected during the summer 

of 1980; tho~e collected from the cities in the interior of the Emilia 

Romagna Region were collected mainly in the summer of 1981 and in part 

also during the summers of 1982 and 1983. A more thorough characterization 

of the sludges from the Bologna sewage treatment system was undertaken 
wi th samples collected monthly over a period of two years (April 1980 to 
March 1982). 
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The determinations of dry matter content, pH and nitrogen content 
were carried out on the as sampled material (i.e., not dried). Dry matter 
content was determined by drying the samples to constant weight in an oven 

at 75-80 C. The ash content of the dry matter was determined by heating 

the dried sludges in a muffle furnace at 450-500 C for 5 hours. For the 

determination of the various elements, sample dissolution was obtained by 

wet ashing with a ni tric-perchloric acid mixture or by dry ashing in a 

muffle furnace followed by a hydrofluoric acid treatment to remove any 

silicon present. The quanti tati ve determinations of the elements present 

in the dissolved materials were carried out by colorimetry (P), turbido

metry (S), distillation and titration (N) and atomic absorption spectro-

photometry (cations in general). Analyses for some of the elements 

present at very low concentrations (Mo, Co and Pb) were obtained by the 

atomic absorption technique using a graphite furnace rather than the flame, 

while for others (As and Hg) the hydride generation system was used. 

3. RESULTS 

Key characteristics of the sewage treatment systems from which the 

sludges were sampled for analysis are reported in Table I. Reported in 

Table II are the average values of the quantities of each of the elements 

analyzed for the sludges of the various small-medium cities of Groups i) 

and ii), located along the Adriatic Riviera and in the interior of the 
Emilia Romagna Region, respectively. Analogous data are given in Table III 

for the sludges from medium-large cities in the interior of the Region 

(Group iii)) and for the city of Bologna. Since the values for the 
individual elements in the sludges varied considerably from city to city, 

the standard deviations from the averages also are given in Tables II 
and III, as an indication of the extent of the variations observed. The 

data reported in Table III for the city of Bologna are the values obtained 
from the statistical analysis of the chemical data for the samples col
lected monthy over a 2-year period. For comparison, Tables II and III 
also contain the values of the upper limit of heavy metals acceptable in 

sludges destined for agricultural use, obtained from existing Norms in 
some EEC countries (1): 

4. DISCUSSION AND CONCLUSIONS 

An examination of the resu1 ts obtained in this study shows that the 

sludges produced from the urban sewage treatment systems in the Emilia 
Romagna Region are materials with a neutral pH and widely variable dry 

matter contents. For this reason, in order to make meaningful comparison~ 

the analytical data must be presented on a dry weight basis. In general, 
the sludges had the following overall composition (dry weight basis): 

organic matter, 50%; total N, 3-4%, 10-15% of which in the form of soluble 

inorganic N; S, 1%; P20S, 2-4% and K20, 0.5-1%. 

As indicated by the high values of the standard deviations from the 

average (Tables II and III), the parameters which characterize the 
chemical composition of the sludges analyzed vary considerably among 
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Table I - Urban sewage treatment systems operating in the Emilia Romagna 
Region at the beginning of the 1980' s from which the samples 
of sludge were taken to be analyzed 

Locality 

Systems serving 

Capacity 
(equivalent 
inhabitants) 

Type of 
sludge 
produced 

small-medium cities along the 

Disposal Method 
at time of 

sampling* 

Adriatic Riviera 
--------------------------------------------------------------

Cattolica (FO) 50,000 aerobic a,b 
Misano (FO) 35,000 aerobic a,b 
Riccione (FO) 120,000 aerobic a,b 
Rimini (FO) 160,000 aerobic a,b 
Bellaria (FO) 46,000 aerobic & a,b 

anaerobic 
Gatteo a Mare (FO) 34,000 aerobic a,b 
Cesenatico (FO) 66,000 aerobic a,b 
Cervia (RA) 200,000 anaerobic a,b 
Lido Adriano (RA) 12,500 aerobic a 

Sampling 
date 

July 1980 
July 1980 
July 1980 
July 1980 
July 1980 

July 1980 
July 1980 
July 1980 
July 1980 

Systems serving small-medium cities in the interior of the Region 
-----------------------------------------------------------------

Cesena I (FO) 60,000 aerobic 
Cesena II (FO) 60,000 aerobic 
Faenza (RA) 70,000 aerobic 
Lugo (RA) 30,000 aerobic 
S. Lazzaro (BO) 20,000 aerobic 
Calderara (BO) 12,000 aerobic 
Fidenza (PR) 36,000 aerobic 

Bologna 450,000 

Forn 79,000 aerobic 
Ravenna 140,000 aerobic 
Ferrara 45,000 anaerobic 
Parma 230,000 anaerobic 
Reggio Emilia 155,000 anaerobic 

* a landfill 
b spreading on agricultural land 
c burning 
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a 
a 
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a,b 
a 

June 1981 
June 1981 
June 1981 
June 1981 
June 1981 
Oct. 1983 
June 1981 

monthly from 
April 1980 
to . March 1982 
July 1980 
Sept. 1983 
Sept. 1983 
Sept. 1983 
June 1981 
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Table II - Chemical data for sludges from small-medium cities of Group i) 
(located along the Adriatic Riviera) and Group ii) (located in 
the interior of the Emilia Romagna Region) and upper EEC limits 
of heavy metals acceptable in sludges for agricultural use 

pH 
Dry matter 

Ash 
Total nitrogen 
Inorganic nitrogen 

Total sulphur 
Phosphorous anhydride 
Potassium oxide 

Calcium 
Magnesium 
Sodium 

Iron 
Manganese 
Zinc 

Copper 
Lithium 
Cobalt 

Nickel 
Lead 
Chromium 

Cadmium 
Arsenic 
Mercury 

Molybdenum 

(%) 

(%) 

(N %) 
(N %) 

(S %) 
(P205 %) 
(K20 %) 

(Ca %) 
(Mg %) 
(Na %) 

(Fe %) 
(Mn ppm) 
(Zn ppm) 

(Cu ppm) 
(Li ppm) 
(Co ppm) 

(Ni ppm) 
(Pb ppm) 
(Cr ppm) 

(Cd ppm) 
(As ppm) 
(Hg ppm) 

(Mo ppm) 

Group i)* Group ii )** 

Average Std.Dev. Average Std.Dev. 

(as sampled basis) 

6.6 
39 

0.3 

27 
6.9 

63 
0.3 

34 

(dry weight basis) 

37 
4.43 
0.27 

0.93 
1.40 
0.39 

4.46 
0.93 
0.27 

7 
0.64 
0.12 

0.15 
1.16 
0.17 

1.29 
0.17 
0.12 

1.44 0.45 
1481 1124 
2853 1059 

271 

5.3 
7.2 

42 
207 

45 

3.4 
5.6 
2.2 

2.4 

59 
3.5 
2.1 

27 
56 
77 

0.9 
3.8 
0.2 

0.9 

50 
4.04 
0.30 

0.80 
4.05 
0.57 

4.00 
0.87 
0.14 

15 
0.92 
0.12 

0.15 
0.76 
0.19 

1.17 
0.14 
0.05 

1.65 0.53 
1035 780 
3540++ 1724 

408 176 
10.3 4.2 
13.6 2.9 

130++ 151 

119 57 
453++ 736 

6.2 1.6 
2.2 0.4 
1.7 0.5 

2.3 0.6 

EEC 
limits 

-.ilL 

3000 

1500 

400 
1000 
1000 

40 

* Cities of Group i): Cattolica, Misano, Riccione, Rimini, Bellaria, 
Gatteo a Mare, Cesenatico, Cervia and Lido Adriano 

** Ci ties of Group ii): Cesena I, Cesena II, Faenza, Lugo, S. Lazzaro, 
Calderara and Fidenza 

++ Some of the individual values forming this average exceed those pro
posed as upper acceptable limits 

a) French Norms; b) German Norms 
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Table III - Chemical data for sludges from medium-large cities of Group iii) 
(located in the interior of the Emilia Romagna Region) and from 
the city of Bologna (based on data for samples collected monthly 
over a 2-year period) along with the upper EEC limits of heavy 
metals acceptable in sludges for agricultural use 

Group iii)* 
EEC 

City of Bologna limits 

Average Std.Dev. Average Std.Dev. 

pH 
Dry matter 

Ash 
Total nitrogen 
Inorganic nitrogen 

Total sulphur 
Phosphorous anhydride 
Potassium oxide 

Calcium 
Magnesium 
Sodium 

Iron 
Manganese 
Zinc 

Copper 
Lithium 
Cobalt 

Nickel 
Lead 
Chromium 

Cadmium 
Arsenic 
Mercury 

Molybdenum 

(%) 

(%) 

(N %) 
(N %) 

(S %) 
(P205 %) 
(K20 %) 

(Ca %) 
(Mg %) 
(Na %) 

(Fe %) 
(Mn ppm) 
(Zn ppm) 

(Cu ppm) 
(Li ppm) 
(Co ppm) 

(Ni ppm) 
(Pb ppm) 
(Cr ppm) 

(Cd ppm) 
(As ppm) 
(Hg ppm) 

(Mo ppm) 

(as sampled basis) 

6.6 
59 

0.3 
32 

6.5 

24 
0.4 

4 

(dry weight basis) 

60 
3.00 
0.28 

1.07 
3.41 
0.91 

5.10 
0.88 
0.21 

12 
1.38 
0.14 

0.52 
1.03 
0.91 

1.53 
0.24 
0.12 

2.07 1.24 
725 298 

2012++ 863 

323 
10.0 
11.8 

92 
198 
135 

7.5 
3.1 
1.6 

2.4 

130 
4.4 
3.1 

26 
154 
112 

5.7 
0.7 
0.5 

1.1 

43 
2.94 
0.49 

0.60 
1.93 
0.49 

4.89 
0.70 
0.07 

9 

0.71 

0.14 

0.16 
0.37 
0.18 

1.06 
0.12 
0.02 

1.34 0.82 
386 69 

1655 294 

288 83 
15.4 6.0 
12.9 1.7 

95 15 
432 150 
138 22 

18.5 6.13 
3.3 0.7 
1.6 0.3 

3.0 1.1 

3000 

1500 

400 
1000 
1000 

40 

* Cities of Group iii): Bologna, Forli, Ravenna, Ferrara, Parma, and 
Reggio Emilia 

++ Some of the individual values forming this average exceed those pro
posed as upper acceptable limits 

a) French Norms; b) German Norms 
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samples coming from different sewage treatment plants. It was expected 

that the sludge samples from different sized cities or from cities in 

different geographical locations (seaside as compared to interior zones of 

the Region) would show some differences in their chemical compositions. 

This, however, was not the case. Indeed, no big differences were found in 
ei ther the range of values or the average values of the various elements 
in the groups of sludges from different sized cities or different geograph
ical location. Variations over time of the compositions of sludges taken 

from the same sewage treatment system are quite limited as illustrated by 
the data for the sewage treatment system of Bologna (Table III). During 

the two years of observations carried out monthly for the Bologna sewage 

treatment system, no particular variations from year to year were noted, 

nor were any seasonal variations observed. The constancy with time of the 

chemical composition of these materials is in agreement with that reported 

in previous studies (4,5). For longer periods of time, probably this 

constance of composition may no longer be valid because of modifications 

in sewage treatment processes made mandatory by new laws specifying 

various treatments to be used, dephosphatization, etc. 

In regard to the heavy metal contents, in general the sludges exam
ined can be considered sui table for disposal on agricultural soil. The 

exception to this general statement regards the values of Zn, which for 

some cities were greater than the acceptable limit of 3000 ppm. Cities 

for which the Zn values exceeded the acceptable limit were the following: 

Group i), small-medium cities along the Adriatic Riviera - Misano (3354 

ppm), Rimini (5391 ppm), and Cesenatico (3147 ppm). 

Group ii), small-medium 
(4810 ppm), Cesena II 

(4717 ppm). 

ci ties in the interior of the Region - Cesena I 
(4162 ppm), Faenza (5642 ppm), and San Lazzaro 

Group iii), medium-large cities in the interior of the Region - Parma 
(3084 ppm). 

Another case where some elements exceeded the acceptable limits was 
the sludge from Calderara where the value for Ni (471 ppm) exceeded the 
400 ppm limit and that for Cr (2083 ppm) exceeded the 1000 ppm limit. 

In brief, on the basis of the analytical data obtained in this 
study, it can be concluded that, with the previously mentioned limitations 
relative to the excessive Zn contents and excepting the sludges from the 
city of Calderara, there are no serious counterindications for the disposal 
of the sludges produced from urban sewage treatment systems in the Emilia 

Romagna Region by spreading them on agricultural land. 

In most cases, even the high values of Zn probably should not be con

sidered prohibitive to the application of these sludges on soils in the 

Region. It would be necessary in these cases, however, to apply smaller 
quantities of sludge than those recommended when all the heavy metal 

contents are within the prescribed limits. In addition, the major part of 
the soils under cuI ti vation in the Emilia Romagna Region are calcareous 

soils with a relatively high C.E.C. as well as relatively good quantities 

of phosphates, all factors which, in general, reduce the availability of 
Zn to plants and thus making such soils better able to tolerate relatively 
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high Zn contents in the sludge applied. The best solution, however, to 
the problem of high Zn contents in the sludges would be to determine the 
source of the Zn in the sewage so that it can be excluded from entering 
the urban sewage systems. 

Spreading the sludges from urban sewage treatment systems directly on 
the soil is one of the preferred disposal methods because it usually is 
less costly than other methods of destroying or disposing of these materi
als, and at the same time favors agriculture by reducing the necessary 
expendi tures for traditional fertilizers and conditioners. It must be 
kept in mind, however, that the sui tabili ty of such sludges for agricul
tural use should be verified periodically for the individual sewage treat
ment systems, especially for those where the heavy metals contents are 
close to the limiting values. 
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SUMMARY 

During a field study of heavy metal pollution of 
plants and soil on a sewa"ge farm in West-Berlin, soil 
extraction with calciumchloride was employed as a 
method for assessing the plant available fractions of 
cadmium and zinc (watersoluble ions and complexes, 
readily exchangeable cations). Total and extractable 
soil metal contents were set into relationship with 
pH, cation exchange capacity and organic matter con
tent. - As far as is known, usually less than 5 per 
cent of the heavy metals in naturally enriched soils 
are plant available. This investigation shows, that in 
anthropogenically contaminated soils, especially those 
having received sewage sludge or wastewater, up to 
30 per cent of the total content of cadmium and zinc 
can be plant available. In accordance with other stu
dies it is confirmed that plants growing on such soils 
contain-higher amounts of heavy metals. 

1. INTRODUCTION 

The West-Berlin sewage farm of Karolinenh6he has been 
used for wastewater disposal since 1900, which has led to 
accumulation of heavy metals in the top layer of the soil, a 
sandy cambisol (brown-earth) (ref.1). Until 1984 a wide 
range of crops were cultivated on small sunken fields, 
covering an area of 84 ha, which are periodically flooded 
with wastewater. Because of the high cadmium content of 
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some plants, detected during this investigation, food pro
duction for human consumption has now completely ceased. 

2. SAMPLING AND ANALYSIS 

During the summer and autumn of 1984 a total of 48 soil 
samples were taken out of the root space of 61 plants (ra
dish, carrot, potatoe, rye, cabbage, parsley, stinging 
nettle/Urtica dioica, scentless mayweed/Matricaria inodora, 
meadow grass/Poa trivialis+annua). 

Soils were analysed for aqua-regia as well as 0.05 M 
CaC12-extractable cadmium and zinc by ICP and AAS (graphite 
furnace) respectively. Potential cation exchange capacity 
and exchangeable cations (ref.2), pH(CaCl) and organic 
matter content(Carlo Erba N- and C-Analyser) were deter
mined. The plants, after washing with deionized water and 
drying at 85°C, were digested with nitric acid in a BUchi
Digestor prior to ICP-analysis. 

The heterogenous distribution of heavy metals in the 
soil and lack of uniform plant growth made it difficult 
to collect representative samples. 

!:(mean) R(range) 

pH 4.4-5.9 
Organic matter(~) 2.1 0.8-4.6 
pCEC (mval/1 OOg) 8.7 4.9-16 
EC(mval/100g) 6.2 3.1-11 
Fet(mg/kg) 5000 3400-7400 
Mnt(mg/kg) 96 27-180 
Znt(mg/kg) 240 72-640 
Znex (mg/kg) 30 1.4-80 
Znex(~) 14 1.7-30 
Cdt(mg/kg) 3.3 1.1-8.6 
Cdex(mg/kg) 0.44 0.11-1.3 
Cdex(~) 14 4-39 

Table I. - Characteristics and heavy metal contents of sewage
treated sandy cambisol(brown-earth) 
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3. RESULTS AND DISCUSSION 

A summary of analysed soil properties and soil metal 
concentrations is given in table I. Both cadmium and zinc 
are extracted by CaC12 at an average of 14 per cent, which 
points to the possibility that these metals are bound by the 
same mechanisms in the soil. The strong positive relation
ship between total and extractable amounts up to a high le
vel indicates that binding could mainly be determined by 
adsorptive processes (ref.3). 

2 *** Cdt versus Cdex - R =0.9146 n=48 

Znt versus Znex - R2=0.8185*** n=48 

Due to the fact that soil samples were taken from only one 
soil type, it is not surprising to find that potential and 
effective cation exchange capacity are positively correlated 
with the organic matter content (see Fig.1). The variation 
of CEC, not explained by organic substance, could either 
derive from iron and manganese oxides or clay minerals. 

11 J.lCEC 
lmval/100g 8011) 

0.0 D.I 1.1 1.1 I.' I.D 1.1 '.1 '.1 

" organic matter 
Fig.1 - Potential cation exChange capacity 

versus " organic matter 
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Total zinc shows a stronger linear relationship to 
pCEC (R2=0.sOOO***) and organic matter (R2=0.7727***) than 
total cadmium (R2=0.5762*** and R2.O.4945***). 

Over the investigated pH-range of 4.4 to 5.9 the zinc 
extractability linearly decreases with increasing pH, while 
the cadmium extractability does not appear to be as pH
dependent (see Fig.2+3). This is confirmed by other authors 
(ref.4+5) and might be explained by the fact that cadmium 
is stronger adsorbed by organic substances than zinc and 
consequently not as easily released when the pH decreases. 
Rapid mobilization of cadmium can be expected when the pH 
of the investigated cambisol drops to 4 and lower. 

10. 

11. 

H. 

u. 

10. 

'". 
'". 
'0. 

" extra.cted Zn 

2 *** R & 0.81,8 

n-48 

t.' '.1 '.1 1.0 I.t I.' 1.1 1.1 1.0 1.1 1.4 
pH 

Fig.2 _ ph versus percentage of total zinc 
extracted by 0.05 M CaC12 

o. 

Z1 

"' 
2. 

" extracted Cd 

'.4 '.1 '.1 1.0 1.1 S., 1.1 1.1 1.0 1.1 I.' 
pH 

Fig.' - pH versus percentage of total Cd 
extracted by 0.05 M CaC12 

The average clay content of all samples is estimated 
to be around 10 per cent. The negative correlation of pH and 
the quotient pCEC/EC points to a similar clay composition of 
all samples (ref.6) (see Fig.4). 

Regression analysis of plant content in relation to soil 
content gives high R2-values for zinc and cadmium in almost 
all cases, regardless of whether extractable or total metal 
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is employed as independent variable (see table II). The 
difference between regression with total or extractable me
tal is much smaller than reported in other studies (ref.7), 
probably becaus only one single type of soil was investiga
ted. 

4.4 . pH 

'0. 

roots 

10. 

s. 

2 • 

.. .....,.-_..-_...,....._ ......... _-..-__ .--_.....- o.~~;::::=:==-.._ ....... ~_......-~_~ 
0.1 .1.0 t.1 1.4 1.5 1.1 2.0 0.0 0.1 0.1 0.1 0.4 0.5 0.& 0.7 O.! 0.8 

pCEC/EC . C·~C12-extractable soil Cd{ppm) 
Fig.4 _ pH versus pCEC/EC Fig.5 - Cd-content of different fractions 

pCECapotential cation exchange capacit; of parsley versus CaC12-extractable 
ECKexchangeable cations(effective CEC1 soil Cd, na 6, CL-confidence limits for mean values 

(95%) 
For R2_values see Table II 

plant Cdt Cdex Znt Znex 
parsley - leaves 0.8306 0.9205 0.7832 0.9280 

- stems 0.7705 0.8538 0.8067 0.8625 
- roots 0.8589 0.9260 0.8066 0.9779 

radish roots 0.8145 0.8798 0.6985 0.9650 
carrot roots 0.8993 0.9373 0.9231 0.9674 
rye grains 0.9454 0.9269 0.8466 0.7966 
potato tubers 0.8602 0.7827 0.7894 0.8368 

Table II- 2 
R -values for regression of plant metal content (ppm 
dry matter) onto soil content(ppm), significant at 
least at the 5~ level, n=6 
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The fact that CaC12-s01uble cadmium and zinc gave 
slightly higher R2-values for most plants (tested for signi
ficance by Wilcoxon's Signed Ranks Test) has to be judged 
carefully since sample sizes for each plant species are 
small (n=6) and the coefficients of determination consequent
ly have very wide confidence limits (see example in Fig.5). 
A more detailed study of 2 species, with 50 samples of each, 
is now in preparation. 

The results show that CaC12-extraction, a method pro
posed by the EC for routine analysis in assessing plant 
available cadmium and zinc, gives a better prediction of 
plant contents than total soil metal in most cases. Soil 
properties, influencing mobility of cadmium and zinc in a 
wastewater-treated cambisol, have similar effects to those 
described by other authors for different soil types. It 
would appear that in the investigated case the bulk of cad
mium and zinc present in the soil is either in the soluble 
or adsorbed state and therefore highly plant available. 
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ANAEROBIC CONTACT DIGESTION OF BIOCHEMICAL SLUDGE 
(FROM SIMULTANEOUS PRECIPITATION) -
RESULTS OF A SEMI FULL-SCALE STUDY 

Summary 

UNTO TANTTU 
M.Sc. (Civ. Eng.) 
Plancenter Ltd, Finland 

For more than one year a part of the mixed primary-secondary 
sludge from an activated sludge/simultaneous precipitation plant 
was treated in a two phase anaerobic contact reactor, volume 35 
m3• The raw sludge characteristics were as follows: TS 6,3 %, VS 
3,6 %. In mesophilic temperature area the achieved results were: 
hydraulic retention time 9 - 12 d, digester efficiency of 
organic compounds about 50 %, biogas yield 0,9 - 1,1 m3/kg 
VSdestroyed' Also thermophilic temperature was tested during 12 
weeks. No significant difference compared with the mesophilic 
process was noticed except the energy balance. In the mesophilic 
process about 48 % of the total biogas amount was used for 
heating the equipment, while extra heating energy was needed to 
keep the right temperature in the thermophilic process. 

1. INTRODUCTION 
Sludge digestion is used in Finland only in large sewage 

trea tment plants because of its numerous advantages. Conventional 
anaerobic sludge treatment requires high investment costs and for 
that reason digestion has not been used in small and medium size 
plants. 

The aim of the study described in this paper was to clear up the 
suitability of a prefabricated reactor for municipal sludge digestion 
and energy recovery. The results can be utilized in hundreds of small 
and medium size sewage treatment plants in Finland. 

The startup of the digestion process began on March 1983 and the 
study took 16 months for experiments and data collection. 

2. RAW SLUDGE CHARACTERISTICS 
The sludge to be treated is mixed primary-secondary sludge from 

an activated sludge process. Phosphorus is precipitated by 
ferrosulphate (FeS04 x 7H20) simultaneously with biological process. 
The whole process scheme is illustrated in Fig. 1. 
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Fig. 1. Arrangement of test equipment at sewage treatment plant 

During test periods the characteristics of raw sludge were as 
follows: 

Total solids, % TS 
Volatile solids, % VS 

3. TEST EQUIPMENT 

Min. 

4,5 
2,6 

Max. 

9,0 
5,5 

Average 

6,3 
3,6 

The reactor used is prefabricated so called ACP-reactor 
manufactured by Finnish contractor YIT Ltd. Fig. 2. illustrates the 
main features of the reactor and auxiliary facilities. The reactor 
consists of two steel made cylinders lying one inside the other. The 
outermost part is working as the first phase of the process while the 
inner one is the second phase. The circulation from the inner part to 
the outermost is arranged by both pumping and propeller situated in 
the central pipe. 
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TO 60 I L E R 

GAS HOLDER 7m3 

RAW SLUDGE4ROM HEAT EXCHANGE 

TO 

+-----------~~r_--~~~ 

Fig. 2. Test reactor 

4. LOADING 
The raw sludge was pumped automatically at intervals of one hour 

for a period of four minutes, which means 3 - 4 m3 raw sludge per day 
depending on the concentration of the sludge. Hydraulic retention 
time was correspondingly 9 - 12 days. The following parameters can be 
stated as results: 

Volatile solids loading 
Gas production 
Digester efficiency 

3 - 4 
0,9 - 1,1 
50 

kgVS/m3 d 
m3/kg VS 
% 

The "In-Out" test using volatile solids indicates the digester 
efficiency. 
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5. DIGESTION PROCESS CONTROL 
Five factors must be in balance to accomplish the digestion: 

bacteria, sludge (food), loading, mixing and environment. Controls 
are needed to confirm satisfactory operation and to indicate an 
action that would bring about change (1). 

Decomposition of organic material in digester is a continuous 
two-step process. In the first step, the organic material is 
converted into organic acids by acid-forming bacteria. The organic 
acids are used as food in the second step by methane-forming bacteria 
which convert the acids into methane and carbon dioxide gases. 

The methane-formers are extremely sensitive to environmental 
changes. They grow quite slowly compared to the acid formers since 
they get very little energy from their food. This causes the methane 
formers to be very sensitive even to slight changes in loading, pH 
and temperature. 

Internal controls show what is happening inside the digester. 
Four tests were run frequently: temperature, volatile acids, 
alkalinity and pH. 

The best control is obtained by monitoring the ratio between 
volatile acids and alkalinity. The volatile acid/alkalinity 
relationship can vary from less than 0,1 to about 0,35 without 
significant changes in digestion. 

The following VA/Alk ratios were listed as conclusion from the 
test run: 

Mesophilic digestion 
Startup 
Run 

Thermophilic digestion 
Startup 
Run 

VA/Alk-ratio 

0,4 - 0,6 
0,05 - 0,2 

0,6 - 0,8 
0,4 - 0,6 

It took at least month to establish a stable mesophilic 
digestion. The stabilitation of the thermophilic digestion takes 
rather long time, up to one year. In the test run a stable state was 
not achieved, as it can be seen from VA/Alk-ratio. 

Because of the high alkalinity in the digester, the pH remained 
at a constant level. The alkalinity ranged from 4 500 - 6 000 
mgCaC03/1, sometimes as high as 7 000 mg/l. pH values were as 
follows: 

Mesophilic digestion 
Thermophilic digestion 

7,0 - 7,3 
7,4 - 7,5 

One of the most important environmental requirements was the 
proper temperature. The process temperature for normal digestion was 
350 C. The temperature should not wary more than 1 degree °c per day 
after the operating temperature has been reached. The methane-formers 
are affected by changes in temperature, but the acid formers are not 
as sensitive to temperature changes. 
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Some difficulties, especially in the sludge recirculation 
system, changed the temperature more than 10 C per day. When the 
temperature dropped, the following changes occurred. 

1. The volatile acids increased 

2. The C02 content of the gas increased 

3. The gas production rate decreased. 

6. HEAT BALANCE 
Heat balance of the test equipment were evaluated on the basis 

of the test period from April to June, 1985. The produced gas was 
utilized mainly for heating of test equipment and raw sludge. Gas was 
burned daily according to process temperature trying to keep the 
temperature near 350 C. Gas production results are shown in Table 1. 

Table 1. Gas Eroduction results on test Eeriod 

Burned Excess Total 
gas gas gas 

m3/d 
production 

m3/d m3/d 

min. 10 19 41 
average 29,5 32,3 61,8 
max. 51 46 77 

The efficiency of the boiler plant was approximately 50 %. 
Methane content ranged from 65 to 71 %. 

During 12 weeks test period of the thermophilic temperature in 
the autumn 1984 it was observed that the biogasyield was not enough 
for keeping the right temperature in the process. 

REFERENCES 

(1) EPA, Operation manual anaerobic sludge digestion, February 1976. 
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THE ALTERNATIVE "EARTHWORM" IN THE ORGANIC WASTES RECYCLE 

U. TOMATI, A. GRAPPELLI, E. GALLI 
Institute of Radiobiochemistry and Plant Ecophysiology 

National Research Counci I 

Summary 

The use of earthworm in organic residue management has been 
proposed as a practical process which could be appl ied on a 
I imitate scale and under favorable conditions. 
Earthworms consume al I organic wastes reducing their volume of 
about 50 %. As a result, a casting with a good ferti I izing va
lue and a protein biomass which could be used as a foodstuff 
are produced. 
Earthworms stimulate microbial activities which the composting 
processes are dependent by. 
Conditions of culture, casting analysis and earthworm biomass 
composition are reported. Feasibi I ity of vermiculture as an 
economically option in organic waste recovery is proposed on 
the basis of the recent I iterature about this topic. 

INTRODUCTION 
The appropriate disposal of organic residues is one of 

the most critical tasks now facing al I advanced societies. 
Recycl ing technologies appl ied to organic residues management 
are more and more object of research directed toward seeking 
better ways in resources conservation and environment protec
tion. 
The use of earthworm in organic residues management has been 
proposed as a practical process, at least on a I imitate scale 
and under certain favorable conditions (1, 2, 3). Earthworm 
abi I ity to consume organic wastes and conditions for vermicom
post has definitively establ ished by many AA and discussed 
both by scientists and practical workers (4-13). 
Vermicomposting is a result of a combined action of the earth
worms and microflora I iving in their intestine and in growth 
medium. Earthworms stimulate the composting process by mecha
nical and biochemical actions. The mixing and aereating of the 
substrate, the breaking up of waste as it passes through the 
intestine, are purely mechanical processes. The biochemical ef
fects are mainly dependent on microbial activities. 
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As a consequence of a such digestion, sludge is stabi I ized and 
the large particles and irregular shapes of sol id waste are re
duced to much smaller particles of relatively uniform shape and 
size. Earthworms consume organic waste, strongly reducing its 
volume (about 50%) and expel I ing the digested materials as ca
sting, which is a useful soi I amendment, odourless, with attr~ 
tive aesthetic and handl ing properties, and may be easi Iy sto
red for a long time waiting for its agricultural use. 
The processing of large amounts of organic waste may eventually 
produce large quantities of excess earthworms which can be re
cycled into new vermicomposting beds or uti I ized as a biomass 
as an animal foodstuff. 

CONDITIONS OF CULTURE 
The optimum conditions for supporting a worm population 

has been studied by researches, worm breeders and worm farmers 
(10, 11, 14, 15). 
Temperature 
Earthwormsexhibit a fairly complex response to changes in tem
perature. I n genera I the opt i rna I range for the most rap i d fee
ding and waste conversion is between 13° to 22°C. 
pH 
Earthworms generally find their optimum environment at pH 6.0 
to 8.0. 
Moisture content 
The optimum range of moisture content IS between 50 to 80 per
cent. 
Aeration 
Earthworms are sensitive to anaerobic conditions, so In the ver 
micomposting operations it is essential to assure aeration re
quirements. 
Substrate 
Earthworms thrive In a medium of 9 to 15 percent protein. 
A moderate C:N ratio (15:1 to 35:1) is considered desirable for 
a maximal weight gain of the biomass. As an example, fresh bo
vine feces contain about 14 to 15 percent protein, sludge vary 
from 12 to 38 percent protein, mixed municipal refuse contains 
only about 4 percent protein {obviously the biodegradable frac
tion only is suitable to be worked out by earthworms1 

************************ 

Successful techniques of vermicomposting produce castings 
and earthworms. 
CASTING 
Earthworm egesta are usua I I y ca I led "cast i ng". It is a good 
so i I amendment and it can be cons i dered as an attract i ve fert i
I izer, because its content in avai lable nutrients. Castings are 
less rich in comparison to the starting materials, especially 
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in regard to nitrogen and organic substances content. However, 
they are richer in nutrients more readi Iy avai lable to plants 
and,because of the microbial biodegradation they have undergo
ne, they are rich in microbial metabol ites, particularly acti
ve on plant metabol ism. 
The content in avai lable nutrients, the presence of a large mi
crobial population and biologically active metabol ites, are 
among the factors from which the ferti I izing value of casting 
in dependent on. Generally casting could be considered as a 
good organic soi I amendment, with attractive structural pro~r
ties (tab.1). 

EARTHWORM BIOMASS AS AN ANIMAL FOODSTUFF 
The earthworm body is mostly muscle. Dried earthworm contains 
60-65% protein, 7-10% fat, 2-20% carbohydrate, 2-3% mineral, a 
wide range of vitamins and of essential aminoacids (tab.2)(16). 
Because its composition, vermimeal could be regarded as a po
tential Iy valuable protein feed additive for domestic animals. 

Experiments using earthworms in organic waste management 
has been carried out in a number of countries. Experimental 
works are now investigating the use of earthworms in waste ma
nagement by looking at the engineering parameters of the s~tem. 
The results show that vermicomposting may be used as a feasi
ble alternative in current systems of waste management. 
Because the castings are derived from wastes, there exist a p~ 
tential hazard for contamination of the product by heavy metals 
or organic pol luting substances. Worms apparently are quite c~ 
pable of concentrating some heavy metals to levels of toxicity 
for some I itt I e an i rna Is. It is not c I ear whether earthworm con
sumption changes the avai labi I ity of metals to plants. 

ENVIRONMENTAL AND PUBLIC HEALTH ASPECT OF VERMICOMPOSTING 
Potential risks are dependent on toxic substances and 

heavy metals present in the starting materials. 
Another point is the survival of pathogens in earthworm worked 
materials. Although data seem to confirm a reduction in some 
pathogens species, especially Salmonel la, the relative hazard 
to publ ic health needs to be documented (10, 11, 15). 
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Table 1. Chemical analysis, microbial population and growth r~ 
gulators content of earthworm casting. 

Chemical anal~sis 

Water content 51.60 % 
pH 6.50 
C (total) 16.78 % d.w. 
C ( i nor ga n i c) 1. 37 % 
N (total) 1.63 % 
N-N03 0.40 % 
P (total) 0.92 % 
p-P043 0.14 % 
K2 0 1. 61 % 
Ca (tota I) 8.60 % 
Ca (avai lable) 0.14 % 
Mg (total) 2.51 % 
Mg (avai lable) 0.45 % 
Na 3.03 % 
Fe 910..10 ppm 
Mn 218.40 ppm 
Cu 7.20 ppm 
B 0.35 ppm 
Zn 68.30 ppm 

Microbial population 
(Number of cells/g d.w.) 

Bacteria 1.8 x 10~ 
Actinomycetes 2.8 x 10. 
Fungi 2.0 x 105 

Growth Regulators 
(pg equiv./g d.w.) 

Gibberell ins (GA 3 ) 2.75 
Cytokinins (IPA) 1.05 
Auxins (IAA) 3.80 
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Table 2. Amino acids composition of worm meal (percentage on 
crude protein). 
from: M. Amer i 0 and M. Berto line I Ii; I nternat i ona I sympos i urn on 
agricultural and environmental prospects in earthworm farming. 
Rome, Italy, 1983. 

Total a.a. Free a.a. 

Lysine 5.93 0.47 
Histidine 1.97 0.09 
Arginine 6.22 0.42 
Aspartic acid 9.16 0.17 
Threonine 3.86 0.19 
Serine 4.48 0.20 
Glutamic acid 12.68 0.33 
Proline 3.88 0.09 
Glycine 4.60 0.14 
Alanine 5.43 0.30 
Va line 4.71 0.33 
Methionine 1.65 0.14 
Isoleucine 4.22 0.31 
Leucine 7.25 0.64 
Tyrosine 3.65 0.22 
Phenylalanine 3.99 0.25 
Tryptophan 0.92 
Cystine 1.00 
Hydroxyprol ine 0.62 
Taurine 0.17 
Asparagine 0.46 
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SLURRY METER INSTRUCTIONS 

H. TUNNEY 
The Agricultural Institute, Ireland 

1. Collect representative sample of animal manure slurry. 

2. Put slurry in a plastic bucket and stir well. 

3. Place slurry meter in slurry and read dry matter immediately. 

4. Read corresponding N, P and K content from Table 1 below. 

5. Cattle slurry higher than 5% dry matter (d.m.) and pig slurry higher 
than B% is normally too viscous for accurate measurement. In such cases, 
mix slurry with an equal volume of water, stir well and take d.m. 
reading with Slurry Meter. Double the reading obtained to get the 
correct d.m. of the undiluted slurry. If necessary make further 
dilutions. 

2%DM r: 
.... 
,::. 

::·8%DM .. ;; 

% Dry Matter Concentration 

0-5 Low 

5 - 10 Medium 

10 - 15 High 

Note: depth of slurry in bucket 
should be 25 to 30 cm. 

Table 1. Total N, P and K content of cattle and pig slurry in 
kg/tonne (kg/m'). 

Cattle Slurr~ Pig Slurr~ 
N P K % Dry Matter N P K 

1.5 0.2 1.6 - 2 - 2.5 0.5 1.2 
2.5 0.4 2.2 - 4 - 4.5 1.0 1.7 
3.5 0.6 2.7 - 6 - 5.5 1.5 2.1 
4.2 O.B 3.1 - B - 6.0 2.0 2.3 
5.0 1.0 3.5 - 10 - 6.5 2.5 2.5 
5.5 1.2 3.7 - 12 - 7.0 3.0 2.6 
6.0 1.4 3.9 - 14 - 7.2 3.5 2.7 

The higher the dry the higher the fertiliser value. If a slurry sample 
containing mostly urine is collected the Nand K values will be higher 
and P values lower than shown. 

It can be assumed that the N value shown in Table 1 will be half as 
effective and the P and K will be as effective as their chemical fertiliser 
equivalents. 

Consult your agricultural advisor for information on the correct rates to 
apply and how you can reduce fertiliser costs by recycling animal manures. 
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COMPOSTING OF SEWAGE SLUDGE CONTAINING POLYELECTROLYTES 

J.J. van den Berg 
Grontmij n.v., De Bilt, the Netherlands 

Summary 

In the Netherlands research is being performed on compost
ing of sewage sludge containing polyelectrolytes, using the 
aerated static pile method. After a literature study exper
iments were carr ied out. The results showed that progress 
of the composting process is enhanced by applying mois
ture-regulating and porosity-increasing additives. Any in
fluence of polyelectrolytes on the composting process has 
not been proved. Additives were mainly used to obtain suf
ficient porosity and moisture-regulation, and not to influ
ence the C/N-ratio of the mixture to be composted. 

1 INTRODUCTION 
In the Netherlands, agriculture is the main market for 

useful disposal of sewage sludge. Today, however, there is an 
increasing interest in alternative ways of processing or util
ization. Therefore the Dutch Foundation for Applied Wastewater 
Research (STORA) has prepared an investigation on: 

composting of sewage sludge; 
preparation of black earth from sewage sludge. 

The investigation consisted of three parts. In the first part 
a literature study on the main technical and financial aspects 
of these processing options was carried out. The literature 
study did not supply the answers to a number of questions, 
although many experiments were examined. The results were not 
or hardly comparable because the composting experiments of 
other investigations, were not performed under similar circum
stances. Literature on black earth preparation is relatively 
scarce. 
In the second part of the investigation a number of experiment 
were performed to gain information on: 

treatment of materials (sludge and additives); 
equipment required; 
process management (total process time, process monitor
ing/control and side effects such as the influence of pro
cesses on the soil); 
post-processing; 
the degree of disinfection; 
approximate running costs. 

These experiments were focussed on the practical aspects of 
the processing methods. Different basic mater ials and addi
tives were treated in the same way, so that the experimental 
results were comparable. 
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In the third part of the investigation the results of the ex
per iments were evaluated and compared with theoretical models 
(1) • 

This paper presents an outline of the set-up of the 
experiments, a summary of the results and the main conclusions. 

2 BASIC MATERIALS 

Sludge types 

The following types of sludge were used: 
aerobically stabilized sludge, conditioned with polymers 
and dewatered with a belt screen press to a dry matter con
tent of 15-20%; 
anaerobically stabilized sludge, conditioned with polymers 
and dewatered with a belt screen press to a dry matter con
tent of 20-25%. 

Additives 

Function of the additives is primarily to increase the po
rosity of the pile and the dry matter content of the mass to 
be composted. The following additives were used: 

wood chips; 
wood shavings; 
rubber scrap; 
wood blocks; 
straw. 

3 COMPOSTING METHOD APPLIED 
The aerated static pile method, with aeration by pressure 

or suction, was applied for the composting process. 
The required quantity of air was calculated by the Haug 

method (1). 

4 RESULTS AND CONCLUSIONS 
Both types of sludge used in the experiments can be com

posted; the basic material is stabilized by decomposition of 
organic matter and moisture is removed by evaporation. No 
indications have been found that the polymers have any influ
ence on the composting process. 

The results of the experiments confirm the assumption that 
additives should have porosity-increasing and moisture-regu
lating properties. Effective moisture absorption was achieved 
when wood shavings with a dry matter content of at least 60% 
were used as additive. 
The application of wood chips for moisture regulation did not 
provide sufficient permanent porosity, even with a sludge/ad
ditive ratio up to 1:3 by volume. To improve the porosity of 
the pile, secondary additives were used, such as wood blocks 
or rubber scrap. 
The application of porosity increasing additives combined with 
moisture-regulating additives proved to have a positive influ
ence on the composting process. 
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According to the literature, additives with a high carbon con
tent would have an influence on the C/N ratio. This influence 
was not demonstrated by the experiments. Such influence is 
considered unlikely. 

Pelleted compost is proved to be unsuitable as additive for 
composting of sewage sludge. The pellets have insufficient 
moisture-regulating capacity and are liable to be damaged by 
mechanical forces during mixing. 

After completion of the composting process the porosity
increasing additive can be recovered completely: also 50-60% 
of the wood shavings used as moisture-regulating additive can 
be recovered. straw used as moisture-regulating additive could 
not be separated from the end-product. 

The following method of supplying and mixing basic materials 
and additives was found to be satisfactory. After the basic 
materials and moisture-regulating additives had been mixed 
thoroughly with a manure spreader, the porosity-increasing 
additive was mixed through with a bucket crane. Using a hy
draulic excavator the mixture was piled on the aeration tubes, 
which had been laid on a bed of wood shavings or chips. 

The supply of air needed for the process and the removal of 
decomposition products was accomplished by forced pressure or 
suction aeration. During suction aeration, the amount of air 
required for the process was generally more than calculated. 
In the experiments with pressure aeration the required amount 
of air was equal to or less than calculated. During experi
ments under a roof, the required amount of air was less than 
calculated both with suction and pressure aeration. 

The temperature was used as process control parameter, being 
the most practical choice because of its direct measurability. 
The temperature observations gave a reasonable indication of 
the temperature in the piles, on the basis of which the forced 
aeration could be regulated. Assessing the progress of the 
composting process by determining the carbon and nitrogen con
tents and the ratio of these elements proved to be impossible. 

Moisture content has been proved to be an unsuitable process 
parameter, because of the problems with sampling and the in
fluence of precipitation. A high moisture content has a nega
tive influence on the composting process. A minimum dry-matter 
content of 40% in the mixture to be composted, as mentioned in 
literature, seems to be correct. 

During composting, C02 and NH3 were removed via the 
ventilation system and the surface of the piles. The concen
trations of the components varied strongly. The nuisance 
caused by the odour of the sludge, ammonia and amines, was 
strongly dependent on the degree and method of stabilisation 
of the sludge. 

For determining the extent to which the sludge had been sta
bilized during composting, the chemical oxygen demand was 
measured. In the experiments the average decrease was 63%. The 
COD of the end-product was influenced by remainders of addi
tives, so the value of these results should not be overesti
mated. 

The content of micro-elements in the end-product is strongly 
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influenced by the presence of covering compost. It was impos
sible to take samples representative for the composted materi
als. However, it has become clear that the following effects 
may occur: 

increase of the concentrations due to decomposition of or
ganic matter and the covering compost~ 
decrease of the concentrations due to an increase of the 
amount of dry matter from additives and covering compost. 
The C/N ratio of the end-product is of the same order of 

magnitude as that of the top soil of clay lands and grass
lands, i.e. 10 to 15. 

The results of microbiological analyses indicated that the 
hygienic reliability of the end-products was increased. Re
markably, the concentration of heat-resistant f-specific 
phages, which were designated as indicator organisms, declined 
more sharply than the concentration of micro-organisms with a 
lower heat resistance (2). 

A cost price calculation has been made for composting a 
sludge production of 6000 m3/year with a dry matter content 
of 20% (corresponding with a sewage treatment plant of 75,000 
p.e.). The cost of open air composting is roughly DFL 440 per 
tonne of dry matter, which corresponds with DFL 88 per m3 of 
dewatered sludge. 
When a simple roof is applied, the cost price will increase to 
about DFL 495 per tonne of dry matter (DFL 99 per m3 dewa
tered sludge). 

5 RECOMMENDATIONS 
For composting of sewage sludge it is recommended that 

two types of additives be applied: 
moisture-regulating additive~ volume ratio of sludge: addi
tive = 1:2 to 2.5. The dry matter content of the additive 
should be at least 60%~ 
porosity-increasing additive~ volume ratio of sludge: addi
tive = 1:1 to 1.5, such as wood blocks or rubber scrap. 

Sludge and moisture-regulating additives should be mixed thor
oughly. 
Next porosity-increasing material can be added, after which 
the mixture can be piled on the aeration tubes. 

In occasional composting, double walled HDPE tubes can be 
used for the air supply. This material has a reasonable resis
tance against the prevailing temperatures and radial loading~ 
the tubes can be used several times. When composting is more 
or less continuous, application of a more durable construction 
could be considered. When selecting the tube material, account 
should be taken of the fact that the air sucked in will con
tain ammonia. To ensure that the air is distributed uniformly, 
it is recommended that the tubes be placed on a bed of fine 
additive. Each pile may contain more than one aeration tube. 
The distance between the surface of the pile and the aeration 
tubes should be less than 1.50 m,to avoid short circuiting. 
With a pile length of more than 10 m, it is advised to install 
the ventilator in the middle of a pile or to install ventila
tors at both ends of the aeration tubes. 
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With composting in the open air, the shape of the pile 
should promote the runoff of precipitation; preferably the 
piles should be covered with compost, to reduce heat losses, 
and plastic sheet, to promote runoff of precipitation. 

It is recommended that aeration can be regulated, to main
tain an average temperature of 50-55°C in the pile. Both pres
sure and suction ventilation should be possible. Pressure ven
tilation is especially applied for a rapid removal of mois
ture. If possible, aeration should be done in the daytime; 
supply of relatively cold air by night should be limited. 

REFERENCES 
(1) Haug, R.I., Compost engineering. Ann Arbor Science 

Publishers, Inc (1980) 
(2) Burge, W. D., Colacicco, D.S., Cramer, W. N., Criteria 

for achieving pathogen destruction during composting. 
JWPCF 53,12: 1683 e.v. (1981). 
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AN ALTERNATIVE APPLICATION FOR SEWAGE SLUDGE: BLACK EARTH 

J.J. van den Berg 
Grontmij n.v., De Bilt, the Netherlands 

Summary 
preparation of black earth is receiving more and more 
interest. As an alternative processing option for sewage 
sludge. Black earth is a product that can be applied for 
greenery provisions, for forestry applications, as covering 
soil for waste tips, and for the slopes and shoulders of 
roads. It is produced by mixing sludge with a mineral 
additive, after which oxidation and maturing processes take 
place in a natural way. These processes are stimulated by 
turning the mixture regularly with a rotary cultivator. The 
moisture-absorbing capacity of the end-product is compara
ble with that of soils of natural origin, with the same 
chemical composition. 

1. INTRODUCTION 
In soil science terms, black earth is defined as a soil 

mixture, which serves to improve the growing environment in 
soils that are not or hardly suitable for vegetable growth. To 
achieve this goal, black earth should be capable of holding 
sufficient moisture, have a sufficiently high basic level of 
nutrients, and possesses soil physics properties adequate for 
vegetable growth. 

The basic material for black earth preparation is par
tially dewatered sludge, which is insufficiently matured. The 
production process is determined by the quality of the dewa
tered sludge, the physical and chemical maturing of the 
sludge,and the nature and application method of the additives 
(usually sand). The quality of the dewatered sludge depends on 
the treatment process and the dewater ing method. In general, 
naturally dewatered sludge -especially anaerobically digested 
sludgeis best' suitable for black earth preparation. Mechani
caly dewatered sludge which has been conditioned chemically 
can be processed to black earth only with great difficulty and 
many extra operations. Mechanically dewatered and chemically 
conditioned sludge matures poorly and is difficult to dewater 
further; only direct mixing with additives and regular turning 
of the mixture can give some improvement. 

The manural value of the black earth produced from 
sludge is dependent of the nature and the quality of the 
sludge and the additives and of the mlxlng ratio of the 
various components. In the most common sludge types and mixing 
ratios all nutrients are present in sufficient quantities in 
the first instance, while even an ample stock of phosphate and 
magnesium is present. The pathogenic germs are usually 
strongly reduced to numbers under the M.I.D.-50 value, while 
the content of heavy metals and toxic substances is dependent 
of the basic materials and the mixing ratios so that no gener-
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al statement can be made about this aspect. 
The process of preparing black earth from sewage sludge 

can be classified according to the dewatering condition of the 
sludge (spadeable or liquid) at the moment it is mixed with 
the additives. In the processing of naturally dewatered sludge 
the best results are obtained if the sludge is already in. an 
advanced stage of maturition before it is mixed with sand and 
any other additives. In this case it is relatively simple to 
prepare black earth with favourable physical characteristics. 
If the sludge is dewatered mechanically, after conditioning 
with, for instance, polymers or lime and iron chloride, it 
should be mixed immediately with additives. Only in this way 
is this sludge capable of further maturing and dewatering. 

On a practical scale, good results have been obtained in 
the Netherlands with black earth preparation from naturally 
dewatered, spadeable sludge. 

2. POSSIBLE APPLICATIONS OF BLACK EARTH 

New residential areas 

A great demand for black earth is often felt in extension 
plans of municipalities. Especially in areas where inadequate 
drainage or bearing capacity requires that the original ground 
level be raised, application of a layer of black earth as a 
growing medium for the vegetation is necessary. This is be
cause the fill used for raising the ground level is generally 
sand, which contains hardly any fertilizing substances or or
ganic matter, and is therefore lacking in nutritive and 
moisture-absorbing elements. The thickness of the layer to be 
applied depends on the underlying soil profile, the ground
water regime and the vegetation that is to be planted. 

Waste tips 

In setting up and finishing off waste tips, a substantial 
amount of covering soil is required. The various layers of 
waste as well as -eventually- the entire tip have to be cov
ered with soil. On the one hand this prevents nuisance for the 
surroundings (odour, vermin, birds), while on the other hand 
the finished tip can be planted. The required covering soil 
can be supplied partially be excavating soil at the tipping 
site in advance and putting this soil in store. To what extent 
this is possible depends on the soil profile and the prevail
ing groundwater levels. The rest of the required soil has to 
be hauled from elsewhere; black earth prepared from sewage 
sludge can be a suitable product for this application. 

Recreational objects 

Black earth can also be an important component in the re
alisation of recreational objects, such as sports and play
ing grounds and grassed areas around outdoor swimming-pools 
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If these objects are located on soils that are poor and sensi
tive to drought by nature, enriching with black earth is ne
cessary, for which preferable humic, sandy soil mixtures are 
applied, so as to increase the moisture-absorbing capacity. 
Black earth produced from sludge can be used for this purpose. 

Public gardens and parks 

To improve the growing conditions for the vegetation in 
public gardens and parks in existing residential areas, there 
may be a need for an appropriate substratum. Exchanging the 
existing topsoil with black earth can supply this need so that 
the urban greenery has a reasonable chance of developing prop
perly. 

Tree soil 

A special application with regard to urban greenery is the 
use of black earth as tree soil. Also in this case poor soil 
is exchanged for a product with a reasonable content of ma
nuring substances and organic matter. This exchange takes 
place with existing plantation as well as with relocation of 
(large) trees. By striving for optimum growing conditions in 
the plant hole, the chance of a successful relocation of the 
tree is increased. The composition of the black earth can be 
adjusted to the specific demands of a certain tree species. A 
striking example of such a specific composition is the use of 
black earth from sewage sludge for the Floriade ornamental 
park in Amsterdam. Because of the widely differing types of 
vegetation, soils of var ious compositions have been used in 
this one object, in order to create optimum growing conditions 
for every species. 

Forestry 

Also in forestry, where maximum wood production is 
str ived for, application of black earth may have possibili
ties, especially for deciduous trees. Black earth with speci
fic composition as regards fertilization and structure may be 
used to achieve optimum growth rates of the plantations. This 
can improve efficiency in forestry. 

Nurseries 

In addition to its use in more or less permanent cul
tures, black earth can be applied in nurseries, notably in the 
CUltivation of ornamental plants. 

Road construction 

Finally, one of the applications of black earth prepared 
from sludge could be road construction. When new roads or 
motorways are constructed, it is common to apply a sand bed 
over the entire width of the pavement and the berms. For the 

- 525-



www.manaraa.com

berms, measures should then be taken to prevent the sand from 
being blown away, for instance by planting vegetation, usually 
grass. The sand from the cunette offers insufficient guarantee 
for a rapid emergence and growth of the grass, so it is desir
able to apply a layer of black earth. This layer can then also 
serve as a substratum for any higher vegetation. 

3. PRACTICAL TRIALS ON PREPARATION OF BLACK EARTH 
Practical trials were carried out to establish whether it 

was possible with simple means to prepare black earth from 
mechanically dewatered sludge, using the 'rotary cultivator 
process'. 

Basic materials 

Sludge types 

The following sludge types were involved in the trials: 
anaerobically stabilized sludge, conditioned with lime and 
iron chloride and dewatered with filter presses to a dry 
matter content of about 35% (FS)i 
a mixture of digested and aerobically mineralised sludge, 
condi tioned with poly-electrolytes and dewatered with cen
trifuges to 18 to 20% dry matter (CS) 

Additives 

In black earth preparation, in contrast with composting, 
additives are not recycled. Material that is mixed with the 
sewage sludge will remain in this mixture definitively. There
fore, in black earth preparation the additives are chosen such 
that only minimal quantities are needed, while low price and 
ample availability are also of great importance. In most cases 
sand with low humus and loam contents is used. 

Mixing ratios 

The mixing ratio of sewage sludge and additives is deter
mined on the basis of factors which are related to the nature 
and composition of the components to be mixed, as well as to 
the destination of the end-product. These factors are the 
chemical composition and the physical qualities, and the 
manuring value and the pollution level, respectively. 

processing method 

The rotary cultivator process consists of applying a 
layer of a few centimetres of dewatered sewage sludge on a 
substratum consisting of additive. The sludge is applied with 
a manure spreader, after which a rotary cultivator is used to 
mix the sludge layer through a 0.2 m thick layer of the sub
stratum. To homogenize the mixture and to promote the 
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maturing processes, the cultivator operation is repeated once 
or several times. The desired final mixing ratio is achieved 
by repeating the above process of applying and mixing as often 
as required. 

Process monitoring 

The process of preparing black earth from sewage sludge 
is basically a dewater ing and matur ing process. Factors which 
influence this process are: 

nature and composition of the sludge and additives; 
weather conditions; 
thickness of the mixture layer and the consequent aeration 
of the mixture; 
homogeneity of the mixture, dimensions of the sludge lumps 
and sludge cakes; 
frequency of turning or other operations. 

The progress of the process was judged with visual and o
dour observations. During these observations attention was 
paid to aspects such as: 

changes in structure, such as disintegration of the lumps 
and occurrence of a pore structure; 
the occurrence of (micro)biological activity, such as bac
teria colonies and mycelium from fungi; 
colour differences in the material, which could indicate 
differences in drying and maturing; 
the occurrence of vegetation. 

The basic materials (sludge and additive) and the end
product (black earth) were analysed with regard to the fol
lowing parameters: 

dry matter copper 
raw ash/organic matter chromium 
nitrogen zinc 
phosphate lead 
potassium mercury 
calcium cadmium 
magnesium arsenic 
pH nickel 

Furthermore, from all samples the grain size distribution 
was determined. In a limited number of samples of the 
end-products, the relationship between moisture content and 
moisture tension was determined, with which pF curves were 
constructed to represent this relationship. Examples are given 
in Figures 1 and 2. 

Between the initial and final sampling, intermediate 
samples were taken to gain insight into the decomposition of 
organic matter and possible pH fluctuations in time. Further
more, the oxygen content of the pore air in the sludge mix
tures was measured. 

4. CONCLUSIONS AND RECOMMENDATIONS ON BLACK EARTH'PREPARATION 
The trials have shown that both filter press cakes and 

centrifuge or band screen press sludge conditioned with poly-
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mers can be processed into black earth. A precondition for 
obtaining a good end-product is that the process should take 
place in a layer of limited thickness (0.20 to 0.25 m). When a 
thicker layer is applied, anaerobic conditions are likely to 
occur, which halts the maturing process. Furthermore, in this 
situation no moisture can be removed by evaporation. 

Assuming that a limited thickness of the layer is 
applied, processing in the open air is possible. Mixing of 
sewage sludge with the additive (sand) can be done effectively 
with a tractor-mounted rotary cultivator. First the sludge has 
to be deposited in the appropriate quantity on the sand layer 
to be mixed through, after which the cultivator operation can 
take place. This operation is only successful if the sludge is 
deposited in thin layers (not more than 0.04 m at a time). 

This depositing requires a system in which the 
application equipment does not have to travel on the layers to 
be mixed: a manure spreader with sideward delivery meets this 
condition. When hard filter press cakes are being processed, 
it is advisable to crumble the cakes prior to their deposition. 

The number of layers of 0.04 m each is determined by the 
composition of the products to be mixed, their dry matter con
tents, and the demands that are made on the end-product. If 
the basic materials are sewage sludge with 20% dry matter, of 
which 60% is organic matter, and sand with low humus and loam 
contents, then 5 applications are possible to produce an 
end-product with ample possibilities for use. This product 
then contains 5 to 7.5% organic matter. Depending on the 
weather conditions, this process will take 4 to 6 months. 

Another possibility, using the same materials, is to 
str ive for a maximum mixing ratio which still results in a 
product that is usable on a waste tip. It was found that up to 
8 or 9 applications in a period of about 9 months give a prod
uct that is still manageable. 

The rotary cultivator method of sludge processing in the 
open air thus offers the possibility of preparing a good vege
table earth, while it also offers perspective for processing 
mechanically dewatered sewage sludge into a product sui table 
for tipping. In the preparation of black earth, the material 
appears to have the proper chemical and granular composition 
after the production period of 4 to 6 months: the product then 
requires further maturing and structuring before it can be 
regarded as actual black earth. The latter process, in which 
soil life and root development play an important role, can be 
accelerated by providing the black earth with vegetation as 
soon as possible. 

Both the production of a useful product, black earth, and 
the conversion of sewage sludge into a product suitable for 
tipping can be carried out at relatively low cost (respective
ly DFL 180 and DFL 145 per tonne of dry matter). The cost 
price calculation shows that black earth preparations is al
ready possible on a small scale. 
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Moisture absorbing capacity of black earth 

Importance of the moisture curve 

The moisture curve of a soil is a piece of information 
from which an important part of the physical growing environ
ment of the plant can be deduced. The curve represents the 
relationship between the moisture tension and the moisture 
content, from which, for instance, the amount of moisture a
vailable for a plant can be calculated. 

Measuring only the moisture content of the soil does not 
provide all the iQformation required to judge how wet or dry 
the soil is, at least not if different soils are to be com
pared with each other. A soil with a high clay content, for 
instance, may feel dry, while sandy soil with the same mois
ture content feels clearly moist. On the clay soil with that 
moisture content a plant could dry out, while on the sandy 
soil vegetable growth is still well possible. 

A better indication of the moistness of the soil is given 
by the moisture tension. This represents the force by which 
the water is retained in the soil and thus gives important 
information on the potential for uptake of soil moisture by 
plants. 

The moisture curve is determined by taking undisturbed 
samples of the soil in rings of 100 or 50 cm3 • In the labo
ratory, the moisture content is determined at different ten
sion values (cm water columm). The range of moisture tension 
values is very large, namely from 1 cm water columm to nearly 
16,000 cm. To make graphical representation possible, the 
moisture tension is expressed as the logar i thm (base 10) of 
the moisture tension, which is known as pF. The moisture curve 
is the curve in which the pF is plotted against the moisture 
content: the pF curve. 

Every specific soil type has its own pF curve, which de
pends mainly on the clay or loam content, the organic matter 
content, and the density. Important points in the pF curve are 
the moisture content at pF=2 and pF=4.2. The moisture content 
at pF=2 is the moisture condition at field capacity. It is the 
moisture content of a soil which, after having been saturated 
with water, has been drained freely for some time. It is usu
ally a good indication of the moisture situation in spring in 
the topsoil of high-lying soils. (In lower soils the moisture 
content remains higher because of capillary rise from the 
groundwater). pF=4.2 is the wilting point for plant growth, 
which means that water that is bound more strongly to the soil 
than corresponds with pF=4.2 cannot be released by the suction 
from the plant. 

The field capacity (moisture content at pF=2) is a good 
approximation of the upper limit of the amount of moisture 
that is stored in the soil and can be used by the plant. The 
wilting point (pF=4. 2) indicates the lower limit of this a
mount. The difference between the moisture contents at pF=2 
and pF=4.2 indicates the amount of moisture available for the 
plant which is present in the root zone of the profile. This 
amount of available moisture depends, just like the shape of 
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the pF curve, on the granular composition of the soil type. A 
comparison between natural soil types and the black earth pro
duced from filter press sludge or centrifuge sludge is pre
sented in Figures 1 and 2. 
In figure lA it is shown that the moisture volume at pF=2 is 
about 44% and at pF=4.2 about 13%. The moisture content avail
able in the soil volume is 44-13= 31%. In a well-rooted soil 
profile with a thickness of 500 mm, 0.31 x 500 = 153 mm mois
ture is available. 
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TOXIC ORGANIC SUBSTANCES IN SEWAGE SLUDGES : CASE STUDY OF TRANSFER 
BETWEEN SOIL AND PLANT 

M.A. Wegmann, R.Ch. Daniel, H. Hani, A.lannone 
Swiss federal research station for agricultural chemistry 

and hygiene of environment 
CH-3097 Liebefeld-Bern (Switzerland) 

Summary 

The use of sewage sludges in agriculture has increased organic pollu
tion of soils. A study of these pollutant transfers has been started 
at our research centre. The penetration in the plant of organic pol
lutants was particularly studied. Does it take place at root level or 
by air transport? To answer this question, we carried out 2 trials on 
contaminated sand with pure chemicals (Aroclor 1254). 

1. INTRODUCTION 
The use of sewage sludges in agriculture leads to organic pollution of 

soil. 
A study of the transfer of these products from soil to plant has been 

started. We are now able to present a first trial model of english ray
grass (lolium perenne) grown on sand contaminated with polychlorobiphenyls 
(PCB) • 

We were interested in the penetration mode of pollutants from soil to 
plant. One can think that the transfer occurs through the roots or, on the 
contrary, under the effect of the ambiant temperature; that is to say that 
the pollutants near the surface of the soil evaporate to deposit themsel
ves on the plant. 

To try to answer the question, we have carried out 2 separated trials. 

2. MATERIAL AND METHODS 
In pots containing 2 kg of sand contaminated with Aroclor 1254, eng

lish ray-grass was grown using a nutrient solution 
a) in the first trial, "surface contamination", the top 300 grams layer of 

sand (2-3 cm thick) was contaminated with 3 different concentrations of 
Aroclor 1254: 10; 100 and 1000 pg/pot 

b) in the second trial, "total contamination", the whole of the sand was 
contaminated by the same amounts of PCB. 

To test the eventuality of aerial transfer, we used the following dis
position of the pots (see figure 1) in order to avoid a possible contamina
tion between pots. 

The ray-grass analysis was divided into two groups: the analysis of 
the green parts and of the roots. 

The trials sand was analysed in the following manner: in the "surface 
contaminated" trial, it was divided in 3 horizontal layers so as to dis-
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play any washing of PCB, whereas only a portion of "totally contaminated" 
sand was taken. 

Both the plant material and the sand were analysed according to the 
annexed method. 

3. RESULTS AND DISCUSSION 
Sand: in "surface contamination", 90% of the PCB were left in the su

perior layer (see table I). These products were therefore not washed away 
by watering, but stayed adsorbed on the sand. 

In both trials, no contamination of the blanks was observed. 
Ray-grass (green part): 
"S~f~~~-~~~t~i~~ti~~": in both cuts we observed a sudden increase ~n 

contamination when the levels of 100 pg and 1000 pg/pot were attained. 
"Total contamination": the observed previous phenomenon occured only 

for a 1000 pg/pot load, and, the obtained values were also weaker. 
We can deduce from these results that a higher surface contamination 

seems to lead to aerial contamination. 
In contrast to the contaminated sands, both trials showed a slight 

contamination of the blanks. This can be explained if we admit aerial trans
fer: figure 2 shows that it is easier for the PCB from one pot to deposit 
on the ray-grass of another in the neighbourhood than on its sand. 

Ray-grass (roots): the contamination of the blanks is similar in both 
trial~-(~~~-t~bi~-I)~-

But the similitude stops here! 
In the "total contamination" trial, the roots are in close contact 

with contaminated sand and this leads to high contamination. As an example, 
a PCB concentration in the sand of 500 ppb (1000 pg/pot) produces a conta
mination of almost 14000 ppb (14 ppm!) at the root level. 

4. CONCLUSION 
The results show that the soil pollution by PCB leads to a more or 

less important plant contamination depending on the analysed part. 
Moreover, these results speak in favour of aerial transport, although 

internal transport cannot been ruled out. 
Whether the recovered PCB are adsorbed on the surface of the plant 

has not, up to now been established. 
Moreover, if we ~onsider the recovery,that isto say the ratio of reco

vered PCB to the total added PCB, we observe good recoveries in the case of 
"total contamination" (83-96%), but poor recoveries in the case of "surface 
contamination" (28-58%). Further work is needed in the search of a satis
factory explanation of this phenomenon. 

5. ANNEX 
~~~;r~~~: the method allows the determination of PCB in plant mate

rial, sand, soils and sewage sludges. 

Extraction: - Place the sample in a conical flask containing the follo
wing mixture: 

Methanol 
Water 
NaOH 

(90 ml) 
(10 ml) 
( 8 g ) 

The mixture is placed for 2 hours in a ultrasonic bath 
at 550 C. 
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- Filter. 

Clean-up: - Extract the filtrate with 3 x 30 ml of cyclohexan. 
- Wash the cyclohexan phase with 30 ml of water. 
- Treat it with 5 ml of H2S04 conc. (A large part of the 

co-extracted matter is thus destroyed). 
- Wash the organic phase twice with 30 ml of water. 
- Dry on Na2S04. 

Concentrate to about 1 ml with a rotavapor. 
- Prepare the following chromatography column: 

- length: 200 mm; i.d.: 16 mm 
- fill half of the column with pentan 
- Add 15 g of deactivated alumina (2% water) 
- Rinse with 30 ml of pentan 
- Add the concentrated extract 
- eluate as follows: 

- Pentan (20 ml): disregarded 
- Hexan (60 ml): this fraction contains the PCB 

- This fraction is then concentrated to exactly 1 ml. 
The quantitative analysis of the PCB ist carried out by gas chromato

graphy equipped with a electron capture detector 
- capillary column: 50 m 
- cross-bonded phase: SE 54 

REFERENCES 

(1) TARRADELLAS, J. and DIERCXSENS, P., Schweiz. Arch. Tierheilk., 125, 
589-605, 1983. 

(2) FRIES, G.F. and MARROW, G.S., J. Agric. Food Chem., 29, 757-759, 1981. 

Figure 1: Disposition of the pots 
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Figure 2: Growth of the ray-grass 

-~-



www.manaraa.com

VARIETAL TOLERANCE IN CEREALS TO METAL CONTAMINATION IN A SEWAGE 
TREATED SOIL 

J H WILLIAMS, K A SMITH AND J R JONES 
SOIL SCIENCE DEPARTMENT, MAFF, WOLVERHAMPTON, WEST MIDLANDS, UK 

Summary 

Advisory experience and some preliminary pot-work had shown 
differences in metal uptake between roots and shoots of cereal 
cultivars. The purpose of the present study was to compare the 
tolerance of winter barley and wheat cultivars, grown under field 
conditions, to high soil concentrations of zinc, copper and cadmium 
resulting from past applications of sewage over many years. 

In 1983, three winter wheat varieties, viz. Avalon, Aquilla and 
Rapier and three winter barley varieties, viz. Igri, Sonja and Pirate 
were compared in the field in a randomised block design (4 
replicates). In 1984, the field experiment was repeated on an 
adjacent area of the same field with the addition of a fourth winter 
wheat variety, viz. Longbow. Visual assessments of growth were made 
and samples of roots and shoots taken at the end of the tillering 
stage, for metal analysis. Yields were taken at harvest and samples 
of grain and straw analysed for their metal content. 

The soil was a fine sandy loam with a pH of 7.1. "Total" s~il 
metal concentrations were of the order of 700, 100 and 5 mg kg for 
Zn, Cu ~yd Cd respectively with EDTA extractable values of 280, 70 and 
4 mg kg • Visual differences in growth and colour between the wheat 
varieties were marginal whereas severe chlorosis was apparent in all 
plots of Igri barley from an early growth stage (December) in both 
years - Pirate was intermediate and Sonja showed no visual toxicity 
symptoms. Differences in metal uptake between years were large. In 
1983 the shoot levels of Zn, Cu and Cd were more than double those in 
1984. Shoot uptake of all 3 metals in Igri barley were consistently 
higher than in the other varieties. 

The variety Sonja out-yielded the other two barley varieties in 
both years. Whereas Pirate out-yielded Igri in 1983, the reverse was 
true in 1984. Yield differences between wheat varieties were much less 
and only Longbow in 1984 yielded significantly better than the other 
two varieties and this may well be due to the improved genetic 
potential of this new cultivar. Visual differences between the barley 
varieties early in the season were reflected in shoot metal uptake 
which influenced final yield. 

1. INTRODUCTION 
Advisory experience and some preliminary pot trials had shown 

differences in metal uptake between roots and shoots of different cereal 
cultivars (1). There are large areas of land around industrial 
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conu~bations in the UK which have built up high levels of metals as a 
result of continuous applications of sewage over many years. Much of this 
land is of a loamy sand to sandy loam texture and favourable for 
continuous arable cropping with cereals, sugar beet and potatoes. It is of 
importance to the farmers concerned to know which particular cultivars are 
more tolerant than others to the high metal levels present in these soils. 
It is with this in mind that the present study was initiated and designed 
to compare the tolerance of winter barley and winter wheat cultivars to 
these contaminants. 

2. TREATMENTS AND METHODS 
Three cultivars of winter wheat (Avalon, Aquilla and Rapier) and 3 

cultivars of winter barley (Igri, Sonja and Pirate) were compared in the 
1983 field trial in a randomised block design with 4 replicates. 

In 1984, the experiment was repeated on an adjacent area in the same 
field with the addition of a 4th winter wheat cultivar (Longbow). 

The soil was a pebbly fine sandy loam overlying a sandy clay loam at 
60 cm and was moderately well drained. 

Visual assessments of growth were made and samples of roots and shoots 
taken at growth stage 30/31, near the end of tillering for metal content. 
Yields were taken at harvest and samples of grain and straw analysed for 
their metal content. 

3. RESULTS 
Soil samples were taken in the spring of each year and analysed for 

their 'total' and EDTA extractable metal contents. The 'total' was 
determined by refluxing with a mixture of nitric and perchloric acids. The 
results are shown in Table 1. 

TABLE 1 - Soil Metal Contents. 

Total (mg/kg) 
Zinc 
Copper 
Cadmium 

EDTA extractable (mg/l) 

Zinc 
Copper 
Cadmimn 

1983 
670-770 

90-105 
4.5-5.5 

235-300 
63-73 

3.6-4.5 

1984 
700-830 

85-115 
4.8-7.6 

250-375 
65-82 

4.1-5.1 

The levels of zinc present in these soils are more than twice the 
maximum recommended in the EEC Draft Directive and in the present MAFF UK 
Guidelines. Copper levels are just at the maximum recommended in the Draft 
Directive and MAFF UK Guidelines whilst cadmium levels are up to twice the 
recommended maxima. 
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3.1 Yield Data 
Yields in t/ha at 85% dry matter are shown in Table 2 below:-

TABLE II - Grain Yields in t/ha (85% DM). 
Wheat Varietl Barlel Varietl 

Year Avalon Aquilla Rapier Longbow ~rl Sonja Pirate SE Diff. 
(17 d.f) 

1983 6.61 5.52 5.89 4.64 6.46 5.71 + 0.72 
1984 6.18 5.98 6.18 7.23 5.78 6.30 5.06 + 0.28 

Visual symptoms of metal toxicity were clearly visible in the barley 
varieties by early December and persisted throughout the winter. The 
variety Igri was most severely affected with bright chlorosis of the 
whole plant. Sonja barley was virtually unaffected and Pirate appeared to 
be intermediate in 1983 and 1984. Winter wheat varieties showed no 
discoloration but growth and vigour was poor, more particularly in the 
varieties Rapier and Longbow by the end of May. 

Sonja barley out yielded the other varieties giving significantly 
better yields than Igri in 1983 and both Igri and Pirate in 1984. In 
normal uncontaminated situations, Igri and Pirate would be expected to 
out yield Sonja. 

Avalon was the highest yielding wheat in 1983 but not significantly 
better than the other two varieties. "In 1984, the variety Longbow was 
included and this significantly out yielded all the other varieties 
between which there was virtually no yield difference. Genetically the 
wheat variety Longbow should normally be expected to out yield Avalon, 
Aquilla and Rapier. 

3.2 Metal Uptake 
Metal concentrations in the grain and straw, and in the shoots and 

roots at late tillering stage are shown in Tables 3 and 4 for 1983 and 
1984 respectively. 

At the tillering stage, metal concentrations were much more 
concentrated in the roots than in the shoots and very much higher zinc 
and cadmium levels in 1983 than in 1984. Zinc, copper and cadmium levels 
were appreciably higher in shoots of Igri barley compared with Sonja or 
Pirate especially in 1983. There were no significant differences in shoot 
metal concentrations of the wheat varieties. Although there were 
differences in root metal concentrations, they were not significant. 

At harvest, Sonja showed higher concentrations of zinc in both straw 
and grain compared to Igri or Pirate barley in both years. Copper levels 
were higher in grain than straw with an appreciable difference in grain 
levels between Pirate and the other two varieties in 1984. Cadmium 
levels, on the other hand, were consistently higher in the straw than in 
the grain. Differences between varieties were small in 1984 but, in 1983, 
Sonja and Igri showed significantly higher cadmium concentrations in 
straw than did Pirate. Differences between the wheat varieties were much 
smaller but with a tendency for Avalon to show higher straw cadmium 
concentrations. 
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4.0 DISCUSSION 
During the course of advisory work it had been noted that certain 

barley varieties were obviously more susceptible to high soil metal 
concentrations of zinc and copper than others. In particular, the highly 
recommended barley variety, Igri, did not appear to be particularly 
tolerant to the conditions and it was felt necessary to establish which 
varieties, if any, were tolerant of the high soil metal levels in terms of 
yield and metal content. 

Of the barleys, the variety Igri, which normally possesses the 
highest yielding potential of those tested, was obviously susceptible and 
was out yielded by Sonja. The depressed yield of Igri was associated with 
the highest shoot metal concentrations of zinc and copper. In the case of 
the wheats, yield differences were smaller and could be ascribed, at least 
in part, to the differences in normal genetic potential of these varieties 
with Avalon out yielding Aquilla and Rapier in 1983 and Longbow out yielding 
Avalon, Aquilla and Rapier in 1984. Whereas there were appreciable 
differences in shoot concentrations of zinc, copper and cadmium varietal 
differences in concentrations of these metals in grain and straw were 
small. 

REFERENCES 

(1) WILLIAMS, J.H. AND JONES, J.R. (1981). Metal uptake - tolerance in 
wheat and barley. ADAS Research and Development Report (Soil 
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EFFECT OF SAMPLE STORAGE ON TRE EXTRACTION OF METALS FROM RAW, 
ACTIVATED AND DIGESTED SLUDGES 

J.V. TOWNER, J.A. CAMPBELL and R.D DAVIS 
Environmental Impact Group, Water Research Centre, Henley Road 

Medmenham, POBox 16, Msr10w, Buckinghamshire SL7 2HD, UK 

StDDIDary 

Liquid storage of sludge at 4 °c was examined as a method of sample 
preservation. Raw, activated and digested sludges from Beckton STW 
were stored at 4 °C, and periodically sampled (after 0, 29, 79, 107 
and 134 days) for analysis of the speciation of Zn, Cu, Pb, Ni, Cr 
and Cd using a sequential extraction procedure. The procedure 
employs 5 reagents: KN03 , KF, Na 4P 207' EDTA and RN03• Statistical 
evaluation of the extraction data indicates tnat significant 
time-dependent variations in the fractionation of all six metals 
occurred over the storage periods tested. It is concluded that 
liquid storage of sludge at 4 °c is inadequate to preserve the 
integrity of sewage sludge samples for the investigation of trace 
metal speciation. 

1. INTRODUCTION 
The potential environmental consequences of sludge disposal depend 

not only on the gross concentration of metals present in the sludge, but 
also on their speciation. Sequential extraction schemes are frequently 
used for evaluating the speciation of trace metals in sewage sludges. In 
practice, sequential extraction schemes categorise the speciation of 
metals in terms of operationally defined fractions; i.e. the binding forms 
of trace metals are characterised by the susceptibility of fractions of 
trace metals to attach by a succession of. chemical extractants. 
Nevertheless, such procedures do provide insight into the affinity of 
metals for sludges from which it may be possible to predict their 
behaviour following disposal. As part of a programme looking at 
speciation of metals in sludge before and after disposal it was thought 
necessary to examine changes in speciation during storage, with a view to 
finding a way of storing batches of sludge with minimum effect on metal 
speciation. 

Liquid sludges are not stable materials, and a variety of chemical, 
micro-biological and physical changes take place continuously. These 
processes may profoundly affect the speciation of metals in sludge; Fig.1 
stDDIDarises a number of the processes which might redistribute metals 
between different binding sites. Thus, it is probable that the 
fractionation of metals in sludge is influenced by both the mode and 
duration of storage between sampling and extraction. Oake et a1 (1) have 
demonstrated that the drying of sludge may alter the distribution of 
metals relative to that found for fresh wet sludge. Furthermore, Thomson 
et a1 (2) have reported that the freezing of estuarine sediments causes 
the restructuring of amorphous colloids and the lysis of bacterial cells, 
which results in the subsequent release of metals upon thawing. The wet 
storage of sludge under refrigeration might be considered as an 
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al ternative sample preservation method. The present paper reports an 
investigation into the effects of liquid storage at 4 °c upon the 
fractionation of metals in sludge. 

2. METHODS 
Samples of raw, activated and digested sludges were obtained from a 

large sewage treatment works near the London conurbation. On receipt, the 
sludges were homogenised and three subsamples of each were analysed for 
the speciation of Zn, Cu, Pb, Ni, Cr and Cd using a modification (1) of 
the sequential extraction procedure described by Stover et al (3). The 
distribution of metals in the sludges on receipt were chosen as controls 
against which frac tionation changes on storage were assessed, since prompt 
extraction is the method that is most likely to reflect the integrity of 
the sludges. The remainder of the liquid sludges were then stored at 
4 °C, and sampled as before for sequential extraction analysis after 
periods of 29, 79, 107 and 134 days; the activated sludge was not 
extracted on the 134th day since insufficient sample was available. 

3. E XPER!ME NTAL 
In order to fractionate the liquid sludges an appropriate voltune of 

thoroughly mixed sludge, sufficient to contain 1 g dry solids, was 
centrifuged at 2000xg for 20 minutes. The supernatant was aspirated and 
discarded; previous analysis has shown that less than 0.5% of the total 
metal resides in the supernatant (Booker, unpubl.). The resul tant pellet 
was then fractionated as follows: One grammme of sludge was extracted 
wi th the following se quence of reagents: (1) 50 ml of 1M KN0"t; (2) 80 ml 
of 0.5M KF; (3) 80 ml of 0.1M Na4P20 7; (4) 80 ml of 0.1M Na 2EDTA; 
(5) 50 ml of 6M HN03 • All the extractfons were of 16 hours duration and 
conducted with mechanical agitation. The supernatant extract fluids were 
separated from the sludge residues by centrifugation at 2000xg for 20 
minutes, followed by filtration through 0.45 tun polycarbonate filters. 
The supernatants were analysed simultaneously by inductively-coupled 
plasma emission spectrophotometry for the six metals of interest. 

4. RESULTS AND DISCUSSION 
The mean concentrations of the extractable metal associated with each 

fraction of the control samples are stunmarised in Table 1. Friedman's 
non-parametric analysis of variance (4) was used to test if the duration 
of storage had a significant effect (less than 0.05) on the concentrations 
of trace metals in each fraction of the stored sludges relative to those 
in the control samples. The sludge storage periods after which 
significant changes in the concentrations of metals in individual 
fractions were detected are also indicated in Table 1. The statistical 
analysis suggests that although the concentrations of metals in some of 
the individual fractions of sludge did not vary significantly over the 
entirety of the storage period tested, significant changes in the overall 
distribution of metals between the stun of the constituent fractions 
generally occurred within 29 days of the start of the experiment. Only in 
the case of the distribution of Ni in the activated sludge were no changes 
detected after 29 days storage. However, after 79 days storage signficant 
changes in the distribution of this element were confirmed in the 
activated sludge. 

No recognisable trends in metal redistribution between the various 
fractions with time were apparent. The data shown in Fig.2 for the time 
dependent variations in the concentrations of Zn in the individual sludge 
fractions are exemplary of the fluctuations found for all of the metals. 
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The lack of discernible patterns of metal redistribution suggests that 
microbial activitiy and physico-chemical conditions fluctuated 
considerably over the period of storage. 

TABLE 1 Mean concentrations (mg/kg) of extractable metal associated 
with each fraction in the control (Day 0). 

Sludge Fraction Element 
Zn Cu Pb Ni Cr Cd 

KN0 3 7a 2b 9a Sa 0.4a 
KF 28a 6c 18a 8a 13a 1.0a 

Raw Na,P 20 7 418a 32b 147a 4a 43a 2.5a 
ED A 533 15a 142 8a 7d 2.6 
RN03 257a 115b 66a 3 13a 1.9 

KN0 3 4a 4a 11a 3b NDb 0.4 
KF 13a 3a 9a 5 4a 0.9a 

Activated Na({207 89a 6b 24 1 17a 0.9 
ED 'A 58a 8 19 3 1 1.1 
RN03 15a 13a 11a 2b 0.3a 

KN03 Sa 2 5b 2a 1a NDb 
KF 11 8a 15a 7 8a 0.3a 

Digested Na~P 207 263d 21a 66a 2 36a 1.6a 
ED 'A 190a llc 55a 6a 5 2.0b 
RN03 112a 68b 26a 2a 1Oc 1.3a 

a - value after 29 days storage differed significantly fran control 
(p less than 0.05) 

b - value after 79 days storage differed significantly from control 
(P less than 0.05) 

c - value after 107 days storage differed significantly from control 
(p less than 0.05) 

d - value after 134 days storage differed significantly from control 
(p less than 0.05) 

Values without superscripts did not vary significantly from the 
control over the entire storage duration. 
ND - denotes that the metal was not detected in the extract. 

CONCLUSIONS 
Statistically significant changes in the distribution of metals 

between sludge fractions were generally evident. Only the distribution of 
Ni in activated sludge remained unchanged after 29 days, however, 
significant changes in the distribution of this element were evident after 
79 days of liquid stora~e. It is therefore concluded that the liquid 
storage of sludge at 4 C is an inadequate method for preserving the 
integrity of sewage sludge samples for use in experiments where trace 
metal speciation is a critical facto"r. 

REFERENCES 
(1) OAKE, R.J., BOOKER, C.S. and DAVIS, R.D. (1984). Fractionation of 

heavy metals in sewage sludges. Wat.Sci.Technol., 17. 587-598 
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DISCUSSION 

WORKING PARrY 1 

reo Poster No 29, "Conposting of sewage sludge containing 
polyelectrolytes" - J.J. van den Berg 

A. FARNErI 

You described the COOlpOsting of sewage sludge that had been treated with 
polyelectrolytes to aid dewatering. What effect does the polyelectrolyte 
have on the cOOlpOsting process and on the final cOOlpOsted material? Also 
what is the fate of the polyelectrolyte? 

J.J. van den BERG 

We thought that the polyelectrolyte could have an effect on the 
decomposition of organic matter and so we cOOlpOsted, using the aerated 
static pile method, some aerobically stabilized sludge that had been 
conditioned with polyelectrolytes. We found that the polyelectrolyte 
seemed to have no influence on the cOOlpOsting process or on the quality 
of the finished product. I am not able to comment on the fate of the 
polyelectrolyte - it was not something we examined. 

reo Poster No 17, " Latest test result in sludge dewatering with the CHP 
- Filter press" - U. Loll 

L. SPIOOSA 

Is the CHP Filter press commercially available? 

U. LOLL 

Yes it is in some countries, for example, in America. However, in a 
number of others, eg UK, the licencing agreement has not yet been 
completed and it will be perhaps a year or so before the CHP Filter press 
is commercially available there. 

WORKING PARrY 2 

reo Poster No 25, "Application of CaCl2 - extraction for assessment of 
Cadmium and Zinc rrobility in a waste water polluted soil" - C. Salt 

R. L. LESCHLER 

I would like to contrast Mrs Salt's poster with the paper given during 
Session 2 by Haeni and Gupta on "Chemical methods for the biological 
characterisation of metal in sludge and soil". CaCI) extraction has been 
shown to be a valuable tool for determining extractaBle heavy metals. 
This was derronstrated by Sauerbeck and his co-workers and confirmed by 
Mrs Salt's work. There was an agreement made at the Munster Seminar 
involving both Working Parties 2 and 5 of COST 681 that CaCl2 extraction 
should form the basis for a European standard. I am therefore rrost 
surprised to learn that our Swiss colleagues have not referred to this 

- 548-



www.manaraa.com

"European agreerrent": and apparently have not even rrentioned it to their 
own governrrent when specifically requested. I am concerned about what 
will happen in Switzerland following the setting up of an internal 
standard based on a different extractant when all other countries will be 
using standards based on CaCI extraction; and that chosen because it 
gave the greatest accuracy. §urely the inter-corrparison of results from 
the two standards will be almost impossible. 

H. HAENI 

I agree with Dr Leschber that it is preferable to have a common standard. 
I am not opposed to CaCI as an extractant but ~ need ImIch rrore 
experience of its use. for instance, I have no data using CaCl2 but a 
lot using NaID3. 

C. SALT 

I do accept that even using CaCl2 there can be difficulties. For 
example, analysis of contaminatea. soil using CaCl2 extraction and 
spectrophotometric analysis. Here, there can be problems with 
reproducibility. However, I think it unlikely that the extraction and 
analysis could be achieved at all using NaID3. 

SA1M)N 

I agree with some of the points made by Dr Haeni. Probably a neutral 
salt is best for extraction without the need for changing the pH value. 
However I prefer CaCl2 as it extracts rrore of the heavy rretals and in a 
ratio similar to plant uptake. I know some UK experts do not like CaCl2 
as they think it makes the heavy rretals appear to be too available. In 
general, though, I think it is satisfactory especially as the higher 
levels of heavy rretals, extracted make the analytical work that ImIch 
easier. I do believe, ho~ver, that at the roorrent there is not 
sufficient data to set guide-values. 

J.C. TJELL 

I am concerned that any extraction rrethods will be included in the 
proposed "Sludge to Land" Directive - there just is not enough data 
available at the roorrent_ 

WORKING PARrY 4 

re: Poster N:::> 27 - "The alternative "Earthworm" in the organic wastes 
recycle". - U. Tomati, A. Grappelli and E. Galli 

A.M. BRUCE 

Can earthworms survive low terrperatures? 

U. 'IDMATI 

The worms are very hardy and can live under extrerre conditions. However, 
the optimum is between 240 and 32 °C. Certainly, if the tenperature 
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falls below about 10 °c the wonns stqp transforming the organic matter. 

It is interesting to note that the wonns and the soil can have quite 
different temperatures. 

re: Poster l't:l 28 - Slurry rreter - H. Turmey 

A.M. BRUCE 

Do the gas bubbles in the sludge affect the reading of specific gravity 
and indirectly the rreasured solids content? 

H. TUNNEY 

The gas bubbles are boiled off by applying a high vacuum to the sludge, 
and so do not affect the reading greatly. I believe that the instrunent 
has good advantages for the Water Industry where a reasonable accuracy is 
required. 

re: Poster 13 - Sludge conposting and utilisation - G. Hubert 

J.E. HALL 

I am unsure whether cooposting falls withing the intersts of Working 
Party 1 or 4. What is the rational for cooposting? Ease of operation, 
cost and a product to sell must be inIx>rtant criteria. There are other 
factors to take into account though; for example, relationship between 
price of carposted material and the supply and demand ratio. Storage 
costs are also an inIx>rtant factor. I would also like to see an 
indication of the maturity of the carposted material established and 
believe that there should be a standardised rretOOd to assess this. I 
would like to ask our Swiss colleague why he chose to coopost already 
digested sludge? 

G. HUBERT 

We used digested sludge because that was our locally available material. 

A.M. BRUCE 

The potential odour problem needs to be added to the list of criteria for 
carposting referred to by MI:" Hall. I note that at the Rutte Recycling 
plant in The Netherlands, they have had to fit a roof over the plant to 
control the odours. 

J.J. VAN DEN BERG 

That is not strictly true. We could control the odours with an 
extraction system. The roof is not really necessary for this purpose. 
What it will do though is to help us to control the plant in the Irost 
efficient way in all weathers. 
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PROCESSING AND COSTS 

A.M. BRUCE 
Water Research Centre, Stevenage, United Kingdom 

It is just about two years since the previous COST 68 Syrrposium 
was held, in Brighton. During this interval, research and developrent 
on the many aspects of sewage sludge and animal manure processing have 
continued at a steady pace and progress has been made. But w= must 
not expect too much in the way of dramatic new discoveries, new 
developments or marked reductions in costs in the relatively short 
space of two years. It has been said that distinct developrrents and 
trends in the field of sludge and slurry processing are really only 
discernible over ten year periods or longer. Thus, it is not 
surprising that we do not have much really 'new' to discuss in this 
session but, rather, SOIre useful reviews, sorre important surveys and 
SOIre interesting pointers for future research. All this should help to 
concentrate our research resources, and our minds, on the roost 
important areas for future research and the roost likely fruitful areas 
for costs reductions and improved plant performance. 

Dr l-bller's paper gives us a mature, perceptive view of what the 
future is likely to hold, in Europe at least, in regard to permitted 
sludge· disposal practices and the consequent changes that will be 
necessary in processing requirerrents. He predicts confidently that 
disposal of sludge to the sea will have to be curtailed, that disposal 
to landfill will require sludge to be dewatered to a high solids 
content to ensure physical stability, and that positive disinfection 
as well as stabilisation will becorre a fairly general requirerrent for 
sludges utilised in agriculture. All these trends will necessitate a 
greater degree of sophistication in sludge processing techniques. For 
example, high pressure dewatering, and combined or sequential 
disinfection and stabilisation stages. Much of the new technology to 
achieve these ends is already available, or is under active 
developrrent, at least on the pilot scale. What is needed now is the 
appropriate research and development to permit the introduction of the 
roore sophisicated technology without significantly increasing 
processing costs. 

The contribution by Nielsen is a concise review of the current 
'state of the art' of biological treatrrent for liquid animal manures. 
The objectives of farm waste treatrrent are seen to be both control of 
environrrental pollution and the achieverrent of an improved fertiliser 
value of the treated manure. In terms of design constraints, 
treatrrent systems for farms are considered to be much roore demanding 
than those for sludges at municipal sewage works. In particular, it 
is absolutely vital that that the plant should be easy to operate with 
minimal labour requirerrents and that it should be very robust and 
easily repaired. In addition to all this, the overall operation has to 
be economic for the farrrer. Odour control is a crucial factor in the 
economics of treatrrent. With anaerobic treatrrent, the utilisation of 
digester gas can also affect the economic balance favourably but it 
appears that, so far, efficient and economic use is difficult to 
achieve. Much developrrent work has been done on the small and pilot 
scale in both anaerobic and aerobic systems. The way forward now is 
to implerrent many of the ideas arising from research and make 
available to the farrrer reliable and economic full-scale plants for 
his use. He will then be in a position to respond if the increasing 
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pressure of environmental legislation demands that treatment systems 
be installed on a wider scale than at present. 

In his overview of anaerobic digestion, Bruce highlights the 
importance of the mesophilic process for stabilisation and pathogen 
reduction of sewage sludges. Over 50 per cent of all the sewage sludge 
produced in the European Economic Comnunity countries is subjected to 
mesophilic digestion and there is the prospect of many rrore plants in 
the future. The message is clear, therefore, and that is that further 
research to in'prove the efficiency and economics of the process could 
yield large benefits in terms of reduced costs. Many inprovements have 
been made over the years in terms of both design and operational 
aspects of digestion but there is still roam for in'provement. 
Operational problems related to foaming, inadequate mixing and 
inhibition still occur and same research input in these areas might be 
appropriate. The energy contribution of anaerobic digestion on a 
national scale has sometimes been over-rated in the past but on a 
local scale there is no doubt of its importance and ways of in'proving 
the economics of gas utilisation for energy production should still be 
sought. The only serious rival to anaerobic digestion is mesophilic 
(or therIIDphilic) aerobic digestion and much of the early development 
of this process was done by Loll in FR Germany. It is of interest to 
note that Dr Loll is an active member of COST 681 Working Party 1. The 
costs of the t\\lO processes are certainly very canparable and it is a 
matter of what design assurrptions are used as to whether or not one 
process or the other appears the rrore econanic in particular 
circumstances. As far as the use of anaerobic digestion for farm 
wastes is concerned, it is still of much less importance than it is 
for sewage sludges but its role in this area will probably grow in the 
next ten years. The basic microbiology of the process is the same for 
both types of waste. Great strides had been made in elucidating the 
canplex chemical pathways involved in both hydrolysis /acidogenisis 
and in methanogenesis. The question is whether or not further research 
in the field of fundamental biochemistry and microbiology is likely to 
yield significant advances in process design or control systems for 
anaerobic digestion. The principle of hydrogen rronitoring already 
seem:; to be one \\lOrthwhile benefit fran this type of research and it 
seeems essential that further advances in basic knowledge should be 
pursued with the hope that it will reap rrore practical benefits in due 
course. 

Canposting of sewage sludge has been acquiring a rrore important 
role in recent years though its role is still insignificant in rrost 
areas corrpared to that of anaerobic digestion. The 'state of the art 
review' by Duvoort van Engers and Coppola reveals considerable 

differences in the popularity of the method arrong the various 
countries surveyed. Scandanavian countries seem to have the greatest 
preference for c:orrposting but the reason for this is not clear. It 
may be associated with low population density or, possibly, the ready 
availability of bulkiing materials such as \\lOod chips. Both 
'in-vessel' and windrow canposting seem equally used but the 
advantages and disadvantages of the respective systems need to be rrore 
clearly defined. Whatever the reasons for employing a canposting 
system, there is little evidence that the econanics of the process 
weigh heavily in the considerations. We need to acquire much rrore 
accurate costings for the various systems in use so that they can be 
canpared with other stabilisation methods. More information is also 
required on the availability of reliable commercial outlets for 
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mrrposted sewage sludge. 
The wider question of how to determine the optimum combination of 

sludge treatment processes for particular circumstances is tackled in 
the paper by Spinosa and Lotito. They stress the irrportance of 
identifying the disposal outlet first and then deciding on the 
treatment processes to be used. For optimisation, it is essential to 
be able to roodel the various unit processes (ie thickening, 
stabilisation, conditioning, dewatering) and sorre examples are given 
in the paper. M:>st of these are based on Arrerican experience and it 
is necessary to validate them for European conditions. Sewage sludge 
is an extremely variable material and it is not'appropriate to assume 
the same behaviour in every case. M:>dels must allow fo the in-putting 
of specific values for a given sludge and these values should 
preferably be determined by experimental tests. 

In their contribution on. the economics of the various treatment 
and disposal options, Di Pinto and Mininni conclude that the disposal 
of liquid sludge to farm land is generally not economic unless the 
disposal site is very close to the treatment works. The use of 
pipelines for transportation is by no means a new idea but it is one 
that should always be considered in appropriate situations. For 
dewatered sludge, farm utilisation is often the most econanic option 
and, of the other options, landfill is usually more attractive than 
incineration. But the long term future of landfill sites is uncertain 
and the incineration route may well become of much more irrportance in 
the future. Research to improve the costs of incineration seems 
therefore to be worthwhile. 

Perhaps the most interesting 'new' ideas in this symposium flowed 
from the paper on 'alternative uses' by Frost and Campbell. Sewage 
sludge is a renewable resource but how best tq exploit it? The 
authors showed that the possibilities are numerous but the most 
promising prospect seems to be fuel production by low-temperature 
pyrolysis. Its future prospects will depend much on the future cost of 
energy and on the reliability and costs of the pyrolysis process. It 
is interesting to note that the process was originally devised by 
Bayer in FR Germany but further development work has been largely done 
in Canada and the UK mainly as a result of the rapid ccmnunication of 
new ideas between countries which has been effected through membership 
of COST 681 Working Party 1. 

Finally, it is appropriate to make reference to the paper, in 
another Session, on olfactorretric methods of odour measurement 
(Voorburg et all. -This is a 'landmark' paper because it represents a 
distillation of knowledge on a very specialised scientific topic from 
a group ccmprising the leading experts on odour measurement in Europe. 
This group was formed specially as a sub-group of COST 681 Working 
Party 1 and was given very specific terms of reference and a short 
reporting timescale. The results, seen in the paper, are likely to be 
of great value for both researchers and scientists concerned with 
assessing odours in relation to sludge treatment and disposal 
operations. The principle of commissioning groups of specially 
selected experts to report on ways of dealing with very specific 
problems in a short timescale would seem to have a lot to recommend 
it. It is probable that the COST 681 Working Parties will enploy this 
principle again in the future to .good effect. Certainly, if this leads 
to the more rapid implementation of research to the direct benefit of 
those responsible for treating and disposal of our sewage sludge then 
it is a path that should be followed. 
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DISCUSSION 

re: Session 1 

J. TARADELLAS 

We seem to have reached a log-jam with our thinking on the treatment and 
disposal of sewage sludge. Tllare seems to be no research on the 
underlying nechanisms which are so mp:,rtant. We need a fresh look at 
these basics and consider them in parallel with the overall global 
approach. 

P. BALMER 

We certainly need to carry out sone more work on line treatment of sewage 
sludge which is a good low capital cost option. Furthermore, landfill 
disposal is mp:,rtant but we know little about the managerrent. Two 
additional areas of work that I would like to suggest is chemical 
treatment of sludge and irrproved guidelines for the disposal. Thus we 
can reduce the levels of cadmium in sludge to about 3 ppm by chemical 
treatnent. What we need to know is where the cadmium is coming from in 
the first place. As regards guidelines, we need to take account of the 
fact that people do not eat only sludge-grown crops. 

G. FLEMING 

We seem to have only highlighted the negtive aspects of sewage sludge. 
It does have its advantages though. For example, spreading sewage sludge 
on agricultural land can provide small amounts of trace elerrents such as 
selenium and cobalt to deficient soils. 

G. MININNI 

I can I t agree with Mr Taradella I s point that little is known about the 
nechanism of sludge treatment and disposal. For example, there is now so 
much more known about corrposting. What we do need to look at though is 
the disposal of industrial wastes. One way is to seal them into solid 
matrices frc:m which they can be released very slowly or even not at all 
into the environment. 
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CHARACTERIZATION OF SLUDGE 

A.H. HAVELAAR 
National Institute of Public Health 

Bilthoven, The Netherlands 

E.B. PIKE and R.D. DAVIS 
Water Research Centre, Environmental Directorate 

Medmenham, UK 

I. Physico-ChemicaL Characterization 

Characterization of sludge depends in the first place on obtaining 
a representative sample on which to carry out determinations of chemical 
and biological quality. Sampling is therefore of fundamental importance 
but is all too frequently taken for granted and inadequate. The paper 
by Gomez, Leschber and Colin addressed the problem of how to sample 
sludge and emphasised the importance of establishing a 
statistically-based sampling regime derived from detailed assessment of 
how quality varies with time. There are obvious difficulties in 
producing standard guidelines for sampling a material such as sewage 
sludge where conditions at any two given wastewater plants are likely to 
be quite different. Nevertheless this problem must be tackled if sludge 
quality is to be characterised accurately which is an essential 
requirement for decision-making at both the experimental and operational 
level. The problem of sampling does not end with the sludge since soil 
and plant analysis will also be needed where sludge is utilized on 
agricultural land. Procedures for soil sampling are better defined than 
for sludge sampling but conventional methods for soil developed to 
assess texture and fertility may not always be appropriate for 
sludge-treated soils where the aim is to assess levels of contaminants 
such as metals. From the discussion to this paper it was made clear 
that sampling regimes should be practical and feasible and not based 
only on statistical theory. 

Taking samples for the determination of organic contaminants poses 
particular problems in handling, storage and preparation for analysis. 
Interest in organic contaminants in relation to environmental aspects of 
sludge disposal is growing but the analytical problems are formidable. 
Tarradellas, ~ and Beck described the results of an interlaboratory 
comparison exercise on the analysis of polychlorinated biphenyls (PCBs) 
in which 39 laboratories submitted results. Agreement between the 
results obtained by different laboratories needed to improve. To this 
end it was thought that more strictly defined procedures would help 
especially as regards extraction techniques used in sample preparation. 

The state-of-the-art in metal analysis has now advanced to focus 
on chemical methods for assessing bioavailable metals in soils, in 
addition to total concentrations. Following on from the COST 681 
Seminar on this subject in Munster in 1984, Hani and Gupta reported 
their latest findings using a neutral salt solution as the extractant. 
They had extended their work with sodium nitrate and were now able to 
provide critical soil concentrations for sodium nitrate extractable 
levels of lead, cadmium, copper, nickel and zinc in soils. These 
critical values would probably be incorporated in new Swiss guidelines 
for sludge utilization on land to be published early in 1986. 

Apart from the chemical characterization of sludge, the paper by 
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Loll drew attention to the importance of physical characterization as a 
criterion in sludge treatment and disposal. Presumably this would be 
particularly important where large quantities of dewatered sludge were 
to be put in sanitary landfills and is also relevant to sludge 
dewaterability and pumpability. The physical parameters mentioned were 
bearing capacity, density, shearing strength, conditionability, specific 
resistance to filtration and compressability coefficient. 

II. BioLogicaL Characterization 

The increasing installation of municipal sewage treatment plants 
increases pressures for disposal, and land use is relied upon heavily in 
most European countries. Ideally, reduction of risks from pathogens in 
sewage sludge should be based upon the following sequence of steps: 
- presence and numbers of pathogens in raw sludge, 
- dose-response data, 
- definition of acceptable risk, 
- survival of pathogens during sludge processing and application, 
- designing of treatment processes and development of guidelines, 
- monitoring of treatment processes for indicator organisms. 
The following is a brief summary of the 'state of the art' and in 
particular of the progress made during the Symposium. 

ad a. Major concern still is with salmonellae, viruses and parasites, 
the latter with growing emphasis on coccidia and protozoans. There are no 
systematic surveys of pathogens in raw sludge. Relatively many data are 
available for salmonellae in certain regions (Switzerland, Germany, United 
Kingdom, the Netherlands). Data on parasites are scarce, and no methods 
are yet available for the epidemiologically most significant viruses. 
Monitoring projects should be developed and these should use standardized 
methodology. 

ad b. Dose-response data can be defined for certain cases, such as 
infection of cattle with Taenia saginata eggs. The relationship between 
cysts produced and eggs swallowed is not proportional: there seems to be a 
lower limit of infection (~ 6 eggs) and generalized infection seSms only 
possible in the case of swallowing of whole proglottides (~10 egs). 
Viability is not related to infectivity. However, it is uncommon to find 
straight forward infection routes. In practice, complex infection networks 
exist, and multiplication of pathogens may take place en route (e.g. 
salmonellae in the intestines of food animals). Because of this and the 
factors which determine innate and acquired immunity, there is no simple 
relationship between numbers of pathogens in sludge and prevalence of human 
or animal infection. Further progress will require the development of 
mathematical models. 

ad c. No attempts at definition of acceptable risk have been made and 
this approach does not seem to be feasible in the near future. Further 
developments will rely heavily on surveillance data and systems of 
surveillance and reporting of data should be improved. This might 
stimulate the conduct of well-designed specific epidemiological studies. 
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ad d. As treatment criteria cannot be defined from risk assessment at 
present, arbitrary standards will have to be set. These should define the 
required degree of inactivation during processing, which in turn should be 
related to subsequent sludge use and constraints made. Both Working Party 
3 and the u.s. EPA have divided treatment processes into two categories of 
eff iciency. 
"Processes to significantly reduce pathogens" will inactivate at least 90% 
of all relevant pathogens and sludge treated in this way can be brought on 
land with further restrictions after application. 
"Processes to further reduce pathogens" will inactivate pathogens to below 
detection level, this needs to be quantified. Sludge treated in this way 
could be used without further constraint. 
A basis for a kinetical model of pathogen die-off, employing death rate 
constants, was presented and also specific data on parasites were given. 
It seems that Taenia saginata eggs are most resistant at temperatures above 
SOoC, but tha~ris eggs are most resistant to lime (i.e. high pH) and 
storage. Points to be clarified are the use of seed organisms (lab 
strains) versus indigenous organisms, the documentation of experimental 
conditions and standardization of study design and reporting. 

ad e. Development of guidelines and rating of treatment processes has 
been possible for several years on the basis of existing data and common 
sense. New developments and more conceptual approaches may - and should 
lead to re-evaluation and updating of old recommendations and new data were 
reported. Importantly, real world situations offen diverge from labscale 
models, in particular because of absence of batch or plugs flow 
characteristics. Process studies should preferably be carried out with 
pathogens themselves. 

With regard to guidelines, it was again emphasized that they should 
take local situations into account. Also, the need for a code of good 
hygienic practice for sludge handlers was stressed. Transport of pathogens 
from sludge application sites in particular viral pollution of 
groundwater - also is an aspect not covered in present guidelines but could 
be important in some areas. New experience with regard to soil injection 
of raw sludge both favourbale because of development of reliable 
injection equipment, and unfavourable because of earthworm activity and 
persistence of pathogens in the soil - was reported in the discussions and 
it will be interesting to see the detailed reports in the near future. 

ad f. The use of indicator organisms should be restricted to 
monitoring of existing treatment processes, that were previously accepted 
on the basis of pathogen analysis. The discussions on choice of organisms 
and numerical values are just emerging and will require more international 
study. Nevertheless, consensus seems to appear on faecal streptococci, 
eventually supplemented with enterobacteriaceae as suitable models. 
Interest is also growing for the heat resistant f2 phage. Differences in 
opinion still do exist with regard to numerical values and this subject 
will be important for future work. 

Contributions were made to the discussion of the papers by E.Lund (DK), 
J.E.Hall (UK), J.Tarradellas (CH), P.J.Mathnews (UK) and A.M.Bruce (UK). 
Their comments have been incorporated in this report. 
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MANAGEMENT CONSIDERATIONS IN SLUDGE AND EFFLUENT DISPOSAL 

J.E. HALL and R.D. DAVIS 
Water Research Centre, Environment Directorate 

Medmenham, UK 

The theme for this session was management considerations and is an 
important area for this conference to review as it is the point where 
scientific research and the realities of sludge disposal meet. Sewage 
sludge and livestock slurries are a resource that if used with due care, 
will benefit agriculture and it is clear that if the efficiency of use of 
these materials can be improved, many of the problems associated with 
their use would be reduced. A particular problem readily apparent to the 
public at large is the odour produced by sludges and slurries. Voorburg 
described in his paper a series of recommendations on olfactometric 
measurements to standardise methods of odour assessment which try to make 
odour testing as objective as possible. The measurement of odour 
intensity or offensiveness is much more difficult and subjective than 
odour strength and further work is required on this. 

A difficulty in improving the nutrient efficiency of organic manures 
is knowing what are the concentrations of the nitrogen, phosphorus etc 
present as this may vary tenfold from average analyses. The rapid methods 
described by Tunney are an important development with the Slurry Meter and 
the Agros Meter together having significant potential for both sludges as 
well as slurries, in measuring dry solids, total nutrients and available 
nitrogen contents. The paper by Williams and Hall described recent 
developments in improving the efficiency of nitrogen utilisation. 
Increasing N efficiency is important not only from the fertiliser point of 
view but the amount of nitrogen that potentially could be lost to the 
environment is also reduced. Correct timing and rate of applications are 
perhaps the most important with the late winter-early spring period being 
preferred but efficiency can also be improved by spli t applications, 
applying to growing crops and soil injection; the latter has the greatest 
promise as it has a number of other agronomic and operational advantages, 
principally that it can also eliminate odour. Nitrification inhi bitors 
and anaerobic digestion of slurry (unlike sewage sludge) do not appear to 
be very effective at improving N efficiency. Satisfactory organic matter 
levels are important for long term structure and fertility of soils but 
are often too low generally due to current farming practices. The longer 
term organic matter value of sludge and manure was considered by the work 
of Lineres, Juste, Tauzin and Gomez which indicated that farmyard manure 
had a longer lasting effect on soil than digested sludge. 

The paper by Fleming and Davis looked at contamination problems in 
relation to land use drawing together results presented by contributors to 
COST 681 meetings over several years. The criteria identified as a basis 
for assessing hazard were risks to the food chain or of phytotoxicity, 
zootoxicity, or contamination of surface or groundwater. On this basis it 
was possible to assign a hazard rating to each outlet for sludge and it 
was concluded that horticulture, gardens and allotments represented 
high-risk outlets; arable land, grassland and forestry represented 
medium-risk whilst use of sludge for land reclamation, on green areas or 
in viniculture was associated with comparatively low risk. It was 
emphasised that potential contamination problems could be minimized by 
control of sludge application, good land management, monitoring, and 
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centre 1 ef industrial discharges to. the sewer. 
Leng-term effects were dealt with by Sauerbeck en the basis ef data 

frem a large number ef field trials mainly in Germany. It was cencluded 
that lead and chremium were unlikely to. present a preblem unless seil 
cencentratiens were extraerdinarily high. The present German thresheld 
values ef 100 ppm in seil fer these elements were extremely cautieus. Fer 
cepper the 100 ppm limit value in scil was. abeut right but perhaps tee 
high fer seme creps en light; sandy soils; The nickel limit ef 50 ppm in 
seil guaranteed no. phytetexicity preblems and needed to. be taken serieusly 
enly where mest ef the nickel was pellutien derived and net ef geelegical 
erigin. The limit fer zinc in seil ef 300 ppm appeared to. be abeut right 
en balance. The present limit ef 3 ppm fer cadmium in seil was shewn to. 
result in excessive cadmium cencentratiens in seme staple feed creps and 
needed to. be reduced to. 2 ppm in seils used fer feed preductien. The 
criteria ef main cencern abeut cadmium was the seil cencentratien likely 
to. preduce abeut 1 ppm in cereal grains. On the basis ef the German 
results it seemed that a seil cencentratien ef cadmium ef 2 ppm weuld be 
needed to. ensure this. Hewever, leeking back to. Fig 1 in the paper by 
Fleming and Davis it is clear that fer 3 centrasting seils typical ef UK 
agriculture the cencentratien ef 1 ppm ef cadmium in wheat grain is net 
reached until the seil cencentratien ef cadmium is at least 8 ppm. This 
weuld presumably be due to. the different seil cenditiens in mest ef the UK 
cempared·with Germany where the seils are predeminantly light and sandy. 

In general terms Sauerbeck theught that grasses were less sensitive 
than bread leaf creps to. metals in the seil. Cencerning changes in 
availability ef metals with time it was very difficult to. judge what weuld 
happen en the basis ef a few years er decades. Any incerperatien ef 
persistent centaminants weuld result in a gradual deterieratien ef seils, 
Inputs ef centaminants to. seils sheuld be reduced by all pessible means by 
tracing and clesing seurces witheut cempremise. 

Juste and Selda described results ef an experiment with maize started 
in 19~Juste drew attentien to. the impertance ef metal anatagenisms and 
seil temperature in affecting metal uptake by creps. The metal centents 
(nickel and cadmium) ef the sludge used in the experiment were abeut ene 
hundred times higher than nermal fer sewage sludge and an industrial 
sludge ef this kind weuld never be used in agriculture. Censequently the 
results ef the trial may have little applicatien. Sauerbeck hewever 
incerperated seme ef Juste and Selda's data into. his review. 

The sessien cencluded with a review ef metal limits fer sludge 
utilizatien in agriculture by Tjell and Webber. This paper identified 
large variatiens in limit values set by d~nt ceuntries and attempted 
to. identify the reasens fer these differences accerding to. the appreach 
adcpted in setting limits which, it was argued, cculd be histcrical, 
pragmatic cr scientific. Whether the sludge was used cn land as a scurce 
cf nitrcgen cr phcsphcrus affected the amcunt applied and hence the 
quanti ty cf metals added. Prevailing scil ccndi ticns, especially pH 
value, were cf fundamental impcrtance also.. The scientific apprcach to. 
guidelines was dealt with in detail especially with reference to. cadmium. 
Three cpticns were identified fcr unifying sludge utilizaticn regulaticns: 
1. Elabcrate rules taking acccunt cf different ccnditicns (e.g. scil pH 
value) in each ccuntry. 2. Strict unifcrm rules. 3. Individual rules fcr 
each ccuntry. Hcwever, it semed difficult to. argue that sludge 
regulaticns cught to. be internaticnally standardized. 
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DISCUSSION of paper by Fleming and Davis 
It was thought that salinity could be included in the assessment of 

phytotoxicity especially where sludge was used in horticulture as 
germination of some vegetable seeds was very sensitive to high salinity 
levels in soil solution. Liming was not a practical way of reducing metal 
uptake on some soils such as peats. Perhaps more attention should be paid 
to iron content and form which was another way of controlling metal 
availability in acid soils. 
(Contributors to discussion: Sbaraglia, Kuntze) 
DISCUSSION of papers by Sauerbeck; Juste and Solda; and Tjell and Webber 

It was suggested that the speciation of metals in soil was important 
in the understanding of availability. The use of selective extractants 
gave an indirect indication of this but more data on the performance of 
extractants was needed from field experiments. It was likely that the 
relationship between extractability by particular chemicals and 
availability to plants was essentially empirical for the extractants now 
in use. The use of soil solution analysis was of interest in this 
context. Ultimately it would be of interest to know how forms of metals 
changed after entry into the plant or animal and the specific enzymes or 
enzyme systems they affected. 

Professor Sauerbeck had used ppm cadmium in wheat grain as a 
criterion for reducing the soil limit for cadmium in Germany from 3 ppm to 
2 ppm. However data in the paper by Fleming and Davis (Fig. 1) showing 
cadmium concentrations in wheat grain in relation to cadmium 
concentrations in three contrasting soils broadly representative of UK 
agriculture showed that 1 ppm cadmium in wheat grain will not be reached 
until the soil concentration is about 8 ppm. 

It was thought that hexavalent chromium (the more toxic form) was 
unlikely to occur in sludge and would not persist in soil. 
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CONCLUSIONS AND RECOMMENDATIONS 

H.M.J. SCHELTINGA 
Staatstoezicht op de Volksgezondheid 

Hoofdinspectie voor de Hygiene van het Milieu 
Pels Rijckenstraat 1 

NL-6800 DR ARNHEM 

This 4th Symposium reflected in a very condensed way the work, that 
within the framework of the Concerted Action COST 681, has been done by 
the working parties. 

The original objectives of the Symposium were to give a comprehensive 
view on completed research in Europe in general and more specifically of 
the results obtained from COST 681 "Treatment and Use of Organic Sludge 
and Liquid Agricultural Wastes" in the last two years. 

Aims of special interest were: 

to evaluate the technical aspects of the processing of sludge and 
slurries, 

to assess the constraints raised by the production of a safe 
end-product, i.e. to identify problems of heavy metals and organic 
compounds, and to evaluate the hygienic constraints to the use of 
sludge and slurries in agriculture due to pathogens, 

to assess the possible impact on the environment of sludge 
treatment and disposal, 

to contribute knowledge necessary for optimum use of slurries and 
sludge in agriculture with benefit for the farmer, 

to study the research needs and priorities required over the next 
years for an efficient and safe management of sludge and effluent 
disposal, 

to reinforce the contacts between the scientists of the 
laboratories participating in the research work in view of 
improving the coordination between the different activities related 
to the implementation of the research programme. 

Many thanks are due to all the scientist from Member States as well as 
from Non-Member States, who made it possible to solve many problems in 
this field of research and practice during these years. 

This feeling was also expressed last year by the evaluation panel of the 
Environmental Protection R&D Programme at a meeting with COST 681 
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representatives in Brussels.The value of the easy communication between 
scientists from 15 countries cannot be overestimated. It was reflected in 
the fact that many papers in this Symposium were prepared by more than 
one author from different countries. The long list of publications of 
proceedings from symposia and workshops organised by the working 
parties was highly appreciated as a means to disseminate knowledge 
beyond the circle of those directly involved in the Action. 

Professionally and academic outstanding results have been achieved and 
published. 

The research coordinated by COST 681 is the only Concerted Action from 
which the whole set of results has been used in order to establish a 
proposal for a Community Directive on the application of sludge in 
agriculture. 

Improvements were proposed by the panel too. Certain specific 
suggestions may be very useful to bring us to some thoughts on our 
future work. 

Recently a proposal for a Council Decision was made, adopting three 
multi-annual research and development programmes in the field of 
environment (1986-1990): 

1. Environment Protection 
2. Climatology 
3. Major technical hazards 

For the future of COST 681, the first programme, environment protection, 
is most interesting. The proposal covers contract research and Concerted 
Actions. 

In the scientific content of the programme subjects are listed that 
fully fit into the future work of our COST Action, for example: 

eutrophication 
effects of agricultural practice 
organic wastes, such as sewage sludge and animal manure 
analytical methods 

Furthermore to the subject of groundwater pollution, chemical and 
biological, increased attention should be paid. The evaluation panel, 
referred to earlier, asked for more coordination in this area, mainly 
because of influences from agriculture in many European countries. 

The research and development programme will also be implemented, as 
said, by concerted actions. A renewal of the 5 existing actions, among 
them COST 681, is announced. 
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The Community COST Concertation Committee 681 will now and in the 
beginning of 1986 discuss intensively about this renewal. In my view, 
more attention than so far, has to be given to the many problems in the 
field of manure disposal in agriculture. On the other hand certain needs 
for research in the field of sewage sludge are indicated during this 
Symposium. 

We will invite the national representatives to consult their experts 
involved in COST activities and others from outside our action to give 
their view on the proposal that the Committee will prepare early in 
spring 1986. It should in our view reflect the expectations that the 
many countries participating will formulate. 
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