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Effect of long term sewage sludge applications on micro-organisms in an arable soil 

Kirsten Stöven1, Abdulla Al-Issa2, Jutta Rogasik1, Sylvia Kratz1 and Ewald Schnug1 

Abstract 

Effects of heavy metal pollution caused by decennial 
sewage sludge disposal on soil micro-organisms were 
estimated 13 years after the last sludge treatment in a long 
term field experiment. Microbial properties (microbial 
numbers, enzyme activity, biomass) of soil at different 
heavy metal and sewage sludge levels were measured. 
The long term application of heavy metal enriched sewage 
sludge resulted in total heavy metal concentrations in soils 
above the German precaution limits. Both the addition of 
sewage sludge with low heavy metal content as well as the 
addition of heavy metal polluted sludge showed an 
increased count of aerobic heterotrophic bacteria and 
actinomycetes compared to the control. Aerobic cellu
lolytic bacteria and fungi displayed a different reaction: 
When heavy metal polluted sewage sludge was applied, 
the number of fungi and aerobic cellulolytic bacteria was 
lower compared to the application of original (not 
enriched) sewage sludge. Dehydrogenase activity and 
microbial biomass confirmed these findings, while alka
line phosphatase activity did not. Compared to the only 
minerally fertilised control plot, soil organic matter con
tent (SOM) was significantly increased by sewage sludge 
addition in all plots except where a low dosage of original 
sludge was applied. In addition, it correlated significantly 
with all heavy metals except Pb. Sludge bound heavy 
metals may inhibit the microbial decomposition of organ
ic matter, which should result in a more pronounced accu
mulation of SOM in the highly contaminated plots. How
ever, SOM is influenced by a large complex of parame
ters, which vary considerably in time and space. These 
may have overlapped the expected microbial effects. 
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Zusammenfassung 

Langzeiteffekte von Klärschlammausbringung auf 

Mikroorganismen eines Ackerbodens 

Die Auswirkungen einer durch zehnjährige Klär-
schlamm-Entsorgung verursachten Schwermetallbelas
tung eines landwirtschaftlich genutzten Versuchsfeldes 
auf Mikroorganismen im Boden wurden 13 Jahre nach der 
letzten Beschlammung untersucht. Es wurden die mikro
biellen Eigenschaften des Bodens (Zellzahlen, Enzymak
tivität, Biomasse) bei unterschiedlicher Belastung mit 
Klärschlamm und Schwermetallen geprüft. Langzeitappli
kation von schwermetallangereichertem Klärschlamm 
führte zu Gesamtgehalten von Schwermetallen im Boden, 
die teilweise oberhalb der deutschen Vorsorgewerte lagen. 
Sowohl die Applikation von nicht schwermetallangerei
chertem als auch die von angereichertem Schlamm zeig
ten im Vergleich zur Kontrolle erhöhte Zellzahlen für 
aerobe heterotrophe Bakterien und Actinomyceten. Aero
be cellulolytische Bakterien und Pilze wiesen eine andere 
Reaktion auf: Wo schwermetallangereicherter Klär
schlamm verabreicht wurde, verringerten sich ihre Zell
zahlen im Vergleich zu den Parzellen mit nicht angerei
chertem Originalschlamm. Dehydrogenaseaktivität und 
mikrobielle Biomasse bestätigten dieses Ergebnis, die 
alkalische Phosphataseaktivität dagegen nicht. Im Ver
gleich zur ausschließlich mineralisch gedüngten Kontroll
fläche war die organische Bodensubstanz durch Klär
schlammapplikation in allen Parzellen signifikant erhöht, 
mit Ausnahme der Parzelle, auf der nur eine geringe 
Menge des Originalschlammes aufgebracht worden war. 
Die organische Bodensubstanz (OBS) korrelierte zudem 
signifikant mit allen gemessenen Schwermetallen außer 
Pb. Klärschlammgetragene Schwermetalle können die 
Umsetzung der OBS hemmen, was sich in einer stärkeren 
Akkumulation derselben auf hoch kontaminierten Parzel
len zeigen sollte. Allerdings wird sie darüber hinaus durch 
eine Vielzahl von Parametern beeinflusst, die ihrerseits 
sowohl zeitlich als auch räumlich deutlich variieren. Dies 
dürfte die erwarteten mikrobiellen Effekte hier überlagert 
haben. 

Schlüsselwörter: Enzymaktivitäten, Klärschlamm, 
Schwermetalle, Zellzahlen 
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1 Introduction 

The disposal of sewage sludge as fertiliser on agricul
tural lands has been a common practice over the last few 
decades. Sewage sludge contains a number of essential 
plant nutrients and is rich in organic matter, which is an 
important factor for plant growth and yield (Parat et al., 
2005; Scheffer et al., 1992). However, at the same time, it 
is contaminated with heavy metals, the concentrations of 
which vary depending on its origin (domestic or industri-
al/geographic location) (Fließbach, 1991). Recycling of 
plant nutrients from waste material can contribute to the 
saving of natural resources only if the demands of soil and 
environmental protection are fully satisfied. Among the 
positive effects associated with the addition of sewage 
sludge to agricultural soils are increases in organic matter 
content, microbial biomass, microbial numbers, and 
microbial activity (Parat et al., 2005; Fließbach et al., 
1994). Heavy metals in the sludge, on the other hand, 
might affect the microbial metabolism with endangering 
effects on soil organisms and plants. Micro-organisms are 
important for the decomposition of organic matter and 
respond to nearly every change in soil conditions (Schin
ner, 1996; Alexander, 1977). For example, Giller et al. 
(1998) found an increasing amount of organic matter in 
soil caused by the heavy metal induced inhibition of 
microbial decomposition of soil organic matter. As sever
al studies show, the continuous application of sewage 
sludge on arable land results in an accumulation of heavy 
metals up to toxic levels for plants (Chang et al., 1997; 
Chaudri et al., 1993). The threshold level for toxic effects 
to organisms is often only slightly above the geological 
background concentration of heavy metals (UBA, 1998). 
The impact of heavy metals on plants and soil organisms 
depends on their biological availability in soil. Many of 
the heavy metals in sewage sludge are bound to the 
organic matter and may be released to water soluble and 
thus bio available forms only after slow decay of the 
sludge over years (Stevenson and Cole, 1999; McBride, 
1995). Due to the heavy metal induced inhibition of 
microbial sludge degradation, the total amount of sludge 

Table 1: 

Chemical composition of the sewage sludge applied (means of 1980 - 1990)


bound heavy metals and thus the potential risk of a spon
taneous heavy metal release under changing environmen
tal conditions may be increased with continuing sludge 
application. This is termed as “sludge time bomb 
hypothesis” (McBride, 1995). On the other hand, as was 
shown by Wilke et al. (2005), micro-organisms may show 
adaptation to heavy metal stress by forming resistance 
mechanisms against the pollutants. 
In this paper, a study is presented which investigates 

long term effects of sewage sludge on soil micro
organisms 13 years after the last treatment. To assess the 
impact of sludge bound heavy metals on soil organisms, 
microbial numbers, enzyme activity and microbial bio
mass as well as soil organic matter content are used as 
indicators. 

2 Material and methods 

Investigations were carried out on soil from a long term 
field trial which is located at the Federal Research Centre 
for Agriculture (FAL) in Braunschweig, Germany 
(10° 27’ E, 52° 18’ N, 81m height above sea level). The 
soil is composed of 46% sand, 47% silt and 7% clay hence 
it is characterised as strong silty sand following the Ger-
man classification system (KAS) or sandy loam/loam 
according to FAO or USDA classification. Field plots 
were treated with sewage sludge at different amounts 
annually from 1980 – 1990. In order to test different lev
els of heavy metal contamination, part of the sludge was 
enriched with heavy metals up to the threshold levels 
defined in the old version of the German Sewage Sludge 
Ordinance (Klärschlammverordnung, 1982), which was 
valid until 1992. Cd, Cr, Cu, Hg, Ni, Pb and Zn were 
added as water soluble chlorides. The sewage sludge was 
stored under anaerobic conditions for six weeks to afford 
transformation of heavy metal chlorides to less available 
organic or sulphidic forms (Fließbach, 1991). Plot names 
refer to type and amount of sludge applied to the soil: 
Plots “O” were treated with original sewage slugde with
out extra heavy metal addition, while plots “E” received 
sludge enriched with heavy metals. Amounts of sewage 

N P K 

[%] [mg kg-1] 

original sewage sludge without 
heavy metal enrichment (O) 5.9 2.3 0.4 0.04 2.8 0.5 10 201 281 42 140 1514 

sewage sludge with 
heavy metal enrichment (E) 5.9 2.3 0.4 0.04 2.8 0.5 65 2610 387 2166 6652 

Treatment Total element content 

Mg  Ca  Na  Cd  Cr  Cu  Ni  Pb  Zn  

2011 
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Sludge treatment Annual sewage 
sludge application from 1980 to 19901 [kg ha-1] 

Cd Cr Cu Ni Pb Zn 
C Control 0 
O4 Low sewage sludge dose 

without heavy metal enrichment 4 t ha-1 yr-1DM 1 2 7 
E4 Low sewage sludge dose 

with heavy metal enrichment 4 t ha-1 yr-1 DM 3 104 88 17 94 295 
O12 High sewage sludge dose 

without heavy metal enrichment 12 t ha-1 yr-1 DM 1 5 18 195 
E12 High sewage sludge dose 

with heavy metal enrichment 12 t ha-1 yr-1 DM 8 290 240 49 263 804 

O = original sewage sludge, E = enriched sewage sludge 

1 calculations based on real sludge amounts applied per year and yearly analysis of heavy metal concentrations 

Total heavy metal loads applied 

10 13 71 

26 36 

Table 2: 

Sludge treatments and total heavy metal loads applied from 1980 to 1990


sludge applied were 4 and 12 t ha-1 yr-1 dry matter 
(DM). The control plot (C) was treated with mineral fer
tiliser only. The chemical composition of the used sewage 
sludge is shown in table 1, total amounts of heavy metals 
applied from 1980 – 1990 are given in table 2. After the 
period of annual sewage sludge application the plots have 
been subsisting as permanent pasture since 1990. 
13 years after the last soil treatment, plots were tested 

for heavy metal content and biotic parameters. Soil of the 
upper layer (0 – 10 cm depth) was collected and sieved 
(< 2 mm) and stored aerated in polyethylene bags at 4°C 
or used immediately. For each treatment, 4 replicate sam
ples were taken. 

2.1 Chemical parameters

The total heavy metal content in soil was analysed by 
ICP-QMS in an aqua regia digest following DIN EN 
13346:2001-04. The plant available concentration was 
determined in an AAAc-EDTA extract according to Sil
lanpää (1982). The pH was measured in 1:2.5 suspension 
with 0.01 M CaCl2. Soil organic matter was calculated 
based on organic C content, which was determined by loss 
on ignition (dry combustion in a muffle furnace at 
550°C) (DIN EN 12879). 

2.2 Microbial parameters 

Numbers of aerobic heterotrophic bacteria, aerobic cel
lulolytic bacteria, actinomycetes and fungi were counted. 
Microbial biomass, as well as dehydrogenase and alkaline 
phosphatase activity, all of which represent the communi
ty of micro-organisms as a whole, were determined. 
Numbers of aerobic heterotrophic bacteria, actino

mycetes and fungi were determined by the spread plate 
technique, numbers of aerobic cellulolytic bacteria by the 
most probable number method (MPN). Micro-organisms 

were collected in 90 ml of a sterile 0.1% tetrasodium 
pyrophosphate solution which was added to 10 g fresh 
soil and 5 sterile glass beads (∅ 3 mm) in a 250 ml 
SCHOTTGLAS flask. The samples were shaken horizon
tally for 20 min. at 160 rpm at 20 ± 2°C. Coarse particles 
settled after 10 min.. The supernatant was decanted and 
diluted with physiological sodium chloride solution 
(0.9% NaCl). Sterile agar plates were inoculated by 0.1 ml 
extract or extract dilution. For the determination of the 
count of aerobic heterotrophic bacteria “Standard I-Nutri-
ent-Bouillon” (MERCK, Darmstadt, Germany) was used 
50% concentrated and solidified by 20 g L-1 agar agar. 
The inoculated plates were incubated for 7 days at 
20 ± 2°C in the dark (Stöven, 1999). The number of fungi 
was determined with “Worth Broth” (MERCK) 50% con
centrated, amended with 0.03 mg rose bengale B and 
solidified by 20 g L-1 agar. Plates were incubated for 7 
days in the dark at 20 ± 2°C. The formed colonies were 
counted after a particular period of incubation and the 
number of micro-organisms was calculated with regard to 
sample dilution and soil moisture. Results are given as 
CFU g-1 DM (colony forming units per gram dry mat
ter). Nutrient solution for aerobic cellulolytic bacteria was 
composed of 5.0 g L-1 peptone (tryptic digested) and 5.0 
g L-1 NaCl which were suspended in distilled water. After 
pH was adjusted at 7.2, the nutrient solution was poured 
in tubes at 5 ml. Each tube received a stripe of filter paper 
(10 × 70 mm). Subsequently the filled tubes were ster
ilised 15 min. in an autoclave at 121°C. The tubes were 
inoculated with 1 ml extract or dilution of the extract. 
Incubation was performed for 12 days at 25°C in the dark. 
Tubes which were evaluated as positive for aerobic cellu
lolytic microbial activity presented a defibrated paper 
stripe. The microbial number was calculated based on the 
MPN-table of McCrady (Oberzill, 1967). Actinomycetes 
were enumerated following the method by Drews (1983). 



222 

Microbial enzyme activity was evaluated by the 
parameters dehydrogenase and alkaline phosphatase 
activity. The measurement of dehydrogenase activity by 
means of Triphenyltetrazoliumchloride (TTC) was con
ducted modified according to Thalmann (1968) described 
by Stöven (1999). The activity of alkaline phosphatase 
was determined by the modified method of Tabatabai 
(1982) described by Stöven (1999). 
The microbial biomass (Cmic) was estimated following 

the SIR (substrate induced respiration) method of Ander
son and Domsch (1978). 

2.3 Data analysis

The significance of available heavy metal effects on soil 
microbial properties was evaluated using the least signifi
cant difference (LSD) test provided by the SPSS 10.0 soft
ware (SPSS, Chicago IL). 

3 Results and discussion 

3.1 Heavy metal concentration

To evaluate the anthropogenic heavy metal pollution of 
the investigated soil, results were compared to the precau
tion values defined by the German Soil Protection Ordi-

Table 3: 

nance (Bundesbodenschutzverordnung (BBodSchV), 
1999), (Table 3). 
The German precaution values of soil heavy metal con

centration are dependent on soil type and soil pH value 
(BBodSchV, 1999). According to appendix 2, paragraph 
4.3b BBodSchV, the precaution values for the soil type 
“loam/silt” are to be applied for strong silty sands, too. 
This is only valid for soils with a pH > 6, while for soils 
with a pH < 6, the elements Cd, Ni and Zn are to be eval
uated using the precaution values for “sand” (Anhang 2, 
Abschnitt 4.3c BBodSchV, 1999). The pH of plots C, O4 
and E4 were 6.5, 6.2 and 6.3, respectively. Their heavy 
metal concentrations did not exceed the German precau
tion limit valid for loam/silt. The pH value of plots O12 
and E12 were 5.7 and 5.3, respectively, therefore, the pre
caution limit for sand applies here. Fließbach (1991) 
observed the lowered pH value in the plots with 
12 t ha-1 yr-1 DM sewage sludge addition already in 1991. 
The German precaution limit for sand was exceeded at 
plot O12 and E12 for Cd (Table 3). The concentrations of 
Cu and Ni exceeded the limits at plot E12, and Zn con
centration exceeded the limit both at plots O12 and E12. 
Plots O4 and E4 showed increased heavy metal contents 
by sewage sludge application especially when highly pol
luted sewage sludge was used (plot E4), but the precaution 
limit was maintained. 

Total (aqua regia) and available heavy metal concentrations (AAAc-EDTA) [mg kg-1] in a silty sand 13 years after the last sewage sludge application in 
comparison to the German precaution values (aqua regia) 

Plot Heavy metal concentration [mg kg-1] 

Cd Cr Cu Ni Pb Zn 

metals C 0.2 5.6 27 38 

O4 0.2 13 17 6.5 31 62 
E4 0.7 29 30 9.9 45 
O12 0.5 20 29 10 34 145 
E12 1.5 58 64 19 65 227 

metals C <LOD <LOD 5.4 0.2 16 7.1 

O4 <LOD 0.1 9.5 0.9 18 23 
E4 0.2 1.7 20 3.3 30 51 
O12 0.2 1.2 19 3.9 22 83 
E12 1.1 3.6 46 9.5 41 144 

C, O4, E4, O12, E12: see table 2 
LOD = limit of detection 

GPV 
loam/silt 1.0 60 40 50 70 150 
sand 0.4 30 20 15 40 60 

Total heavy 
11 11 

111 

Available heavy 

GPV = German precaution value (BBodSchV, 1999) 
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The fraction of AAAc-EDTA extractable heavy metals 
is assumed to be solubilised readily by plants and micro
organisms. Especially fulvic acids originating from humic 
soil substance form water soluble complexes with heavy 
metals (Schnitzer and Khan, 1978). In this study, the 
AAAc-EDTA extractable concentration of Cd, Cr, Cu, Ni, 
Pb and Zn showed a similar reaction to sewage sludge 
application like the total heavy metal content. At plot 
E12 (high dosage of heavy metal enriched sewage 
sludge), the concentrations of available Cd, Cu and Zn 
exceeded the German precaution value, the limit for Zn 
was also exceeded at plot O12 (Table 3). 
The results from treatments O12 and E12 demonstrate 

that even 13 years after the last application of heavy metal 
enriched sludge, there is a considerable risk of heavy 
metal transfer from the soil into plants and thus into the 
food chain. 

3.2 Microbial numbers 

13 years after the soil was treated, the lasting effects of 
the previous decennial treatment with sewage sludge are 
detectable. Both the addition of sewage sludge with low 
heavy metal content (plot O4) as well as the addition of 
heavy metal polluted sewage sludge (plot E4) showed an 
increased count of aerobic heterotrophic bacteria and 
actinomycetes (Table 4) compared to the control. Aerobic 
cellulolytic bacteria and fungi displayed a different reac
tion. In particular, the number of fungi increased by 
increasing the amount of original sewage sludge and (as a 
consequence) the amount of soil organic matter. However, 
when heavy metal polluted sewage sludge was applied 
(plots E4 and E12) the number of fungi was lower com
pared to the application of original sewage sludge. Com
parable effects were observed on the number of aerobic 
cellulolytic bacteria. These results suggest that the promo
tional effect of organic matter supply (by the application 
of sewage sludge) on microbial numbers was diminished 
due to higher heavy metal pollution (compare table 2). 
This is supported by the findings of Abbaye et al. (2005), 

Table 4: 

Chaudri et al. (1993) and Hirsch et al. (1993), who 
observed significantly decreased microbial numbers, 
diversity and activity due to heavy metals. However, in 
the study presented here there were no statistically signi
ficant correlations between microbial numbers and the 
available concentrations of the discrete heavy metals 
inserted by sewage sludge (Table 5). Similar results were 
found by Hiroki (1994). It is therefore assumed that the 
observed decrease of microbial numbers was caused by 
the cumulative effect of all heavy metals in soil. Heavy 
metals accumulated in soil by anthropogenic activities 
occur in binding forms which enable increased mobility 
and biological availability and are therefore likely to 
affect the microbial community (Flipinski, 1989). 

3.3 Microbial enzyme activity 

The metabolic activity of soil micro-organisms is essen
tial for organic matter turnover, and the majority of 
enzymes found in soil originate from bacteria and fungi 
(Schinner et al., 1996). The dehydrogenase activity 
(DHA) is thought to reflect total oxidative activity of soil 
micro-organisms (Ladd, 1978). As shown in table 6, there 
were no significant differences in the activity of dehydro
genase except in plot E12. The reduced activity in plot 
E12 can be interpreted as the result of the high dosage of 
heavy metal enriched sewage sludge. The correlations 
between heavy metal concentrations and dehydrogenase 
activity (DHA) were not significant at the level P ≤ 0.05. 
As expected, DHA showed a significant (P ≤ 0.01) cor

relation with the general parameter “microbial biomass” 
(compare table 5). Significant correlations between the 
discrete microbial counts could not be proven. 
In plot O12, a significant increase of alkaline phos

phatase activity (APA) was observed. This may be the 
result of the increase in organically bound P coming with 
the application of a large amount of organic substance 
with the high dosage of sewage sludge. APA is mainly 
produced by micro-organisms in order to mineralise the 
organically bound P components (Schinner et al., 1996). 

Mean values of microbial numbers for aerobic heterotrophic and aerobic cellulolytic bacteria, actinomycetes and fungi in a silty sand treated with sewage 
sludge at different amounts and heavy metal levels 

Heterotrophic bacteria Cellulolytic bacteria Actinomycetes Fungi 

C 1.9 × 107 7.9 × 104 1.6 × 105 8.2 × 103 
O4 2.8 × 107 1.3 × 105 1.8 × 105 3.9 × 104 
E4 3.6 × 107 8.9 × 104 3.6 × 105 7.4 × 103 
O12 3.6 × 107 1.7 × 105 4.5 × 105 6.7 × 104 
E12 2.1 × 107 5.0 × 104 2.1 × 105 1.8 × 104 

LSD5% 8.0 × 106 6.9 × 103 7.6 × 104 3.6 × 103 

C, O4, E4, O12, E12: see table 2 

Treatment 
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Table 5: 

Pearson correlation for selected plant available heavy metals and microbial properties in a silty sand


Cd Cr Cu Ni Pb Zn Cmic SOM Het. bac. Cellulyt. Actinom. Fungi DHA 

Cd - 0.965** 0.927** 0.930** 0.931** 0.915** -0.306 0.801** -0.41 0.33 -0.418 0.452 
Cr - 0.979** 0.997** 0.975** 0.941** -0.422 0.703* -0.015 -0.496 0.166 -0.154 -0.501 0.303 
Cu - 0.993** 0.951** 0.962** -0.574 0.644* -0.469 0.092 -0.084 -0.581 0.226 
Ni - 0.930** 0.980** -0.568 0.682* -0.097 -0.433 0.131 -0.031 -0.586 0.239 
Pb - 0.874** -0.360 0.613 -0.045 -0.563 0.108 -0.266 -0.496 0.298 
Zn - -0.542 0.765* 0.013 -0.251 0.279 0.158 -0.550 0.343 
Cmic - -0.083 0.561 0.308 0.415 -0.092 0.786** 0.474 
SOM - 0.581 0.13 0.683* 0.338 -0.238 0.635* 
Het. bac. - 0.608 0.686* 0.435 0.459 0.739* 
Cellulyt. - 0.564 0.883** 0.427 0.395 
Actinom. - 0.524 0.327 0.759** 
Fungi - 0.06 0.358 
DHA - 0.362 

-

** = significant at 0.01 level 
* 

APA 

0.119 -0.117 

-0.111 

APA 

= significant at 0.05 level 

Although APA was significantly lower in the highly heavy 
metal contaminated plot E12 than in the uncontaminated 
plot O12, other than DHA, it did not show a significant 
reduction compared to the control plot C. Interestingly, on 
plot E4, despite the heavy metal enrichment, a very high 
APA was found. This was also reflected by a high DHA as 
well as the highest microbial biomass (Cmic) measured in 
the whole experiment (see table 7). The high Cmic on this 
plot cannot be explained satisfactorily. One possible rea
son may be the soil organic matter, which was higher on 
plot E4 than on plot O4, although both plots received the 
same amount of sewage sludge. This might have provided 
extra feed for the micro-organisms on plot E4 which com
pensated for the increased heavy metal load. Obviously, 
the heavy metal level found on plot E4 was not high 
enough to inhibit microbial activity. As these results show, 
it is not useful to look at discrete microbial parameters. 
Rather, a collective of several parameters and their inter
actions must be considered. 

Table 6: 

3.4. Microbial biomass 

Microbial biomass has a double role in soil: Firstly, it 
acts as an agent of transformation through which all the 
organic materials entering the soil are passing and 
secondly, it is a small, but liable, reservoir for N, P and S 
(Jenkinson and Ladd, 1981). As already mentioned the 
parameters Cmic and DHA were significantly correlated at 
level P ≤ 0.01 in this study (Table 5). The microbial bio
mass increased significantly only at plot E4 (Table 7). 
Possible reasons for this were already discussed in the pre
vious chapter. Compared to the control plot, no significant 
changes in Cmic were found on the plots treated with 
original uncontaminated sewage sludge (O4 and O12). A 
significant decrease of Cmic was found at plot E12 under 
the application of high doses of heavy metal enriched 
sewage sludge. The same result was found by Fließbach 
(1991) on this plot. This suggests that the current Euro
pean Union (EU) limits for heavy metals should be recon
sidered, since, as Abbaye et al. (2005) pointed out, they 

Microbial enzyme activity in a strong silty sand treated with sewage sludge at different amounts and heavy metal levels 

Dehydrogenase activity (DHA) 
-1 soil DM] -1 soil DM] 

C 121 20.4 
O4 125 24.9 
E4 141 42.8 
O12 125 44.4 
E12 85 20.3 

LSD5% 25 7.9 

C, O4, E4, O12, E12: see table 2 

Treatment Alkaline phoshatase activity (APA) 
[µg TPF g [µg p-NP g

TPF = triphenyl formazan, p-NP = p-nitrophenol 
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Table 7:

Soil organic matter content (SOM) and microbial biomass (Cmic) in a strong silty sand treated with sewage sludge at different amounts and heavy metal


Microbial biomass (Cmic) 
[µg g-1 soil DM] 

C 2.9 239 
O4 3.0 228 
E4 3.6 279 
O12 3.9 241 
E12 3.8 189 

LSD5% 0.6 34 

C, O4, E4, O12, E12: see table 2 

Treatment Soil organic matter (SOM) 
[%] 

levels 

are set at a level allowing for soil concentrations which 
will have a negative impact on total microbial biomass. 

3.5 Soil organic matter (SOM) 

In this study, soil organic matter content was signifi
cantly correlated with all heavy metals except Pb (Table 
5). It was significantly increased by sewage sludge addi
tion in all plots except in O4, compared to the only min
erally fertilised control plot C. In the case of high dosages 
of sewage sludge (O12 and E12), no difference in SOM 
was found between uncontaminated and heavy metal 
enriched sludge treatments (Table 7). In plots O4 and 
E4, which received a lower dosage of sludge, the SOM in 
the heavy metal enriched plot (E) was even higher than in 
the plot receiving original sludge (O). Soil organic matter 
content did not correlate with the overall measurement of 
microbial biomass, however, there was a significant posi
tive correlation between SOM and the number of actino
mycetes as well as APA (Table 5). 
Some studies postulate that sludge bound heavy metals 

will inhibit the microbial decomposition of organic matter 
(Giller et al., 1998), which should result in a more pro
nounced accumulation of SOM in the highly con
taminated plots (E). SOM contents in the low dosage plots 
(O4 and E4) seemed to confirm this hypothesis, while the 
high dosage plots, although showing a higher SOM than 
the low dosage plots, did not differ in SOM depending on 
the heavy metal content of sludge. In addition to biologi
cal parameters a number of other parameters influence 
SOM, among them soil texture and dry bulk density, 
which vary considerably on a small scale. Presumably, 
these parameters, which could not be studied within the 
frame of this study, overlapped the expected microbial 
effects. 

4 Conclusion 

Long term application of heavy metal enriched sewage 
sludge can result in total heavy metal concentrations in 
soils above the German precaution values. Even plant 
available heavy metal concentrations may exceed the pre
caution values which are defined for total concentrations. 
In the study presented here, this was still detectable 13 
years after sewage sludge application had ceased. Plant 
available heavy metal soil concentrations at levels as 
found here pose a serious risk of heavy metal transfer into 
the food chain. 
Counts of different microbial organisms may be severe

ly affected by high sludge bound heavy metal application. 
In this study, this was particularly the case for aerobic cel
lulolytic bacteria and fungi. While some further microbial 
parameters (e.g. DHA, Cmic) confirmed these findings, 
others did not (APA). The results demonstrate that it is not 
useful to look at discrete microbial parameters. Rather, a 
collective of several parameters and their interactions 
must be considered. 
Sludge bound heavy metals may inhibit the microbial 

decomposition of organic matter, which should have 
resulted in a more pronounced accumulation of SOM in 
the highly contaminated plots. However, in addition to 
biological parameters a number of other parameters influ
ence SOM, among them soil texture and dry bulk density, 
which vary considerably in time and space. Presumably, 
these parameters, which could not be studied within the 
frame of this study, overlapped the expected microbial 
effects. 
The focus of this study was only on the role of heavy 

metals in the evaluation of an agricultural application of 
sewage sludge. However, the re-use of sewage sludge has 
to be viewed not only with regard to heavy metals. There 
are a large number of organic contaminants in sewage 
sludge, too, the extent of which is not even fully known 
today. These pose a severe risk to the living environment 
and thus should be part of any discussion on the agricul
tural use of sewage sludge. 
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