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The problem with the disposal of sewage sludge 
is topical with the increasing number of wastewater 
factories. The use of sewage sludge for fertilization 
of agriculturally used soils seems to be economi-
cally favourable in comparison with the combustion 
or storage of the material. The positive effects of 
sewage sludge on production parameters of soils 
are already known and the input of organic mat-
ter into soils is very beneficial in the present time. 
The conditions and methodological approach of 
the application of the sludge on agricultural soils 
are defined in the directive of the Ministry of the 
Environment of Czech Republic, No. 382/2001. The 
contents of potentially risky elements, sum of PCBs 
and sum of halogenated organic compounds (AOX) 
are the limiting factors of sludge application in 
agriculture.

Persistent organic pollutants (POPs) belong to 
the most important environmental contaminants 
requiring intensive investigation. The innova-
tion of EU order No. 86/278 concerning the use 
of sludge presents the limit values of polycyclic 
aromatic hydrocarbons, phthalate, nonylphenol 
and nonylphenolethoxylates or polychlorinated 
dibezo-p-dioxins and dibenzofuranes as men-
tioned in Table 1.

Significant levels of POPs in sewage sludge 
were reported in the last two decades. Detailed 
investigation was provided in Germany (Markard 
1988, Melcer et al. 1988, Witte 1988, Schaecke and 
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Table 1. The proposed limit values of EU directive No. 
86/278 for agricultural application of sewage sludge

Analytes mg/kg dry matter

AOX1 500

LAS2 2600

DEHP3 100

NPE4 50

PAH5 6

PCB6 0.8

Dioxins ng TE/kg dry matter

PCDD/F7 100

1sum of halogenated organic compounds, 2linear alkylben-
zene sulphonates, 3di(2-ethylhexyl)phthalate, 4nonylphenol 
and nonylphenolethoxylates, 5sum of polycyclic aromatic hy-
drocarbons, 6sum of seven PCB congeners, 7polychlorinated 
dibenzodioxins/dibenzofuranes
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Pöplan 2000, Norbert and Krohne 2001) and USA 
(Shainberg 2000) for example. In these papers the 
contents of a wide scale of POPs including halogen-
ated substances, polycyclic aromatic hydrocarbons 
(PAHs), and nonylphenole in sewage sludge were 
reported. Polychlorinated dibenzo-p-dioxins and 
dibenzofuranes (PCDD/F) belong to the most dan-
gerous organic pollutants and high variability of 
their contents in different sludge samples was 
observed. The range of the values 20–177 ng/kg 
I-TEQ presents Hagenmaier et al. (1992) from the 
set of 13 samples of sludge in Germany. The con-
centrations from 6 to 4100 ng/kg I-TEQ PCDD/F 
(median 54 and average 357) were detected in the 
sludge in Sweden.

Some analyses of German soils amended by 
long-term sludge application showed increased 
concentrations of POPs. Similar results were found 
in the Czech Republic (Podlešáková et al. 2001). 
The input of PCDD/F into agricultural soils seems 
to be higher via sludge application than via emis-
sion fall-outs. Recommended compost processing 
of the sludge leads to significantly increasing the 
contents of most persistent congeners of PCDD/F 
in these samples (Jones and Sewart 1995).

This article presents the results of the measure-
ment of POPs concentrations in a set of 45 sewage 
sludge samples.

MATERIAL AND METHODS

A set of 45 sludge samples was sampled during 
the years 2001 and 2002. The selected wastewater 
factories were situated in areas of district towns, 
towns with an increased percentage of industry 
and in the areas of middle and small settlements. 
The identification of the wastewater cleaners is 
numerical in the paper because of the anonymity 
guarantee.

The samples of fresh sludge (dehydrogenated and 
pressed) were transported in closed glass jars and 
frozen after the transport. The contents of POPs 
(monocyclic aromatic hydrocarbons, polycyclic 
aromatic hydrocarbons, chlorinated hydrocarbons, 
pesticides residua and petroleum hydrocarbons) 
were determined in the samples. The contents of 
PCDD/F were analysed in 16 sludge samples. The 
list of the analyses is presented in Table 2. The 
methods of POPs analyses are reported in the 
articles of Němeček et al. (1994), Jech et al. (1999) 
and Podlešáková et al. (2000).

The results of the laboratory analyses were 
processed by the use of basic statistical methods 
and the data was compared with Czech and EU 
legislative norms. The dependencies of the POPs 
concentrations on the origin of the sludge and the 
technology of sludge production were observed. 

Table 2. The survey of analyses determined in sewage sludge

Analytes No. of samples

Monocyclic aromatic hydrocarbons benzene, toluene, xylene, ethylbenzene

45

Polycyclic aromatic hydrocarbons

naphtalene, anthracene, pyrene, phluoranthene,
phenanthrene, chrysen, benzo(b)phluoranthene,
benzo(k)phluoranthene, benzo(a)anthracene,
benzo(a)pyrene, indeno(c,d)pyrene, benzo(ghi)perylene

Chlorinated hydrocarbons PCB, HCB, α-HCH, β-HCH, γ-HCH

Pesticides DDT, DDD, DDE

Others styrene, petroleum hydrocarbons

PCDF

2,3,7,8 TeCDF, 1,2,3,7,8 PeCDF, 2,3,4,7,8 PeCDF,
1,2,3,4,7,8 HxCDF, 1,2,3,6,7,8 HxCDF, 1,2,3,7,8,9 HxCDF,
2,3,4,6,7,8 HxCDF, 1,2,3,4,6,7,8 HpCDF,
1,2,3,4,7,8,9 HpCDF, OCDF PCB 189, PCB 170, PCB 180

16

PCDD
2,3,7,8 TeCDD, 1,2,3,7,8 PeCDD, 1,2,3,4,7,8 HxCDD,
1,2,3,6,7,8 HxCDD, 1,2,3,7,8,9 HxCDD,
1,2,3,4,6,7,8 HpCDD,OCDD 

PCB
PCB 77, PCB 126, PCB 169, PCB 105, PCB 114,
PCB 118+123, PCB 156, PCB 157, PCB 167
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90% percentiles of the average contents were cal-
culated for the individual substances from POPs 
group as “background values”. These values were 
compared with background values of POPs in our 
agricultural soils (Němeček et al. 1996). The evalu-
ation of PAHs contents was based on the sum of 
toxic equivalent factors (TEF). TEF values of PAHs 
add the multiples of the concentrations and toxic 
equivalents of individual substances with increased 
cancer risk (Table 3). The standard principle of 
the international toxic equivalent factor (I-TEQ) 
was used for the evaluation of PCDD/F contents 
(Podlešáková et al. 2000). The comparison of con-
gener analysis of PCDD/F between individual 
sludge samples was done.

RESULTS AND DISCUSSION

The values on POPs contents except PCDD/F are 
demonstrated in Table 4. The highest average and 
maximum values from the monocyclic aromatic 
hydrocarbons (MAHs) were detected in the case 
of toluene. The contents of toluene in the set of 
sludge samples were characterised by the highest 
variability too. Toluene concentrations influenced 
predominantly the contents of the sum of MAHs 
because of very low concentrations of all the other 
substances.

Fluoranthene reached the highest average con-
centrations among PAHs. This finding corresponds 
with the fact that fluoranthene concentrations in the 
environment belong to the highest between PAHs 
group (Holoubek et al. 2003). The phenanthrene 
concentration with highest maximum values fol-
lows fluoranthene. The variability of the values of 
concentrations of these two substances is the highest 
among PAHs group. Opposite naphtalene reaches 
the lowest values of all investigated substances.

The contents of chlorinated substances reach 
relatively low level. The values of PCBs concen-
trations are characterised by maximum variability. 
The concentrations of DDE are increased in com-
parison with DDD and DDT. The persistence of 

decomposition products of DDT in the environment 
is still detected (Holoubek et al. 2003, Poláková et 
al. 2003, Vácha et al. 2003).

Generally the highest contents were found in 
the case of petroleum hydrocarbons (PHs). The 
evaluation of the contents is complicated by dif-
ficult resolution of substances originated from 
petroleum contamination and of the substances 
from the decomposition of organic matter in the 
sludge.

The data of the contents of POPs in the set of 
sewage sludge were processed for the assessment 
of their “background values”. The 90% percentile 
was used after elimination of the outlying val-
ues. These background values are compared with 
background values of POPs in agricultural soils 
(Němeček et al. 1996) in Table 5. If we compare 
obtained “background values” of the content of 
POPs in the set of sewage sludge with the limit 
values of POPs in sludge in Czech and European 
legislative norms we get the following results:

The value of the sum of 6 congeners of PCBs is 
suitable from the viewpoint of Czech (0.6 mg/kg) 
and European (0.8 mg/kg for 7 congeners) legisla-
tion. More problematic seems to be content of the 
sum of PAHs (9.37 mg/kg) where the overcome 
of the proposed limit of EU directive (6 mg/kg) 
was observed. No limit value regarding PAHs 
is included in Czech directive No. 382/2001. The 
evaluation of PAHs on the base of TEF values shows 
good coincidence of TEF of PAHs and the sum 
of PAHs in sewage sludge (Figure 1). It could be 
emphasized that the increased contents of PAHs 
in sludge brings increased risk regarding human 
health on the base of TEF evaluation (SZÚ 2002). A 
decrease of PAHs content in sewage sludge could be 
the only recommended way for the harmonisation 
with EU legislative norms in the future. The most 
problematic area is the Nord-Moravian region in 
the Czech Republic (Figure 1). An increased load 
in the environment by PAHs in the Nord-Moravian 
region was demonstrated by the increased content 
of PAHs in the soils (Podlešáková et al. 1997) for 
example.

On the basis of comparison of background val-
ues of POPs in sewage sludge and soil (Table 5) 
emerged the following findings. Toluene (MAHs 
group) shows the maximum difference between 
the content in the soil and in the sludge from all 
POPs substances. The concentration in the sludge 
is cca 243-fold higher than the concentration in the 
soil. The difference of these contents is significantly 
lower in the group of PAHs with the maximal dif-
ference in the case of benzo(ghi)perylene where 
sludge content represented 13.7-fold higher value 
as compared to the soil. The contents of PCBs in 
the sludge are cca 10-fold higher in sludge, com-
pared to soil while the contents of DDT (including 

Table 3. Toxic equvivalents of PAHs (TEF)

Analytes Value of TEF

Benzo(a)pyrene 1

Benzo(a)anthracene 0.1

Benzo(b)phluoranthene 0.1

Benzo(k)phluoranthene 0.01

Indeno(c,d)pyrene 0.1

Phluoranthene 0.01
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DDD, DDE) are comparable with the contents in 
the soil.

The values of I-TEQ PCDD/F fluctuated in the 
range from 9.2 to 280.2 ng/kg. The value of 280.2 ng/kg 

was eliminated as outlying by statistical procedure. 
The resulting average I-TEQ PCDD/F is 22.5 ng/kg 
in the set of sludge samples. For the 90% percentile 
I-TEQ PCDD/F reaches the value 37.7 ng/kg. The 
values of I-TEQ PCDD/F fulfil safely the proposed 
limit of EU order (100 ng/kg I-TEQ PCDD/F). The 
assessment of sludge load on the basis of congener 
analysis of PCDD/F indicates regional differences 
(with the dominance of octo-chlorinated dibenzo-
dioxins in sludge), which are dependent on the 
wastewater load from the different sources very 
probably (the rate of communal and industrial 
wastewater of different type). This data is accord-
ing with the finding that octo-chlorinated (OCDD) 
and hepta-chlorinated (HpCDDs) congeners are 
dominant in the sewage sludge (Holoubek et al. 
2002). In spite of this fact the definition of typical 
general congener pattern of the load in the set of 
sludge samples seems to be complicated considering 
the regional differences. Congener patterns of the 
individual sludge samples could be used for the 
localisation of sources of wastewater contamina-
tion by PCDD/F (Holoubek et al. 2002).

On the basis of monitoring the POPs in the col-
lection of 45 sludge samples it was concluded, 
that the load of sewage sludge corresponds with 
the references and fulfils the limits of Czech and 
European legislative norms in most cases. Only 
PAHs concentrations overcame proposed limit 
value of EU directive in many sludge samples 
and the decreasing of PAHs in sewage sludge 
is not rapid sufficiently in our conditions. While 
average concentrations of PAHs fluctuated from 
29–125 mg/kg in German sewage sludge in the 
beginning of the ninetieth (Starke et al. 1991), the 
contents of the sum of PAHs were decreased to the 
limit value 6 mg/kg in current European directive. 
The other observed parameters (PCBs, PCDD/F) in 
the set of sludge samples fulfil limits of European 
directive. The content of petroleum hydrocarbons 
(PHs) in sewage sludge is not limited in the used 
legislative norms considering difficulties in the 
evaluation of their contents. The contents of PHs in 
our set of sludge samples do not correspond with the 
references of Webber and Singh (2001) for Canadian 
sewage sludge where the contents fluctuated only 
from 2 to 10 mg/kg. For all that the contents of PHs 
will be observed during the project.

Further activities of the project are focused on 
the influence of the application of sewage sludge 
with increased POPs contents into soil on the load 
of soil and plants by POPs with the dependence on 
soil type and soil use. This project will be finished 
in the last decade of 2004.Ta
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ABSTRAKT

Aplikace kalů ČOV do zemědělských půd a problematika perzistentních organických polutantů

Byl odebrán soubor 45 vzorků kalů z čistíren odpadních vod. Jejich výběr byl realizován v závislosti na velikosti 
spádové oblasti a zastoupení odpadních vod z průmyslu. Ve vzorcích byly stanoveny obsahy perzistentních orga-
nických polutantů (POP). V 16 vzorcích byly dále sledovány obsahy dibenzo-p-dioxinů a dibenzofuranů (PCDD/F). 
Vyhodnocení přineslo informace o zátěži našich kalů POP. Výsledky byly porovnány s vyhláškou MŽP ČR 382/2001 
a návrhem legislativy EU, aktualizovanou směrnicí 86/278. Většina sledovaných parametrů splňuje uvedené normy, 
pouze obsahy sumy polyaromatických uhlovodíků (PAU) překročily navržený limit směrnice EU.

Klíčová slova: kaly z čistíren odpadních vod; perzistentní organické polutanty; polyaromatické uhlovodíky; diben-
zo-p-dioxiny a dibenzofurany
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