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Surface sediment samples from three water reservoirs of Slovakia were analyzed for selected
organochlorine pesticides (OCPs). Concentrations of total dichlorodiphenyltrichloroethanes (£DDTs) in the
sediments from Velke Kozmalovce, Ruzin, and Zemplinska Sirava ranged from 12 to 24 ng g, 5 to 28 ng
g, and 1 to 20 ng g, respectively, with the exception of one sediment sample from Zemplinska Sirava,
having anomalously high concentration of XDDTs (526 ng g'). Concentrations of hexachlorobenzene
(HCB) in the sediments from these water reservoirs were generally lower and ranged from 0.3 to 9 ng g™
Other organochlorine pesticides such as mirex, lindane and heptachlor were not detected in the surface
sediments. Ratios of DDT/(DDE + DDD) were lower than 1.0 in majority of the sediment samples
indicating that the degradation of the parent DDT occurred significantly and DDT in the sediments from the
studied water reservoirs was derived mainly from the weathered agricultural soils. Moreover, ratios of
DDD/DDE indicated that the parent DDT was degraded under aerobic conditions before depositing into the
sediments of these water reservoirs.
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Edgar Hiller, Maros§ Sirotiak, Veronika Tatarkova, Cubomir Jurkovi¢: VYSKYT REZIDUI VYBRANYCH
ORGANOCHLOROVANYCH PESTICIDOV V SEDIMENTOCH Z VODNYCH NADRZ[ VELKE
KOZMALOVCE, RUZIN A ZEMPLINSKA SIRAVA, SLOVENSKO. J. Hydrol. Hydromech., 59, 2011,
1; 45 lit., 2 obr., 4 tab.

V stadii boli analyzované vzorky sedimentov z troch vodnych nadrzi Slovenska na vybrané
organochlérované pesticidy (OCPs). Koncentracie sumy DDT a jeho metabolitov DDE a DDD (XDDTs)
v sedimentoch z vodnych nadrzi Velké Kozmélovce, Ruzin a Zemplinska Sirava sa nachadzali v intervale
od 12 do 24 ng g', od 5 do 28 ng g' a od 1 do 20 ng g, s vynimkou jednej vzorky sedimentu zo
Zemplinskej Siravy, ktord vykazovala anomalne vysoku koncentraciu EDDTs (526 ng g'). Koncentracie
hexachlorbenzénu (HCB) v sedimentoch z tychto vodnych nadrzi boli vSeobecne nizsie a pohybovali sa
v intervale od 0,3 do 9 ng g'. Iné v sedimentoch sledované organochlérované pesticidy ako mirex, lindan
a heptachlor neboli zistené. Vo vicsine vzoriek sedimentov boli hodnoty pomeru DDT/(DDE + DDD)
nizsie ako 1, z ¢oho sa da usudit, ze vicsia Cast’ povodne pritomného DDT sa rozlozila na jeho hlavné
metabolity a ze DDT v sedimentoch vodnych nadrzi pochadza najmé z erodovanych pol'nohospodarskych
p6d. Hodnoty pomeru DDD/DDE ukazali, Ze predtym ako bol DDT deponovany do sedimentov vodnych
nadrzi, rozkladal sa najma za aerébnych podmienok.

KIUCOVE SLOVA: organochlérované pesticidy, DDT, dnové sedimenty, vodna nadrz, organicka hmota.

1. Introduction even in such a regions where OCPs never have
been used such as the Arctic, Antarctica and others

Organochlorine pesticides (OCPs) are an impor-  (Muir et al., 1995; Klanova et al., 2008; Wang et
tant class of environmental organic pollutants that  al., 2008). The organochlorine pesticides are in
are commonly found in all regions of the world, general very hydrophobic substances with low
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aqueous solubility and high octanol-water partition
coefficients ranging from 3 to 7 (Wania, Mackay,
1995; Paasivirta et al., 1999). As a consequence of
their physico-chemical properties, these pesticides
tend to accumulate mainly in “natural” organic
matter of the soils, sediments and living organisms
(Menone et al., 2006; Chi, 2009; Zhao et al., 2009),
and have a long persistence in the environment.
Although the production and usage of OCPs were
banned early in 1980s in Europe, they are belong-
ing to the most prevalent pollutants of rivers, lakes,
soils, aquatic sediments and food (Covaci et al.,
2002; Peris et al., 2005; Bettinetti et al., 2000;
Pulkrabova et al., 2008; Villaverde et al., 2008).
Therefore, these organic pollutants could still repre-
sent a potential threat to biota and human health
due to their well-known high toxicity and other
adverse effects, such as endocrine disruption
(Edwards, 1987; WWF, 1999).

Sediments have been identified as an important
reservoirs of persistent organochlorine pesticides
and act as both an ultimate sinks and potential
sources for further contamination of overlying wa-
ters with OCPs. Highly variable concentrations of
OCPs in sediments are usually observed even in a
small area of studied sites since concentrations of
these chemicals may be affected by a combination
of several inputs and factors, such as agricultural
runoff, wastewater discharge, atmospheric deposi-
tion, physico-chemical and biological properties of
sediments (e.g. total organic carbon content, pH,
redox conditions, microbial communities and their
activity) and temperature.

Taking into account the above and the fact that a
variety of OCPs with the long-term persistence was
used on the territory of former Czechoslovakia a
few decades ago, one may still expect an occur-
rence of these chemicals in various compartments
of the environment. Therefore, the aim of this study
was to investigate the occurrences and concentra-
tions of selected OCPs (DDT isomers and their
metabolites, hexachlorobenzene, »-HCH (lindane),
heptachlor and mirex) residues in surface sediments
of the Velke Kozmalovce, Ruzin and Zemplinska
Sirava water reservoirs that are situated in the Slo-
vak Republic in order to evaluate the status and
possible sources of pollution, as well as the poten-
tial biological effects of OCPs on aquatic biota
living in the study areas.

2. Materials and methods
2.1 Study areas and sample collection

Fig. 1 shows the study areas and the sampling lo-
cations. The Ruzin water reservoir with an area of
3.9 km® and a water volume of 59 x 10° m’ lies at
the northwest of Kosice, eastern Slovakia. Two
rivers enter the reservoir: Hornad and Hnilec. The
two rivers drain the Spis-Gemer Rudohorie Mts.,
the area with long-time mining activities, ore-
treatment and procesing industrial activities. More-
over, numerous urban waste discharges drain di-
rectly into the rivers. The reservoir of Velke Koz-
malovce with an area of 0.62 km? and a total water
volume of 2.7 x 10° m® lies on the Hron River near
the village of Stary Tekov, western Slovakia (Fig.
1). The Hron River receives organic pollutants from
direct discharges of industrial waste waters and
atmospheric deposition. As a consequence, the
sediments of Velke Kozmalovce were found to be
highly contaminated with polycyclic aromatic hy-
drocarbons (Hiller et al., 2009). The largest reser-
voir is Zemplinska Sirava with an area of 15.1 km®
and a water volume of 185 x 10° m’. It lies at the
northeast of Michalovce in eastern Slovakia and
serves for flood-control, irrigation and recreational
purposes. Kocan et al. (2001) have shown that the
Zemplinska Sirava is highly contaminated with
polychlorinated biphenyls produced by the Chemko
chemical factory (Strazske) during the period of
1959-1984. Sediment samples (0—20 cm) were
collected using a stainless-steel corer in June 2005
from the 6, 19 and 9 locations in Velke Koz-
malovce, Ruzin and Zemplinska Sirava water res-
ervoirs, respectively (Fig. 1). Sediment samples in
Ruzin reservoir were taken from its two sedimenta-
tion basins as shown in Fig. 1. These sedimentation
basins are located at sites of the inflows of Hornad
and Hnilec rivers into the Ruzin reservoir. After
collection, all samples were transferred to a glass
jars and stored at —20°C until extraction. Frozen
aliquots of sediment samples were air dried and
then ground and sieved through a 2 mm sieve be-
fore analysis.

2.2 Sample analysis
Total organic carbon (TOC) contents were de-

termined using a CS analyser (Metalyt CS 100/100,
Eltra, FRG). The analyses of OCPs were performed
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Fig. 1. The locations of sampling sites of the sediment samples.

at the accredited laboratory of the Czech Geological
Survey, branch Brno, Czech Republic. Briefly, 10 g
of sediment was extracted by ultrasonication for 60
min with 30 ml mixture of n-hexane and acetone
(1 : 1 v/v) in two cycles. The extracts were centri-
fuged at 4000 rpm for 15 min and combined. The

extract was passed through a column filled with
anhydrous Na,SO, to remove residues of water, and
then eluted with n-hexane and acetone mixture
(1 : 1 v/v). The extracts were concentrated using
Turbovap evaporator (Zymark, USA) to approxi-
mately 2 ml and chromatographically purified on a

53



E. Hiller, M. Sirotiak, V. Tatarkova, L. Jurkovi¢

column filled with acidified silica gel and activated
copper fillings. The elution of OCPs was done with
a mixture of dichloromethane and n-hexane (1 : 10
v/v). The eluate was concentrated to near dryness
and the final extract was re-solubilized in iso-
octane.

The determination of OCPs was performed on
a HP 5890 series II gas chromatograph equipped
with an ®Ni electron capture detector and HP
Chemstation software package. A HP-5 capillary
column (60 m x 0.25 mm i.d., 0.25um) was used.
The chromatographic conditions were as follows:
carrier gas was hydrogen and volume of sample
injected in splitless mode was 1 pl. The temperature
program was as follows: initial temperature 60°C
held for 2 min, increased to 120°C at arate of
5°C/min, isothermal at 120°C for 2 min, followed
at 30°C/min to 180°C and then 3°C/min to 280°C.
The injector temperature was 280°C. Detection
limits were 0.1 ng g for HCB, 0.p'-DDT, p.p'-
DDD and o,p'-DDD, 0.3 ng g for both DDE iso-
mers and 0.5 ng g for p,p’-DDT with relative stan-
dard deviation of < 15%. The procedure was
checked for recovery efficiences by analyzing un-
contaminated sediment spiked with known quantity
of OCPs standard. Recovery efficiences ranged
from 82% up to 99% depending on the individual
OCP compounds.

3. Results and discussion
3.1 Residues of OCPs
3.1.1 DDT and its metabolites DDE and DDD

In this study, concentrations of the following or-
ganochlorine pesticides in surface sediments were
determined: DDT isomers, DDT degradation prod-
ucts DDE (p,p'-DDE + o,p'-DDE) and DDD (p,p'-
DDD + o,p'-DDD), hexachlorobenzene (HCB),
heptachlor, mirex and »HCH (lindane). However,
OCPs such as heptachlor, mirex and lindane were
detected in none of the surface sediment samples,
and therefore, these OCPs were not discussed in
this study.

Concentrations of the parent DDT, its metabo-
lites and the total organic carbon (TOC) contents
are shown in Tab. 1. Notable differences could be
observed between the concentrations of the parent
DDT in sediments from Zemplinska Sirava reser-
voir and those found in sediments from the other
two water reservoirs (Tab. 1). The parent DDT was

detected only at 1 site (ZS6) of Zemplinska Sirava
while relatively high detection frequency of these
compounds was obtained in the other two water
reservoirs. It is speculated here that this difference
might be due to the different degradation rates of
DDT. Earlier report on DDT degradation showed
that DDT degraded faster in soils with the lower
TOC contents than in those with the high TOC
contents (Wang et al., 2006). TOC contents in the
surface sediments of Zemplinska Sirava are gener-
ally much lower when compared with those in the
sediments of Velke Kozmalovce and Ruzin, and
this might be a reason of the enhanced degradation
rate of DDT in Zemplinska Sirava resulting in its
low detection frequency.

The status of pollution of surface sediments with
total DDTs in this study was compared with those
in other freshwater ecosystems of the world (Tab.
2). Concentrations of total dichlorodiphenyltri-
chloroethanes (XDDTs) in the sediments from
Velke Kozmalovce, Ruzin, and Zemplinska Sirava
water reservoirs ranged from 12 to 24 ng g, 5 to
28 ng g, and 1.3 to 20 ng g”', respectively, with the
exception of one sediment sample from Zemplinska
Sirava, having anomalously high concentration of
¥DDTs (526 ng g). Our results were comparable
to the data reported for sediments collected from
ponds and Horni Befva water reservoir in Czech
Republic (Bohdcek et al., 2003; Svobodova et al.,
2003) and some other regions over the world such
as Danube Delta, Romania (Covaci et al., 2006),
Bosomtwi Lake, Ghana (Darko et al., 2008) and
Yen So Lake, Vietnam (Hoai et al., 2009). On the
other hand, the concentrations of XDDTs measured
in this study were lower than those in sediments
near serious point source discharges, e.g. in Nor-
way and India where a total DDT concentrations of
193000 and 5630 ng g' have been measured in
bottom sediments, respectively (Brevik et al., 1996;
Agarwal et al., 1986) or in sediments from such a
regions where a recent usage of DDT was assumed
despite of its prohibition (Ferndndez et al., 2000).

Among DDT and its metabolites, p,p’-DDE was
the most dominant, and its concentrations were in
the range of 1.3-410 ng g, accounting for the larg-
est percentage of the total DDTs with a mean value
of 55%, 83%, and 92% in Velke Kozmalovce,
Ruzin, and Zemplinska Sirava water reservoirs,
respectively. This indicates the high stability of
p.,p'-DDE in the sedimentary environment as com-
pared to the parent compound p,p’-DDT and other
metabolites. It could be seen from Tab. 1 that
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among the DDT compounds, the p,p’ isomers were
much more abundant than the o,p" isomers. This is
a common feature of DDT composition, and in
freshly synthesized DDT the o,p' isomers may

reach up to 12-20% of the total DDT (WHO,
1989). However, the o,p’-DDT isomer undergoes a
relatively rapid isomerization to p,p'-DDT and its
proportion decreases (Gaggi et al., 1985).

Table 1. Concentrations (ng g dry wt.) of hexachlorobenzene (HCB), DDT isomers and their degradation products in surface

sediment samples from Velke Kozmalovce, Ruzin, and Zemplinska Sirava water reservoirs.

Sample HCB p.p'-DDT o,p'-DDT p.p'-DDE op'-DDE  p,p'-DDD o,p'-DDD [IDDTs® TOC
Velke Kozmalovce

VK1 2.8 2.9 0.9 9.8 0.2 0.5 bdl 14.3 8.72
VK2 2.2 13.0 0.8 9.2 0.2 0.5 bdl 23.7 7.14
VK3 2.4 5.9 0.9 9.3 0.2 0.3 bdl 16.6 7.62
VK4 0.7 12.8 0.6 5.5 bdl 1.3 bdl 20.2 6.12
VK5 9.2 2.7 0.4 8.7 0.2 bdl bdl 12.0 6.69
VK6 33 2.3 0.5 8.4 0.2 0.8 bdl 12.2 7.39
Mean 343 6.60 0.68 8.48 0.20 0.68 16.5 7.28
SD¥ 2.96 5.05 0.21 1.54 0.00 0.39 4.67 0.88
Ruzin-Hnilec

HN1 1.1 0.7 0.5 7.7 0.2 bdl bdl 9.1 6.41
HN2 0.8 0.9 1.5 8.6 0.2 0.3 bdl 11.5 7.02
HN3 0.6 1.1 0.4 7.8 0.2 bdl bdl 9.5 7.40
HN4 1.3 0.4 bdl 8.6 0.2 0.3 bdl 9.5 5.99
HNS5 0.5 1.7 bdl 2.4 bdl 0.5 bdl 4.6 2.26
HN6 1.0 0.5 bdl 42 bdl 0.3 bdl 5.0 4.59
HN7 9.0 0.5 bdl 5.9 0.2 0.3 bdl 6.9 5.73
HNS 1.8 bdl bdl 7.9 0.2 0.3 bdl 8.4 5.52
HNO9 1.0 bdl bdl 4.8 bdl bdl bdl 4.8 6.42
HNI10 1.3 0.8 bdl 6.1 0.2 bdl bdl 7.1 6.00
HNI11 1.5 0.5 bdl 7.6 0.2 0.3 bdl 8.6 6.62
HN12 0.9 bdl bdl 4.6 bdl bdl bdl 4.6 5.55
Mean 1.73 0.79 0.80 6.35 0.20 0.33 7.47 5.79
SD 2.32 0.41 0.61 2.00 0.00 0.08 2.32 1.34
Ruzin-Hornad

HO1 2.6 0.5 bdl 10.9 0.3 0.5 bdl 12.2 3.46
HO2 2.5 0.7 bdl 10.4 0.3 0.6 bdl 12.0 3.64
HO3 2.8 1.9 bdl 12.1 0.3 1.2 bdl 15.5 3.20
HO4 2.2 0.4 bdl 13.2 0.5 0.4 bdl 14.5 3.54
HOS5 2.6 bdl bdl 10.7 0.3 0.3 bdl 11.3 3.54
HO6 2.5 15.1 0.7 9.4 0.3 2.3 bdl 27.8 4.00
HO7 33 0.6 bdl 12.7 0.3 0.6 bdl 14.2 3.24
Mean 2.64 3.20 0.70 11.3 0.33 0.84 154 3.52
SD 0.34 5.86 1.36 0.08 0.70 5.70 0.27
Zemplinska Sirava

ZS1 1.1 bdl bdl 6.8 bdl bdl bdl 6.8 2.20
7S2 1.2 bdl bdl 8.6 bdl 0.6 bdl 9.2 2.07
ZS3 1.0 bdl bdl 9.9 bdl 0.8 bdl 10.7 1.73
754 0.9 bdl bdl 16.3 bdl 0.7 bdl 17.0 2.97
7S5 1.3 bdl bdl 16.1 bdl 1.3 bdl 17.4 1.79
7S6 2.6 8.5 53 410 7.6 53.3 41.2 526 1.81
787 0.8 bdl bdl 19.0 bdl 1.3 bdl 20.3 3.93
ZS8 0.3 bdl bdl 1.3 bdl bdl bdl 1.3 0.74
ZS9 0.6 bdl bdl 2.2 bdl 0.6 bdl 2.2 1.97
Mean 1.09 8.50 5.30 54.5(10.0)b 7.6 8.37 41.2 67.9(10.7)b 2.13
SD 0.65 133(6.62) 19.8 172(7.02) 0.89

YStandard deviation, ®Numbers in parentheses are the means and standard deviations calculated without sample ZS6, “Sum of p,p'-
DDT, o,p'-DDT, p,p'-DDE, 0.p'-DDE, p,p'-DDD and o,p'-DDD.
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Table 2. Concentrations of total DDTs (ng g dry wt.) in the surface sediments of several freshwater ecosystems from different

countries and their comparison to the data reported in this study.

Locations >DDTs Reference

Horni Becva reservoir, Czech Republic 1.2-13.5 Bohdcek et al. (2003)
Ponds in Bohemia, Czech Republic 0.7-143 Svobodova et al. (2003)
Lower Oder River, Poland 9.2-13.8 Tomza-Marciniak, Witczak (2009)
Scheldt River, Belgium 6.6-27.6 Covaci et al. (2005)
Lakes in Danube Delta, Romania 0.9-17 Covaci et al. (2006)
Cinca River, Spain 9.0-94 de la Cal et al. (2008)
Southeast Regional Park in Madrid, Spain 20.3-1185 Fernandez et al. (2000)
Lake Bosomtwi, Ghana 15.1-31.9 Darko et al. (2008)
Yen So lake, Hanoi, Vietnam 17-109 Hoai et al. (2009)

Lake Orsjoen, Norway 0.6-193000 Brevik et al. (1996)
Jamuna River, India 7-5630 Agarwal et al. (1986)
Velke Kozmalovce reservoir, Slovakia 12-23.7 This study

Ruzin reservoir, Slovakia 4.6-27.8 This study

Zemplinska Sirava reservoir, Slovakia 1.3-20.3(526) This study

3.1.2 HCB

Hexachlorobenzene (HCB) was used mainly as a
selective fungicide in Czech and Slovak Republic,
but its use has been banned since 1985 (Cepkovd et
al., 2003). Recently, there are no commercial uses
of HCB, however, it is still released into the envi-
ronment as a by-product or impurity from the pro-
duction of industrial chlorinated chemicals such as
carbon tetrachloride, trichloroethylene, and penta-
chlorobenzene. HCB was detected in all surface
sediment samples and the concentrations ranged
from 0.3 to 9.2 ng g with a mean value of 2.2 ng
g (Tab. 1). The higher concentrations were found
in sediment samples from Velke Kozmalovce and
Ruzin water reservoirs while the lower concentra-
tions were detected in sediment samples from Zem-
plinska Sirava. The HCB concentrations of this
study are comparable to the concentrations in sedi-
ments from Domasa water reservoir and Ondava
River (eastern Slovakia) ranging from 0.04 to 2.5
ng g' with a mean of 1.2 ng g but lower than
those in sediments collected around the chemical
factory Chemko Strazske with a mean of 10.2 ng g
(Mackovych et al., 2003).

3.2 Sources of DDT

The ratios between the parent compound and its
metabolites can be used to identify the possible
sources of DDT (sum of p,p’-DDT and o0,p'-DDT)
in the aquatic environment (Guo et al., 2009). Once
released into the environment, DDT slowly de-
grades to DDE and DDD under aerobic and an-
aerobic conditions, respectively (Aislabie et al.,
1997), and hence the ratios between the parent
DDT and the sum of DDE and DDD is often used

as an indication of the age (recent or historic) of the
source of DDT (Qian et al., 2006). A small ratio of
DDT/(DDE + DDD) indicates historical DDT ap-
plication when there has been plenty of time to
occur significant degradation of the parent DDT,
whereas a value greater than 2 indicates recent use
of DDT (Ma et al., 2008). In the present study, the
ratios of DDT/(DDE + DDD) were in the range of
0.03 to 1.97 with the mean value of 0.41, implying
that degradation of the parent DDT occurred sig-
nificantly and there is no recent input of DDT to the
sedimentary environments of these water reser-
voirs. Moreover, the ratio of DDD/DDE can reveal
the degradation pathways of DDT (Doong et al.,
2002) since DDE and DDD are the aerobic and
anaerobic degradation products of DDT, respec-
tively. As shown in Fig. 2, DDD/DDE ratios in all
the surface sediments were much lower than 1, and
there were also eight sites without DDD detected.
This indicates that most of the parent DDT was
degraded under aerobic conditions in soils before
depositing into the sediments of the water reser-
voirs as well as these surface sedimentary environ-
ments exhibited relatively aerobic conditions.

3.3 Correlation between total organic carbon
(TOC) and concentrations of OCPs

It is well-known that organochlorine pesticides
tend to bind mainly with organic matter present in
the sediments because of their hydrophobicity and
low water solubility (7Toul et al., 2003). Therefore,
the sediment TOC has been regarded as a key prop-
erty influencing concentrations of OCPs in sedi-
ments (Malik et al., 2009). In this study, there were
a positive correlations between TOC contents and
DDE concentrations in sediments from all the water
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reservoirs investigated (Tab. 3). Concentrations of
total DDTs (sum of DDT and its metabolites) in
sediments from Zemplinska Sirava and Ruzin-
Hnilec reservoirs were also significantly correlated
with TOC contents. This suggests that the distribu-
tion of DDE as the main degradation product of
DDT in the water reservoirs may be controlled
mainly by the distribution of organic matter in the
sediments. The results agree well with those re-
ported by Hong et al. (2008), Hu et al. (2009) and
Malik et al. (2009). On the other hand, there were
no significant correlations between HCB concentra-
tions in each of the water reservoirs and TOC con-
tents (Tab. 3), implying that other factors, such as
soil erosion, dynamics of river flows, input sources
and degradation rate, might be important for the
distribution of organochlorine pesticides besides the
distribution of organic matter.
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Fig. 2. Plot of the DDT/(DDE + DDD) and DDD/DDE ratios
used for the identification of DDT sources.

Table 3. Correlations between concentrations of organochlorine pesticides and TOC contents.

DDT? DDE DDD ¥DDTs HCB YOCPs
Ruzin-Hnilec 0.028 0776 —0.870 0.6547 0.023 0.490
Ruzin-Hornad 0.778" -0.712 0.552 0.649 -0.598 0.617
Velke Kozmalovee -0.497 0.786" -0.733 -0.302 -0.102 —0.470
Zemplinska Sirava® - 0.751" 0.382 0.747" 0.241 0.739"

YConcentrations of DDT, DDE, and DDD in the table are the sum of p,p’-DDT and 0,p'-DDT, p,p’-DDE and o,p'-DDE, and p,p'-
DDD and o,p'-DDD, respectively, ¥sample ZS6 with notably high concentration of total DDTs was omitted from the correlation;

“The correlation is significant at the 0.05 level (1-tailed),
“The correlation is significant at the 0.01 level (1-tailed).

3.4 Potential biological effects of OCPs

To evaluate the possible ecotoxicological risks of
OCPs in the study areas, frequently used sediment
quality guidelines for freshwater ecosystems, i.e.
the threshold effect level (TEL) and probable effect
level (PEL) guidelines (MacDonald et al., 2000;
CCME, 1999) were applied on the obtained data, as
given in Tab. 4. TEL represents the concentration
below which adverse biological effects are not ex-
pected while PEL defines the concentration above
which adverse effects are expected to occur fre-
quently (Smith et al., 1996). Concentrations of DDT
and DDE were higher than the PEL values at 5 sites
(VK2-4, HO6, ZS6) and 25 sites, respectively, in-
cluding 5 sites of Velke Kozmalovce, 13 sites of
Ruzin, and 7 sites of Zemplinska Sirava. Concen-
tration level of DDD was over the PEL value only
at 1 site (ZS6) typical of the exceptionally high
concentration level of ZDDTs (Tab. 1). The other
sites are also of ecotoxicological concern since the
levels of both DDT and DDE exceeded the TEL

values at 8 sites mostly located in Velke Koz-
malovce and Ruzin water reservoirs. This compari-
son suggested that the exposure of DDT and DDE
might cause ecological risk on the neighboring
benthic organisms, including their decreased diver-
sity and abundance as well as behavioural changes,
in the studied water reservoirs.

4. Conclusions

Concentrations, sources and the potential ecotox-
icity of selected organochlorine pesticides (OCPs)
were studied in surface sediments of the following
water reservoirs: Velke Kozmalovce, Ruzin and
Zemplinska Sirava. The results indicated that al-
though the use of most OCPs has been banned in
the former Czechoslovakia for more than 20 years,
residues of some OCPs still persisted in the surface
sediments. HCB, DDT and its metabolite DDE
were the most dominant compounds in all sediment
samples. Relatively low values of the ratio of
DDT/(DDE + DDD) indicated that parent DDT was
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Table 4. Assessment of potential biological risks of selected OCPs in surface sediments from Velke Kozmalovce, Ruzin and
Zemplinska Sirava water reservoirs using sediment quality guidelines for freshwater ecosystems.

Chemical Range [ng '] TEL? Above TEL® PELY Above PEL’
DDT bdl-15.8 1.19 8 4.77 5

DDE 1.30-418 1.42 8 6.75 25

DDD bdl-94.5 3.54 0 8.51 1

>DDTs 1.30-526 7.00 26 4,450 0

YThreshold effect level, PProbable effect level, “Number of surface sediment samples above the corresponding levels.

degraded significantly to its metabolites and there
was no recent input of DDT to the sedimentary
environments of these water reservoirs. Based on
the comparison of the concentrations measured in
this study to the sediment quality guidelines, DDT
and DDE should be regarded as the ecotoxicologi-
cal risk in all three water reservoirs.
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