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Abstract:

The organochlorine pesticides have been detected in the samples of sediment and muscle tissue of bar-
bell (Barbus peloponnesius, Valenciennes, (1842); Barbus macedonicus, Karaman (1924), collected from
the three natural lake ecosystems in the Republic of Macedonia, i.e. Lake Ohrid, Lake Prespa and Lake
Dojran, in the period from 2004 to 2006. Special attention has been paid to the presence of the insecticide
DDT degradation products, 1,1,1-trichloro-2,2-bis(p-chlorophenyl) ethane (p,p -DDT), 1,1-dichloro-2,2-
bis(p-chlorophenyl)ethylene (p,p -DDE) and 1,1-dichloro-2,2-bis(p-chlorophenyl)ethane (p,p -DDD), as
dominant components in comparison to the other organochlorine pesticides.

The results that have been obtained indicated that dominant metabolic forms in the samples of sediment
from Lake Ohrid and Lake Prespa is p,p -DDE. The mean values for the content of this forms has been
estimated at 0.84 pg kg dry sediment in the samples collected from Ohrid and 1.56 pg kg dry sediment
in the samples from Lake Prespa. In the samples of sediment that have been collected from Lake Dojran,
the dominant was the p,p’-DDT form, while it’s content has been estimated at 4.06 ug kg™ dry sediment.
The highest values for the content of the sum of DDT metabolic forms in the fish muscle tissue have been
evidenced in the samples of fish collected from Lake Dojran and the average value of this sum has been
estimated at 16.38 pg kg' fresh tissue. The dominant metabolic forms for the analyzed muscle tissues of
fish for all three lake ecosystems has been p,p’-DDE. The content of this form have been estimated at 5.98
pg kg, 7.21 pg kg'and 9.77 pg kg for the samples collected from Lake Ohrid, Lake Prespa and Lake
Dojran, respectively. Thus, the highest evidenced value for the presence of p,p’-DDE has been recorded
for the samples collected from Lake Dojran, i.e. 9,77 ug kg fresh tissue.
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Introduction

One of the most important groups of compounds
within the priority pollutants is the group of persistent
organic pollutants, where as basic and most important
group is the organochlorine pesticides. They are gen-
erally toxic organic compounds usually with synthetic
heritage that are quite persistent to photolytic, biologi-
cal and chemical disintegration. Besides the toxicity
and persistency, additional concern in terms of serious
potential risks upon the environment and the entire
living world is their tendency to be accumulated in the
fat tissue of the living organisms (lipophilicity) and

thereafter to be bio-accumulated through the chain of
nutrition (Kasozr et al. 2006), as well as the ability of
the organochlorine pesticides to be transferred in an
unchanged condition to distant areas where they have
not been used at all (biomagnification).

Once introduced into the aquatic ecosystem,
the persistent organic substances remain inside for-
ever. They enter into the living world through the
nutrition of the organisms or they are absorbed on
the suspended particle, which is due to their high af-
finity to linking with the organic matter and in the
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end they are accumulated in the sediment, thus they
are secondary source of pollution (FyTianos et al.
2006). The representatives of this group of pollut-
ants remain for long time in the aquatic ecosystem
in their natural form or in forms of its degradation
(V1ves et al. 2006).

Despite the fact that the insecticide dichlorodi-
phenyltrichloroethane (DDT) is not in use in a vast
number of countries all around the world, including
the Republic of Macedonia (banned for usage in the
1970s), still its presence in unchanged form or in
some specific metabolic forms is noticeable in en-
vironmental (water, sediment, soil) as well as in fish
muscle tissue (ATSDR 2002; BARNHOORN ef al. 2009;
MOEPP 2004). This conclusion indicates to the fact
that generally the living world is still affected by the
mentioned insecticide and its effects, mainly due to
the long period of persistency characteristic for this
component and its lipophilic character (JONES, DE
Vooct 1999)

The biggest and most important aquatic re-
sources in the Republic of Macedonia are the three
natural lakes, i.e. Lake Ohrid, Lake Prespa and Lake
Dojran. According to the data published in the liter-
ature by the National Institute for Health Prevention
(MOEPP, 2004), in the territory of FYRMacedonia
during the period 1947-1958 there have been used
total of 23 910 kilograms of DDT as larvicide for
procession of the larvae of the malaria mosquito.
According to the same source, in Ohrid-Prespa re-
gion total of 4100 ha of area has been treated with
DDT for final eradication of the malaria in 1973,
which, in fact is the last date of usage of this pesti-
cide in the country.

Thus, the aim of this study is to compare date
presence and distribution of DDT and its products of
degradation: 1,1,1-trichloro-2,2-bis(p-chlorophenyl)
ethane (p,p —DDT), 1,1-dichloro-2,2-bis(p-chloroph-
enyl)ethylene (p,p —DDE) and 1,1-dichloro-2,2-bis(p-
chlorophenyl)ethane (p,p —DDD) in the collected
samples of sediment and fish tissue from the different
points from three natural Lakes in FYRMacedonia,
Ohrid, Prespa and Dojran.

Materials and Methods

Study site

In the period 2004-2006 a investigation in regards to
the presence of total DDT through its metabolic forms
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p.p’-DDT, p,p—DDE and p,p’-DDD in the sedi-
ment of the littoral zone and rivers of Lakes Ohrid,
Prespa and Dojran, as well as from the muscle tissue
of the barbel: Barbus peloponnesius, Valenciennes,
(1842); Barbus macedonicus, Karaman (1924) from
the same ecosystems has been conducted. From the
littoral zone of Lake Ohrid there have been cho-
sen seven localities, i.e. littoral near River Sateska,
Daljan, Grasnica, Ohrid bay, St. Naum and littoral
near River Cerava and Livadiste. From Lake Prespa,
the samples have been collected from the three larg-
er tributaries which supply the lake with water, i.e.
River Golema, River Kranska and River Brajcanska
and in the littoral near the lakes" deltas, i.e. Asamati,
Krani and Nakolec. In Lake Dojran, the samples
were collected from five localities, i.e. Partizan.
Gradska plaza, Kaldrma, Acikot and Nikolik.

Sampling and analysis

Collection of sediment samples

Sediment samples were collected from the lit-
toral zone of Lakes. The sampling was conducted
with a Van-Veen grab sampler with a volume of 440
cm® (Hydro-bios, Kiel, Germany). Sediment samples
were stored and transported in field — refrigerators.
Before analysis samples were stored at 4 °C, for a
maximum of seven days.

Collection of fish muscle tissue

The fish samples of barbel, which is a benthic species
fished also commercially, were collected from the re-
gion Grasenica-Daljan (from Lake Ohrid). Fish sam-
ples of Barbus peloponnesius, Valenciennes, (1842)
and Barbus macedonicus, Karaman (1924), were
caught and their species determination was conduct-
ed by VELKovA-JorDANOSKA (2008). Immediately af-
ter fish were caught, the muscle tissue was separated
and shortly after it was frozen and kept at —20 °C
until analysis.

Preparation of sediment samples

The determination of organochlorine pesticides in
the sediment was conducted using the modified EPA
8081A method. 70 to 80 g of fresh and well-homog-
enized sediment were mixed with 50 mL of a 1:1
mixture of hexane and acetone (V/V) and 20 mL of
methanol. Solid-liquid extraction was performed on
a magnetic stirrer for 2 hours at room temperature.
After the extraction of the sediment, the emulsion was
transferred into two cuvettes and put in an ultracen-
trifuge (Niko Zelezniki; type LC-72) for the separa-
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tion of three phases (organic, aqueous and solid). The
organic extract was pipetted and the water contained
in it was removed by transferring it through a layer of
anhydrous sodium sulphate (Fluka, p.a.). The sulphur
present in the sample was removed with an activated
elementary powder (copper fine powder GR particle
size 63 um) and cyclohexane on a magnetic stirrer
for 10 minutes (Sulfur cleanup, EPA 3660 B).

The cyclohexane extract was purified using a
Florisil column in accordance with the EPA 3620B
method. After loading the extract, three fractions
were collected, eluted with suitable solvents, to leave
interfering compounds on the column. Each of the
fractions was dried and reconstructed with 0.5 mL
hexane containing the internal standard pentachlo-
ronitrobenzene (PCNB at a concentration of 100 ng
mL") and 1 uL of the prepared sample was injected
for GC/ECD analysis.

Prior to the process of extraction, the dry mass
of the sediment was. The calculations included the
presence of organic material in the sediment. The
content of moisture in the sediment was determined
by drying of the sediment at 105 °C for 6 h in a ce-
ramic crucible. The content of organic material
was determined by loss-on-ignition (LOI) method
(ASTM Method D 2974-00).

Preparation of fish samples

The muscle tissue was fully thawed, cut into
small pieces and homogenized. 10 g were placed in
a glass and 30 mL of an extraction mixture hexane—
acetone (1:1, V/V) and 10 mL methanol was added.
The extraction was performed on a magnetic stirrer
at room temperature for 2 h.

The reconstructed extract in 2 mL of cyclohex-
ane was then purified with an active Florisil column
(Florisil cleanup, EPA 3620B method) producing the
three fractions as described above. The three frac-
tions were dried in test bottles and reconstructed
in 0.5 mL hexane containing internal standard, IS
(PCNB at a concentration of 100 ng mL™"). The ex-
tracts were then analyzed by GC-ECD. The results
are in terms of kg fresh tissue and represent the total
of the contents in the three different fractions.

Gas chromatography with an electron capture
detector

Quantitative analysis was conducted with a gas
chromatograph (Varian, USA) Model 3800, with an
ECD detector and nitrogen as the carrier gas. The
column used for separation of OCP was VA-1701

(VA-123073-20) with the following characteris-
tics: length 30 m; I.D. 0.32 mm; film thickness 0.25
um, and temperature limits from — 20 °C to 280 °C
(300 °C range). The GC temperature program condi-
tions for the analysis on organochlorine pesticides
were: initial oven temperature 70 °C, held for 1 min,
ramped at 20 °C/min to 180, then at 10 °C/min to
230 °C, held for 3 min, and finally at 5 °C/min to
270 °C and held for 5 min. The nitrogen carrier gas
had a constant flow (2 mL min!) and pressure (20.80
psi). Inlet: splitless with a total flow of 24.5 mL min
l;injector temperature 250 °C; detector temperature
300 °C.

The calibration curves were prepared using a
standard mixture of organochlorine pesticides, Mix
2 from Dr. Ehrenstorfer GmbH, at a concentration
of 2000 ng puL™! in toluene/hexane (Lot: 20114TH)
and the internal standard of pentachloronitrobenzene
(PCNB, 5000 ug mL! in methanol, from Supelco).
Working standard solutions were prepared in the
concentration range from 0.01-1 pg mL-'.

Laboratory quality control

In this study the method detection limit (MDL)
for p,p -DDE in sediments was 0.44 pg kg’!, for p,p -
DDD 0.31 and for the p,p’-DDE 0.21. The practical
quantification limit (PQL) was from 0.5 to 0.7 ug
kg!. The mean values for recovery for p,p’-DDT in
the sediment was 89 %, for p,p -DDE was 83 % and
for p,p’-DDD was 85 %.

Results and Discussion

Sediment sample

The average values of the content of degraded forms
of the DDT and its sum in the sediment samples col-
lected during the period 2004-2006 from the litto-
ral zone of three natural Lakes in FYRMacedonia,
are presented in Fig. 1. The obtained results, indi-
cate to a presence of three metabolic forms of the
DDT insecticide, i.e. p,p-DDT, p,p’-DDE and
p.p’-DDD in the analyzed samples of sediment. It
is characteristic that the most dominant degraded
form in the samples of sediment collected from
Lake Ohrid (VELIANOSKA-SARAFILOSKA et al. 2011)
and Lake Prespa (VELJANOSKA-SARAFILOSKA et al.
2012 submittet) is p,p’-DDE, which average values
were estimated in between 0.85 and 1.55 pg kg dry
sediment, respectively (Figure 1). For Lake Dojran
(VELJANOSKA-SARAFILOSKA ef al. 2011a) the average
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value for the composition of p,p’-DDE was 1.62 pg
kg! dry sediment. In addition, according to the in-
vestigations of Wasswa et al. (2011) in the samples
of sediment collected from the Lake Victoria, domi-
nant degraded form is p,p’-DDE and it has been in
the interval between 0.11 and 3.59 pg kg! dry sedi-
ment, while second best in terms of presence in this
ecosystem has been the form p,p - DDT (0.04 - 1.46
ug kg! dry sediment).

In the samples of sediment collected from Lake
Dojran the highest composition is detected for the
form p,p’-DDT with 4.06 ug kg' dry sediment. In
the other two aquatic ecosystems (Lakes Ohrid and
Prespa), the form p,p-DDT is registered with quite
lower contents. Hence, the average value that is
registered for this form in the samples of sediment
from Lake Ohrid was estimated at 0.36 pg kg' dry
sediment, which is 11 times lower than the content
evidenced in the sediment of Lake Dojran (Fig. 4).
The average value for the content of p,p’-DDT in
Prespa was estimated at 1.07 pg kg! dry sediment,
which is four times lower than the evidenced content
in Dojran. In the sediment of River Bojana and in
numerous localities from Lake Scadar (in Albanian
side), dominant is the degraded form p,p’-DDT. In
the samples from the River Bojana the value of this
form was estimated at 41.48 ng kg' dry sediment,
while in the samples from Lake Scadar the value for
this form is within the interval from 21.5 to 59.77 pg
kg! dry sediment (Marku,Nuro 2005). According to
the same authors, the main reasons for this condition
are the global atmosphere deposition and the agricul-
tural drainage waters. On the other hand, the domi-
nance of the form p,p’-DDT in relation to the other
degraded forms in the sediment collected from the
River Kim Ngum, Vietnam, according to Hoal et al.
(2010) is mainly due to the recent application of the
insecticide DDT in the region where the river flows.

The least present degraded form of DDT in
the sediment from our investigation localities is the
form p,p’-DDD (Fig. 1). The average value of this
form for Ohrid has been estimated at 0.40 pg kg dry
sediment, 0.62 pg kg' dry sediment for Prespa and
0.56 ug kg!' dry sediment for Dojran.

According to the obtained results of our in-
vestigations and from the results obtained from the
investigation of Marku, Nuro (2005), a difference
in regards to the mass contribution of the meta-
bolic form of DDT can be noticed in the sediment
of the natural aquatic ecosystems. This condition,
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presumably is due to the collation of their trophic
state (VELJANOSKA-SARAFILOSKA 2011; VELIANOSKA-
SARAFILOSKA, PATCEVA, 2012; MARKU, NUro 2005).
Lake Ohrid is with an oligotrophic character, Lake
Prespa with mesotrophic character while Lake
Dojran and Lake Scadar are ecosystems with highest
trophic condition and according to some parameters
indicate to eutrophic character. The investigations
of BERGLUND et al. (2001), regarding the relationship
between the trophic state of the aquatic ecosystems
and the distribution of organochlorine components
indicated that the concentration of these components
in the lake sediments was positively correlated to the
lake trophy, i.e. larger quantity of organochlorine
components is accumulated and ‘entrapped’ in the
sediment of the eutrophic lakes, if compared to the
oligotrophic lakes.

The three basic degraded forms of the insecti-
cide DDT, i.e. p,p -DDT, p,p ’-DDE and p,p-DDD,
can be used for determination of the chronology of
entrance of DDT in the aquatic ecosystems (Hoal
et al. 2010). The ratio of p,p’-DDT/p,p’-DDE,
provides a useful index to assess whether the DDT
at a given site is fresh or aged, with a value <0.33
generally indicating an aged input (DE Mora et al.
2004). The comparison values obtained for the ra-
tio p,p’- DDT/ p,p -DDE for the three aquatic eco-
systems which were subject of the investigations of
this study, indicate that this ration in the sediment of
Lake Dojran (VELJANOSKA-SARAFILOSKA ef al. 2011a)
is with the highest values and is in between 1.85 and
3.17, which indicated to recent entrance or usage of
the insecticide DDT in the region. The obtained val-
ues of this ratio for the samples of Prespa are sub-
stantially lower and are in the interval from 0.49 to
0.84. The lowest values are recorded in the samples
from Lake Ohrid (VELJANOSKA-SARAFILOSKA et al.
2011), which are within the interval from 0.31 and
0.52. These obtained values, for the last two aquatic
ecosystems, also indicate to a relatively recent en-
trance of this component.

In the investigations conducted by MARKU ,
Nuro (2005) in Lake Scadar, Republic of Albania,
the values of the ratio p,p -DDT/p,p -DDE are within
the interval from 9.62 to 33. This condition is linked
by the authors to the fact that dominant degraded
form in the investigated samples of sediment from
Lake Scadar is p,p’-DDT, same as the case with the
collected and analyzed samples from Dojran. Unlike
this two ecosystems, in the samples of sediment col-
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lected from Ohrid and Prespa, dominant degraded
form is p,p -DDE.

Knowing the fact that the sorption of the pes-
ticides is directly affected by the composition of the
organic matter in the environment (ABouL-Kassim,
SiMoNEIT 2001; KuMar, PHiLiP 2006), a correlation
between the contents of these compounds in the sedi-
ment of the investigated locations is expected. Thus,
the good linear correlation (R* = 0.816) between the
content of total DDT’s in the sediment, w(DDTs),
given in pg kg, and the percentage of the total or-
ganic material in the sediment, w(Organic matters),

for Lake Ohrid is represented by the equation:

w(OCPs) = 0.401'w(Organic matters) + 0.452

The very good linear correlation (R* = 0.965)
for sediment samples from Lake Prespa, can be ex-
pressed by the equation:

w(OCPs) = 0.2868w(Organic matters) +
2.0747

Linear correlation (R* = 0.906) for sediment
samples from Lake Dojran can be expressed by the
equation:

w(OCPs) = 0.225w(Organic matters) + 5.089

According to Kumagr, PHILIP (2006) the organic
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matter in the sediment and sand plays a very im-
portant role in the processes of adsorption and des-
orption of persistent organic pollutants. It has been
shown in his work that the bottom with the highest
percent of organic matter has the highest adsorption
power, as well.

Fish tissue

The effect of the presence of organochlorine pesti-
cides in the water and the sediment of the aquatic
ecosystems is reflected upon the living world which
inhabits them, too. According to Ize-Ivyamu et al.
(2007), the concentrations of some specific orga-
nochlorine pesticides are higher in the organisms
which are concentrated in the bordering layer sedi-
ment — water.

Fig. 2 shows the average values for the con-
tent of DDT degraded forms in the samples of fish
collected from the three aquatic ecosystems, which
indicate to a presence of the three metabolic forms.

The highest content of the insecticide DDT
(16.38 pg kg! fresh tissue) is registered in the sam-
ples of collected fish from Lake Dojran (Fig. 2),
which is the same as the case with the collected sedi-
ment (VELJIANOSKA-SARAFILOSKA ef al. 2011a). In the
other two aquatic ecosystems, there have been reg-
istered relatively lower values for the sum of DDT
(p,p -DDT, p,p -DDE, p,p’-DDD) in the samples of
collected fish (VELIANOSKA-SARAFILOSKA et al. 2011;
VELJANOSKA-SARAFILOSKA ef al. 2012 submitted), i.e.
8.84 ng kg! fresh tissue for Lake Ohrid and 12.76
ug kg! fresh tissue for Lake Prespa (Fig. 2), which
is in correlation with the lower average values of the
sum of DDT in the samples of sediment. The trans-
fer of contaminants from the sediment through the
benthic organisms to the fish, which usually live and
are finding food in the contact layer sediment—water
is more dominant in the polluted aquatic ecosystems
(VARaNSI et al. 1992). As supportive arguments for
this notion are the data of STANGE et al. (1997), for
Barents Sea where the contamination of the sedi-
ment is low, hence the benthic fish do not have ad-
ditional source of contamination, thus the values for
the composition of the determined organochlorine
components in them are relatively low.

In the investigations of Topi ef al. (2006), in the
muscle tissue of all investigated samples of fish in
the Albanian side of Lake Ohrid, out of the deter-
mined organochlorine pesticides, the dominant is the
sum of DDT. Therefore, in the analyzed muscle tis-
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sue of samples of carp (Cyprinus carpio), the aver-
age value for this component is 19.09 pg kg fresh
tissue, while in the samples of trout (Salmo letnica)
the value is 50.02 pg kg! fresh tissue. According to
the same authors, the main reason for the presence
of the degraded form of the insecticide DDT in the
analyzed samples is the recent usage of the insecti-
cide in the region.

It is quite characteristic that in the samples of
the three ecosystems the most present degraded form
is p,p -DDE (VELJANOSKA-SARAFILOSKA et al. 2011;
VELJIANOSKA-SARAFILOSKA et al. 2011a; VELIANOSKA-
SARAFILOSKA et al. 2012 submitted) . With lowest
value of this form registered in the samples collected
from Ohrid is 5.98 ng kg! fresh tissue, in the sam-
ples collected from Prespa the average value of p,p -
DDE is 7.21 pg kg!' fresh tissue, while in Dojran
9.77 ug kg! fresh tissue (Fig. 2).

The other two forms (p,p -DDT and p,p -DDD)
with lowest values are registered in the samples col-
lected from Lake Ohrid and they are estimated at 0.90
pg kg! fresh tissue for p,p"-DDT and 1.96 ng kg
fresh tissue for p,p -DDD. For the collected samples
of fish from Lake Prespa, the average value for p,p -
DDT has been estimated at 1.07 pug kg! fresh tissue,
while for the p,p’-DDD, the average value has been
estimated at 4.48 pg kg! fresh tissue.

According to VIves et al. (2005), the domi-
nance of p,p’-DDE is as a result of the transforma-
tion of p,p -DDT into p,p’-DDE, which is a process
that occurs after the entrance of the metabolite in the
organism (fish), while according to BARNHOORN ef al.
(2009), the metabolism of p,p -DDE in the mass tis-
sue is with decreased intensity, a characteristic which
results in domination of this metabolic form in the
organism. The mass tissue is a reservoir (warehouse)
for the metabolic form p,p -DDE, which is the main
and most persistent metabolite in the environment
(ATSDR, 2002).

Conclusion

The results of the investigations conducted and pre-
sented in this study indicate that the DDT metabolic
forms (p,p’-DDT, p,p’-DDE and p,p’-DDD) are
present in the analyzed matrixes, i.e. sediment and
fish muscle tissue collected from the three natural
Lakes in FYRMacedonia, Ohrid, Prespa and Dojran.
This condition is mainly due to the persistency of
this group of compounds, even though their usage
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has been banned in the Republic of Macedonia (and
in most of the world’s countries) in the 1970s of the
XX century.

According to the obtained results from our in-
vestigations, the different mass presence of the de-
tected metabolic forms of the insecticide DDT in
the analyzed samples from the three aquatic ecosys-
tems, as well as the favorable correlation between
the organic matter and the composition of the sum
of DDT, it can be concluded that all of those are in
interconnection with the trophic state of the lakes.
Lake Ohrid is an ecosystem with an oligotrophic
character; Lake Prespa is a mesotrophic lake; while
Lake Dojran, for which there are evidenced the high-
est values for all analyzed parameters, is a lake with
eutrophic character.

The detection of the DDT and metabolites in the
analyzed matrixes (sediment and fish tissue), as well
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