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Synthetic organic pesticides have been in widespread use for more than 40 years,
and during that period, their use has contributed greatly to the increase in world-
wide food production and at the same time improved human and animal health.
However, these successes brought their side effects such as toxicities to non-target
species, including humans, and the production of persistent residues in soil and
water. That’s why, some of them were commercially banned, but many are still in
use because of their efficiency (e.g. lindane, endosulfan) and some or through
their illegal entry in the country. Since they are intrinsically biocidal they are
particularly dangerous when they enters water flux in significant quantities.
Aquatic ecosystems may be contaminated by organochlorine insecticides used in
crop protection. Pesticides are introduced into water systems from various sources
such as industrial effluents, agricultural runoff and chemical spills. Even if these
compounds are present only in very low concentrations in the water, they are
hazardous because some species of aquatic life are known to concentrate them
1000-fold or more (Murty 1985). Unfortunately, these chemicals are not always
selective and many have adverse effects on nontarget species. Organochlorine
pesticides with their primarily hydrophobic chemical properties, occur as
contaminants in estuarine systems partitioned between water and living and/or
dead materials, with greatest affinity for the solid phase (Train 1979; Duursma et
al. 1986). These compounds may also be detrimental to fish by interfering with
their metabolism and/or reduce egg hatchability. Also, entry of these pesticides
into the aquatic ecosystems will adversely affect many non target organisms
including fish and birds (Ohlendorf et al. 1978a; Dutta et al. 1993; Ayas et al.
1997; Barlas 1999). Effects of DDE include egg shell thinning, egg breakage, and
reduced clutch size, hatching success and subsequent productivity (Ohlendorf and
Marois 1990).

In the present study, water and sediment samples collected from the Inner
Anatolia lakes were analysed for the presence of some organochlorine pesticide
residues and their metabolites to determine present contamination levels and
accumulation pattern.

MATERIALS AND METHODS

The following wetlands were studied: Hirfanli Dam Lake: 39° 10° N, 33° 39 E;
Tuz Lake: 38° 45°N, 33° 22°E: Esmekaya Marsches: 38° 15°N, 33° 28’E:
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Tersakan Lake: 39° 05°N, 33° 50°E; Samsam Lake: 39° 06°N, 32°45°E; C6l Lake:
39°18°N, 32° 54°E; Uyuz Lake: 39° 15°N, 32° S7°E.

Water and sediment samples were collected in three month intervals between
April 1998 October 1999. These samples were collected 0.5 m below the water
surface in 1 L pre cleaned glass bottles and were kept at -18 °C. The upper 10 cm
of sediments were collected with Ekman sampler in a sterile 250 mL glass bottles.
Organochlorine extraction of water samples was carried out according to Zweig
method (1972). In this method, 900-950 mL water sample filtered before analyses
than it was extracted with 25 mL n-hexane into a 1 L separate funnel three times.
The combined extracts were dried over anhydrous sodium sulphate (0.5g). The
extracts were evaporated at 50 °C until 1-2 mL left for the determination of
organochlorines in water samples. Sediment samples were extracted with n-
hexane using Soxhlet equipment for 4 hours (Sodergen and Wartiovaara 1988).
Mixture standards of organochlorine pesticides were used for identification and
measurements in GC. The extract was cleaned on a partially deactivated Flurosil
column (FAO 1983). Organochlorine pesticides and metabolites (including op’-
DDT, pp’-DDT, pp-DDE, pp'-DDD, op’-DDD, heptachlor, heptachlor epoxide,
aldrin, dieldrin, endrin, lindane, a-BHC and B-BHC) were analysed with a
Chrompac-SFC Instrument 138 A with a Nickel Electron Capture detector
automatic sampler, digital processor and 4% SSE- 30/60 % QF-capillary column.
The column temperatures were programmed at 270 °C. Nitrogen at a flow rate of
40 mL/min was used as a carrier gas. Duplicate injections (0.8 puL) of each sample
were analysed.

All residues are expressed as pug /g. Minimum, maximum and geometric means
were used to express residue levels. According to this method, the detection limit
is 0.0001pg /g. Values below detection limits were assigned as a Not-Detectable

(ND).

A student’s f-test was used to determine differences in some organochlorine
pesticide residues in water and sediment samples (Stumbiilliioglu and
Stimbiilliioglu 1987). The 0.05 level of significance for probability was used as
the criterion of statistical significance.

RESULT AND DISCUSSION

Prior to the restriction or ban on the use of many organochlorine pesticides,
residues of the more commonly used compounds were detected in natural
freshwater bodies. A total of 13 organochlorine pesticide and their residues have
been determined. Organochlorine residues in water and sediment samples are
shown in Table 1 and Table 2.

In these tables OC pesticide residues in sediment samples were generally higher
than residue levels in water samples. Alpha BHC, beta-BHC, heptachlor epoxide,
aldrin, op’-DDT, op’ DDD, pp’-DDT were detected at high levels in sediment
samples. In Tuz Lake, Hirfanh Dam Lake, Esmekaya Lake, Tersakan Lake,
Kozanh Lake and Kulu Lake, organochlorine pesticide residues (especially alpha-
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BHC, beta-BHC, aldrin, dieldrin, heptachlor epoxide, and DDT metabolites op’-
DDD, pp’-DDT, pp’-DDD) in water and sediment samples were generally higher
than in other lakes, because they are located in wide agricultural areas.

The highest average amount of extractable alpha-BHC was 1.38 pg/g (range ND-
2.719 ug/g mean) which was found in the sediment sample of Bolluk lake. The
highest residue levels of heptachlor epoxide was 1.394 pg/g which was found in
sediment samples of Kozanli Lake. Also, the highest average amount of
extractable beta-BHC (2.328 ug/g mean of Hirfanli Dam Lake) and lindane (1.79
pg/g mean in Tuz Lake) were detected in sediment samples. DDT and it’s
metabolites pp’-DDE, op’-DDD, op’-DDT, pp’-DDD, pp’-DDT (mean
concentrations 1.421, 1.389, 2.244, 0.969, 1.152 ug/g in Tuz Lake, Hirfanli Dam
Lake, Tuz Lake, Tuz Lake and Samsam, respectively) were detected at high levels
in sediment samples. This high residue levels of pesticides may be due to
continuous usage of organochlorine pesticides.

On the other hand, Fay and Newland reported that no such relationship existed
between the insecticides present in water and those in the sediments. These
researchers concluded that heptachlor, endrin, and pp’-DDT were detected higher
in water whereas dieldrin and pp’-DDD were detected in sediments (Fay and
Newland 1972).

In this study, it was established that aldrin had higher concentration than it’s
converted products in sediment samples in Hirfanli Dam Lake and Esmekaya
Lake. Normally, aldrin is converted to its epoxide analogue dieldrin, heptachlor is
metabolised to heptachlor epoxide, isodrin is metabolically converted to endrin by
mammals, soil microorganisms, plants and insects (Matsumura 1985).
Unfortunately, the residue level of aldrin, dieldrin and some DDT metabolites
seem to be in very unusual proportions. These results may be due to still using OC
pesticides and other environmental factors such as soil types, P" | temperature in
the study area. In Tuz Lake, op'- DDT was found in greater concentrations than
pp-DDE in sediment samples, but, in same lakes DDE was found at higher
degrees than DDD. Many authors have concluded that pp’- DDE was detected to a
higher degree than DDT in soil, sea bird tissue and their eggs (Fasola et al. 1987;
Hernandez et al. 1988). Also, some researchers have concluded that DDT, aldrin
and heptachlor have been found in higher quantities than their converted products
(Ayas et al. 1997; Barlas 1999). Although the usual route of metabolism of DDT
in insects and in other organisms and in sediments appears to be through DDE.
pp-DDE is the terminal product of pp-DDT. DDT was used extremely effectively
in control of some pest disease, but DDT is dangers of indiscriminate usage of
substances. The sheer fact that DDT was a persistent chemical in the environment,
it did not degrade rapidly. Also, DDT was an added factor in the chain of events
which led us to realise that use of such compounds need to be strictly controlled,
and that effectiveness over long periods alone is not a formula for the continuous
health of the environment (Connell et al. 1999). Ayas et al. found that OC levels
were highest at the top of the food chain in Goksu Delta in Turkey. Goksu Delta
is an important wetland, because a lot of rare and endangered water-birds which
are in the food chain could be the most affected organisms and OC could affect
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the reproductive success of these birds ( Ayas et al. 1997). Barlas was found the
same results in Sakarya basin in Turkey (Barlas 1999). Also, she concluded that,
DDT metabolites were accumulated in fish adipose tissue and some pathological
findings were seen in gill, liver and kidney tissue of fish (Barlas 1999).

In spite of use of all OC pesticides has been prohibited in Turkey by a decision
made by the Turkish government in 1980s; a lot of organochlorine pesticides and
their degradation products were detected at high levels in water and sediment
samples. The main reason of high OC contamination can be related to the still
widely and illegal use of OC pesticides in agriculture. Toxic substances which
occur at such low concentrations in water at to pose no threat through direct
toxicity, may, if absorbed, be accumulated in the food chains and affect aquatic
organisms and their predators.
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