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Pesticides are poisons which are used to control or destroy unwanted organisms,
especially those which have economic implications. Since they are intrinsically
biocidal they are particularly important when they enter flowing waters in significant
quantities. Aquatic ecosystems may be contaminated by organochlorine insecticides
used in crop protection. These pesticides reach aquatic ecosystems by direct
application, spray drift, aerial spraying, erosion and run off from agricultural land,
by discharge of effluents from factories and in sewage. Organochlorine insecticides
are now less widely used than previously, because of a number of disadvantages
including environmental persistence, bioaccumulation and their toxic action upon
the nervous systems (Haider and Inbaraj 1986; Hellawell 1988). Also, entry of these
pesticides into the aquatic ecosystem will adversely affect many non target
organisms including fish and birds (Dutta et al. 1993; Ayas et al.1996). These effects
may be acute, resulting in mass mortality or chronic, involving changes in survival,
growth and reproduction (Kocan and Landolt 1989). Many researchers have reported
that organochlorine pesticides and their degradation products have more toxic effects
on animals (Barlas 1994; 1997), and played important role in the population declines
of waterbirds (Gilbertson 1988; Fox et al. 1991). Usage of OC pesticides have been
prohibited since 1980 in Türkiye, but it was obvious that Sakarya river or basin was
contaminated by a variety of pesticides.

The present work was carried out to determine some organochlorine pesticide
residues in water, sediment and fish tissue, especially in adipose tissue in upper
Sakarya river basin.

MATERIALS AND METHODS

After a preliminary study, eight stations were selected in upper Sakarya river,
Türkiye to determine some organochlorine pesticide residues in water and sediment
samples, whereas five stations were selected for the fish samples.Water and
sediment samples were collected in October 1995 and February, May, and August of
1996 from the stations (1, 2, 3, 4, 5, 6, 7, 8) indicated in figure 1. These samples
were collected 0.5 m below the water surface in 1 L precleaned glass bottles and
kept at -18 °C. The upper 10 cm of sediments were collected with Ekman sampler in
a sterile 250 mL glass bottles. Four Cyprinus carpio were collected from each of five
stations (1, 3, 4, 5, 6). As much as it was possible, similar sized fish samples were
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Figure 1. Map showing the location of the study area in Sakarya basin Türkiye, and
sampling stations.

collected from the selected stations. Each fish was measured (cm), tagged, and
placed on ice and later frozen until they were analysed. Water, sediment and fish
samples were taken to laboratory in Ankara. Organochlorine extraction of water
samples was carried out according to Zweig method (1972). In this method, 900-950
mL water sample was extracted with 25 mL n-hexane into a 1 L separatory funnel
for three times. The combined extracts were dried over anhydrous sodium sulfate
(0.5g). The extracts were evaporated at 50 °C to 1-2 mL for the determination of
water samples. Sediment samples were extracted with n-hexane using Soxhlet
equipment for 4 hours (Sodergren and Wartiovaara 1988). At the laboratory, each
fish was weighed (g) and the skin was removed with steel knife and steel tweezers
from muscle, in the middle of the fish. Then a sub sample was cut from the muscle
of about 10 g and this sample was pureed in a Waring blender. These procedures
were done according to manual of methods in aquatic environment research by FAO
(1983). The pureed fish samples were extracted with petroleum benzene in 150 mL
using Soxhlet equipment for 8 hours. The extracts were evaporated using a rotary
evaporator, at 50 °C to constant weight for the determination of extractable lipid.
Mixture standards of organochlorine pesticides were used for identification and
measurements in GC. The extract was cleaned on a partially deactivated Florosil
column. Organochlorine pesticides and metabolites (including o,p’DDT, p,p’DDE,
p,p’DDD, o,p’DDD, heptachlor, heptachlor epoxide, aldrin, dieldrin endrin α-BHC
and β-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.
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Nitrogen at a flow rate of 40 mL/mm was used as a carrier gas. Duplicate injections
(0.8 µL) of each sample were analysed. All residues are expressed as µg /g.
Minimum, maximum and geometric means were used to express residue levels.
According to this method, the detection limit is 0.0001 µg /g. Values below detection
limits were assigned as a Not-Detectable (ND).

Also, bioconcentration factors of these pesticides were calculated according to
Branson et al. (1975) method. A student t-test was used statistically analysis of
organochlorine pesticide residues in different stations and seasons (Sümbüllüoglu
and Sümbüllüoglu 1987). The 0.05 level of significance for probability was used as
the criterion of statistical significance.

RESULTS AND DISCUSSIONS

Organochlorine pesticides were the first synthetic insecticides to be developed and
of these, DDT and BHC are probably the best known. Following their introduction
in 1940s, they were used widely with considerable benefits for human health through
the destruction of vectors of disease and protection of crops. Widespread and
sometimes indiscriminate use of these insecticides, largely because of their low
acute toxicity to man and their very powerful effects on insect pests and vectors, led
to what proved to be serious environmental problems.

In this study, analyses were carried out on samples from different localities and
organisms in  uppe r Sakarya basin.  Occurrence and concentrations of
organochlorines varied among stations and seasons. Organochlorine residues in
water samples were shown in Table 1. In October organochlorine concentrations in
water sample were generally higher than other seasons (February, May and August)
especially β-BHC, aldrin endrin heptachlor, DDT as their metabolites (DDE, DDD,
heptachlor epoxide, dieldrin). Also, DDE is the compound that appeared at highest
concentrations in August (Table 1). The average amount of extractable DDE in
water samples was 1.117 µg/g (range ND-3.661 µg/g mean) in August. OC pesticide
residues were measured very high quantities than their solubility in water. These
high quantities may be due to high level of turbidity and other particulate material in
water because the water samples were extracted without filtration. Lindane was
observed in water samples and sediments collected in October but not afterwards. In
sediment samples, all of the OC residue levels were detected higher, from the water
quality criteria for protection of the fresh water fish and aquatic life. Especially
heptachlor epoxide (7.892 µg/g mean in October), α -BHC (2.551µg/g mean in
August), dieldrin endrin o,p’DDT, p,p’DDT, o,p’DDD, p,pDDE were detected at
high levels in sediment samples than water and fish samples (Table 2).

In fish samples, DDT and it’s metabolites p,p’DDE, o,p’DDT, p,p’DDT, p,p’DDD,
o,p’DDD (mean concentrations ranging from 2.454, 1.74, 1.474, 1.262, 1.199 µg /g
mean, respectively) were detected at high levels in October. Also, heptachlor
epoxide which is the degradation product was found greater in adipose tissue in the
same mounth (mean concentrations 3.635 µg/g). These levels were significantly
higher than in fish collected there in February, May and August. In February
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dieldrin heptachlor epoxide and o,p’DDT residue level in adipose tissue (mean
concentration 1.351µg/g, 2.412 µg/g and 1.295 µg/g respectively) were established
at higher level than in May and August. The bioconcentration factors of these
pesticides were shown in Table 3.

Table 1. Seasonal organochlorine residues (µg /g wet weight) in water samples from
upper Sakarya river basin, between October 1995 to September 1996.

ND: Not Detectable
n: number of samples

In this study, all of the organochlorine pesticide residues were detected at a higher
degree as stations 6, 7 and 8 than others, because these areas consist in many
pollutant factors such as discharge of effluents from factories, agricultural and
industrial wastes. Five different organochlorine pesticides and their degradation
products were detected in sediment, water and fish tissue in upper Sakarya basin. It
was established that dieldrin was greater than aldrin and heptachlor epoxide was
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greater than heptachlor. This is a usual situation, because, heptachlor is metabolised
to heptachlor epoxide, isodrin is metabolically converted to endrin and aldrin is
converted to its enoxide analogue dieldrin by mammals, soil microorganisms, plants
and insects (Matsumura 1985). Although, in this study aldrin and heptachlor were
measured high level in fish tissue than their converted products. Generally the ratio
of dieldrin to aldrin in fish is 10:1, but cath fish having 1440 µg/kg dieldrin, 0.10 µg
/kg aldrin was detected (Murty 1985). These results support our findings.

Table 2. Seasonal organochlorine residues (µg/g wet weight) in sediment samples
from upper Sakarya river basin between October 1995 to September 1996.

ND: Not Detectable
n: number of animals

In this study, the average amount of DDE was established to higher degree than
other DDT metabolites in sediment and fish adipose tissue except February and
August. On the contrary, DDT was found greater concentrations than DDE in water
samples except in August. Many authors have concluded that p,p'DDE was detected
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to a higher degree than DDT in soil sea bird tissue and their eggs (Barret et al. 1985;
Hernandez et al. 1988; Fasola et al. 1987). However, some researchers have
concluded that DDT, aldrin and heptachlor have been found in higher quantities than
their converted products (Ayas et al. 1996), although the usual route of metabolism
of DDT by insects appears to be through DDE. Unfortunately the residue levels of
some DDT metabolites seem to be in very unusual proportions, indicating that
standarts may have been mixed up. Also, these results may be due to still using OC
pesticides and other environmental factors in the study area. In the sediments of
Lake Michigan, Choi and Chen(1976) reported that p,p'DDE constituted 61 to 71%,
and p,p’DDD formed 10-16.6% of the total DDT.

Table 3. Seasonal organochlorine residues (µg/g wet weight) in fish (Cyprinus
carpio) tissue from upper Sakarya river basin between October 1995 to September
1996.

ND: Not Detectable
n: number of samples (four samples were analysed from each stations)
BCF=Bioconcentration factor

In general, insecticide adsorption to the soil or sediment was inversely related to the
water solubility of that compound. For example, DDT has very low solubility,
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thereby being more strongly adsorbed than dieldrin. The greater the water solubility,
the greater the mobility. For instance, lindane, which has a high solubility, is more
mobile than many other OC compounds. Also, endrin aldrin, and dieldrin are
slightly more mobile than DDT as they are more soluble than DDT (Murty 1985).
Due to more solubility of lindane, it was detected only in October at a low degree
and it was not observed in other mounts. In this study, organochlorine concentrations
in water, sediment and fish adipose tissue samples were detected at a higher degree
in October and in August than other seasons. Seasonal variation in residue
concentration is related to the season of application on land, and the transport to the
environment, as well as the condition of fish, extent of feeding, stage of
reproduction, and the like. Also, the level of pesticide residues depends on water
temperature, pH, organic matter content in sediments, load of particulate matter and
depth of the water body. In upper Sakarya river, the temperature was measured very
high, especially at stations 2 and 3 because, the area of these stations were
comprised within the boundary of the origin of the Sakarya river consisting of
hydrothermal water (Barlas 1999). Organochlorine insecticides have a high degree
of persistence in soil and sediment. The toxicity of DDT to fish is quite high, the 96h
LC50 values range from about 1-30 µg/L. In order to protect freshwater aquatic life,
with regard to bioaccumulation potential, the EPA criterion is 0.001 µg/L (Train
1979). Conditioned reflexes, learning behaviour in fish and behaviour of
invertebrates are all affected by exposure to DDT (McNichel and Mackay 1975).
The toxicity of BHC is similar to that of DDT but its stability is less, making it less
hazardous to wildlife.

Results of this study, α-BHC and β -BHC residues were detected higher in water,
sediment and fish adipose tissue. Similarly, heptachlor epoxide and DDT
metabolites, especially DDD and DDE residues were detected higher in fish adipose
tissue. It was seen that OCs were highest on the top of the food chain in Sakarya
river.Toxic substances which occur at such low concentrations in water at to pose no
threat through direct toxicity, may, if absorbed, be accumulated in food chains and
affect aquatic organisms and their predators. This bioaccumulation is often observed
with pesticides. In this study, bioconcentration factor was calculated. This factor
depends on chemical structure of compound and its solubility in lipids and water. It
was seen that OC pesticides especially, DDT metabolites (DDD, DDE) were
accumulated in fish adipose tissue. It is known that OCs have lipophilic properties
for this reason, pass preferentially from water to fat tissue. OCs could be effective on
reproductive success to bird eggs (Ohlendorf and Marois 1990).

REFERENCES

Ayas, Z, Barlas N, Kolankaya D(1997) Determination of organochlorine pesticide residues
in various environments and organisms in Göksu Delta, Türkiye. Aquatic Toxicol 39:
171-181

Barlas NE (1994) The effects of commercial and microorganism degraded solutions of
endosulfan and carbaryl on albino mice. Tr of J of Zoology 18: 221-226

Barlas NE (1997) Toxicological assessment of biodegraded malathion in albino mice. Bull
Environ Contam Toxicol 57: 705-712

Barlas NE (1999) A Pilot study of heavy metal concentrations in various environments and

284



fishes in upper Sakarya river basin Türkiye. Environ Toxicol Water Quality (in
press, vol. 14, no. 3, August 1999)

Barret RT, Skaare NG, Vader V, Froslie (1985) A. Persistent organochlorine and mercury in
eggs of Norwegian seabirds 1983. Environ Pollut 39: 79-93

Branson DR, Blau GE, Alexander NC, Neely WB (1975) Bioconcentration of 2,2’,4,4’-
tetrachlorobiphenyl in rainbow trout as measurement by an accelerated test. Trans Am
Fish Soc 104: 785-792

Choi WN, Chen KY (1976) Association of chlorinated hydrocarbons with fine particles and
humic substances in nearshore surficial sediments. Environ Sci Technic01 10: 782

Dutta HM, Richmonds CR, Zeno T (1993) Effects of diazinon on the gills of Bluegill
sunfish Lepomis macrochirus. J of Environ Path Toxicol and Oncol 12 : 219-227

FAO, Manuals of Methods in Aquatic Environment Research, 1983, Part 9. Analyses of
metals and organochlorine pesticides in fish. Tech. Pap. No: 212, 34.

Fasola M, Vecchio I, Coccialanza E, Gandini C, Kitsos M (1987) Trends of organochlorine
residues in eggs of bird from Italy, 1977 to 1985, Environ Pollut 48: 25-36

Fox GA et al (1991) Reproductive outcomes in colonial fish-eating birds: A bioindicator for
developmental toxicants in Great Lakes food chain. J Great Lakes Res 17 : 158-167

Gilbertson M (1988) Epidemic in birds and mammals caused by chemical in the Great
Lakes. Advances in Environ Sci Technicol in: Evens MS (ed) Toxic Contaminants and
Ecosystem Health. p151

Haider S, Inbaraj RM (1986) Relative toxicity of technical material and commercial
formulation of malathion and endosulfan to freshwater fish, Channa punctatus,
Ecotoxicol and Environ Saf 11: 347-354

Hellwell MJ (1988) Toxic substances in rivers and streams. Environ Poll 61-85
Hernandez LM, Gonzalez MJ, Rico MC, Fernandez MA, Aranda A (1988) Organochlorine

and heavy metal residues in falconiforme and ciconiforme eggs (Spain). Bull Environ
Contam Toxicol 40: 86-93

Kocan RM, Landolt ML (1989) Survival and growth to reproductive maturity of coho
salmon following embryonic exposure to a model toxicant. Mar Environ Res 27: 177-193

Matsumura F (1985) Toxicology of insecticides. Second Edition Plenum press. New York.
p410.

McNichol PG, Mackay WC (1975) Effects of DDT on discriminating ability of rainbow
trout (Salmo gairdneri). J Fish Res Can 32: .376-398

Murty AS (1985) Toxicity of pesticides to fish Volume II, CRC Press, Inc p143
Ohlendorf HM and Marois KC (1990) Organochlorines and selenium in california night-

heron and egret eggs. Environ Monit Assess 15: 91-104
Sodergreen A, Wartiovaara  (1988) Methods for determination of organochlorine

compounds in water, sediment and brological samples. Water Sci Tech 20 (2):13-24
Sümbüllüoglu K, Sümbüllüoglu V (1987) Biyostatistik Ankara p214
Train RE (1979) Quality criteria for water. US Environmental Protection Agency,

Washington D C, Castle House Publications LTD. p256
Zweig G (1972) Analytical methods for pesticides and plant growth regulators, Vol VI,

Academic Press, New York

285


