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Monitoring of Pesticide Residues in Riyadh Cultured Farm Fish
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Abstract: Fish samples collected from different farms from the Riyadh region, Saudi Arabia were analyzed for
the levels of pesticides residues in order to elucidate the status of these chemical contaminants in fish intended
for human consumption. Thirty three pesticide residues related to the groups of insecticides (Organochlorine
(OCPs), Organophsphorus (OPPs) and Pyrethroids), Herbicides, Acaricides and Fungicides were studied by
Liqud Clromatography (LLC) coupled with Solid Phase Extraction (SPE) extraction techniques and determined
by Gas Chromatography / Electron Capture Detector-Nitrogen Phosphorus Detector ( GC/ ECD-NPD) in fish
samples. Results indicated that the pesticide residues detected in fish samples were 5 members of
Organochlorines pesticide, namely p,p-DDT, p,p-DDE, p,p,-DDD, y-HCH and Heptachlor; and 3 members of
Organophsphorus pesticide, namely ¢-Endosulfan, Diazinon and Chlorpyrifos with deferent concentrations
levels. All detected pesticide residues were under the MRILs. Recovery % ranged from 94.2 £ 2.6410 99.6 £1.88.
Minimum Detection Limit also was determined to evaluate the efficiency of the extraction and analysis methods
of current pesticide residues and it ranged from 0.001 ppm for OCPs and 0.002 ppm for other detected
pesticides. Musa fish samples collected from farm showed the lowest detected pesticide residues. While,
Tilapia fish from farm A was the highest contaminated by pesticide residues and then in B, C and D farms,
respectively. Tt was concluded that the accumulation of the Organochlorine and organophosphorous in fish
from Riyadh cultured farm fish in Saudi Arabia was studied. Results from this study validate that the pesticide
residues detected m fish samples were 5 members of Organochlories pesticide, namely p,p-DDT, p,p-DDE,
p.p.-DDD, v-HCH and Heptachlor; and 3 members of Organophsphorus pesticide, namely «-Endosulfan,
Diazinon and Chlorpyrifos with deferent concentrations levels. Musa fish samples collected from farm D was
lowest of detected pesticide residues. While, Tilapia fish from farm A was the lnghest contammated by pesticide
residues and then in B, C and D farms, respectively.
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INTRODUCTION

Several hundred pesticides of different chemical
compositions are currently used for agricultural and
vector control purposes all over the world. Because of
therr extensive use, they are detected i various
environmental matrices, such as soil, water and air [1].
Due to their lipophilic nature, hydrophobicity and low
chemical and biological degradation rates, organochlorine
pesticides (OCPs) have accumuled in the biological
tissues with subsequent magnification of concentrations

in the organisms due to the progression up the food
chain [2].

The increased use of various types of pesticides,
particularly organochlorine pesticides (OCs), organo-
phosphates  (Ops) and pyrethroids, has lead to
concerns tegarding the potential for contamination of
enviromental media (1.e. water, sediment and biota)
and associated effects on human health and wildlife.
The hazards associated with the bio-accumulation of
persistent and toxic pesticides were highlighted in
Rachael Carson’s book ““Silent Spring™” [3].

OCPs are considered as one of the most toxic and
persistent pollutants in the environment, lipophilic in
nature and readily absorbed into the tissues of non-target
living organisms whereas they may have detrimental
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effects. These anthropogenic chemicals tend to be
concentrated in marine enviromments in close proximity to
urban centers and industrial sites [4, 5].

Identifying distribution and accumulation patterns
of anthropogenic chemicals present in the marine
enviromment, 1s an important first step in determining the
extent to which these compounds are potentially available
for uptake by aquatic organisms. Organochlorine and
organophosphates pesticides residues are an important
component of the chemical pollutants found in all parts of
the global marine envirommment They are potentially
hazardous to living systems because of their inclination
to bio-accumulate in the lipid component of biological
species and their resistance to degradation [6]. It is
known that a large portion of pesticide residues reaches
the oceans through agricultural runoff, atmospheric
transport and sewerage discharge. Although the use of
(OCs has been bammed 1n the world for decades, residues
of OCs are still beng detected m lakes, rivers, water
streams and fish to this date. In China, DDT residues in
fish body ranged from 3.7 to 23.5 mg/kg and HCH ranged
from 3.7 to 132 mg/kg [7]. Many other studies around the
world [8-12]) showed the contamination of fish with OCs,
however, the levels in most cases were below those
permissible by WHO/FAO [13].

Fish grown in aquacultures in Saudi Arabia, facing
a great threat. Growth retardation, decrease in the number
of hatching eggs and signs of illness are noticed on
cultured fish. Governmental efforts are being done to
overcome this problem. One of the main causes to this
problem could be the exposure of fish to environmental
pollutants, especially pesticides. Spraying habits and
practices of farmers can play an important role m
contamination. Pesticides which run off from agricultural
farms mto aquaculture systems also potentially trigger the
outbreak of diseases, as they cause deterioration of the
ecosystem, as well as affecting the fish immune system.
To ensure the safety of food for consumers, numerous
legislations such as the EC directives (Furopean Council
Directives) have established maximum residue limits
(MRLs) for pesticides in food. However, limited
mformation 1s available regarding the contamination of
pesticide residues in Saudi Arabia [14].

In Saudi Arabia, studies on the OCs contamination
of fish are very scarce. OCs have been detected 1 other
biological matrices such as human milk and found to
contain dangerous residues of these persistent pesticides
[15]. Both organophosphates and pyrethroids are the
pesticides of choice for farmers in Saudi Arabia. They are
extensively used on crops mn fields and greenhouses in

the same areas whereas fish farming is practiced.
Pyrethroids have been shown to be up to 1000 times more
toxic to fish than to mammals and birds at comparable
concentrations [16].
Many products containing the pyrethroid
cypermethrin are classified as “‘restricted use pesticides’”
by the US EPA because of cypermethrin’s toxicity to fish.
Monitoring pesticide levels in fish would give us
information about the extent of pollution and the safety
of human consumption of fish. [17]. The objectives of
this study were determination of pesticide residue in

some fish cultured in the Riyvadh area.

MATERIALS AND METHODS

Samples: Fish samples, mcluding Tilapia, Catfish, Musa
fish and Grey mullet were collected from different areas in
Riyadh region 1e. (Alkar, Al- mezahmia, Dirab and
Tebraket) during summer and winter of 2006 to 2007 and
summer of 2008 All samples were immediately
transported to the laboratory and frozen at -20°C untl
analysis. The selection of the four species of fish samples
was based on their different feeding habits. These fish are
commonly observed in these habitats.

Standards and Reagents: The standard stock solutions of
OCPs, OPPs and Pyrethroids including p,p-DDT, p.p-
DDE, p,p.-DDD, +vy-HCH and Heptachlor, and 3
Organophsphorus namely ¢-Endosulfan, Diazinon and
Chlorpyrifos, respectively, were purchased from Chem
Services, USA. Methylene chloride, cyclohexane,
acetonitrile, hexane, methanol and acetone were of
pesticide grade. The standard seolutions were prepared
from dilution of their stock standard solutions at
concentrations of 0.001 to 2 ppm.

Sample Preparation: Fish samples of 25 g were
homogenized using a tissue tearor and extracted 3 times
with 50 ml of methylen chloride using an ultrasonic
disrupter. The combined extracts were passed through
funnels with sodium sulfate and evaporated to 0.5-0.75 ml.
The concentrated extracts were transferred to the top of
PrepSepTM Extraction Columuns filled with 3-5 g of Florisil
and 2 g of sodium sulfate. The columns were conditioned
with hexane prior to clean-up. Pesticides were eluted with
10 ml of 6% ethyl ether in hexane, followed by 10 ml of
15% ethyl ether in hexane. The volumes of all cleaned
extracts were reduced to 1 ml with the rotary evaporator
and up to 0.75-0.25 ml in pure (99.5%) nitrogen stream
prior to Gas Chromatographic (GC) analysis.
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GC-ECD-NPD Analysis: Extracts were analyzed for 8
separate OCPs, OPPs and Pyrethroids utilized within the
sampling area. GC analysis was performed using Agilent
Technologies 6890N GC System equipped with Electron
Capture Detector (ECD) and 5973 Mass Selective
Detector. The capillary column was HP-5MS 30 m-0.25
mm, with 0.25 lm film thickness. Column temperature
program started at 50°C held 1 min, ramped to 100°C with
25°C/min, followed by 5 C/min to 280°C. The mass
selective detector was used in the Selective Ton
Momtoring (SIM) mode for confirmative analysis.
Analytic recoveries were quantified using fish tissues
spiked with pesticides. Chromatographic columns
employed for the analysis were: DB-1701, 30 m and 0.32
mm internal diameter with 1 ml film thickness as
pre-elution column and HP-5MS, 30 m and 0.32 mm
internal diameter with 1 Im film thickness as the second
elution column.

GC-MS Analysis: The simplified two-dimensional gas
chromatography apparatus (Agilent 6890N) equipped with
a 7683 series auto-sampler, Deans switch and a 63Ni
electron capture detector (ECD) was adopted m thus

investigation. Tt can transfer the interference fraction in
the first chromatographic column to the second one for a
further efficient separation with the heart cutting
technique.

RESULTS

The residual levels of pesticides in different fish,
collected during 2006 to 2008 were shown in Tables 1-3.
OCPs were detected in all the samples, but their
concentrations were much below the MRL recommended
for human consumption. Recovery % ranged from
942 £2.64t0 99.6 £1.88. Mimimum Detection Limit also
was determined to evaluate the efficiency of the extraction
and analysis methodology of pesticide residues under
this research and it was ranged from 0.001 ppm for OCPs
and 0.002 ppm for OPPs. (Table 2).

Musa fish samples collected from farm D had the
lowest detected pesticide residues. While, Tilapia fish
from farm A was the highest contaminated by pesticide
residues and then in B, C and D farms, respectively.
Tilapia and Catfish samples collected from farm D was
highest concentration of detected pesticide residues.

Table 1: Pesticide Residues (J1g/ kg wet weight)in fish samples collected from Riyadh region during summer and winter 2006.

Pesticides Rsidues (ng/ kg wet weight)in fish

p.p-DDT p.p,-DDD p.p-DDE Heptachlor vy -HCH w-Endosulfan  Chlorpyrifos Diazinon
Fish sp S W S w S W S W S w S w8 W S w
Tilapia A 0.024 0.034 0.012 0.022 0007 0017 0.036 0.044 0.041 0.044  0.011 0.021 0.003 0013 0.021 0.030
Tilapia B 0.005 0.008 0.004 0.014 0002 0019 0.017 0027 0.027 0.030 ND ND 0.008 0018 0.016 0031
Tilapia C ND ND ND ND 0.004 0.006 0.121 0.121 0.027 0.027 ND ND 0.021 0021 0.007 0.007
Tilapia D 0.001 0.005 0.004 0.009 ND 0.003 0.026  0.029 0.020 0.029 ND ND ND ND 0.010 0012
Catfish D 0.003 0.005 0.002 0.004 0014 0006 0.011 0.015 0.012 0.024  0.012 0.015 ND ND  0.006 0.008
Musa D ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
GreymulletD ND  ND ND ND ND ND 0011 0.014 ND ND ND ND 0.009 0011 ND ND
§ = Summer W=Winter
ND: Not Detected  +0.0003
oo Alpha [: Beta v: Gamma
Table 2: Pesticide Residues (J1g/ kg wet weight)in fish samples collected from Riyadh region during summer and winter 2007.

Pesticides Rsidues (ug/ kg wet weight)in fish

p.p-DDT p.p,-DDD p.p-DDE Heptachlor vy -HCH w-Endosulfan  Chlorpyrifos Diazinon
Fish sp S W 8 W S W S W S W S W 8 W S W
Tilapia A 0.021 0.044 0.011 0.032 0002 0052 0026 0.9 0031 0.051 0.015 0.029 0.008  0.032 ND ND
Tilapia B 0.004 0.009 0.007 0.019 0005 0026 0018 0.029 0028 0.012 ND ND 0.002 0015 0017 .022
Tilapia C ND ND ND ND 0.002 0011 0129 ND 0.029 0.021 ND ND 0.027 0029 0.002 0011
TilapiaD 0.006 0.015 0.005 0.019 0003 0022 0025 ND 0.026 0.023 ND ND ND ND 0.011 0.016
Catfish D 0.031 0.008 0.006 0.011 0018 0014 0018 0011 0006 0.010 0.010 0.025 ND ND ND ND
Musa D ND ND ND 0.005 ND 0.009 ND ND ND ND ND ND ND ND ND ND
GreymulletD ND  ND 0.003 0.004 0002 0008 0011 0.014 ND ND ND ND ND ND 0.007 ND
§ = Summer W=Winter
«: Alpha [: Beta v: Gamma
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Table 3: Concentration of pesticides (ug/ kg wet weight)in fish collected from Riyadh region during summer 2008.

Pesticide Residues (11g/ kg wet weight) in fish

Fish sp p.p-DDT p.p.,-DDD p.p-DDE Heptachlor y -HCH zEndosulfan Chlorpyrifos Diazinon
Tilapia A 0.028 0.022 0.017 0.030 0.061 0.018 0.009 0.024
Tilapia B 0.009 0.014 0.012 0.013 0.021 0.009 0.003 0.012
Tilapia C ND ND 0.003 0.126 0.020 0.005 0.023 0.002
Tilapia D 0.002 0.007 0.002 0.026 0.020 ND ND 0.010
Catfish D 0.023 0.008 0.019 0.012 0.013 0.016 ND 0.002
Musa D ND ND 0.005 ND ND ND 0.002 0.018
Grey mullet D ND 0.005 0.008 0.011 ND ND 0.004 ND

§ = Summer ND: Not Detected +0.0003

w: Alpha  [:Beta vy: Gamma

The data in Tables 1-3 showed that, all detected pesticide
residues in fish samples was higher in winter seasons
than summer seasons. The appearing of DDTs
compounds and there derivatives were lower than the
MRLs in some fish samples mdicated that it was used
same agriculture areas and transferred from soils to
ground water and then to fish. The results imply that the
bicaccumulation of OCPs in fish 1s species - specific due
to their ecological characteristics such as feeding habits
and habitat. Data in Table 1 showed that concentrations
of OCPs in the Balti of farm A and B were in the range
0.002 to 0.036 ug/ kg. In the winter seasons, all
concentrations of OCPs were increased up to 0.044 g/ kg.
DDT was recorded high concentration in Balti of farm A
and B m all summer and winter seasons. The detection of
DDE in all samples in summer seasons was 0.004 and
winter 0.006. DDT and DDT were not detected 1n Balti
fish of farm C. The use of organochlorine pesticides has
been restricted or even bammed throughout the EC,
nevertheless, they are still present in ammal tissues. In the
present study, residues of the lindane, o, p-DDT and p,
p-DDT have been observed in 31, 35 and 30 of 36
samples, respectively, but these residues were not higher
than the EC MRLs. In spite of the ban, the existence of
lindane and DDT in the wheat samples confirms that these
residues tend to accumulate in food chain.

DISCUSSION

DDT and its metabolites DDE and DDD are very
highly persistent in the environment, with reported half
lives of up to 15 years [18]. According to WHO [19],
these compounds are also very highly toxic to many
aquatic species. DDTs were frequently detected within
of the Organochlorine and
organophosphorus pesticides have lipophilic tendencies
and tend to accumulate in tissues of high lipid content
[20-22]. Despite the observed concentrations of DDT in
fish tissues, Threshold Effect Concentrations (TEC) for

fish tissues some

total DDTs in fish were not exceeded [23]. Other
organochlorine pesticides such as lindane and chlordane
were also detected in fish tissues collected from Riyadh.
Lindane and chlordane are considered very lughly toxic to
fish and aquatic invertebrate species [24] and moderately
toxic to bird species [25]. Lindane 1s an organochlorine
insecticide and fumigant, which has been used in lotions,
creams and shampoos for the control of lice and mites
(scabies) in humans [26]. Nevertheless, neither lindane,
nor chlordane exceeded Threshold Effect Concentrations
for fish [27]. OCPs which contained in farmland run-off
can persist for long period underground, they can
therefore be absorbed in the
suspended particulate matter, transferred into food

sediment and onto

chains, accumulated in the fatty tissues of fish and finally
reach human beings. Data revealed that, farm D which
Balti, Mousa, Bon and Grey mullet were growr, DDts only
were detected in Grey mullet and Balti with 0.002 to 0.014
and 0.001 to 0.002 pg/ kg, respectively. Lindane and
Diazinon were not detected in Mousa and Bori in farm D.
The average of Diazinon was ranged in 0.006 to 0.021 pg/
kg in summer season while, it was increased in winter
season and it reported 0.007 to 0.030 g/ kg. Kong et al.
[28] reported that, carnivore fish showed significantly
higher levels of DDTs in its muscle than other fresh-water
fish with different feeding modes. Also, presence of DDT
and its metabolites m fish and other aquatic life have been
reported from other parts of the world as well [29].
The DDT and its metabolites bio-accumulate and are
reported to be probable human carcinogens [30]. The use
of lindane (y-HCH) and DDT had been barmed in Turkey
n 1985 [31].

CONCLUSION

Accumulation of the Organochlorine and
organophosphorous in fish from Riyadh cultured farm fish
in Saudi Arabia was studied Results from this study
validate that the pesticide residues detected in fish
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samples were 5 members of Organochlorines pesticide,
namely p,p-DDT, p,p-DDE, p.p.-DDD, v-HCH and
Heptachlor; and 3 members of Organophsphorus
pesticide, namely a-Endosulfan,
Chlorpyrifos with deferent concentrations levels. Musa
fish samples collected from farm D was lowest of detected
pesticide residues. Whle, Tilapia fish from farm A was the
highest contaminated by pesticide residues and then in B,
C and D farms, respectively.

Diazinon and

ACKNOWLEDGMENT

The author deeply thanks the Agriculture Research
Center-Deanship of Scientific Research and Deanship of
Scientific Research at King Saud Umiversity, Saudi Arabia
for the financial support of the present work through
Project # 42 Plant Protection).

REFERENCES

1. Zulin, 7., H Huasheng, W. Xinhong, .. Jianging,
C. Weigi and X. Li, 2002. Determination and load of
organophosphorus and organochlorine pesticides at
water from Jiulong River Estuary, China. Marine
Pollution Bulletin.45: 397-402.

2. Hemandez-Romero A., C. Tovilla-Hemnandez,
E.A. Malo and R. Bello-Mendoza, 2004. Water quality
and presence of pesticides in a tropical coastal
wetland in southern Mexico. Marine Pollution
Bulletin. 48: 1130-1141.

3. Carson, R., 1963. Silent Spring, Hamish Hamilton,
Ltd, London.

4. Trcklebank, K.A., M.I. Kingsford and H.A. Rose,
2002. Organochlorine pesticides
hexachlorobenzene along the central coast of New
South Wales: multi-scale distributions using the
territorial damselfish Parma microlepis as an indicator,
Environmental Pollution. 116(2): 319-335.

5. Comnell, D.W., 1995. Prediction of bioconcentration
and related lethal and sublethal effects with aquatic
organisms. Marine Pollution Bulletin, 31: 201-205.

6. Guler, G.O., Y.3. Cakmak, Z. Dagl, A. Aktumsek and
H. Ogparlak, 2010. Organochlorine pesticide residues
i wheat from Konya region, Turkey. Food and
Chemical Toxicol., 48(5): 1218-1221.

7. Feng, K.,BY. Yu, DM. Ge, M.H. Wong, X.C. Wang
and 7Z.H. Cao, 2003. Organo-chlorine pesticide (DDT
and HCH) residues in the Taihu Lake Region and its
movement in soil-water system: 1. Field survey of

and

DDT and HCH residues in ecosystem of the region.
Chemosphere, 50(6). 683-687.

8.

10.

11.

12.

13.

14.

15.

16..

17.

18..

19..

1079

Biplob, D., Y.S.A. Khan, D. Pranab and S.M.
Shaheen, 2002. Organochlorine pesticide residues in
catfish, Tachysurus thalassimus (Ruppell, 1835), from
the South Patches of the Bay of DBengal,
Environmental Pollution. 120(2): 255-259.
Kumblad, L., A. Olsson, V. Koutny and H. Berg, 2001.
Distribution of DDT residues in fish from the
Songlkhla Lake, Thailand, Environmental Pollution.
112(2): 193-200.

Manirakiza, P., A. Covaci, L, Nizigiymana,
G. Ntakimazi and P. Schepens, 2002. Persistent
chlorinated pesticides and polychlorinated biphenyls
in selected fish species from Lake Tanganyika,
Burundi, Africa,
117(30: 447-455.
Sardar, M.A.,, Y.S.A. Khan and MR. Saifur,
2001. Organochlorine  Pesticide
Residues in Some Organs of the Ganges Perch, Lates
calcarifer, from the Ganges-Bralmaputra-Meghna
Estuary, Bangladesh, Marine Pollution Bulletin.
42(12): 1291-1296.

Raghu, K. and N.B.K. Murthy, 2001. Monitoring of
organochlorine pesticide residues in the Indian
marine environment, Chemosphere, 44(2): 301-305.
FAO/WHO, 2003. Food Standards Programme vol. 9
(4. Codex Alimentarius Commission, pp: 149-158.
EL-Saeid, M.H., 2008. Pesticide residue m some fish
cultured m the Riyadh region. Project Report. King
Saud Umniv. Deanship of Scientific Research, College
of Food and Agric. Res. Center.

Al-Saleh, I., A. Echeverria-Quevedo, S. Al-Dgaither
and R. Faris, 1998
organochlorinated msecticides i breast milk: A
preliminary report from Al-Kharj, Saudi Arabia. T.
Environ. Pathology, Toxicol. and Oncol., 17(1): 37-50.
Eells, J.T., IL. Rasmussen, P.A. Bandettim and
IM. Propp, 1993. Differences in the neurcexcitatory

Environmental  Pollution,

Levels of

Residue levels of

actions of pyrethroid msecticides and sodium
channel-specific neurotoxins m rat and trout brain
synaptosores. Appl.  Pharmacol,
123: 107-119.

Hemandez, F., R Serrano, M.C. Miralles and
N. Font, 1996. Chromatographia. pp: 42 151.
USEPA, US Environmental Protection Agency, 1989.
Environmental Fate and Effects Division, Pesticide
Environmental Fate One Line Summary: DDT (p, p).
Washington, D.C.,

WHO, World Health Organization, 1989,
Environmental health Criteria 83, DDT and its
Derivatives Environmental Effects. World Health
Organization, Geneva.

Toxicol.



20.

21..

22.

23.

24..

25.

World Appl. Sci. J., 9 (9); 1075-1080, 2010

Bevenue, A., 1976. The ‘bioconcentration aspects of
DDT in the environment. Residue. Rev., 61: 37-112.
Ferraro, S.P., H. Lee, L. M. Smith, R.J. Ozretich and
D.T. Specht, 1991. Accumulation factors for eleven
polychlormated biphenyl congeners. Bull. Environ.
Contam. Toxicol., 46(2): 276-283.

McKim, T M., 1994. Physiological and biochemical
mechanisms that regulate the accumulation and
toxicity of environmental chemicals in fish. Tn: J.1..
Hamelink, P.F. Landrum, H.I.. Bergman and W.H.
Benson, (Eds.), Bioavailability: Physical, Chemical
and Biological Tnteractions. Lewis Publishers, Boca
Raton, F.L.,

Jarvinen, A.W. and G.T. Ankley, 1999. Linkage of
Effects for Tissue Residues: Development of a
Comprehensive Database for Aquatic Organisms
Exposed to Inorgamic and Organic Chemicals. Society
of Enviwonmental Toxicology and Chemistry
(SETAC), Pensacola, F L.,

Johnson, W.W. and M.T. Finley, 1980. Handbook of
Acute Toxicity of Chemicals to Fish and Aquatic
Invertebrates, Resource Publication 137. US
Department of Interior, Fish and Wildlife Service,
Washington, D.C.,

Hill, E.F. and M.B. Camardese, 1986. Lethal dietary
toxicities of environmental contaminants to coturmix.
Techmcal Report. 2. US Department of Interior, Fish
and Wildlife Service, Washington, D.C., pp: 6-55.

26.

27.

28..

29.

30.

31.

1080

Ulman, E., 1972, Lindane, Monograph of an
Insecticide. Schillinger Verlag, Federal Republic of
Germany.

Kong, K.Y, K.C. Cheung, CK.C. Wong and M.H.
Wong, 2005, The residual dynamic of polycyclic
aromatic  hydrocarbons
pesticides in fishponds of the Pearl River delta,
South China. Water Res., 39: 1831-1843.

Mwevura, H., O.C. Othman and G.L. Mhehe, 2002.
Organochlorine pesticide residues in sediments and
biota from the coastal area of Dar es Salaam city,
Tanzania. Mar. Pollut. Bull., 45: 262-267.

Fairey, R., K. Tabersk, S. Lamerdin, E. Johnson,
RP. Clak, JTW. Downmng, J Newman
and M. Petreas, 1997. Organochlorines and other
envirommental contammants in muscle tissues of
sport fish collected from San Francisco Bay. Mar.
Pollut. Bull,, 12: 1058-1071.

Burgaz, S. BL. Afkham and AE. Karakaya,
1994, Organochlorine pesticide contaminants in
human adipose tissue collected in  Ankara
(Turkey) 1991-1992. Bulletin Environ. Contam.
Toxicol., 53(4). 501-508.

Vural, N., 1996, Toksikoloji. Ankara Universitesi
Eczacylyk Fakultesi Yayynlary 73, Ankara.

and  organochlorine



