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Abstract: The research amid to estimate the effect of frying and grilling on the concentration of some
organochlorine, organophosphorus and pyrethroid residues in the meat of two of mostly consumed freshwater fishes
in Egypt (Nile tilapia and catfish) from three locations (El-Hawamdeyya, El-Marioteya and Kafr-Elsheikh). The
study revealed that the dominant organochlorine, organophosphorus and pyrethroid residues in the raw fish meat
were Hexachlorobenzene (HCB), methyl parathion and cypermithrin were detected in both fish species and from the
three locations. Frying caused significant losses in the concentrations of most of examined pesticides and the biggest
losses was observed for heptachlor epoxide in catfish from El-Hawamdeyya and Es-fenvalerate in catfish from Kafi-
Elsheikh by 100% loss while, grilling the dominant reduction was observed for methoxychlor in Nile tilapia from
El-Hawamdeyya by 61%. The levels of pesticides detected in the raw fish were low and did not exceed the
maximum permitted levels expect for methyl parathion, diazinon, ethyl parathion, deltamethrin for catfish samples
from Kafr-Elsheikh and cypermithrin for fish samples from El-Hawamdeyya. Frying still reduced the content of
pesticide residues in fish meat and improving its quality than grilling.
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Introduction

In Egypt the River Nile is the principle fresh
water resource and life, it represents more than 97%of
Egypt's water resources Ali et al. (2008). as a
sequence of increasing industry, agriculture,
Urbanization and tourism, human activities are
responsible for different pollution sources for the
environment and the aquatic ecosystems Bin-Dohaish
et al. (2008).

Fish is an essential source of food and represents
a main part of many natural food chains. It is highly
nutritious due to its high protein content and the
presence of omega-3fattyacids, fats, amino acids and
vitamins; it also contains a number of minerals,
including Ca, Fe, Cd, Pb, Cu, and Zn (Sofia, 2005;
Aremu and Ekunode, 2008). Fish may carry many
contaminants that cause many potential effects on fish
itself and the organisms that consume them, including
humans (Burger and Gochfeld, 2005).

Worldwide pesticide usage has increased
dramatically during the past two decades, coinciding
with changes in farming practices and increasingly
intensive agriculture. Enviromental pollution caused
by pesticides, especially the aquatic ecosystems, has
become a serious problem, contamination of water by
pesticides, either directly or indirectly can lead to fish
kills, reduced productivity, or elevated concentrations
of undesirable chemicals in edible fish tissue which

can affect the health of human consuming these fish
Josefet al. (2011).

According to FAO (2002) a pesticide is any
chemical that kills controls, repel, or modifies the
behavior of a pest. Pesticides can be classified
according to their chemical structure to
organochlorines, organophosphorus and pyrethroids.

Organochlorine pesticides (OCPs) are synthetic,
non polar, toxic and can withstand in the environment
for long periods. They are ubiquitous and persistent
pollutants due to bioaccumulation in the food chain
either as such or as their metabolites, thus causing
concern on the animals at the top of the food chain.
Due to their persistency and lipophilicity, OCPs from
the water column can easily be accumulated by biota.
Mostly, fishes are able to uptake contaminants through
gills and food intake and, eventually, transfer them to
humans through consumption of these organisms Zhou
et al. (2008).

The Organophosphorus (OP) insecticides are
neurotoxicants are regarded as being less persistent
compared with OCs, but some reports have indicated
that residues of OPs can withstand for extended
periods in organic soil and surrounding drainage
systems in Egypt by Abdel-Halim ef al. (2006). Due to
their cheapness and effectiveness to control pests,
weeds and diseases, they had been widely used and
became more and more important in agricultural
production after OCs were forbidden. OP residues can
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concentrate and diffuse by the effect of biological
enrichment and food chains; therefore, it might appear
in food products and cause potential risk for human
health Sun et al. (2011).

Pyrethroids are synthetic analogues of the natural
pyrethroids, extracts of the ornamental Chry-
Santemum Cinerariaefolium and its related species
used to control of insects for decades, they were
selective, safe and had short half lives extremely toxic
to fish. Pyrethroids are heat stable and photo stable,
slightly soluble in water.

Pesticides reach aquatic environment by direct
application, spray drift, aerial spraying and runoff
from factories, sewage and agricultural drainage which
has been considered a major risk on human health,
(Salah El Dien and Nasr, 2004). They cause severe
toxic problems including developmental
abnormalities, growth suppression, impairment of
immune function and cancer promotion El Nemr et al.
(2003).

Fish are usually cooked by different ways before
consumption (boiling, roasting, baking, frying and
grilling) to enhance their flavor and taste; increase
shelf life. Also cooking processes are known to reduce
the risk of pollutants in fish Garcia-Arias et al (2003).
The objective of our study was to investigate the levels
of pesticides from organochlorines, organophosphorus
and pyrethroids in Nile tilapia and catfish from
different Egyptian locations (El-Hawamdeyya, El-
Mariouteya and Kafr-Elsheikh) with the effect of two
cooking methods (grilling and frying) on the presence
of these pesticide residues in the studied fish samples.

2. Materials and Methods
Collection of fish samples

A total of random samples of 60 Nile tilapia and
60 Cat fish samples was collected from three locations
in River Nile (El-Hawamdeyya, El-Mariouteya and
Kafr-Elsheikh). Samples were transferred to the
laboratory in ice box under a complete aseptic
condition without undue delay. Each fish species was
subdivided into 3 groups (20fish samples in each
group) then each group was subdivided to 4 subgroups
with 5 composite fish samples in each subgroup. The
soft parts of fish samples were removed and a muscle
tissue sample was taken from the dorsal muscle and
kept in deep freezer for the analyses of pesticide
residues.
Detection of pesticides in the examined fish samples
Reagents
Extraction and cleanup

At room temperature, the muscle samples were
thawed and ten gram of boneless muscles samples
were processed to extract pesticides residues. In this
study, QuEChERS method (Quick Easy Cheap
Effective Rugged and Safe Pesticide multi-residue

method) was used according to Anastassiades et al.
(2003) and Paya et al. (2007) to prepare and extract
samples for the pesticide residue analysis. The
procedure includes initial single-phase extraction of 10
g sample with 10 ml acetonitrile, followed by liquid—
liquid partitioning formed by the addition of 4 g
anhydrous MgSO4 plus 1 g NaCl. Removal of residual
water and cleanup are completed simultaneously by
using a rapid method called dispersive solid-phase
extraction (dispersive-SPE), in which 150 mg
anhydrous MgSO4 and 25 mg primary secondary
amine (PSA) sorbent are directly mixed with 1 ml
acetonitrile extract. The dispersive-SPE with PSA
effectively removes many polar matrix components,
such as organic acids, certain polar pigments, and
sugars.
Quantitative determination of organophosphorus
pesticides (OPPs) and organochlorines pesticides
(OCPs) and pyrethroids

Method sensitivity and recovery were determined
by using samples spiked with the tested compounds.
Before analysis, relevant standards were run to check
column performance, peak height, resolution, and
limits of detection. Peaks were identified by
comparison of sample retention time values with those
of the corresponding pure standard compounds. With
each set of samples, to be analyzed, a solvent blank, a
standard mixture and a procedural blank were run in
sequence to check for contamination, peak
identification and quantification. The average recovery
percentages of OPPs for samples at different levels
were determined and calculated for all tested
compounds. Digestion, extraction and detection of
pesticides concentrations in the muscle samples were
carried out at the Central Agricultural Pesticides
Laboratory, Agricultural Research Center, Ministry of
Agriculture & Land Reclamation, Dokki, Giza, Egypt.

For cooking fish samples which having pesticide
residues were taken for deboning and mincing with
blender, then the fish mince was used for different
cooking methods. For deep frying samples were deep
fried in vegetable oil at 180°C for 15 minutes until
golden brown colour appears. For grilling samples
were heated at 65 °C for 10 minutes using electric
grill.
Statistical analysis

The results were statistically analyzed by
SPSS/20(SPSS INC., USA), using ANOVA, the
presence or absence of significant difference was
specified at 95% confidence interval and significance
level of P<0.05.

3. Results

Table (1) and illustrated by figures (1) and (3)
shows the mean values of different pesticides residues
from  organochlorines, organophosphorus and
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pyrethroids in Nile tilapia from the three locations. For
organochlorines, methoxychlor was detected only in
Nile tilapia from El-Hawamdeyya. The highest mean
values of (HCB) were recorded from Kafr-Elsheikh
and the lowest were from El-Hawamdeyya. For
Endosulfan sulphate was detected from Kafr-Elsheikh
only. The highest mean value of aldrin was detected in
samples from Kafr-Elsheikh and the lowest from El-
Marioteya while, it was not detected from El-
Hawamdeyya, dieldrin was detected only from EI-
Marioteya samples. From the organophosphorus
pesticide that was detected diazinon the highest mean
value was recorded from Kafr-Elsheikh and the lowest
was from El-Hawamdeyya.

Methyl parathion was the highest
organophosphorus pesticides detected from all
locations with the highest mean value from El-
Marioteya and the lowest from Kafr-Elsheikh, ethyl
parathion was not detected from El-Hawamdeyya and
the highest mean value was detected from El-
Marioteya and the lowest from Kafr-Elsheikh,
Malathion was not detected from El-Marioteya but the
highest mean value was recorded from Kafr-Elsheikh
and the lowest from El-Hawamdeyya. Azinphos
methyl was detected only from Kafr-Elsheikh samples.

From pyrethroid residues deltamethrin was only
found in tilapia samples from Kafr-Elsheikh, Es-
fenvalerate was another pyrethroid detected in tilapia
from El-Marioteya with the highest value from El-
Marioteya and the lowest was from Kafr-Elsheikh and
it was not detected from El-Hawamdeyya.
Cypermithrin is a synthetic widely used pyrethroid
pesticide the highest average value recorded in tilapia
from El-Hawamdeyya while, the lowest value was
recorded from Kafr-Elsheikh.

Organochlorine, organophosphorus and
pyrethroid residues in catfish samples from the three
locations were presented in table (1) and illustrated by
figures (2) and (3) indicated the presence of six
organochlorines (methoxychlor, heptachlor epoxide,
HCB, endosulfan sulphate, aldrin and dieldrin).
Methoxychlor was only found in catfish samples from
El-Hawamdeyya, heptachlor epoxide and HCB were
recorded in all fish samples and the highest mean
value were recorded from Kafr-Elsheikh and the
lowest was from El-Hawamdeyya. For endosulfan
sulphate was recorded in catfish samples from Kaft-
Elsheikh and dieldrin from El-Marioteya only while,
aldrin was not detected from El-Hawamdeyya and the
highest mean value was detected from El-Marioteya
and the lowest from Kafr-Elsheikh.

Six organophosphorus residues were detected in
catfish samples from the three locations and methyl
parathion was the highest one detected in all fish
samples with the highest average value was recorded
from Kafr-Elsheikh and the lowest was from El-
Marioteya; ethyl parathion were also had the same
pattern. For malathion which was also recorded from
all catfish samples the highest mean value was from
Kafr-Elsheikh and the lowest from El-Hawamdeyya.
Ethion and azinphos methyl were detected in catfish
samples from Kafr-Elsheikh only.

Four pyrethroid residues were detected in catfish
samples from the three locations and cypermithrin was
recorded in all catfish samples with the highest mean
value from El-Hawamdeyya and the lowest from El-
Marioteya, deltamethrin was recorded from Kafi-
Elsheikh and fenopropathrin from El- Marioteya only.
The highest mean value of Es-fenvalerate was
recorded from El-Marioteya and the lowest from Kaft-
Elsheikh.

Table (1) Mean Values of pesticide residues in Nile tilapia and catfish from different locations (ng/g)

Pesticide Nile tilapia Catfish MPL

El- El- Kafr- El- El- Kafr-

Hawamdeyya Marioteya Elsheikh Hawamdeyya Marioteya Elsheikh
Methoxychlor 0.64+0.21 ND ND 1.5+£0.6 ND ND -
Heptachlor epoxide 0.24+0.18 0.35+0.1 0.4+0.2 0.05+0.04 0.6+0.15 0.7+£0.25 300 FDA (2000)
HCB 3.2+0.95 3.4+0.9 5.2+1.05 4.4+0.8 6.1+0.5 6.3+0.8 200 EU (2011)
Endosulfan 10 CREM/CBU
i ND ND 0.3+0.2 ND ND 0.7+0.3 (1998)
Aldrin ND 0.4+0.2 0.45+0.2 ND 0.55+0.15 0.2+0.1 300 CAC (2009)
Dieldrin ND 0.45+0.2 ND ND 0.4+0.15 ND 300 CAC (2009)
Diazinon 5.1+0.9 6.4+0.45 8.5+0.55 7.2+0.3 7+0.5 8.6+0.8 2 USFDA (1991)
Methyl parathion 10+0.85 12.3+0.6 8.5+0.3 12.75+0.55 10.25+0.9 17.45+0.5 2 USFDA (1991)
Ethyl parathion ND 9.4+0.35 7.8+0.4 ND 9.7£1.2 10.2+0.13 2 USFDA (1991)
Malathion 2.25+0.3 ND 5.43+0.2 5+0.6 ND 6.6+0.3 20 EU (2011)
Ethion ND ND ND ND ND 6.4+0.2 10 EU (2011)
Azinphos methyl ND ND 0.37+0.2 ND ND 4.2+0.4 -
Deltamethrin ND ND 0.15£0.095 ND ND 0.6+0.25 0.5 FAO/WHO (2013)
Es-Fenvalerate ND 3.254+0.35 0.33+0.2 ND 5.3+0.9 0.240.1 50 CFRUS (2006)
Cypermithrin 2.25+0.3 0.25+0.1 0.2+0.15 2.8+0.6 0.3+0.04 0.55+0.2 2 FAO/WHO (2013)
Fenpropathrin ND 1.1+0.23 ND ND 1.4+0.7 ND -
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Fig (1) Mean Values of organochlorine and organophosphorus residues in Nile tilapia from different locations
(ng/g).
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Fig (2) Mean Values of organochlorine and organophosphorus residues in catfish from different locations
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Fig (3) mean values of pyrethroids residues in Nile tilapia and Catfish from different locations
The results shown in table (2) illustrated the grilling and the highest reduction level caused by
mean values and percent loss of the detected pesticides frying of tilapia from El-Hawamdeyya was heptachlor
in Nile tilapia from the three locations after frying and epoxide with 100% and the lowest was 35% for
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diazinon while, for grilling the highest was 61% for
methoxychlor and the lowest was 11% for methyl
parathion. In Nile tilapia (El-Marioteya) frying caused
the highest reduction level for Cypermithrin 76%and
the lowest was 41.5% for Es-Fenvalerate. On the other
hand the highest reduction level caused by grilling was
60% for Cypermithrin and the lowest was 11% for
methyl parathion. Tilapia from Kafr-Elsheikh showed
the highest reduction level by frying for cypermithrin
with 80% and the lowest was for HCB and methyl
parathion with 54% while, for grilling the highest was
60% for deltamithrin and the lowest was 15.6% for
diazinon.

From the results recorded in table (3) showed the
mean values and percent loss of pesticide residues for
catfish from the three locations and the highest
reduction level caused by frying for heptachlor
epoxide (100%) from El-Hawamdeyya, Aldrin and Es-
Fenvalerate (100%) from Kafr-Elsheikh and dieldrin
(75%) from (El-Marioteya) and the lowest was
recorded for malathion (47%) from El-Hawamdeyya
and 36% for HCB from El-Marioteya and 44% from
Kafr-Elsheikh for HCB also. While, grilling caused
loss for 50% for Cypermithrin from (El-Marioteya)
and the lowest was 18% for diazinon and malathion
from (El-Hawamdeyya).

Table (2} Mean values and peroent loss of detected pesticide residues in Nile tilapia from the three lncations after frying and grilling (mg'g)

P ELHawnmsdeyvya ElLMuarisievn Kufr-Ekheikh
Fry Percent Cirill Percent Fry Percent Grill Percent Fry Percent Gerill
lmss loss loas lass loss
Methoxychlor  0.0:0.07"  S4% 025:01" A% NI ND - ND ND
Hieptachlor ND* 10 0.05:003° T 0.12+0.07" it 0.25:0.1° 9% 0.025:0.01" 4% 0.15:0.95%  A2.5%
cpaxide
HCR 045:03"  BE%M 136205  575%  LE=06" 4T 3:098° 122 14204 % 41085 2%
Endosulfnn KD = N - ND MDD = 0.032001" 92% 0.1:0.08" 6T
sulphste
Aldrin NI NI 0.1:240,08" 5% 03:015% 25% 0.07540.06° 3% D.IR=01™ 11
Dieldrin NI¥ E NI¥ e 0.05+0.03 5% .0 35% ND = M =
Dinrimen 26205 35% 440" 13.7% 130 48% 459407 3% 42404 % T1T£045"  156%
Meihyl 5210 5 AR B9:0 88 1% 6.1 4037 507 1140.4° 11% 191035 4% 7.E:0 450 10.5%
parathion
Ethyl parathisn NI - NI - 462015 5% 9.15:035"  2.6% 21204 T3% 6.7:09 14%
Malathion 0.820.3 647 1.5:03" % ND ND 217:41T 04 42:0.158° 3%
Ethion ND - ND - ND ND ND - NI} -
Azinphes NIy NI NI MO ND* 100 0.2:0.15" 46%
meethyl
Dhebtamethrin ND - ND - ND - ND - ND* 100% 0030002 80
Cvpermithrin 0.2:0.1" 9M% 0.9:0.17" 6% 0.0620,03" Th% 0.1 =006" 6% 0.0420.02" BlNG 0.0E:0.07" HN%
Es-Femvalerate il NI - 1.9:0.15" 41.5% 2.75:02° 6% 01501 55% 025:0.05% 4%
Fenprapathrin KD ND - 03200087 T3% 0.5+0.2" 2T ND NI -
Meams in the same row baving different superscripts ane significanity different at P <0.05
Table (3) Mean values and percent loss of detected pesticide residues in catfish from the three locations after frying and grilling (ng/g)
Pesticide EFHawamdeyya El-Maristeya Kufr-Elsheikh
Fry Percent Grill Percent Fry Percent Grill Pereent Fry Percent Grill Percent
loss loss loss loss loss loss
Methoxyehlor 030,15 Bl 503" S66% ND ND - ND ND .
Heptachlor ND* 10075 NI 111 0.26:0.1" 5% 052015 6% O006:001" 9% 0.2:0.15% %
epovide
HCR 045:01° W% IS0 SI% 3.940.8° 3 554065 0% 3.540.6° 44 5.3:0.758" 16%
Endasulfan ND £ D - ND ND - 0.240.15 T1% 0.5:0.3° IB5%
sulphate
Aldrin KD ND 0162007 TI% 048017 W% N 100% D00 80%
Diebdrin KD * D - 010,05 % 02201 5% ND - *
Dinzinen I4THIY 2% 5.5:40.4" 18% 18540455 46% 54405 5% 45403 4T 15%
Methyl 6. 15:03° 2% 11.6:0.6" ¥ 53405 8% 92407 0% 1000757 47% 106%
parathion
Ethvl parathisn ND - KD - 49405 9% 1)1 Y L7045 6% 8%
Malathion 16503 % 4 1045 18% 16503 51% 4420 5" 19% 3420 2° 45 16%
Ethian NI KD - ND ND 3.540.55° 5% %
Azinphas ND D ND ND 2:025" 5T% 1%
methyl
Deltamethrin KD KD - ND ND - Q14008 TT% I 5E%
Cypormithrin 0,752 03" % L7035 S1% 007000 ™% G15:00°  50% 0.240.1° 4% (4=0.03" ITh
Es-fenvalerate NI ND . 05 4% 4d T8% NDP 100% 04002t RO%
Femopropathrin ND ND - 05420015 61% 1.2:0.3* 4% ND ND -

Means in the same row having different superscripts are significantly different at P <0.05
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4. Disscussion

The risk of pesticides increased in the third world
countries due to the lake of regulations, awareness and
efficient monitoring programs dealing with the
incidence of these hazardous materials in foods so that
the present study was planned to evaluate the presence
of organochlorines, organophosphorus and pyrethroids
in fresh water fish samples (Nile tilapia and catfish)
and the effect of frying and grilling on reducing these
contaminants from different locations.
Organochlorines

Are a class of non polar toxic chemical
compound classified as dichlorodiphenylethane,
cyclodienes and chlorinated benzenes (Ademoroti,
1996).

HCB was the highest organochlorine pesticide
residue detected from all fish samples from the three
locations. It is still widely distributed in the
environment Barber ef al. (2005), Long term exposure
to HCB in humans results in liver disease with
associated skin lesions for the general population
(ATSDR, 2002). In all locations catfish contained
higher values than tilapia and according to (EU, 2011)
which established a permissible limit for HCB that not
exceed 200ng/g in fish from this point our values were
far below these limits. The HCB concentrations
recorded in this study was compared to those reported
earlier by Yahia and Elsharkawy (2014) for tilapia
species from Egypt and Adu-Kumi et al. (2010) for
catfish and tilapia species from Ghana and the values
were lower than our results.

Trials to reduce HCB in studied fish samples by
frying and grilling, indicated frying had a great effect
on reduction of HCB in tilapia and catfish, the highest
reduction values was recorded for tilapia from El-
Hawamdeyya (86%) and the lowest from El-
Marioteya (47%) and for catfish the highest was
recorded from El-Hawamdeyya (90%) and the lowest
from El-Marioteya (36%) also. While, grilling had a
moderate effect on reducing HCB with the highest
reduction values detected for tilapia and catfish were
from  El-Hawamdeyya (57.5%) and (51%)
respectively. while, the lowest reduction levels for
tilapia and catfish were from El-Marioteya with (12%)
and (10%) respectively. Our results were similar to
Zabik et al. (1996) who studied the effect of grilling
on HCB residues in muscle tissue of Lake trout and
found that grilling had a minimal effect on reducing
the pesticide content by 12-38%.

Heptachlor epoxide was anther organochorine
residue was detected from all fish samples from the
three studied locations which is derived as a result of
the breakdown of heptachlor by bacteria that present
in the environment. It has been bioconcentrated in
aquatic and terrestrial organisms. It is a possible

human carcinogen and impairs the immune functions.
(ATSDR, 2007). Catfish was higher in heptachlor than
tilapia from El-Marioteya and Kafr-Elsheikh while,
the reverse from El-Hawamdeyya. Our results were
below 300 ng/g set by FDA (2000) as a maximum
permissible limit for heptachlor epoxide in seafood.
Ogbeide et al. (2015) and Zhao ef al. (2013) found
heptachlor epoxide in different fish samples with
nearly similar results. On the other hand Malik et al.
(2007) detected heptachlor epoxide in Channa
punctutus fish from Gomti River, India with mean
0.06+0.07ng/g that was lower than our results. From
the previous Egyptian studies Abbassy et al. (2003)
detected heptachlor epoxide in tilapia muscle from
Lake Manzala with mean 0.059ng/g and Nasr et al.
(2009) obtained it in tilapia from fresh water canals
with mean 0.63ng/g and from drain water canals
1.78ng/g which were nearly similar to our results.

Frying showed a great effect on the reduction of
heptachlor epoxide in studied catfish samples. Frying
had shown a complete reduction in catfish samples
from El-Hawamdeyya and the lowest reduction was
recorded for catfish from El-Marioteya with a percent
loss (56%). While, grilling had shown no significant
decrease (P<0.05) for heptachlor epoxide from catfish
and tilapia samples from all the studied locations. This
difference may be due to variation in fish age and size
that affect the fat ratio which affect the residue level
after heat treatment this in agree with (Witezak, 2009)
who also found a minimal effect for frying (5%) loss
on heptachlor epoxide after heat treatment of Common
carp with frying which was in reverse to our results.

Aldrin is a chlorinated pesticide that is used
against soil-dwelling pests. It was detected in fish
samples from El-Marioteya and Kafr-Elsheikh only in
ranges below the maximum permissible limit set by
Codex Alimentarius Commission (CAC, 2009) that
aldrin in fish must not exceed 300 ng/g.

The aldrin concentration recorded in the study
was compared to those reported earlier by Darko ef al.
(2008) and Zhou et al. (2007) found it in Nile tilapia
and Red lip mullit with results agreed with our
findings. On the other hand Zhao et al. (2013) and
Malik et al. (2007) found aldrin in different fish
species with higher values than our results. From the
previous Egyptian studies Abou-Arab et al. (1994)
detected aldrin in tilapia with mean 2.7 ng/g from
Lake Manzala (Egypt), Yahia and Elsharkawy (2014)
recorded aldrin in tilapia muscle from Elwasta and
Mankbad, Assuit (Egypt) with mean 0.61ng ng/g and
0.22ng/g respectively, and Nasr et al (2009)
determined aldrin in tilapia from fresh water and drain
water canals with mean 0.8 ng/g and 0.61 ng/g
respectively, these findings were in agree with our
study.
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A complete reduction of aldrin caused by frying
catfish samples from Kafr-Elsheikh while, only 71%
reduction in catfish samples from El-Marioteya. In
tilapia aldrin was reduced by 83%from Kafr-Elsheikh
and by 75% from El-Marioteya. grilling had a no
significant effect on reduction of aldrin all studied fish
samples.

From previous studies Sahu (2018) detected
aldrin in Catla fish from India with mean 16 ng/g
which was reduced tol2 ng/g (25%) by grilling and
was not detected after frying this indicated the great
effect of frying in depletion of aldrin from fish
samples. Another study by Witezak (2009) found
aldrin in Carp fish with mean 0.1354+0.074 ng/g which
was reduced after frying t00.119+0.046 ng/g (11.9%)
which was lower than our results.

Dieldrin is a derivative from aldrin and is a
highly persistent organochlorine compound that has
low mobility in soil, can be lost to the atmosphere and
bioaccumulate, It is considered that all the available
information on aldrin and dieldrin taken together,
including studies on humans, supports the view that,
for practical purposes, these chemicals make very little
contribution, if any, to the incidence of cancer in
humans (FAO/WHO, 1993).

Dieldrin was found in fish samples from El-
Marioteya only with an average below the maximum
permissible limit established by Codex Alimentarius
Commission (CAC, 2009) that dieldrin in fish must
not exceed 300ng/g, so that our results were below this
limit which considered fish from this location do not
carry a hazard from dieldrin residue. The detectable
levels of such residues varied in quantities dependent
on the way of nutrition and the fat content of a
particular species of fish, type of tissue examined and
exposure of examined fish to different pesticides
before caughting as well as the degree of accumulation
of these compounds in examined samples as
previously reported by Ademoroti et al. (1996).

By comparing our results and those obtained in
other Egyptian locations Ahmed and El-Saad (2010)
measured dieldrin in tilapia muscle from fish markets
with mean 1.69 ng/g, Abou-Arab et al. (1995) detected
dieldrin in Nile tilapia from River Nile with mean
3.85ng/g and Nasr et al. (2009) determined dieldrin in
tilapia from fresh water and drain water canals with
meanl.4 ng/g and 1.5 ng/g respectively. In another
studies by Yahia and Elsharkawy (2014), Aly and
Badawy (1984) and El-Mekkawi et al. (2009) they
could not detect dieldrin in tilapia and catfish from
different Egyptian water sources.

Frying caused significant reduction of dieldrin in
catfish samples by 75% while, grilling caused 25%
reduction in catfish samples. By comparing our
findings with the other studies Sahu (2018) found
dieldrin in Catla fish from India with average 870 ng/g

which was reduced by grilling to 301 ng/g (65%) and
to 134ng/g (84%) by frying which was slightly near to
our results.

Endosulfan sulphate is a  restricted
organochlorine pesticide resulted from the breakdown
of endosulfan in water and has the ability to
accumulate in living organisms especially the aquatic
one. It therefore represents a potential hazard in the
aquatic environment (ATSDR, 2015). It was detected
in fish samples from Kafr-Elsheikh only with average
levels below the permissible limit set by CREM/CBU
(1998) that not exceeds 10 ng/g in fish.

By comparing our results with the other previous
studies Ogbeide et al. (2015) detected endosulfan
sulphate in catfish from Owan River (Nigeria) with
mean 0.26+0.23ng/g, Malik et al. (2007) recorded it in
Channa Punctutus fish from Gomti River (India) with
mean 0.224+0.24ng/g and Darko et al. (2008) found
Endosulfan sulphate in Nile tilapia from Ghana with
range 0.84-2.32 ng/g that were slightly near to our
results, while Zhao et al (2013) and Amodio-
Cocchieri and Arnese (1988) did not detect endosulfan
sulphate in common carp from China and Italy
respectively.

Frying and grilling had no significant decrease of
Endosulfan sulphate from the studied fish samples as
shown in a study by Elsherif er al. (2016) who found
endosulfan sulphate in Nile tilapia from Wadi El-
Rayan lakes (Egypt) with mean 20 ng/g which was not
affected by grilling and increased to 40 ng/ by frying
due to the increase in water loss.

Methoxychlor can be found in sediments
reaching the aquatic environment and its degradation
may take many months. Methoxychlor is ingested and
absorbed by living organisms, it accumulates in the
food chain. It was found in fish samples from El-
Hawamdeyya only with values higher than that
recorded by Akan et al (2013) which was
0.23+0.01ng/g for Tilapia zilli and 0.43+0.24ng/g for
Clarias gariepinus obtained from Alu Dam, Nigeria.

Grilling caused a great reduction of
methoxychlor in tilapia samples by 61% higher than
frying which caused loss in methoxychlor residue by
54% only. While, in catfish samples frying caused
higher reduction for methoxychlor (80%) than grilling
(56.6%).

Organophosphorus pesticides

In an effort to substitute the persistent
organochlorine pesticides, agricultural sectors have
shifted towards  organophosphorus  pesticides.
However organophosphorus pesticides are generally
much more toxic to vertebrates compared to other
classes of insecticides even though they rapidly
degrade in the environment and have the ability to
concentrate in lipid tissues of aquatic organisms
Chambers et al. (.2001).
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Methyl parathion is a nonsystemic
organophosphorous insecticide and acaricide used to
control pests in a wide array of crops (ATSDR 2001).
It is highly toxic to aquatic organisms and has been
classified as “extremely hazardous” for the
environment by the WHO (2005). It was the highest
pesticide detected in all fish samples from the three
locations with mean values higher than the maximum
permissible limit set by USFDA (1991) that it must
not exceed 2ng/g in fish so that the results were higher
than this limit and there is a potential great health risk
from systemic toxicity to the consumers.

Methyl parathion recorded in this study was
compared to those reported earlier by Yahia and
Elsharkawy (2014) and Phani et al. (2018) from tilapia
(Egypt) and Common carp (India) respectively, in
levels were slightly near to our records. Enbaia et al.
(2015) found parathion methyl in Flathead gray mullet
from Tripoli markets (Libya) with a minimal level
below the permissible limits about 0.0032+0.04 ng/g.
while, Malhat and Nasr (2011) could not detect methyl
parathion in fish tissues from many Egyptian drainage
canals.

Frying had a moderate effect on reducing methyl
parathion for tilapia the highest percent loss (54%)
from tilapia Kafr-Elsheikh and lowest (48%) from El-
Hawamdeyya. While, in catfish the highest reduction
loss by frying was (52%) from El-Hawamdeyya and
the lowest from Kafr-Elsheikh (42%). Grilling had a
minimal effect on reducing methyl parathion with 11%
loss from tilapia (El-Hawamdeyya and El-Marioteya)
and 10.8% from Catfish samples (Kafr-Elsheikh).
Sahu (2018) studied the effect of frying and grilling on
methyl parathion from Catla fish which was reduced
by 56% and 36% after frying and grilling respectively.

Diazinon is one of the most frequently used
pesticides in the agricultural region worldwide. which
may affect a wide range of target organisms including
fish (ORUC, 2010). From our study diazinon was
found in all fish samples from the studied locations
with mean values exceeded the permissible limit
established by USFDA (1991) that diazinon in fish
does not overcome 2ng/g.

From the other previous studies Yahia and
Elsharkawy (2014) detected diazinon in Nile tilapia
(Egypt) with mean 6.46ng/g and 2.27 ng/g but it was
not detected in catfish samples from the same
locations which were lower than our results. Another
study Malhat and Nasr (2011) found diazinon in fish
tissues from ElMenofi drain (Egypt) and their level
was 9.23 ng/g and this result was higher than our
findings. However, in Ghana lagoons Essumang et al.
(2009) obtained diazinon in fish samples in a range
below to our study in a range 0.1-0.3 ng/g.

Frying and grilling had variable degrees of
reduction among different species and within the same

species attributed to the age, size, location and degree
of pesticide contamination in the raw samples, frying
for tilapia the highest reduction loss was (50%) from
Kafr-FElsheikh and the lowest was (35%) from El-
Hawamdeyya while, for catfish the highest percent
loss was (52%) from El-Hawamdeyya and the lowest
was (46%) from El-Marioteya. On the other hand
grilling had a minimal effect on reducing diazinon
with the highest reduction loss was recorded from
catfish and tilapia (El-Marioteya ) with (25%) and
(23%) loss respectively, and the lowest from tilapia
(El-Hawamdeyya) with (13.7%) and from -catfish
(Kafr-Elsheikh) with (15%).

Ethyl parathion (Parathion) is a broad spectrum
organophosphate pesticide used to control many
insects and mites (Worthing, 1987). It was found in
fish samples from El-Marioteya and Kafr-Elsheikh
with average values higher than the permissible limits
established by USFDA (1991) that it does not exceed
2 ng/g in fish. By comparing the other studies Yahia
and Elsharkawy (2014) detected parathion in Nile
tilapia from Elwasta, Assiut (Egypt) in a concentration
lower that our findings with mean 6.384+0.96 ng/g and
could not detect it in catfish samples.

Frying had a good effect on reducing ethyl
parathion in tilapia by (73%) and by (64%) in catfish
from Kafi-Elsheikh. On the other hand grilling had no
significant effect as usual on reducing ethyl parathion.

Malathion was found in all fish samples except
from tilapia in El-Marioteya region and their mean
values were below the permissible limit set by the EU
(2011) that not exceeds 20 ng/g in fish.

From the previously mentioned studies Erewa
and Ikpesu (2017), Aktar et al. (2009) and Yahia and
Elsharkawy (2014) recorded malathion in filapia
mariae (Nigeria), fish samples (West Bangal), Nile
tilapia and catfish from Elwasta (Egypt) respectively,
with mean values lower than our results.

Loss of malathion might be caused by
degradation, hydrolysis and chemical as well as
physical factors such as solubility in water,
voltialbilty, thermostabilty and chemical reactions as
indicated by Liska et al. (1967) and Lee and Lee
(1985). frying and grilling had a moderate and variable
degrees of reduction with the highest reduction among
tilapia from El-Hawamdeyya was (64%) for frying and
(33%) for grilling while, among catfish the highest
reduction percent was from El-Marioteya (51%) for
frying and (19%) for grilling. these percents were
lower than that recorded by Hassan et al. (1993) from
Nile tilapia which was reduced after frying by 93.8%
and Common carp reduced after frying by 82.9% also.

Ethion was detected only in cat fish samples
from Kafr-Elsheikh in a level below the EU (2011)
permissible limit that it does not exceed 10ng/g.
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The mean values of ethion recorded in the study
compared to those reported earlier by Yahia and
Elsharkawy (2014) obtained ethion from catfish
(Mankbad) in a minimal concentration and could not
detect it in Nile tilapia from the same location, Zarger
and Gill (2018) measured ethion in market fish
sampled from different regions of Punjab in average
which were lower than our findings. Another study
Soltan et al. (2016) detected ethion in Oreochromis
niloticus reared in earthen ponds that received
agricultural drainage in Egypt with mean 5.3+3ng/g
and ethion was measured by Singh et al. (2015) in fish
muscle of Puntius sp from River Deomoni (West
Bengal) with mean 2.95+0.4 ng/g these were slightly
near to our results. Frying and grilling of catfish
showed marked reduction in ethion by (45%) for
frying and (20%) for grilling.

As shown in tables azinphos methyl was only
recorded from Kafr-Elsheikh fish samples with
average values lower than that recorded by Moradi
and Goishani (2012) and Shayeghi et al. (2012) for
mullit and Cyprinus carpio respectively.

A complete reduction in azinphos methyl was
detected in tilapia samples after frying while; grilling
reduced it by 46% only. Frying of catfish had a
moderate effect and caused reduction by 52% on the
other hand grilling showed no significant effect for its
reduction in the examined fish samples.

Pyrethroids

Pyrethroids are less volatile so they are not
persistent in the environment to their rapid degradation
within days to several months (CDC, 2017). The
natural and synthetic pyrethroids have emerged as a
major class of highly active pesticides that have
proved to be good substitutes for organochlorines,
organophosphates due to their lower persistence and
comparatively lower mammalian toxicity (Parvez and
Raisuddin, 2006).

Cypermithrin is a synthetic widely used
pyrethroid pesticide, it was found in all fish samples
from the three locations and the only pyrethroid
detected in fish samples from El-Hawamdeyya with
mean values below 2 ng/g which was established as
the permissible limit by FAO/WHO (2013) except fish
samples from El-Marioteya that exceeded this limit.

Concerning the previous studies Riaz et al
(2018) detected cypermithrin in Anguilla rostrata from
Qadirabad (Pakistan) also Jabeen et al. (2015) found
cypermithrin in Channa marulius fish from Indus
River (Pakistan) with and Mahboob et al (2015)
detected it in fish samples from River Ravi (Pakistan)
in levels which were slightly near to our findings.

Frying of tilapia reduced greatly cypermithrin by
91% from El-Hawamdeyya, 81% from Kafr-Elsheikh
and by 76% from El-Marioteya. On the other hand
grilling of tilapia reduced cypermithrin by 60% from

the three locations. Among catfish the highest
reduction level was obtained from El-Marioteya was
77% caused by frying and the lowest was 51% from
El-Hawamdeyya while, grilling caused a moderate
effect with the highest reduction level obtained from
El-Hawamdeyya by 51% and the lowest from Kafi-
Elsheikh by 27% only. These results were slightly near
from recorded by Sahu (2018) for Catla fish from
India with mean 31 ng/g for cypermithrin and reduced
by frying to 16 ng/g (48.3%) and by grilling to 21ng/g
(32.25%).

Deltamethrin was recorded only in fish samples
from Kafr-Elsheikh with mean values for tilapia lower
than 0.5 ng/g as a permissible limit set by FAO/WHO
(2013) but catfish samples exceeded this limit.

Deltamethrin  recorded in this study was
compared to those reported earlier by Jabeen et al.
(2015) detected deltamethrin in Cyprinus carpio and
Channa marulius from Indus River (Pakistan) with
range 0.490-0.839 ng/g and 0.5-0.2ng/g respectively,
which was in good agreement with our findings.
While, Mahboob et al. (2015) measured deltamethrin
in fish samples from River ravi (Pakistan) in a range
ND-3.45ng/g which was higher than our results.
Another study by Choudhury et al. (2013) found
deltamethrin in Crirrhinus mrigala fish from different
fish markets of Jorhat district (India) with mean
0.0013ng/g which was very low in compare with our
results. Frying only significantly reduced deltamethrin
by 77% from catfish samples (Kafr-Elsheikh) while,
grilling had no significant changes in the examined
fish samples.

Es-fenvalerate is one of the pyrethroid which is a
moderately toxic pesticide and carries the signal word
WARNING on the label. (Casida and Quistad, 1998).
it was detected in fish samples from El-Marioteya and
Kafr-Elsheikh with mean values below 50 ng/g which
was set by the Code of Federal Regulations of the
United States of America (2006).

Frying of tilapia had a moderate effect on
reducing Es-fenvalerate by (55%) from Kafr-Elsheikh
and by (41.5%) from El-Marioteya however in catfish
samples frying caused a complete reduction among
samples from Kafr-Elsheikh and only 43% reduction
from El-Marioteya. Grilling also had no significant
effect on Es-fenvalerate from the examined fish
samples.

Fenopropathrin is a synthetic pyrethroid with
insecticidal/acaricidal properties. It was only detected
in fish samples from El-Marioteya with values higher
than recorded by Choudhury et al. (2013) in Labeo
rohita fish from different fish markets of Jorhat district
(India.) Frying reduced considerably fenopropathrin
by (73%) in tilapia and by (61%) in catfish on the
other hand grilling reduced it by (27%) in tilapia and
had no significant decrease in catfish samples.
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Our results are in good agreement with Trotter ef
al. (1989) and Zabik et al. (1995); Witezak (2009) and
Abd-Allah (2013) who showed that the reduction level
in pesticide residues of processed fish tissues was
depending upon the nature and the solubility of the
pesticide itself, fish species, preparation treatment and
the method of cooking or processing.

5. Conclusion

A general trend from the results indicates a
greater increase in pesticide residue levels in Kafr-
Elsheikh and El-Marioteya compared with El-
Hawamdeyya in addition, higher values were realized
for the detected pesticide residues in catfish as they are
bottom feeders and in close contact to the sediment
and their adipose tissues higher than tilapia in this
study this gives clear trend of the extent of chemical
contamination in these areas.

Frying is a good method for reducing many types
of pesticides than grilling so it may be used to improve
the quality of fish.

Finally there is a need for continued monitoring
of pesticide residues in fish even when the exposure is
low also monitoring is required in River Nile since the
river serves as a source of drinking water, irrigation
and fish for the local inhabitants in our study areas in
order to ensure the safety of the population in close
proximity with these contaminated river and its
diverse resources and more orientation for farmers is
needed to ensure the proper handling of pesticides and
its application instrument. Also there is a need to
intensify the enforcement of relevant laws against the
importation and illegal use of banned pesticides in
developing countries including Egypt.
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