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Abstract 
 

Agrochemical pollutants such as pesticides and heavy metals cause 
serious problems in the framework of aquatic environment, which lead to 
adverse effects on water quality and its biota such as fish. Kafr El-Sheikh 
Governorate presents one of the most areas for rice cultivation and fish 
culturing. Therefore, it is necessary to protect the environment of this area 
from hazardous of chemical pollutants. A spatiotemporal monitoring of 
pesticide residues and heavy metals were conducted in some irrigation and 
drainage waters from different zones in Kafr El-Sheikh Governorate      
(Kafr El-Sheikh, Sedi Salem, El-Reiad, Biyala, Al-Hamul and Baltim). To 
study the pesticide residues in surface water, samples were collected during 
a period extended from winter (2004) up to summer (2005) from twelve 
sites distributed at five sites from irrigation canals (Bahr Tirah canal, An-
Nile canal and Meet Yazid canal), seven sites of drains from (Al-Gharbiya 
ar Raisi, Nasir, Hafir Shihab adin, Ash-Sharikah, No. 7, No. 8 and Al-
Wastany). The analysis results using GC (ECD and FPD) and HPLC-UV 
showed that the presence of twenty seven pesticides which were: aldlrin, 
dieldrin- γ-BHC, β-BHC, δ-BHC, α-BHC, p,p.DDT, p,p.DDE, p,p.DDD, 
heptachlor, heptachlor-epoxide and γ-chlordane of organochlorine 
compounds (OCPs), dichlorophos, ethoprophose, cadusaphos, diazinon, 
chlorpyrifos-methyl, primiphos-methyl, chlorpyriphos, phenthoate, 
fenitrothion, prothiophos, profenphos and ethion of organophosphorus 
compounds(OPs), methomyl and oxamyl (carbamates). p,p.DDT and 
diazinon concentrations were higher than maximum residue level (MRL) 
especially at mixing waters between irrigation water and drain in summer 
that was due to high persistence and the precipitation in agricultural water 
drains, but the lowest two compounds  were α. HCH and phenthoate. 
Seventeen samples were collected from the previous sites for analysis of 
heavy metal pollutants (Fe, Cu, Ni, Cd, Co, Cr, Mn, Zn and Pb) in surface 
water using atomic absorption spectrophotometer (AAS). The results 
indicated that chromium, cobalt and lead were the most abundant trace 
elements and their residues exceed the proposed permissible limits 
according to WHO and the Egyptian Ministry of Health Regulation, 
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followed by zinc, manganese and cadmium while iron, cupper and nickel 
were less than the permissible limits according to WHO.  

 
Keywords: Water, Pesticide residue, Heavy metal, GC (ECD, FPD), 
HPLC-UV, AAS, Pollution.  
 

INTRODUCTION 
 

Pesticide residues have been a catch cry of environmental and consumer 
groups since the mid-1960's when Rachel Carson drew the public's attention 
to the deleterious ecological effects of organochlorine insecticides which 
were in widespread use at that time. 

  
Water is a very scarce commodity in Egypt and its deterioration represent 

a major environmental risk due to contamination from nonpoint sources of 
pollution (NPSP) caused by agricultural activities and point sources of 
pollution (PSP) from industrial and domestic discharge (Gaber et al., 2003). 
During 1999, monitoring of pesticides in water of the River Nile at the 
estuaries of Rosetta and Damiata branches was conducted (Abbassy et al., 
1999). Their results indicated that chlorinated hydrocarbon compounds were 
present in all samples at concentrations ranging between 0.019 – 0.390 µg/L 
with a higher trend in Damiata branch than Rosetta branch. 

 
For more than 30 years, awareness has been growing about the dangers 

posed on human health and the environment by ‘‘persistent toxic 
substances’’ (PTS). Many of the substances of greatest concern are organic 
compounds characterized by their high persistence in the environment, 
hardly degradable, and acute and chronic toxicity. In addition, many 
subjected compounds to atmospheric, aquatic or biological transport over 
long distances, and are thus globally distributed, detectable even in areas 
where they have never been used. The lypophilic character of these 
substances causes them to be incorporated and accumulated in the tissues of 
living organisms leading to body burdens that pose potential risks of adverse 
health effects. Toxic chemicals, which are less persistent but for which there 
are continuous releases resulting in essentially persistent exposure of biota, 
raise similar concerns (Barakat, 2004). These chemicals have serious health 
and environmental effects, which may include carcinogenicity, reproductive 
impairment, developmental and immune system changes, and endocrine 
disruption thus posing a threat of lowered reproductive success and in 
extreme cases possible loss of biological diversity (IOMC, 1995). In recent 



 
 
 
 
 

J. Pest Cont. & Environ. Sci. 15 (1): 21 – 41 (2007). 

 23 

years, using of these insecticides has been restricted in many countries 
because of suspicion that these compounds are the major source for the 
environmental hazards (carcinogenic agents). Detectable amounts of these 
compounds and their transformation products are sometimes found in 
animal and human tissues, animal and human milk, drinking water and soil 
(Abbott et. al., 1981, Kanja et. al., 1986, Kanja et. al., 1992, Lommel et. al., 
1992, Rossel  et. al., 1993, Asplund et. al., 1994 and Hendriks et. al., 1995). 

 
On the other hand, it was known that heavy metals could accumulate in 

tissues during aquatic organism growth (bioaccumulation) and often 
biomagnified up the food chain interfering with the health and reproduction 
of both wildlife and humans. (Mansour and Messeha. 2001) studied the 
distribution of heavy metals in water of Lake Qarun as Zn, Fe, Mn, Cu, Cd, 
Cr, Ni, Pb, Co and Sn they found in all samples at concentrations ranging 
between 0.026 - 0.451 (ppb). 

  
Therefore, the objectives of this study was undertaken to survey the 

residues of pesticides and heavy metals in both irrigation and drainage water 
samples in Kafr El-Sheikh Governorate. 

 
MATERIALS AND METHODS 

 
Chemicals: Selected pesticides, organochlorine mix 12 (aldlrin, dieldrin- γ-
BHC, β-BHC, δ-BHC, α-BHC, p,p.DDT, p,p.DDE, p,p.DDD, heptachlor, 
heptachlor-epoxide and γ-chlordane) was provided by Dr., Ehrenstofer 
Augsburg, Germany (10 ng/µl) in cyclohexane. Carbamate compounds 
(methomyl and oxamyl) and organophosphorus compounds (dichlorophos, 
ethoprophose, cadusaphos, diazinon, chlorpyrifos-methyl, primiphos-
methyl, chlorpyriphos, phenthoate, fenitrothion, prothiophos, profenphos 
and ethion) were obtained from the Environmental Protection Agency 
(EPA), USA.Hexane, acetone, dichlormethane and methanol were obtained 
from Merck Co., Germany. The chemicals used were analytical grade for 
pesticide residues analysis. 

   
Collection of surface water samples: Four liter of water samples in 
cleaned, sterilized and solvent washed glass bottels were collected from 
Bahr tir′ah canal (Biyala, Al-Hamul and Baltim region), consisting               
5  collection  sites  (samples No:1-5), An-Nil canal (Baltim, Biyala, Al-
Hamul and Bilqas region), consisting 1 collection site (sample  No: 6), Meet 
yazid canal (Kafr El-Sheikh, Seedy Salem and El-Ryad region), consisting 2 
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collection sites (samples No:7,8). Also, 9 sites represents waters from drains 
were included samples No: 9-17 (9, 10 and 11 of Al-Gharbiyyah ar-Ra′isi, 
12 of Nasir, 13 of Hafir Shihab ad-Din, 14 of ash-Sharikah, 15 of Al-
Wastany, 16 of No.8 and 17 of No.7), Fig. (1).  

 
Fig (1): Map showing the studied area and the sites of sample collection. 
 

Water samples were collected during December 2004, (winter), June 
2005, (summer). The collected water samples were transferred immediately 
to the laboratory in ice container. The samples had been filtered through 
fiberglass filter to remove turbidity and debris and stored at 4 ْC prior to 
extraction (during 24 hr.) and analyzed for pesticides and heavy metals. 

 
Solid- Phase Extraction Technique: In the laboratory, the collected water 
samples were extracted using disposable solid phase extraction (SPE) with 
octadecyl-bonded silica cartridges (C18 BSCs) (500 mg; Phenomenex 
Scientific), performed by passing 1liter of water sample through C18 
extraction cartridges. Cartridges were conditioned prior to use (washed) 
with eluting 5 ml of 1:1:1 hexane: acetone: dichloromethane (v/v), followed 
by 5 ml methanol, and finally 5 ml deionized (DI) water. Next, samples 
were passed through the SPE cartridges under vacuum at a rate of ca. 18-20 
ml per minute. After the entire sample was extracted, the vacuum was left 
on and air allowed passing through the SPE for 10 min as drying step. 
Analytes were eluted from the SPE by 6 ml rinses of 1:1:1 hexane: acetone: 
dichloromethane (v/v). The final extract had transferred quantitatively by 
rinsing with 1 ml aliquots of the organic solvent into a concentrator tube and 
then evaporated to dryness. The residue was dissolved in n-hexane and One 
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microliter was injected into the GC in the split-less mode. This method was 
according to Belden et al., (2000), with minor modification. 

 
Determination of OCPs and OPs pesticide residues: Residues of 
monitored pesticides were analyzed by using gas chromatograph (Hewlett 
Packard model 6890 equipped with electron capture detector (Ni63-ECD) for 
detection of chlorinated pesticides. A Flam Photometric Detector (FPD) 
with phosphorus filter was employed to determine the OPs. DB-17 (J&W 
scientific) capillary column (30m Χ 0.32mm, i.d, 0.25µm film thickness) 
was used. For Ni63-ECD carrier gas: N2 at a flow rate of 4 ml/min; injector 
and detector temperatures were 300Cْ and 320 ْC, respectively. The initial 
column temperature was initial oven temperature, 160 ْC (2min), (3 ْC /min) 
230 ْC (10 ْC /min), 260 ْC hold to 13min. For FPD, the carrier gas was 
nitrogen at 3 ml/min, and hydrogen and air were used for the combustion at 
75 and 100 ml/min, initial oven temperature, 170 Cْ for (2 min), (10 Cْ / min) 
240 Cْ held to 20 minutes, respectively. 
 
Table (1): Organochlorine (OC), organophosphorus (OP) and carbamate 
pesticides-recovery rates (%) from irrigation and drainage waters 
  

Pesticide 
Fortified 
level (ppb) 

Recovery 
(%) 

Pesticide 
Fortified level 

(ppb) 
Recovery 

(%) 

OC compounds   OP compounds   

α.HCH 0.09 85.80 Dichlorofos 17 88.2 
γ.HCH 0.12 97.88 Ethoprophos 4 78 
β.HCH 0.47 145.34 Cadusafos 11.5 67.03 
δ.HCH 0.36 108.45 Diazonon 20 93.10 
heptachlor 0.18 50.95 Chlorpyriphos-

methyl 
4 82.2 

aldrin 0.20 37.17 Pirimiphos-
methyl 

22 71.11 

hepta. Epoxide 0.31 55.91 Dimethoate 4 95.70 
γ.Chlordane 1.11 98 Chlorpyriphos 4 86.30 
dieldrin 0.72 77.98 Fenitrothion 12 84.23 
p,p.DDE 0.45 28.65 Phenthoate 6 88.21 
p,p.DDD 0.80 61.91 Prothiophos 7.5 96 
p,p.DDT 1.58 81.96 Profenophos 17 92.50 

Ethion 14 76.50 
Carbamate compounds    

 oxamyl 0.03 63    
methomyl 0.03 84    
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Determination of carbamate residues: Analysis of final extracts was 
conducted using HPLC (Knauer) equipped with an ultra violet detector 
(UV) at wavelength of 230 nm, sample injector equipped with a 20 µl 
sample loop, a reversed-phase (RP) C18 analytical column Novapak (25 cm 
Χ 4.6 mm I.d., 5 µm) was used. The mobile phase of the HPLC system 
consisted of acetonitrile (solvent A) and water (solvent B) gradient as 
follows: time 0 min, 50:50, time 5 min, 53:47, time 15 min,55:45. Detection 
at 230 nm, the mobile phase flow-rate was 0.8 ml/min and the injected 
volume was 20 µl. Samples were analyzed in the Central Agricultural 
Pesticides Laboratory, Dokki, Egypt. Pesticides recovery rates (%) from 
irrigation and drainage water were presented in Table (1).  

 
Analysis of heavy metal pollutants in surface water: Water samples were 
directly analyzed using atomic-absorption spectrophotometer (AAS) 
(Perken Elmer, model 2180) after filtrated them as described by Shaheen 
(2005). 
 

RESULTS AND DISCUSSION 
 

Measurements of pesticide levels in surface waters: Residue analysis of 
chemical pollutants, especially pesticides and heavy metals in surface water 
represents one of the most important factors to solve the problems of the 
environmental pollution. Pesticide chemicals pollutants in this study such as 
OCPs aldrin, dieldrin, γ.BHC, β.BHC, δ.BHC, α.BHC p,p-DDT, p,p-DDE, 
p,p-DDD, heptachlor, heptachlor–epoxide and γ.chlordane are one of the 
most persistent organic micropollutants present in water (Gangesh et. al., 
2006). OPPs (dichlorvos, ethoprophos, cadusafos, diazonon, chlorpyriphos-
methyl, pirimiphos-methyl, dimethoate, chlorpyriphos, phenthoate, 
fenitrothion, prothiophos, profenofos and ethion) and carbamate compounds 
(methomyl and oxamyl) (Ministry of Agriculture Report, 1980-1995) are 
common use in plant protection and caused pollution in agricultural lands 
and surface water according to, (WHO, 1993 and EMOH, 1995). In Egypt, 
organochlorine insecticides have been use in agricultural practice since 
1950, El-Nawawy (1981). 
 

The results of monitoring pesticides indicated that 12 OCPs (γ.BHC, 
β.BHC, δ.BHC, α.BHC p,p-DDT, p,p-DDE, p,p-DDD, γ.chlordane, aldrin, 
dieldrin, heptachlor and heptachlor–epoxide). 13 OPPs (dichlorvos, 
ethoprophos, cadusafos, diazonon, chlorpyriphos-methyl, pirimiphos-
methyl, dimethoate, chlorpyriphos, phenthoate, fenitrothion, prothiophos,
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profenofos and ethion), and 2 carbamates pesticides (methomyl and oxamyl) 
were detected in winter and summer either in irrigation or drainage waters at 
all sampling sites (Tables 2-5). With the concerning to sampling time the 
concentration levels of detected pesticides such as cadusafos, diazonon, 
phenthoate, prothiophos, profenofos and methomyl were higher in summer 
than in winter either in irrigation or drainage waters at most sampling sites. 
These resultes are in agreement with those of Ashry et.al., (2006). They 
reported that the concentration of identified OCPs and OPs residues were 
higher in spring and summer seasons. 

 
Among sampling sites 1, 7, 10, 14, 16 and 17 were highly contaminated 

sites with organochlorine pesticides comparing to other sampling sites in the 
both types of water. While the concentration levels in sampling sites 5, 6 
and 15 were lowest contaminated sites with organochlorine pesticides. The 
organophosphorus and carbamate pesticides in sites 1, 7, 8, 10, 14 and17 
were the highest contaminated in both types of water. While 5, 6, 12, 13, 15 
and 16 sites were the lowest contaminated sites except diazinon which was 
contaminated all sites in both types of water especially in summer season. 

  
DDT was the highest concentration levels 58.168 µg/L, Table (3) in both 

types of water either in summer or winter seasons at all sampling sites, and 
the lowest one was α.HCH 0.003 µg/L, Table, (2). On the other hand, the 
highest concentration levels detected for organophosphorus and carbamate 
pesticides was diazinon 117.288 µg/L, Table, (5), and the lowest one was 
phenthoate 0.019 µg/L, Table, (4). 

  
Drainage waters were generally highly contaminated with organochlorine 

pesticides than irrigation waters in both summer and winter at all sampling 
sites. However, for organophosphorus and carbamates the same phenomena 
was found except for dichlorvos, cadusafos, phenthoate, fenitrothion, 
prothiophos, profenofos and oxamyl which highly contaminated irrigation 
waters than drainage waters in both summer and winter at all sampling sites 
(Tables 2-5). 
 

The concentration levels of organochlorine pesticides in summer were 
ranged from 0.227 µg/L, heptachlor-epoxide to 58.168 µg/L, p,p.DDT, 
Table (3). Nevertheless, in winter the levels were 0.003 µg/L, α.BHC to 
4.669 µg/L, dieldrin, Table (2). Our results concerning the level of OCPs 
residues in purified water are in agreement with those reported by Abd 
Allah and Hesham (2003) and El-Sebae and Abu Elamayem (1978). While 
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organophosphorus and carbamate pesticides in summer were ranged from 
0.016 µg/L, fenitrothion to 117.288 µg/L, diazinon, Table (3). But in winter 
were ranged from 0.019 µg/L, phenthoate to 37.179 µg/L, primiphos-
methyl, Table (4).  

 
The concentration levels of HCH isomers were ranged from (0.031 to 

20.544) µg/L, (0.237 to 8.266) µg/L, (0.016 to 0.689) µg/L and from (0.017 
to 0.176) µg/L, γ.HCH, β.HCH, δ.HCH and α.HCH, respectively. The 
results showed that δ.HCH less frequently within all pesticides and it was 
found in only 6 in all sampling sites for HCH isomers (Tables 2 and 3). The 
results agreed with the observation of Prakash et.al., (2004), who found that, 
the concentration of β.HCH ranged from 0.3 to 15 µg/L, γ.HCH (0.1 to 8.0 
µg/L) and δ.HCH was found in only four samples. However, residues of 
α.HCH (0.01 to 0.19µg/L) and δ.HCH (0.01 to0.05 µg/L) were very low 
concentration in water samples and detected less frequently. The same trend 
was β.HCH in the ranged from 0.145 to 1.272 µg/L, predominant being 
γ.HCH (Sankararamakrishnan et. al., 2005). It was also noticed that     
γ.HCH was more predominant than the other isomers which indicated recent 
usage of the gamma isomer through agricultural activities with very low 
level of trends formation into α.isomer. It was worth mentioned that most of 
these organochlorine pesticides have been virtually phased out many years 
ago and their presence in the watersheds reflects residues from pest 
application and indicates the very persistent nature of these compounds 
(Ahmed et. al., 2003). While the concentration levels of our results of    
HCH isomers was higher than the maximum permissible limit for drinking 
water (0.2 µg/L) according to (WHO, 1993). Some of the isomers detected 
might be the result of their prolonged persistence in the environment 
(Prakash et. al., 2004). 

 
The values of their residues were more than the maximum residue limit 

(MRL) for drinking water according to (WHO, 1993 and EEC, 1980), such 
as organochlorine (γ.HCH, β. HCH, p,p-DDT, γ.chlordane, aldrin, dieldrin, 
heptachlor and heptachlor–epoxide), and organophosphorus pesticides 
(dichlorvos, diazonon, pirimiphos-methyl, fenitrothion and prothiophos.   
The previous presence results  in frequency more than the other pesticides in 
water samples, in either summer or winter seasons, specially, 
organochlorine pesticides (γ.HCH, β. HCH, p,p-DDT and heptachlor), and 
organophosphorus pesticides (diazonon, pirimiphos-methyl and 
fenitrothion), the most commonly occurring reaction in the  environment to 
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cyclodiene insecticides are epoxidation reaction to produce dieldrin for 
aldrin.  
 

The results showed that diazinon was at high concentration levels in 
summer than winter in all sampling sites, due to diazinon was used to insect 
control rice in summer according to (Technical recommendation from 
agricultural pest control, 2001). The low concentration levels of diazinon in 
winter than in summer due to hydrolysis. Diazinon slowly hydrolyzed in 
alkaline media and more rapidly in acidic media: DT50 (20 ْC) 11.77hrs (PH 
3.1), 185d (PH10.4). Decomposes above 120 ْC (A World Compendium The 
Pesticide Manual incorporating The Agrochemicals Handbook, 1994). 

 
Variation in residual levels in these samples could be due to locations 

and timing of the sampling. The results of this survey showed that the 
irrigation and drainage waters in this area have particular problems with 
respect to pesticide residues, so these waters must have been remediation 
from these contaminations. 

 
Measurements of heavy metal levels in surface waters: Toxic metal 
pollution of waters and soils was a major environmental problem. The main 
problem concerned with water pollution was heavy metals when water 
containing these metals, as a pollutants, used for irrigation, it will be 
contaminate and enrich soils and crops, (Mireles, 2004). 

 
 

With concerning to sampling time, the concentration levels of detected 
heavy metals were higher in summer than in winter except Cu, Mn, Zn and 
Pb in both types of waters at most of sampling sites. Among sampling sites 
2, 5, 6, 9, 14, 15 and 17 were highly contaminated sites with heavy metals 
comparing to other sampling sites in both types of waters. On the other 
hand, sampling sites 4, 11 and 16 were the lowest contaminated sites with 
heavy metals.  
 

With reference to detected heavy metals the highest concentration levels 
was Cr, (6.34 mg/L), Tables (6-7). and the lowest one was Cd, (0.001 
mg/L), Drainage waters was generally highly contaminated by heavy metals 
than irrigation waters in both summer and winter at all sampling sites except 
for Cd, Co and Zn were highly contaminated in irrigation waters than 
drainage waters  (Tables 6 and 7). 
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The concentration levels of heavy metals in summer were ranged from 
0.02 to 6.34 mg/L, 0.029 to 0.384, 0.01 to 1.67, 0.001 to 0.306, 0.16 to 4.25, 
0.01 to 6.34, 0.012 to 0.384, 0.033 to 0.468 and 0.04 to 0.28, mg/L. On the 
other hand in winter, it were ranged from 0.01 to 0.30, 0.039 to 0.504,      
0.01 to 1.24, 0.002 to 0.060, 0.22 to 3.88, 0.43 to 4.80, 0.050 to 0.750,   
0.121 to 2.140 and 0.01 to 0.55, mg/L, for Fe, Cu, Ni, Cd, Co, Cr, Mn, Zn 
and Pb, respectively (Tables 6 and 7).  

 
For Cu level it was noticed that the concentration ranged from 0.029 to 

0.504, mg/L, (Tables 6 and 7), and it was lowest than the (MRL) by WHO, 
1993, 2 mg/L. On the other hand, the highest concentration levels were for 
Ni, Cd, Co, Cr and Zn comparing to (MRL) by WHO, (1993) 0.02, 0.003, 
0.1, 0.05 and 0.01 mg/L, respectively (Tables 6 and 7). Heavy metals reach 
soil either from dust fall, fertilizers and/or irrigation waters, especially those 
of low quality. The increased amount of municipal and industrial 
wastewater and its disposal was considered one of the most important 
problems around the world. The attempts to reuse those wastes as a source 
of irrigation, particularly in the semiarid and arid regions, have been 
reported by Hobbelen et al., (2004). 

 
The high levels of Ni, Cd, Co, Cr and Zn might be due to the pollution 

with the industry wastes or by the factories which produced oil, soap or 
textile and dyes in El-Gharbia and Kafr El-Sheikh Governorates. The 
increase of Co and Cd concentrations in El-Gharbia main drain water more 
than the (MRL) were stated before by El-Azab (1997) and Heba (2003). 
Also, it could be stated that, re-use of drainage water without treatment for 
irrigation may increase the hazard effects for increasing the content of heavy 
metals in fluvial soils with time causing insidious effects to animal and man 
Shaheen (2005). The high levels of heavy metals in irrigation and drainage 
waters in summer might be due to the water current speedily in summer 
faster than in winter and the rate of evaporation was relatively high. Results 
obtained agreed the findings of Beg et.al. (1992), Nag and Das (1993), 
Hamed (1997), Pathak et.al. (1992) and Shaheen (2005). 
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 ا��
	� ا�����
 

رVWX YZ ا?GSTUNت ا?QراJF D=O ا?MG=N ا?DEFGHI JF D=HKL آAB ا?<=> 
)D=XAW?ا A\I D]رT^N_(  

 

 اrstd uv`w \bwد، إok^`bp إZmاهjk ا]Zhiاbcd ،fg\ ^[\ ا]Zازق a`]_ ^[\ ا]Zازق

Zxd ،ykz[ا Ziآ |sd`} ،|^را�[ا |kات، آ�\k]b[ا jt�.  

  

     d |�k^ت ا]�را`��r�b[ا �sm �]t�          |�k�`b[ا |��k][ا f�v ة\��\^ oآ`z�d |��k��[دن ا`�sb[ات وا\�k]b[ا o��
          �bt[ا o�d �kv دةr}rb[ء وا]�`��`ت ا`b[ا |ia f�^ `هZk���[ �[ذ �}Zو� .   ykz[ا Ziآ |�v`cd Z]�sو�

 .�d أهj ا]�b`¢¡ ]�را^| ا رز وإ�g`ج ا]�bt ]�ا آ`ن �d ا]�Zوري bw`�| ا][��d |�k ه��� ا]��r�b`ت    
 ا]\را��p| ا]��kv j��� f¥�` ر�d \�a[���k`ت ا]b[�k\ات وا]��sb`دن ا]���kd f��v |��k`� ا]��Zي       و��d ه��` آ`��g¤ ه���   

وا]Zxف �v`cd �d |i��hd ¡¢`�d fv| آZi ا]Zd o�d ykzاآ�� آZ�i ا]�ykz وk�p\ي j[`�p وا]��Z`ض          
   jk�¨�mل وrd`c[وا ªkmو.                f�v ت`��k^ ��kb«� j�� |kc¨t�[ا �`�kb[ا f�v ات\�k]b[ت ه��� ا`�k�]�d |�pو]\را 

¯��k^ |t�b`ت �kd ��d`� ا]�Zي ��d       : م �d ا�����k^ Zz�^ f| آ`]��`]f    2005م، وka® �­2004`ء ^`م  
و�p[Zk� Zcm |^Z� �d �k��k^ (  |sة و^Z� �d |�k^| ا]�ok و^rd |�ª�)      \���� ¤kd |^Z� �d �k��kا��   

             ���rd oآ� ��d |��k^ فZx�[ا �`�kd �d ا��rd)   °k�Z�[ا |�kmZ±[ف اZx�d-  Z�a`g فZx�d -  فZx�d 
 و��Zxd .(   jف ا]Zxd 8- fg`¨�prف Zxd 7- �Zbgف Z- �Zbgآ| Zxdف ا]Zkiw-z ­¥`ب ا]\��  

 وا]�ي �Z�d obs�tة وا�w\ة ]����m `�¥�k�c� j�� |��k^ o{¥�ة        C18اªh�pص ه�� ا]�ks`ت rmاrb^ |¨pد  
    fvاZ}r�`�dوZ�[ا o�k�c�[ا(G.C-ECD, G.C-FPD, HPLC-U.V)   دr��}ا]���`�´ و ¤c�µوأو 

ا]b[��k\ات ا]��rرو��kg|  ) 1 (:   وه��f آ`]���`]s]��pf| و^��Zzون ��k]d\ ��[��� ���ªث ���d �kd`��«d ا]��k]b\ات   
  `¥�dو |�r�s[أ]\ر�� وا]\ا��\ر��(ا-��\�[ `d`} -��\�[ `�km -��\�[ `�[د -  ��\��[ `�i[را - أ`�m  ، را`�m .د. د .

) ��d`} ) .(2` آ���rردان- ه[���`آ�rر أ�[rآ��kt\- ه�[��`آ�rر-د. د. د. ��m`را،  ��m`را-أي. د. د. ��m`را،  ��m`را-ت
 `���¥�dو |�r����s[ر�| اri���pri[ات ا\���k]b[سد(اr���vرrس-اى آ�r���vوZmrس- إ��rv`���pن- آ`دوrد����`ز�� - 

o���`�kd سr��vوZkmروrآ�-o���`�kd سr��ikb�Zkm -¤���r�kbس- دا�r��vوZkmروrآ� -¤���r��kv -نr��kو�Z�k�kv - 
و���\ ).  أوآ��o��kdr�kd-okd`t( ا]b[��k\ات ا]�`ر��k�`bm| و�d¥��`  )3().  إ��r��kن- Zmوr��vr�kvس-Zmو�r��vrkس

       |k[`^ ات�kآZ�m ات\k]b[ه�� ا �sm و{\ت   ̀¥m حrbtb[ود ا\c[ا �^) MRL(    را`�m o��d  ،  را د`�m .د .
ت وا]\�`ز��rن وأ��ً̀ ��Zر و{rده` fv أآ���kd º��¯ ¡¢`��d \��^ |�a`¯ |��¨�d ��d Z`� ا]x�b`رف               

          f��v `¥]k��pZو� f[`��s[ا `��¥�`]�[ ًاZ���gو ®kx��[ا ox��v f��v ���[ع وذZ�[`��m   عZ���[رف وا`x��b[ن ا`��sk�
|k^را�[ا.        ̀b� ً̀s�rd Zz^ |s]p �d ت`�k^ �¯أ j�   ½ع وهZ�[ا �d ا��rd |kg)   |�^Z� ��d ا��rd |tb¯

     o�k�[ا |�^Z� �d ��rdو \��� ¤kd |^Z� �d �ks�rdة وZk� Zcm (      ���rd رف`x�b[ا ��d ا���rd |stو��
Zx�dف ا]±��kmZ| ا]ft�k�Z وZx��dف Z�a`g وZx��dف Z�kiw ­��¥`ب ا]��\��     (��d آ��Zx�d oف وه��½   

����d |st��� o��k  و���c� j).  وZx��d ا]g`¨��pr½ 8 وZ��bg Zx��dة  7وZx��dف ا]��Zzآ| وZx��dف Z��bgة   
        |¨�pاrm Z�a`�s[ى ه��� اr�t�d |vZsdو |�k��[ا Za`�s[ص ا]��ري   (ا`x��d¾ز ا`�¥}(AAS   �`�kd f�v 

 - ا]��k«�b  - ا]���g  - ا]�o��k  - ا]��`دrkdم  - ا]�mr`]�¤  - ا]��Zوم  -ا]��c`س -ا]c\��\ (ا]�Zع وا]xb`رف وه�½     
، m¥��`آ`��g¤ ا^������d f ا]��c\ود ا]rbt��bح ) ا]��aZ`ص- ا]�mr`]��¤ -ا]���Zوم(و���\ و{��\ أن ). ا]��aZ`ص

r�td fv ¤g`�vي ا��o  ) ا]�c`س وا]c\�\ وا]�d)o�k` أو��r�tbm `¥kي ا�o ا]��g وا]�k�«�b وا]�`دrkdم  
|kb[`s[ا |cx[ا |b��d ود\c[ `�]¢ `¥m حrbtb[ود ا\c[ا �d. 


