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Abstract
Pesticide poisoning is a major public health problem in
developing countries. In most of these countries
organophosphate pesticides constitute the most widely used
pesticides. The main toxicity of OPs is neurotoxicity, which is
caused by the inhibition of acetylcholinesterase. OPs also affect
the immune response, including effects on cellular and humoral
immunity. Our study examined the effect of organophosphorus
compounds on humoral and cellular immunity of exposed
workers in pesticides industries. The study was conducted into
40 subjects. They were 2 groups; 20 exposed workers from
Gharbeia and Kafr Elsheikh at 2008 and 2009 and 20
unexposed individuals as a control group at the same period of
time.
We
examined
some
immune
parameters;
pseudocholinesterase, WBCs count, CD4%, CD8%, CD4/CD8,
CD56%, Interleukin 2, IgG and IgM. Also we take history and
clinical examination for them. We reported a highly significant
decrease in pseudo cholinesterase level among the exposed
group in comparison to the control group, highly significant
increase in percentage of CD8 in the exposed group in
comparison to control group, highly significant decrease in
CD4 / CD8 ratio in the exposed group in comparison to control
group, highly significant decrease in percentage of CD56 in the
exposed group in comparison to control group and a highly
significant increase in IgG level in the exposed group in
comparison to control group. On the other hand, we reported no
significant change in white blood cells count between the
exposed and control groups, no significant change in percentage
of CD4 among the exposed and control group, no significant
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change in Interleukin 2 level among the exposed and control
group and no significant change in IgM level among the
exposed and control group. We concluded that pesticides
extensively affect the humoral and cellular immune system of
occupationally exposed workers.
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Introduction
Humans are exposed to pesticides in many occupational
settings including agriculture, structural pest control, public
health pest eradication programs, and manufacture and
formulators transportation industries (Crinnion, 2000).
Pesticide poisoning is a major public health problem in
developing countries. In most of these countries
organophosphate pesticides constitute the most widely used
pesticides (Crinnion, 2000).
The extensive use of pesticides exposes the community
to both long-term and acute occupational health problems
(Konradsen, 2007).
The organochlorine pesticides are extremely persistent
and accumulate in fatty tissue. Through the process of
bioaccumulation (lower amounts in the environment get
magnified sequentially up the food chain), large amounts of
organochlorines can accumulate in top species like humans.
(WHO 2004).
Occupational illness is common because it is impractical
and expensive to use safety equipment in the humid tropics.
(Michael Eddleston, 2002).
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The immune system is extremely important to the body.
It is responsible for protecting us from diseases by fighting off
germs and bacteria that enter the body (Robert and Sanjay,
1996).
The main toxicity of OPs is neurotoxicity, which is
caused by the inhibition of acetylcholinesterase. OPs also affect
the immune response, including effects on antibody production,
interleukin-2 production, T cell proliferation, and the inhibition
of natural killer (NK) cell, lymphokine-activated killer (LAK)
cell, and cytotoxic T lymphocyte (CTL) activities (Li, 2007).
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Aim of the Work
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Aim of the work
The aim of this work is to evaluate the role of
occupational exposure to pesticides on the humoral and cellular
immunity of exposed workers in pesticides industries.
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Review of Literature
Pesticides
Classification of pesticides:
There are many methods to describe different pesticides
into a variety of classifications according to the target, pest
organism, and the chemical structure of the compound used, or
according to the degree or type of health hazards involved.
Many authors have developed systems of classification. A
combined functional and chemical classification by Gunn and
Stevens (1990) is given in the following table:
Table (1): Classification of pesticides combined functional and
chemical classification by Gunn and Stevens (1990)
Main groups
1- Insecticides
1-1 Inorganic
1-2 Botanical
(plant extracts)
1-3 Organic

Subgroups

a- Hydrocarbon oils
b- Organochlorines
cOrganophosphates
i-Non-systemic
ii- Systemic
d- Carbamates
i-Non-systemic
ii- Systemic
e- Synthetic

Examples
Aluminum phosphide
Calcium arsenite
Nicotine, pyrethrin, rotenone
Citrus sprays (winter washes) mosquito
larvicides
Aldrin, BHC, DDT, heptachlor,
toxaphene
Azinphos methyl, dichlorvos, parathion
methyl parathion, fenitrothion, malathion
Demeton methyl, dimethoate,
nonocrotophs, phosphamidon
Carbaryl, methomyl, propoxur
Aldicarb, carborfuran
Allethrin, bioresmethrin permethrin
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1-4 Microbial

pyrethroids
a- Bacterial
b- Viral

Bacillus thuringiensis
Polyhedral viruses

2- Other insect control agents
2-1 Chemosteriants
2-2 Pheromone (sex
attractants and synthetic lures)
2-3 Repellents
2-4 Insect hormones and
hormone mimies (insect
growth regulators)

Apholate, metepa, tepa
Gyplure, Medlure, Siglure
trimedlure

a- Juvenoids
(Juvenile hormone
mimics)
b- Moulting
inhibitors

3- Specific acaricides
3-1 Non-fungicidal a- Organochlorine
b- Organo-tines
3-2 Funicidal
a- Dinitro compounds
b- Other
4- Protectant fungicides
4-1
Inorganic
4-2
a- Dithiocarbamates
Organic
b- Phtalimides
c- Dinitro
compounds
d- Prganomercuirals
e- Organotin
compounds
f- Others

Deet, dimethyl phthalate
ethyl hexenediol
Farnesol, methroprene
Diflubenxuron, cedyson

Chlorobenzilate, dicofol, tetradfifa
Cytexatin
Binapacryl, dinocap
Chinomethionat

Bordeaux mixture copper oxychloride,
sulphur
Maacozeb, metiram, prop pineb. Thiram
zineb
Captafol, captan folpet
Binapacryl
Phenyl mercury (acetate and chloride)
Fentin (acetate and hydroxide)
Chinomethionate, chlorothalonel,
dichlofluonid, dichlone, dodine, dyrene,
glyodin
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5- Eradicant fungicides (Chemotheraputants)
a- Antibiotics
Blasticidin, cyclohexa-mide kasagamycin
streptomycin
b- BCM generators
Benomyl, thiabendazole, thiophanatemethyl
c- Morpholines
Dodemorph, tridemorph
d- Formylamino
Chloraniformethan, triforine
compounds
6- Fumigants and nematicides
6-1 Soil sterillants
a- Halogented
hydrocardons

6-2 Fumigant
nematicides
6-3 Non fumiganty
Nematicides

b- Methyl isothiocyante
generators
c- Other
Halogenated
hydrocarbons
a- Organophosphates
b- Carbamates

7Herbicides
7-1
Inorganic
7-2 Organic

Choloropierin, methyl
bromide dazomet,
metham
Carbon disulphide,
formalethyde
DDT, dichloropropene,
ethylene dibromide
Dichlofenthion,
fensulfthion phenamiphos
Aldicarb, carbofuran

Sodium arsenite, sodium chlorate

a- Phenolies
b- Phenoxyacides
(Hormone weedkillers)
c- Carbamates
d- Substituted uresa
e- Halogenated
aliphatics

Bromofenxim, dinoseb acctate, DNOC,
nitrofem PCP
CMPP, MCPA2, 4-D, 2,4,5T
Asulam, barban benthiodarb,
carbetamide chlorpropham,
phenmedipham, propham, triallate
Diuron, fluometuron, linuron,
methobromuron, monolinuron
Dalapon
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f- Triazines
g- Diazines
h- Ouaterinary
ammonium compounds
- Bipyridyls
- Pyrazolium
i- Benzoic acids
j- Arsenicals
k- Dinitroanilines
l- Benzonitriles
m- Amides and anilide
n- Others

Ametryne atrazine, methoprotryne,
simazine terbutryne
Bromacil, lenacil, pyrazon
Diquat, paraquat, difenzoquat

Chlorfenprop methyl, dicamba
Cacodylic acid
Nitralin, profluration, trifluralin
Bromoynil, chlorthiamide, dicholbenil,
ioxynil
Benoylprop-ethle, diphenamide,
propachlor, propanil
Aminotriazole, flurecol, glyphoste
picloram

8- Desiccants, defoliants and helium killers
a- Quaternary ammonium
compounds (bipyridyls)
b- Phenolics

9. Plant Growth Regulators
9-1 Growth promotants
(auxins and auxin type)
9-2 Growth inhibitors
Quaternary
(stem shorteners)
ammonium
compounds
9-3 Sprout inhibitors and
Carbamates
descrying agents:
- Herbicial
- Specific
9-4 fruit setting ripening
a- Ethylene
flowering agents and latex generators
stimulants
b- Others
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Diquat, paraquat
Cacodylic acid, dinoseb
DNOC, PCP, sodium
chlorate

Gibberellic acid
Chlormequat
Chlorpropham, propham maleic
hydrazide, offshoot (mixture of
fatty alcohols)
Ethephon
Dims, glyphosine
naphthaleneaxetic acid

9-5 Fruit drop induction
(abscission agents)
10- Rodenticdes
10-1 Fumigant (space
fumigants as used for
rodent control)
10-2 Anticoagulants

10-3 Others

11- Molluscicides
11-1
a- Botanical
Aquatic
b- Chemical
11-2
a-Caramates
Terrestrial
b- Other

Cycloheximide

a-Hydroxy
coumarine
b- Indandiones
a- Arseniclas
b- Thio-rueas
c- Botanical
d- Others

Aluminium phosphide, calcium
cyanide chloropicrin,
methylbromide
Coumateralyl, difenacom,
warfarin
Chlorophacinone, phenylmethyl
pyrozolone, pindone
Arsenious oxide sdium arsenite
Antu, promurit
Red squill, strychnine
Norbromide sodium,
fluoroacetate, vitamin D
(calciferol), zinc phosphide

Endod
Copper suphate, niclosamide, sodium
pentachloropheanate, trifenmorph
Aminocarb, methiocarb, zectran
Metaldehyle

Organophosphorus compounds:
The release of organophosphorus (OPCs) pesticides into
environment is for the most part intentional and due to their
transience is largely restricted in time and space. The
environment fate and ecotoxicology of most organophosphorus
(OPCs) pesticides has been extensively modeled and
documented highlighting potential routes of exposure and
impact (Barron and Wood burn, 1995; Moschandreas et al.,
2001; Racke K. 2003).
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More than 50000 organic phosphorus compounds have
been synthesized and screened for pesticidal activity, with
dozens being produced commercially (Wenjun T. and Xumu
Z., 2003).
There are almost 900 different bug killers (pesticides)
that can be used. A small number (37) belong to a class of
insect killers (insecticides) known as organophosphates. The
chemicals in this class kill insects by disrupting their brains and
nervous systems. Unfortunately, these chemicals also can harm
the brains and nervous systems of animals and humans. These
chemicals stop a key enzyme in the nervous system called
cholinesterase from working, and this can make people ill
(Barron and Wood burn, 1995).
As a weapon, organophosphates may be spread through
the air. It also can be an “agent of opportunity.” This means that
someone could explode the vehicle of transportation (truck or
train) that is being used to ship the chemical, or destroy tanks
that store the chemical. The organophosphates would then be
released into the air (Moschandreas et al., 2001).
The classification of organophosphorus agents by groups
“leaving groups” and examples of each group are included in
table (2).
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Table (2): The classification of organic phosphorus agents by
groups. Leaving groups and examples of each group are
included (Clark, 2002).

There are 200 different OP ester insecticides in the
market place formulated into literally thousands of products.
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These agents are esters, amides or thiol derivatives of
either phosphoric (P=O), or thiophosphoric acid (P=S) (Cocco,
2002).
Low Toxicity (LD50> 1000 mg/kg
Etrimfos
1800
Propythiopyrophosphate
Iodophenfos
2100
Temphos
Malathion
1000-2800
Moderate Toxicity (LD 50>50-1000 mg/kg)
Acephate
700-950
Leptophos
Bensulide
271
Naled
Chlorpyrifos
96
Oxydeprfos
Cythioate
160
Ethion
Dimethoate
255-400
Phosatone
Diazinon
300-400
Sulprofos
Formothion
250
IBP (Kitacin)
Heptenophos
36-121
Quinalphos
Trichlorofon
250
High Toxicity (LD 50<50 mg/kg)
Azinophos-methyl
10
Caraphenothion
6.8-369
Isofenphos
20
Prothoate
8
Terbufos
4.9-9

Demeton
Bomyl
Fenamiphos
Mevinphos
Sulfotep

2710-5010
4204-10000

52.8
250
105
21-208
120
150
490
71

2.5-6
31
3
3-12
10

Uses of Organophosphorus compounds:
OPCs are effective pesticides; they are frequently used in
several agricultural settings (El Kady and Devine, 2003). They
kill insects when are in direct contact with them or when the
- 29 -

agent is translocated within the plant and exerts its effects on
insects that fed on the plant (Kamrin, 1997; Plaa, 1998).
OPCs are also used but to lesser degree as fungicides,
herbicides and rodenticides (Sultatos, 1994).
OPCs are also used for house hold purposes where
chlorpyrifos is the most frequently used insecticide against
cockroaches and other structural pests (Rogers et al. 2006).
Some OPCs are used in human and veterinary medicine
as local or systemic antiparasitics e.g. Dichlorvos (Kamrin,
1997 and Bozica R. 2007).
Echothiophate and isoflurophate are used in the form of
eye ointment or drops in chronic treatment of open angle
glaucoma, in which prolonged inhibition of AchE is indicated
(Rang et al., 1995; Myeck et al., 2000).
OPCs as tabun, sarin, soman, VX and cyclohexyl methyl
phosphorofluridate (CMPF) are used as fatal warfare agents
(Gunderson et al., 1992; Aaron, 2001).
Certain OPCs are used as fire retardants and industrial
intermediates (Oleg P. et al 2001).
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Pharmacokinetics
A. Absorption:
Organophosphorus agents are well absorbed from the
lungs, gastrointestinal tract, skin, mucous membranes, and
conjunctiva, following inhalation, ingestion or topical contact.
Intravenous and subcutaneous injections and percutaneous
exposure may cause severe toxicity (Schonwald, 2001).
The presence of broken skin and dermatitis and higher
environmental temperatures enhance cutaneous absorption
(Meggs, 2003).
Some compounds which contain a quaternary ammonium
group as ecothiophate do not penetrate cell membranes readily,
hence absorbed poorly from the gastrointestinal tract, across the
skin and are excluded from the central nervous system (CNS)
by he blood brain barrier (BBB) and acting only selectively at
the neuromuscular junction (Gotah et al., 2001).
B. Distribution:
Most organophosphorus agents are lipophilic. Following
absorption, OPCs accumulate in fat, liver, kidneys and salivary
glands (Ferrer, 2003; Gary, 2008).
Adipose tissue gradually accumulates the highest levels.
Cholinergic crisis may recur in patients when fat stores of
unmetabolized OP agents are mobilized. The more lipophilic
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compounds such as fenthion and chlorfenthion are particularly
susceptible to this phenomenon (Gotah et al., 2001).
Peak levels of OPCs are measured 6 hours after oral
ingestion in man. Although serum half-lives of these
compounds range from minutes to hours, prolonged absorption
or redistribution form fat stores may allow for measurement of
circulating insecticide concentrations for up to 48 days
(Lifshitz. et al., 1999).
C. Metabolism:
Metabolism of OPCs falls into two categories either
activation of the non active compounds or degradation (Saadeh,
2001).
Metabolism by hepatic cytochrome P450 mediated
mono-oxygenases detoxify them, but some of OPCs are
activated to more toxic group than the parent compounds (i.e.
conversion of the thione groups on parathion, diazinon and
malathion to oxons) (Cocco, 2002).
The OPCs are hydrolyzed in the body by a group of
enzymes known as A-esterases or paraoxonases and carboxyl
esterases (Dantoine et al., 2003 and Akgur et al., 2003). They
are found in the plasma and liver and can hydrolyze a large
number of OPCs e.g. diisopropyl fluorophosphate (DFP, tabun,
sarin, tetraethyl pyrophosphate (TEPP) by cleaving the
phosphoester, anhydride, PF (fluorine), P-CN (cyanide) bonds.
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Paraoxonase has been located on the surface of high density
liporproteins (HDL) (Bradly, 2003).
D. Excretion:
With the exception of the fat-soluble agents, it was
initially believed that most OPCs residues were eliminated
within the first 48 hours after exposure. Newer data suggest
these residues may remain in body for days to weeks even after
successful treatment of initial symptoms (U.S. environmental
protection agency 2007).
Most OPCs are excreted as hydrolysis products in the
urine (Peter et al., 2006).
On the other hand, it was found that after Malathion oral
administration to rats, the absorption from the stomach was
slow and its excretion followed mostly the fecal route (Aaron,
2001).
Mechanism of Action:
OPCs inhibit the function of carboxylic ester hydrolases
such as chymotrypsin, acetylcholinesterase (AchE), plasma or
pseudo cholinesterase (PchE), plasma and hepatic carboxyl
esterase (aliesterases), paraoxonases (asterases), and other non
specific esterases within the body (Clark, 2002).
The most prominent clinical effects of poisoning with
OPCs are related to their inhibition of AchE function by
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electrophilic attack of the enzyme (Ferrer, 2003; Bozica R.
2007).
Acetyl cholinesterase (AchE) enzyme is a serine esterase
whose function is to hydrolyze the neurotransmitter acetyl
choline (Ach) (Boelsterli, 2003).
In the presence of OPCs, the active serine hydroxyl
group of the enzyme is attacked by the highly electrophilic
phosphorus in the center of the OPCs molecule, rather than by
Ach (Kaplan and Sadok, 1997).
This is accompanied by the loss of the leaving group of
the OPCs and the subsequent formation of a covalent bond
between the enzyme and the OPCs. In contrast to the normal
situation, this bond is more stable than that with Ach and the
modified enzyme is not readily hydrolyzed. The newly formed
phosphate ester is very slowly degraded (days to weeks), and
the enzyme remains in an inactivated form. Aging occurs due to
release of an alkyl chain, which strengthens the phosphorusenzyme bond and this causes more delay to the spontaneous
hydrolysis. Irreversible inactivation of AchE will increase Ach
level. Indeed, the downstream biological consequences of OPCs
toxicity largely reflect high-dose Ach toxicity (Boelsterli,
2003).
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Fig. (1): Mechanism of acetylcholine binding and organophosphate
binding to the acetylcholinesterase (Boelsterli, 2003).

Excessive Ach accumulating at neuro-effector junctions
in the skeletal muscles and in the autonomic nervous system
(ANS) and central nervous system (CNS) produces stimulatory
and then inhibitory effects on neurotransmission (Satoh and
Hosokawa, 2000).
The effects of excessive Ach on the ANS may be
variable because cholinergic receptors (nicotinic and muscarinic
receptors) are found in both sympathetic and parasympathetic
nervous systems (Clark, 2002).
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Toxicity
Mode of Poisoning:
Poisoning usually occurs due to accidental exposures, or
suicidal attempts. Occupational exposures occur in farm
workers involved in the application of these agents and those
engaged in their manufacture (Kalkan et al., 2003).
Children are accidentally exposed to these agents in the
treatment of pets for fleas and other pests. Misuse, whether
intentional or accidental, and suicide attempts account to the
remainder of civilian cases (Reigart and Roberts, 2001).
Epidemics occur with the contaminated food products in
terrorist activity, accidental mass release or as a method of
torture used by Jews against Palestinians (Marawan, 1998).

Onset of symptoms and Signs:
The onset of symptoms is variable depending upon
certain factors: the physicochemical properties of the specific
agents, its quantity and route of entry (Edwards, 2001).
Onset of symptoms is fastest with inhaled or injected
compounds (within seconds for tabun or sarin) and slowest with
transdermal absorption, although VX can cause immediate
toxicity after application to the skin (Avasthi and Singh, 2000).
The majority of agents should show some signs and
symptoms of toxicity within 6 to 12 hours after exposure with
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the exception of the highly fat soluble compounds (fenthion,
difenthion, chlirfenthion) (Ranjbar et al., 2002).
Massive ingestion can produce intoxication within
minutes (Karalliedde and Henry, 2001).
The fat soluble compounds may not manifest toxicity for
several days to weeks because the substance must be leached
out of the fat until a sufficient amount of cholinesterase is
inhibited to causes symptoms. Other agents that may have
delayed onset of symptoms include those compounds that
require hepatic activation to convert the substance to its active
toxic state e.g., parathion to paraoxon (Karalliedde et al.,
2003).
The primary mechanism of action of OPCs is as
neurotoxic agents. They are designed to be effective inhibitors
of acetylcholinesterase through the interaction of the
nucleophilic active site serine of the enzyme with the OP to
form a phosphorylated enzyme derivative. The reaction is
analogous to that of the physiological substrate acetylcholine
except that the phosphorylated derivative is much more
resistant to subsequent hydrolysis than the normal acetylated
derivative and inhibition is essentially irreversible. Reactivation
rates vary depending on the chemical structure of the OP and
the cellular location and form of the enzyme. There are
different polymorphic forms of acetylcholinesterase even within
the same species, each with its own patterns of inhibition and
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reactivation (Inestrosa and Perelman, 1989). Inhibition of
acetylcholinesterase leads to accumulation of the
neurotransmitter acetylcholine in the sympathetic and
parasympathetic fibres, neuromuscular junctions and some
synapses within the vertebrate central nervous system
disturbing transmission across cholinergic synapses (Karanth
and Pope, 2000).

Fig. (2): Structure of some commonly used organophosphorous
pesticides

Also, the effects of excessive Ach on the ANS may by
variable because cholinergic receptors are found in both
sympathetic and parasympathetic nervous system (Clark,
2002).
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Fig. (3): Pathophysiology of cholinergic syndrome as it affects the
autonomic and somatic nervous system (Clark, 2002).

Acetylcholine stimulation of muscarinic receptors can be
characterized by the mnemonic “DUMBBELS” (defecation,
urination, miosis, bronchospasm or bronchorrhea, emesis,
lacrimation, salivation) of these miosis may be the most
consistently encountered sign. Bronchorrhe can be also profuse
that it mimics pulmonary edema (Kaplan and Sadok, 1997 and
Carlton, 2000).
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I. Acute Toxicity:
Acutely severity of OPCs induced neurotoxicity is
dependent on the relative amount of AchE which becomes
blocked. 10-20% inhibition will result in mild symptoms, 50%
inhibition in massive symptoms and > 90% inhibition is fatal
(Slapper, 2004).
a. Central Nervous System disorders (CNS)
A variety of CNS findings are reported after OPCs
toxicity includes: anxiety, restlessness, tremors up to
convulsions or insomnia, headache, dizziness, confusion,
lethargy up to coma (Farahat et al., 2003).
Farahat et al. (2003) found that exposure to OPCs affect
verbal abstraction, visuomotor speed problem solving, attention
and memory.
b. Psychiatric disorders:
Psychosis, depression, headache, inability to concentrate
and delayed hallucinations have been reported in patients with
OPCs toxicity (Harly et al., 1997 and Bazylewicz et al., 1999).
Wesseling et al. (2002) suggested that acute
cholinesterase inhibitors e.g. OPCs poisoning may contribute to
suicidal ideation.
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Cardiovascular effects:
Patients may develop various cardiovascular system
(CVS) complications depending on the agents, absorption, and
amount employed (Schonwald, 2001).
The CVS manifestations of OPCs toxicity reflect mixed
effects on the autonomic nervous system (ANS). Increased
sympathetic tone due to nicotinic effects, on sympathetic
ganglion (Ellenhorn et al., 1997), is initially present and
patients manifest a sinus tachycardia and some times
hypertension (which is rarely detected due to rapid reverse to
bradycardia and hypotension). As toxicity progress bradycardia
with a prolonged PR interval and atrioventricular blocks of
various degrees occur because of excessive parasympathetic
tone, and possibly because of reduced coronary blood flow
(Clark, 2002).
Saadeh (2001) found that hypoxemia, acidosis and
electrolyte derangements are the major predisposing factors for
cardiac complications that occur during the first few hours of
OPCs poisoning.
Respiratory toxicity:
Organophosphate insecticides are capable of producing
many and various respiratory troubles that vary from rhino rhea
up to non cardiogenic pulmonary edema and adult respiratory
distress syndrome (ARDS) (Miller and Chang, 2003).
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Non cardiogenic pulmonary edema which is a life
threatening sign may occur as a result of excessive bronchial
secretion and bronchi constriction (Schonwald, 2001).
Patients with OPCs poisoning may have respiratory
failure for many reasons, including aspiration of gastric
contents, excessive secretions, pneumonia and septicemia
complicating ARDS or respiratory muscle paralysis (Sangur
and Guven, 2001).
Respiratory center depression and chyne-stoke
respiration as a part of CNS effects of OPCs toxicity, may lead
to hypoxemia and respiratory arrest, the most common cause of
death in poisoning with OPCs (Clark, 2002).
Paralysis of the diaphragm and respiratory muscles as a
result of nicotinic effects on striated muscles are contributing
factors to respiratory arrest (Bogucki and Weir, 2002).
The Gastrointestinal system toxicity
Usually gastrointestinal tract (GIT) manifestations are
severe and are in the form of nausea, vomiting, diarrhea, and
may be fecal incontinence, abdominal cramps and sialorhea
(Aaron, 2001).
At autopsy, ileal intussusceptions are commonly found
(Duran and Colli, 2000).
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Hormonal disorders
a. Exocrine toxicity
OPCs produce an increase in the secretion rate of acinar
pancreatic glands and induce ductal obstruction and ductular
hypertension because of their parasympathetic innervation
(Hasiao et al., 1996).
Pancreatitis with hyperamylasemia is an uncommon but
definite presentation of OPCs intoxication (Punieri et al.,
1997). Pancreatitis after ingestion of OPCs may be painless and
may terminate fatally. Hyperamylasemia is closely related to
clinical severity and presence of shock (Lee et al., 1998).
Early diagnosis of acute pancreatitis prevents the risk of
hemorrhage or hemorrhagic pancreatitis (Ellenhorn et al.,
1997).
Hyperglycemia may occur in OPCs poisoning. It may
result partially form acute pancreatitis and catecholamine over
release (Seifert, 2001; Punieri et al., 1997).
Pancreatic enzyme estimation in serum or urine, as well
as imaging procedures such as ultrasound or computed
tomography, should be performed in cases of ingestions of
OPCs especially parathion (Schnowald, 2001).
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b. Endocrine toxicity
in a study on the effect of OPCs on human endocrine
system in acute poisoning it was found that prolactin hormone
(PRL), Adrenocorticotropin hormone (ACTH), and cortisol
were higher during poisoning than after resolution of poisoning,
while follicular stimulating hormone (FSH) were lower during
poisoning than after resolution (Guven et al., 1999).
Urinary system disorders:
Patients poisoned by OPCs may suffer form increased
urinary frequency and in severe cases urinary incontinence due
to its muscarinic effects (Pappano, 1998 and Clark, 2002).
Dehydration from sweating, vomiting and diarrhea will
lead to disturbed hemodynamic with resultant reduced renal
blood flow, and these are risk factors leading to acute tubular
necrosis (Shobba and Prakash, 2000).
Immune complex nephropathy with renal dysfunction
and massive proteinuria may occur several weeks after
malathion exposure (Schonwald, 2001).
Ocular disorders
Eye manifestations include intense miosis (pin-pointed
pupil) which is usefully diagnostic. It is apparent in a few
minutes, becomes maximal in 30 minutes, and can last from
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several hours to days. It occurs due to stimulation of muscarinic
receptors in the eye (Lu and Kacew, 2002).
Exposures to OPCs may cause myopia, reduction in
visual field and visual activity. In 10% of OPCs poisoning
cases, mydriasis may result from nicotinic stimulation.
Parathion poisoning has been associated with mydriasis
(Osmundson, 2002).
Furthermore, ocular exposure to OPCs causes
conjunctival hyperemia, lacrimation and constriction of the
ciliary muscle resulting in block of accommodation reflex with
resultant focusing to near vision. This is more transient than
miosis and generally disappears before termination of miosis
(Bradly, 2003).
Acute glaucoma was reported to occur as a complication
of OPCs poisoning. This is unusual since OPCs can be used
clinically treat glaucoma (Francois and Vebraekan, 1977).
Dermatologic effects
Sweating is usual sign in OPCs toxicity due to their
muscarinic effects. It can produce dermal irritation, but most
are weak sensitizers. Malathion in a 10% concentration induces
contact sensitization in almost one half of those exposed
(Schonwald, 2001). Methyl-parathion and dichlorvos also are
known to produce allergic contact dermatitis too (Bardin,
1994).
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Teratogenic effects:
Dabrowski et al. (2003) found that infants born to
women acutely exposed to pesticides including OPCs in the
first and/or second trimester had birth weight lower than that of
infants of the non exposed women. They also found that
maternal exposure to pesticides during this period of pregnancy
may contribute to a slight reduction in the duration of
pregnancy.
A cluster of congenital anomalies were reported in a
Hungarian village, where pregnant women were believed to
have consumed trichloroform contaminated fish during
pregnancy. Of 15 live births, 11 (73%) had congenital
abnormalities. Other likely causes (Known teratogenic factors,
familial inheritance, and consanguinity) were excluded (Czeizel
et al., 1993).

II. Chronic OPC Toxicity:
Neuropsychiatric disorders
Chronic OPCs toxicity is more likely to occur among
chronically exposed persons as shown in pesticide
manufactures and agricultural workers (Farahat et al., 2003).
Chronic OPCs induced neuropsychiatric disorders
(COPIND) occur after chronic exposure to OPCs (Trimble and
Irishnamoorthy, 2000). These effects include drowsiness,
- 46 -

confusion, lethargy, anxiety, emotional liability, depression,
irritability, problems with memory and concentration (Aaron,
2001). In addition dystonic reactions, schizophrenia, cog-wheel
rigidity, choreoasthetosis and electroencephalographical
changes have been reported on high dose exposure. The
extrapyramidal symptoms are suggested to be due to inhibition
of AchE in human extrapyramidal area (Donaghy, 2001).
Rosenstak et al., (2002) studied agricultural workers who
had a single episode of OPCs poisoning. They demonstrated
impaired neuropsychological testing and problems with visual
memory, visuomotor speed and sequencing, problem solving
and motor steadiness and dexterity.
Hepatic disorders:
Enzymatic studies done on workers chronically exposed
to OPCs show significantly impaired liver function tests as
reflected by affection of the levels of glutamic oxaloacetic
transaminase (SGOT) and glutamic pyruvic transaminase
(SGPT) (Mario et al., 2000).
Respiratory disorders:
Upper respiratory tract allergy and diminished specific
airways conductance and chronic bronchitis were found in
workers of a OPCs factory (Emil and Bardana, 2003).
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Hematological disorders:
Hematological side effects due to exposure to pesticides
are well known. Since 1948, there have been at least 30 reports
involving 64 instances of aplasitc anemia and related blood
dyscriasis associated with pesticides exposure. Time most
likely explanation of these reports appears to be one of a rare
idiosyncratic bone marrow reaction to pesticides in particular
individuals (WHO, 2004). Duel and Morton (1987) reported a
case of Henoch-Schonlein purpura following thorium
exposures. Higher risk for myeloma in subjects who report past
exposures to pesticides (Morris, et al., 1986).
Reproductive toxicity:
The most dramatic episode of pesticide induced
reproductive effects was time observation of male infertility
among 1, 2 dibromo 3-chloropropane (DBCP) manufacturers in
1977. Pesticide applicators and other workers exposed to
concentrations lower than those in the manufacturing field had
milder depression of spermatogenesis. Epichlorhyderin (ECH)
is similar in structure to DBCP. It causes testicular toxicity in
studies of rats (Schenker et al., 1998).
Organochlorines, including DDT, have been implicated
in a variety of adverse female reproductive outcomes as low
birth weight, malformation and stillbirth. The mechanism is
generally thought to be interaction with estrogen receptors,
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either directly or indirectly. Abnormal menses, impaired
fertility, and spontaneous abortion have been suggested effects
of the organochlorines (Mattison et al., 1990).
Ocular toxicity
In autopsy from professional OPCs sprayers with OPCs
poisoning, it was found severe retinal degeneration with optic
neuropathy and a progression of arteriosclerotic change in
retinal vessels. It was reported that this could not be explained
by AchE inhibition alone but OPCs produced non cholinergic
actions such as increase in calcium ions in retinal neurons, a
generation of free radicals which was noted in tissue cultured
retinal neurons and a decrease of blood selenium level
(Ishikawa, 1996).
Immunotoxicity:
Immunotoxicities produced by OPCs are varied and
include pathology of RES (reticuloendothelial system) organs,
and decreased humoral and/or cell mediated immunity, altered
non-specific
immunity
decreased
host
resistance,
hypersensitivity and autoimmunity are also features of
immunotoxicity produced by OPCs (Gallway and Handy,
2003).
Fenitrothion, an OPCs was investigated to see its effects
on cytokines production by human peripheral blood
mononuclear cells, and it was found that fenitrothion inhibited
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the proliferative activity of peripheral blood mononuclear cells
and the production of T cell-derived cytokine (interferongamma and interleukin2) in a concentration dependent manner.
This indicates that fenitrothion might have the potential of
immunosuppressive action (Nakashima et al., 2002).
Li in 2007 have also found that OPCs significantly
decreased the activities of natural killer cells, cytotoxic T
lymphocyte and lymphokine active killer cells.
OPCs exert sensitizing effects; this was found by
Kossmann and Konieczny, (2001) who made a study on
workers of a chlorfenvinphos production department. They
found increased incidence of upper respiratory tract allergy and
diminished specific air way conductance and chronic bronchitis.
They assessed serum immunoglobulin E concentration in these
workers and found higher concentration as compared with the
control group. These results provide support for an essential
role of type I hypersensitivity reaction in the pathogenesis of
inflammatory changes in the respiratory system caused by
chlorfenvinphos.
Marilyn et al. (2000) studied the effects of living near a
superfund site containing organochlorine pesticides, volatile
organic compounds, and metals on the immune system and
found that residents who lived closer to the dump sites had
statistically significant lower mitogen induced lymphoproliferative activity than residents who lived farther away.
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In some workers producing dust pesticides there was
significant lower percentage of CD3, CD4, and CD8 than
control group with no significant changes were found in other
immunological parameters as reported by (Piotr et al., 2001).
Pesticides can stimulate, suppress or deregulate the
immune system. Most can do all three, depending on the
concentration and duration of the dose, the virulence of the
pesticides, mitocides, herbicides, and fumigants on the immune
system, as well as the total body pollutant load and state of
nutrition of the individual. The simplest change on can see in
the immune system is proteins altering to become haptens, also
direct cytotoxic effects may be seen on cells (William and
Hsueh, 1991).
Carcinogenicity
A significant association has been found between haircell leukemia and pesrecides use mainly organophosphorus
insecticides (Clavel et al., 1996).
Rosenberg and O’Malley (1997), said that inspite of
some of OPCs are mutagenic, but most have not been found to
be carcinogenic in animals and none have been found, on basis
of animal studies, to possess a significant carcinogenic risk to
humans.
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Regos et al. (2002), and Burkhart CG. and Burkhart
CN, (2000) stated that there is a possibility that OPCs cause or
increase the risk for non-Hodgkin lymphoma and leukemia.
In a study of cancer incidence among persons living in
farms and exposed to OPCs, it was found an elevated incidence
of cancer among them (Folsom et al., 1996).
Causes of death:
The causes of death are acute respiratory failure from
respiratory muscle fatigue, pulmonary edema, bronchorrhea and
bronchospasm, central nervous system, depression seizures and
ventricular arrhythmias also increase morbidity and mortality
(Saadeh et al., 1996).
Diagnosis of organophosphates and carbamate exposure:
Exposure to high doses of pesticides is easily diagnosed
but exposure to low doses is difficult to evaluate (Li, 2007).
i. History of exposure during working with symptoms and
signs of acute poisoning in heavy exposure or in suicide
(Schenker et al., 1998).
ii. Confirmatory laboratory tests include measurements of
plasma and red blood cell (RBC) cholinesterase activities,
which provide a measure of the inhibition of two types of
cholinesterase enzymes in vivo (Willson et al., 1996).
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iii. Measurement of the parent organophosphate or carbamate
or their metabolites in blood or urine has been investigated
to a limited extent, no such measurements are currently
likely to be helpful in the diagnosis of acute intoxication
(La Dou, 1997).
Treatment:
Treatment of acute intoxication is done according to the
severity of poisoning, which is largely dependent upon clinical
judgment and experience. Assessment of severity should focus
primarily on the respiratory system since it is affected by all 3
types of cholinergic sites and is the critical one for survival and
serious morbidity (La Dou, 1997).
- Decontamination, including bathing of the skin,
emptying of the stomach or as dictated by route of
exposure.
- Atropine sulfate, in a dosage of 1-2 mg intravenously for
mild to moderate poisoning, as often as every 15 minutes
as needed.
- Parlidoxime chloride (2-PAM, protopam), 1g intravenous
slowly, repeated once in 1-2 hours, then at 10-12 hours
interval if needed. Pralidoxime acts by breaking the bond
between acetylcholine and organophosphate activating
the enzyme and restoring acetylcholine activity to
normal.
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- Artificial ventilation, ventilatory assistant, oxygen and
clearance of secretion (La Dou, 1997).
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Immunity
Innate Immunity
The immune system is composed of two systems, the
innate immunity and the acquired immunity.
The innate immunity includes
(Parslow and Bainton, 1997).

three

components

 Physiochemical barriers.
 Humoral components.
 Cellular components.
I) Physiochemical barriers:
Is the first line of defense, such as skin and mucus
membranes. Both represent frequently challenged interfaces
with the external environment that can respond to injury or
microbial peptides and proteins (Huttner and Bevins, 1999).
II) Humoral innate immunity:
The innate immune system relies on a vast array of nonclonally expressed pattern recognition receptors for the
detection of pathogens, which can be secreted, expressed on
cell surface, or resident in intracellular compartments (Janssens
and Beyaert, 2003).
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They are immunologically active factors present in the
mucosal secretions, blood and cerebrospinal fluid. The most
important of these is the complement (Cunnion et al., 2001).
The complement system is a complex system of over 20
different proteins that can be activated by antigen (Ag) antibody (Ab) complexes (Classical pathway), by certain
carbohydrates (Lectin pathway), or by a variety of surfaces that
are not protected by natural inhibitors (Alternative pathway).
Killing of organisms, clearing of immune complexes, and
induction and enhancement of Ab responses are major
biological functions of the complement system (Fearon, 1998).
III) Cellular innate immunity:
The cells involved in innate immune defense reaction are
the polymorph nuclear leukocytes (PMNs), monocytes,
dendritic cells (DCs), natural killer cells (NKs), and γ/δ T cells.
These cells are able to clear the microbes or the toxins from the
body and secrete cytokines, which form a functional network
that enables crosstalk between the cells that mediate innate and
adaptive (Bona, 2005).
Neutrophils:
Neutrophils grow to full maturity in the bone marrow and
are usually retained in the marrow for an additional 5 days as a
part of reserve pool. Circulating neutrophils spend little time in
the circulation then move immediately into tissue spaces to
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function as highly efficient microbial scavengers. In response to
bacterial infection, adults develop a sustained neutrophils
leukocytosis by releasing preformed neutrophils from the
marrow storage pool into the circulation and increasing
proliferation by recruiting more committed granulocyte
progenitors into the cell cycle during infections. Interleukin-3
(IL-3) and granulocyte colony-stimulating factor (G-CSF) are
produced in excess from mononuclear cells. They promote
neutrophils production and enhance neutrophils function
(Boder et al., 1995).
Chemotaxis or cell movement towards an inflammatory
stimulus involves the cell ability to detect an inflammatory
signal, adhere to tissue matrix through adhesion receptors and
redistribute those receptors over the cell membrane in order to
propel the cell forward while letting go of the surface it is
leaving behind. Adherence of neutrophils to the vascular
endothelium is an early in the process of neutrophils migration
into inflamed tissue and is mediated by proteins expressed on
the surface of the neutrophils and the endothelium (Kansas,
1996).
Members of two important families of adhesion
molecules located on the surface of the neutrophils are Lselectin and the B2-integrins (Kansas, 1996).
Having left the vascular compartment, the neutrophils
follow a concentration gradient of chemotactic factors until they
- 57 -

reach the site of inflammatory mediators and cytokines.
Forward movement ceases, and they up-regulate receptors
involved in phagocytosis and activation of the cell bactericidal
machinery. Reactive oxygen species are generated through the
respiratory burst, and bactericidal substances are released from
cytoplasmic granules into the phagolysosome. The process of
phagocytosis and killing by neutrophils is mediated through
receptors for both complement and the Fc domain Ig and
therefore operates more efficiently when the organism is
opsonised by specific Ab and appropriate complement
fragment, i.e., after specific acquired immunity operates (Carr,
2000).
The respiratory burst is the major mechanism by which
neutrophils kill engulfed bacteria. Phagocytic cells generate
several products of oxygen reduction: hydrogen peroxide, the
hydroxyl radical and superoxide. The supeoxide anion, a
powerful oxidation-reduction agent is found in abundant supply
in stimulated neutrophils, and although superoxide might not be
the most potent bactericidal factor, it contributes to the
formation of other highly reactive oxygen radicals essential for
anti-microbial activity (Quie, 1990).
Neutrophils apoptosis contributes to the homeostasis of
the immune system through its role in the resolution of
inflammation. During this process, tissue macrophages
scavenge aging neutrophils while preserving the integrity of
surrounding tissue and minimizing local injury. The apoptotic
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pathway, involving interactions between the surface Ag, Fas
(CD95), and its ligand (FasL), seems to play a significant role
in neutrophils apoptosis. Neutrphils have a higher expression of
Fas than do other leukocytes, and may contribute to their own
apoptosis in an autocrine manner through their release of FasL.
The interaction initiates a hierarchy of cleavage reactions of
downstream caspases, including caspase-3. Caspases mediate
their apoptotic effects by activating specific substrates,
including those involved in regulating the cell cycle and in
signaling mechanisms (Liles et al., 1996).
Monocytes
Monocytes are not very abundant in the peripheral
circulation, have a half life of approximately 3 days before
entering the tisssues. They acquire distinctive adaptive
characteristics peculiar to an anatomic site, for example, they
become kupffer cells of the liver or alveolar macrophages of the
lung (Quie, 1990).
Monocytes exhibit several major functions in the immune
response and defense reactions. The major role of macrophages
in innate immunity consists in their ability to phagocytoze and
destroys bacteria to inhibit the growth of obligatory
intracellular bacteria. The second function is to promote
inflammation, a crucial process in the defense reactions against
microbes. This function is entirely dependent on the production
of acute phase and proinflammatory cytokines such as IL-1, IL- 59 -

6, and TNF-α and on chemokines such as IL-8. In addition, its
role in adaptive immune response is related to the ability to
capture, process, and present the Ag and to modulate the
function of lymphocytes. Which result from the processing of
internalized microbes or self- and nonself –macromolecules to
both CD4 and CD8 T cells, because they express both class I
and class II MHC molecules. Monocytes produce IL-12, IL-15,
and IL-18, which induce the production of IFN- y by Th1 and
NK cells (Luster, 1998).
The role of dendritic cells (DCs) in innate immunity is
illustrating synthesis of IFNs by mature DCs after recognition
of pathogens. First, IFNs can activate other cells involved in the
innate immune defense reactions, such as macrophages and NK
cells. Second, IFNs may favor the initiation of the adaptive
immune response by virtue their pleotropic effects on T and B
cells, thereby triggering a whole spectrum of specific immune
responses (Pulendran et al., 2001).
DCs are professional antigen-presenting cells (APCs) and
critical initiators of primary immune response (Banchereau et
al, 2000).
Natural killer cells
Natural killer (NK) cells are large granular lymphocytes
that do not express on their surface the CD3 antigen or any of
the known T cell receptor chain but do express CD16 cell
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surface and perform cytolytic reactions even in the absence of
MHC class I or II expression on the target cells (Terr, 1995).
Althoungh NK cells were named on the basis of the
cytolyitc activity that initially served to identify them, this cell
type exerts a variety of functions, namely, regulatory functions
on the adaptive immune system through production of
cytokines such as IL-2, IL-15, IFNγ, IL-12, IL-10, and TNFα,
as well as its role in the natural resistance against tumor growth
(Warren et al., 1995).
NK cells express CD2, CD56, CD57, CD58, CD11a, and
CD16, which is the receptor for Fcγ fragment of lgG. The NK
cell population is heterogeneous. One subset, which represents
the majority of NK cells (90%), expresses a low CD56 level
and a high amount of CD16; the second subset expresses a low
amount of CD56 and lacks CD16. the CD16 molecule links
cellular and humoral immunity by serving as a bridge between
specific Ab specificity and cytotoxic effector cell function. This
suggests that the first subset mediates antibody – dependent cell
mediated cytotoxicity (ADCC) of target cells, whereas the
second subset mediates spontaneous cytotoxic reaction
(Fahniger and Caliguri, 2001).
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Cell Mediated Immune Response
The acquired immune response depends on the
integration of 2 interrelated and interdependent mechanisms;
the humoral immunity which involves primarily the bone
marrow derived B lymphocytes and the cell mediated immunity
which involves primarily thymus derived T lymphocytes (Quie,
1990).
The primary lymphoid organs in which these cells are
generated include the bone marrow and thymus. Secondary
lymphoid organs include lymph nodes, spleen, Waldeyer's ring
and lymphoid aggregates in the lamina propria and submucosa
of respiratory tract and gastrointestinal tract (Bienenstock and
Befus, 1984).
T cells
T lymphocytes play a central role in the immune
response, acting both to mediate immune functions and to
modulate the function of all other aspects of the immune
system. These effects achieved through direct cell to cell
interaction and through the production of soluble mediators
known as lymphokines (Wilson, 1991).
The T-cell population is divided into three major subsets
that are based on the specific expression of differentiation
marker (CD) antigens CD4, CD8, and NK T cells and into two
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subsets that are based on the genes that encode the T cell
receptor, namely as α/β T cell and γ/δ T cells (Imboden and
Seeman, 2001).
T cell receptor (TCR):
Most of T cells express a receptor (TCR) composed of an
α and B chain; these chains associate to form antigen
recognition portion of TCR. The TCR associates on the cell
surface with the pentameric CD3 complex which links the TCR
to other cellular components needed to mediate transduction of
signals from the receptor to the cell interior (Clevers and Owen,
1991).
All T cells bearing α β TCR-CD3 complex, express on
their surface either CD4 or CD8 surface molecules. Mature
CD8+cells must recognize antigen in conjunction with class I
MHC molecules. On the other hand, mature CD4+ cells must
recognize Ag in conjunction with class II MHC molecules; this
is termed MHC restriction (Schwarts, 1989).
T cell activation:
In response to antigens, mitogens or allogenic stimuli
mature T cells produce IL-2 and express high affinity IL-2
receptors. Binding of IL-2 to high affinity IL-2 receptors drives
T cell to proliferate. This process collectively is called T cell
activation (Smith, 1988).
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T lymphocyte activation requires tow types of stimuli.
The first is provided by the antigen, which if appropriately
displayed by MHC proteins on an APC, can be recognized and
bound by TCRs. When it binds an antigen-MHC complex the
TCR sends a signal to the cell interior to interact with protein
tyrosine kinase (PTK), but this signal alone is usually not
enough to cause activation. Contact with other specific ligands
known as co-stimulators expressed on the surface of APCs is a
second stimulus required for full activation of T cell (Parslow,
2001).
T cell mediated immune- response:
Helper T cells:
Helper T(Th) cell provide signals that are necessary for B
cells to differentiate to antibody producing cells, regulation of
the activities of monocytes, macrophage and other cells of the
immune system. The dose of antigen, strength of signal through
TCR, and co stimulate all influence initiation of Th
differentiation (Constant and Bottomly, 1997).
T helper (Th) cells subsets can be placed into one of 2
categories: Th1 or Th2. Th1 cells produce IFNγ, IL-2, TTNF
cytokines, whereas Th2 cells produce IL-4, IL-5, IL-6, IL-10,
and IL-13. The two helper subsets cross regulate each other
(Bona and Revillard, 2000).
Cytolytic T cells (CTL):
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CD8+ cells recognize antigen in context of MHC class I
molecules. Differentiation into cytolytic cells results from
combination of antigen recognition and exposure to IL-2. In
addition to triggering proliferation, IL-2 increase the expression
of cytoplasmic granules involved in killing of target cells
(Imboden and Seaman, 2001).
CTL kill target through one of at least two distinct
mechanisms, one mechanism, by directing extra cellular release
of cytotoxic proteins (perforin and granzymes) into target cells.
The other mechanism involves apoptotic signal transduction.
Antigen recognition stimulates CTL to express Fas ligand a
member of TNF family. The interaction of Fas ligand with Fas
(a cell surface molecule related to INF receptor) induces
apoptosis in Fas-expressing cells (Henkart, 1994).
Natural Killer T cells
NK T cells are a subset of T cell that express a limited
TCR repertoire encoded by an invariant TCR-α chain (Vα24Jan Q) and a few TCR-β genes. NK T cells recognize glycolipid
antigens in association with non polymorphic MHC molecules
(CD1d). In adults NK T cells produce large amounts of both IL4 and IFN-γ subsequent to TCR ligation, indicating that they
may exhibit immuno-mondulatory capacity (Bendelac et al.,
1997).
γ δ T cells
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A small subset of mature T cells does not express a
TCRαβ dimmer. These cells have a second form of TCR,
composed of a CD3 complex together with a dimmer of
polypeptides designated γ and δ. The TCR γ and δ genes are
highly homologous to TCR α and β genes. Interestingly, the
first T cells to mature during fetal development are the γ δ T
cells (Imboden and Seaman, 2001).
γ δ T cells represent 5% of peripheral cells in adults.
Almost all of these are of the CD4 or CD8 phenotype. These cells
are strongly cytotoxic, secrete small amounts of IL-2,
granulocyte-macrophage colony-stimulating factor (GM-CSF)
and IFN-γ and show no apparent restriction to conventional
class I or class II MHC molecules (Haas et al., 1993).
Mature γ δ T cell constitutes a major component of the T
cell population in the epidermis and the mucosal epithelia of the
tongue, intestine, female reproductive tracts and lungs. They
protect the integrity of epithelial tissues as well as playing a
very important role in various forms of mucosal tolerance
(Haas et al., 1993).
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Humoral Immune Response
B lymphocytes, the principal cell type involved in
humoral acquired immunity, play two additional roles in the
immune system. First they can function as APCs, by processing
and displaying foreign substances in a manner that can be
recognized by T cells. Second, activated B cell can secrete
certain lymphokines and other factors that influence the growth
and activities of other immunologically important cells
(Parslaw, 2001).
Two physically and functionally distinct B cell subsets
are known; conventional CD5+ B cells (B2) and the small
subpopulation CD5+ B cells (B1). These two B cells differ in
size, surface phenotype, anatomical location, and repertoire of
antibodies they produce (Hardy and Hayakama, 1994).

B cell receptor:
The B cell receptor (BCR) is a molecular complex
composed of one antigen-binding monomeric Ig. and noncovalently associated disulfide – linked heterodimers Iga and
Igβ, which act as signal transducers. Membrane Igs are formed
of Ig heavy chains which involve a hydrophobic
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transmembrane domain and very short cytoplasmic domain,
combined with Ig light chains. Both associate with two
additional proteins expressed exclusively in the B cell lineage
Igα and Igβ to form the BCR (Bellanti et al., 1994).
Igα and Igβ are transmemmbrane glycoproteins, each of
which has a moderately large cytoplasmic domain. These
cytoplasmic domains each include a short region important for
signal transmission on activation. This region is called an
immunoreceptor tyrosine-based activation motif (ITAM), and
its key features are two precisely spaced tyrosine residues
within a partially conserved surrounding sequence (Bona,
2005).
B cell development:
B cell precursors, pro-B, are cells, are present among the
islands of hematopietic cells in the fetal liver by 8-9 weeks of
gestation. Later in pregnancy, production of B cells wanes in
the liver and is taken over by the bone marrow for remainder of
life (Roitt and Delves, 2001).
The earliest signs associated with differentiation of
hematopoietic cells towards the B cell lineage, which are
thereafter referred to as pro-B cells, are the expression of CD19
CD24 and MHC class II molecules on the cell surface, and CD22
inside the cell. These changes are followed by the nuclear
expression of molecules that are involved in Ig variable-region
gene rearrangement. Of these, the recombinase activity genes
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RAG-1 and RAG-2 are central, as well as the terminal
dexynucleotidyl transferase (TdT) (Schultz, et al., 2000).
In the pro-B cells, a cascade of Ig gene rearrangement
occurs during differentiation. Assuming a productive
rearrangement is made, the cell can now synthesize heavy chain
proteins which are all of the μ isotype and have a short
hydrophobic region at their carboxy termini that causes them to
integrate into cellular membranes. This membrane associate
form of μ protein is called μM (Ghia et al., 1996).
At around the same time, two genes VpreB and lambada
γ5 with homologue for the VL and CL segments of γ-light
chains, respectively, are temporarily transcribed to form a
surrogate light chain which associates with the μM chains to be
displayed transiently on the surface membrane of these pro-B
cells (Roitt and Delves, 2001).
Once the μM and surrogate light-chain proteins reach the
cell surface, a signal is sent to the interior of the cell, notifying
it that a functional heavy protein chain has been produced,
leading to 3 events:
1) Further rearrangement of heavy chain genes on the sister
chromatid is ceased, in a process allelic exclusion.
2) Expression of nuclear TdT is ceased.
3) The ability to rearrange the light chain is gained.
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In addition, once the pro-β cell has expressed the μM, no
new surrogate light chains are synthesized, leaving the μM
chain lacking a light chain partner trapped in the endoplasmic
reticulum. These events as the pre-B cell stage (De franco,
2001).
Pre-B cells divide several times in response to IL-7
produced locally by bone marrow stromal cells, then cease
division. However, the most striking event taking place at this
stage is the rearrangement of light-chain genes (Fluckiger et
al., 1998).
As soone either type of light chaine protein appears, it
associates with the exisiting uM heavy chains, and the resulting
four-chain units are transported to the cell surface as membrane
lgM. At that moment, the cell enters the B lymphocyte stage of
development (Fluckiger et al., 1998).
B1 cell development:
In cord blood, 90% of the B cells express CD5, then
decrease during infancy to 75-80% of the B cell. Finally, the
percentage gradually decreases during early childhood to
adolescence until it stabilizes in late adolescence at 25-30% of
the total B cells Consistent with this data is the predominance
of B1 cells as a major source of Ab in the young individuals and
the gradual decrease in the frequency of this subset with age. B1
cells preferentially populate the pleural cavities the peritoneum
and the marginal zone (MZ) of the spleen (Bona, 2005).
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B cell activation:
Ag contact with the specific B cell triggers the
transmembrane signaling of the BCR. Multiple co-receptor
molecules are associated with the BCR and are expressed
throughout B-cell differentiation and maturation; these factors
typically up-regulate the threshold of BCR signaling (Bellanti
et al., 1994).
CD21 co-receptor:
CD2I (CR2), the receptor for C3d fragment of
complement, is associated with CD19 and CD81, forming a
signaling complex that can activate BCR signaling. Thus, the
co-receptor serves to lower the threshold such that Ags that
bind with low affinity to the BCR can induce sufficient signal
to activation of the B cell. In this case, the Ag is identified as
foreign either through the action of the alternative pathway of
complement, or by reaction of the Ag with pre-existing lowaffinity polyreactive IgM and the classical pathway (Fearon
and Carter, 1995).
Fcγ RIIb (CD 32) co-receptor:
A second co-receptor for B cells is the Fc receptor for
IgG on B cells. CD32 is an inhibitory, single-chain, low-affinity
receptor with an extra cellular and a cytoplasmic domain
containing a tyrosine inhibitory motif (ITIM). CD32 is
preferentially expressed on B cells and is involved in the
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negative regulation of Ab response, BCR-generated calcium
mobilization, and cell proliferation (Muta et al., 1994).
The mechanism of this suppression involves the
clustering of the Fc receptors together with the engaged BCRs,
leading to the arrangement of molecules that inactivate Ras and
counter PI P2 signaling (Ravetch and Bolland, 2001).
Other possible B-cell co-receptors
The signal transduction function of the BCR can be
regulated by at least 3 other receptors on the B cell surface
namely CD22, CD45 and CD5.
CD 22:
CD22 is differentially regulated subsequent to activation
of Bl and B2 subsets of B cells (Lajaunias et al., 2002).
CD45:
Is a positive regulator of Ag receptor signaling in B cells
(Justement et al., 1991).
CD 5:
CD5 acts as a negative regulator of signaling though the
BCR of the B-l cells (Bikah et al., 1996).
B cell humoral immune response:
A) Antigenic stimulation:
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Generally, Ag contact alone is insufficient to activate B
cells because most protein Ags requires Ag specific T-cell help
to generate an Abs response. Some Ags do not require the T
cell help, and are called T-independent Ags. These Ags
typically fall either of 2 categories with different mechanistic
properties T independent antigen type I (TI-I Ags) and T
independent antigen type 2 (TI-2 Ags). For both types,
cytokines appear to be required for the B cell to make an Ab
response, although the source may be a non lymphoid cell type,
such as the macrophage (De Franco, 2001).
Typical TI-1 Ags are the bacterial cell wall components,
e.g., LPS recognized by TLR4, other bacterial cell wall
components are recognized by TLR2. At low concentrations,
the B cell population with Ig-receptors specific for these Ags
will selectively and passively focus them on their surfaces,
where the resulting high local concentrations will suffice for
efficient stimulation of the TLRS receptors (De Franco, 1999).
TI-2 Ags possess several characteristics .These include:
low molecular weight, repeating antigenic epitopes, ability to
activate the complement cascade, poor degradability, another
inability to stimulate MHC class II dependent T cell help, for
example polysaccharides from bacterial cell walls and
polymeric protein structures as bacterial flagellae. Hence, Bcell activating properties derive from the ability of these Ags to
crosslink numerous BCR molecules and induce either intense or
especially prolonged intracellular signaling reactions. The MZ
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B cells in the spleen are strongly implicated in responses to TI2 Ags (Clark and Ledbetter, 1994).
Several T cell derived cytokines mediate proliferation
and maturation of B-cell responses. The most established role is
that of IL-4 and IFN-γ regulation of isotype switching (Clark
and Ledbetter, 1994).

B) The primary humoral immune response
Naive long-lived B cells circulate through the blood and
lymph nodes until they contact specific Ag, which typically
would occur in the T cell area of the spleen or lymph node. In
addition, naive Ag-specific Th cells are also activated in this
location leading to a B cell/T cell interaction followed by
delivery of soluble and membrane bound helper signals. These
signals induce B cells to either proliferate and terminally
differentiate into Ab-secreting cells in the T cell zone, or some
B cells migrate into the follicular region and initiate the
germinal centre reaction. Terminal differentiation of activated B
cells into plasma cells in the T cell zone is responsible for the
first burst of IgM produced in a primary Ab response (Kelsoe
and Zheng, 1993).
C) Immunoglobulins
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Immunoglobulins (Igs) are glycoproteins produced by Bcells and compose the humoral arm of immunity. Igs have a
symmetric four-chain structure composed of two identical
heavy (H) and two identical light (L) chains joined together
covalently by disulfide bridges. The 4 polypeptide chains are
folded into globular regions (domains) by means of disulfide
bonds. Each chain contains an amino terminal portion, the
variable (V) regions, and one or more carboxy-terminal portion,
the constant(C) regions. Moreover, the V regions also contain 3
or 4 regions where the amino acid sequence is even more
variable, these regions are called hyper variable regions (HVR),
which form the Ab. binding sites of the Ig molecule. According
to the C region of the H chain, five classes of Igs are defined
lgG (γ), IgM (μ), IgA (α), IgE (ε) and lgD (δ) (Bellanti et al.,
1994).
In addition to Ag binding, however, Igs possess
secondary biological activities that are critical for the host
defense. These include, for example, the ability to act as
opsonins, to activate the complement system, or to cross the
placental barrier (Parslow, 2001).
IgG:
IgG is the most abundant Ig in the extra vascular fluid,
representing 75% of total serum Igs in the adult. It neutralizes
toxins and combats micro-organisms by fixing complement via
the classical pathway and facilitating the binding to phagocytic
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cells by receptors for C3b and Fcγ. Divided into subclasses
IgG1, IgG2, IgG3 and IgG4. (Roitt and Delves, 2001).
IgM:
IgM is most commonly a pentameric molecule although a
minor fraction is hexameric. It is essentially intravascular and is
produced early in the immune response. It predominates in the
primary immune response to most Ags. It is a very effective
bacterial agglutinator and mediator of complement dependent
cytolysis. Natural Abs, an essential part of the first line of
defense against hematogenically spreading infections, belongs
mainly to the IgM isotype (Roitt and Delves, 2001).
IgA:
IgA is the predominant Ig produced by B cells in Payer's
patches, tonsils, and other sub mucosal lymphoid tissues, and
hence it appears in the sero mucous secretions, such as saliva,
tears, nasal fluids, sweat, and secretions of the lung,
genitourinary and gastrointestinal tract, acting as a guard for
these mucosal surfaces. IgA exists mainly as a monomer in
plasma, or on the B cell surface, but in the sero mucous
secretions, it is present as a dimer linked to secretory
components (sIgA). Two IgA isotypes have been identified:
IgA1 and IgA2 (Parslow, 2001).
IgE:
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IgE exists only in a monomeric form, bound firmly to
mast cells and basophils through the high affinity Fc receptor
on their surfaces. Contact with Ag leads to local recruitment of
antimicrobial agents through degranulation of the mast cells
and release of inflammatory mediates. IgE is of importance in
certain parasitic infections and is responsible for the symptoms
of atopic allergy (Roitt and Delves, 2001).
IgD:
IgD is largely present on the B cells and functions
together with IgM as the Ag receptor on naive B cells. When
such B cells become activated, surface IgD expression ceases
(Roitt and Delves, 2001).
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D) The secondary humoral immune response
Two specialized types of genetic processes occur at high
frequency whenever memory B cells proliferate in the periphery
(De Franco, 2001).
Heavy chain class switching:
This phenomenon results from a specialized type of DNA
rearrangement in the expressed H-chain gene, whereby a new
CH exon is moved to a position adjacent to the existing V/D/J
exon by deleting all intervening CH sequences on the
chromosome. Thus, the effector function of an Ab can be
altered without changing its specificity for Ag (De Franco,
200l).
Somatic hypermutation:
The process of affinity maturation, in which the average
affinity of the Ab. produced increases during the immune
response, involves first random mutation of the Ig genes and
then selection for B cells with mutations that improve Ab
affinity. The process of somatic mutation puts random
mutations clustered in the V regions of Ig genes; usually classswitched memory B cells are subject to high mutation rates in
secondary immune responses after the initial response
(McLennan et al., 1996).
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E) Other B cell functions
1) Act as APCs for the TH cells.
2) B cells produce some cytokines when stimulated. They
produce significant amounts of IL-1, TNF-α, lymphotoxin-α,
GM-CSF, and probably other cytokines as well. Memory B
cells produce nerve growth factor (NGF) (Pistoia, 1997).
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Subjects and Methodology
Subjects:
The study was conducted into 40 subjects. They were
classified into two groups.

Group I (exposed):
20 workers (group 1). Their age ranged between 24 –
45 years (mean ± SD 33.55 ± 5.66).
The workers did not use any protective equipment
during work hours.
They worked with Malathion, dimethoate and
fenitrothion. They exposed to pesticides for at least 5
years.
Consent was taken from all of the workers studied in
our study.
These exposed individuals were taken from 5 places
in Gharbeia and Kafr Elsheikh governorates:
- KZ (Kafr Elzaiat):
They were 7 workers in pesticide industry in Gharbeia
governorate.
- Abs. (Abosasa pesticide shop):
They were 3 workers in Abosasa pesticide shop in
Gharbeia governorate.
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- KM (Kellin Elmahata pesticide shop):
They were 4 workers in Kellin Elmahata pesticide
shop in Kafr Elsheikh governorate.
- KB (Kellin Elbalad pesticide shop):
They were 3 workers in Kellin Elbalad pesticide shop
in Kafr Elsheikh governorate.
- EG (Ezbet Gouda pesticide shop):
They were 3 workers in Ezbet Gouda pesticide shop
in Kafr Elsheikh governorate.
Group II (control):
20 males from the same governarate (Gharbeia and
Kafr Elsheikh):
7 from Kafr Elzaiat Gharbeia.
3 from Abosas Gharbeia.
4 from Kellin Elmahata Kafr Elsheikh.
3 from Kellin Elbalad Kafr Elsheikh.
3 from Ezbat Gouda Kafr Elsheikh.
- 82 -

They were not exposed to organophosphates in their
work.
Their age ranged between 25 – 40 years (mean ± SD
32 ± 4.79).
All subjects were subjected to the following:
 History taking: to exclude any chronic diseases which
may affect the immunity (example; renal diseases, liver
diseases, cardiovascular disease and cancer)?

Name:
Sex:

Age:
Adress:

Occupation:
Medical history:
Anemia
Asthma
Diabetes
Hypertension (high blood pressure)
Heart disease (i.e., CHF, CAD, MI)
Stroke/TIA
tuberculosis
COPD
Muscular/skeletal condition
psychological condition
Bleeding disorders
Thyroid disease
Kidney disease
Seizures
Sleep disorders
GIT problems
Jaundice
Cirrhosis
hepatitis
Surgery
Serious injury
Drugs
smoking
Other
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Medication:

 Clinical examination: to evaluate the patients.

Name:
Sex:

Age:
Adress:

Occupation:
Pulse:
Blood pressure:
Skin:
head
Eyes:
Ears:
Nose:
Mouth:
Neck:
Heart:
Abdomen:
Lungs:
Neurological:

Investigation parameters:
Specimen Collection:
All specimens were collected using sterile vaccutainer
system.
- 5 mL of venous blood were collected, serum was
separated. Part of the serum was used for analysis of
pseudocholinesterase, Interleukin2 and the other part of
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the serum was used for the detection of IgG and IgM
levels.

- EDTA blood for WBCs count, CD4, CD8 and CD56.
I- Pseudocholinesterase level:
Blood samples were obtained from each subject using sterile
syringe and plan tube is used then serum is separated.
It was determined by the method of Waber (1966) using a
kinetic colorimetric method. In this method cholinesterase was
involved in several reactions using several reagents and then
injected in the machine to read initial absorbance, and at 30, 60,
90 seconds and determine absorbance change per 30 seconds
(ΔA / 30 sec).
Normal level: 1900 – 3800 U/L.
II- WBCs:
- Normal value: 4 – 11 × 103 / mm3.
- Blood samples were obtained from each subject using
sterile syringe and tube with EDTA blood for CBC. It
is done by using coulter counter T660.
III- CD4, CD8 and CD56:
- Immunological tests for T cells subclasses according to
(Roitt et al., 1998).
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- Labeling of peripheral blood T and B lymphocytes was
done by directly conjugated reagents to permit the
specific binding of CD4, CD8 and CD56 to the surface of
cells. This was done by mouse anti human CD4, CD8
and CD56.
- Blood samples were obtained on ethylene diamine tetra
acetic acid (EDTA) tubes.
- Mononuclear cells were stained with monoclonal
antibodies against CD4, CD8 and CD56 to detect
different lymphocyte subsets.
- Isolation of monoclonal cells from peripheral blood was
achieved by density centrifugation on a Ficoll Gradient
with consecutive washing with phosphate buffered saline
supplemented with 2% bovine serum albumin to be read.
-

Lymphocytes surface markers were measured by flowcytometry using EPICS × LPA, Leukocyte Preparation
Antigen, Coulter Electronics (Coulter, France).
- Normal CD4 / CD8 ratio: 1.5 – 2
- Normal CD4%: 28 – 58 %
- Normal CD8%: 15 – 40 %
- CD56 up to 20% (Kips et al., 1992).

- Biosource Catalogue Nr of CD4: AHSO418
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- Biosource Catalogue Nr of CD8: AHSO419
- Biosource Catalogue Nr of CD56: AHS5601
III-

IL-2:

- Biosource IL-2 ELISA kits were used to measure IL-2 in
serum as well as other biological fluids.
- IL-2 values were determined by enzyme-linked immunosorbent assay (ELISA) (Bad Nauheim, Germany).
Normal range: 0 – 1.16 U / ml.
ELISAAIDTM is a trade mark of Robert Maciel Associate, Inc.
Massachusetts, USA.
Biosource Catalogue Nr: KAC 1241 - KAC 1242. Sited in:
IV-

IgG and IgM:

- normal level:
IgG: 550 – 1300
IgM: 50 - 320
● Intended uses:
This kit is designed for the in vitro measurement of
human IgG in serum using the MININEPH as an aid in
diagnosis of abnormal IgG metabolism. When using the
recommended dilution; the approximate measuring range is 2.0
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– 28 g/L. The sensitivity limit is 0.9 when using a 1/5 sample
dilution.
● Principle of the assay:
The determination of the soluble antigen concentration by
nephelometric methods involves a reaction with specific
antiserum to form insoluble complexes. When light is passed
through the suspension formed, a portion of the light is
scattered and detected by a photodiode. The amount of light
scattered is directly proportional to the specific protein
concentration in the test sample. Concentrations are
automatically calculated by reference to a calibration curve
stored within the instrument. (Ziva J. and Pannel P. 1984, and
Bradwell A. 1995, and Lentner C. 1984).
● Methodology:
# Test procedure:
- Summary of reagent volumes added to the vuvette:

Reagent

Volume added

Sample (1/11 dilution)

10 μL

MININEPH IgG buffer

400 μL

MININEPH Hu IgG antiserum

40 μL

- Switch the analyzer and printer (if attached) on.
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- Enter chemistry card. Enter the chemistry number (IgG =
4) and press enter.
- Swipe chemistry card. This message will only be
displayed if this chemistry has never been used before or
you wish to change antiserum lot number. Pass the swipe
card through the swipe card reader moving from the front
of the instrument to the back. The magnetic strip should
be at the bottom facing left.
- Check reagent lot number. Press enter.
- IgG lot xxxx. Ok? 1 = 1Y 2 = N. compare the details
displayed with those on the antiserum label. If the lot
number displayed is identical to that printed on the
antiserum vial, select YES (press 1) and continue to the
next step if the vial lot number is different from that
displayed select NO (press 2).
- Prepare dilutions of controls and samples using the
MININEPH sample diluent supplied in the MININEPH
reagent accessory pack (ZK 500. R). the recommended
sample dilution for IgG is 1/11 (e.g. using the electronic
pipette dispense 400 μL of sample diluent and 40 μL of
sample into a sample dilution tube).
- Prepare one MININEPH cuvette for each sample to be
assayed. Using the forceps provided with the
MININEPH place a stirring bar in each cuvette and then
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using a pipette add 10 μL of diluted sample carefully to
the bottom of each cuvette.
- Enter sample ID. Enter an identity code (e.g 1) for the
first sample to be assayed then press enter to continue
(refer to user manual for choice of identity codes).
- Sample dilution 1/11. Accept the recommended dilution
by pressing enter or type in a new dilution factor if an
alternative dilution is to be used.
- Place cuvette in chamber. Place a cuvette containing a
stirring bar and 10 μL of diluted sample in the cuvette
chamber. Press the cuvette down gently until it reaches
the bottom of the chamber. The cuvette will be detected
automatically.
- Add reagent. Fill an electronic pipette with 400 μL of
MININEPH Hu IgG antiserum and dispense its contents
into the cuvette. The MININEPH will detect the
additional followed by movement of the stirring bar and
the assay will begin. It is not necessary to press enter.
After a 10 second blanking time the assay will take 20
seconds to complete, the result will then be displayed and
printed automatically (if a printer is connected).
- If the instrument indicates the result is higher than the
intended measuring range, reassay the sample at a higher
dilution of 1/50 (980 μL MININEPH sample diluent + 20
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μL sample). The sample dilution should be entered as
1/50.
- If the instrument indicates the result is lower than the
intended measuring range, reassay the sample at a lower
dilution of 1/5 (160 μL MININEPH sample diluent + 40
μL sample). The sample dilution should be entered as
1/5.
-

On completion of the assay remove the cuvette and press
enter to perform the next assay.

- When all assays for the chosen chemistry have been
completed press escape (esc) and select the chemistry
number for the next set assays.
N.B.: IgM methodology is the same but the amount of serum in
the test procedure is 40 μL.
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Results
The study was conducted into 40 subjects. They were
classified into two groups.
Group I (exposed):
20 workers (group 1). Their age ranged between 24 – 45
years (mean ± SD 33.55 ± 5.66).
These exposed individuals were taken from 5 places in
Gharbeia and Kafr Elsheikh governorates:
KZ (Kafr Elzaiat): 7 workers.
Abs. (Abosasa pesticide shop): 3 workers.
KM (Kellin Elmahata pesticide shop): 4 workers.
KB (Kellin Elbalad pesticide shop): 3 workers.
EG (Ezbet Gouda pesticide shop): 3 workers.

Group II (control):
20 males from the same governarate (Gharbeia and Kafr
Elsheikh):
- 7 from Kafr Elzaiat Gharbeia.
- 3 from Abosas Gharbeia.
- 4 from Kellin Elmahata Kafr Elsheikh.
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- 3 from Kellin Elbalad Kafr Elsheikh.
- 3 from Ezbat Gouda Kafr Elsheikh.
They were not exposed to organophosphates in their
work.
Their age ranged between 25 – 40 years (mean ± SD 32 ±
4.79).
Table (3): Age distribution among the studied groups
Age
Range
Mean
± SD
P > 0.05

Exposed group
N : 20
24 – 45
33.55
± 5.66

Control group
N : 20
25 - 40
32
± 4.79
N.S

P < 0.05 significant
P > 0.05 non significant
SD standard deviation
Table (3) shows the age distribution of exposed and
control groups. There was no statistically significant difference
between the mean ages of exposed and control groups (P >
0.05).
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Table (4): Student t test showing Pseudo cholinesterase level
among the studied groups
Groups

N

Mean

Std deviation

Exposed

20

1353.75

± 453.161

Control

20

2994.25

t

P

Sig.

10.68

< 0.001

S

± 299.557

P < 0.05 significant
P > 0.05 non significant

Table (4) shows the pseudo cholinesterase level among
the studied groups. There is highly significant difference
between the exposed control groups (P < 0.05).
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Figure (4): Histogram showing comparison between mean
pseudo cholinesterase levels in exposed and
control group.
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Table (5): Student t test showing white blood cells count
among the studied groups.

Groups

N

Mean

Std deviation

exposed

20

5.51

± 0.768

control

20

5.67

t

P

Sig.

1.71

0.104

N.S

± 0.82

P < 0.05 significant
P > 0.05 non significant

Table (5) shows the White blood cells count among the
studied groups. There is no significant difference between the
exposed and control groups (P > 0.05).
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Figure (5): Histogram showing comparison between mean
White blood cells count in exposed and control group.
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Table (6): Student t test showing CD4 % among the studied
groups.

Groups

N

Mean

Std deviation

Exposed

20

46.9

± 4.683

Control

20

46.6

t

P

Sig.

2.00

0.844

N.S

± 3.471

P < 0.05 significant
P > 0.05 non significant

Table (6) shows the CD4 % among the studied groups.
There is no significant difference between the exposed control
groups (P > 0.05).
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Figure (6): Histogram showing comparison between mean
CD4 % in exposed and control group.
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Table (7): Student t test showing CD8 % among the studied
groups.
Groups

N

Exposed

20 30.715

Control

20

Mean

23.6

Std deviation

t

P

Sig.

5.21

0.001

S

± 4.206

± 2.732

P < 0.05 significant
P > 0.05 non significant

Table (7) shows the CD8 % among the studied groups.
There is highly significant difference between the exposed
control groups (P < 0.05).
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Figure (7): Histogram showing comparison between mean
CD8 % in exposed and control group.
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Table (8): Student t test showing CD4/CD8 ratio among the
studied groups.
Groups

N

Mean

Std deviation

Exposed

20

1.538

± 0.159

Control

20

1.997

t

P

Sig.

5.08

0.001

S

± 0.279

P < 0.05 significant
P > 0.05 non significant

Table (8) shows the CD4/CD8 ratio among the studied
groups. There is highly significant difference between the
exposed control groups (P < 0.05).
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Figure (8): Histogram showing comparison between mean
CD4/CD8 ratios in exposed and control group.
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Table (9): Student t test showing CD56 % among the studied
groups

Groups

N

Mean

Std deviation

Exposed

20

14.76

± 1.695

Control

20

19.5

t

P

Sig.

11.86

0.001

S

± 1.413

P < 0.05 significant
P > 0.05 non significant

Table (9) shows the CD56 % among the studied groups.
There is highly significant difference between the exposed
control groups (P < 0.05).
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Figure (9): Histogram showing comparison between mean
CD56 % in exposed and control group.
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Table (10): Student t test showing Interleukin 2 level among
the studied groups.

Groups

N

Mean

Std deviation

Exposed

20

0.5805

± 0.161

Control

20

0.635

t

P

Sig.

11.8

1.17

N.S

± 0.135

P < 0.05 significant
P > 0.05 non significant

Table (10) shows the Interleukin 2 level among the
studied groups. There is no significant difference between the
exposed control groups (P > 0.05).
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Figure (10): Histogram showing comparison between mean
Interleukin 2 level in exposed and control group.

1
0.75
0.5
0.25
0
exposed

control

- 108 -

Table (11): Student t test showing IgG level among the studied
groups.

Groups

N

Mean

Std deviation

Exposed

20

1246.45

± 172.87

Control

20

697.85

t

P

Sig.

10.345

0.001

S

± 125.47

P < 0.05 significant
P > 0.05 non significant

Table (11) shows the IgG level among the studied
groups. There is highly significant difference between the
exposed control groups (P < 0.05).
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Figure (11): Histogram showing comparison between mean
IgG level in exposed and control group.
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Table (12): Student t test showing IgM level among the studied
groups.

Groups

N

Mean

Std deviation

Exposed

20

163.5

± 30.34

Control

20

154.03

t

P

Sig.

1.423

0.171

N.S

± 28.85

P < 0.05 significant
P > 0.05 non significant

Table (12) shows the IgM level among the studied
groups. There is no significant difference between the exposed
control groups (P > 0.05).
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Figure (12): Histogram showing comparison between mean
IgM level in exposed and control group.
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Table (13): Biochemical parameters in blood samples collected
from normal individuals at different locations in
Gharbeia and Kafr Elsheikh.

No.

age
Place

yr

Pse
Ch.
est.
U/L

WBCs

CD4

CD8

10 /
mm3

%

%

3

CD4/
CD8

CD56

IL2

IgG

IgM

%

U/ml

g/dl

g/dl

1

KZ

25

2510

5.67

47

23.6

1.99

19.5

0.63

880

210

2

KZ

40

3540

7.32

46.8

20

2.34

22.5

0.93

670

80

3

KZ

33

2630

4.02

46.4

27.2

1.7

16.5

0.33

790

145

4

KZ

32

3480

6.33

52.9

23.4

2.26

20.1

0.72

590

155

5

KZ

38

2705

5.01

48.1

23.8

2.02

18.9

0.54

910

165

6

KZ

28

3260

6.86

54.6

20.3

2.69

21.1

0.68

540

184.6

7

KZ

39

2800

4.48

44.2

26.9

1.64

17.9

0.58

786

125.6

33.6

2989

5.67

48.6

23.1

2.1

19.5

0.63

738

152.2

Mean
8

Abs

26

3170

6.12

47.4

20.1

2.36

19.9

0.82

698

193.8

9

Abs

28

2840

5.22

47.3

27.1

1.74

19.1

0.44

920

116.2

10

Abs

39

3090

6.44

46.6

21

2.22

20.4

0.71

745

177.2

31

3033

5.92

47.1

22.7

2.1

19.8

0.65

788

162

Mean
11

KM

37

2910

5.67

45.1

26.2

1.72

19.5

0.63

676

133.2

12

KM

28

3050

4.9

45.9

23.1

1.98

18.6

0.55

574

167

13

KM

29

2760

6.38

40.3

24.1

1.67

18.1

0.65

802

143

14

KM

33

3230

4.96

49

22.8

2.15

20.9

0.61

506

152.5

31.8

2988

5.74

45.1

24.1

1.88

19.3

0.61

640

149

Mean
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15

KB

34

2690

5.88

45.8

24.4

1.87

20.4

0.72

608

157.5

16

KB

26

3380

5.46

38.6

18.4

2.09

18.6

0.64

578

172

17

KB

35

2880

6.24

47.8

28.8

1.66

19.2

0.79

701

138

31.7

2983

5.86

44.1

23.9

1.87

19.4

0.71

629

156

Mean
18

EG

28

3230

5.1

46.6

23.3

2

19.8

0.47

633

155

19

EG

32

2660

6.06

45.4

23.9

1.9

21.3

0.68

564

169

20

EG

30

3070

5.28

46.2

23.6

1.95

17.7

0.58

786

141

Mean

30

2986

5.48

46.1

23.6

1.95

19.6

0.57

661

155

Mean

32
yrs

2994
U/L

5.67

46.6
%

23.6
%

1.997

19.5
%

0.63
U/ml

698
g/dl

154
g/dl

103/mm3

KZ: Kafr Elzaiat industry.
Abs: Abo Sasa Kafr Elzaiat.
KM: Kellin Elmahata Kafr Elsheikh.
KB: Kellin Elbalad Kafr Elsheikh.
EG: Ezbet Gouda Kafr Elsheikh.
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Table (14): Mean biochemical parameters in blood samples
collected from normal individuals at different locations in
Gharbeia and Kafr Elsheikh.

KZ
Mean

Abs
Mean

KM
Mean

KB
Mean

EG
Mean
Mean

age

P.C.E

WBCs

CD4

CD8

CD4/
CD8

CD56

IL2

IgG

IgM

33.6

2989

5.67

48.6

23.1

2.1

19.5

0.63

738

152.2

31

3033

5.92

47.1

22.7

2.1

19.8

0.65

788

162.4

31.8

2988

5.74

45.1

24.1

1.9

19.3

0.61

640

148.9

31.7

2983

5.86

44.1

23.9

1.9

19.4

0.71

629

155.8

30

2986

5.48

46.1

23.6

2

19.6

0.57

661

155

2994
U/L

5.67

46.6
%

23.6
%

2

19.5
%

0.64
U/ml

698
g/dl

154
g/dl

32

103/m
m3
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Table (15): Biochemical parameters in blood samples collected
from continues exposed individuals at different locations in
Gharbeia and Kafr Elsheikh.

No.

age
Place

yr

Pse
Ch.
est.
U/L

WBCs

CD4

CD8

10 /
mm3

%

%

3

CD4/
CD8

CD56

IL2

IgG

IgM

%

U/ml

g/dl

g/dl

1

KZ

45

1205

7.39

46.7

31

1.5

15.5

0.93

1390

165

2

KZ

35

1795

4.91

49.4

29.2

1.69

16.2

0.39

1100

165.8

3

KZ

37

880

4.94

58

40

1.45

13

0.45

1378

181

4

KZ

24

1090

6.37

43.8

26.2

1.67

14.5

0.6

1220

141.7

5

KZ

31

1150

4.51

50

31.5

1.59

14.7

0.58

1190

165

6

KZ

27

1720

6.08

39.7

23

1.72

16.8

0.69

1110

150.6

7

KZ

33

915

4.8

46.9

26.8

1.75

12.9

0.49

1378

159.4

33.1

1251

5.57

47.8

29.7

1.62

14.8

0.59

1251

161

Mean
8

Abs

37

1160

5.44

47.1

29.5

1.59

14.8

0.59

1402

174

9

Abs

27

850

5.8

46.3

35.1

1.32

11.6

0.66

1490

161

10

Abs

28

1960

5.94

48

29.3

1.64

15.7

0.58

980

158

30.7

1323

5.73

47.7

31.3

1.52

14.1

0.61

1291

164

mean
11

KM

29

1175

6.27

46.4

33.5

1.38

14.1

0.62

1290

154

12

KM

39

1760

5.44

47.5

29.9

1.59

15.2

0.59

1096

138

13

KM

40

945

4.61

45.8

32.1

1.43

15.1

0.58

1406

172

14

KM

33

1040

5.19

53.7

31.7

1.42

12.5

0.54

1270

178

35.2

1230

5.37

48.3

31.8

1.45

14.2

0.58

1265

161

mean
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15

KB

41

2000

4.56

47.7

27.9

1.7

18

0.48

1030

180

16

KB

26

1130

4.78

51.2

29.5

1.73

14.4

0.62

1370

148

17

KB

36

2110

5.69

42.8

25.3

1.41

16.6

0.72

960

149

34.3

1747

5.01

47.2

27.5

1.61

16.3

0.61

1120

159

mean
18

EG

24

1115

5.57

47.3

28.8

1.64

14.2

0.59

1380

163

19

EG

27

890

5.92

46.6

36.2

1.29

11.3

0.56

1440

177

20

EG

28

1880

5.68

47.2

28.3

1.67

16.2

0.64

1010

158

mean

26.3

1295

5.72

47

31.1

1.53

13.9

0.59

1277

166

Mean

33.5
yrs

1354
U/L

5.51

46.9
%

30.7
%

1.53
8

14.8
%

0.58
U/ml

1246
g/dl

164
g/dl

103/mm3

KZ: Kafr Elzaiat industry.
Abs: Abo Sasa Kafr Elzaiat.
KM: Kellin Elmahata Kafr Elsheikh.
KB: Kellin Elbalad Kafr Elsheikh.
EG: Ezbet Gouda Kafr Elsheikh.
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Discussion
Pesticide poisoning is a major public health problem in
developing countries. In most of these countries
organophosphate pesticides constitute the most widely used
pesticides (Crinnion, 2000).
Occupational illness is common because it is impractical
and expensive to use safety equipment in the humid tropics.
(Michael Eddleston, 2002).
The main toxicity of OPCs is neurotoxicity, which is
caused by the inhibition of acetylcholinesterase. OPCs also
affect the immune response, including effects on antibody
production, interleukin-2 production, T cell proliferation, and
the inhibition of natural killer (NK) cell, lymphokine-activated
killer (LAK) cell, and cytotoxic T lymphocyte (CTL) activities
(Li, 2007).
The study was conducted into 40 subjects. They were
classified into two groups.
Group I (exposed):
20 workers (group 1). Their age ranged between 24 – 45
years (mean ± SD 33.55 ± 5.66).
These exposed individuals were taken from 5 places in
Gharbeia and Kafr Elsheikh governorates:
KZ (Kafr Elzaiat): 7 workers.
- 119 -

Abs. (Abosasa pesticide shop): 3 workers.
KM (Kellin Elmahata pesticide shop): 4 workers.
KB (Kellin Elbalad pesticide shop): 3 workers.
EG (Ezbet Gouda pesticide shop): 3 workers.

Group II (control):
20 males from the same governarate (Gharbeia and Kafr
Elsheikh):
- 7 from Kafr Elzaiat Gharbeia.
- 3 from Abosas Gharbeia.
- 4 from Kellin Elmahata Kafr Elsheikh.
- 3 from Kellin Elbalad Kafr Elsheikh.
- 3 from Ezbat Gouda Kafr Elsheikh.
They were not exposed to organophosphates in their
work.
Their age ranged between 25 – 40 years (mean ± SD 32 ±
4.79).
Biochemical aspects were specifically determined in
blood samples collected from normal (non occupational
exposure) individuals and others who were occupationally
- 120 -

exposed to different types of pesticides at Kafr Elzayat and Kafr
Elsheikh governorates of Lower Egypt during 2008 – 2009.
The studied biochemical parameters were Pseudo
cholinesterase, WBCs, CD4, CD8, CD4/CD8, CD56,
Interleukine 2, IgG and IgM.
Examination of the obtained results indicated the great
and significant differences in the amounts and activities of these
parameters between unexposed and exposed individuals.
In order to facilitate the present action of the obtained
data, it is preferable to discuss the changes of biochemical
aspects between unexposed and exposed individuals.
Regarding the age among the studied groups there was no
statistically significant difference between the mean ages of
exposed and control groups (P > 0.05) (table 3).
When measuring the level of pseudo cholinesterase the
study showed highly significant decrease (P < 0.05) in serum
pseudo cholinesterase level in group I (exposed) (1353.75 U/L)
when compared to group II (control) (2994.25 U/L) as shown in
table (4) and figure (4).
Organophosphorus pesticides produce slowly reversible
inhibition of cholinesterase thus an individual may experience
progressive ChE inhibition but remain asymptomatic
(Ecobichon, 1996).
- 121 -

Hernández et al. in 2004 found decrease
cholinesterase level in chronic exposure to pesticides.

in

Organophosphorus pesticides are potent inhibitors of
serine esterase such as acetyl cholinesterase and serum
cholinesterase (Li, 2007).
As for WBCs, the study showed no significant change in
white blood cells count among the exposed group in
comparison to control group as shown in table (5) and figure
(5).
This goes with Alan et al. (1990) and Marilyn (2000)
who showed that the complete blood count and other
lymphocyte phenotypic marker did not differ between cases and
controls.
In contrast with our findings, Roitt et al. (1998) found
mild leucopenia in exposed cases, which he said that it might be
due to viral infection.
On the other hand Piotr et al. (2001) found that workers
employed in the production of dust pesticides showed a large
number of leukocytes in peripheral blood. This increase may
result from direct effect of pesticides on the bone marrow of the
workers, or it may be associated with chronic infection.
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When studying the effect of exposure to pesticides on the
human cell mediated immunity; data in table (6), and figure (6)
indicated no significant differences in CD4 percent between
individuals from exposed and control groups.
As for CD8, data in table (7), and figure (7) showed the
percent of this parameter in exposed individuals to pesticides at
the work places was increased significantly than that in
unexposed ones. The CD8 percent were increased from 23.6 %
(unexposed) to 30.175% in exposed group.
As for the ratio CD4/CD8, data in table (8), and figure
(8), indicated lower values of this ratio in blood samples from
exposed individuals to pesticides compared with unexposed
values (2). The student T.test indicating highly significant
differences between exposed and control groups.
Piotr et al. (2001) found that workers employed in the
production of dust pesticides show alterations in the parameters
of humoral immunity, and these changes could be one of the
reasons for the higher incidence of chronic infections. They
found a decrease in CD4/CD8 ratio among the exposed group
than the control group. These findings are in agreement with
our results.
Fiore et al. (1986) found also an increase of percentage
of CD8 and a decrease in CD4/CD8 ratio in women drinking
ground water contaminated with pesticides.
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A decrease in CD4/CD8 ratio has also been found in male
and female workers producing phosphor-organic compounds
(Fiore et al., 1986).
Marilyn et al. (2000) found an increase percentage of
CD8 and a decrease in CD4/CD8 ratio, but in contrast to our
work he found a slight decrease in percentage of CD4.
As for CD56, data in table (9) and figure (9) clearly
indicated the considerable role of pesticides exposure in
workplace in reducing CD56 biochemical parameter in the
blood of monitored males from Gharbeia and Kafr Elsheikh
governorates. The student T.test indicated significant
defferences between exposed and unexposed individuals.
Faustini et al. (1996) and Marilyn et al. (2000)
mentioned that following exposure to organophosphates, a
statistically significant reduction of NK (CD56) cell activity
was observed, which is similar to our findings.
Delia (2001) studied the effect of occupational and
environmental exposure to pesticides on the human immune
system, and their results were in accordance with our results as
regard the decrease in CD4/CD8 ratio, and a decrease in CD56
percentage.
In contrast with our work, Ernst et al. (1998) and
Jennings et al. (1988) found that NK CD56 cells were slightly
increased. This may be due to increase viral infections.
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Data in table (10) and figure (10) indicated slight
reducing effects of pesticides exposure in the work place on the
level of interleukin2 in the blood of examined workers. The IL2
level was decreased from 0.64 U/ml (unexposed blood) to 0.58
in exposed group. The student T.test indicated no statistically
significant decrease in the level of interleukin 2 in the exposed
group incomparison to unexposed one.
Mc Clure et al. (2001) compared the immune function
between the exposed and non-exposed farm families and they
measured interleukin 2, and showed no significant differences.
Li (2007) found a decrease in interleukin 2 in exposure
to organophosphorus pesticides.
When studying the effect of exposure to pesticides on the
humoral immunity; data in table (11) and figure (11) clearly
indicated the great increase of the level of IgG in the blood of
the workers exposed routinely to pesticides in the work place.
The student T.test indicated significant difference in IgG level
of exposed workrs compared with unexposed one.
Studies on the occupational exposure to pesticides during
spraying operation and the immune profile of exposed workers
have shown increased levels of IgG (ICMR BULLETIN,
2001).

- 125 -

Wysocki et al. (1985) and Kłucinski et al. (1996) also
found a significantly increased serum IgG concentration in
cases in comparison to control group.
Data in table (12) and figure (12) indicated that exposure
of workers to pesticides in the work place resulted in slight
increase in the level of IgM in the blood of exposed individuals.
The student T.test indicated no significant difference in IgM
level in blood between exposed and control groups.
Katsenovich and Ruzybaiev (1981) found that there is no
significant change in IgM among the exposed group compared
with the control group. This is the same as our findings.
But Wysocki et al. (1985) found decrease in the level of
serum IgM in exposed cases.
On the other hand Kłucinski et al. (1996) found an
increase level of IgM in exposed workers.
Reviewing the aforementioned results, it could be
concluded that long and continous exposure of workers to
pesticides at Gharbeia and Kafr Elsheik governorates resulted in
different influences on blood biochemical aspects related to
immune system and founctions. No clear trend was noticed on
the role of work place and location. Exposure to pesticides
caused slight increase than normal in case of CD4 and IgM,
while caused slight reduction in IL2 and WBCs. It caused
considerable increase in CD8, while caused moderate reduction
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in CD4/CD8 ratio and CD56. On the othe hand, exposure to
pesticides in the work place resulted in great increase in the
levels of IgG in workers blood than normal, and a great
decrease in pseudo cholinesterase levels.
Our findings indicated that routine and continous
exposure to pesticides in the workplace caused different levels
of changes (increase, decrease) in the studied biochemical
aspects relates to immune system and functions. Such changes
confirmed the toxic effects of pesticides exposure on the
workers immunity.
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Summary

Summary
Pesticide poisoning is a major public health problem in
developing countries. In most of these countries
organophosphate pesticides constitute the most widely used
pesticides (Crinnion, 2000).
The extensive use of pesticides exposes the community
to both long-term and acute occupational health problems
(Konradsen, 2007).
The main toxicity of OPs is neurotoxicity, which is
caused by the inhibition of acetylcholinesterase. OPs also affect
the immune response, including effects on antibody production,
interleukin-2 production, T cell proliferation, and the inhibition
of natural killer (NK) cell, lymphokine-activated killer (LAK)
cell, and cytotoxic T lymphocyte (CTL) activities (Li, 2007).
The aim of this work is to evaluate the role of
occupational exposure to pesticides on the humoral and cellular
immunity of exposed workers in pesticides industries.
The study was conducted into 40 subjects. They were
classified into two groups.
Group I (exposed):
20 workers (group 1). Their age ranged between 24 – 45
years (mean ± SD 33.55 ± 5.66).
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Summary
These exposed individuals were taken from 5 places in
Gharbeia and Kafr Elsheikh governorates:
KZ (Kafr Elzaiat): 7 workers.
Abs. (Abosasa pesticide shop): 3 workers.
KM (Kellin Elmahata pesticide shop): 4 workers.
KB (Kellin Elbalad pesticide shop): 3 workers.
EG (Ezbet Gouda pesticide shop): 3 workers.

Group II (control):
20 males from the same governarate (Gharbeia and Kafr
Elsheikh):
- 7 from Kafr Elzaiat Gharbeia.
- 3 from Abosas Gharbeia.
- 4 from Kellin Elmahata Kafr Elsheikh.
- 3 from Kellin Elbalad Kafr Elsheikh.
- 3 from Ezbat Gouda Kafr Elsheikh.
They were not exposed to organophosphates in their
work.
Their age ranged between 25 – 40 years (mean ± SD 32 ±
4.79).
- 130 -

Summary
All subjects were subjected to:
 Complete history and clinical examination. We exclude
any workers who had previous history of any disease that
may affect the immune system.
 Pseudo cholinesterase level.
 White blood cell count.
 The percentage of CD4.
 The percentage of CD8.
 CD4 / CD8 were calculated.
 The percentage of CD56.
 Interleukin 2 IL-2 level.
 The serum concentration of Immunoglobulin G (IgG).
 The serum concentration of Immunoglobulin M (IgM).
From these investigations we reported the following:
A highly significant decrease in pseudo cholinesterase
level among the exposed group in comparison to the control
group.
There was no significant change in white blood cells
count between the exposed and control groups.
There was no significant change in percentage of CD4
among the exposed and control group.
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Summary
There was highly significant increase in percentage of
CD8 in the exposed group in comparison to control group.
There was highly significant decrease in CD4 / CD8 ratio
in the exposed group in comparison to control group.
There was highly significant decrease in percentage of
CD56 in the exposed group in comparison to control group.
There was no significant change in Interleukin 2 level
among the exposed and control group.
There was highly significant increase in IgG level in the
exposed group in comparison to control group.
There was no significant change in IgM level among the
exposed and control group.
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Conclusion

Conclusion
From this study, we concluded that pesticides are
extensively documented occupational and environmental
hazards.
Exposure to pesticides in the occupational field
contributes to changes of the immune system. Since such
modulating agents can potentially lead to adverse health
consequences, the involvement of immune biomarkers in
pesticide exposed workers seems to be of considerable value for
risk assessment studies.
Organophosphates inhibit the immune system either the
humoral or the cell mediated immunity.
Exposure to pesticides cause:
-

Significant decrease in pseudo cholinesterase level
among the exposed group in comparison to the control
group.

-

Highly significant increase in percentage of CD8 in the
exposed group in comparison to control group.

-

Highly significant decrease in CD4 / CD8 ratio in the
exposed group in comparison to control group.

- Highly significant decrease in percentage of CD56 in the
exposed group in comparison to control group.
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Conclusion
- Highly significant increase in IgG level in the exposed
group in comparison to control group.
Changes in the immune system are not associated with
manifest symptomatic disease, but alarm us to take care of and
follow up these subjects.
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Recommendations

Recommendations
Occupational exposure to pesticides can cause alteration in
the immune system with many health consequences.
The following recommendations may be of value in
reducing such consequences.
 Governmental supervision on the companies; working in
the field of pesticides formulation must be strict.
 Strict health and safety measures must be applied in the
pesticides companies. Especially, using protective
equipments when dealing with pesticides as masks and
gloves for example.
 Periodic training programs should be available to the
workers to present how to be familiar with the protective
equipments, early detection of symptoms of toxicity and
1st aid training.
 Pre employment assessment to the workers is a must.
This includes clinical, biochemical and immunological
parameters to exclude high risk workers.
 Workers who are involved in pesticides manipulation
activities must be examined periodically. This includes
clinical, biochemical and immunological parameters.
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Recommendations
 Important immunological parameters must be done to the
workers periodically especially pseudocholinesterase,
CD8, CD56 and IgG. It will be of a great value.
 Decrease working hours, to decrease time of exposure.
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اﻟﻤﻠﺨﺺ اﻟﻌﺮﺑﻰ
اﻟﺘﺴ ﻤﻢ ﺑﺎﻟﻤﺒﯿ ﺪات ﻣﺸ ﻜﻠﺔ ﻣﻨﺘﺸ ﺮة ﻓ ﻲ اﻟ ﺪول اﻟﻨﺎﻣﯿ ﺔ ،ﻓ ﻲ أﻏﻠ ﺐ ھ ﺬه اﻟﺒﻠ ﺪان
ﺎرا .ﺘﺨﺪام اﻟﻤﺒﯿ ﺪات ﺑﺸ ﻜﻞ ﻛﺒﯿ ﺮ
ﻔﻮرﯾﺔ ﺗﺸ ﻜﻞ اﻛﺜ ﺮ اﻟﻤﺒﯿ ﺪات اﻧﺘﺸ اﺳ
ﺪات اﻟﻔﻮ
اﻟﻤﺒﯿ ﺳ
ﯾﻌﺮض اﻟﻤﺠﺘﻤﻊ ﻷﺿﺮار ﺣﺎدة وﻣﺰﻣﻨﺔ.
اﻟﺘﺴﻤﻢ اﻟﺮﺋﯿﺴﻲ ﻓﻲ اﻟﻤﺒﯿﺪات اﻟﻔﻮﺳﻔﻮرﯾﺔ ﯾﺤﺪث ﻓﻲ اﻟﺠﮭ ﺎز اﻟﻌﺼ ﺒﻲ ،ﻛ ﺬﻟﻚ
ﻓﺈن اﻟﻤﺒﯿﺪات اﻟﻔﻮﺳﻔﻮرﯾﺔ ﺗﺆﺛﺮ ﻋﻠﻰ اﻟﺠﮭﺎز اﻟﻤﻨﺎﻋﻲ وﻓﻲ أﻏﻠﺐ ﺧﻼﯾﺎه.
اﻟﮭﺪف ﻣ ﻦ ھ ﺬه اﻟﺪراﺳ ﺔ ھ ﻮ ﺗﻘﯿ ﯿﻢ ﺗ ﺄﺛﯿﺮ اﻟﺘﻌ ﺮض اﻟﻤﮭﻨ ﻲﻟ ﺒﻌﺾ اﻟﻤﺒﯿ ﺪات
ﻋﻠﻰ اﻟﺠﮭﺎز اﻟﻤﻨﺎﻋﻲ اﻟﺨﻠﻄﻲ واﻟﺨﻠﻮي.
ﺣﺎﻟﺔ,ﻢ ﺗﻘﺴ ﯿﻢ اﻟﺤ ﺎﻻت اﻟ ﻰ ﻣﺠﻤ ﻮﻋﺘﯿﻦ
أﺟﺮﯾﺖ ھﺬه اﻟﺮﺳﺎﻟﺔ ﻋﻠﻰ ﻋﺪد  40ﺗ
رﺋﯿﺴﺘﯿﻦ:
ﻣﺠﻤﻮﻋﺔ ) 1ﻣﻌﺮﺿﯿﻦ(:
ﻋﺸﺮون ﻋﺎﻣﻞ ﺗﺘﺮاوح اﻋﻤﺎرھﻢ ﺑﯿﻦ  45 – 24ﺳﻨﺔ.
ﻻ ﯾﺴﺘﺨﺪم اﻟﻌﺎﻣﻠﻮن اي ﻣﻌﺪات ﻟﻠﺤﻤﺎﯾﺔ ﺧﻼل ﻓﺘﺮة اﻟﻌﻤﻞ.
  7ﻋﻤﺎل ﻣﻦ ﻣﺼﻨﻊ ﻓﻲ ﻛﻔﺮ اﻟﺰﯾﺎت )ﻣﺤﺎﻓﻈﺔ اﻟﻐﺮﺑﯿﺔ(.  3ﻋﻤﺎل ﻣﻦ ﻣﺤﻞ ﻣﺒﯿﺪات ﻓﻲ اﺑﻮ ﺳﺎﺳﺎ )ﻣﺤﺎﻓﻈﺔ اﻟﻐﺮﺑﯿﺔ(.  4ﻋﻤﺎل ﻣﻦ ﻣﺤﻞ ﻣﺒﯿﺪات ﻓﻲ ﻗﻠﯿﻦ اﻟﻤﺤﻄﺔ )ﻣﺤﺎﻓﻈﺔ ﻛﻔﺮ اﻟﺸﯿﺦ(.  3ﻋﻤﺎل ﻣﻦ ﻣﺤﻞ ﻣﺒﯿﺪات ﻓﻲ ﻗﻠﯿﻦ اﻟﺒﻠﺪ )ﻣﺤﺎﻓﻈﺔ ﻛﻔﺮ اﻟﺸﯿﺦ(.  3ﻋﻤﺎل ﻣﻦ ﻣﺤﻞ ﻣﺒﯿﺪات ﻓﻲ ﻋﺰﺑﺔ ﺟﻮدة )ﻣﺤﺎﻓﻈﺔ ﻛﻔﺮ اﻟﺸﯿﺦ(.ﻣﺠﻤﻮﻋﺔ ﺿﺎﺑﻄﺔ:
 20رﺟﻞ ﻣﻦ ﻧﻔﺲ اﻟﻤﺤﺎﻓﻈﺎت )اﻟﻐﺮﺑﯿﺔ وﻛﻔﺮ اﻟﺸﯿﺦ(.
ﺗﺘﺮاوح اﻋﻤﺎرھﻢ ﺑﯿﻦ  40 – 25ﺳﻨﮫ.
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وﻻ ﯾﺘﻌﺮﺿﻮن ﻟﻠﻤﺒﯿﺪات ﺑﺼﻔﺔ داﺋﻤﺔ ﻓﻲ ﻋﻤﻠﮭﻢ.
  7اﻓﺮاد ﻣﻦ ﻣﻨﻄﻘﺔ ﻛﻔﺮ اﻟﺰﯾﺎت )اﻟﻐﺮﺑﯿﺔ(.  3اﻓﺮاد ﻣﻦ ﻣﻨﻄﻘﺔ اﺑﻮﺳﺎﺳﺎ )اﻟﻐﺮﺑﯿﺔ(.  4اﻓﺮاد ﻣﻦ ﻣﻨﻄﻘﺔ ﻗﻠﯿﻦ اﻟﻤﺤﻄﺔ )ﻛﻔﺮ اﻟﺸﯿﺦ(.  3اﻓﺮاد ﻣﻦ ﻣﻨﻄﻘﺔ ﻗﻠﯿﻦ اﻟﺒﻠﺪ )ﻛﻔﺮ اﻟﺸﯿﺦ(.  3اﻓﺮاد ﻣﻦ ﻋﺰﺑﺔ ﺟﻮدة )ﻛﻔﺮ اﻟﺸﯿﺦ(.ﻛﻞ اﻟﺤﺎﻻت ﺧﻀﻌﺖ ﻟﻠﺘﺎﻟﻰ:
 ﺗﺎرﯾﺦ ﻛﺎﻣﻞ وﻓﺤﺺ إﻛﻠﯿﻨﯿﻜﻰ ،وﻗﺪ اﺳﺘﺒﻌﺪﻧﺎ أى ﻋﺎﻣﻞ ﻋﻨﺪه ﺗﺎرﯾﺦ ﺳﺎﺑﻖ ﻷى
ﻣﺮض ﻗﺪ ﯾﺆﺛﺮ ﻋﻠﻰ اﻟﺠﮭﺎز اﻟﻤﻨﺎﻋﻰ.
 ﻣﺴﺘﻮى إﻧﺰﯾﻢ اﻟﻜﻮﻟﯿﻦ اﺳﺘﺮﯾﺰ اﻟﻜﺎذب ﺑﺎﻟﺪم.
 ﻋﺪد ﻛﺮات دم ﺑﯿﻀﺎء.
 ﻧﺴﺒﺔ اﻟﺨﻼﯾﺎ اﻟﻠﯿﻤﻔﺎوﯾﺔ ﺳﻰ دى .4
 ﻧﺴﺒﺔ اﻟﺨﻼﯾﺎ اﻟﻠﯿﻤﻔﺎوﯾﺔ ﺳﻰ دى .8
 اﻟﻨﺴﺒﺔ ﺑﯿﻦ اﻟﺨﻼﯾﺎ اﻟﻠﯿﻤﻔﺎوﯾﺔ ﺳﻰ دي  /4اﻟﺨﻼﯾﺎ اﻟﻠﯿﻤﻔﺎوﯾﺔ ﺳﻰ دى .8
 ﻧﺴﺒﺔ اﻟﺨﻼﯾﺎ اﻟﻠﯿﻤﻔﺎاوﯾﺔ ﺳﻰ دى .56
 ﻣﺴﺘﻮى ﻣﻨﺸﻂ اﻟﺨﻠﯿﺔ ﻟﻺﻓﺮاز )اﻧﺘﺮﻟﻮﻛﯿﻦ .(2
 ﺗﺮﻛﯿﺰ اﻷﺟﺴﺎم اﻟﻤﻨﺎﻋﯿﺔ ﺟﻰ ﻓﻰ اﻟﻤﺼﻞ.
ﻣﻦ ھﺬه اﻟﻔﺤﻮﺻﺎت ﺗﺒﯿﻦ اﻵﺗﻰ:
 -1اﻧﺨﻔﺎض ذو دﻻﻟﺔ إﺣﺼﺎﺋﯿﺔ ﻋﺎﻟﯿﺔ ﻓﻰ ﻣﺴﺘﻮى إﻧﺰﯾﻢ اﻟﻜﻮﻟﯿﻦ اﺳﺘﺮﯾﺰ اﻟﻜﺎذب
ﻓﻰ اﻟﻤﺠﻤﻮﻋﺔ اﻟﻤﺘﻌﺮﺿﺔ ﺑﺎﻟﻤﻘﺎرﻧﺔ ﺑﺎﻟﻤﺠﻤﻮﻋﺔ اﻟﻤﻘﺎرﻧﺔ.
اﻟﺮﺳﺎﻟﺔ ﻻ ﯾﻮﺟﺪ ﺗﻐﯿﺮ ذو دﻻﻟ ﺔ إﺣﺼ ﺎﺋﯿﺔ ﻓ ﻰ ﻋ ﺪد ﺧﻼﯾ ﺎ اﻟ ﺪم
 -2أوﺿﺤﺖ أﻧﮫ
اﻟﺒﯿﻀﺎء ﺑﯿﻦ اﻟﻤﺠﻤﻮﻋﺔ اﻟﻤﺘﻌﺮﺿﺔ واﻟﻤﺠﻤﻮﻋﺔ اﻟﻤﻘﺎرﻧﺔ.
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 -3ﻟﻢ ﻧﺠﺪ ﺗﻐﯿﺮ ذو ﺔدﻻﻟإﺣﺼﺎﺋﯿﺔ ﻓ ﻰ ﻧﺴ ﺒﺔ اﻟﺨﻼﯾ ﺎ اﻟﻠﯿﻤﻔﺎوﯾ ﺔ ﺳ ﻰ دى  4ﺑ ﯿﻦ
اﻟﻤﺠﻤﻮﻋﺔ اﻟﻤﺘﻌﺮﺿﺔ واﻟﻤﺠﻤﻮﻋﺔ اﻟﻤﻘﺎرﻧﺔ.
-4وﺟﺪﻧﺎ ارﺗﻔﺎع ذو دﻻﻟﺔ إﺣﺼﺎﺋﯿﺔ ﻋﺎﻟﯿﺔ ﻓﻰ ﻧﺴ ﺒﺔ اﻟﺨﻼﯾ ﺎ اﻟﻠﯿﻤﻔﺎوﯾ ﺔ ﺳ ﻰ دى
 8ﻓﻰ اﻟﻤﺠﻤﻮﻋﺔ اﻟﻤﺘﻌﺮﺿﺔ ﻣﻘﺎرﻧﺔ ﺑﺎﻟﻤﺠﻤﻮﻋﺔ اﻟﻤﻘﺎرﻧﺔ.
 -5وﺟﺪﻧﺎ اﻧﺨﻔﺎض ذو دﻻﻟﺔ إﺣﺼﺎﺋﯿﺔ ﻋﺎﻟﯿﺔ ﻓﻰ اﻟﻨﺴﺒﺔ ﺑﯿﻦ ﺳﻰ دى  /4ﺳﻰ دى
 8ﻓﻰ اﻟﻤﺠﻤﻮﻋﺔ اﻟﻤﺘﻌﺮﺿﺔ ﻣﻘﺎرﻧﺔ ﺑﺎﻟﻤﺠﻤﻮﻋﺔ اﻟﻤﻘﺎرﻧﺔ.
 -6وﺟﺪﻧﺎ اﻧﺨﻔﺎض ذو دﻻﻟﺔ إﺣﺼﺎﺋﯿﺔ ﻋﺎﻟﯿﺔ ﻓﻰ ﻧﺴﺒﺔ اﻟﺨﻼﯾﺎ اﻟﻠﯿﻤﻔﺎوﯾﺔ ﺳﻰ دى
 56ﻓﻰ اﻟﻤﺠﻤﻮﻋﺔ اﻟﻤﺘﻌﺮﺿﺔ ﺑﺎﻟﻤﻘﺎرﻧﺔ ﺑﺎﻟﻤﺠﻤﻮﻋﺔ اﻟﻤﻘﺎرﻧﺔ.
ﻟ

ﻢ ﻧﺠ

ﺪ ﺗﻐﯿ  -7ﺮ ذو دﻻﻟ ﺔ إﺣﺼ ﺎﺋﯿﺔ ﻓ ﻰ ﻣﺴ ﺘﻮى ﻣﻨﺸ ﻂ اﻟﺨﻠﯿ ﺔ ﻟﻺﻓ
)اﻧﺘﺮﻟﻮﻛﯿﻦ  (2ﺑﯿﻦ اﻟﻤﺠﻤﻮﻋﺔ اﻟﻤﺘﻌﺮﺿﺔ واﻟﻤﺠﻤﻮﻋﺔ اﻟﻤﻘﺎرﻧﺔ.

ﺮاز

 -8وﺟﺪﻧﺎ ارﺗﻔﺎع ذو دﻻﻟﺔ إﺣﺼﺎﺋﯿﺔ ﻋﺎﻟﯿﺔ ﻓﻰ ﻣﺴﺘﻮى اﻷﺟﺴﺎم اﻟﻤﻨﺎﻋﯿﺔ ﺟﻰ ﻓﻰ
اﻟﻤﺠﻤﻮﻋﺔ اﻟﻤﺘﻌﺮﺿﺔ ﺑﺎﻟﻤﻘﺎرﻧﺔ ﺑﺎﻟﻤﺠﻤﻮﻋﺔ اﻟﻤﻘﺎرﻧﺔ.
ﺗﻐﯿ ﺮ ذو دﻻﻟ ﺔ إﺣﺼ ﺎﺋﯿﺔ ﻓ ﻰ ﻣﺴ ﺘﻮى اﻷﺟﺴ ﺎم اﻟﻤﻨﺎﻋﯿ ﺔ إم ﺑ ﯿﻦ
ﻟ ﻢ ﻧﺠ ﺪ-9
اﻟﻤﺠﻤﻮﻋﺔ اﻟﻤﻨﻮﻃﺔ واﻟﻤﺠﻤﻮﻋﺔ اﻟﻤﻘﺎرﻧﺔ.
ﻧﺴ ﺘﻨﺘﺞ ﻣ ﻦ ھ ﺬه اﻟﺪراﺳ ﺔ أن اﻟﺘﻌ ﺮض اﻟﻤﮭﻨ ﻰ ﻟﻠﻤﺒﯿ ﺪات أﺛ ﺮ ﻋﻠ ﻰ اﻟﻤﻨﺎﻋ ﺔ
اﻟﺨﻠﻄﯿﺔ واﻟﺨﻠﻮﯾﺔ.
اﻟﻤﺒﯿﺪات اﻟﻔﻮﺳﻔﻮرﯾﺔ اﻟﻌﻀﻮﯾﺔ ﺗﺜﺒﻂ اﻟﺠﮭ ﺎز اﻟﻤﻨ ﺎﻋﻰ ,ﻛﻤ ﺎ اناﻟﺘﻐﯿ ﺮات ﻓ ﻰ
اﻟﺠﮭﺎز اﻟﻤﻨﺎﻋﻰ ﻟﻢ ﺗﺘﺰاﻣﻞ ﻣﻊ اﻟﻤﻈﺎھﺮ اﻹﻛﻠﯿﻨﯿﻜﯿﺔ .وﻣﻦ ﺛﻢ ﯾﺠﺐ ﻣﺘﺎﺑﻌﺔ ھﺬه اﻟﺤﺎﻻت
واﻛﺘﺸﺎف أى أﻣﺮاض ﻣﺒﻜﺮا ﺣﺘﻰ ﻧﺴﺘﻄﯿﻊ ﻋﻼﺟﮭﺎ ﻣﺒﻜﺮا.
ﻛﻤﺎ ﯾﺠﺐ اﺳﺘﺨﺪام ادوات وﻗﺎﺋﯿﺔ ﻓﻲ اﻟﻤﺼﺎﻧﻊ ﻟﺘﻘﻠﯿﻞ اﻟﺘﻌﺮض ﻟﮭﺬه اﻟﻤﺒﯿﺪات.
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اﻟﻤﺴﺘﺨﻠﺺ
اﻟﺘﺴﻤﻢ ﺑﺎﻟﻤﺒﯿﺪات ﻣﺸﻜﻠﺔ ﺻﺤﯿﺔ ﻛﺒﯿﺮة ﻓﻲ اﻟﺪول اﻟﻨﺎﻣﯿﺔ ،ﻓﻲ اﻏﻠﺐ ھﺬه
اﻟﺒﻠﺪان اﻟﻤﺒﯿﺪات اﻟﻔﻮﺳﻔﻮرﯾﺔ ھﻲ اﻻﻛﺜﺮ اﺳﺘﺨﺪاﻣﺎ .اﻛﺜﺮ اﻧﻮاع اﻟﺘﺴﻤﻢ ﺣﺪوﺛﺎ ھﻮ
ﺗﺴﻤﻢ اﻟﺠﮭﺎز اﻟﻌﺼﺒﻲ،واﻟﺬي ﯾﺤﺪث ﻧﺘﯿﺠﺔ ﻟﺘﺜﺒﯿﻂ ﻋﻤﻞ اﻻﻧﺰﯾﻢ ﻣﻀﺎد ﻟﻼﺳﯿﺘﯿﻞ
ﻛﻮﻟﯿﻦ ،اﻟﻤﺒﯿﺪات اﻟﻔﻮﺳﻔﻮرﯾﺔ ﻛﺬﻟﻚ ﺗﺆﺛﺮ ﻋﻠﻰ اﻟﺠﮭﺎز اﻟﻤﻨﺎﻋﻲ ﺳﻮاء اﻟﺨﻠﻄﻲ
واﻟﺨﻠﻮي ،ھﺬه اﻟﺪراﺳﺔ ﺗﻘﯿﺲ ﺗﺄﺛﯿﺮ اﻟﻤﺒﯿﺪات اﻟﻔﻮﺳﻔﻮرﯾﺔ ﻋﻠﻰ اﻟﻤﻨﺎﻋﺔ اﻟﺨﻠﻄﯿﺔ
واﻟﺨﻠﻮﯾﺔ ﻟﻠﻌﻤﺎل اﻟﻤﻌﺮﺿﯿﻦ ﻓﻲ ﻣﺼﺎﻧﻊ اﻟﻤﺒﯿﺪات .ﺗﻤﺖ ھﺬه اﻟﺪراﺳﺔ ﻋﻠﻰ 40
ﺷﺨﺺ .ﺗﻢ ﺗﻘﺴﯿﻤﮭﻢ اﻟﻰ ﻣﺠﻤﻮﻋﺘﯿﻦ؛  20ﻋﺎﻣﻞ ﻣﻦ اﻟﻤﻌﺮﺿﯿﻦ ﻟﻠﻤﺒﯿﺪات ﻣﻦ
ﻣﺤﺎﻓﻈﺘﻲ اﻟﻐﺮﺑﯿﺔ وﻛﻔﺮ اﻟﺸﯿﺦ ،ﻓﻲ ﻋﺎﻣﻲ  2008و ،2009وﻋﺸﺮون ﺷﺨﺺ ﻏﯿﺮ
ﻣﻌﺮض ﻟﻠﻤﺒﯿﺪات ﻓﻲ ﻧﻔﺲ اﻟﻔﺘﺮة اﻟﺰﻣﻨﯿﺔ ﻛﻤﺠﻤﻮﻋﺔ ﺿﺎﺑﻄﺔ ،ﺗﻢ ﻓﺤﺺ ﺑﻌﺾ
اﻟﻘﯿﺎﺳﺎت اﻟﻤﻨﺎﻋﯿﺔ :اﻻﻧﺰﯾﻢ ﻣﻀﺎد ﻟﻼﺳﯿﺘﯿﻞ ﻛﻮﻟﯿﻦ اﻟﻜﺎذب ،ﻋﺪ ﻛﺮﯾﺎت اﻟﺪم اﻟﺒﯿﻀﺎء،
ﻧﺴﺒﺔ اﻟﺨﻼﯾﺎ اﻟﻠﻠﯿﻤﻔﺎوﯾﺔ ﺳﻲ دي  ،4ﻧﺴﺒﺔ اﻟﺨﻼﯾﺎ اﻟﻠﻠﯿﻤﻔﺎوﯾﺔ ﺳﻲ دي  ،8اﻟﻨﺴﺒﺔ ﺑﯿﻦ
اﻟﺨﻼﯾﺎ اﻟﻠﯿﻤﻔﺎوﯾﺔ ﺳﻲ دي  4واﻟﺨﻼﯾﺎ اﻟﻠﯿﻤﻔﺎوﯾﺔ ﺳﻲ دي  ،8ﻧﺴﺒﺔ اﻟﺨﻼﯾﺎ اﻟﻠﻠﯿﻤﻔﺎوﯾﺔ
ﺳﻲ دي  ،56ﻣﺴﺘﻮى ﻣﻨﺸﻂ اﻟﺨﻠﯿﺔ ﻟﻼﻓﺮاز )اﻧﺘﺮﻟﻮﻛﯿﻦ ،(2ﺗﺮﻛﯿﺰ اﻻﺟﺴﺎم اﻟﻤﻨﺎﻋﯿﺔ
ﺟﻲ ﻓﻲ اﻟﻤﺼﻞ وﺗﺮﻛﯿﺰ اﻻﺟﺴﺎم اﻟﻤﻨﺎﻋﯿﺔ ام ﻓﻲ اﻟﻤﺼﻞ .ﻛﺬﻟﻚ ﺗﻢ ﻓﺤﺺ ﺗﺎرﯾﺨﮭﻢ
اﻟﻤﺮﺿﻲ وﻓﺤﺼﮭﻢ اﻛﻠﯿﻨﯿﻜﯿﺎ .ﺗﻢ ﺗﻘﺮﯾﺮ اﻵﺗﻲ :وﺟﻮد اﻧﺨﻔﺎض ذو دﻻﻟﺔ إﺣﺼﺎﺋﯿﺔ
ﻋﺎﻟﯿﺔ ﻓﻰ ﻣﺴﺘﻮى إﻧﺰﯾﻢ اﻟﻜﻮﻟﯿﻦ اﺳﺘﺮﯾﺰ اﻟﻜﺎذب ﻓﻰ اﻟﻤﺠﻤﻮﻋﺔ اﻟﻤﺘﻌﺮﺿﺔ ﺑﺎﻟﻤﻘﺎرﻧﺔ
ﺑﺎﻟﻤﺠﻤﻮﻋﺔ اﻟﻤﻘﺎرﻧﺔ ،ارﺗﻔﺎع ذو دﻻﻟﺔ إﺣﺼﺎﺋﯿﺔ ﻋﺎﻟﯿﺔ ﻓﻰ ﻧﺴﺒﺔ اﻟﺨﻼﯾﺎ اﻟﻠﯿﻤﻔﺎوﯾﺔ
ﺳﻰ دى  8ﻓﻰ اﻟﻤﺠﻤﻮﻋﺔ اﻟﻤﺘﻌﺮﺿﺔ ﻣﻘﺎرﻧﺔ ﺑﺎﻟﻤﺠﻤﻮﻋﺔ اﻟﻤﻘﺎرﻧﺔ ،اﻧﺨﻔﺎض ذو دﻻﻟﺔ
إﺣﺼﺎﺋﯿﺔ ﻋﺎﻟﯿﺔ ﻓﻰ اﻟﻨﺴﺒﺔ ﺑﯿﻦ ﺳﻰ دى  /4ﺳﻰ دى  8ﻓﻰ اﻟﻤﺠﻤﻮﻋﺔ اﻟﻤﺘﻌﺮﺿﺔ
ﻣﻘﺎرﻧﺔ ﺑﺎﻟﻤﺠﻤﻮﻋﺔ اﻟﻤﻘﺎرﻧﺔ ،اﻧﺨﻔﺎض ذو دﻻﻟﺔ إﺣﺼﺎﺋﯿﺔ ﻋﺎﻟﯿﺔ ﻓﻰ ﻧﺴﺒﺔ اﻟﺨﻼﯾﺎ
اﻟﻠﯿﻤﻔﺎوﯾﺔ ﺳﻰ دى  56ﻓﻰ اﻟﻤﺠﻤﻮﻋﺔ اﻟﻤﺘﻌﺮﺿﺔ ﺑﺎﻟﻤﻘﺎرﻧﺔ ﺑﺎﻟﻤﺠﻤﻮﻋﺔ اﻟﻤﻘﺎرﻧﺔ،
ارﺗﻔﺎع ذو دﻻﻟﺔ إﺣﺼﺎﺋﯿﺔ ﻋﺎﻟﯿﺔ ﻓﻰ ﻣﺴﺘﻮى اﻷﺟﺴﺎم اﻟﻤﻨﺎﻋﯿﺔ ﺟﻰ ﻓﻰ اﻟﻤﺠﻤﻮﻋﺔ
اﻟﻤﺘﻌﺮﺿﺔ ﺑﺎﻟﻤﻘﺎرﻧﺔ ﺑﺎﻟﻤﺠﻤﻮﻋﺔ اﻟﻤﻘﺎرﻧﺔ .ﻻ ﯾﻮﺟﺪ ﺗﻐﯿﺮ ذو دﻻﻟﺔ إﺣﺼﺎﺋﯿﺔ ﻓﻰ ﻋﺪد
ﺧﻼﯾﺎ اﻟﺪم اﻟﺒﯿﻀﺎء ﺑﯿﻦ اﻟﻤﺠﻤﻮﻋﺔ اﻟﻤﺘﻌﺮﺿﺔ واﻟﻤﺠﻤﻮﻋﺔ اﻟﻤﻘﺎرﻧﺔ ،ﻟﻢ ﻧﺠﺪ ﺗﻐﯿﺮ ذو
دﻻﻟﺔ إﺣﺼﺎﺋﯿﺔ ﻓﻰ ﻧﺴﺒﺔ اﻟﺨﻼﯾﺎ اﻟﻠﯿﻤﻔﺎوﯾﺔ ﺳﻰ دى  4ﺑﯿﻦ اﻟﻤﺠﻤﻮﻋﺔ اﻟﻤﺘﻌﺮﺿﺔ
واﻟﻤﺠﻤﻮﻋﺔ اﻟﻤﻘﺎرﻧﺔ ،ﻟﻢ ﻧﺠﺪ ﺗﻐﯿﺮ ذو دﻻﻟﺔ إﺣﺼﺎﺋﯿﺔ ﻓﻰ ﻣﺴﺘﻮى ﻣﻨﺸﻂ اﻟﺨﻠﯿﺔ
ﻟﻺﻓﺮاز )اﻧﺘﺮﻟﻮﻛﯿﻦ  (2ﺑﯿﻦ اﻟﻤﺠﻤﻮﻋﺔ اﻟﻤﺘﻌﺮﺿﺔ واﻟﻤﺠﻤﻮﻋﺔ اﻟﻤﻘﺎرﻧﺔ ،ﻟﻢ ﻧﺠﺪ
ﺗﻐﯿﺮ ذو دﻻﻟﺔ إﺣﺼﺎﺋﯿﺔ ﻓﻰ ﻣﺴﺘﻮى اﻷﺟﺴﺎم اﻟﻤﻨﺎﻋﯿﺔ إم ﺑﯿﻦ اﻟﻤﺠﻤﻮﻋﺔ اﻟﻤﻨﻮﻃﺔ
واﻟﻤﺠﻤﻮﻋﺔ اﻟﻤﻘﺎرﻧﺔ .ﻧﺴﺘﻨﺘﺞ ﻣﻦ ھﺬه اﻟﺪراﺳﺔ ان اﻟﻤﺒﯿﺪات ﺗﺆﺛﺮ ﺗﺄﺛﯿﺮ ﻛﺒﯿﺮ ﻋﻠﻰ
اﻟﻤﻨﺎﻋﺔ اﻟﺨﻠﻄﯿﺔ واﻟﺨﻠﻮﯾﺔ ﻟﻠﻌﻤﺎل اﻟﻤﻌﺮﺿﯿﻦ ﻓﻲ ﻣﺼﺎﻧﻊ اﻟﻤﺒﯿﺪات.
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