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Abstract 

 

Background: Human genome widely affected by different types of chemical, physical and 

biological causes lead to evaluate many changes in their stability and activity.  

Objective: To evaluate genotoxic and immunotoxic in mixed chemicals and/or pesticides 

exposed workers.  

Patients and Methods: Peripheral blood lymphocytes from Iraqis men (n=45) exposed to 

mixed chemicals and/or pesticides and from matched controls (n=15) were assessed.  

Results: Percentage of lymphocytes subset (CD3+, CD4+, CD8+ and natural killer (NK) cells 

CD16+ CD56+), as well as cytotoxicity was evaluated by means of micronucleus (MN) test and 

Total Chromosomal Aberrations (TCA) Micronuclei (MN) significant (P ≤ 0.05) difference 

between both groups was found (7.11 MN/250 cells), compared to the control group (3.1 

MN/250 cells) and this increase occur in parallel to the frequency of Total Chromosomal 

Aberration (TCA), 0.44 and 0.23 per chromosome, respectively, was noted in the peripheral 

lymphocytes of the exposed and their matched reference group. Significant decreases in CD4+ 

and CD3+associated with elevation in CD8+ and NK.   

Conclusion: The positive results by increasing chromosomal abnormalities represented by 

MN and SCE beside of variations in lymphocytes population in exposed people pointing to 

the potential genetic hazards of chemicals and pesticides on exposed people.  
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Introduction

    Chemicals widely used in pharmaceutical, 

cosmetics, batteries, paints, pigments and 

educational materials around the world today 

[1 and 2] , many of these substances designed 

to be highly toxic like pesticides [3 and 4] 

people exposed to such chemicals as a result 

of their work in transport, storage and dealing 

with it. Scheduled hazardous chemicals 

causes serious health problems like DNA 

damages, cancers, infertility, kidney or liver 

failure  and immune system disorders   [5]. 

Continues exposure to some chemicals like 

heavy metals and radioactive materials may 

cause thier accumulate them in different 
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tissues leading to death. In Iraq the workers 

in government approved laboratories, 

capitulate to occupational safety laws and the 

principles of occupational exposure and 

receive training in chemical risk management 

in national and international institutes, they 

also receive health care and periodic 

inspection.  

   Contrariwise the workers in private 

chemical and pesticide shops and outlets 

have thousands of raw chemical materials 

with absence of ideal storage conditions like 

optimum storage temperature for each type, 

good ventilation, safety and security 

equipment, personal protection equipment 

this lead to inevitable exposure to hazards, 

many chemicals have significant effects on 

genomic status and immunological system [6 

- 9] Thus, the cytotoxic and immunotoxic 

were studied of occupational mixture 

chemicals exposure in a population of 45 

workers from three Iraqi chemical sale 

markets and 15 controls. The exposure was 

evaluated by analyzing percentage of 

lymphocytes subset (CD3+, CD4+, CD8+ 

and natural killer (NK) cells), cytotoxicity 

was evaluated by means of micronucleus 

(MN) test and Total chromosomal aberration 

(TCA). 

Patients and Methods 

 Population of the study  
   Fourty five males workers in chemical and 

pesticid  shopes were included in the study, 

they were employed  in  three markets of 

chemicals and pesticides within Baghdad 

city, for the control group, a fifteen 

individuals were selected from the same age, 

sex and socio-economic status as that of the 

exposed group, these individuals didn’t 

exposed to direct pesticides or chemicals and 

have no chemical theraby three months 

before sampling date. Information for 

personal, exposure and medical histories for 

each both control and exposed peoples was 

subjected on a questionnaire.  

Blood collection  

  Blood samples were collected from 

volunteers by vein puncture in heparinized 

tubes. Samples were transported to the lab 

within one hour under sterilization and 

refrigeration for analysis of lymphocyte 

subsets and cytogenetic.  

Anslysis of lymphocytes subset  

   Percentage of lymphocytes subset 

(%CD3+), T helper lymphocytes (%CD4+), 

T toxic lymphocytes (%CD8+) and natural 

killer (NK) cells (% CD16+-56+), were 

determined by flowcytometry as described in 

[10]. Multi-color immunophenotyping by 

Partec Cyflow Cube 6 flowcytometer and 

interpretation of markers by FACS Express 4 

software was done at the private lab.  

Total chromosomal aberration (TCA) and 

Micronuclei (MN)  

   TCA and MN were investigated according 

to Verma and Babu, 1989 [11]. Whole blood 

was analyzed immediately by adding 0.5 mL 

of heparinized blood to 4.5 mL of RPMI -

1640 medium provided by 10% of fetal 

bovine serum and 0.05µg /mL of colchicine 

all tubes incubated at 37°C for 2 hrs. Then 

cells were exposed to hypotonic solution of 

0.075 M KCl for 20 min, after that fixative 

solution of 1:3 (glacial acidic acid and 
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absolute methanol) was added by drop wise. 

Suspended cells were dropped on clean cold 

slides, and then air dried for 24 hrs. all dried 

slides y were stained with Giemsa stain for 

2.5 mins. 250 well-spread metaphases per 

individuals have been tested under a light 

microscope (Olympus), to calculate both MN 

and TCA. 

Statistical analysis  

   Data were analyzed using the statistical 

SPSS software version 16.0 was used to 

designate the significance between and 

within the groups by calculating analysis of 

variance ANOVAI and least significant 

differences assay (LSD) at level of 

significance 5%, in addition to calculate p 

value and descriptive test to determine the 

significant for characteristics of the study 

population.  

Results 

   The characteristics of the study population 

are summarized in Table (1).  Both groups 

(exposed 45 and control 15) were identical in 

distribution of age and smoking habits, from 

observations there are no significant 

differences between two groups according to 

age (31±15.12 exp. and 29±11.45 con.)  

respectively and smoking habits but there is 

statistical differences between smokers and 

thus persons with no smoking. 

 

Table (1): Characteristics of the study population 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Biomarkers of genotoxicity 

   From Table (2) the TCA was increased 1.6 

fold in exposed group in smokers and 

nonsmokers people, while MN was increased 

1.67 fold in exposed nonsmoker people and 

1.59 in exposed smoker people with 

significant differences at (p≤ 0.05), while in 

Table (3) TCA increased 1.52 fold in 

smokers and 1.7 in nonsmokers the same  

 

increasing was recorded in MN to reach 1.43 

fold  in smokers and 1.44 fold in nonsmokers,  

both biomarkers (TCA and MN) recorded 

significant differences at (p≤ 0.05). Further, a 

high correlation was recorded between 

frequencies of MN and TCA, smoking and 

frequencies of MN and TCA, when 

discussing the results important observation 

P value Control (n=15) Exposed (n=45)  

3.84 (14-55) 

29±11.45 

( 14-55) 

31±15.12 

Age  

/ / 8.5±6.8 Period of employment( years) 

/ / 8.9±2.3 Exposure time (hour/day) 

   Smoking habits 

Non-smokers 

smokers 
0.45* 4 (27%) 17 (38%) 

 11 (73%) 28 (62%) 

   Type of exposure  

Mixed chemicals  

Mixed pesticides  
/ / 31(69%) 

/ / 14 (31%) 
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was appear, that smokers group effected by 

chemicals and pesticides but less than that in 

nonsmokers, Actually the effect was  

insignificant or impalpable but we can see a 

resistance from smoker group to chemicals 

and pesticides, this may be due to the 

continuous exposure to chemicals from 

cigarette causes innate resistance to other 

exposure.

Table (2): Results of cytotoxicity in chemicals exposed group 

 

Table (3): Results of cytotoxicity in pesticides exposed group 

 

 

    

 

Chromaide exchange          Micronuclie                        Ring chromosome              Chromatide break 

Figure (1): Some chromosomal aberrations were investigated in chemical exposed people

Cells 

Scored 

chemical Exposed 

(n=31) 

Cells 

Scored 

  Control (n=15) Number 

of 

examined 

cell  

 

 smokers  Non 

smokers 

  smokers  Non 

smokers 

  

3100 0.36±0.09* 0.29±0.19* 1500 0.23±0.02 0.19±0.06 100 TCA ± SD 

7750 5.2±0.62* 3.7±0.31* 3750 3.1±0.21 2.5±0.11 250 MN ± SD 

Cells 

Scored 

Pesticides Exposed 

(n=14) 

Cells 

Scored  

Control 

(n=15) 

Number 

of cell 

examined  

 

 Smokers Non 

smokers 

 Smokers Non 

smokers 

  

1400 0.44±0.1* 0.27±0.21* 1500 0.23±0.02 0.19±0.06 100 TCA ± SD 

3500 7.11±0.51* 5.61±0.23* 3750 3.1±0.21 2.5±0.11 250 MN ± SD 
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Lymphocytes subpopulation : Lymphocyte 

subpopulations analysis was summarized in 

Table (4) and Figue (2). Significant 

decreases were recorded in both CD3+% and 

CD4+% at (P≤0.05) while CD8+% and NK 

cells suffered significant increases in both 

exposed groups (chemical and pesticides) 

according to ANOVAI analysis. Lymphocyte 

subpopulations were determined as immune-

toxicity markers in exposed people.  

Table (4): Percentage of the lymphocytes subsets in the study groups 

 

 

 

 

 

 

 

 
Figure (2): Flowcytometry analysis of (A) CD4 for exposed and unexposed people (B)) CD8 for 

exposed and unexposed people (C) ) CD3 for exposed and unexposed people and  

NK cell for exposed and unexposed people

Discussion 

   The main objective of this study was 

investigate the effects of exposure to 

complex mixture of chemicals and pesticides  

 

in workers within chemical and pesticides 

shops in three main markets in Baghdad city 

parallel to unexposed control group have the 

Pesticides 

exposed 

(n=14) 

Chemical   

exposed 

(n=31) 

Control 

(n=15) 

# 

51.22±0.2* 58.17±0.19* 63.12±1.02 CD3+% 

31.41±2.33* 31.11±1.13* 33.23±0.92 CD4+% 

21.06±0.13* 22.02±0.03* 18.12±1.13 CD8+% 

19.34±0.34* 16.22±0.15* 11.12±0.11 NK% 

1.5 1.4 1.8 CD4+: CD8+ ratio 
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same individual characteristic. To evaluate 

the cytogenetic damage in peripheral blood 

lymphocytes was used, two types of 

parameters as a bio-monitoring parameters 

were determined MN and TCA.  

   Micronuclei (MN) and Total chromosomal 

aberrations (TCA) are good and potential 

parameters for monitoring of genotoxic 

effects in humans and many types of animals 

and plants [12] These two biomarkers may 

induce naturally or laboratory by chemical, 

physical and biological induced factors like 

arsenic, benzene, pesticides, radiation and 

microbial infections [13 and 14]. Micronuclei 

can be defined as fragments of chromosomes 

or the whole, therefore any clastogens and  

aneugens can cause this type of chromosomal 

abnormalities, MN assay are conducted in 

human peripheral blood lymphocytes is a 

prevalent genetic toxicology testing [15] The 

use MN has become standard assay for many 

epidemiological and exposed for many 

chemicals, toxicants, drugs and 

environmental pollutants [16 and 17],  MN 

can measured in different types of cells such 

as buccal mucosa, urothelial cells and 

peripheral blood lymphocyte, the last one 

widely used in MN assay because  life span 

of lymphocytes is longer than that of the 

other two exfoliated cell types, therefore, that  

 

lymphocytes may yielded highest sum of  

MN count/1000 cells compared to other 

exfoliated cells [18 and 19]. From Table (2 

and 3) and Figure (1) The increasing was 

clear in both parameters MN and TCA, in 

exposed group as a compare with control 

group.  

   Normal lymphocyte subset percentage 

ranges in healthy adult persons from 28% to 

58% for CD4+ and 19% to 48% for CD8+ 

cells [20-22], from findings both type of cells 

within the normal range, but the percentage 

of CD4+ was decreases according to control 

associated with significant increases in CD8+ 

cells so the CD4+: CD8+ ratio was 

diminished to 1.4 and 1.5 chemical and 

pesticide exposed groups respectively, while 

control reported 1.8 , these reduction explain 

the amenability of such people to different 

and recurrent disease[23, 24]. From our 

observations through chemical  markets tour, 

that ambient air of these shops saturated 

gases, vapors and  different particulates 

(chemicals and dust), locally so rare 

specialized studies dealing with 

occupationally exposure to chemicals in such 

long hours of exposed  10 hrs/ day and 60 

hrs/ week this explain multiple changes in 

genetic material such as DNA reactivity, 

gene mutation, chromosomal breakage, 

aneuploidy, and oxidative stress, this 

certainly leads to different types of cancer 

especially leukemia, nasopharyngeal and 

sinonasal cancer. According to occupational 

safety and health standards (1910.1000 air 

contaminants) In case of a mixture of air 

contaminants an employer shall compute the 

equivalent exposure. 

Em=(C1÷L1+C2÷L2)+. . .(Cn÷Ln) 

  Where: Em is the equivalent exposure for 

the mixture. C is the concentration of a 

particular contaminant. L is the exposure 
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limit for that substance specified in subpart Z 

of 29 CFR part 1910. The value of Em shall 

not exceed unity. So that exposure within the 

acceptable limits [25]. 

 Conclusions  

   Actually, the findings of the present study 

compatible with many studies referred to 

immunotoxic and genotoxic effects of 

chemicals and/ or pesticides on populations 

environmentally and occupationally exposed 

to such contamination. Significant 

quantitative changes in both immunological 

and genetic status in exposed people was 

observed, thus more protective measures and 

other safety regulations should be 

emphasized for These workers, to prevent 

further exposure. 
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