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INTRODUCTION 

Pesticides are routinely employed worldwide to in-

crease agricultural output and prevent illnesses spread 

by insects, and in recent years, their usage has drasti-

cally expanded. Unfortunately, these substances are 

emitted in large concentrations into the environment, 

and many have an adverse effect on creatures other 

than their intended targets, posing a risk to human 

health (Rajmohan et al., 2020). Pesticides are used to 

ward against, eliminate, or control pests, such as plants 

and animals. Such chemical substances may be cate-

gorized into three main groups: fungicides, which are 

applied to eliminate fungus and their spores in order to 

prevent them from harming plants, herbicides, which 

are used to eliminate undesired vegetation (Tudi, 

2021). Pesticides are widely used around the world, 

and recently, their usage has risen further. Pests that 

harm crops are produced more frequently due to wide-

spread pesticide usage in agriculture, but pests that are 

resistant to pesticides have also arisen. Increasing ag-

ricultural productivity necessitates using more insecti-

cides (Mostafalou and Abdollahi, 2013). Numerous 

potentially hazardous compounds have been dis-

charged into the environment in large quantities due to 

the increasing use of agricultural pesticides in the fields 
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of food production and public health. Most of these sub-

stances are unspecific, so they could potentially target 

the human body (Rajmohan et al., 2020). People are 

always exposed to pesticides, including when food is 

contaminated in the manufacturing process, at the 

home, at work, in hospitals, and in schools (Aprea et 

al., 2012). Pesticide exposure can lead to both acute 

and persistent toxic effects. Headache, nausea, and/or 

other more severe symptoms, including even death, are 

examples of the acute effects that are present immedi-

ately. Chronic health impacts develop when people are 

exposed to foreign chemicals repeatedly or continuous-

ly. The consequences of acute exposure are well char-

acterized in scientific literature. However, more re-

search is still needed to fully understand the impacts of 

long-term exposure, particularly how they are initiated 

(Pathak et al., 2022). 

Health risk analyses can measure the level of harm 

related to chemical exposure. A single ingredient or 

intricate combinations can be taken into consideration 

when evaluating chemical exposure (OECD, 2018). 

Combinations of toxins may have an impact on and 

perhaps increase the toxicity of certain components 

through synergistic, potentiating, antagonistic, inhibit-

ing, or additive activities. Understanding of the underly-

ing intoxication processes should be improved by the 

study of chronic exposure to pesticide combinations 

(Vaou et al., 2022). In fact, there are a significant num-

ber of findings in the scientific literature on the effects of 

health consequences of persistent pesticide exposure 

(Mostafalou and Abdollahi, 2013). Therefore, people 

working in the agricultural or freight industries or regu-

larly exposed to low quantities of pesticides (such as 

agrochemicals) may offer an excellent chance to exam-

ine the harmful consequences of chronic pesticide ex-

posure to human health (Damalas and Koutroubas, 

2016). The genetic risk resulting from cumulative expo-

sure to intricate pesticide mixtures may thus be deter-

mined via geno toxicological assessment in human 

populations (Moshou et al., 2020). Several cytogenetic 

tests have been created to assess the potential geno-

toxicity of pesticide exposures in people exposed to 

them at work (Sánchez-Alarcón et al., 2021). However, 

data on both harmful and beneficial genotoxic effects in 

populations exposed to pesticides exist (Kaur and Kaur, 

2018). 

The ability of pesticide compounds to alkylate causes 

DNA breaks, affecting DNA's capacity for information 

storage and replication (Islas-Gonzalez et al., 2005). 

Genomic instability may be established by DNA dam-

age and cellular response through a variety of path-

ways, and this process can be used to assess risk. 

Pesticide exposure at work poses a significant genotox-

ic risk and measuring that risk in exposed persons can 

serve as a reasonably accurate biomarker of early bio-

logical abnormalities (Sánchez-Alarcón et al., 2021). 

The biomarkers comet test, sister chromatid exchang-

es, micronuclei production, and chromosomal abnor-

mality are often employed to evaluate the genotoxic 

effects of pesticides. So, the present study aimed to 

assess the potential extent of DNA damage in agricul-

tural workers in Mosul city, Iraq, who had exposure to 

different pesticides such as Roundup SL, Weed waster, 

and paraquat 20% SL at work for varying periods of 

time. 

MATERIALS AND METHODS  

Study design 

The individuals involved in the study were workers who 

used pesticides to grow agriculture in Mosul, Iraq. The 

approval was taken from the people from whom the 

samples were taken. They were divided into two 

groups: 100 unexposed control individuals who were 

engaged in other activities and had no prior history of 

occupational exposure to pesticides; and 102 farmers 

who had exposure  while working in the fields (Mosul 

36.2296° N, 42.2362° E , Tel Afar 36° 22' 59.99" N 42° 

26' 59.99" E , and Rabia 36.8063579, 42.092199, dis-

tricts) of Nineveh Governorate and using pesticide 

(Roundup SL, Weed waster, and paraquat 20% SL) 

dispersions. To establish if pesticide applicators' life-

style choices may impact the results of genotoxicity and 

aberrant nuclear comet assays. Both groups were 

matched for age, years of experience applying pesti-

cides (Roundup SL, weed waster, and Paraquat 20% 

SL), and lifestyle habits, including smoking. All subjects 

gave their consent before the intervention, and the 

Northern Technical University Ethics Committee/Mosul 

city authorized this study. 

 

Sampling  

Between the dates of 15 September 2022 and 15 De-

cember 2022, buccal mucosal cells were collected us-

ing a wooden spatula, and fresh peripheral blood sam-

ples were acquired from 100 healthy controls, and 102 

workers were exposed individuals. The range of their 

ages was 15 to 57 years. 

 

Methods 

Micronucleus test in oral epithelial cells 

In the private clinics in Mosul city and Tikrit University, 

Collage of Sciences, tests on the patients were per-

formed to make sure that the oral tissues were in good 

health under the prescribed lighting circumstances. 

According to Bortoluzzi et al. (2014), the exfoliated cells 

of oral mucosa scraping gather were made as follows: 

To remove dust and debris, distilled water was utilized 

for a gentle mouthwash. The inner cheeks on the right 

and left were then lightly scraped with a wooden spatu-

la that had been soaked in water. Then, two glass 

slides were used to hold the samples, which were then 
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allowed to air dry at room temperature. After the slides 

had air dried, May Granwald-Giemsa stain was applied. 

The fixation phase was done with 100% methanol. 

 

Scoring 

Under a light microscope with a 40x objective magnifi-

cation, the selection and counting of the MN form were 

compiled following the guidelines of Thomas et al. 

(2009). The MN was counted in 100 cells. 

 

Evaluation of DNA damage in peripheral  

lymphocytes 

Sample preparation  

Freshly drawn blood was centrifuged to extract periph-

eral blood lymphocytes, which were then thrice washed 

in phosphate-buffered saline. 

 

Cell viability test 

The trypan blue exclusion technique was used to deter-

mine cell viability beforehand (Altman, Randers and 

Rao, 1993). The nucleus of dead cells is stained by 

trypan blue after it has penetrated the damaged mem-

brane. 10 μL of cell pellet and 10 μL of trypan blue 

were combined and incubated for 3 min. Then, 100 

consecutive cells were counted again to determine the 

number of dead cells. 

 

Alkaline comet assay 

The Trevigen protocol instructions (Trevigen, Inc.\ 

Gaithersburg, US) were followed to conduct this test. 

After making the Lysis Solution, it was cooled for at 

least 20 minutes at 4°C. Then, pipette 50 µl onto Com-

etSlideTM while combining cells with molten low melt-

ing point (LMA) agarose at a ratio of 1 x 105/ml. The 

agarose/cells were distributed equally around the sam-

ple area using the side of the pipette tip. The slides 

were then kept flat and chilled for 10 minutes at 4°C 

with a dark field. The gelling time can be extended to 

30 minutes in environments with high humidity levels to 

improve sample adherence. After 30 to 60 min in 4°C 

Lysis Solution, slides were removed from the solution 

and any remaining buffer was discarded from Com-

etSlideTM. For one hour, at a temperature of 4°C, new-

ly made Alkaline Unwinding Solution with a pH greater 

than 13 was submerged in. After adding the alkaline 

electrophoresis solution, the slides were placed in the 

electrophoresis slide tray, with the slide labels towards 

the black cathode. The power source was then set to 

21 volts, and voltage was administered for 30 minutes. 

The samples were gently submerged twice for five 

min., each in distilled water, twice in extra electrophore-

sis solution, and finally once for five minutes in 70% 

alcohol (Ethanol). The samples were dried at 37 °C for 

10 to 15 min. and then evaluated. The CometSlideTM 

was stained with 1X Ethidium Bromide and rinsed with 

cold distilled water to remove any leftover stain. Then, 

the slides are quickly graded. The extent of the DNA 

damage was assessed using a Fluorescence micro-

scope with a 40X lens and a digital camera to read the 

slides. The analytical procedure was used on four com-

et pictures, with 25 cells on each plate represented by 

50 randomly selected cells. The amount of migration 

between damaged cells, the quantity of migrated cells, 

and the amount of migration per cell were compared. 

 

Statistical analysis 

The data was analyzed using a T-test for independent 

samples. The initial multiple range test developed by 

Duncan was used to reduce the difference between 

means as means SD. All statistical analysis was per-

formed using the statistics software SPSS 28.0. (UK's 

SPSS Ltd., Surrey). 

 

RESULTS  

 

Micronucleus test on oral epithelial cells 

The outcomes of MN in oral epithelial cells for the 

groups of pesticide-exposed workers and healthy con-

trols are summarized in Table 1. The findings showed 

that employees exposed to pesticides had higher MN 

and KR of 4.12±0.058 and 18.83±0.275, respectively, 

compared to the healthy control group with values of 

0.32±0.097 and 3.11±0.899. Whereas, the results of 

BN, and KL showed that workers exposed to pesticides 

group were lower (0.392± 0.076, 1.95± 0.986) respec-

tively than the individuals of the healthy controls group 

(0.49± 0.069, 3.93± 0.934) respectively (Table 1). 

Table 2 shows the results of MN in oral epithelial cells 

in pesticide-exposed workers and healthy control age 

groups. The results showed that the mean of MN 

(5.58±0.044) was substantially higher in the group of 

exposed workers in the age range of 50 to 60 years, 

followed by those in the range of 40 to 50 years 

(4.89±0.065) and 30 to 40 years (3.73±0.062). While 

the younger age group (10–20 years) had a lower 

mean of MN (2.87±0.072). 

As the individual cell DNA migration patterns produced 

by this experiment resemble cometary stars when 

viewed via a fluorescence microscope, they are there-

fore known as "comets" (Fig. 1). Each biological sam-

ple normally receives an evaluation of 50–100 comets. 

Table 3 shows the distribution in the levels of DNA 

damage frequencies evaluated through comet assay 

among study groups.  It was found that level 2 of DNA 

damage was higher (31.84%) in workers exposed to 

pesticides, followed by level 3 of DNA damage 

(29.18%). While the lower level of DNA damage in 

workers exposed to pesticides was level 0 (13.72%). 

The distribution of DNA damage frequencies showed 

that level 0 of DNA damage was higher (48.96%) in 
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healthy control, followed by level 1 (29.18%). The lower 

level of DNA damage in healthy control was level 3 

(7.68%). 

The comet test findings for the total number of periph-

eral cells with DNA damage among pesticide-exposed 

workers and healthy controls, broken down by age 

groups are shown in Table 4. The results showed that 

the mean TCWD was substantially higher in the group 

of pesticide-exposed workers between the ages of 50 

and 60 (11.00±0.800), followed by those between the 

ages of 40 and 50 (8.50±0.578, 7.85±0.449), respec-

tively. The TCWD  mean (7.09±0.413) was lower for 

the age group of 20 to 30 year (Table 4). 

Table 5 shows the results of the comet assay for the 

total DNA damage in peripheral lymphocytes in pesti-

cide-exposed workers and healthy controls of different 

age groups. The results showed that those who had 

been exposed to pesticides were significantly higher 

susceptible to have had mean total DNA damage in the 

age group of 50-60 (19.00 ±1.522), followed by those 

between the age of 40-50 years (14.63 ±1.099) and 30-

40 years (14.15 ±0.855), respectively. The mean total 

DNA damage was lower for the age group of 10-20 

years, at 11.67 ±0.894. 

DISCUSSION 

According to a thorough clinical assessment, everal 

pesticide-exposed workers showed signs of severe in-

toxication, nausea, headaches, skin irritations, and irri-

tations of the nasal mucosa on occasion. The comet 

assay in exfoliated buccal cells was used to examine 

the effects of a different pesticide (Roundup  SL, Weed 

waster, and paraquat 20% SL) on agricultural workers, 

and the results show that DNA damage increased in the 

workers in the study regions among study compared to 

the non-exposed workers. The study observed that 

DNA damage increased significantly at ≤ 0.05 after be-

ing exposed to a pesticide combination at work. 

The buccal mucosa epithelial cells' micronucleus test 

concluded that pesticide exposure significantly en-

hanced genetic damage. This indicates that the tissue 

had mitotic spindle alterations, chromosome breakage, 

or with various nuclear anomalies such nuclear buds, 

pycnosis, karyolysis, and karyorrhexis. The MN has 

been utilized as a marker for genotoxicity, although oth-

er nuclear degenerative alterations have also been pro-

posed. These alterations consisted of pycnosis, chro-

matin condensation, and karyorrhexis associated to 

Parameters 

 Study groups 
Total MN BN PN KR KL DIF 

Healthy controls 
Mean±SD 0.32±0.097 0.490±o.069 0.091±0.121 3.11±0.899 3.93±0.934 93.46±2.961 
No. 102 102 102 102 102 102 

Workers exposed 
Mean±SD 

4.12± 0.058 

* 
0.392±0.076 0.17±0.094 18.83± 0.275* 1.95± 0.986* 82.42± 1.863 

No. 100 100 100 100 100 100 

* Mean difference is significant at 0.05 level (t-Test); Total MN: Total Micronucleus; BN: Binucleated; PN: Pyknotic nucle-

us; KR: Karyorrhexis; KL: Karyolytic cell; DIF: Normal differentiated cell 

Table 1. Total MN in the oral epithelial cells of the study groups 

Study groups Healthy controls Workers exposed 

 Age groups (Years) Mean± SD No. Mean± SD No. 

10-20 0.39±0.059 21 2.87±0.072 24 

20-30 0.28±0.192 28 3.52± 0.032* 26 

30-40 0.25±0.367 20 3.73± 0.062* 22 

40-50 0.17±0.083 18 4.89± 0.065* 19 

50-60 0.51±0.041 13 5.58± 0.044* 11 

Total 0.32±0.097 100 4.12± 0.058* 102 

Table 2. Total MN in the study groups' oral epithelial cells in different age groups 

* Mean difference is significant at 0.05 level (t-Test) 

Study groups 
Level of damage 

0 1 2 3 

Healthy control 48.96% 29.19% 13.77% 7.68% 

Workers exposed 13.72% 25.26% 31.84% 29.18% 

Table 3. Distribution of DNA damage frequencies observed in comet assay of study groups according to 4 levels  

0 indicating: DNA without damage; 1, 2, and 3 indicating damage levels 
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cytotoxicity (keratinization and necrosis); karyolysis, 

which is connected to cell toxicity, was also employed. 

To reduce the potential harm to health associated with 

exposure to these compounds, significant modifications 

in the appropriate use of pesticides are needed in Nine-

veh as well as in other agricultural areas of the city 

such as Al-Hamdaniya District . 

Baseline genetic damage is affected by a variety of 

intrinsic and extrinsic circumstances, but it is not yet 

known how a person's innate genetic makeup may af-

fect how much harm they produce. Due to this, the lev-

el of DNA damage in 102 occupationally exposed Nine-

veh farmers and 100 matched control subjects were 

assessed. According to the results, the levels of DNA 

damage in exposed employees were significantly ≤ 

0.05 higher than in controls (Table 3). The previous in 

vivo and in vitro research is compatible with the current 

findings and appears to be more prevalent in the re-

searchers (Bhalli et al., 2006; Liu et al., 2006). This 

may result from these workers using pesticides care-

lessly and without purpose. Additionally, most of the 

time, these workers did not take any preventive 

measures and instead applied a combination of two or 

more pesticides, such as Roundup  SL and paraquat 

20% SL) from several chemical families, likely having 

some sort of antagonistic or synergistic impact. 

Some researchers have investigated DNA damage in 

farmers who had frequent contact with pesticides, while 

others have looked at DNA damage in pesticide pro-

duction employees who had constant contact with pes-

ticides (Rajmohan et al., 2020). Many of the toxicologi-

cal effects of pesticides are known to be mediated by 

enhanced redox signaling. The symptoms of oxidative 

stress brought on by exposure to various pesticides 

include reactive oxygen species (ROS), lipid peroxida-

tion, and DNA damage. The mechanisms leading to 

changes in cellular redox homeostasis in response to 

certain pesticides are still incompletely understood. The 

enzymatic conversion of pesticides into secondary re-

active products (including ROS), the depletion of cellu-

lar antioxidant defences, and/or the degradation of anti-

oxidant enzyme capabilities are some of the processes 

by which pesticides might change cellular redox equilib-

ria (Sule et al., 2022). 

 Another factor that could affect the degree of DNA 

damage is age and gender. According to research by 

Fenech and Bonassi (2011), DNA damage rises with 

age and is likely caused by various causes, including 

poor diet, exposure to genotoxins at work or in the envi-

ronment, and a wide range of other bad lifestyle choic-

es. Chromosome aberrations (CA) (Jonnalagadda et 

al., 2012), sister chromatid exchange (SCE), micronu-

clei (MN) (Benedetti et al., 2013), and Comet cells 

(Benedetti et al., 2013) are some of the effects of pesti-

cide exposure that have been reported. In general, con-

siderably higher amounts of these biomarkers were 

discovered, pointing to the pesticides' severe genotoxic 

effects. Significant cytogenetic damage has been 

shown in several investigations on agricultural labour-

ers in cotton fields, vineyards, and other agricultural 

Level 2 Tail of 
DNA damage 

Normal DNA with on 
Tail of DNA damage 

Level 4 Tail of 
DNA damage 

Level 3 Tail of 
DNA damage 

Fig. 1.    Showing tails of DNA damage through comet assay 
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fields, among others (Damalas and Koutroubas, 2016). 

Studies using biomarkers of exposure are frequently 

performed to measure occupational exposure, that is, 

to link exposure to chemical reagents with health con-

sequences. Several biomarkers relating to exposure, 

effect, or sensitivity to xenobiotics are utilised to quanti-

fy the degree to which a particular biological system 

interacts with a certain genotoxin (Aprea, 2012). In a 

few studies, exposed workers' DNA damage did not 

significantly increase compared to controls. This may 

be because of the different work settings, such as vari-

ous levels of protective equipment and varying expo-

sure times (Leite et al., 2019). 

Conclusion 

Pesticides did damage DNA, regardless of the period of 

exposure. The effects of pesticide exposure vary signif-

icantly within and between groups of workers, which 

suggests that genetic, environmental, and lifestyle vari-

ables may have an impact. The present findings and 

the investigated biomarkers are useful in determining 

the level of pesticide exposure in the workplace and the 

environment and in assessing the risk of long-term 

harmful health impacts. 
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