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Background: Workers in pesticide manufacturing industries are constantly exposed to pesticides. Genetic
biomonitoring provides an early identification of potential cancer and genetic diseases in exposed
populations. The objectives of this biomonitoring study were to assess DNA damage through comet assay
in blood samples collected from industry workers and compare these results with those of classical
analytical techniques used for complete blood count analysis.
Methods: Samples from controls (n ¼ 20) and exposed workers (n ¼ 38) from an industrial area in
Multan, Pakistan, were subjected to various tests. Malathion residues in blood samples were measured
by gas chromatography.
Results: The exposed workers who were employed in the pesticide manufacturing industry for a longer
period (i.e., 13e25 years) had significantly higher DNA tail length (7.04 mm) than the controls (0.94 mm).
Workers in the exposed group also had higher white blood cell and red blood cell counts, and lower
levels of mean corpuscular hemoglobin (MCH), MCH concentration, and mean corpuscular volume in
comparison with normal levels for these parameters. Malathion was not detected in the control group.
However, in the exposed group, 72% of whole blood samples had malathion with a mean value of
0.14 mg/L (range 0.01e0.31 mg/L).
Conclusion: We found a strong correlation (R2 ¼ 0.91) between DNA damage in terms of tail length and
malathion concentration in blood. Intensive efforts and trainings are thus required to build awareness
about safety practices and to change industrial workers’ attitude to prevent harmful environmental and
anthropogenic effects.
Copyright � 2015, Occupational Safety and Health Research Institute. Published by Elsevier. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Pakistan’s agricultural sector holds a significant position in its
financial system and accounts for approximately 21% of the coun-
try’s gross domestic product [1]. A major portion of crop production
is lost annually because of the problems associated with growth of
weeds, pests, and diseases [2]. This productivity loss coupled with
population expansions have led to the increase in use of pesticides.
The pesticides used must be toxic to the targeted organisms only.
However, various studies have demonstrated the potential hazards
of organophosphates, organochlorines, and carbamates for the
al Sciences and Engineering, Scho

had).

pational Safety and Health Researc
/4.0/).
environment and nontarget species [3]. To reduce their toxic ef-
fects, detoxification and biodegradation processes are available,
which get activated upon entry of these substances into various
compartments of the environment [4,5]. However, inhalation of
pesticides remains a serious threat and an important cause of
health deterioration in human beings. Exposure to organophos-
phates could lead to abnormal sperms, fetal death, birth defects,
hormonal changes, DNA damage, and changes in ovaries and eggs.
Studies in literature have reported that workers exposed to pesti-
cides are more prone to develop leukemia and prostrate, skin, and
brain cancers compared with the general population [6,7].
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In general, biomonitoring tools complement the classical
methods of monitoring. Genetic biomonitoring provides an early
identification of potential cancer and genetic diseases in exposed
populations [8]. Many techniques and approaches have been
reported for human populations’ monitoring [9]. Cytogenetic
assays have been used by many researchers to evaluate the po-
tential genotoxic effects of pesticides’ exposures in occupation-
ally exposed populations from different countries [10,11].
Interestingly, in populations exposed to pesticides, both positive
genotoxic effects [12] and negative findings [13,14] have been
reported. The contradictions in the data might depend on the
type of pesticide used, protective measures adopted, and/or the
cytogenetic end points considered. Comet assay or single-cell gel
electrophoresis has been regularly used in biomonitoring studies.
It has also been used to test the residual toxicities of biodegra-
dation products [15]. Comet assay is a fast, low-cost, and sensi-
tive tool for assessment of DNA damage (strand break) in single-
cell organisms [16]. Generally, human populations have been
exposed to different kinds of pesticides almost every day through
different routes, including direct or indirect residues in food.
However, pesticide workers in manufacturing units and the
farmers responsible for spraying pesticides on crops have a high
degree of exposure risk and may face health complications.
Despite this high risk, only a limited number of studies focusing
on the genotoxic effects of exposure to pesticide have been re-
ported [16e18].

Pakistan is an agricultural country, and thus pesticides are
produced throughout the year. Consequently, workers in pesticide
manufacturing industries are constantly exposed to pesticides.
However, only limited work regarding DNA damage at the cell level
in exposed workers had been reported in literature [18]. In this
context, the purpose of this study was to evaluate DNA damage at
the cell level in workers at production units who are constantly
exposed to pesticides and highlight the possible risks to the
workers. The data generated would help the policy makers to have
stringent rules to reduce the exposure risks during occupational
activity. The industrial units selected for this study were involved in
the production of carbamates, organophosphates, and pyrethroids.
The specific objectives of this biomonitoring study were to (1)
assess DNA damage through comet assay in blood samples
collected from industry workers and (2) compare these results with
those of classical analytical techniques used for complete blood
count analysis.

2. Materials and methods

2.1. Study groups

A preliminary survey was conducted to identify target groups.
The study included 58 individuals. A detailed questionnaire was
developed, which was completed through face-to-face interaction.
The questionnaire covered very basic questions such as medical
history (vaccinations, exposure to X-rays, current treatment if any),
demographic data (sex and age), lifestyle habits, working years for
exposure period calculations and use of any protective equipment.
All the individuals were divided into two groups, namely, control
and exposed groups. Twenty healthy individuals (faculty and uni-
versity students) were grouped into a control group. Through a
questionnaire, it was ensured that the selected individuals have not
been exposed to any kind of pesticide or other similar agent that
can cause serious DNA damage. Thirty-eight individuals from the
pesticide industry located in Multan, Pakistan, were included in
the exposed group. Based on preliminary data from the ques-
tionnaire, smokers were excluded from the sample count. More-
over, individuals with hepatitis C infectionwere not considered for
sampling. The exposure period linked to their employment varied
from 6 months to 25 years. During production, all these in-
dividuals were simultaneously exposed to a complex mixture of
pesticides. All the study participants in the control and exposed
groups were informed of the study objectives. The research pro-
cedure followed in this study was approved by the Depart-
mental Ethical Committee, Institute of Environmental Sciences
and Engineering, National University of Sciences and Technology,
Islamabad, Pakistan.

2.2. Blood sample collection

For the study of DNA damage, 5 mL of blood was collected in
heparinized tubes containing EDTA as anticoagulant. The samples
were collected in themorning at the timewhenworkers logged in at
the production plant. This was done to minimize the generation of
false-positive results in the comet assay. All the samples were
transported in cold chain to the laboratory. Samples were stored at
4�C in clean plastic vials for DNA damage assessments and pesti-
cides analysis. A similar protocol was adapted for the control sam-
ples. To avoid interval-based interferences, blood samples from both
groups were stored for equal periods, and then processed for further
analysis.

2.3. Hematological analysis

Using an automatic analyzer (Medonic, Kobe, Japan), hema-
tological analysis was performed on the freshly collected blood
samples. The following hematological parameters were tested in
whole blood samples: white blood cells (WBCs), red blood cells
(RBCs), and hemoglobin (Hb). In addition, mean corpuscular
volume (MCV), mean corpuscular hemoglobin (MCH), and MCH
concentration (MCHC) were also calculated from the data ob-
tained. MCH gives the average weight of Hb in a single RBC. MCV
reflects the size of RBCs by expressing the volume occupied by a
single RBC. MCHC measures the average concentration of Hb in
RBCs.

2.4. DNA damage analysis using the comet assay

The alkaline comet assay was performed as described by Singh
et al [19], but with some minor adjustments. Slides were prepared
in duplicate for each sample. Fully frosted microscope slides were
covered with 50 mL of 2% normal-melting-point agarose (40e
42�C). After application of a coverslip, the slides were allowed to
gel at 4�C for 10 minutes. The coverslips were carefully removed,
and an aliquot of 10 mL of whole blood and 65 mL of 1% normal-
melting-point agarose (37�C) was pipetted onto the precoated
slides and allowed to solidify at 4�C for 10 minutes after the
application of coverslips. The slides were cleaned and dried, and
then a final third low-melting-point agarose layer (75 mL) was
applied. Coated slides were kept in a refrigerator at 4�C for 10e15
minutes to let the agarose solidify. Each comet assay run con-
tained randomly selected samples from both controls and
workers.

The slides without coverslips were immersed in cold, freshly
prepared lysing solution (2.5M NaCl, 100mM EDTA, 10mM Trizma
base, 1% Triton X-100, and 10% dimethyl sulfoxide added just before
use), and refrigerated at 4�C for 10 hours. The slides were then
placed in an alkaline buffer (300mM NaOH and 1mM EDTA,
pH > 13) for 20 minutes at room temperature to allow DNA un-
winding. Using chilled unwinding TBE buffer (Tris base, boric acid,
and EDTA), electrophoresis was conducted for 45 minutes at 25 V
(0.74 V/cm), adjusted to 300 mA in a horizontal electrophoresis
apparatus (Mupid One, Japan). The slides were then neutralized
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three times (3 minutes/neutralization) with TriseHCl buffer (pH
7.5). Slides were stained with 50 mL of 1� ethidium bromide and
after placing cover slips, theywere oven dried at 37�C for 1e2 hours
before scoring. The whole procedure was carried out in dim light to
minimize artifactual DNA damage. Analysis was performed using a
100� objective on a trinocular fluorescent microscope (OPTIKA
B-353FL, Ponteranica, Italy). The microscope was equipped with an
ocular micrometer of 10 mm, camera (AHD-Z600; AIPTEK, Willich,
Viersen, Germany), andwhite LED/12-V 20-W illuminator. Only one
person performed comet scoring to eliminate chances of personal
variability.

Fifty cells were scored for each sample (i.e., 25 cells/slide).
Normal cells have spherical or semispherical intact nucleus. By
contrast, the damaged cells appear like comets [20]. Evaluation of
the DNA “comet” tail shape and migration pattern allows for
assessment of DNA damage [21], and the tail shape was observed
and measured (tail length) using an ocular micrometer. Tail length
was calculated using the following formula [22]:

Comet tail length (mm) ¼ maximum total length � head diameter
comet tail length
Table 2
Mean comet tail length in the study groups according to the age and exposure time

Parameters n Tail length (mm)

Control Exposed

Age (y)
2.5. Pesticide concentration analysis

We analyzed the pesticide residues using gas chromatography
(GC). The adapted methodology was developed by the United
States Environmental Protection Agency (method 8141A) for
evaluating organophosphorous compounds [23]. Pesticide anal-
ysis was performed on a gas chromatograph with a flame ioni-
zation detector (Shimadzu series 2010; Shimadzu, Tokyo, Japan)
at Faculty of Biological Sciences, Quaid-e-Azam University,
Islamabad, Pakistan. Pesticides standards for organophosphates
pesticide and malathion were obtained from Sigma-Aldrich,
Taufkirchen, Munich, Germany. Steam distillation using acetone
and diethyl ether was performed just before use to separate the
various compounds in the samples. All the solvents (i.e., hydro-
chloric acid, anhydrous sodium sulfate, and n-hexane) and
glassware used were of GC grade. Standard malathion stock so-
lution (20 mL) was prepared with a 1 mg/mL concentration in
acetone (GC grade). Effective solutions were prepared in n-hex-
ane. The pesticide stock solution was stored at 4�C (stable for
1 month). Working solutions of malathion pesticide were injec-
ted into the chromatograph and concentrations were calculated
from the peaks obtained.
< 27 13, 19* 0.94 � 0.2 2.78 � 0.81
> 27 7, 19* 0.94 � 0.2 4.62 � 2.14

Exposure years
� 1 14 e 2.29 � 0.3
2e4 10 e 3.02 � 0.28
5e12 8 e 4.07 � 0.07
13e25 6 e 7.04 � 0.21

* Number of individuals (n) exposed in each (age-based worker) group when
there were 13 and 7 individuals, respectively, in the control group.
2.6. Statistical analysis

Statistical analysis of data was carried out using rules for nor-
mally distributed data. Correlation was also used to represent the
linkage between pesticide concentration in blood and DNA damage
(comet tail length).
Table 1
Hematological analysis of blood samples from the study groups

Exposure time (y) n White blood
cells (x103/mL)

Red blood
cells (M/mL)

Mean
hemog

Permissible range* 3.5e9.5 3.5e5.5

Control 20 7.5 � 1.3 4.6 � 0.8 2

� 1 14 6.2 � 2.1 4.9 � 0.7 2

2e4 10 7.1 � 1.8 5.0 � 0.3 2

5e12 8 10.1 � 0.9 4.9 � 0.7 2

13e25 6 10.8 � 0.6 5.2 � 0.2 2

* As recommended by the World Health Organization (Geneva, Switzerland).
3. Results

3.1. Hematology analysis

The blood samples were tested for complete blood count to
correlate the genotoxicity with different human blood parameters.
The test results were studied according to the guidelines and
normal ranges of all parameters followed in Pakistan. Some he-
matological parameters were found to have unusual levels. Data on
WBCs, RBCs, MCHC, and MCV are presented in Table 1. The WBC
count significantly increased with increase in exposure period
among workers. The exposed group had higher values for WBCs
and RBCs and lower values for MCH, MCHC, and MCV than normal
ranges (Table 1) prescribed by the World Health Organization
(WHO). High WBC count can be a cause of leukemia, which is a
cancer of the blood cells that have an abnormal increase of
immature WBCs, a condition termed “blasts.”
3.2. DNA damage assessments

The mean age of the individuals in the control group and in the
group exposed to pesticides was almost similar (27 � 6.1 years vs.
32 � 14.7 years). The mean comet lengths in blood cells of exposed
workers and the individuals in the control groupestimatedusing the
comet assay are summarized in Table 2. Overall, the workers had a
significantly greater mean DNA tail length than the controls
(0.94� 0.2 mmvs. 7.04� 0.21 mm; Table 2). For analyzing age effects,
the individuals in both the groupswere divided into two subgroups:
age< 27 years and age> 27 years. There was a significant effect of
age on mean comet tail length for the exposed workers compared
with the controls [0.94 � 0.2 mm (controls) vs. 2.78 � 0.81 mm
(aged < 27 years) and 4.62 � 2.14 mm (aged > 27 years)].

Fig. 1 shows the DNA damage levels in the control and exposed
groups as the percentage of damaged cells in each category. The
blood cells with comet appearance were further divided into three
groups (low-, medium-, and high-level damage groups) according
to the tail length. The low-level DNA damage group included those
corpuscular
lobin (pg/cell)

Mean corpuscular
hemoglobin concentration (g/dL)

Mean corpuscular
volume (fL/cell)

25e35 31e38 75e100

9.5 � 0.8 33.8 � 0.9 86.8 � 6.7

9.1 � 1.7 33.6 � 1.4 86.7 � 5.4

8.7 � 1.1 32.9 � 1.0 85.8 � 5.5

8.2 � 0.9 31.8 � 2.1 81.2 � 6.4

4.7 � 1.3 29.6 � 1.5 77.6 � 2.8
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Fig. 1. DNA damage levels in the control and exposed groups mentioned as percentage
of damaged cells in each category. All the damaged cells in the control group had low-
level damages. However, all the three categories were found in exposed ones. The tail
length for low-, medium-, and high-level DNA damage varied from 0.1 mm to 3.0 mm,
3.1 mm to 6.0 mm, and 6.1 mm to 10 mm, respectively.
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blood cells in which the length of DNA tail measured 0e3 mm; for
themedium group, it measured between 3 mmand 6 mmand for the
high-damage group, it was from 6 mm to 10 mm. All the control cells
belonged to the low-level damage group. In exposed group, 50% of
the damaged blood cells had low-level damage, 42% had medium-
level damage and 8% had high-level damage. The mean DNA
damage frequency increased with the increase in pesticides’
exposure time (Fig. 2). The workers who had longer working years
in pesticides industry had larger tail lengths andmore DNA damage
percentages compared with the new workers.

3.3. Concentrations of pesticides in blood and genotoxicity

Workers in the pesticides industry have constant exposure to a
number of pesticides, so as a representative of these chemicals,
we determined the malathion levels in the blood samples of in-
dividuals from both study groups. GC was used to detect the
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Fig. 2. Exposure period and DNA damage frequency, which was calculated using the
following formula: number of damaged cells/total number of cells scored � 100.
concentration of pesticide residues in exposed blood samples and
the results were compared with the control blood samples. An
average adult human male body contains 4.7e5 L of blood. Mala-
thion was detected in 72% of the exposed blood samples with an
average value of 0.14mg/L (range 0.01e0.31mg/L). Each value is the
average of triplicate measurements; however, control samples had
undetectable levels of these residues. The linear fitting curve in
Fig. 3 shows the significant correlation (R2 ¼ 0.91) of malathion
concentration with the comet tail length. The linear correlation
between malathion residues in blood and DNA damage is very
alarming, and highlights the risks involved in direct exposure
during the production activity.

4. Discussion

This study is a recent addition to a limited number of in vivo
investigations reported in the literature about pesticide exposure.
Changes in Hb levels have been linked with high exposure to pes-
ticides and chemicals [24]. Significant associations were also found
for Hb, hematocrit, RBCs,WBCs, and platelet count [25]. However, it
is not possible to draw a conclusive evidence of toxicity based on
hematological measurements alone as a majority of the factors had
values within the permissible limits specified by WHO [26].
Therefore, there is a need to develop a more sensitive method to
highlight early DNA damages in the exposed individuals.

In a study reported in literature [27], comet assay was suc-
cessfully used to quantify DNA damage levels in leukocytes from
occupationally exposed French farmers. In that study, genetic
damage was reported to be very high among the studied in-
dividuals [27]. Using the comet assay, Garaj-Vrhovac and Zeljezic
[16] reported increased DNA damage in lymphocytes in workers of
a production unit. Our results are in accordance with the afore-
mentioned studies as well as with others in the literature
[11,28,29]. The exposure period and increase in age of workers
cause an increase in WBCs count, and this is a clear indicator of
damage to DNA and blood cells. Thesemodifications are reported as
a cause of genotoxicity [30].

The malathion residues in blood samples showed the sensitivity
of comet assay to measure genotoxicity. In this study, most of the
pesticides industry workers had compound pesticide residues
above the allowable daily intake in their blood, which is injurious to
R² = 0.9086
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health. Although malathion generally does not produce mutations
and genotoxic effects, its metabolite malaoxon was reported to
cause genetic damages in mammalian cell mutation tests [31] as
well as in humans [32].

In conclusion, exposure period and age positively affect DNA
comet tail length. Based on information gathered from the hema-
tological analysis, comet assay, and pesticide concentration anal-
ysis, it is clear that comet assay is an effective tool for biomonitoring
and toxicological studies. Insecure practices in industrial workers
resulted in significant increase in DNA damage and increased WBC
count. Furthermore, the pesticide industry workers had little or no
knowledge about the health and safety measures. Intensive efforts
and trainings are thus required to build awareness about safety
practices and to change industrial workers’ attitude to prevent
harmful environmental and anthropogenic effects.
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