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A B S T R A C T

Insecticides are commonly used pesticides in the world. Chronic exposure to insecticides has adverse effects on
various human body organs. In this study, hematological findings were assessed in workers in an insecticide
manufacturing plant. Hematological parameters and clinical symptoms were recorded in 99 workers exposed to
insecticides and 107 workers not exposed to them in a cross-sectional study. Assessment of the hematological
results showed a higher prevalence of thrombocytosis in the exposed group than the non-exposed group (P <

0.05). Mean white blood cell (WBC) and platelet counts, anisocytosis of red blood cells (RBCs), and neutrophils to
lymphocytes ratio (NLR) were significantly higher in the exposed group compared to the non-exposed group (P <

0.05). Prevalence rates of headache, itchy skin, cough, and sleep disorders were higher in the exposed group than
in the non-exposed group (P < 0.05). Chronic exposure to insecticides can alter hematological parameters in the
normal range. Occupational exposure to insecticides may increase WBCs, platelet count, NLR, and red cell dis-
tribution width (RDW). It can also cause thrombocytosis. Complete blood count (CBC), as an inexpensive and
accessible tool, can help monitor workers' health status exposed to insecticides properly.
1. Introduction

Insecticide use seems unavoidable in the modern agriculture system.
As a result, numerous employees might be at the risk of occupational
exposure to insecticides, including farmers and workers in pesticide
manufacturing plants. However, the chronic effects of exposure to in-
secticides have not been thoroughly studied yet. In Iran, 18.5 million
hectares are cultivated by 3.4 million farmers who are exposed to in-
secticides [1]. Insecticides are the most widely used pesticides (ac-
counting for 94.5% of the total). Annual pesticide use has dramatically
risen in Iran since 2000 reaching 27000 tons in 2003–2004. Pesticide
manufacturing plants have increased in the recent decade, exposing a
more significant number of workers to insecticides. The health effects of
pesticide exposure have become a controversial and challenging issue in
the present decade. Pesticide exposure may have numerous effects on
human health. The available information suggests that pesticides can
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have long-term adverse effects on the reproductive, neurological, respi-
ratory, and hematopoietic systems in humans. Moreover, long-term
exposure to pesticides may also cause various types of cancer,
including multiple myeloma, leukemia, and non-Hodgkin lymphoma [2].

Numerous meta-analyses have assessed the relationship between pesti-
cide exposure and the risk of leukemia. For example, the odds ratio esti-
mated for leukemia by Merhi et al. [3] and Van Maele-Fabry et al. [4] were
1.35 and 1.2, respectively. Perrotta et al. assessed the relationship of occu-
pational exposure to pesticides and multiple myeloma in two case-control
studies, and their estimated odds ratios for this disease were 1.5 and 1.6
[5,6]. Another study investigated hematological and biochemical parame-
ters of farmers in Spain in 2016. The results showed that hemoglobin
levels and RBC count, and WBC count significantly increased in the case
group compared to the control group. The results also showed a significant
increase in platelet count in the group exposed to high levels of pesticides
compared to the group exposed to low levels of pesticides (P < 0.05) [7].
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Table 1. The main insecticides and their quantities in the insecticide production
unit of the facility.

Pesticide Group Conc. (mg/m3) TLV-TWA (mg/m3)

Carbaryl Carbamate 0.79 0.5

Bendiocarb 0.05 0.1

Fenvalerate Pyrethroid 1.25 5 (OSHA)

Cypermethrin 1.55 5 (OSHA)

Permethrin Negligible None

Allethrin Negligible None

Malathion Organophosphate 0.1 1

Chlorpyrifos 0.06 0.1

Total dust Dust 4.1 10
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Identical numbers of farmers in the case group (n ¼ 50) and the
control group (n ¼ 50) were examined in a case-control study in
Thailand. Sixty percent of the farmers had more than 10 years of work
experience. The mean corpuscular volume (MCV), mean corpuscular
hemoglobin concentration (MCHC), and mean corpuscular hemoglobin
(MCH) were significantly lower in the case group compared to the
control group (P < 0.05) [8]. Eighty-three people who were exposed
to pesticides and 98 people who were not exposed to pesticides were
recruited in a cross-sectional study inMexico in 2011. The results showed
significantly lower hemoglobin and hematocrit levels and significantly
higher platelet count in the case group compared to the control
group [9].

An equal number of male farmers exposed to pesticides (n ¼ 54) and
healthy male farmers not exposed to pesticides (n ¼ 54) were enrolled in
a case-control study in southeastern Iran in 2012. The findings showed
that the hematologic parameters had values in the normal ranges. Still,
platelet count, RBC count, and hematocrit and hemoglobin levels were
higher in the case group compared to the control group [10]. Given the
widespread use of pesticides in Iran in the past decade and the absence of
sufficient evidence on the health effects of these compounds on the
Iranian population, researchers in this country should pay more attention
to the diseases that are more likely to be caused by exposure pesticides.
However, few studies have assessed the long-term effects of exposure to
pesticides on diseases, especially those affecting the hematopoietic
system, in Iran. Therefore, the present study assessed hematological
parameters in the workers employed in an insecticide manufacturing
plant in Iran.

2. Material and methods

2.1. Population and type of study

All the workers of the insecticide production line were enrolled as the
exposed group and those in the packaging and loading units and the
security guard personnel with no experience in the insecticide production
line who were not exposed to insecticide (were not farmers, etc.) were
recruited as the non-exposed group in a cross-sectional study in 2020.
Inclusion criteria were at least 6 months of work experience [5], and
exclusion criteria were incomplete occupational medical records, liver
diseases, cardiovascular diseases, and cancers. All the participants were
male. Demographic data, including age, height, weight, smoking expe-
rience, work experience, marital status, and education level, were
collected using a checklist. This research design was approved by the
Ethics Committee of Guilan University of Medical Sciences with the
ethics code of IR.GUMS.REC.1399.632. Informed consent forms were
collected from all the participants.

2.2. Types of insecticides

Documents related to the different types of insecticides, their envi-
ronmental monitoring of the production halls and of the other units in the
facility were collected in coordination with the Occupational Health and
Safety and Environmental Protection (HSE) unit. Table 1 presents the
concentrations of the insecticides in the indoor air in the workplace.
Three types of insecticides were produced in the facility, namely
organophosphate, carbamate, and pyrethroid insecticides. Only the
concentration of carbaryl (a carbamate insecticide) was above the
occupational exposure limit (OEL), and the concentrations of the other
insecticides were below the OEL (Table 1). The concentrations of in-
secticides were negligible in the other units.

2.3. Medical examinations

The examinations included the medical records of the workers and
the physical examinations. Symptoms of chronic pesticide poisoning
were studied by studying the physical examinations and the medical
2

records of the workers with the emphasis on the respiratory system
(cough, shortness of breath, etc.), the neurological system (fatigue,
tremor, cramps, sleep disorders, etc.), and the cutaneous system (skin
redness, itching, etc.). The blood pressure measurement and blood
sampling time performed between 7 am and 8:30 am just before the start
of work. Measurements were performed with each subject sitting in a
chair after a break of at least 5 min. Measurements within 30 min after
eating or strenuous physical activity or smoking were avoided. Systolic
and diastolic blood pressure were measured twice with a 10–12 cm � 40
cm cuff on a standard mercury sphygmomanometer. In this study, we
used the average of two blood pressure measurements. Inclusion criteria
of pesticide sprayers (exposed subjects) include male pesticide sprayers
with age group of 18–60 years, and pesticide sprayers must have at least
six months previous experience in spraying operations in the field. Also,
due to the fact that this study is cross-sectional one, it was not possible to
determine the persistence of symptoms, so having symptoms at the same
time of the study was assessed.

2.4. Parameters of hematologic

Hematological parameters included: RBC, Hb, HCT, MCV, PLT, red
blood cell distribution width (RDW), erythrocyte sedimentation rate
(ESR, mm/h), WBC, the absolute count of neutrophils (NEUT, X�103 μL),
lymphocytes (LYM, X�103 μL), basophils (Baso, X�103 μL), monocytes
(Mono, X�103 μL), and eosinophils (Eso, X�103 μL). The ratio of
neutrophils to lymphocytes (N/L) was also calculated.

2.5. Statistical analysis

Mean, standard deviation, frequency, and percentage were used in
descriptive statistics, the Shapiro-Wilk test to check the data for
normality, and the Mann-Whitney test to compare the quantitative var-
iables since data distribution was not normal. Chi-square test and Fisher's
exact test were used to compare the frequency of clinical symptoms in the
exposed and non-exposed groups. Chi-square analysis and Fisher's exact
tests were used to assess the relationship of work experience (history of
exposure to insecticides) with thrombocytosis. The participants were
divided into two groups with more than and less than eleven years of
work experience. Odds ratios (OR) with 95% confidence intervals (CI)
were calculated to assess the relationship of exposure to insecticides with
thrombocytosis. The significance level was P < 0.05.

3. Results

3.1. Demographic findings

Nighty-nine workers in the insecticide production unit were recruited
as the exposed and 107 personnel in the other units as the non-exposed
groups. All the participants were male. Their mean age 38 years
(ranging from 22 to 66 years), average work experience 11.19 years
(ranging from 2 to 28 years), and mean body mass index (BMI) 25.94 kg/



Table 3. Comparison of hematological parameters between the exposed and non-
exposed groups in the pesticide manufacturing plant.

Parameter Exposed group Non-exposed group P-value

Mean � SD Mean � SD

RBC (X�106 μL) 5.45 � 0.46 5.29 � 0.50 0.138

Hb (g/dL) 15.37 � 1.21 15.07 � 1.04 0.161

HCT (%) 45.54 � 3.23 45.75 � 2.49 0.078

MCV (fL) 85.93 � 4.11 86.89 � 3.46 0.072

RDW (%) 13.24 � 1.15 11.96 � 0.83 0.001

WBC (X�103 μL) 7.17 � 1.70 6.65 � 1.50 0.026

NEUT (X�103 μL) 4.45 � 1.05 4.01 � 0.90 0.008

LYM (X�103 μL) 2.17 � 0.31 2.08 � 0.35 0.068

Mono (X�103 μL) 0.24 � 0.05 0.23 � 0.05 0.298

Eos (X�103 μL) 0.16 � 0.03 0.16 � 0.07 0.027

Baso (X�102 μL) 0.02 � 0.03 0.01 � 0.01 0.002

N/L 2.05 � 0.36 1.91 � 0.25 0.029

PLT (X�103 μL) 266.01 � 83.41 232.46 � 47.75 0.001
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m2 (ranging from 19 to 41 kg/m2). Among them, 165 workers (80.1%)
were married, and 42 (20.4%) had a smoking history. A comparison of
demographic parameters in the two exposed and non-exposed groups is
shown in Table 2. The Shapiro-Wilk test was used to check data
normality, and Mann-Whitney and Chi-square tests to compare
demographic variables since the assumption of data normality was
rejected. There were no statistically significant differences between the
exposed and non-exposed groups in terms of average age, work experi-
ence, BMI, history of smoking, and marital status (P > 0.05) (Table 2).

3.2. Clinical examination

The Shapiro-Wilk test was used to check data normality. Data dis-
tribution was not normal. Therefore, Mann-Whitney and Chi-square tests
were used to compare the clinical variables. Clinical examination
revealed that mean systolic blood pressure values in the exposed and
non-exposed groups were 125.45- and 124.95-mm Hg, respectively. This
difference was not statistically significant (P > 0.05). The mean diastolic
blood pressure values in the exposed and non-exposed groups were 80.15
and 79.81-mm Hg, respectively. The difference was not statistically sig-
nificant (P > 0.05). The prevalence rates of headaches, itchy skin, cough,
and sleep disorders were significantly higher in the exposed group than
the non-exposed group (P < 0.05). The prevalence rates of headache in
the exposed and non-exposed groups were fourteen (14.14%) and four
(3.73%), respectively. The difference was statistically significant (OR ¼
4.24, 95% CI: 1.34–13.36, P ¼ 0.012). The prevalence rates of itchy skin
in the exposed and non-exposed groups were eleven (11.11%) and three
(2.83%), respectively. The difference was statistically significant (OR ¼
4.32, 95% CI: 1.27–16.02, P ¼ 0.025). The prevalence rates of cough in
the exposed and non-exposed groups were nineteen (19.20%) and eight
(7.50%), respectively. The difference was statistically significant (OR ¼
2.93, 95% CI: 1.22–7.16, P ¼ 0.019). The prevalence rates of sleep dis-
orders in the exposed and non-exposed groups were twelve (12.12%) and
four (3.74%), respectively. The difference was statistically significant
(OR ¼ 3.53, 95% CI: 1.10–11.41, P ¼ 0.035).

3.3. Hematological findings

The Shapiro-Wilk test was used to check data normality. Data dis-
tribution was not normal. Therefore, the Mann-Whitney test was used to
compare the hematological variables. The mean values of PLT, RDW
WBC, neutrophil, basophil, eosinophil, and NLR in the exposed group
were significantly higher than the non-exposed group (P < 0.05)
(Table 3). Eleven workers (5.34%) suffered from thrombocytosis (PLT>
450 � 103 μL), and the prevalence of thrombocytosis in the exposed
group was significantly higher than the non-exposed group (P ¼ 0.05)
(Table 4). There was a significant relationship between work experience
and the prevalence of thrombocytosis. The prevalence of thrombocytosis
in the group with more than 11 years of work experience was signifi-
cantly higher than the group with less than 11 years of work experience
(P ¼ 0.017) (Table 4). The average year of work experience in the group
with an incidence of thrombocytosis (22.44 years) was significantly
Table 2. Assessment of demographic variables in the exposed and non-exposed
groups in a pesticide manufacturing plant.

Variable Exposed
group

Non-exposed
group

P-value

Age (year) Mean � SD 38.56 � 7.98 37.57 � 7.53 0.31

Work experience (year) 11.23 � 6.48 11.17 � 5.97 0.97

BMI (Kg/m2) 26.05 � 3.32 25.84 � 3.40 0.68

Marital status N (%) Marriage
Single

76 (78.4)
21 (21.6)

89 (83.2)
18 (16.8)

0.47

Smoking N (%) Yes
No

20 (20.2)
79 (79.8)

22 (20.6)
85 (79.4)

0.99
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higher than the group with no incidence of thrombocytosis (11.14 years)
(P < 0.001).

4. Discussion

Insecticides can have adverse effects on various human body organs.
These effects may be due to occupational exposure to insecticides. An
investigation on Health symptoms related to pesticide exposure has
illustrated that occupational exposure to pesticides can be associated with
a higher prevalence of respiratory and muscular symptoms. AChE (an
enzyme that terminates the neurotransmitter acetylcholine at neuromus-
cular junctions and cholinergic brain synapses) activity, which known to
be a biomarker of exposure to occupational exposure and carbamates, was
a biomarker of exposure to occupational exposure and carbamate [11]. A
study by Mwabulambo has demonstrated that 95% of pesticide applica-
tors reported the handling of organophosphorus pesticides. Physical
weakness was the most commonly reported neurological symptom
(57.1%), followed by sweating and headache (40.7%), anorexia and
depression (29.3%), and irritation (26.4%). rice field. About 27% of
pesticide sprayers had acetylcholinesterase levels below the limit [12].
The hematological parameters were compared in the exposed (chronic
exposure to insecticides) and non-exposed groups. The mean WBCs,
neutrophils, basophils, NLR, RBCs (anisocytosis), and platelet counts were
significantly higher in the exposed group compared to the non-exposed
group (P < 0.05). Although most previous studies examined the hema-
tologic parameters for acute poisoning, a limited number of them assessed
chronic occupational exposure. WBC counts were significantly higher in
the exposed group in this study, which was consistent with those of the
previous studies [7, 13, 14] and could be due to immune response to in-
secticides exposure. A statistically significant increase was detected in
WBCs (neutrophils and basophils) in the exposed group compared to the
Table 4. The relationship between the prevalence of thrombocytosis and expo-
sure to pesticides and work experience in a pesticide manufacturing plant.

Groups Thrombocytosis Adjusted
OR

%95 CI P-value

Yes No

Exposed (N-%) 9 (9.10) 90 (90.90) 4.752 0.978–
23.089

0.05

Non-exposed (N-%) 2 (1.87) 105 (98.13)

Work experience
>11 years

10 (10.75) 83 (89.25) 12.568 1.564–
100.981

0.017

Work experience
�11 years

1 (0.01) 112 (99.99)

Fisher's exact test.
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non-exposed group (P < 0.05). Tang et al. showed an increase in
neutrophil counts in acute organophosphate and paraquat poisoning [15].
Wafa et al. reported higher WBC counts (monocytes and lymphocytes) in
farmers [16]. Cort�es-Iza et al. [14] and Fareed et al. [17] noticed higher
monocyte counts in those chronically exposed to insecticides. These re-
sults were consistent with those of the present study. A significant increase
was detected in monocyte counts in most studies [14, 15, 16]. Monocytes
are involved in chronic inflammation. Basophil counts increased in the
present study, which could also be explained by the chronic inflammation
process that is expected in insecticide exposure. Platelet count signifi-
cantly increased in the exposed group in our study, which was in agree-
ment with the results of previous studies [10, 13, 14, 15, 16, 17, 18]. Abu
Mourad reported a significant increase in the mean platelet counts in
Palestinian farmers compared to the control group (P < 0.05) [19]. The
prevalence of thrombocytosis was 9.09% in the exposed group in our
study—platelet production increases in cases of inflammation and high
oxidative stress. Wafa et al. [16] also showed that long-term exposure to
insecticides was accompanied by oxidative stress. The prevalence of
thrombocytosis was higher in the participants with more years of work
experience in our study, which could indirectly suggest the level of
exposure to insecticides. However, it lacked an acceptable confidence
interval range, which could probably be resolved by using a larger sample
size. Of course, the mean work experience in the group with thrombo-
cytosis was significantly higher than the group with no incidence of
thrombocytosis. A study suggested that organophosphorus and carbamate
pesticides can affect megakaryocyte formation by cholinergic receptors,
which can reduce MPV. However, neither the exact effect of cholinergic
substances on megakaryocyte formation nor the receptors that may
mediate these effects have been identified [20]. Also, in another study, it
has been reported that in patients with acute pesticide poisoning, hemo-
perfusion caused impaired platelet aggregation with incomplete platelet
activation, which was associated with decreased thrombin formation with
increased fibrinolysis [21]. Al-Sarar et al. found no difference in hema-
tological parameters between the exposed and the non-exposed groups
except for white blood cell increased in the group exposed to the in-
secticides. The difference might be due to differences in the type of in-
secticides and durations of exposure to them [22].

In our study, a significant increase was detected in the mean NLR in
the group chronically exposed to insecticides compared to the control
group. Defne Dundar et al. suggested that NLR could be used as a prog-
nostic factor for pesticide poisoning [23]. Previous studies showed
elevated NLRs in cases of pesticide poisoning [22, 23, 24]. Moreover,
animal studies demonstrated that chronic exposure to chlorpyrifos
increased NLR [25]. As mentioned earlier, exposure to pesticides causes
inflammation and oxidative stress. Previous studies reported that NLR
served as a strong prognostic indicator for inflammation [26, 27].

In our study, RBCs increased in the group exposed to insecticides than
the non-exposed group, but the difference was not significant. Oxidative
stress shortens RBC lifespan. As a result, bone marrow increases the
production of RBCs to compensate for the shortened lifespan of RBCs.
RBCs also increase in case of heavy metal poisoning. The mechanism of
insecticide poisoning might be similar to that of heavy metal poisoning.
RDW reflects the degree of heterogeneity of erythrocyte volume.
Numerous studies have reported an increase in RDW levels in cases of
inflammation [28] and oxidative stress [29]. Acute pesticide poisoning
causes oxidative stress-dependent inflammatory responses accompanied
by the production of free radicals and dysfunction in the body's antiox-
idant defense mechanism [30, 31]. Elevated RDW also serves as a
prognostic marker for chronic inflammation and high oxidative stress
[32]. Inflammation and oxidative stress are also involved in the patho-
physiology of organophosphate poisoning, which leads to the elevation
of inflammatory cytokines, including interleukin-8 and β1 [32,33].
Oxidative stress and inflammation prevent RBC maturation. Chronic
exposure to organophosphate and other insecticides is also associated
with oxidative stress in people [34]. Increases in RDW in the exposed
group compared to the control group in this study may be due to
4

inflammation and oxidative stress caused by exposure to pesticides.
These results were consistent with those of the studies by Soltaninejad
[33] and García-García et al. [7]. Insecticide exposure increases sensi-
tivity of erythrocytes and lymphocytes to oxidative stress and shortens
their lifespan, which causes anisocytosis and lymphopenia. This even-
tually increases neutrophils and decreases lymphocytes in cases of
inflammation, which increases NLR. Chronic exposure to insecticides was
likely to cause changes in hematological parameters in the normal
range in this study. The mean WBC and platelet counts, NLR, and RDW
significantly increased in the exposed group compared to the
non-exposed group. The prevalence of thrombocytosis also significantly
increased in the exposed group compared to the non-exposed group. The
difference in the results of previous studies could be due to the type of
study, exposure to different types of pesticides, pesticide concentration,
and duration of pesticide exposure. Previous studies assessed the rela-
tionship between exposure to pesticides and various hematopoietic
cancers. A meta-analysis (a review of 14 studies published between 1984
and 2004) showed that occupational exposure to pesticides increased the
risk of leukemia in adults by 1.4- fold [4]. Van Maele-Fabry et al.
reviewed 17 cohort studies published between 1979 and 2005 in a
meta-analysis and reported that occupational exposure to pesticides
increased the risk of leukemia in adults [35]. However, no case of cancer
was detected in this study, which might be due to the type of study and
the healthy worker effect. It is recommended to create a registry network
for those exposed to pesticides to determine the long-term side effect. The
prevalence of headaches, itchy skin, cough, and sleep disorders was
significantly higher in the exposed group than the non-exposed group in
this study (P < 0.05). These results were consistent with those of the
previous studies [9, 19, 36]. Most of the hematological parameters were
inside the normal ranges in this study, which is a challenging clinical
finding. However, alterations in several hematological parameters were
detected in the exposed group compared to the control group. The
healthy worker effect can be neutralized in a format of a longitudinal
study with longer follow-up, which may help obtain more significant
clinical results. Nevertheless, a higher prevalence of thrombocytosis was
detected in the exposed group compared to the non-exposed group.
Therefore, it is recommended that hematological parameters be assessed
in periodic occupational health examinations in shorter intervals. It
might also be necessary to arrange biological monitoring of workers
exposed to insecticides. This was a cross-sectional study with relatively
small sample size. Therefore, it is recommended to perform a prospective
study with larger sample size.

In this study, environmental monitoring was performed to measure
insecticides, which of course cannot be the exact amount of exposure of
workers to insecticides, and this was the limitation of our study. Natu-
rally, it is better to do biological types of monitoring, such as measuring
serum cholinesterase levels. Also, there are several factors making he-
matological changes, while in this present study, we mostly focus on
insecticides effects on hematological changes.

5. Conclusion

This study showed that chronic exposure to insecticides might alter he-
matological parameters within the normal ranges. Therefore, occupational
exposure might increase WBC and platelet counts, NLR, and RDW. Occu-
pational exposure to insecticides can also cause thrombocytosis. Conse-
quently, future investigations should undertake a main effort to evaluate
the identity and the level of pesticides exposure and should control for
the most possible potential confounders. However, our result supports the
suggestion that exposure to a common pesticides, is a fundamental factor.
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