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Introduction: Kyauk Kan village of Nyaung-U, Mandalay region, Myanmar is one of the most 

famous groundnut-growing zones and has been exposed to pesticides. 

Methods: This study design provided evaluation of within-person changes in the season across 

growing and nongrowing periods. A cross-sectional study was performed to identify health 

problems related to organophosphate pesticide (OP) exposure, to explore the protected use 

of this pesticide among 400 participants in the community by face-to-face interviews, and to 

determine the reproductive effects of OP exposure by using biomarkers of 100 male groundnut 

farmers aged 18–49 years. 

Results: The mean age of the participants was 37.5±9.45 years. Analysis revealed statistically 

significant differences in seminal parameters (P<0.05 for pH, viscosity, motility, morphology, 

and sperm count) and in a reproductive hormonal assay (P<0.05 in follicle-stimulating hor-

mone and testosterone) between the growing and nongrowing periods. Blood-cholinesterase 

levels of plasma cholinesterase in the growing period were significantly higher than those in 

the nongrowing period (P<0.05). 

Conclusion: Our results suggest that chronic exposure related to OP dose may reduce potential 

male reproductivity.
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Introduction
Exposure to harmful environmental agents affects human reproductive capacity.1 

Many chemical and physical agents that were designed for industrial and agricultural 

purposes have led to a rise in male reproductive problems, such as infertility, sexual 

dysfunction, cryptorchidism, hypospadias, and testicular cancer.2,3

Agriculture is an important part of the Myanmar economy, and pesticide poison-

ing is a potential agricultural hazard. Many Myanmar farmers have not been educated 

about chemical insecticides.4 In Myanmar, agricultural pesticides, including the 

organophosphate (OP), organochlorine, and carbamate groups, are commonly used.5 

Two to five pesticides are frequently mixed and utilized. These pesticides may be 

used without caution or inappropriately; moreover, the empty containers may not be 

disposed of appropriately.1

Inappropriate brain acetylcholinesterase (AChE) activity and monoamine levels 

causing impaired gonadal development and alterations in hypothalamic and pituitary 

endocrine functions have been found among those who use OP insecticides within agri-
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cultural settings. Such insecticides have been found to affect 

reproductive function, along with the production and function 

of hormones that regulate spermatogenesis.6,7 Decreased 

testosterone reduces libido, causes erectile dysfunction, and 

affects sperm numbers and sperm health.8

OP insecticides exert toxic effects and exist as phosphoric 

or thiophosphoric acid esters. As they inhibit AChE activity, 

when men are exposed to OP insecticides, this may result 

in altered sperm structure and function, contributing toward 

deterioration in human semen quality and triggering infertil-

ity. Its mechanism of action is to inhibit brain AChE activity 

and disturb pituitary gonadotropin.9 At maximum dosages, 

OP insecticides have been shown to exert cytotoxic effects 

on sperm and to reduce both sperm-fertilizing ability and 

sperm motility.10 Owing to these negative effects on health, 

it is necessary to understand knowledge and practices associ-

ated with pesticide use among agricultural workers.11 This 

study aimed to identify the effect of pesticide exposure on the 

reproductive systems of male groundnut farmers, based on 

interviews and biomarkers in Kyauk Kan village, Nyaung-U, 

Mandalay Province, Myanmar.

Methods
Research design and methodology
This research consisted of two descriptive studies: an obser-

vational study and a laboratory study. The first cross-sectional 

study, referred to here as the observational study, identified 

health problems related to pesticide exposure and explored 

awareness of the safe handling of pesticides among 400 

participants of 818 groundnut farmers in the community via 

face-to-face interviews. This was followed by another cross-

sectional study involving 100 males in Kyauk-Kan village 

who had experienced problems with pesticide use and/or had 

lived in the study area for more than 5 years prior to the study. 

Laboratory-study subjects, aged 18–49 years, were selected 

from the participants of the first study. This second study 

aimed to determine the reproductive effects of OP pesticides 

among chronically exposed subjects during the growing and 

nongrowing periods using such biomarkers as semen profile, 

serum hormone, and blood-cholinesterase (ChE) level. These 

parameters were evaluated in the growing and nongrowing 

season. Exclusion criteria were farmers who had a history 

of vasectomy, were using exogenous hormones, and were 

unwilling to give sperm or blood samples.

The studies were approved by the Myanmar Medical 

Research Center of Ethics Review Committee (ERC 00151 

6, Ethics/DMR/2016/037), Department of Medical Research, 

Ministry of Health, and the government of Myanmar. All 

subjects were informed of the study objectives and informed 

that all information and biological samples were confidential. 

Written informed consent was provided by all subjects, and 

they had the right to withdraw from the study at any time, 

with no adverse consequences. As an incentive, each subject 

was paid 5,000 Myanmar kyat (approximately US$5) to 

participate.

Selection of study area
Kyauk Kan village, Nyaung-U, Mandalay Province, Myan-

mar is known for growing groundnuts. Several pesticides 

are continually used in this area. No previous studies of the 

effect of pesticide exposure have been conducted in this vil-

lage. In Kyauk Kan at the time of the studies, there were 182 

households comprising 366 males and 452 females, 642 of 

whom were of working age.12

Questionnaire
Each subject completed a questionnaire in which they pro-

vided information about sociodemographic characteristics, 

knowledge, and practices regarding pesticide use and safety 

precautions used. Specific questions about pesticide use 

indicated the type, frequency, and disposal of empty pesticide 

containers and the type and frequency of use of personal 

protective equipment.

Sample collection
Semen and blood samples were collected from each person 

twice: once during the growing season (June–October) and 

once during the nongrowing season (November–April).

Semen collection and seminal fluid 
analysis
All participants were asked to avoid ejaculation for 2–3 days 

before semen collection. Semen samples were analyzed on 

site within 1 hour of collection. For the purposes of privacy, 

semen collection took place in a private room, and the pro-

cedure was overseen entirely by the primary investigator. 

Unacceptable specimens were defined as containers that 

were cracked, broken, or leaking. All semen samples were 

collected carefully. The investigator then recorded the date 

of collection and time of ejaculation, and each sample was 

systematically coded. Next, all semen samples were kept in 

an incubator at 37°C before being liquefied, which took about 

20–30 minutes, and subsequently examined. Semen samples 

were analyzed for volume, pH, viscosity, motility, morphol-
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ogy, and sperm count following World Health Organization 

(WHO) guidelines.13,14

Blood-hormone analysis
A 10-mL plastic syringe was used to collect blood samples 

from the farmers. Next, samples were centrifuged at room 

temperature until the serum had separated. Follicle-stimulat-

ing hormone (FSH), luteinizing hormone (LH), and testoster-

one levels were then measured.15 This study was focused on 

the issue of whether environmental chemicals cause altered 

hormone levels through various biological mechanisms and 

target sites, ranging from effects on hormone receptors to 

effects on hormone synthesis, secretion, or metabolism.

Blood-cholinesterase testing
Using a finger-prick technique, 10 µL blood samples were 

collected from the farmers after the end of their shifts. A 

Test-Mate ChE kit (model 400; EQM Research, Cincinnati, 

OH, USA) was used in this study. Erythrocyte AChE indi-

cated chronic or long-term exposure to OP pesticides, while 

plasma ChE (PChE) indicated short-term exposure to detect 

acute poisoning early.16

Data analysis
Continuous variables are expressed as means ± SD. Wilcoxon 

signed-rank tests were used to compare differences in seminal 

profile, blood-hormone level, and blood-ChE level of the 

study subjects between the growing and nongrowing seasons. 

Shapiro–Wilk tests (P>0.05),17 along with visual inspection 

of the subjects’ histograms, normal Q–Q plots, and box plots, 

showed that all variables (semen analysis, blood-hormone 

levels, and blood-ChE levels) were abnormally distributed, 

so we used the median for each of the biomarker variables 

for both growing and nongrowing seasons. SPSS version 

16 was used for statistical analysis.18 Two-sided P<0.05 was 

considered statistically significant.

Quality control
For seminal analysis, all samples were prepared by the 

investigators to meet the standard required by the quality-

control laboratory. All semen samples were gathered and 

tested by qualified personnel based on WHO (1992 and 

1999) guidelines.19,20 For hormonal analysis, we used an 

Elecsys PreciControl Universal 1 and 2. Controls for the 

various concentration ranges should be performed as single 

determinations at least once every 24 hours when the test is 

in use (once per reagent kit and after each calibration).

Results
For the observational study, 400 applicants were screened 

for eligibility criteria. Of these, 100 male groundnut farmers 

aged 18–49 years were selected by a simple random-sampling 

method. In the laboratory study, the farmers had a mean 

age of 37.5 years (±9.45 SD). Half the respondents were of 

primary and middle education level, with a mean body-mass 

index of 18.34±2.14, classified as within a lower-than-normal 

range (18.5–24.9) according to the WHO.21 Baseline charac-

teristics are shown in Table 1.

Seminal fluid analysis
Table 2 shows the statistically significant differences (P<0.05) 

found between the biomarkers of seminal analysis (viscosity, 

motility, morphology, and sperm count) in the growing and 

nongrowing periods using the Wilcoxon signed-rank test. The 

results of the sperm analysis revealed that 74% of the farmers 

had oligozoospermia22 – a higher than average figure – in 

the growing period, but this figure decreased to 46% in the 

nongrowing period, because the farmers have less exposure 

to pesticide in the nongrowing season. These findings may 

lead to further evidence that occupational exposure to other 

pesticide residues adversely impacts semen quality. The 

results of the semen analysis revealed that participants’ sperm 

count was significantly lower during the growing period than 

the nongrowing period.

Reproductive hormone assay
Table 3 shows statistically significant differences found in 

serum-hormone levels (P<0.05 for FSH and testosterone) in 

the growing and nongrowing periods. Virulent disclosure can 

modify the manufacture, discharge, or action of hormones 

Table 1 Demographic characteristics of study participants in 
growing and nongrowing periods (n=100)

Prevalence

Age (years)
Mean ± SD (range) 37.5±9.45 (18–49)
Body-mass index (kg/m2)
Mean ± SD (range) 18.34±2.14 (18.5–24.9)
Education (%)
Primary school level 34
Middle school level 39
High school level 19
University level 8
Smoking during work (%) 65
Eating and drinking during work (%) 76
Alcohol consumption habits (%) 45
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that monitor spermatogenesis. A decline in testosterone can 

also reduce both a man’s desire for sexual intercourse and his 

sexual functioning. Broadly speaking, chemical or physical 

promoters can severely damage a man’s testicles, sperm cells, 

or mature sperm. Such damage can lead to a deterioration 

in sperm count, an absence of sperm, and reduction in their 

motility or function.8

Blood-cholinesterase testing
ChE values were divided by using median values for cutoff 

points for two levels: abnormal and normal.23 If the value was 

≤3.15 U/mL for AChE, ≤25.4 U/g hemoglobin for HAChE, 

and ≤1.61 U/mL for PChE in the growing period and ≤3.13 

U/mL for AChE, ≤27.5 U/g hemoglobin for HAChE and 

≤1.28 U/mL for PChE in the nongrowing period, this was 

considered to represent an “abnormal” level, thus indicating 

that participants could potentially have pesticide poisoning. 

If values of AChE, HAChE, and PChE were >3.15, >25.4, 

Table 2 Comparison of semen-quality parameters in respondents who had been exposed to organophosphate pesticides in growing 
and nongrowing periods (n=100)

Semen  
quality

Growing period Nongrowing period Wilcoxon 
z-value

P-value  
(two- 
tailed)

Reference  
valueNormal, 

n (%)
Abnormal, 
n (%)

Median  
(range)

Normal,  
n (%)

Abnormal, 
n (%)

Median 
(range)

Volume 25 (25%) 75 (75%) 1.65 (0.20–4.50) 48 (48%) 52 (52%) 1.60 (0.5–6.4) –1.095 0.274 2–5 cc
pH 58 (58%) 42 (42%) b(6.00–8.50) 96 (96%) 4 (4%) (7.00–8.50) –6.076 NC 7.2–7.8
Viscosity 23 (23%) 77 (77%) 45.0 (15–120) 58 (58%) 42 (42%) 30.0 (10.0–120) –4.858 0.000a Within 30 minutes
Motility 9 (9%) 91 (91%) 50 (0.0–90.0) 13 (13%) 87 (87%) 30.0 (3.0–80.0) –2.838 0.005a >80% motile
Morphology 5 (5%) 95 (95%) 67.5 (0–100) 9 (9%) 91 (91%) 75.0 (40.0–100) –4.338 0.000a Tail ~90% total 

length
Sperm count 23 (23%) 77 (77%) 30.5 (0–1176) 54 (54%) 46 (46%) 64 (8.0–464.0) –4.852 0.000a 60–150×106

Notes: aP<0.05 (Wilcoxon signed-rank test). bA pH value cannot have a median.
Abbreviation: NC, no comparison.

Table 3 Comparison of serum hormonal levels in respondents who were exposed to organophosphate pesticides in the growing and 
non-growing period (n=100)

Growing period Non-growing period Wilcoxon 
z-value

P-value  
(two-tailed)Frequency, n (%) Median (range) Frequency Median (range)

FSH (1.5–12.4) Low 2 (2%) 4.35 (1.3–27.5) 2 (2%) 4.81 (1.45–27.8) –2.326 0.02a

Normal 92 (92%) 90 (90%)
High 6 (6%) 8 (8%)

LH (1.7–8.6) Low 0 6.79 (2.68–18.11) 1 (1%) 6.65 (1.29–21.7) –0.951 0.342
Normal 68 (68%) 75 (75%)
High 32 (32%) 24 (24%)

Testosterone 
(2.84–8.0)

Low 6 (6%) 5.17 (1.84–11.41) 6 (6%) 5.46 (2.15–14.36) –2.876 0.004a

Normal 88 (88%) 82 (82%)
High 6 (6%) 12 (12%)

Note: aP<0.05 (Wilcoxon signed-rank test).
Abbreviations: FSH, follicle-stimulating hormone; LH, luteinizing hormone.

and >1.61 U/mL in the growing period and >3.13, >27.5, and 

>1.28 U/mL in the nongrowing period, respectively, this indi-

cated a “normal” level. Table 4 shows the effect of exposure 

to OP pesticides among the farmers in relation to blood ChE.

Discussion
In Myanmar, most farmwork is usually carried out by male 

workers. Nearly half the respondents had 10–12 years’ 

experience of working on a farm, and the number of years 

they had worked with pesticides was even higher, because 

groundnut growing represents a major source of work in 

the area. After finishing primary school, they immediately 

began working in the groundnut industry. Most of the 

farmers applied pesticides to their fields for about 5 hours 

per day in the paddy fields, highlighting that farmers who 

work in paddy fields could be exposed to pesticides. Most 

of these farmers mixed, loaded, and sprayed pesticides by 

themselves.
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All the study participants were groundnut-growing farm-

ers who always used chemical pesticides that could conquer 

pests and symptoms. Most of them were familiar with two 

to three types of chemical pesticide that could be applied to 

their groundnut crops. They would spray chlorpyrifos four 

or five times on the same crop using a motorized sprayer. 

Moreover, they always used large amounts of pesticide 

(exceeding the recommended dosages stated on the pesticide 

label) and mixed different kinds of pesticides together. None 

of them had ever been tested for pesticide contamination. In 

addition, they did not wear any personal protective equip-

ment (PPE), such as rubber gloves or boots, to protect them 

from the pesticides.

However, for the farmworkers in this study, knowing 

about PPE was not enough to ensure chemical safety. There-

fore, further education regarding PPE is recommended to 

reduce the risks of pesticide toxicity among farmworkers. To 

promote the safe handling of chemical pesticides, educating 

the workers is vital to achieve necessary behavioral changes. 

Health personnel need to educate farmworkers about the 

safe handling of pesticides and keep themselves up to date 

on current knowledge about pesticides. This is because dis-

seminating information about safety measures through online 

media is not particularly effective, especially regarding the 

use of protective clothes or aprons. A more effective way of 

educating the workforce is for health workers to explain the 

pros and cons.

Improper usage of OP pesticides has a negative effect 

on the male reproductive system and can lead to reduced 

sperm density and motility, obstructed spermatogenesis, 

reduced sperm counts, a rise in abnormal sperm morphol-

ogy, and changes in plasma levels of testosterone, FSH, and 

LH. In this study, all semen-quality and serum-hormone 

variables showed significant variations between the grow-

ing period and the nongrowing period. A similar result was 

Table 4 Comparison of blood-cholinesterase levels in respondents who were exposed to organophosphate pesticides in growing and 
nongrowing periods (n=100)

Growing period Nongrowing period Wilcoxon 
z-value

P-value  
(two-tailed)Frequency, n (%) Median (range) Frequency Median (range)

AChE Normal 39 (39%) 3.15 (2.01–5.46) 50 (50%) 3.13 (1.67–4.69) –1.700 0.089
Abnormal 61 (61%) 50 (50%)

HAChE Normal 50 (50%) 25.4 (6.2–17.2) 52 (52%) 27.5 (18.80–42.40) –3.462 0.001a

Abnormal 50 (50%) 48 (48%)
PChE Normal 43 (43%) 1.61 (0.7–3.28) 50 (50%) 1.28 (0.01–3.24) –5.269 0a

Abnormal 57 (57%) 50 (50%)

Notes: aP<0.05 (Wilcoxon signed-rank test).
Abbreviations: AChE, acetylcholinesterase; HAChE, hemoglobin-adjusted AChE; PChE, plasma cholinesterase.

found by Hossain et al,24 who explored associations between 

exposure to pesticides belonging to a variety of classes and 

poorer sperm function. Moreover, Perez et al25 reported that 

increased serum LH and FSH and reduced testosterone were 

related to OP exposure. Other contributory factors found to 

affect semen health and serum-hormone levels negatively 

among workers using pesticides included lifestyle, level of 

civilization, knowledge, and proper use of PPE. Our study 

findings differed, however, and the design of our study 

was problematic because of inevitable differences between 

agrochemical-use patterns and practices and the time inter-

vals involved, which play an important role in determining 

the effects of these variables on hormones when assessing 

the impact of pesticide exposure on humans.26

In Myanmar, OP, organochlorine, and carbamate groups 

are commonly used. Nevertheless, in this study, most of the 

groundnut farmers used OP pesticides. These pesticides are 

used deliberately with no restrictions or precautions, and in 

addition the empty containers are not disposed of systemati-

cally because of the scarcity of land.27 The blood-ChE levels 

among the groundnut farmers were found to be highest during 

the growing period. The levels found in the current study were 

higher than those found by Padungtod et al, which revealed 

that the average AChE and PChE levels of the farmers were 

2.9±0.6 U/mL and 1.5±0.3 U/mL, respectively.28 This study 

detected some of the symptoms related to the nicotinic action 

of OPs on the central nervous system and on neuromuscular 

activity. These symptoms comprise dizziness, headache, 

weakness, and blurred vision and are highly prevalent, 

whereas symptoms related to the muscarinic effect of OPs 

include sweating, hypersalivation, and tremors. These effects 

have been found to be more marked in the growing period 

than in the nongrowing period. The most frequently occur-

ring symptoms in the growing period were blurred vision, 

followed by dizziness, headache, and  sweating; all of these 
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symptoms were reduced in the non-growing period. These 

neurotoxic symptoms may be associated with the pesticides’ 

effect on health or may be due to other factors, such as heat 

exhaustion or lifestyle or socioeconomic factors, which 

could not be differentiated in this study. Moreover, we could 

not differentiate the causes of these symptoms in the farm-

workers. However, the authors of this study recommend an 

experimental follow-up study to explore the effect of these 

symptoms. In contrast, there were no abnormal findings in 

physical examinations. In this examination, signs and symp-

toms associated with pesticide toxicity were monitored in 

such body systems as the respiratory system, central nervous 

system, and cardiovascular system, and in addition the physi-

cal examination chart and performance were checked. The 

proforma included history of hospitalization and reasons for 

hospitalization. In terms of the health symptoms reported to 

occur in the growing and nongrowing periods, a significant 

difference in dizziness and blurred vision (under the central 

nervous system) was found (P<0.05) in this study.

The farmworkers were found to use more than one OP 

pesticide for mixing and spraying on their crops, and used 

far more than the recommended dosage. Besides that, they 

were also eating, drinking, and smoking in their workplaces. 

We thus recommend that safety-risk management should be 

carried out in this area to avoid the potentially deleterious 

effects of pesticides through dermal exposure. Advice and 

training should be offered on correct pesticide-application 

procedures, as well as the correct quantities to use, in order 

to minimize risks.

Though the sample size was not small, the generalizability 

of the findings is restricted to those workers considered to be 

representative of all Myanmar agricultural workers. Further-

more, this study focused only on the OP pesticides that were 

used in this community; other groups of pesticides were not 

investigated. The farmworkers in this study did not want to 

use PPE, even though they were familiar with it, because of 

the tropical climate, the inconvenience of wearing it for long 

working periods, and the expense and limited availability of 

certain items of equipment. This is because disseminating 

information about safety measures through online media 

is not particularly effective, especially regarding the use of 

protective clothes or aprons, because there is no electricity in 

the village. A more effective way of educating the workforce 

is for health workers to explain the pros and cons.

To reverse these trends, education, training, and educa-

tional activities on pesticide safety should be established and 

reinforced. Health education should be provided to avoid the 

overuse of pesticides and nonadherence to the recommended 

protocols and to reinforce the use of biopesticides and the 

adverse effects of pesticides, especially OPs, on health and 

the environment. The careful and responsible use of pesticides 

among the farmworkers in order to show consideration for 

the environment was also found to be lacking.

This study’s sample was not small, but the generalizabil-

ity of the findings is restricted because data collection was 

limited and so that selected workers may be not considered 

to be representative of all Myanmar agricultural workers. 

Future studies should have fewer restrictions and should 

involve more heterogeneous case groups with an appropriate 

unexposed control group.

The risks from occupational exposure should be effec-

tively communicated to pesticide users in order to make 

them better informed, along with guidelines for preventive 

measures, with an emphasis on proper personal hygiene 

practices, as well as health-surveillance and education 

programs. The proficiency levels of the groundnut farmers 

were found to be unrelated to their level of pesticide risk. 

Transparent targeting of awareness-based, tactical, complete 

interventions is necessary to lessen both pesticide exposure 

and health risks, incorporate training, correct pesticide label-

ing, implement measures to reduce cost barriers to adopt-

ing safe practices, encourage restricted working practices 

other than PPE, and support integrated pest management. 

Policies should be updated regularly and regular monitoring 

programs organized to educate workers about pesticide use 

and toxicity. Such programs should promote integrated pest 

management, develop biopesticides, and provide responsible 

stewardship.
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