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Abstract  It is a cross-sectional study to evaluate semen quality of plantation workers that due their daily 

obligation make them susceptible to herbicide exposures. The research participants were male workers of oil palm 

plantations in the District of Lampung Tengah, Lampung Province, Indonesia. They were those who meet the 

criteria of having more than one year work experience with herbicide, married and having children. Semen samples 

were taken by asking the participants to masturbate after they were advised to abstain from sexual intercourse for 4-5 

days. Semen quality parameters that examined are volume, pH, sperm count, sperm motility, normal morphology 

and HOS-test. Based on years of the work periods, there were three groups of participants obtained. Group-1 are the 

participants who worked less than 10 years; group-2 are those who have work periods of 10-20 years; while group-3 

are those who have worked more than 20 years. All of the semen quality parameters, except pH, decreased 

significantly with the increase in work periods far beyond the maximum decrease in normal elderly male. In 

conclusion, the daily tasks of oil palm plantation workers which prompt them expose to herbicide, suspected to be 

the cause of the decrease in semen quality parameters. 
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1. Introduction 

In the last two decades, oil palm plantations have been 

expanded intensively in Indonesia. [1] One of the provinces 

in Indonesia where oil palm was cultivated massively is 

Lampung Province. [2] Nowadays thousands of people in 

Lampung, a province located in the most southern part of 

Sumatra, relied on the oil palm cultivation as a livelihood. 

Thus, there would be thousands of people involved in the 

plantations management including in handling agrochemicals 

such as pesticides. 

Pesticides that are commonly used in the oil palm 

cultivation management are herbicide—a typical pesticide 

for fighting weeds. [3] There were hundreds of herbicide 

brands marketed in Indonesia that comprises of the 

following chemicals: paraquat (class Ib), 2,4-D dimethyl-

amine (class II), triclopyr butoxyethyl (class-II), 

glyphosate (class III), glufosinate-ammonium (class III) 

and metsulfuron-methyl (class IV). The classes of 

herbicide Ib, II, III and IV respectively mean: highly 

hazardous, moderately hazardous, slightly hazardous and 

unlikely to present acute hazard in normal use [4]. 

Ironically, in Lampung, the herbicides of most 

commonly used to eradicate weeds in oil palm plantations 

were of class II and III. The health impacts of such 

herbicides exposure have been revealed in many laboratory 

and epidemiological reports. 

As summarized by Karr et al. (2007), herbicides are 

hazardous not only for its acute toxicity but also for 

chronic effects. [5] Glyhosate, for example, causing many 

chronic pathological effects in rats including the incident 

of mammary tumors and palpable tumors, liver 

congestions and necrosis, kidney nephropathies and sex 

hormones imbalance [6].
 

In human subjects the chronic impacts of herbicides 

have also been widely studied. Tuc et al. (2007) reported 

that in Vietnam male farmers without personal protective 

equipments when handling the pesticides were being at 

risk of abnormal semen. [7]
 
The risk of a man exposed to 

herbicides to have abnormal semen parameters is 3 to 9 

times greater compared to those who did not [8].  

As is the case in Vietnam, most plantation workers in 

Indonesia, especially in Lampung tend to neglect safety 

procedures in handling agrochemicals. This carelessness 

can be caused by several conditions, among others, due to 

low education and lack of socialization about the latent 

dangers of pesticides. As the consequence, they have 

become accustomed to not wearing any personal 

protective equipment. Such habits, of course, make them 

vulnerable to health problems [9].  
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Unfortunately, in Indonesia, scientific studies on the 

impact of herbicide exposure on the reproductive health of 

farmers and plantation workers are rarely done. This study, 

thereby, conducted to investigate the relationship between 

semen parameters of the oil palm plantations workers with 

the work period that they spent. 

2. Materials and Methods  

2.1. The Date and Area of Study 

This study was conducted in April to July 2013 in the 

district of Lampung Tengah, the province of Lampung, 

Indonesia. 

2.2. The Participants and Ethical Clearance 

The research participants were male workers of oil 

palm plantations who involved in plantation management 

such as planting, pruning, thinning, harvesting, replanting 

and clearing weeds, including mixing, loading and 

applying the herbicide. The targeted workers were those 

who meet the criteria of married, having children and had 

more than one-year of work experience. 

Ethical clearance for the study was obtained from the 

Ethics Committee of the Faculty of Medicine, University 

of Lampung, Indonesia. For ethical reason, before being 

involved in the study, all of the participants have 

voluntarily wrote consent to participate. The procedures, 

the benefits, and the risks of the study were clearly stated. 

They were also told that all information relating to the 

biological samples and data in this study will be kept 

confidential. 

2.3. Seminal Fluid Sampling and Analysis  

Semen sample was taken from the participants by 

asking them to masturbate. Prior to do masturbation, all 

participants were advised to abstain from sexual 

intercourse for 4-5 days. Semen samples collected in a 

wide-mouthed-sterile glass container. Information about 

the date and time of ejaculation recorded on each semen 

container. All semen samples were kept in room temperature 

until liquefaction and examination using guidelines from 

the WHO [10].  

Seminal fluid volume and pH, sperm concentration, 

motility, and morphology examined and recorded as semen 

quality parameters. Seminal volume was determined using 

graduated pipette with an accuracy of 0.1 ml. The sperm 

motility as well as sperm concentration was examined 

with haemocytometer using a light microscope with a 

magnification of 400x. To assess the sperm morphology, 

the Giemsa-stained slides prepared and then examined 

using light microscope at a magnification of 1000x. 

To confirm the effects of herbicide exposure on sperm 

membrane integrity, the hypoosmotic swelling test (HOS-

test), adopted from Hossain et al. (1998), was performed. 

To perform the test, 100μl of semen sample mixed with 

900μl of 60 mOsm sodium citrate and fructose. After 

incubated for 30 minutes at 37°C, 10μl of the samples was 

smeared on a microscopic slide. Total of 100 sperm cells 

then chosen randomly and observed using a light 

microscope. Based on the presence or absence of coiled 

and swelling tails in the sperm cells, the spermatozoa were 

classified into positive or negative [11]. 

2.4. Statistical Analysis  

To compare the semen parameters among the worker 

groups, one-way ANOVA and LSD post hoc test were 

used. The strength of the relationship between variables 

was analyzed using Pearson Correlation test. Both of the 

statistics that applied are programmed in SPSS version 18. 

3. Results  

3.1. Characteristic of the Participants 

Of a total of 102 plantation workers to whom we send 

informed consent form, 88 had been participated in this 

survey. Their ages were range from 25 up to 82 years 

(mean=47.19) with the work period range from 4 up to 35 

years (mean=16.66). Of the 88 participants, 44 (50%) are 

smoking, 30 (34.1%) are not smoking, 14 (15.9%) quit 

smoking and none of them drinking alcohol. Based on the 

participant work periods they were grouped into three. 

Group-1 (G1) is the participants who worked less than 10 

years (n=28); group-2 (G2) is those who have working 

periods of 10-20 years (n=28); while group-3 (G3) is those 

who have worked more than 20 years (n=32). The 

descriptive statistics of age, body mass index (BMI) and 

years of work period of each worker group are presented 

in Table 1. 

Table 1. The age, BMI, and work period of the participants 

Variables Groups N Mean SD Min Max 

Age (years) 

G1 28 31.07 4.15 25 40 

G2 28 46.86 12.39 25 72 

G3 32 61.59 9.02 43 82 

Total 88 47.19 15.55 25 82 

BMI (kg/m2) 

G1 28 20.68 2.07 17.51 25.39 

G2 28 21.25 2.08 17.63 25.39 

G3 32 21.66 1.54 18.14 24.22 

Total 88 21.22 1.92 17.51 25.39 

Work period (years) 

G1 28 6.57 1.71 4 8 

G2 28 14.93 16.18 10 20 

G3 32 27.00 28.42 21 35 

Total 88 16.66 9.09 4 35 

G1=working period <10 years; G2=working period 10-20 years; G3=working period >20 years. 
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3.2. Semen Quality  

Mean values and one-way ANOVA of the semen quality 

parameters among participant groups are summarized in 

Table 2, while the post hoc LSD-test of it is presented in 

Table 3. In Table 3 it is clear that among the six 

parameters of semen quality, only pH that did not show 

any significant different between groups. While the other 

fives are differ very significantly with the difference in 

work period. 

Table 2. Mean value and ANOVA of semen quality parameters among participants  

Variables 
G1 G2 G3 ANOVA 

(mean±SD) (mean±SD) (mean±SD) F 

Semen volume (ml) 3.39±0.39 2.71±0.50 2.50±0.45 32.094 

pH of semen 7.23±0.17 7.22±0.25 7.29±0.31 0.807 

Sperm concentration (106/ml) 68.04±15.79 41.32±21.47 27.91±12.09 44.061 

Sperm motility (%) 79.93±9.59 56.78±15.12 46.53±7.95 66.889 

Normal morphology (%) 76.71±5.24 62.21±14.53 50.34±9.75 47.030 

HOS-test (%) 73.00±6.54 55.36±14.34 47.78±8.59 46.455 

G1=working period < 10 years; G2=working period 10-20 year; G3=working period > 20 years. 

Table 3. Post hoc LSD-test of semen quality parameters between 

groups 

Variables 
Difference of mean 

G1 - G2 G1 - G3 G2 - G3 

Semen volume (ml) .682*** .899*** .217 

pH of semen .011 .065 .076 

Sperm concentration (106/ml) 26.714*** 40.129*** 13.415** 

Sperm motility (%) 23.143*** 33.397*** 10.254*** 

Sperm morphology (%) 14.500*** 26.371*** 11.871*** 

HOS-test (%) 17.643*** 25.219*** 7.576** 

Statistical significance: *P<0.05; **P<0.01, ***P<0.001. 

3.3. Relationship between the Working Period 

and the Semen Parameters  

The data in Table 2 and Table 3 clearly indicates that 

the semen quality parameters of male workers affected by 

the duration of work period. When all the semen quality 

parameters correlated with the work period using Pearson 

correlation test then we obtain the correlation coefficient 

(r) as listed in Table 4. In accordance with the results of 

ANOVA and its post hoc test, here, only the pH that did 

not show any correlation with the work period. However, 

the other five parameters i.e. semen volume, sperm 

concentration, motility, morphology, and HOS-test are 

correlated strongly and negatively with the work period 

(p<0.01). 

Table 4. Correlation coefficient (r) of the relationship between the 

mean value of working period and the semen parameters 

Independent 

variables 
Dependent variables r P 

Work period (years) 

Semen volume (ml) -.574 .000 

pH of semen .136 0.207 

Sperm concentration (106/ml) -.635 .000 

Sperm motility (%) -.708 .000 

Sperm morphology (%) -.662 .000 

HOS-test (%) -.629 .000 

4. Discussion 

As shown in Table 4, there is a strong negative 

correlation between the parameters of semen quality with 

the work period spent by the oil palm plantation workers. 

Of course, this fact does not necessarily indicate a causal 

relationship between the two. Two other variables, namely 

BMI and age of participants may also affect the quality of 

the semen of the participants. 

Regarding BMI, current finding showed that in average 

the BMI of the participants is 21.22. Refer to the 

appropriate body-mass index for Asian populations issued 

by WHO Expert Consultation, BMI of the current study 

participants fall within the normal range (acceptable). [12] 

Thus, the effect of BMI on the semen quality of the 

participants can be ignored. Mac Donald et al. (2013) 

found that even in obese men there was no significant 

correlation between BMI and the semen parameters as 

well as the relative risk of abnormal semen [13].
 

While the relationship between participants' semen 

qualities with their BMI can be ignored, not the case with 

age. Molina et al. (2010), based on a retrospective study of 

9168 cases in men aged between 20-77 years, found that 

in relation to age, seminal volume, sperm count, motility, 

viability and normal morphology showed a significant 

decrease [14]. 

Our results show a similar thing with it. As can be 

interpreted from Table 2 and Table 3, except for pH, all 

semen quality parameters significantly reduced in the 

elderly. However, to ascertain whether the decline in 

semen quality among the participants of this study is 

related to age or period of work, the following data should 

be considered. In a review article, Kidd et al. (2001) 

summarizes that when comparing the 50-year-old men 

with the 30-year-old men, the maximum decrease in 

semen volume was 22%, maximum decrease in sperm 

motility was 37%, and decrease in percent normal sperm 

was 18%. [15] Our data for these parameters 

consecutively are 26.25%, 41.7%, and 34.5% for the 

comparison between the 31-year-old participants with the 

61-year-old ones. 

Because the decline in semen quality parameters of 

current study participants exceeded the maximum 

decrease in normal elderly men, as indicated by Kidd et al., 

then there must be other factors to consider, one of which 

was the working period. Current results showed that the 

longer the work period spent by palm oil plantation 

workers the lower the scores of their semen volume, 

sperm count, motility, morphology, and percentage of 

normal sperm. These facts, make us believe that the low 

value of semen quality parameters among oil palm 

plantation workers in the province of Lampung very likely 

due to herbicide exposure. 
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Pesticides, as reported by many researchers, can 

accumulate in living organism tissues as the duration of 

exposure. In fishes, pesticide residues accumulated in liver, 

gills, stomach, and flesh. [16] In frogs, pesticide residues 

were found in the whole body tissue [17].
 

In animals and humans, the herbicide residues have 

been reported to cause chronic effects on various organ 

systems and functions. In rats, glyphosate herbicides 

interferes with blood components including alteration of 

their basic composition, increase in red blood cell count 

and decrease in the Hb%. [18] On human subjects, the 

incidence of chronic respiratory diseases are increasing 

with the increasing of frequency and duration of pesticide 

exposure [19].  

There are many epidemiological studies are confirmed 

by our findings, among others, a study conducted by 

Jerewich et al. (2010) which revealed that male subjects 

exposed to pesticide tend to have low sperm concentration 

and motility. [20] From Malaysia, Hossain et al. (2010) 

reported that farmers exposed to pesticides have a greater 

risk of having low semen quality compared to those who 

did not [21].  

Biological impact of pesticides on living organisms is 

not only revealed through epidemiological studies but also 

through various experiments in the laboratory. Some 

herbicides are known to have detrimental effects on 

laboratory animals. Paraquat herbicides of low doses, for 

instance, in male rats caused the sperm count decrease but 

the sperm abnormalities and mortality were increased. 

These facts encourage D'Souza et al. concluded that the 

herbicide-paraquat is genotoxic as well as cytotoxic in 

germ cells [22].  

In addition to the effects mentioned above, some 

herbicides are also known to cause hormonal/endocrine 

disturbances. Perhaps the poor quality of the semen 

among workers involved in this research related to the 

hormonal effects of herbicides. Glyphosate herbicides, as 

reported by Gasnier et al. (2009), causing disruption in 

human cell endocrine, transcriptional activities on 

estrogen receptors and aromatase transcription activities. 

[23] In addition, male rats exposed to 2-4 D (2,4-

Dichlorophenoxyacetic) herbicides showed a significant 

decrease in the level of testosterone, FSH and LH [24]. 

5. Conclusion 

Careless habits of oil palm plantation workers in the 

province of Lampung, Indonesia, in handling agrochemicals 

for years in their work period allegedly make them 

vulnerable to health problems including reproductive 

health disruption. 

Limitation and Future Study 

It is a fact that the semen quality parameters strongly 

negatively correlated with the length of working period 

spent by workers. However, the period of work was not 

the only single factor that can be attributed to changes in 

semen quality. Age of participants which ranged from 25 

to 82 years is another factor of current study that may 

weaken the final conclusion. For that reason the future 

studies which are intended to evaluate the consequences of 

the work period on health parameters should involve only 

participants of the same age. 
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