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ABSTRACT

Background: In 2006, World Health Organization estimates a number of 1-5 million cases of pesticide

poisoning per year in agricultural workers with deaths reaching of 220,000 casualties. About 80% of pesticide

poisoning was reported in developing countries, including Indonesia. In the last ten years, palm oil plantation

area in East Kalimantan increased at 7.7%. In 2017, palm oil plantation covered an area of 1,2 billion ha with

234.000 workers. Until now, there is no study on pesticide exposure on health disorder with indicator using

cholinesterase level.

Methods: A cross-sectional study has been conducted using simple random sampling on 326 sprayers from 10

oil palm plantations using paraquat herbicide to identify herbicide poisoning prevalence, and its risk factor.

The pesticide poisoning rate was measured based on blood cholinesterase enzyme level using a Tintometer kit.

Age, working period, and spraying area per day were collected by direct interview. Data were analysed by

Spearman test.

Results: The most sprayer workers was at age of > 26-34 years (31.9%), having working experience <5 years

(76.1%), implementing a spray area per day of <4 ha (84%). A mild toxicity was experienced by 29 sprayers

(8.9%). The prevalence of paraquat herbicide was correlated significantly with age (p=0.000) and spraying

area per day (p=0.014).

Conclusion: The prevalence of paraquat among herbicide sprayer at oil palm plantation was relative low.

Application of herbicide with lower doses and reducing the spraying area are the necessary factors to be

considered in order to prevent the herbicide poisoning become worst.
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ABSTRAK

Latar Belakang: Organisasi Kesehatan Dunia pada tahun 2006 memperkirakan 1-5 juta kasus keracunan

pestisida setiap tahun pada pekerja pertanian dengan kematian mencapai 220.000 korban. Sekitar 80%

keracunan pestisida dilaporkan di negara-negara berkembang, termasuk Indonesia. Pada 10 tahun terakhir, luas

perkebunan kelapa sawit di Kalimantan Timur meningkat sebesar 7,7%. Pada tahun 2017 perkebunan kelapa

sawit di Kalimantan Timur mencapai 1,2 juta ha dengan jumlah pekerja mencapai 234 ribu orang. Hingga saat

ini belum pernah ada kajian dampak paparan pestisida terhadap gangguan kesehatan dengan indikator kadar

cholinesterase. Tujuan penelitian ini untuk menganalisis faktor yang berhubungan dengan tingkat keracunan

penyemprot perkebunan kelapa sawit yang mengaplikasikan herbisida paraquat.

Metode: Penelitian cross-sectional dengan metoda sampling acak sederhana telah dilakukan pada 326

penyemprot dari 10 perkebunan kelapa sawit yang menggunakan herbisida paraquat, untuk mengidentifikasi

prevalensi keracunan dan faktor risikonya. Tingkat keracunan pestisida diukur berdasarkan kadar enzim

cholinesterase darah menggunakan Tintometer kit. Usia, masa kerja, dan area penyemprotan per hari

dikumpulkan dengan wawancara langsung. Data dianalisis menggunakan Uji Spearman.
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Hasil: Penyemprot herbisida sebagian besar berusia >26-34 tahun (31,9%), mempunyai masa kerja < 5 tahun

(76,1%), menyemprot area seluas < 4 ha per hari (84%). Toksisitas ringan dialami oleh 29 orang penyemprot

(8,9%). Keracunan ringan herbisida tersebut berkorelasi signifikan dengan usia (p=0,000) dan area

penyemprotan per hari (p=0,014).

Simpulan: Prevalensi keracunan paraquat di kalangan pekerja penyemprot herbisida di perkebunan kelapa sawit

relatif rendah. Penggunaan herbisida dengan dosis yang lebih rendah dan pengurangan area semprot menjadi

faktor penting untuk dipertimbangkan dalam usaha pencegahan keracunan herbisida yang lebih buruk.

Kata kunci: Herbisida; paraquat; cholinesterase; penyemprot perkebunan kelapa sawit.

INTRODUCTION

Pesticides have a major role in increasing

agricultural production through the prevention of

losses due to pests.1,2 However, various studies have

shown an association between the use of pesticides

with health disorders suffered by workers such as

skin,3 gastrointestinal,4,5,6 respiratory,7,8 reproductive,9

and endocrine system disorders,10 as well as

increased incidence of cancer,6,11 decreased

cholinesterase levels, fetal abnormalities, spontaneous

abortion among pregnant women.12

World Health Organization (WHO) estimates that

every year there are 1-5 million cases of pesticide

poisoning in agricultural workers with deaths reaching

220.000 casualties. About 80% of pesticide poisoning

is reported in developing countries.13 Based on the

result of cross sectional study in 1995 by Indonesian

Minister of Health, reported that 60% had normal

cholinesterase activity, 28.03% were mild poisoning,

7.86% medium poisoning and 1.11% severe

poisoning.14

Indonesia is an agrarian country. About 42.7% of

labours are in the agriculture sector, and this sector

contributes about 21.52% to gross domestic product.

One of the important agricultural commodities is palm

oil.15 East Kalimantan is one of the largest provinces

in Indonesia, in which the oil palm plantation area

until 2016 has reached 1,150,078 Ha consisting of

277,034 Ha as plasma plant (owned by the people),

14,402 Ha owned by state-owned enterprises as core

and 858,642 Ha owned by Private Plantation. Total

production of Fresh Fruit Bunches in 2016 was

11,418,110 tons. The number of prominent private

companies was about 344 companies with workers of

234,100 people.16 The lower level of protection and

welfare of workers is one of the labour problems in

East Kalimantan.17

The government of the Republic of Indonesia has

issued Act No. 6 of 1995 to protect human health,

natural resources, fauna, and natural flora, which

contains the basic policy that crop protection should

be implemented with an integrated pest control system

in which pesticide is only used as the last alternative.

However, paraquat (N, N′-dimethyl-4,4′-bipyridinium

dichloride) is still widely used at oil palm plantation

companies.18

There are some reports indicated that the spray

workers at oil palm plantation sometimes showed

poisoning prevalence or had a serum cholinesterase

activity below 75% through a routine check from the

Health Board of East Kalimantan Province. Incorrect

spraying techniques has increased the health risks for

farmers and the wider community.2 The use of the

herbicides often does not pay attention to the usage

instructions contained in the packaging bottles.19

Some other factors might associate with the poisoning

prevalence of the spray worker.

Previous studies showed that age, sex, use of

personal protective equipment, frequency and

duration of exposure, the direction of spraying based

on wind direction, area and time of spraying were

related to the level of cholinesterase activity of spray

workers.20–23

Until now, there is no information about the

impact of the use of pesticides on health of oil palm

plantation workers. This study aimed to determine the

factors associated with pesticide poisoning level

among spray workers at oil palm plantations in East

Kalimantan, who applied paraquat herbicide. This

study will lead to improvement activities to hinder the

poisoning of herbicides among the spray workers at

oil palm plantation.

MATERIAL AND METHODS

A crossectional study was conducted between June

until November 2018 on 326 sprayers with simple

random sampling in 10 palm oil plantation using

paraquat herbicides in East Kalimantan province of

Indonesia. The level of pesticide poisoning was

measured based on blood cholinesterase enzyme

levels using a Tintometer kit (Lovibond 2000 with

Comparator disk). Determination of poisoning

category refers to the standards of the Indonesian

Ministry of Health.24 The normal level of

cholinesterase is between 75-100%, while mild,

moderate and severe poisoning category level of

cholinesterase activity is between 50-75%, 25-75%,

and 0-25%, respectively.

Data on age, working period and area of spray per

day were collected by a direct interview. Rank

Spearman test was applied to see the correlation

between levels of cholinesterase enzyme and

independent variables (distribution of age, working

period, and spraying area per day) because the data do

not normally distribute. The working period is the

length of time since the respondent was active as a

spray worker until the study took place. The spraying

area in this study illustrates the duration of paraquat
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herbicide exposure to the spray workers.

RESULTS AND DISCUSSION

Table 1. shows the age of respondent, working

period, spraying area per day, level of cholinesterase

and level of poisoning. The most spray workers are at

the age of >26-34 (31.9%) . The spray workers of

76.1% have working experience of fewer than five

years. The spray workers of 84% have spraying area

per day of fewer than 4 hectares. Twenty-nine

sprayers (8.8%) had mild toxicity, and 298 sprayers

had normal cholinesterase activity levels. The age

(p=0.000) and spraying area per day (p=0.014)

correlated significantly with the level of blood serum

cholinesterase activity.

Table 1. Association between spray workers characteristics (n=326) and poisoning level of pesticides

Spray worker characteristics and poisoning level Number % Correlation*

Age (years) p=0.000

19 – 26 67 20.6

>26 – 34 104 31.9

>34 – 41 98 30.1

>41 – 48 53 16.3

>48 – 61 4 1.2

Mean=33.8, sd=8.01, Min=19, Max=61,

Working period (years) p=0.067

< 5 248 76.1

≥ 5 78 23.9

Mean=3.5, sd=2.3, Min=1, Max=11

Spraying area per day (hectare) p=0.014

< 4 274 84

≥ 4 52 16

Mean=1.8, sd=0.3, Min=1, Max=2,

Level of poisoning**

Normal (75%-100%) 297 91.1

Mild poisoning (50%-75%) 29 8.9

Moderate poisoning (5%-25%) 0 0

Severe poisoning (0%-25%) 0 0

Mean=1.08, sd=0.2, Min=1, Max=2,

*) Spearman test; **) measured by the level of cholinesterase activity

Cholinesterase level of sprayers

Herbicide poisoning prevalence among sprayers of

palm oil plantation was found relatively low (8.9%),

while most sprayers had cholinesterase levels within

normal limits (91.1%). Although the prevalence of

poisoning is still low the results of this study can

serve as an early warning that there has been exposed

and has caused health impact on sprayers. As noted

earlier, paraquat herbicides are Class I pesticides

because of its acute toxicity, delayed effects and lack

of an antidote.25 The toxicity of paraquat is very high

with mortality rates around 70 - 80%.26 The toxicity

of paraquat is very high with mortality rates around 70

- 80%.26 The average death rate caused by paraquat

poisoning is about 60-80%, where the majority of

cases are moderate to severe. The hypoxic death is

associated with pulmonary fibrosis.27

Cases of death and toxicity due to paraquat are

very high and handling is still less effective.28 In other

countries such as Korea, paraquat herbicides have

been banned since 2012 because it has caused

significant casualties (60-70% of deaths are estimated

to be associated with paraquat herbicide poisoning).

Despite its low contribution but a ban on the use of

paraquat herbicides have reduced the rate of death

from herbicide poisoning (70% to 67%).29

Factors associated with the cholinesterase activity

level

Age of Sprayers

This study showed that the age of the sprayers was

associated with herbicide poisoning prevalence

(p=0.000). This result makes sense because the age of

the worker illustrates the accumulation of exposure

time and the condition of the ability of various body

organs to respond to pesticide exposure. This result is

consistent with the previous studies, which showed a

significant correlation between the age of workers and

cholinesterase activity level. The age of the worker is

one of the risk factors of decreasing cholinesterase

activity among Latino Farmworkers in Korea,29 North

Carolina,30 Brazilia31 and Malaysia.32,30

Age of sprayer is associated with blood

cholinesterase activity level, where the elder sprayer

had lower cholinesterase activity than the average of

blood cholinesterase activity. The fact showed a

prevalence of the pesticide poisoning among the spray

workers,33 which could decrease organ functionality,

such as liver and kidney, and further accumulation of

toxins in the body.20
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Working period and level of cholinesterase

The working period was not related to

cholinesterase activity levels. This result was opposite

to Ishak et al.32 who reported that increasing age and

long-term pesticide exposure could reduce

acetylcholinesterase activity levels in pesticides user

farmers. Two factors are suspected to be associated

with this result, i.e. (i) the working period of the spray

workers is mostly (86%) less than 5 years, which

reflects that the total exposure time to pesticides was

low; and (ii) the age of the spray workers is mostly

young (62% between 26-41 years old), which their

metabolizing and secreting organs (liver and kidney)

are still in good capacity against pesticide exposure.

Spraying area per day and level of the cholinesterase

activity

The spray area per day (< 4 ha.day-1, and ≥ 4

ha.day-1) is associated with cholinesterase activity

level (p=0.014). These results showed that the greater

spray area and the longer exposure time of spray

workers against pesticide. In this study, there are other

conditions that can aggravate the exposure, where all

respondents work without using adequate respiratory

protective equipment.

These results are consistent with the previous

study, which showed that the duration and volume of

pesticide exposure correlated with cholinesterase

activity level significance.22,23 These results support

the conclusion of previous research that the level of

pesticide poisoning is associated with spraying time

(duration) and spray dosage. The longer of spraying

time or, the higher of pesticide dose will increase the

prevalence of pesticide poisoning.33,34

The area of spraying in this study illustrates the

duration of exposure to paraquat herbicide to sprayers.

Spray area is divided into two categories: less than 4

hectares and more than 4 hectares per day. The results

prove the area of spray per day associated The results

of this study are consistent with the results of previous

studies which concluded that the duration and volume

of pesticide exposure correlated with cholinesterase

level significance. 22,23 These results support the

conclusion of previous research that the level of

pesticide poisoning is affected by long spray (duration)

and spray dosage. The longer the spraying time and

the higher the pesticide dose the higher the poisoning

rate. 12,34

CONCLUSIONS

About 8.9% of spray workers at palm oil

plantation in East Kalimantan had undergone

poisoning with low category regarding to the

cholinesterase activity of blood serum level (SBChE)

test. The age of spray workers (p=0.000) and spraying

area per day (p=0.014) were associated with the

SBChE level. The two factors are the important

parameters, which have to be managed in order to

prevent the level of paraquat poisoning getting worst. .
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