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PERFORMANCE AND GENETIC DAMAGE DUE TO ORGANOPHOSPHATE 

EXPOSURE AMONG MALE COCOA FARMERS  
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By 
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January 2022 
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Faculty : Medicine and Health Sciences 

Cocoa plantation farmers in Malaysia are continually being exposed to 
Organophosphate (OP) insecticide. Chlorpyrifos (group II) is an example of OP 
used in cocoa farms, and this chemical categorized as a moderately hazardous 
substance that may cause severe health effects to the plantation workers such 
as effects to the neurological system, reproductive system, hormonal changes 
and development of cancer. There are approximately 12,839 workers which is 
inclusive of cocoa farmers working with cocoa centre and independent 
smallholder cocoa farmers in Malaysia who are working in the cocoa plantations 
sector with the breakdown of 4,881 workers in Sabah, 5,613 workers in Sarawak 
and 2,345 (18.3%) workers in the Peninsular Malaysia. Cocoa farmers are 
considered at-risk for exposures to OP insecticides from activities such as 
mixing, spraying, cleaning, loading and disposal process at the workplace. It is 
imperative for studies to be implemented to find out how the exposure of cocoa 
farmers to OP pesticides may impact their health and safety, as there are 
currently no data available and focusing on that. Hence, the study was performed 
to assess the acute and chronic health effects among male cocoa farmers in 
Perak and Pahang, Malaysia over the period of exposure to OP in cocoa 
plantation. The blood cholinesterase level and neurobehavioral performance 
were used as indicators to determine the acute health effects, while genetic 
damage assessment was further conducted to determine the chronic health 
effects of the substance. This is a cross-sectional study among the male cocoa 
farmers who are working in the fields at the Cocoa Research and Development 
Centre in Jengka, Pahang and Bagan Datuk, Perak, Malaysia. This study is 
divided into three interlinked sub-studies: namely i) sociodemographic and 
occupational background distribution of respondents, ii) evaluation of OP 
exposure level, and iii) analysis of health effects linked to the OP exposure. A 
simple randomized method was applied in recruiting male cocoa farmer 
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respondents (n=102). In Sub-study I, a structured questionnaire was 
administered to obtain individual, residential and occupational information. In 
Sub-study II, blood samples were collected via finger prick technique to evaluate 
acute OP exposure via determination of cholinesterase level.  Calculations to 
estimate the intensity level of insecticide exposure were performed by using 
information obtained in sub-study 1 and used in an established algorithm. In Sub-
study III, Neurobehavioral Core Test Battery (NCTB) was used to measure the 
neurobehavioral performance. NCTB is one of the test batteries that are 
designed to assess the neurobehavioral performances on the human nervous 
system to assess effects due to neurotoxic chemicals exposures. There are 
seven subtests of NCTB which were included in this study. Buccal epithelial cell 
samples (n=97) were swabbed to identify genetic damage from chronic exposure 
to OP through comet and micronuclei (MN) assays. The average age of cocoa 
farmers was at 36.54±9.93 years old. The most common health symptoms facing 
by cocoa farmers were burning sensation in the face (57.8%), dizziness (51%), 
skin rashes and fatigue (38.2%), and headache and coughing (32.4%). In Sub-
study II, the median (interquartile range, IQR) estimation for intensity level of OP 
exposure among the cocoa farmers was 15.60 (16.0), with 52% of them were 
categorized as having a low-intensity level. The mean (SD) of blood 
cholinesterase levels among cocoa farmers group was 87.01 (13.15) in 
percentage which corresponding with the normal range. About 7.8% of cocoa 
farmers had abnormal levels. OP exposure had given poor performance on 
motor functionality and manual dexterity of cocoa farmers. In logistic regression, 
factors such as length of tenure showed statistically significant contribution to 
the performance on visual-motor speed (adjusted odds ratio (AOR) 0.18, 95% 
confidence interval (CI), 0.05-0.66) and motor steadiness (AOR 0.14; 95%CI, 
0.04-0.54). In comparison, the age variable was contributing significantly to the 
reporting of manual dexterity performance (AOR 0.11; 95%CI, 0.01-1.01). In 
Sub-study III, the comet tail length values ranged between 12.06 and 35.27 µm 
(mean: 22.63 µm), whereas the percentage of DNA in the tail ranged between 
16.79% and 53.69% (mean: 33.82%). Cocoa farmers reported an average MN 
frequency (per 1000 cells) with 8.51±3.99. Meanwhile, the blood cholinesterase 
level (odds ratio (OR) -0.12, 95% confidence interval (CI), -0.20- (-0.66) , p<0.01 
and OR -0.13; 95%CI, -0.23- (-0.04), p<0.01), smoking duration (OR -0.23; 
95%CI, -0.43- (-0.02), p<0.05), and appropriate personal protective equipment 
(PPE) (OR -10.14; 95%CI, -17.55- (-2.72), p<0.01), were among the significant 
predictive factors that contributed to 13% of the comet assay formation (e.g. 
comet tail length and the percentage of DNA in the tail). On the other hand, 
approximately 20.8% of MN frequency variation were explained by age (OR 0.10; 
95%CI, -0.01-0.20), p<0.05), BMI (OR 0.26; 95%CI, 0.09-0.43), p<0.01), 
smoking habit (OR 5.19; 95%CI, 2.07-8.32), p<0.01) and smoking duration (OR 
-0.23; 95%CI, -0.37-(-0.08), p<0.01) among the cocoa farmers. In summary, the
cocoa management has established good labour practices and guidelines for
cocoa farmers to follow when handling pesticides. This is evidenced by the fact
that majority of cocoa farmers had normal blood cholinesterase levels despite
being constantly exposed to OP as part of their work. Most of them were slightly
exposed to pesticides, but some of them showed poor motor functionality and
manual dexterity. There are other factors might contribute to poor motor
functionality and manual dexterity such as the environment, genetics and their
lifestyle. This study suggests that the neurobehavioral assessments and genetic
damage measurements conducted have provided insight into the need for early
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detection and screening of minor exposures to OP in cocoa farmers. The 
management need to provide necessary chemical-resistant PPE to cocoa 
farmers such as nitrile glove and respirator with filter. Besides there are also 
necessary to implement periodically monitoring health risk among cocoa farmers 
in the future. 
 
 
Keywords: Organophosphate, blood cholinesterase level, health symptom, 
neurobehavioral performance genetic damage, cocoa farmers 
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Pekebun koko yang bekerja di ladang koko di Malaysia, secara berterusan telah 
terdedah kepada racun serangga organofosfat (OP). Chlorpyrifos (kumpulan II) 
merupakan salah satu contoh OP yang digunakan di ladang koko, dan bahan 
kimia ini dikategorikan sebagai bahan berbahaya sederhana yang boleh 
menyebabkan kesan kesihatan yang teruk kepada pekebun koko seperti kesan 
kepada system saraf, system pembiakan, perubahan pada hormon penyakit 
kanser. Terdapat kira-kira 12,839 pekerja yang bekerja dalam sektor 
perladangan koko termasuk pekebun koko yang bekerja di pusat dan pekebun 
kecil yang mempunyai tanaman persendirian koko iaitu 4,881 orang pekerja di 
Sabah, 5,613 orang pekerja di Sarawak dan 2,345 (18.3%) orang pekerja di 
Semenanjung Malaysia. Pekebun koko berisiko untuk terdedah kepada racun 
serangga OP daripada aktiviti seperti membancuh racun, menyembur racun, 
membersih peralatan semburan dan proses pelupusan di tempat kerja. Kajian 
ini penting untuk dilaksanakan bagi mengetahui bagaimana pendedahan 
pekebun koko kepada racun serangga OP boleh memberi kesan kepada 
kesihatan dan keselamatan mereka, kerana data tersebut masih tiada 
direkodkan pada masa ini. Oleh itu, kajian ini dilakukan untuk menilai kesan 
kesihatan akut dan kronik dalam kalangan pekebun koko lelaki di Perak dan 
Pahang, Malaysia sepanjang tempoh mereka terdedah kepada OP di ladang 
koko. Tahap kolinesterase darah dan prestasi neurobehavioral digunakan 
sebagai penunjuk untuk menentukan kesan kesihatan akut, manakala penilaian 
kerosakan genetik selanjutnya dijalankan untuk menentukan kesan kesihatan 
kronik akibat daripada pengunaan racun OP tersebut. Kajian ini menggunakan 
kaedah hirisan lintang dalam kalangan pekebun koko lelaki di Pahang dan 
Perak, Malaysia yang bekerja di ladang di Pusat Penyelidikan dan Kemajuan 
Koko di Jengka, Pahang dan Bagan Datuk, Perak, Malaysia. Kajian ini 
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dibahagikan kepada tiga subkajian yang saling berkaitan: iaitu i) taburan latar 
belakang sosiodemografi dan pekerjaan responden, ii) penilaian tahap 
pendedahan OP, dan iii) analisis kesan kesihatan yang dikaitkan dengan 
pendedahan OP. Kaedah rawak mudah digunakan untuk pemilihan responden 
(n=102).  Sub-kajian I menggunakan soalan selidik berstruktur (n=102) untuk 
mendapatkan maklumat individu, penempatan dan pekerjaan. Bagi sub-kajian II 
pula, sampel darah diambil melalui teknik finger prick untuk menilai pendedahan 
OP melalui penentuan tahap kolinesterase. Pengiraan untuk menggangarkan 
tahap intensiti pendedahan racun serangga dilakukan dengan menggunakan 
algoritma yang sahih dengan mendapatkan maklumat yang diperloehi dalam 
sub-kajian I. Dalam sub-kajian III, Neurobehavioral Core Test Battery (NCTB) 
digunakan untuk mengukur prestasi tingkah laku neuro. NCTB ialah salah satu 
bentuk ujian yang direka untuk menilai prestasi tingkah laku neuro pada sistem 
saraf manusia untuk menilai kesan akibat pendedahan bahan kimia neurotoksik. 
Terdapat tujuh sub-ujian NCTB yang dimasukkan dalam kajian ini. Sampel sel 
pipi (n=97) diambil untuk mengenal pasti kerosakan genetik daripada 
pendedahan kronik kepada OP melalui ujian komet dan mikronukleus (MN). 
Purata umur pekbun koko dalam kajian ini ialah 36.54±9.93 tahun. Simptom 
kesihatan yang paling biasa dikaitkan dengan pendedahan racun serangga 
dalam kalangan pekebun koko adalah rasa bahang panas di bahagian muka 
(57.8%), pening (51%), ruam pada kulit dan keletihan (38.2%), serta batuk dan 
sakit kepala (32.4%). Dalam sub-kajian II, anggaran median (julat antara kuartil, 
IQR) untuk tahap intensiti pendedahan racun perosak dalam kalangan peladang 
koko adalah 15.60 (16.0), di mana 52% daripada mereka telah dikategorikan 
sebagai mengalami tahap intensiti yang rendah. 
 
 
Min (SP) tahap kandungan enzim kolinesterase dalam darah kalangan pekebun 
koko adalah 87.01 (13.15) peratus dan dikategorikan dalam julat yang normal. 
Sebanyak 7.8% pekebun koko mengalami tahap kandungan enzim 
kolinesterase dalam darah yang tidak normal. Pendedahan OP telah 
memberikan prestasi yang lemah pada kefungsian motor dan ketangkasan 
pergerakan dalam kalangan pekebun koko. Bagi regresi logistik pula, faktor 
seperti jangka masa bekerja telah menunjukkan secara statistik memberi 
sumbangan signifikan kepada prestasi kelajuan moto visual (adjusted odds ratio 
(AOR) 0.18, 95% confidence interval (CI), 0.05-0.66) dan kefungsian motor 
(AOR 0.14; 95%CI, 0.04-0.54). Bagi pembolehubah umur pula, ianya memberi 
sumbangan signifikan kepada prestasi ketangkasan pergerakan (AOR 0.11; 
95%CI, 0.01-1.01). Dalam Sub-kajian III, comet tail length (µm) mempunyai nilai 
antara 12.06 dan 35.27 µm (min: 22.63 µm), manakala peratusan DNA in tail (%) 
mempunyai nilai antara 16.79% dan 53.69% (min: 33.82%). Petani koko 
melaporkan purata frekuensi MN (setiap 1000 sel) dengan 8.51±3.99. Manakala, 
tahap kolinesterase dalam darah (odds ratio (OR) -0.12, 95%, confidence 
interval (CI), -0.20- (-0.66), p<0.01 dan OR -0.13; 95%CI, -0.23- (-0.04), p<0.01), 
tempoh merokok (OR -0.23; 95%CI, -0.43- (-0.02), p<0.05), dan peralatan 
perlindungan diri (PPE) yang sesuai (OR -10.14; 95%CI, -17.55- (-2.72), 
p<0.01), adalah antara faktor ramalan penting yang signifikan menyumbang 
kepada 13% dalam pembentukan ujian komet seperti comet tail lenght dan 
peratusan DNA in the tail). Selain itu, sebanyak 20.8% variasi frekuensi MN telah 
dijelaskan mengikut umur (OR 0.10; 95%CI, -0.01-0.20), p<0.05), BMI (OR 0.26; 
95%CI, 0.09-0.43), p<0.01), tabiat merokok (OR 5.19; 95%CI, 2.07-8.32), 
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p<0.01) dan tempoh merokok (OR -0.23; 95%CI, -0.37-(-0.08), p<0.01) dalam 
kalangan pekebun koko. Secara ringkasnya, pihak pengurusan koko telah 
mewujudkan amalan kerja dan garis panduan yang baik untuk diikuti oleh 
pekebun koko semasa mengendalikan racun perosak. Ini terbukti apabila 
majoriti pekebun koko mempunyai tahap kolinesterase darah yang normal 
walaupun sentiasa terdedah kepada OP sebagai sebahagian daripada kerja 
mereka. Kebanyakan mereka terdedah sedikit kepada racun perosak, tetapi 
sebahagian daripada mereka menunjukkan kelemahan pada fungsi motor dan 
ketangkasan pergerakanl. Selain itu, terdapat faktor lain yang menyumbang 
kepada kelemahan pada fungsi motor dan ketangkasan pergerakan seperti 
persekitaran, genetik dan gaya hidup. Kajian ini mencadangkan bahawa 
penilaian tingkah laku neuro dan ukuran kerosakan genetik yang dijalankan telah 
memberikan gambaran tentang keperluan untuk pengesanan awal dan 
pemeriksaan pendedahan kecil kepada OP dalam kalangan pekebun koko. 
Pihak pengurusan perlu menyediakan PPE kalis bahan kimia kepada pekebun 
koko seperti sarung tangan jenis nitril dan alat pernafasan dengan penapis. 
Selain itu, pemantauan risiko kesihatan juga perlu dilaksanakan secara berkala 
dalam kalangan pekebun koko pada masa hadapan. 
 
 
Kata kunci: Organofosfat, tahap kandungan enzim kolinesterase dalam darah, 
simptom kesihatan, prestasi tingkah laku neuro, kerosakan genetik, pekebun 
koko  
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CHAPTER 1 
 
 

INTRODUCTION 
1 Introduction 

1.1 Research Background 

Cocoa or theobroma cacao is a tropical lowland crop that grows best in areas 
with the maximum and minimum annual average temperatures of 30 to 32 
degrees Celsius and 18 to 21 degrees Celsius, respectively, in addition to with 
an annual rainfall level of between 1500 mm and 2000 mm (Berbiye, 2014). 
Cocoa is among the earliest crops introduced into tropical countries, such as 
Nigeria, Ivory Coast, Cameroon, Ghana, and other West African countries during 
the 19th century (Idris et al., 2013). These countries produced sweets from the 
fruits of cocoa and therefore becoming important cocoa exporting countries 
between 1954 and 1969 (Idris et al., 2013). 

In Malaysia, the cocoa plantation has been introduced as commercial crops 
since the 1950s. Since then, the cocoa industry grows continuously and is now 
becoming the third major commodity crop in Malaysia, after oil palm and rubber 
(Azhar & Lee, 2004). Up to this time, Dato' Sri Dr. Mohd Uzir Mahidin, Chief 
Officer, Department of Statistics Malaysia, reported that these three commodity 
crops are still a major contributor to the Malaysian economy, increasing from 
RM115.5 billion in 2019 to RM118.6 billion in 2020 (Department of Statistics 
Malaysia [DOSM], 2021). Nowadays, Malaysia is the second-largest cocoa 
grinder in Asia and the eighth largest in the world, behind Cote d’lvoire, 
Netherland, Indonesia, Germany, United States, Ghana, and Brazil (Bernama, 
2021). The estimated total size of Malaysian cocoa plantations is about 16,000 
hectares, with Sarawak having the largest plantation total surface area of 6,860 
hectares. The second-largest plantation of 5,780 hectares is located in Sabah, 
while the rest of Peninsular Malaysia has a total area of 2,370 hectares (Malaysia 
Cocoa Board [MCB], 2018). The cocoa plantation is an economy generating 
activity, contributing RM5.55 billion to the nation’s export revenue in 2018, 
accounting for RM1.44 billion or 0.1 percent of the gross domestic product (GDP) 
of Malaysia (MCB, 2018).  

Cocoa is a delicate and sensitive crop. Thus, cocoa farmers need to carry out 
some precautions to protect these crops from harsh environments, pests, and 
diseases. Mirids and Cocoa Pod Borer (CPD) are major insect pests that pose 
serious threats to global cocoa productivity and yield (International Cocoa 
Organization, 2015). Although the use of non-chemical means to combat pests 
is recommended for health and other reasons, the use of a certain quantity of 
chemicals, in the form of pesticides, such as herbicides, insecticides, fungicides, 
and fertilizer, is unavoidable for the effective management of cocoa plantations 
(Afrane & Ntiamoah, 2011). In fact, pesticides are not a modern invention and 
have been existing and used for many years. A large number of synthetic 
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pesticides were presented and developed in the market since the middle 1940s 
(Bolognesi et al., 2011; Ortiz-Hernandez et al., 2013; Zhang, 2018). Since then, 
the development and usage of pesticides have been continuously and 
extensively expanded in both the developed and developing countries from 
across the globe (Benedetti et al., 2013; Zhang et al., 2011). 

World Health Organization (WHO) has defined pesticides as “Chemicals 
compounds that are used to kill pests, including insects, rodents, fungi and 
unwanted plants (weeds)”. Other agencies, such as the United States 
Environmental Protection Agency or US EPA, have defined pesticides as “Any 
substances or mixture of substances intended for preventing, destroying, 
repelling, regulating or controlling the pests”. These chemical substances can be 
divided into many groups, including the herbicides group for destroying weeds 
and unwanted vegetation, insecticides used for controlling the variety of insects, 
fungicides as prevention measures for molds and mildew growth, and 
rodenticides for the killing of rats, mice, and other species of rodents (Abubakar 
et al., 2020; Kapka-Skrzypczak et al., 2011; Zacharia, 2011). 

The importance of pesticides in the agricultural sector is undeniable because it 
is an effective solution for the pest management and controls in agricultural 
production. The application of these pesticides has greatly reduced the number 
of insects, pests, diseases, and weeds, thus substantially increases crops yields 
and economic activities (Abubakar et al., 2020). However, the continuous 
application and reliance on pesticides in the agricultural sectors can pose serious 
implications for both environmental and human health risks. These threats is a 
key problem in a number of studies, especially since the book Silent Spring was 
published in 1962 by Rachel Carson (Abubakar et al., 2020; Aktar et al., 2009; 
Bernardes et al., 2015; Kim et al., 2016; Mahmood et al., 2016; Özkara et al., 
2016; Zacharia, 2011). She has described how the 
Dichlorodiphenyltrichloroethane (DDT) insecticides entered the food chains and 
are accumulated in the fatty tissues of animals, including human beings. DDT 
later causes cancers, as well as damages to the human genes (Abubakar et al., 
2020; Damalas, 2009; Fosu-Mensah et al., 2016; Özkara et al., 2016). Apart 
from that, Carson went on to explain that DDT and other pesticides used 
continuously for weeks and months to kill insects remained toxic in the 
environment, even after these pesticides were diluted by rainwater, and 
continued to contaminate the food supplies (Carson, 2002). Carson then 
concluded that the use of pesticides was potentially toxic to other organisms, 
including humans, and it is also affecting the environment. 

Agricultural farmworkers are among the high-risk group exposed to pesticides 
through their daily activities of spraying, mixing, and loading pesticides at the 
workplace (Aktar et al., 2009; Bernardes et al., 2015). Farm children and infants 
who grow up near agricultural farmland also have a higher probability of 
developing adverse health effects when compared to children with minimal or 
zero exposures to pesticides (How et al., 2014; Lockman et al., 2015). Apart from 
the agricultural setting, the production and formulators workers from the 
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manufacturing settings are also at risk for the possibility of pesticide poisoning 
since they handle various types of chemicals, including raw materials, toxic 
solvents, and inert carriers in the production of pesticides (Aktar et al., 2009). 

As discusses previously, pesticides enter the human body through dermal 
contact, inhalation, or ingestion (Kapka-Skrzypczak et al., 2011). Skin is the 
largest organ in the body; therefore, it is the most susceptible exposure site for 
liquid and airborne chemicals. Additionally, the absorption through the skin can 
occur simultaneously and rapidly if there are cuts or wounds on the skin (Kapka-
Skrzypczak et al., 2011). Besides, pesticides can affect the respiratory system 
via inhalation and absorption routes, specifically during the carrying or handling 
of pesticides since the chemical substances in use are volatile and easily 
absorbs into the human body (WHO, 2008).  

In terms of occupational exposure, Nordin et al. (2002) explained that the oral or 
ingestion routes are often the main pathways of exposures caused by poor 
hygienic practices, such as not washing hands before eating and drinking, 
smoking or chewing tobacco during the handling of pesticides, mistaking 
pesticide for food or drink, and splashing pesticides into the mouth through 
carelessness or accidental incidents. Another important factor in pesticide 
exposure is intentional pesticide ingestion, a common method for self-harm 
reported in the rural developing world (Gunnell et al., 2007).  

Pesticides have a variable effect on human health. The effects may be acute, 
thus appear in days and are immediate, or the effects may take months or years 
to develop, and hence are called chronic or long-term effects (Arshad et al., 
2016; Mahmood et al., 2016; Marcelino et al., 2019). Acute effects of pesticide 
exposures include headache, stinging of the eyes and skin, irritation of the nose 
and throat, the appearance of the rash and blisters on the skin, diarrhea, 
abdominal cramp, nausea and vomiting, blurred vision, and very rarely death. In 
short, the exposure is not severe enough for the affected individual to seek 
medical attention (Mahmood et al., 2016). 

Chronic effects of pesticides are often lethal and may not appear even after many 
years. These are long term effects that cause damages to multiple organs, such 
as the detrimental effects to the neurological system (e.g., loss in balance and 
memory) (Binukumar & Gill, 2011), reproductive systems by affecting the 
capabilities of hormonal metabolism levels in males and females (Aiassa, 2018; 
Simaremare et al., 2020). Besides, past studies have indicated and associated 
the long term effects of pesticides with the development of cancers (Alavanja et 
al., 2013; Kim et al., 2016; Vivien et al., 2013), as well as the damages to the 
liver and lungs, in addition to might cause blood diseases such as leukaemia and 
lymphoma (Kim et al., 2016; Mahmood et al., 2016). 
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After numerous states had banned and restricted the use of DDT (Abubakar et 
al., 2020; Aktar et al., 2009), the introduction to other synthetic insecticides, such 
as organophosphate (OP), continues to rise in the period of 1960s. In the 1970s, 
the carbamate insecticides were revealed, then followed by pyrethroid 
insecticides in the 1980s (Leemans et al., 2019). However, OP pesticides are 
still thriving and have now become one of the predominant insecticides used 
worldwide (Aktar et al., 2009).  

The OP insecticide is designed to kill insects and other pests through the 
inhibition of the enzyme acetylcholinesterase (AChE) mode of action. AChE is 
essential for the regulation of the nervous system within organisms. Hence, the 
OP might lead to the eventual death of insects by irreversibly preventing nervous 
conduction. Besides, OP also affects the human nervous system in a similar 
mechanism (Damodaran, 2014; Moretto, 2014; Perry et al., 2020; Suratman et 
al., 2015). The acute effects of OP are well investigated by the researchers 
(Perry et al., 2020). In addition, short-term symptoms due to low doses of OP 
exposure may include headaches, salivation, inability to concentrate, weakness, 
tiredness, nausea, diarrhea, and blurred vision. Meanwhile, higher doses of 
exposure can lead to respiratory paralysis and death (El-Zaemey et al., 2013; 
Perry et al., 2020).  

Apart from the AChE inhibition pathway, in addition to obstructing and interfering 
with other neurochemical functions like a neurotransmitter in humans, the OP 
chemicals also can induce reactive oxygen species (ROS) and contribute to the 
development of oxidative stresses. These stresses subsequently affect the 
synthesis of Deoxyribonucleic acid (DNA), Ribonucleic acid (RNA), and protein 
(Hundekari et al., 2013; Marcelino et al., 2019; Sosa et al., 2013; Ubaid ur 
Rahman et al., 2020). Damaged DNA and the division of cells with un-repaired 
damages may lead to mutations and chromosomal instability in individuals who 
are exposed to anticholinesterase agents (Basu, 2018). Thus, biological markers 
for OP exposures, like AChE inhibition and effects due to OP exposures, have 
been developed to measure the genetical changes in exposed humans (Basu, 
2018; Jiang et al., 2019; Sosa et al., 2013; Yu et al., 2016). 

About 12,839 workers (cocoa farmers and independent smallholders) in 
Malaysia working in the cocoa plantation sector, including 4,881 workers in 
Sabah, 5,613 workers in Sarawak, and 2,345 (18.3%) workers in Peninsular 
Malaysia. The cocoa industry has been consolidated into one organisation, the 
Malaysian Cocoa Board (MCB), to ensure continued growth of cocoa activities. 
This organisation has four coordinated centres known as the Cocoa Research 
and Development Centre located in Sabah and Sarawak, while the centres for 
Peninsular Malaysia are located in Jengka, Pahang and Bagan Datuk, Perak. 

Cocoa farmers working in these four centres are responsible for cocoa plantation 
maintenance and production, including pesticide handling, which includes 
activities such as mixing, spraying, cleaning, and disposing of empty pesticide 
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containers. In addition to handling pesticides, they also performed various field 
activities such as spreading fertiliser, pruning excess cacao branches, picking 
and drying ripe cacao fruit, clearing plantations of unwanted grass and bush 
growth, and many other agricultural activities. They were labourers who worked 
outdoors for eight hours five days a week, as opposed to an independent 
smallholder cacao farmer who worked only part-time. 

Pesticides are the best alternative solution used in other agricultural sectors, 
including cocoa plantations, for pest and disease control. However, regular and 
indiscriminate use of pesticides can have serious consequences for cocoa 
farmers. In Malaysia, there are currently no data on how cocoa farmers' 
exposure to pesticides can affect their health and safety. Previous studies had 
stated that the predominant health effects among cocoa farmers in Nigeria were 
eye irritation, skin irritation, dizziness, respiratory problems, and stomach 
cramps, which often occurred during and after chemical use (Aminu et al., 2020; 
Isah et al., 2020; Ogunjimi & Farinde, 2012; Raimi, 2021). In addition, a study by 
Sosan et al. (2008) demonstrated that residues of the insecticide diazinon 
(organophosphates) were detected in the blood of 42 out of 76 cocoa farmers in 
southwestern Nigeria. Another study by Sosan et al. (2010) found that 8 out of 
76 cocoa farmers in southwestern Nigeria had chronic OP insecticide poisoning 
because their AChE activities had decreased by 30% compared to baseline data 
(baseline data were collected in 2005). Isah et al. (2020) had mentioned that 
cocoa farmers who are frequently exposed to large and continuous amounts of 
pesticides have the potential to cause DNA damage. However, review of the 
observations revealed that no studies had been conducted to assess DNA 
damage in cocoa farmers in Nigeria.  

From the above, there is limited documented information on pesticide exposure, 
safety measures, and work habits of cocoa farmers using pesticides in Malaysia 
and internationally. Therefore, this study can be a preliminary study in Malaysia 
to determine the health effects of pesticides on cocoa farmers. 

1.2 Problem Statement 

Up to February 2021, nearly 3,300 active pesticide substances have been 
registered in Malaysia, according to the Department of Agriculture (DOA). 
Insecticides alone have covered around 600 units (Malaysia, 2008), followed by 
OP insecticide is widely used, followed by carbamate, and pyrethroids. However, 
the total amount of pesticides used is expected to increase continuously year by 
year, in line with the increasing agricultural areas and the need to provide high-
yielding food and crops productions to meet the economic and population 
demands.  

Recent data suggested that the use of pesticides in cocoa farms is estimated 
used of pesticides in a season (3 months) is 25.93 litres and for insecticides is 
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about 4.53 litres (including OP insecticide (chlorpyrifos) about 1.6 litres) in 3 
months for one hectare (Malaysia Cocoa Board [MCB], 2016). Cocoa farmer 
working in the field at Cocoa Research and Development Centres are 
responsible for maintaining 4 hectares of cocoa field with about 200 - 5000 cocoa 
trees (MCB, 2016). Thus, the cocoa plantation workers in Malaysia are 
continually being exposed to OP, as this is the most common insecticide used to 
kill and control pests in cocoa farms. The active ingredient of OP is chlorpyrifos 
(group II), an example of insecticides containing moderately hazardous 
substances that are dangerous, toxic, and can cause severe effects to the 
human health, used in the cocoa farms (WHO, 2019). 

In 2019, approximately 13000 workers (cocoa farmers and independent 
smallholders’ farmers) from the cocoa plantation sector in Malaysia (unpublished 
Malaysia Cocoa Industry Report, 2019) were being continuously exposed to 
these types of insecticides as part of occupational exposures. Insecticides 
sprayed onto the cocoa trees may affect the workers as the spread of 
insecticides will directly be in contact with the applicators. In view of this, the 
cocoa farmers are considered as a vulnerable and at-risk group that receives the 
greatest exposure to the OP insecticides, such as through mixing, spraying, 
cleaning, loading, and transporting activities at the workplace. During field 
observation and face-to-face interview, some cocoa farmers did not wear gloves 
and masks when mixing chemicals. Tasks involves mixing pesticide and water 
in the ratio indicated on the label in the tank of the equipment. During the mixing 
process, cocoa farmers could inhale the fumes of the pesticide because they 
were not wearing PPE. Another cocoa farmer was smoking and drinking a 
mineral bottle about 10 metres from the mixing area. Another problem was that 
some of them wanted to smoke after spraying and then took off their gloves to 
wash their hands. The possibility of exposure to hazardous chemicals is probably 
very high because workers do not use proper protective measures or hygiene 
practises. The possibility of exposure to hazardous chemicals is likely to be 
severe, as there is no proper protection or hygienic practices among the workers. 
Thus, a detailed understanding of OP exposure and safe handling of pesticides 
among cocoa farmers are essential for drawing firm conclusions about the 
potential health effects. 

The legislation requirement specified in the Occupational Safety and Health Act 
514 1994 (Use and Standard of Exposure of Chemicals Hazardous to Health) 
Regulation 2000 in Malaysia has made it mandatory that the workers who are 
exposed to OP must undergo routine medical surveillance of cholinesterase 
activity in red blood cells and plasma. However, upon investigation from an 
interview session with the Director of Cocoa Plantation and Research Centre in 
Jengka, Pahang and Bagan Datuk, Perak, it was found that no such medical 
surveillance programs have been implemented to the 13 000 workers registered 
under the Malaysian Cocoa Board. This is one of the points that need to be 
highlighted in this study. In addition, this study is expected to draw the attention 
of top management, cocoa authorities, and governments to the chronic adverse 
health effects of the use of OP in farming populations and to highlight the 
important issues that require regular medical monitoring of cocoa farmers.  
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Regarding worker safety, employers have provided some training on the proper 
and safe use of pesticides, the use of personal protective equipment (PPE), and 
basic chemical handling skills, but these trainings may not be sufficient because 
farmers may not fully understand the importance and purpose of these trainings. 
Regarding PPE provisions, employers have provided latex gloves to protect 
hands from dermal exposure to pesticides, but it has been noted that some PPE 
is not appropriate because it is the type of hand protection commonly used in 
medical or industrial settings. Instead, the use of chemical-resistant gloves is a 
must, especially when there is a risk of contact with chemical pesticides. This is 
a great concern because by considering the high volume and percentage of 
pesticides used in the plantation fields, it is expected that the workers who 
worked without adhering to the proper Occupational Safety and Health 
procedures and wearing protective equipment may have been exposed to the 
high number of pesticides. 

Past studies that estimate the extent exposures of workers to pesticides are 
lacking among the population of cocoa farmers. Similar studies conducted in 
Malaysia were focusing on paddy farm workers (Baharuddin et al., 2011; 
Hamsan et al., 2018; How et al., 2014) and palm oil workers (Kuntom et al., 
2007), the workers from the two main agricultural commodities since many years. 
As such, evidence in the literature detailing the high amount of pesticide 
exposures occurring among the farming or plantation workers in Malaysia and 
its subsequent health effects are mostly referring to the three types of agricultural 
commodities. Furthermore, the requirements from the pesticides regulation 
should be conducted among the cocoa farmers because a recent study has 
shown that the paddy farmers who are occupationally exposed to OP in Malaysia 
had shown inhibition of blood cholinesterase levels that were significantly 
associated with the potential chromosomal and DNA strands breakages (Hamid 
et al., 2016; Ishak et al., 2015; Vivien et al., 2013). In view of this issue, there are 
limited numbers of research on the occupational pesticide exposures of cocoa 
farmers. 

Moreover, those dealing directly or indirectly with OP are at the most risk of 
overexposure, but the symptoms can be difficult to be recognized, since most of 
the occupational poisoning cases were under-reported, as these cases were 
either not properly presented to the healthcare facilities or the cases presented 
were incorrectly recorded (Kamaruzaman et al., 2020). As a result, biomarkers 
are extremely important and useful for further and proper diagnosis of OP 
exposure in individuals, especially among farmers.  

The National Institute for Occupational Safety and Health (NIOSH) in the United 
States had established the Sentinel Event Notification System for Occupational 
Risk (SENSOR) for the pesticide database surveillance program. A total of 13 
states participated in the SENSOR pesticide program. From the database, it was 
reported that 1,343 cases of acute pesticide-related illnesses from insecticide 
exposure were reported from 1998 to 2011. Approximately 22.3% of the cases 
were due to organophosphates. 
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Therefore, the research question arises on whether the OP insecticides used in 
cocoa plantations might relatively decrease the AChE levels among cocoa 
farmers and leading to neuromuscular dysfunction, with additional risks to 
develop genetic damage that may increase their susceptibility to cancer 
development. This research question is crucial since, so far, there is a limited 
reliable database that is focusing on pesticide-related illnesses in Malaysia. 
Then, it is the responsibility of the government and the employers to take this 
issue as a challenge in order to protect their farmers against the risks of pesticide 
usage.  

1.3 Study Justification 

Organophosphate exposure can cause both acute (short-term) and chronic 
(long-term) health effects, which can occur months or years after exposure. 
Acute health effects include watery eye, rashes, nausea, tingling, dizziness and 
diarrhoea. While cancers, birth defects, reproductive disfunction, immunotoxicity, 
neurological and development dysfunction are examples of known chronic 
effects. 

Through the participation of cocoa farmers in the measurement of blood 
cholinesterase level, analysis of genetic damages, and neurobehavioral 
performances on the use of OP insecticides, the government and cocoa board 
will be able to have a baseline assessment of the health statuses among the 
farmers. Hence, the safety precautions or other implementations regarding 
health and performances can take place efficiently. Furthermore, the results from 
this study will be used as the baseline data on OP insecticides exposures among 
a selected group of agricultural workers. 

Since there is evidence showing that the exposure to these pesticides among 
the cocoa farmers is not being assessed and monitored, thus the results 
obtained from this fundamental study will become useful for the cocoa board to 
assist any policy and for the standard work procedure makers to understand the 
risks of pesticides exposures toward the farmers’ health. The collected data can 
be used as references to control any further exposures of pesticides and to 
develop guidelines or amend the existing guideline so that these guidelines can 
be used to reduce the health hazards among the farmers in the future.  

If adverse health effects associate with pesticide exposures can be controlled 
among farmers, their labour productivity can also be increased while ensuring 
the sustainability of cocoa production in the market. The results of this study can 
also contribute to the planning and establishment of a monitoring system for 
pesticide exposure in other agricultural sectors. 
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Furthermore, this fundamental study may serve as a starting point to conduct 
health hazards evaluations among the farmers, since there is no specific 
research or study on the consequences of pesticides exposures to the farmers’ 
health, considering the articles published in the Malaysia Cocoa Journal (Navies 
et al., 2015). The Cocoa Journal collection focuses only on physiology, strategy, 
and technology to sustain cocoa production. In addition, the statistical data on 
the MCB's website only provides information on cultivated areas, cocoa bean 
production by region, cocoa prices, and export and import of cocoa products. 
Thus, this study can provide basic data for the government and Malaysia Cocoa 
Board to develop various strategies and policies crucial towards the health 
performances of cocoa farmers which could minimize human exposure to 
pesticides.  

By identifying the health risks posed by pesticides to cocoa farmers, 
implementation of appropriate on-farm pesticide management can be initiated, 
which is important so that effective health programs can be planned and targeted 
to the most vulnerable populations. In addition, the government can develop new 
tools or techniques to predict the potential hazards of pesticides or improve 
current pesticide formulations toward safer formulations so that the health risk to 
other populations, especially the young generation, can be minimized. 

1.4 Conceptual Framework 

Figure 1.1 shows the conceptual framework in the study by conducting exposure 
assessments (blood cholinesterase level) and effects assessments 
(neurobehavioral performance and genetic damage in buccal epithelial cells), 
and lastly highlight the potential risk factors characterize the effects from the OP 
exposure.  

Past studies have proven that the farmers are the most prominent subjects 
routinely being exposed to pesticides, as compared to other occupations 
(Benedetti et al., 2018; Perry et al., 2020). The farmers’ exposures to pesticides 
mainly occur during the preparation (mixing), and the application of the 
pesticides spray solution, followed by during cleaning the pesticides spraying 
equipment (Damalas & Koutroubas, 2016; Farahat et al., 2003; Kachaiyaphum 
et al., 2010; Robson et al., 2009; Śpiewak, 2001). Farmers are also exposed to 
pesticides even when they are not performing these activities, as the exposures 
can arise from being near to pesticide storage, touching pesticides-contaminated 
clothes, lack of hygienic practice, or by living near to the farm.  

Pesticides can enter the human body in three common ways: (1) through the 
skin (direct contact), (2) mouth (ingestion), and (3) lungs (inhalation). The dermal 
and inhalation routes of entries are typical and common routes of pesticides 
exposures experienced by farmers (Damalas & Koutroubas, 2016). Dermal 
absorption may occur from splashes and spills when handling pesticides, but the 
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degree of hazards depends on the toxicity and the duration of exposures (Baldi 
et al., 2006; Macfarlane et al., 2013).  

The inhibition of AChE is one of the most effective measurements for OP 
exposure (Elersek & Filipič, 2011; Hashmi & Khan, 2011; Kapka-Skrzypczak et 
al., 2011). The level of AChE (enzyme activity) was assessed from finger-prick 
blood sample (10µl) is used as a biomarker of exposure to evaluate the internal 
dose level of OP exposure among the study populations. Besides, when the 
AChE is inhibited by an OP, an excess of acetylcholine (a neurotransmitter that 
stimulates the muscle movements) occurs, and this causes the muscles to move 
excessively, therefore can lead to nerve failure (Mackenzie Ross et al., 2010; 
Perry et al., 2020; Takahashi & Hashizume, 2014). In other words, the drop in 
AChE levels leads to muscle contractions or spasms, which in turn lead to a 

reduction in neurological performance. 

Besides, the decreasing blood cholinesterase level demonstrated a significant 
association with the increased oxidative stresses through the generation of ROS 
among the farmers who were exposed to OP (Kapka-Skrzypczak et al., 2011; 
Vivien et al., 2013). Further generations of ROS levels are associated with the 
damages to nucleic acids and induced chromosomal breakages. These 
damages due to the chronic exposure to OP can later develop into higher cancer 
risk (Alavanja et al., 2013; Bonassi et al., 2007; Kaur et al., 2011; Kawaguchi et 
al., 2010; Vivien et al., 2013). Hence, two genetic risk assessments assays were 
carried out with the buccal epithelial cells, i.e., micronuclei assay and comet 
assay which were used as biomarker of effects from exposure to OP exposure.  

The risk factors, such as individual, residential and occupational parameters, are 
also investigated in order to characterize these risks with neurobehavioral 
performances and genetic damage in the population studied.  
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Figure 1.1: Conceptual framework for the present study 

1.5 Research Question 

In general, this study consisted of three sub-studies, namely i) sub-study I: 
sociodemographic and occupational background distribution of respondents, ii) 
sub-study II: evaluation of organophosphate (OP) exposure level, and iii) sub-
study III: analysis of health effects linked to the organophosphate (OP) exposure. 
All of the sub-studies would be linked to answer the following research questions.  
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1.5.1 Sub-study I: Sociodemographic and Occupational Background 
Distribution of Respondents 

a. What is the proportion of individual, residential and occupational 
characteristics among male cocoa farmers in Pahang and Perak? 

b. What are the common work-related health symptoms facing among 
male cocoa farmers after handling (spraying) organophosphate? 

1.5.2 Sub-study II: Evaluation of Organophosphate (OP) Exposure 
Level 

a. What is the estimation of intensity level due to OP exposure among 
male cocoa farmers by using validated algorithm formula 
calculation? 

b. What are the levels of blood cholinesterase among male cocoa 
farmers due to  

1.5.3 Sub-study III: Analysis of Health Effects Linked to the 
Organophosphate (OP) Exposure 

a. Does the exposure to OP pose any abnormal risk related to 
neurobehavioral performance and genetic damage to the male 
cocoa farmers in Pahang and Perak? 

b. What are the predicted of potential risk factors that influence the 
neurobehavioral performance and formation of genetic damage to 
male cocoa farmers? 

1.6 Objectives 

1.6.1 General Objectives 

The study was performed to assess the acute and chronic health effects among 
male cocoa farmers in Perak and Pahang, Malaysia over the period of exposure 
to OP in cocoa plantation. The blood cholinesterase level and neurobehavioral 
performance were used as indicators to determine the acute health effects, while 
genetic damage assessment was further conducted to determine the chronic 
health effects of the substance.  
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1.6.2 Specific Objectives 

1.6.2.1 Sub-study I: Sociodemographic and Occupational Background 
Distribution of Respondents 

a. To determine the proportion of individual, residential and 
occupational characteristics among the male cocoa farmers. 

b. To identify the work-related health symptoms due to 
organophosphate handling reported among the male cocoa farmers. 

1.6.2.2 Sub-study II: Evaluation of Organophosphate (OP) Exposure 
Level 

a. To estimate the intensity levels of OP exposure among the male 
cocoa farmers. 

b. To determine blood cholinesterase levels among the male cocoa 
farmers. 

1.6.2.3 Sub-study III: Analysis of Health Effects linked to the 
Organophosphate (OP) Exposure 

a. To analyse neurobehavioral performance and genetic damage (e.g., 
micronuclei and comet assays; tail length and the percentage of 
DNA in the tail) among the male cocoa farmers. 

b. To determine the relationship between blood cholinesterase level 
with neurobehavioral performance and genetic effects (micronuclei 
assays and comet assay) among the male cocoa farmers. 

c. To determine the relationship between potential risk factors with 
selected neurobehavioral performance and genetic effects 
(micronuclei assays and comet assay) among cocoa farmers  

1.7 Hypothesis  

a. Cholinesterase level among male cocoa farmers may be in 
abnormal range.  

b. Neurobehavioral performance level among male cocoa farmers may 
be poor. 

c. Genetic damage in buccal cells among male cocoa farmers may be 
present. 
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1.8 Definition of Variables 

1.8.1 Conceptual Definition 

a) Organophosphate (OP) 
 
OP is defined as organic phosphorus compound that is also derivative of 
phosphoric acid (Martin-Reina et al., 2017) . The general structure of OPs is O=P 
(OR)3, a central phosphate molecule with alkyl or aromatic compounds which 
can be considered as esters of phosphoric acid (Elersek & Filipič, 2011; 
Johnstone, 2006). The use of OP chemicals remains widespread in the 
agricultural industry due to their high spectrum efficacy (English et al., 2016). 
Common OP compounds used in agriculture are parathion, malathion, 
chlorpyrifos, and dichlorvos. The main mechanism of OP is blocking the enzyme 
acetylcholinesterase and subsequently causing nervous damages that result in 
the death of an insect. 
 
 
b)  Biomarker of Exposure to OP 
 
A biomarker of exposure referred to as the measured compartment or a fluid-
formed of chemicals, its analyte or the product excreted from the interaction 
between chemical exposed with the target molecule. Biomarker of exposure to 
OP are used to estimate the exposure and risk information on the specified 
chemical exposure in the individuals body including metabolites in blood and 
urine, enzymatic changes that are detected by using blood components, exhaled 
air, hair or nails, sweat, and tissues (Kapka-Skrzypczak et al., 2011).  
 
 
c) Neurobehavioral Performance  
 
The nervous system of a human consists of mood, cognitive and psychomotor 
abilities (WHO, 1986). The presence of OP can cause damages to the human 
nervous system due to the inhibition of AChE. This inhibition leads to 
uncontrolled neurotransmitter (also known as acetylcholine), an important signal 
that is crucial to transmitting electrical pulse between the nerve cells (Čolović et 
al., 2013; Sapbamrer & Nata, 2014; Strelitz et al., 2014).  
 
 
d) Genetic damage 
 
Genetic damage can be used as an indicator or as a biomarker to determine the 
exposure effects. The assays to measure the genetic damage were applied 
previously in evaluating the early adverse health effects attributed to the 
exposures of genotoxic agents among the studied population (Da Silva et al., 
2012; Hamid et al., 2016; Intranuovo et al., 2018; Vivien et al., 2013). Genetic 
damage is cell abnormalities that can be found either in the form of micronuclei 
(MN), comet assay, sister chromatic exchange (SCE), and chromosome 
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aberration (CA) (Wang et al., 2010). Genetic damage can be measured by using 
biological samples, such as buccal epithelial cells (Marcelino et al., 2019; Torres-
bugarín et al., 2014; Vivien et al., 2013) and human peripheral lymphocytes 
(Benedetti et al., 2013; Da Silva et al., 2012; Intranuovo et al., 2018).  
 
 
e) Farmers 
 
Farmers are referred to as the persons who are working in the agricultural sector. 
They are producing a variety of food products for human and animal 
consumption. Farmers are the most vulnerable group of workers that are at high 
risk of contracting acute adverse effects, like pesticide poisoning (Hamsan et al., 
2017; Marcelino et al., 2019). 

1.8.2 Operational Definition 

a) Organophosphate (OP) 
 
According to MCB, active ingredients of chlorpyrifos from OP (group II)) are the 
common type of insecticide used in cocoa plantations to protect the cocoa fruits 
from insects. Insecticides sprayed to the cocoa trees can affect the workers, as 
the applicators are directly in contact with the insecticides during insecticide 
spraying. The possibility of exposure to hazardous chemicals is severe, 
especially if the workers are not wearing proper protection or practicing proper 
hygiene practices.  
 
 
b) Biomarker of Exposure to OP 
 
In this study, an enzyme activity (inhibition of AChE) as an indicator of biological 
response was used as an internal marker for OP exposure. The inhibition of 
AChE activity in the central and peripheral nervous systems is considered and 
known to be the main mechanism of OP toxicity (Kapka-Skrzypczak et al., 2011). 
Capillary blood from fingertips (10µl) was collected to measure the level of blood 
cholinesterase activity in the cocoa farmers. The blood cholinesterase test kit 
(Lovibond, AF267; Tintometer Ltd. UK) was used to measure the exposure levels 
or AChE activities in the blood samples collected from the respondents. This 
particular test kit uses the colorimetric principle to analyse the normal breakdown 
process of acetylcholine. In principle, the accumulation of acetylcholine in the 
blood specimens causes colour changes (Vivien et al., 2013). 
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c) Neurobehavioral Performance  
 
In this study, Neurobehavioral Core Test Battery (NCTB), developed by World 
Health Organization (WHO), was used to detect the neurobehavioral 
performances effects among the study groups. The seven subtests, such as the 
Digit Span, Benton Visual, Digit Symbol, Santa Ana, Pursuit Aiming, Trail 
Making, and Simple Reaction Time test, were conducted as neurobehavioral 
assessments in this study.  
 
 
d) Genetic damage 
 
Genetic damage was measured through comet and micronuclei (MN) assays by 
using buccal epithelial cells which collected from the cocoa farmers. Comet 
assay known as Single-Cell Gel Electrophoresis (SCGE), is a fast and effective 
way to measure DNA damage (Gyori et al., 2014; Kawaguchi et al., 2010; 
Nandhakumar et al., 2011). This assay is carried out by using comet analysis 
software that screens the captured images. In this study, the DNA damage was 
determined by estimating the comet tail length (µm) and the percentage of DNA 
in the tail (Gyori et al., 2014). MN assay can become a biological indicator by 
monitoring the presence of MN for chromosomal breakage. Falck (2014) defined 
the MN as small additional nuclei that are formed during mitosis, possibly due to 
chromosome lagging and failure to be included in the nuclei of the formed 
daughter cell. Individuals with a high frequency of MN formation in their cells are 
having a high risk of developing cancer (Bonassi et al., 2007). 
 
  
e) Farmers 
 
Male cocoa farmers who were registered and worked in the fields at the Cocoa 
Research and Development Centre in Jengka, Pahang, and Bagan Datuk, Perak 
were selected as the respondents in the study. Both of the selected locations are 
identified as the main cocoa centre in Peninsular Malaysia. The work tasks of 
cocoa farmers include fertilization, pruning excess cocoa branches, picking ripe 
cocoa, and cleaning the cocoa field area, and these farmers usually spend eight 
hours working in the outdoor tasks for five days per week. On the other hand, 
cocoa farmers from independent smallholding farms, as well as those who 
registered and worked part-time, were excluded from this study.  

 
 



© C
OPYRIG

HT U
PM

 

138 

REFERENCES 

Abou-Donia, M. B. (2003). Organophosphorus ester-induced chronic 
neurotoxicity. Archives of Environmental Health, 58(8), 484–497. 
https://doi.org/10.3200/AEOH.58.8.484-497 

Abubakar, Y., Tijjani, H., Egbuna, C., Adetunji, C. O., Kala, S., Kryeziu, T. L., & 
Patrick-Iwuanyanwu, K. C. (2020). Pesticides, history, and classification. 
Natural Remedies for Pest, Disease and Weed Control, 29–42. 
https://doi.org/10.1016/B978-0-12-819304-4.00003-8 

Acquavella, J. F., Alexander, B. H., Mandel, J. S., Burns, C. J., & Gustin, C. 
(2006). Exposure misclassification in studies of agricultural pesticides: 
Insights from biomonitoring. Epidemiology, 17(1), 69–74. 
https://doi.org/10.1097/01.ede.0000190603.52867.22 

Adhikari, A., & De, M. (2016). Micronuclei (Oral cancer biomarker) study in 
buccal mucosal cell with betel quid chewers among Indian population. ARC 
Journal of Cancer Science, 2(1), 36–39. https://doi.org/10.20431/2455-
6009.0201005 

Adwas, A. A., Ibrahim Elsayed, A. S., Azab, A. E., & Quwaydir, F. A. (2019). 
Oxidative stress and antioxidant mechanisms in human body. Journal of 
Applied Biotechnology & Bioengineering, 6(1), 43–47. 
https://doi.org/10.15406/jabb.2019.06.00173 

Afrane, G., & Ntiamoah, A. (2011). Use of pesticides in the cocoa industry and 
their impact on the environment and the food chain. In M. Stoytcheva (Ed.), 
Pesticides in the Modern World - Risks and Benefits (pp. 51–68). InTech 
Open. https://doi.org/10.5772/17921 

Ahmed, A. S. I., Sheng, M. H., Wasnik, S., Baylink, D. J., & Lau, K. H. W. (2017). 
Effect of aging on stem cells. World Journal of Experimental Medicine, 7(1), 
1–10. https://doi.org/10.5493/wjem.v7.i1.1 

Aiassa, D. (2018). Genotoxic risk in in human populations exposed to pesticides. 
In M. Larramendy & S. Soloneski (Eds.), Genotoxicity - A Predictable Risk 
to Our Actual World (pp. 96–111). InTech Open. 
https://doi.org/10.5772/intechopen.77968 

Aktar, W., Sengupta, D., & Chowdhury, A. (2009). Impact of pesticides use in 
agriculture: Their benefits and hazards. Interdisciplinary Toxicology, 2(1), 1–
12. https://doi.org/10.2478/v10102-009-0001-7 

Al-Haddad, S. A., & Al-Sayyad, A. S. (2013). Pesticide handlers’ knowledge, 
attitude and practice. Bahrain Medical Bulletin, 35(1), 1–6. 

Alavanja, M. C. R., Ross, M. K., & Bonner, M. R. (2013). Increased cancer 
burden among pesticide applicators and others due to pesticide exposure. A 
Cancer Journal for Clinicians, 63(2), 120–142. 
https://doi.org/10.3322/caac.21170 



© C
OPYRIG

HT U
PM

 

139 

Alavinia, S. J., Mirvaghefi, A., Farahmand, H., Rafiee, G., Alavinia, S. J., Shiry, 
N., & Moodi, S. (2019). DNA damage, acetylcholinesterase activity, and 
hematological responses in rainbow trout exposed to the organophosphate 
malathion. Ecotoxicology and Environmental Safety, 182, 109311. 
https://doi.org/10.1016/j.ecoenv.2019.05.081 

Alejo-González, K., Hanson-Viana, E., & Vazquez-Duhalt, R. (2018). Enzymatic 
detoxification of organophosphorus pesticides and related toxicants. Journal 
of Pesticide Science, 43(1), 1–9. https://doi.org/10.1584/JPESTICS.D17-
078 

Aminu, F. O., Ladapo, H. L., & Ojo, O. O. (2020). Pesticide use and health 
hazards among cocoa farmers: Evidence from Ondo and Kwara states of 
Nigeria. Nigerian Agricultural Journal, 51(2), 263–273. 

Amoguis, D. M. K., Bontilao, S. M. R., Galarido, C. D., Lumamba, J. A. W., 
Paelmo, J. N. A., & Rosal, R. M. B. (2012). Experiences in pesticide used 
among farm workers and its effect to their health. Advancing Nursing 
Research, 2(1), 127–139. 

Angerer, J., Ewers, U., & Wilhelm, M. (2007). Human biomonitoring: State of the 
art. International Journal of Hygiene and Environmental Health, 210(3–4), 
201–228. https://doi.org/10.1016/j.ijheh.2007.01.024 

Antonious, G. F., Turley, E. T., Abubakari, M., & Snyder, J. C. (2017). 
Dissipation, half-lives, and mass spectrometric identification of chlorpyrifos 
and its two metabolites on field-grown collard and kale. Journal of 
Environmental Science and Health, Part B Pesticides, Food Contaminants, 
and Agricultural Wastes, 52(4), 251–255. 
https://doi.org/10.1080/03601234.2016.1270683 

Antwi-Agyei, P., Quinn, C. H., Adiku, S. G. K., Codjoe, S. N. A., Dougill, A. J., 
Lamboll, R., & Dovie, D. B. K. (2016). Perceived stressors of climate 
vulnerability across scales in the Savannah zone of Ghana: A participatory 
approach. Regional Environmental Change, 17(1), 213–227. 
https://doi.org/10.1007/s10113-016-0993-4 

Arbuckle, T. E., Burnett, R., Cole, D., Teschke, K., Dosemeci, M., Bancej, C., & 
Zhang, J. (2002). Predictors of herbicide exposure in farm applicators. 
International Archives of Occupational and Environmental Health, 75(6), 
406–414. https://doi.org/10.1007/s00420-002-0323-7 

Aroumougam, A., Santha Devy, A., Uma, A. N., Vezhavendhan, N., 
Vidyalakshmi, S., & Premlal, K. R. (2017). Micronuclei assay in oral 
exfoliated buccal cells of pesticides exposed agricultural labourers in 
Pondicherry population. Research in Dental Sciences, 9(4), 153–157. 
https://doi.org/10.4103/srmjrds.srmjrds 

Arshad, M., Siddiqa, M., Rashid, S., Hashmi, I., Awan, M. A., & Ali, M. A. (2016). 
Biomonitoring of toxic effects of pesticides in occupationally exposed 
individuals. Safety and Health at Work, 7(2), 156–160. 
https://doi.org/10.1016/j.shaw.2015.11.001 



© C
OPYRIG

HT U
PM

 

140 

Atreya, K., Kumar Sitaula, B., Overgaard, H., Man Bajracharya, R., & Sharma, 
S. (2012). Knowledge, attitude and practices of pesticide use and 
acetylcholinesterase depression among farm workers in Nepal. International 
Journal of Environmental Health Research, 22(5), 401–415. 
https://doi.org/10.1080/09603123.2011.650154 

Azhar, I., & Lee, M. T. (2004). Perspective for cocoa cultivation in Malaysia: 
Relook at the economic indicators. Malaysian Cocoa Journal, 1, 6–22. 

Azqueta, A., & Collins, A. R. (2013). The essential comet assay: A 
comprehensive guide to measuring DNA damage and repair. Archives of 
Toxicology, 87(6), 949–968. https://doi.org/10.1007/s00204-013-1070-0 

Azqueta, A., Slyskova, J., Langie, S. A. S., Gaivão, I. O. N., & Collins, A. (2014). 
Comet assay to measure DNA repair: Approach and applications. Frontiers 
in Genetics, 5(AUG), 1–8. https://doi.org/10.3389/fgene.2014.00288 

Baharuddin, M. R. B., Sahid, I. B., Noor, M. A. B. M., Sulaiman, N., & Othman, 
F. (2011). Pesticide risk assessment: A study on inhalation and dermal 
exposure to 2,4-D and paraquat among Malaysian paddy farmers. Journal 
of Environmental Science and Health - Part B Pesticides, Food 
Contaminants, and Agricultural Wastes, 46(7), 600–607. 
https://doi.org/10.1080/03601234.2011.589309 

Baldi, I., Lebailly, P., Jean, S., Rougetet, L., Dulaurent, S., & Marquet, P. (2006). 
Pesticide contamination of workers in vineyards in France. Journal of 
Exposure Science and Environmental Epidemiology, 16(2), 115–124. 
https://doi.org/10.1038/sj.jea.7500443 

Banks, C. N., & Lein, P. J. (2012). A review of experimental evidence linking 
neurotoxic organophosphorus compounds and inflammation. 
NeuroToxicology, 33(3), 575–584. 
https://doi.org/10.1016/j.neuro.2012.02.002 

Basu, A. K. (2018). DNA damage, mutagenesis and cancer. International Journal 
of Molecular Sciences, 19(4), 1–13. https://doi.org/10.3390/ijms19040970 

Battershill, J. M., Burnett, K., & Bull, S. (2008). Factors affecting the incidence of 
genotoxicity biomarkers in peripheral blood lymphocytes: Impact on design 
of biomonitoring studies. Mutagenesis, 23(6), 423–437. 
https://doi.org/10.1093/mutage/gen040 

Bayrami, M., Hashemi, T., Malekirad, A. A., Ashayeri, H., Faraji, F., & Abdollahi, 
M. (2012). Electroencephalogram, cognitive state, psychological disorders, 
clinical symptom, and oxidative stress in horticulture farmers exposed to 
organophosphate pesticides. Toxicology and Industrial Health, 28(1), 90–96. 
https://doi.org/10.1177/0748233711407243 

Benedetti, D., Lopes Alderete, B., De Souza, C. T., Ferraz Dias, J., 
Niekraszewicz, L., Cappetta, M., Martínez-López, W., & Da Silva, J. (2018). 
DNA damage and epigenetic alteration in soybean farmers exposed to 



© C
OPYRIG

HT U
PM

 

141 

complex mixture of pesticides. Mutagenesis, 33(1), 87–95. 
https://doi.org/10.1093/mutage/gex035 

Benedetti, D., Nunes, E., Sarmento, M., Porto, C., Santos, C. E. I. dos, Dias, J. 
F., & Da Silva, J. (2013). Genetic damage in soybean workers exposed to 
pesticides: Evaluation with the comet and buccal micronucleus cytome 
assays. Mutation Research - Genetic Toxicology and Environmental 
Mutagenesis, 752(1–2), 28–33. 
https://doi.org/10.1016/j.mrgentox.2013.01.001 

Benedetti, D., Rabaioli, F., Silva, D., Kvitko, K., Fernandes, S. P., & Silva, J. 
(2014). Genotoxicity Induced by ocupational exposure to pesticides. In M. L. 
Larramendy & S. Soloneski (Eds.), Pesticides-Toxic Aspects (pp. 30–51). 
InTech Open. 

Berbiye, I. Y. (2014). Raw Ccocoa (Theobroma cacao L.) quality parameters - 
with special reference to West Africa (Doctoral dissertation). University of 
Hamburg. 

Berent, S., Giordani, B., Albers, J. W., Garabrant, D. H., Cohen, S. S., Garrison, 
R. P., & Richardson, R. J. (2014). Effects of occupational exposure to 
chlorpyrifos on neuropsychological function: A prospective longitudinal 
study. NeuroToxicology, 41, 44–53. 
https://doi.org/10.1016/j.neuro.2013.12.010 

Bernama. (2021, April 22). Plantation industries Ministry aims to make Malaysia 
‘King of Asia Chocolate’, says minister. Malay Mail. 
https://www.malaymail.com/news/money/2021/04/22/plantation-industries-
ministry-aims-to-make-malaysia-king-of-asia-chocolate/1968709 

Bernardes, M. F. F., Pazin, M., Pereira, L. C., & Dorta, D. J. (2015). Impact of 
pesticides on environmental and human health. In A. C. Andreazza & G. 
Scola (Eds.), Toxicology Studies - Cells, Drugs and Environment (pp. 195–
233). InTech Open. https://doi.org/10.1016/j.pranut.2017.12.005 

Bhalli, J. A., Ali, T., Asi, M. R., Khalid, Z. M., Ceppi, M., & Khan, Q. M. (2009). 
DNA damage in Pakistani agricultural workers exposed to mixture of 
pesticides. Environmental and Molecular Mutagenesis, 50(1), 37–45. 
https://doi.org/10.1002/em.20435 

Binukumar, B. K., & Gill, K. D. (2011). Chronic exposure to pesticides- 
neurological, neurobehavioral and molecular targets of neurotoxicity. In M. 
Stoytcheva (Ed.), Pesticides in the Modern World - Effects of Pesticides 
Exposure (pp. 4–20). Book-on-Demand. https://doi.org/10.5772/17276 

Blanc-Lapierre, A., Bouvier, G., Gruber, A., Leffondré, K., Lebailly, P., 
Fabrigoule, C., & Baldi, I. (2013). Cognitive disorders and occupational 
exposure to organophosphates: Results from the PHYTONER study. 
American Journal of Epidemiology, 177(10), 1086–1096. 
https://doi.org/10.1093/aje/kws346 



© C
OPYRIG

HT U
PM

 

142 

Blaszczyk, E., & Mielzynska-Svach, D. (2014). Micronucleus assay in epithelial 
cells from the oral cavity and urinary tract in female smokers and non-
smokers. Environmental Biotechnology, 10(2), 60–65. 
https://doi.org/10.14799/ebms248 

Bolognesi, C. (2003). Genotoxicity of pesticides: A review of human 
biomonitoring studies. Mutation Research - Reviews in Mutation Research, 
543(3), 251–272. https://doi.org/10.1016/S1383-5742(03)00015-2 

Bolognesi, C., Creus, A., Ostrosky-Wegman, P., & Marcos, R. (2011). 
Micronuclei and pesticide exposure. Mutagenesis, 26(1), 19–26. 
https://doi.org/10.1093/mutage/geq070 

Bolognesi, C., Landini, E., Perrone, E., & Roggieri, P. (2004). Cytogenetic 
biomonitoring of a floriculturist population in Italy: Micronucleus analysis by 
fluorescence in situ hybridization (FISH) with an all-chromosome 
centromeric probe. Mutation Research - Genetic Toxicology and 
Environmental Mutagenesis, 557(2), 109–117. 
https://doi.org/10.1016/j.mrgentox.2003.09.013 

Bonassi, S., El-Zein, R., Bolognesi, C., & Fenech, M. (2011). Micronuclei 
frequency in peripheral blood lymphocytes and cancer risk: Evidence from 
human studies. Mutagenesis, 26(1), 93–100. 
https://doi.org/10.1093/mutage/geq075 

Bonassi, S., Neri, M., Lando, C., Ceppi, M., Lin, Y. P., Chang, W. P., Holland, 
N., Kirsch-Volders, M., Zeiger, E., Fenech, M., Ban, S., Barale, R., Bigatti, 
M. P., Bolognesi, C., Jia, C., Di Giorgio, M., Ferguson, L. R., Fucic, A., Hrelia, 
P., Krishnaja, A. P., Lee, T. K., Migliore, L., Mikhalevich, L., Mirkova, E., 
Mosesso, P., Müller, W. U., Odagiri, Y., Scarfi, M. R., Szabova, E., 
Vorobtsova, I., Vral, A., & Zijno, A. (2003). Effect of smoking habit on the 
frequency of micronuclei in human lymphocytes: Results from the Human 
MicroNucleus project. Mutation Research - Reviews in Mutation Research, 
543(2), 155–166. https://doi.org/10.1016/S1383-5742(03)00013-9 

Bonassi, S., Ugolini, D., Kirsch-Volders, M., Strömberg, U., Vermeulen, R., & 
Tucker, J. D. (2005). Human population studies with cytogenetic biomarkers: 
Review of the literature and future prospectives. Environmental and 
Molecular Mutagenesis, 45(2–3), 258–270. 
https://doi.org/10.1002/em.20115 

Bonassi, S., Znaor, A., Ceppi, M., Lando, C., Chang, W. P., Holland, N., Kirsch-
Volders, M., Zeiger, E., Ban, S., Barale, R., Bigatti, M. P., Bolognesi, C., 
Cebulska-Wasilewska, A., Fabianova, E., Fucic, A., Hagmar, L., Joksic, G., 
Martelli, A., Migliore, L., Mirkova, E., Scarfi, M. R., Zijno, A., Norppa, H., & 
Fenech, M. (2007). An increased micronucleus frequency in peripheral blood 
lymphocytes predicts the risk of cancer in humans. Carcinogenesis, 28(3), 
625–631. https://doi.org/10.1093/carcin/bgl177 

Borthakur, G., Butryee, C., Stacewicz-Sapuntzakis, M., & Bowen, P. E. (2008). 
Exfoliated buccal mucosa cells as a source of DNA to study oxidative stress. 



© C
OPYRIG

HT U
PM

 

143 

Cancer Epidemiology Biomarkers and Prevention, 17(1), 212–219. 
https://doi.org/10.1158/1055-9965.EPI-07-0706 

Bukhari, S. A., Rajoka, M. I., Nagra, S. A., & Rehman, Z. U. (2010). Plasma 
homocysteine and DNA damage profiles in normal and obese subjects in the 
Pakistani population. Molecular Biology Reports, 37(1), 289–295. 
https://doi.org/10.1007/s11033-009-9686-0 

Burke, R. D. (2017). Developmental neurotoxicity of the organophosphorus 
insecticide chlorpyrifos: from clinical findings to preclinical models and 
potential mechanisms. Physiology & Behavior, 176(3), 139–148. 
https://doi.org/10.1111/jnc.14077.Developmental 

Busby-Hjerpe, A. L., Campbell, J. A., Smith, J. N., Lee, S., Poet, T. S., Barr, D. 
B., & Timchalk, C. (2010). Comparative pharmacokinetics of chlorpyrifos 
versus its major metabolites following oral administration in the rat. 
Toxicology, 268(1–2), 55–63. https://doi.org/10.1016/j.tox.2009.11.022 

Butler-Dawson, J. (2015). Pesticide exposure, risk factors, and neurobehavioral 
performance among vulnerable populations (Doctoral thesis, University of 
Iowa). https://ir.uiowa.edu/cgi/viewcontent.cgi?article=6836&context=etd 

CAB International. (2020). Invasive species compendium: Conopomorpha 
cramerella (cocoa pod borer). https://www.cabi.org/isc/datasheet/7017 

Cabrera, N. L., & Leckie, J. O. (2009). Pesticide risk communication, risk 
perception, and self-protective behaviors among farmworkers in california’s 
salinas valley. Hispanic Journal of Behavioral Sciences, 31(2), 258–272. 
https://doi.org/10.1177/0739986309331877 

Calderon-Ezquerro, C., Guerrero-Guerra, C., Sansores-Martinez, R., Calderón-
Segura, M. E., Villalobos-Pietrini, R., Amador-Munoz, O., & Gomez-Arroyo, 
S. (2010). Genotoxicity in lymphocytes of smokers living in México City. 
Revista Internacional de Contaminación Ambiental, 26(1), 47–63. 

Carbajal-López, Y., Gómez-Arroyo, S., Villalobos-Pietrini, R., Calderón-Segura, 
M. E., & Martínez-Arroyo, A. (2015). Biomonitoring of agricultural workers 
exposed to pesticide mixtures in Guerrero state, Mexico, with comet assay 
and micronucleus test. Environmental Science and Pollution Research, 
23(3), 2513–2520. https://doi.org/10.1007/s11356-015-5474-7 

Carson, R. (2002). Silent spring. Houghton Mifflin Harcourt. 

Castañeda-Yslas, I. J., Arellano-García, M. E., García-Zarate, M. A., Ruíz-Ruíz, 
B., Zavala-Cerna, M. G., & Torres-Bugarín, O. (2016). Biomonitoring with 
micronuclei test in buccal cells of female farmers and children exposed to 
pesticides of Maneadero Agricultural Valley, Baja California, Mexico. Journal 
of Toxicology, 2016, 1–8. https://doi.org/10.1155/2016/7934257 

Centers for Disease Control and Prevention. (n.d.). Steps for collecting finger 
stick capillary blood using a microtainer®. 
https://www.cdc.gov/nceh/dls/pdf/Poster_Capillary_Blood.pdf 



© C
OPYRIG

HT U
PM

 

144 

Ceppi, M., Biasotti, B., Fenech, M., & Bonassi, S. (2010). Human population 
studies with the exfoliated buccal micronucleus assay: Statistical and 
epidemiological issues. Mutation Research - Reviews in Mutation Research, 
705(1), 11–19. https://doi.org/10.1016/j.mrrev.2009.11.001 

Chin, F. (1987). Views on the eradication programme for the cocoa pod borer 
[Conopomorpha cramerella] in Peninsular Malaysia. Proceedings of the 
Symposium on Management of the Cocoa Pod Borer. 

Coble, J., Arbuckle, T., Lee, W., Alavanja, M. C. R., & Dosemeci, M. (2005). The 
validation of a pesticide exposure algorithm using biological monitoring 
results. Journal of Occupational and Environmental Hygiene, 2(3), 194–201. 
https://doi.org/10.1080/15459620590923343 

Collins, A. R. (2004). The comet assay for DNA damage and repair: Principles, 
applications, and limitations. Applied Biochemistry and Biotechnology - Part 
B Molecular Biotechnology, 26(3), 249–261. 
https://doi.org/10.1385/MB:26:3:249 

Colosio, C., Tiramani, M., Brambilla, G., Colombi, A., & Moretto, A. (2009). 
Neurobehavioural effects of pesticides with special focus on 
organophosphorus compounds: Which is the real size of the problem? 
NeuroToxicology, 30(6), 1155–1161. 
https://doi.org/10.1016/j.neuro.2009.09.001 

Čolović, M. B., Krstić, D. Z., Lazarević-Pašti, T. D., Bondžić, A. M., & Vasić, V. 
M. (2013). Acetylcholinesterase inhibitors: Pharmacology and toxicology. 
Current Neuropharmacology, 11(3), 315–335. 
https://doi.org/10.2174/1570159x11311030006 

Cook, P. R., & Brazell, I. A. (1976). Characterization of nuclear structures 
containing superhelical DNA. Journal of Cell Sciences, 22, 303–324. 

Costa, L. G. (2018). Organophosphorus compounds at 80: Some old and new 
issues. Toxicological Sciences, 162(1), 24–35. 
https://doi.org/10.1093/toxsci/kfx266 

Costa, M., Teixeira, P. J. Z., & Freitas, P. F. (2007). Respiratory manifestations 
and respiratory diseases: prevalence and risk factors among pig farmers in 
Braço do Norte, Brazil. Jornal Brasileiro de Pneumologia, 33(4), 380–388. 
https://doi.org/10.1590/s1806-37132007000400006 

Da Silva, F. R., Da Silva, J., Allgayer, M. da C., Simon, C. F., Dias, J. F., Dos 
Santos, C. E. I., Salvador, M., Branco, C., Schneider, N. B., Kahl, V., Rohr, 
P., & Kvitko, K. (2012). Genotoxic biomonitoring of tobacco farmers: 
Biomarkers of exposure, of early biological effects and of susceptibility. 
Journal of Hazardous Materials, 225–226, 81–90. 
https://doi.org/10.1016/j.jhazmat.2012.04.074 

Damalas, C. A. (2009). Understanding benefits and risks of pesticide use. 
Scientific Research and Essays, 4(10), 945–949. 



© C
OPYRIG

HT U
PM

 

145 

Damalas, C. A., & Eleftherohorinos, I. G. (2011). Pesticide exposure, safety 
issues, and risk assessment indicators. International Journal of 
Environmental Research and Public Health, 8(5), 1402–1419. 
https://doi.org/10.3390/ijerph8051402 

Damalas, C. A., & Koutroubas, S. D. (2016). Farmers’ exposure to pesticides: 
Toxicity types and ways of prevention. Toxics, 4(1), 1–10. 
https://doi.org/10.3390/toxics4010001 

Damodaran, T. V. (2014). Peripheral nervous system toxicity biomarkers. In R. 
C. Gupta (Ed.), Biomarkers in Toxicology (pp. 169–198). Elsevier Inc. 
https://doi.org/10.1016/B978-0-12-404630-6.00010-5 

Dar, M. A., Kaushik, G., & Villareal-Chiu, J. F. (2019). Pollution status and 
biodegradation of organophosphate pesticides in the environment. In P. 
Singh, A. Kumar, & A. Borthakur (Eds.), Abatement of Environmental 
Pollutants: Trends and Strategies (pp. 25–66). Elsevier. 
https://doi.org/10.1016/B978-0-12-818095-2.00002-3 

Davis, J., Caskie, P., & Wallace, M. (2013). Promoting structural adjustment in 
agriculture: The economics of New Entrant Schemes for farmers. Food 
Policy, 40, 90–93. https://doi.org/10.1016/j.foodpol.2013.02.006 

De Miranda Adad, L. M., De Andrade, H. H. R., Kvitko, K., Lehmann, M., de 
Cavalcante, A. A. C. M., & Dihl, R. R. (2015). Occupational exposure of 
workers to pesticides: Toxicogenetics and susceptibility gene 
polymorphisms. Genetics and Molecular Biology, 38(3), 308–315. 
https://doi.org/10.1590/S1415-475738320140336 

Dehon, G., Catoire, L., Duez, P., Bogaerts, P., & Dubois, J. (2008). Validation of 
an automatic comet assay analysis system integrating the curve fitting of 
combined comet intensity profiles. Mutation Research - Genetic Toxicology 
and Environmental Mutagenesis, 650(2), 87–95. 
https://doi.org/10.1016/j.mrgentox.2007.08.013 

Department of Statistics Malaysia. (2021, November 29). Selected agricultural 
indicators significantly narrowing down in 2020. 
https://www.dosm.gov.my/v1/index.php?r=column/cthemeByCat&cat=72&b
ul_id=TDV1YU4yc1Z0dUVyZ0xPV0ptRlhWQT09&menu_id=Z0VTZGU1UH
BUT1VJMFlpaXRRR0xpdz09 

Deziel, N. C., Friesen, M. C., Hoppin, J. A., Hines, C. J., Thomas, K., & Beane 
Freeman, L. E. (2015). A review of nonoccupational pathways for pesticide 
exposure in women living in agricultural areas. Environmental Health 
Perspectives, 123(6), 515–524. https://doi.org/10.1289/ehp.1408273 

Dick, F. D., Semple, S. E., Van Tongeren, M., Miller, B. G., Ritchie, P., Sherriff, 
D., & Cherrie, J. W. (2010). Development of a task-exposure matrix (TEM) 
for pesticide Use (TEMPEST). Annals of Occupational Hygiene, 54(4), 443–
452. https://doi.org/10.1093/annhyg/meq014 



© C
OPYRIG

HT U
PM

 

146 

Dosemeci, M., Alavanja, M. C. R., Rowland, A. S., Mage, D., Hoar Zahm, S., 
Rothman, N., Lubin, J. H., Hoppin, J. A., Sandler, D. P., & Blair, A. (2002). A 
quantitative approach for estimating exposure to pesticides in the agricultural 
health study. Annals of Occupational Hygiene, 46(2), 245–260. 
https://doi.org/10.1093/annhyg/mef011 

Eckerman, D. A., Gimenes, L. S., de Souza, R. C., Galvão, P. R. L., Sarcinelli, 
P. N., & Chrisman, J. R. (2007). Age related effects of pesticide exposure on 
neurobehavioral performance of adolescent farm workers in Brazil. 
Neurotoxicology and Teratology, 29(1), 164–175. 
https://doi.org/10.1016/j.ntt.2006.09.028 

El-Zaemey, S., Heyworth, J., & Fritschi, L. (2013). Noticing pesticide spray drift 
from agricultural pesticide application areas and breast cancer: A case-
control study. Australian and New Zealand Journal of Public Health, 37(6), 
547–555. https://doi.org/10.1111/1753-6405.12111 

Elersek, T., & Filipič, M. (2011). Organophosphorous pesticides - mechanisms 
of their toxicity. In M. Stoytcheva (Ed.), Pesticides - The Impacts of 
Pesticides Exposure. BoD - Books on Demand. 
https://doi.org/10.5772/14020 

English, K., Jagals, P., Ware, R. S., Wylie, C., & Sly, P. D. (2016). Unintentional 
insecticide poisoning by age: An analysis of Queensland Poisons 
Information Centre calls. Australian and New Zealand Journal of Public 
Health, 40(5), 457–461. https://doi.org/10.1111/1753-6405.12551 

Ergene, S., Çelik, A., Çavaş, T., & Kaya, F. (2007). Genotoxic biomonitoring 
study of population residing in pesticide contaminated regions in Göksu 
Delta: Micronucleus, chromosomal aberrations and sister chromatid 
exchanges. Environment International, 33(7), 877–885. 
https://doi.org/10.1016/j.envint.2007.04.003 

Eshkoor, S. A., Ismail, P., Abd. Rahman, S., Moin, S., & Adon, M. Y. (2012). The 
association of DNA damage level with early age at the occupational 
exposure in the mechanical workshops workers. Asian Journal of 
Biotechnology, 4(2), 83–91. https://doi.org/10.3923/ajbkr.2012.83.91 

Falck, G. (2014). Micronuclei in human peripheral lymphocytes – mechanistic 
origin and use as a biomarker of genotoxic effects in occupational exposure 
(People and Work Research Reports 104). Finnish Institute of Occupational 
Health. 

Farahat, F. M., Ellison, C. A., Bonner, M. R., Mcgarrigle, B. P., Crane, A. L., 
Fenske, R. A., Lasarev, M. R., Rohlman, D. S., Anger, W. K., Lein, P. J., & 
Olson, J. R. (2011). Biomarkers of chlorpyrifos exposure and effect in 
Egyptian cotton field workers. Environmental Health Perspectives, 119(6), 
801–806. https://doi.org/10.1289/ehp.1002873 

Farahat, T. M., Abdelrasoul, G., Amr, M. M., Shebl, M. M., Farahat, F. M., & 
Anger, W. K. (2003). Neurobehavioural effects among workers 
occupationally exposed to organophosphorous pesticides. Occupational and 



© C
OPYRIG

HT U
PM

 

147 

Environmental Medicine, 60(4), 279–286. 
https://doi.org/10.1136/oem.60.4.279 

Felsot, A. S., Unsworth, J. B., Linders, J. B. H. J., Roberts, G., Rautman, D., 
Harris, C., & Carazo, E. (2010). Agrochemical spray drift; assessment and 
mitigation - A review. Journal of Environmental Science and Health - Part B 
Pesticides, Food Contaminants, and Agricultural Wastes, 46(1), 1–23. 
https://doi.org/10.1080/03601234.2010.515161 

Fenech, M., & Bonassi, S. (2011). The effect of age, gender, diet and lifestyle on 
DNA damage measured using micronucleus frequency in human peripheral 
blood lymphocytes. Mutagenesis, 26(1), 43–49. 
https://doi.org/10.1093/mutage/geq050 

Fenech, M., Chang, W. P., Kirsch-Volders, M., Holland, N., Bonassi, S., & Zeiger, 
E. (2003). HUMN project: Detailed description of the scoring criteria for the 
cytokinesis-block micronucleus assay using isolated human lymphocyte 
cultures. Mutation Research - Genetic Toxicology and Environmental 
Mutagenesis, 534(1–2), 65–75. https://doi.org/10.1016/S1383-
5718(02)00249-8 

Fenech, M., Kirsch-Volders, M., Natarajan, A. T., Surralles, J., Crott, J. W., Parry, 
J., Norppa, H., Eastmond, D. A., Tucker, J. D., & Thomas, P. (2011). 
Molecular mechanisms of micronucleus, nucleoplasmic bridge and nuclear 
bud formation in mammalian and human cells. Mutagenesis, 26(1), 125–
132. https://doi.org/10.1093/mutage/geq052 

Feola, G., & Binder, C. R. (2010). Why don’t pesticide applicators protect 
themselves? International Journal of Occupational and Environmental 
Health, 16(1), 11–23. https://doi.org/10.1179/oeh.2010.16.1.11 

Fiedler, N., Rohitrattana, J., Siriwong, W., Suttiwan, P., Ohman Strickland, P., 
Ryan, P. B., Rohlman, D. S., Panuwet, P., Barr, D. B., & Robson, M. G. 
(2015). Neurobehavioral effects of exposure to organophosphates and 
pyrethroid pesticides among Thai children. NeuroToxicology, 48, 90–99. 
https://doi.org/10.1016/j.neuro.2015.02.003 

Fosu-Mensah, B. Y., Okoffo, E. D., Darko, G., & Gordon, C. (2016). 
Organophosphorus pesticide residues in soils and drinking water sources 
from cocoa producing areas in Ghana. Environmental Systems Research, 
5(10), 1–12. https://doi.org/10.1186/s40068‑016‑0063‑4 

Fosu-Mensah, B. Y., Okoffo, E. D., & Mensah, M. (2022). Assessment of 
farmers’ knowledge and pesticides management in cocoa production in 
Ghana. International Journal of Advanced and Applied Sciences, 9(3), 100–
110. https://doi.org/10.21833/ijaas.2022.03.012 

Gandhi, G., & Kaur, G. (2012). Assessment of DNA damage in obese individuals. 
Research Journal of Biology, 2(2), 37–44. 



© C
OPYRIG

HT U
PM

 

148 

Garaj-vrhovac, V., & Zeljezic, D. (2001). Cytogenetic monitoring of croatian 
population occupationally exposed to a complex mixture of pesticides. 
Toxicology, 165, 153–162. 

García, O., Romero, I., Gonzalez, J. E., Moreno, D. L., Cuétara, E., Rivero, Y., 
Gutiérrez, A., Pérez, C. L., Álvarez, A., Carnesolta, D., & Guevara, I. (2011). 
Visual estimation of the percentage of DNA in the tail in the comet assay: 
Evaluation of different approaches in an intercomparison exercise. Mutation 
Research / Genetic Toxicology and Environmental Mutagenesis, 720, 14–
21. https://doi.org/10.1016/j.mrgentox.2010.11.011 

Grover, P., Danadevi, K., Mahboob, M., Rozati, R., Banu, B. S., Rahman, M. F., 
& Grover, P. (2003). Evaluation of genetic damage in workers employed in 
pesticide production utilizing the Comet assay. Mutagenesis, 18(2), 201–
205. 

Gunnell, D., Eddleston, M., Phillips, M. R., & Konradsen, F. (2007). The global 
distribution of fatal pesticide self-poisoning: Systematic review. BMC Public 
Health, 7, 1–15. https://doi.org/10.1186/1471-2458-7-357 

Gupta, P. K. (2016). Toxic effects of pesticides (agrochemicals). Fundamentals 
of Toxicology, 185–202. https://doi.org/10.1016/b978-0-12-805426-
0.00017-2 

Gupta, R. C., & Milatovic, D. (2011). Anticholinesterase pesticides interactions. 
In T. Satoh & R. C. Gupta (Eds.), Anticholinesterase pesticides: Metabolism, 
neurotoxicity, and epidemiology (pp. 315–327). John Wiley & Sons. 

Gyori, B. M., Venkatachalam, G., Thiagarajan, P. S., Hsu, D., & Clement, M. V. 
(2014). OpenComet: An automated tool for comet assay image analysis. 
Redox Biology, 2(1), 457–465. https://doi.org/10.1016/j.redox.2013.12.020 

Hamid, Z. A., Faizal, M., Zulkifly, M., Hamid, A., Lubis, S. H., Mohammad, N., 
Ishak, I., Zakiah, N., Saat, M., Othman, H. F., Ghazali, A. R., Jamil, M., 
Rafaai, M., Roff, M., Noor, M., & Rajab, N. F. (2016). The association of 
nuclear abnormalities in exfoliated buccal epithelial cells with the health 
status of different agricultural activities farmers in Peninsular Malaysia. 
Genes and Environment, 38(7), 1–9. https://doi.org/10.1186/s41021-016-
0032-1 

Hamsan, H., Ho, Y. Bin, How, V., Hashim, Z., & Saari, N. (2018). A survey on 
pesticide use and self-reported respiratory health symptoms among paddy 
farmers in Tanjung Karang, Malaysia. Malaysian Journal of Medical 
Sciences and Health Sciences, 14(8), 56–63. 

Hamsan, H., Ho, Y. Bin, Zaidon, S. Z., Hashim, Z., Saari, N., & Karami, A. (2017). 
Occurrence of commonly used pesticides in personal air samples and their 
associated health risk among paddy farmers. Science of the Total 
Environment, 603–604. https://doi.org/10.1016/j.scitotenv.2017.06.096 



© C
OPYRIG

HT U
PM

 

149 

Hanson, B., Bond, C., Buhl, K., & Stone, D. (2017). Pesticide half-life fact sheet. 
National Pesticide Information Center, Oregon State University Extension 
Services. http://npic.orst.edu/factsheets/half-life.html 

Haque, Q. S., Jamal, F., & Rastogi, S. K. (2012). Effect of organophosphorus on 
biochemical parameters on agricultural workers of mango orchards. Asian 
Journal of Biochemistry, 7(1), 37–45. 

Hashemi, S. M., Hosseini, S. M., & Hashemi, M. K. (2012). Farmers’ perceptions 
of safe use of pesticides: Determinants and training needs. International 
Archives of Occupational and Environmental Health, 85(1), 57–66. 
https://doi.org/10.1007/s00420-011-0641-8 

Hashmi, I., & Khan, D. A. (2011). Adverse health effects of pesticide exposure 
in agricultural and industrial workers of developing country. In M. Stoytcheva 
(Ed.), Pesticides—The Impacts of Pesticides Exposure (pp. 155–178). 
InTech Open. https://doi.org/10.5772/13835 

Hazarika, R., & Deka, P. (2017). Genetic DNA damage in agricultural workers 
exposed to pesticides in the Dabaliapara area of Barpeta District Assam, 
India. International Journal of Contemporary Medical Research, 4(9), 1868–
1871. 

Hecht, S. S. (2012). Lung carcinogenesis by tobacco smoke. International 
Journal of Cancer, 131(12), 2724–2732. https://doi.org/10.1002/ijc.27816 

Helma, C., & Uhl, M. (2000). A public domain image-analysis program for the 
single-cell gel- electrophoresis (comet) assay. Mutation Research - Genetic 
Toxicology and Environmental Mutagenesis, 466(1), 9–15. 
https://doi.org/10.1016/S1383-5718(99)00232-6 

Henao, S., & Arbelaez, M. P. (2002). Epidemiologic situation of acute pesticide 
poisoning in Central America, 1992-2000. Epidemiological Bulletin, 23(3), 5–
9. 

Hines, C. J., Deddens, J. A., Jaycox, L. B., Andrews, R. N., Striley, C. A. F., & 
Alavanja, M. C. R. (2008). Captan exposure and evaluation of a pesticide 
exposure algorithm among orchard pesticide applicators in the agricultural 
health study. Annals of Occupational Hygiene, 52(3), 153–166. 
https://doi.org/10.1093/annhyg/men001 

Hodgson, E., & Rose, R. L. (2006). Organophosphorus chemicals: Potent 
inhibitors of the human metabolism of steroid hormones and xenobiotics. 
Drug Metabolism Reviews, 38(1–2), 149–162. 
https://doi.org/10.1080/03602530600569984 

Hoffmann, H., Hogel, J., & Speit, G. (2005). The effect of smoking on DNA effects 
in the comet assay : a meta-analysis. Mutagenesis, 20(6), 455–466. 
https://doi.org/10.1093/mutage/gei064 

Holland, N., Bolognesi, C., Kirsch-Volders, M., Bonassi, S., Zeiger, E., 
Knasmueller, S., & Fenech, M. (2008). The micronucleus assay in human 



© C
OPYRIG

HT U
PM

 

150 

buccal cells as a tool for biomonitoring DNA damage: The HUMN project 
perspective on current status and knowledge gaps. Mutation Research - 
Reviews in Mutation Research, 659(1–2), 93–108. 
https://doi.org/10.1016/j.mrrev.2008.03.007 

Holtman, Z. (2013). Neurobehavioural effects of pesticide exposure among 
emerging farmers in the Western Cape (Doctoral thesis). University of Cape 
Town. 

How, V., Hashim, Z., Ismail, P., Md Said, S., Omar, D., & Bahri Mohd Tamrin, S. 
(2014). Exploring cancer development in adulthood: cholinesterase 
depression and genotoxic effect from chronic exposure to organophosphate 
pesticides among rural farm children. Journal of Agromedicine, 19, 35–43. 
https://doi.org/10.1080/1059924X.2013.866917 

How, V., Hashim, Z., Ismail, P., Omar, D., & Md Said, S. (2016). Assessing the 
genotoxic damage among farming community: Identifying and prioritizing the 
associated risk factors. Asia Pacific Environmental and Occupational Health 
Journal, 2(1), 1–7. 

Hu, R., Huang, X., Huang, J., Li, Y., Zhang, C., Yin, Y., Chen, Z., Jin, Y., Cai, J., 
& Cui, F. (2015). Long- and short-term health effects of pesticide exposure: 
A cohort study from China. PLoS ONE, 10(6), 1–13. 
https://doi.org/10.1371/journal.pone.0128766 

Hundekari, I., Suryakar, A., & Rathi, D. (2013). Acute organo-phosphorus 
pesticide poisoning, oxidative damage, haemoglobin level and total 
leukocyte. African Health Sciences, 13(1), 129–136. 
https://doi.org/10.4314/ahs.v14i3.42 

Hutter, H., Khan, A. W., Lemmerer, K., Wallner, P., & Kundi, M. (2018). Cytotoxic 
and genotoxic effects of pesticide exposure in male coffee farmworkers of 
the Jarabacoa Region, Dominican Republic. International Journal of 
Environmental Health Research, 15(8), 1–11. 
https://doi.org/10.3390/ijerph15081641 

Hyland, C., & Laribi, O. (2017). Review of take-home pesticide exposure 
pathway in children living in agricultural areas. Environmental Research, 
156(January), 559–570. https://doi.org/10.1016/j.envres.2017.04.017 

Idris, A., Rasaki, K., Folake, T., & Hakeem, B. (2013). Analysis of pesticide use 
in cocoa production in Obafemi Owode local government area of Ogun 
State, Nigeria. Journal of Biology, Agriculture and Healthcare, 3(6), 1–9. 

International Cocoa Organization. (2015). Pests and disease. 
https://www.icco.org/pests-diseases/ 

International Cocoa Organization. (2016). Statistics. 
https://www.icco.org/statistics/ 

Intranuovo, G., Schiavulli, N., Cavone, D., Birtolo, F., Cocco, P., Vimercati, L., 
Macinagrossa, L., Giordano, A., Perrone, T., Ingravallo, G., Mazza, P., 



© C
OPYRIG

HT U
PM

 

151 

Strusi, M., Spinosa, C., Specchia, G., & Ferri, G. M. (2018). Assessment of 
DNA damages in lymphocytes of agricultural workers exposed to pesticides 
by comet assay in a cross-sectional study. Biomarkers, 1–12. 
https://doi.org/10.1080/1354750X.2018.1443513 

Isah, H. M., Sawyerr, H. O., Raimi, M. O., Bashir, B. G., Haladu, S., & Odipe, O. 
E. (2020). Assessment of commonly used pesticides and frequency of self-
reported symptoms on farmers health in Kura, Kano State, Nigeria. Journal 
of Education and Learning Management (JELM), 1, 31–54. 
https://doi.org/10.46410/jelm.2020.1.1.05 

Ishak, I., Lubis, S. H., Hamid, Z. A., Mohammad, N., Othman, H., Ghazali, A. R., 
Faiz, M., Ismail, M., & Sasitharan, S. (2015). Acetylcholinesterase levels in 
farmers exposed to pesticides in Malaysia. International Journal of Applied 
Biology and Pharmaceutical Technology, 6(4), 106–112. 

Ismail, A. A., Bodner, T. E., & Rohlman, D. S. (2012). Neurobehavioral 
performance among agricultural workers and pesticide applicators: A meta-
analytic study. Occupational and Environmental Medicine, 69(7), 457–464. 
https://doi.org/10.1136/oemed-2011-100204 

Jacobsen-pereira, C. H., Regina, C., Maraslis, F. T., Pimentel, L., Júlia, A., Feijó, 
L., Iomara, C., Medeiros, S. De, Costa, R., Curi, R., & Weidner, S. (2018). 
Markers of genotoxicity and oxidative stress in farmers exposed to 
pesticides. Ecotoxicology and Environmental Safety, 148, 177–183. 
https://doi.org/10.1016/j.ecoenv.2017.10.004 

Jain, V., Lohra, P., Priya, B., & Sindhu, D. (2017). Buccal Cell Micronuclei assay: 
A non-invasive genotoxic marker. International Journal of Contemporary 
Medical Research, 4(1), 2454–7379. www.ijcmr.com 

Jamal, G. A., Hansen, S., & Julu, P. O. O. (2002). Low level exposures to 
organophosphorus esters may cause neurotoxicity. Toxicology, 181–182, 
23–33. https://doi.org/10.1016/S0300-483X(02)00447-X 

Jensen, H. K., Konradsen, F., Jørs, E., Petersen, J. H., & Dalsgaard, A. (2011). 
Pesticide use and self-reported symptoms of acute pesticide poisoning 
among aquatic farmers in phnom penh, cambodia. Journal of Toxicology, 
2011, 1–8. https://doi.org/10.1155/2011/639814 

Jiang, H., Panda, S., & Gekara, N. O. (2019). Comet and micronucleus assays 
for analyzing DNA damage and genome integrity. In J. Sohn (Ed.), Methods 
in Enzymology (Vol. 625, pp. 299–307). Elsevier Inc. 
https://doi.org/10.1016/bs.mie.2019.05.015 

Jintana, S., Sming, K., Krongtong, Y., & Thanyachai, S. (2009). Cholinesterase 
activity, pesticide exposure and health impact in a population exposed to 
organophosphates. International Archives of Occupational and 
Environmental Health, 82(7), 833–842. https://doi.org/10.1007/s00420-009-
0422-9 



© C
OPYRIG

HT U
PM

 

152 

John, E. M., & Shaike, J. M. (2015). Chlorpyrifos: pollution and remediation. 
Environmental Chemistry Letters, 13(3), 269–291. 
https://doi.org/10.1007/s10311-015-0513-7 

Johnstone, A. K. (2006). Organophosphate exposure in Australian agricultural 
workers: Human exposure and risk assessment (Doctoral thesis, 
Queensland University of Technology). 
https://eprints.qut.edu.au/16345/1/Kelly_Johnstone_Thesis.pdf 

Kachaiyaphum, P., Howteerakul, N., Sujirarat, D., Siri, S., & Suwannapong, N. 
(2010). Serum cholinesterase levels of Thai chilli-farm workers exposed to 
chemical pesticides: Prevalence estimates and associated factors. Journal 
of Occupational Health, 52(1), 89–98. https://doi.org/10.1539/joh.Q9003 

Kamaruzaman, N. A., Leong, Y. H., Jaafar, M. H., Mohamed Khan, H. R., Abdul 
Rani, N. A., Razali, M. F., & Abdul Majid, M. I. (2020). Epidemiology and risk 
factors of pesticide poisoning in Malaysia: A retrospective analysis by the 
National Poison Centre (NPC) from 2006 to 2015. BMJ Open, 10(6), 1–9. 
https://doi.org/10.1136/bmjopen-2019-036048 

Kamel, F., Rowland, A. S., Park, L. P., Anger, W. K., Baird, D. D., Gladen, B. C., 
Moreno, T., Stallone, L., & Sandler, D. P. (2003). Neurobehavioral 
performance and work experience in Florida farmworkers. Environmental 
Health Perspectives, 111(14), 1765–1772. https://doi.org/10.1289/ehp.6341 

Kapeleka, J. A., Sauli, E., & Ndakidemi, P. A. (2019a). Pesticide exposure and 
genotoxic effects as measured by DNA damage and human monitoring 
biomarkers. International Journal of Environmental Health Research, 00(00), 
1–18. https://doi.org/10.1080/09603123.2019.1690132 

Kapeleka, J. A., Sauli, E., Sadik, O., & Ndakidemi, P. A. (2019b). Biomonitoring 
of Acetylcholinesterase (AChE) activity among smallholder horticultural 
farmers occupationally exposed to mixtures of pesticides in Tanzania. 
Journal of Environmental and Public Health, 2019, 1–11. 
https://doi.org/10.1155/2019/3084501 

Kapka-Skrzypczak, L., Cyranka, M., Skrzypczak, M., & Kruszewski, M. (2011). 
Biomonitoring and biomarkers of organophosphate pesticides exposure - 
state of the art. Annals of Agricultural and Environmental Medicine, 18(2), 
294–303. 

Kashyap, B., & Reddy, P. S. (2012). Micronuclei assay of exfoliated oral buccal 
cells: Means to assess the nuclear abnormalities in different diseases. 
Journal of Cancer Research and Therapeutics, 8(2), 184–191. 
https://doi.org/10.4103/0973-1482.98968 

Katchova, A. L., & Ahearn, M. C. (2016). Dynamics of farmland ownership and 
leasing: Implications for young and beginning farmers. Applied Economic 
Perspectives and Policy, 38(2), 334–350. 
https://doi.org/10.1093/aepp/ppv024 



© C
OPYRIG

HT U
PM

 

153 

Katz, K. D. (2020, December 31). Organophosphate toxicity. Medscape, 1–14. 
https://emedicine.medscape.com/article/167726-print 

Kaur, K., & Kaur, R. (2018). Occupational pesticide exposure, impaired DNA 
repair, and diseases. Indian Journal of Occupational and Environmental 
Medicine, 22, 74–81. https://doi.org/10.4103/ijoem.IJOEM 

Kaur, R., Kaur, S., & Lata, M. (2011). Evaluation of DNA damage in agricultural 
workers exposed to pesticides using single cell gel electrophoresis (comet) 
assay. Indian Journal of Human Genetics, 17(3), 179–187. 
https://doi.org/10.4103/0971-6866.92100 

Kawaguchi, S., Nakamura, T., Yamamoto, A., Honda, G., & Sasaki, Y. F. (2010). 
Is the comet assay a sensitive procedure for detecting genotoxicity? Journal 
of Nucleic Acids, 2010. https://doi.org/10.4061/2010/541050 

Kent Anger, W. (2014). Reconsideration of the WHO NCTB strategy and test 
selection. NeuroToxicology, 45, 224–231. 
https://doi.org/10.1016/j.neuro.2014.08.003 

Khan, D. A., Shabbir, S., Majid, M., Naqvi, T. A., & Khan, F. A. (2010). Risk 
assessment of pesticide exposure on health of Pakistani tobacco farmers. 
Journal of Exposure Science and Environmental Epidemiology, 20(2), 196–
204. https://doi.org/10.1038/jes.2009.13 

Kim, K. H., Kabir, E., & Jahan, S. A. (2016). Exposure to pesticides and the 
associated human health effects. Science of the Total Environment, 525–
535. https://doi.org/10.1016/j.scitotenv.2016.09.009 

Końca, K., Lankoff, A., Banasik, A., Lisowska, H., Kuszewski, T., Góźdź, S., 
Koza, Z., & Wojcik, A. (2003). A cross-platform public domain PC image-
analysis program for the comet assay. Mutation Research - Genetic 
Toxicology and Environmental Mutagenesis, 534(1–2), 15–20. 
https://doi.org/10.1016/S1383-5718(02)00251-6 

Kopjar, N., Garaj-Vrhovac, V., Kasuba, V., Rozgaj, R., Ramic, S., Pavlica, V., & 
Zeljezic, D. (2009). Assessment of genotoxic risks in Croatian health care 
workers occupationally exposed to cytotoxic drugs: A multi-biomarker 
approach. International Journal of Hygiene and Environmental Health, 212, 
414–431. https://doi.org/10.1016/j.ijheh.2008.10.001 

Koshlukova, S. E., & Reed, N. R. (2014). Chlorpyrifos. In P. Wexler (Ed.), 
Encyclopedia of Toxicology (3rd ed., Vol. 1, pp. 930–934). Elsevier. 
https://doi.org/10.1016/B978-0-12-386454-3.00115-9 

Koureas, M., Tsezou, A., Tsakalof, A., Orfanidou, T., & Hadjichristodoulou, C. 
(2014). Increased levels of oxidxative DNA damage in pesticide sprayers in 
Thessaly Region (Greece). Implications of pesticide exposure. Science of 
the Total Environment, 496, 358–364. 
https://doi.org/10.1016/j.scitotenv.2014.07.062 



© C
OPYRIG

HT U
PM

 

154 

Krenz, J. E., Hofmann, J. N., Smith, T. R., Cunningham, R. N., Fenske, R. A., 
Simpson, C. D., & Keifer, M. (2015). Determinants of butyrylcholinesterase 
inhibition among agricultural pesticide handlers in Washington State: An 
update. Annals of Occupational Hygiene, 59(1), 25–40. 
https://doi.org/10.1093/annhyg/meu072 

Kumaravel, T. S., & Jha, A. N. (2006). Reliable Comet assay measurements for 
detecting DNA damage induced by ionising radiation and chemicals. 
Mutation Research - Genetic Toxicology and Environmental Mutagenesis, 
605(1–2), 7–16. https://doi.org/10.1016/j.mrgentox.2006.03.002 

Kumaravel, T. S., Vilhar, B., Faux, S. P., & Jha, A. N. (2009). Comet Assay 
measurements: A perspective. Cell Biology and Toxicology, 25(1), 53–64. 
https://doi.org/10.1007/s10565-007-9043-9 

Kuntom, A., Yew Ai, T., Kamaruddin, N., & Chee Beng, Y. (2007). Pesticide 
application in the oil palm plantation. Oil Palm Bulletin, 54(May), 52–67. 

Ladeira, C., Viegas, S., Carolino, E., Gomes, M. C., & Brito, M. (2015). 
Correlation between the genotoxicity endpoints measured by two different 
genotoxicity assays: Comet assay and CBMN assay. 11th International 
Comet Assay Workshop (ICAW2015). 
https://doi.org/10.3389/conf.fgene.2015.01.00027 

Laffon, B., Teixeira, J. P., Silva, S., Loureiro, J., Torres, J., Pa, E., Mayan, O., & 
Me, J. (2005). Genotoxic effects in a population of nurses handling 
antineoplastic drugs, and relationship with genetic polymorphisms in DNA 
repair enzymes. American Journal of Industrial Medicine, 48, 128–136. 
https://doi.org/10.1002/ajim.20189. 

Lebailly, P., Devaux, A., Pottier, D., De Meo, M., Andre, V., Baldi, I., Severin, F., 
Bernaud, J., Durand, B., Henry-Amar, M., & Gauduchon, P. (2003). Urine 
mutagenicity and lymphocyte DNA damage in fruit growers occupationally 
exposed to the fungicide captan. Occupational and Environmental Medicine, 
60(12), 910–917. https://doi.org/10.1136/oem.60.12.910 

Leemans, M., Couderq, S., Demeneix, B., & Fini, J. B. (2019). Pesticides with 
potential thyroid hormone-disrupting effects: A review of recent data. 
Frontiers in Endocrinology, 10, 1–29. 
https://doi.org/10.3389/fendo.2019.00743 

Leonardi, S., Poma, A. M., Colafarina, S., D’Aloisio, F., Scatigna, M., Zarivi, O., 
Mastrantonio, R., Tobia, L., & Fabiani, L. (2020). Early genotoxic damage 
through micronucleus test in exfoliated buccal cells and occupational dust 
exposure in construction workers: A cross-sectional study in L’Aquila, Italy. 
Ecotoxicology and Environmental Safety, 203, 110989. 
https://doi.org/10.1016/j.ecoenv.2020.110989 

Leungo, G., Obopile, M., Oagile, O., Madisa, M. E., & Assefa, Y. (2012). Urban 
vegetable farmworkers beliefs and perception of risks associated with 
pesticides exposure: A case of Gaborone City, Botswana. Journal of Plant 
Studies, 1(2), 114–119. https://doi.org/10.5539/jps.v1n2p114 



© C
OPYRIG

HT U
PM

 

155 

Liao, W., McNutt, M. A., & Zhu, W. G. (2009). The comet assay: A sensitive 
method for detecting DNA damage in individual cells. Methods, 48(1), 46–
53. https://doi.org/10.1016/j.ymeth.2009.02.016 

Lockman, N. N., Hashim, Z., How, V., & Chokeli, R. (2015). Blood cholinesterase 
concentration and neurobehavioral performance of primary schoolchildren 
at Tanjung Karang, Malaysia. Australian Journal of Basic and Applied 
Sciences, 9(22), 63–70. 

London, L., Myers, J. E., Nell, V., Taylor, T., & Thompson, M. L. (1997). An 
investigation into neurologic and neurobehavioral effects of long-term 
agrichemical use among deciduous fruit farm workers in the Western Cape, 
South Africa. Environmental Research, 73(1–2), 132–145. 
https://doi.org/10.1006/enrs.1997.3715 

Lorenz, A. N., Prapamontol, T., Narksen, W., Srinual, N., Barr, D. B., & Riederer, 
A. M. (2012). Pilot study of pesticide knowledge, attitudes, and practices 
among pregnant women in northern Thailand. International Journal of 
Environmental Research and Public Health, 9(9), 3365–3383. 
https://doi.org/10.3390/ijerph9093365 

Lozano-Paniagua, D., Gómez-Martín, A., Gil, F., Parrón, T., Alarcón, R., 
Requena, M., Lacasaña, M., & Hernández, A. F. (2016). Activity and 
determinants of cholinesterases and paraoxonase-1 in blood of workers 
exposed to non-cholinesterase inhibiting pesticides. Chemico-Biological 
Interactions, 259, 160–167. https://doi.org/10.1016/j.cbi.2016.04.008 

Lukaszewicz-Hussain, A. (2010). Role of oxidative stress in organophosphate 
insecticide toxicity - Short review. Pesticide Biochemistry and Physiology, 
98(2), 145–150. https://doi.org/10.1016/j.pestbp.2010.07.006 

Lusiyanti, Y., Alatas, Z., Syaifudin, M., & Purnami, S. (2016). Establishment of a 
dose-response curve for X-ray-induced micronuclei in human lymphocytes. 
Genome Integrity, 7(7), 1–4. https://doi.org/10.4103/2041-9414.197162 

Luzhna, L., Kathiria, P., & Kovalchuk, O. (2013). Micronuclei in genotoxicity 
assessment: From genetics to epigenetics and beyond. Frontiers in 
Genetics, 4(JUL), 1–17. https://doi.org/10.3389/fgene.2013.00131 

Lwanga, S. K., Lemeshow, S., & World Health Organization. (1991). Sample size 
determination in health studies: A practical manual. World Health 
Organization. 

Macfarlane, E., Carey, R., Keegel, T., El-Zaemay, S., & Fritschi, L. (2013). 
Dermal exposure associated with occupational end use of pesticides and the 
role of protective measures. Safety and Health at Work, 4(3), 136–141. 
https://doi.org/10.1016/j.shaw.2013.07.004 

Mackenzie Ross, S. J., Brewin, C. R., Curran, H. V., Furlong, C. E., Abraham-
Smith, K. M., & Harrison, V. (2010). Neuropsychological and psychiatric 
functioning in sheep farmers exposed to low levels of organophosphate 



© C
OPYRIG

HT U
PM

 

156 

pesticides. Neurotoxicology and Teratology, 32(4), 452–459. 
https://doi.org/10.1016/j.ntt.2010.03.004 

Mackenzie Ross, S. J., McManus, I. C., Harrison, V., & Mason, O. (2013). 
Neurobehavioral problems following low-level exposure to organophosphate 
pesticides: A systematic and meta-analytic review. Critical Reviews in 
Toxicology, 43(1), 21–44. https://doi.org/10.3109/10408444.2012.738645 

Maffei, F., Angelini, S., Forti, G. C., Lodi, V., Violante, F. S., Mattioli, S., & Hrelia, 
P. (2002). Micronuclei frequencies in hospital workers occupationally 
exposed to low levels of ionizing radiation: influence of smoking status and 
other factors. Mutagenesis, 17(5), 405–409. 
https://doi.org/10.1093/mutage/17.5.405 

Mahmood, I., Imadi, S. R., Shazadi, K., Gul, A., & Hakeem, K. R. (2016). Effects 
of pesticides on environment. In K. R. Hakeem, M. S. Akhtar, & S. N. A. 
Abdullah (Eds.), Plant, Soil and Microbes. Volume 1: Implications in Crop 
Science (Vol. 1, pp. 253–269). Springer Cham. https://doi.org/10.1007/978-
3-319-27455-3 

Makaremi, N., Salleh, E., Jaafar, M. Z., & GhaffarianHoseini, A. H. (2012). 
Thermal comfort conditions of shaded outdoor spaces in hot and humid 
climate of Malaysia. Building and Environment, 48(1), 7–14. 
https://doi.org/10.1016/j.buildenv.2011.07.024 

Malaysia. (2008). Akta Racun Makhluk Perosak 1974: Kaedah-kaedah racun 
makhluk perosak (pendaftaran) pindaan 2008 [Akta 149]. Department of 
Agriculture. chrome-
extension://efaidnbmnnnibpcajpcglclefindmkaj/viewer.html?pdfurl=http%3A
%2F%2Fwww.doa.gov.my%2Findex%2Fresources%2Finfo_doa%2Fkaeda
h_rmp_pendaftaran_pindaan_2008.pdf&clen=405806&chunk=true 

Malaysia. (1974). Occupational Safety and Health Act [Act 514]. Department of 
Safety and Health (DOSH). 

Malaysia Cocoa Board. (2018). Statistics. 
https://www.koko.gov.my/lkm/loader.cfm?page=10 

Malaysia Cocoa Board. (2016). Statistics. 
https://www.koko.gov.my/lkm/loader.cfm?page=10 

Malaysia Cocoa Board. (2010). Sejarah koko di Malaysia. 
http://portalduniaku.koko.my/index.php?option=com_content&view=article&
id=219&Itemid=14 

Malaysia Cocoa Board. (2021). Official website Malaysia Cocoa Board, Ministry 
of Plantation Industries And Commodities. 
https://www.koko.gov.my/lkm/index.cfm 

Malaysia Cocoa Board. (2022). Publications. 
https://www.koko.gov.my/lkm/loader.cfm?type=Publications&cat=Journal 



© C
OPYRIG

HT U
PM

 

157 

Maluf, S. W. (2004). Monitoring DNA damage following radiation exposure using 
cytokinesis-block micronucleus method and alkaline single-cell gel 
electrophoresis. Clinica Chimica Acta, 347(1–2), 15–24. 
https://doi.org/10.1016/j.cccn.2004.04.010 

Mamane, A., Baldi, I., Tessier, J. F., Raherison, C., & Bouvier, G. (2015). 
Occupational exposure to pesticides and respiratory health. European 
Respiratory Review, 24(136), 306–319. 
https://doi.org/10.1183/16000617.00006014 

Manini, T. M., & Clark, B. C. (2012). Dynapenia and aging: An update. Journals 
of Gerontology - Series A Biological Sciences and Medical Sciences, 67 
A(1), 28–40. https://doi.org/10.1093/gerona/glr010 

Manno, M., Viau, C., Cocker, J., Colosio, C., Lowry, L., Mutti, A., Nordberg, M., 
& Wang, S. (2010). Biomonitoring for occupational health risk assessment 
(BOHRA). Toxicology Letters, 192(1), 3–16. 
https://doi.org/10.1016/j.toxlet.2009.05.001 

Marcelino, A. F., Wachtel, C. C., & Ghisi, N. de C. (2019). Are our farm workers 
in danger? Genetic damage in farmers exposed to pesticides. International 
Journal of Environmental Research and Public Health, 16(3). 
https://doi.org/10.3390/ijerph16030358 

Marseglia, L., Manti, S., D’Angelo, G., Nicotera, A., Parisi, E., Di Rosa, G., Gitto, 
E., & Arrigo, T. (2015). Oxidative stress in obesity: A critical component in 
human diseases. International Journal of Molecular Sciences, 16(1), 378–
400. https://doi.org/10.3390/ijms16010378 

Martin-Reina, J., Duarte, J. A., Cerrillos, J., Bautista, J. D., & Moreno, I. (2017). 
Insecticide reproductive toxicity profile: Organophosphate, carbamate and 
pyrethroids. Journal of Toxins, 4(1), 1–7. https://doi.org/10.13188/2328-
1723.1000019 

Martínez-Valenzuela, C., Gómez-Arroyo, S., Villalobos-Pietrini, R., Waliszewski, 
S., Calderón-Segura, M. E., Félix-Gastélum, R., & Álvarez-Torres, A. (2009). 
Genotoxic biomonitoring of agricultural workers exposed to pesticides in the 
north of Sinaloa State, Mexico. Environment International, 35(8), 1155–
1159. https://doi.org/10.1016/j.envint.2009.07.010 

McHardy, S. F., Wang, H. Y. L., McCowen, S. V., & Valdez, M. C. (2017). Recent 
progress in the development of small molecule Nrf2 modulators: a patent 
review (2012-2016). Expert Opinion on Therapeutic Patents, 27(4), 455–
476. https://doi.org/10.1080/13543776.2017.1272571 

Michael, C., Gil, E., Gallart, M., & Stavrinides, M. C. (2020). Influence of spray 
technology and application rate on leaf deposit and ground losses in 
mountain viticulture. Agriculture, 10(12), 1–18. 
https://doi.org/10.3390/agriculture10120615 

Milatovic, D., Aschner, M., Gupta, R. C., Zaja-Milatovic, S., & Barnes, G. (2011). 
Involvement of oxidative stress in anticholinesterase pesticide toxicity. In T. 



© C
OPYRIG

HT U
PM

 

158 

Satoh & R. C. Gupta (Eds.), Anticholinesterase Pesticides: Metabolism, 
Neurotoxicity, and Epidemiology (Vol. 44, Issue 1, pp. 48–55). John Wiley & 
Sons. https://doi.org/10.12865/CHSJ.44.01.08 

Ming, O. J., Paiman, N. A., & Hariri, A. (2019). Neurobehavioral performance 
among multiracial university students. Journal of Safety, Health and 
Ergonomics, 1(1), 1–5. 

Mitra, N. K. (2011). Dermal exposure to sub-toxic amount of chlorpyrifos - Is it 
neurotoxic? In M. Stoytcheva (Ed.), Pesticides in the modern world - Effects 
of pesticides exposure (Vol. 524, pp. 141–157). BoD - Books on Demand. 

Miyittah, M. K., Ansah, B., Kwadzo, M., Seidu-Larry, S., & Kosivi, R. K. (2022). 
Assessment of pesticide exposure risks among cocoa farmers in Western 
region of Ghana. International Journal of Pest Management, 1–19. 
https://doi.org/10.1080/09670874.2022.2084175 

Mohebbi, G., Kalantari, H., & Khodayar, M. J. (2013). Cholinesterases enzymes 
activities as biomarkers of farm workers exposed to organophosphates in 
two communities of Khuzestan, Iran. Environmental Studies of Persian Gulf, 
1(1), 13–22. 

Moller, P., Knudsen, L. E., Loft, S., & Wallin, H. (2000). The comet assay as a 
rapid test in biomonitoring occupational exposure to DNA-damaging agents 
and effect of confounding factors. Cancer Epidemiology Biomarkers and 
Prevention, 9(10), 1005–1015. 

Montero, R., Serrano, L., Araujo, A., Dávila, V., Ponce, J., Camacho, R., 
Morales, E., & Méndez, A. (2006). Increased cytogenetic damage in a zone 
in transition from agricultural to industrial use: Comprehensive analysis of 
the micronucleus test in peripheral blood lymphocytes. Mutagenesis, 21(5), 
335–342. https://doi.org/10.1093/mutage/gel040 

Moretto, A. (2014). Pesticide residues: Organophosphates and carbamates. 
Encyclopedia of Food Safety, 3, 19–22. https://doi.org/10.1016/B978-0-12-
378612-8.00237-7 

Moser, V. C. (2007). Animal models of chronic pesticide neurotoxicity. Human 
and Experimental Toxicology, 26(4), 321–331. 
https://doi.org/10.1177/0960327106072395 

Moshou, H., Karakitsou, A., Yfanti, F., Hela, D., Vlastos, D., Paschalidou, A. K., 
Kassomenos, P., & Petrou, I. (2020). Assessment of genetic effects and 
pesticide exposure of farmers in NW Greece. Environmental Research, 186, 
109558. https://doi.org/10.1016/j.envres.2020.109558 

Murali, R., Bhalla, A., Singh, D., & Singh, S. (2009). Acute pesticide poisoning: 
15 Years experience of a large North-West Indian hospital. Clinical 
Toxicology, 47(1), 35–38. https://doi.org/10.1080/15563650701885807 

Nandhakumar, S., Parasuraman, S., Shanmugam, M. M., Ramachandra Rao, 
K., Chand, P., & Vishnu Bhat, B. (2011). Evaluation of DNA damage using 



© C
OPYRIG

HT U
PM

 

159 

single-cell gel electrophoresis (Comet Assay). Journal of Pharmacology and 
Pharmacotherapeutics, 2(2), 107–111. https://doi.org/10.4103/0976-
500X.81903 

Nandhini, A. R., Muthukumar, H., & Gummadi, S. N. (2021). Chlorpyrifos in 
environment and foods: A critical review of detection methods and 
degradation pathways. Environmental Science: Processes & Impacts, 23, 
1255–1277. https://doi.org/10.1039/D1EM00178G 

Navies, M., Saripah, B., Meriam, M. Y., & Alias, A. (2015). Teknologi pengurusan 
UPBK dan serangga perosak utama lain. Seminar Dalaman Penyelidikan 
Dan Pengembangan LKM 2015. 

Negatu, B., Vermeulen, R., Mekonnen, Y., & Kromhout, H. (2016). A method for 
semi-quantitative assessment of exposure to pesticides of applicators and 
re-entry workers: An application in three farming systems in Ethiopia. Annals 
of Occupational Hygiene, 60(6), 669–683. 
https://doi.org/10.1093/annhyg/mew022 

Nersesyan, A., Muradyan, R., Kundi, M., & Knasmueller, S. (2011). Impact of 
smoking on the frequencies of micronuclei and other nuclear abnormalities 
in exfoliated oral cells: A comparative study with different cigarette types. 
Mutagenesis, 26(2), 295–301. https://doi.org/10.1093/mutage/geq092 

Nicolopoulou-Stamati, P., Maipas, S., Kotampasi, C., Stamatis, P., & Hens, L. 
(2016). Chemical pesticides and human health: The urgent need for a new 
concept in agriculture. Frontiers in Public Health, 4(July), 1–8. 
https://doi.org/10.3389/fpubh.2016.00148 

Nordin, R. Bin, Araki, S., Sato, H., Yokoyama, K., Wan Muda, W. A. M. Bin, & 
Win Kyi, D. (2002). Effects of safety behaviours with pesticide use on 
occurrence of acue symptoms in male and female tobacco-growing 
Malaysian farmers. Industrial Health, 40(2), 182–190. 
https://doi.org/10.2486/indhealth.40.182 

Norkaew, S., Siriwong, W., Siripattanakul, S., & Robson, M. (2010). Knowledge, 
attitude, and practice (KAP) of using personal protective equipment (PPE) 
for chilli-growing farmers in Huarua sub-district, Mueang district, 
Ubonrachathani province, Thailand. Journal of Health Research, 24(2), 93–
100. https://doi.org/10.7282/T3F47S9Q.Terms 

Oesterlund, A. H., Thomsen, J. F., Sekimpi, D. K., Maziina, J., Racheal, A., & 
Jørs, E. (2014). Pesticide knowledge, practice and attitude and how it affects 
the health of small-scale farmers in Uganda: A cross-sectional study. African 
Health Sciences, 14(2), 420–433. https://doi.org/10.4314/ahs.v14i2.19 

Ogunjimi, S. I., & Farinde, A. J. (2012). Farmers’ knowledge level of 
precautionary measures in agro-chemicals usage on cocoa production in 
Osun and Edo States, Nigeria. International Journal of Agriculture and 
Forestry, 2(4), 186–194. https://doi.org/10.5923/j.ijaf.20120204.10 



© C
OPYRIG

HT U
PM

 

160 

Ohayo-Mitoko, G. J. A., Kromhout, H., Simwa, J. M., Boleij, J. S. M., & Heederik, 
D. (2000). Self reported symptoms and inhibition of acetylcholinesterase 
activity among Kenyan agricultural workers. Occupational and 
Environmental Medicine, 57(3), 195–200. 
https://doi.org/10.1136/oem.57.3.195 

Okoffo, E. D., Mensah, M., & Fosu-Mensah, B. Y. (2016). Pesticides exposure 
and the use of personal protective equipment by cocoa farmers in Ghana. 
Environmental Systems Research, 5(17), 1–15. 
https://doi.org/10.1186/s40068-016-0068-z 

Oliveira, C., Bagetta, D., Cagide, F., Teixeira, J., Amorim, R., Silva, T., Garrido, 
J., Remião, F., Uriarte, E., Oliveira, P. J., Alcaro, S., Ortuso, F., & Borges, 
F. (2019). Benzoic acid-derived nitrones: A new class of potential 
acetylcholinesterase inhibitors and neuroprotective agents. European 
Journal of Medicinal Chemistry, 174, 116–129. 
https://doi.org/10.1016/j.ejmech.2019.04.026 

Ophir, A., Karakis, I., Richter, E. D., Abarbanel, J. M., Wormser, U., Aschner, M., 
& Finkelstein, Y. (2014). An uncommon pattern of polyneuropathy induced 
by lifetime exposures to drift containing organophosphate pesticides. 
NeuroToxicology, 45, 338–346. https://doi.org/10.1016/j.neuro.2014.08.004 

Ortiz-Hernandez, L. M., Snchez-Salinas, E., Dantan Gonzlez, E., & Castrejon-
Godinez, M. L. (2013). Pesticide biodegradation: Mechanisms, genetics and 
strategies to enhance the process. In R. Chamy (Ed.), Biodegradation - Life 
of science (pp. 251–287). InTech Open. https://doi.org/10.5772/56098 

Othman, M. I., & Hashim, Z. (2018). Exposure to organophophate pesticides and 
neurobehavioral performance among paddy farmers in Tanjung Karang, 
Selangor. Asia Pacific Environmental and Occupational Health Journal, 4(2), 
35–42. 

Owombo, P. T., Idumah, F. O., & Afolayan, A. F. (2014). Assessing factors 
affecting adherence to safety precautions in pesticides use among cocoa 
farmers in Nigeria. Ethiopian Journal of Environmental Studies and 
Management, 7(2), 810–820. https://doi.org/10.4314/ejesm.v7i2.1s 

Oyekale, A. S. (2018). Cocoa farmers’ compliance with safety precautions in 
spraying agrochemicals and use of personal protective equipment (PPE) in 
Cameroon. International Journal of Environmental Research and Public 
Health, 15(2), 1–17. https://doi.org/10.3390/ijerph15020327 

Ozkan, E. (2016). Best practices for effective spraying in orchards and vineyards. 
College of Food, Agricultural, and Environmental Sciences, The Ohio State 
University. https://pested.osu.edu/sites/pested/files/imce/FABE-539-
Best_Practices_Orchard_Vineyard_Spraying.pdf 

Özkara, A., Akyil, D., & Konuk, M. (2016). Pesticides, environmental pollution, 
and health. In M. Larramendy & S. Soloneski (Eds.), Environmental Health 
Risk - Hazardous Factors to Living Species (pp. 3–26). InTech Open. 
https://doi.org/10.5772/63094 



© C
OPYRIG

HT U
PM

 

161 

Paz-y-Miño, C., Arévalo, M., Sanchez, M. E., & Leone, P. E. (2004). 
Chromosome and DNA damage analysis in individuals occupationally 
exposed to pesticides with relation to genetic polymorphism for CYP 
1A1gene in Ecuador. Mutation Research/Genetic Toxicology and 
Environmental Mutagenesis, 562(1–2), 77–89. 
https://doi.org/10.1016/j.mrgentox.2004.05.005 

Pearson, J. N., & Patel, M. (2016). The role of oxidative stress in 
organophosphate and nerve agent toxicity. Annals of the New York 
Academy of Sciences, 17–24. https://doi.org/10.1111/nyas.13115 

Perry, J., Cotton, J., Aziz Rahman, M., & Brumby, S. A. (2020). 
Organophosphate exposure and the chronic effects on farmers: Narrative 
review. Rural and Remote Health, 20(1), 1–17. 

Piperakis, S. M. (2009). Comet assay: A brief history. Cell Biology and 
Toxicology, 25(1), 1–3. https://doi.org/10.1007/s10565-008-9081-y 

Piperakis, S. M., Kontogianni, K., Karanastasi, G., Iakovidou-Kritsi, Z., & 
Piperakis, M. M. (2009). The use of comet assay in measuring DNA damage 
and repair efficiency in child, adult, and old age populations. Cell Biology and 
Toxicology, 25(1), 65–71. https://doi.org/10.1007/s10565-007-9046-6 

Piperakis, S. M., Petrakou, E., Tsilimigaki, S., Sagnou, M., Monogiudis, E., 
Haniotakis, G., Karkaseli, H., & Sarikaki, E. (2003). Biomonitoring with the 
comet assay of Greek greenhouse workers exposed to pesticides. 
Environmental and Molecular Mutagenesis, 41(2), 104–110. 
https://doi.org/10.1002/em.10143 

Qian, C., Nie, Y., & Cao, T. (2016). Sulphate attack‑induced damage and micro‑
mechanical properties of concrete characterized by nano‑indentation 

coupled with X‑ray computed tomography. Structural Concrete, 17(1), 96–
104. https://doi.org/10.1002/suco.201400123 

Rafiqkhan, M., Krishnan, G. T., Keezhekalam, R., Suresh, S. N., & Rao, Y. R. 
(2014). Micronucleus assessment as a biomarker and susceptibility to DNA 
damage in workers occupationally exposed to pesticides. Biomedical 
Research and Therapy, 1(3), 78–84. https://doi.org/10.7603/s40 

Raimi, C. O. (2021). Carcass traits, antioxidant status and meat colour of West 
African Dwarf goat fed combinations of cocoa pod, cassava pulp and acacia 
leaf. Animal Research International, 18(3), 4203–4215. 

Ramírez-Santana, M., Farías-Gómez, C., Zúñiga-Venegas, L., Sandoval, R., 
Roeleveld, N., Van der Velden, K., Scheepers, P. T. J., & Pancetti, F. (2018). 
Biomonitoring of blood cholinesterases and acylpeptide hydrolase activities 
in rural inhabitants exposed to pesticides in the Coquimbo Region of Chile. 
PLoS ONE, 13(5), 1–19. https://doi.org/10.1371/journal.pone.0196084 

Ramírez-Santana, M., Zúñiga-Venegas, L., Corral, S., Roeleveld, N., 
Groenewoud, H., Van Der Velden, K., Scheepers, P. T. J., & Pancetti, F. 
(2020). Reduced neurobehavioral functioning in agricultural workers and 



© C
OPYRIG

HT U
PM

 

162 

rural inhabitants exposed to pesticides in northern Chile and its association 
with blood biomarkers inhibition. Environmental Health: A Global Access 
Science Source, 19(1), 1–13. https://doi.org/10.1186/s12940-020-00634-6 

Rastogi, S. K., Tripathi, S., & Ravishanker, D. (2010). A study of neurologic 
symptoms on exposure to organophosphate pesticides in the children of 
agricultural workers. Indian Journal of Occupational and Environmental 
Medicine, 14(2), 54–57. https://doi.org/10.4103/0019-5278.72242 

Remor, A. P., Totti, C. C., Moreira, D. A., Dutra, G. P., Heuser, V. D., & Boeira, 
J. M. (2009). Occupational exposure of farm workers to pesticides: 
Biochemical parameters and evaluation of genotoxicity. Environment 
International, 35(2), 273–278. https://doi.org/10.1016/j.envint.2008.06.011 

Reuter, S., Gupta, S. C., Chaturvedi, M. M., & Aggarwal, B. B. (2010). Oxidative 
stress, inflammation, and cancer: How are they linked? Free Radical Biology 
and Medicine, 49(11), 1603–1616. 
https://doi.org/10.1016/j.freeradbiomed.2010.09.006 

Robson, M. G., Jaipieam, S., Visuthismajarn, P., Siriwong, W., & Borjan, M. 
(2009). Inhalation exposure of organophosphate pesticides by vegetable 
growers in the bang-rieng subdistrict in Thailand. Journal of Environmental 
and Public Health, 2009. https://doi.org/10.1155/2009/452373 

Rohlman, D. S., Anger, W. K., & Lein, P. J. (2011). Correlating neurobehavioral 
performance with biomarkers of organophosphorous pesticide exposure. 
NeuroToxicology, 32(2), 268–276. 
https://doi.org/10.1016/j.neuro.2010.12.008 

Rohlman, D. S., Lasarev, M., Anger, W. K., Scherer, J., Stupfel, J., & McCauley, 
L. (2007). Neurobehavioral performance of adult and adolescent agricultural 
workers. NeuroToxicology, 28(2), 374–380. 
https://doi.org/10.1016/j.neuro.2006.10.006 

Roldan-Tapia, L., Parron, T., & Sanchez-santed, F. (2005). Neuropsychological 
effects of long-term exposure to organophosphate pesticides. 
Neurotoxicology and Teratology, 27(2), 259–266. 
https://doi.org/10.1016/j.ntt.2004.12.002 

Roos, W. P., & Kaina, B. (2013). DNA damage-induced cell death: From specific 
DNA lesions to the DNA damage response and apoptosis. Cancer Letters, 
332(2), 237–248. https://doi.org/10.1016/j.canlet.2012.01.007 

Rostam, M. A., & Hassan, Z. (2011). Plasma cholinesterase assay among 
Malaysia vector control operators occupationally exposed to insecticides. 
SGH Medical Journal, 5(2), 115–127. 

Rupérez, A. I., Gil, A., & Aguilera, C. M. (2014). Genetics of oxidative stress in 
obesity. International Journal of Molecular Sciences, 15(2), 3118–3144. 
https://doi.org/10.3390/ijms15023118 



© C
OPYRIG

HT U
PM

 

163 

Sailaja, N., Chandrasekhar, M., Rekhadevi, P. V, Mahboob, M., Rahman, M. F., 
Vuyyuri, S. B., Danadevi, K., Hussain, S. A., & Grover, P. (2006). Genotoxic 
evaluation of workers employed in pesticide production. Mutation Research 
- Genetic Toxicology and Environmental Mutagenesis, 609(1), 74–80. 
https://doi.org/10.1016/j.mrgentox.2006.06.022 

Salama, S. A., Serrana, M., & Au, W. W. (1999). Biomonitoring using accessible 
human cells for exposure and health risk assessment. Mutation Research - 
Reviews in Mutation Research, 436(1), 99–112. 
https://doi.org/10.1016/S1383-5742(98)00021-0 

Sanchez-Alarcon, J., Milić, M., Gomez-Arroyo, S., Mpntoel-Gonzalez, J. M. R., 
& Valencia-Quintana, R. (2016). Assessment of DNA damage by comet 
assay in buccal epithelial cells: Problems, achievement, perspectives. In M. 
Larramendy & S. Soloneski (Eds.), Environmental health risk - hazardous 
factors to living species (pp. 77–135). InTech Open. 
https://doi.org//10.5772/62760 

Santi, A., Menezes, C., Duarte, M., Leitemperger, J., Lópes, T., & Loro, V. 
(2011). Oxidative stress biomarkers and acetylcholinesterase activity in 
human erythrocytes exposed to clomazone (in vitro). Interdisciplinary 
Toxicology, 4(3), 149–153. https://doi.org/10.2478/v10102-011-0023-9 

Sapbamrer, R., & Nata, S. (2014). Health symptoms related to pesticide 
exposure and agricultural tasks among rice farmers from northern Thailand. 
Environmental Health and Preventive Medicine, 19(1), 12–20. 
https://doi.org/10.1007/s12199-013-0349-3 

Sapbamrer, R., & Thammachai, A. (2020). Factors affecting use of personal 
protective equipment and pesticide safety practices: A systematic review. 
Environmental Research, 185, 109444. 
https://doi.org/10.1016/j.envres.2020.109444 

Sharma, A., Kumar, V., Shahzad, B., Tanveer, M., Sidhu, G. P. S., Handa, N., 
Kohli, S. K., Yadav, P., Bali, A. S., Parihar, R. D., Dar, O. I., Singh, K., 
Jasrotia, S., Bakshi, P., Ramakrishnan, M., Kumar, S., Bhardwaj, R., & 
Thukral, A. K. (2019). Worldwide pesticide usage and its impacts on 
ecosystem. Springer Nature Applied Sciences, 1(11), 1–16. 
https://doi.org/10.1007/s42452-019-1485-1 

Shrestha, P., Koirala, P., & Tamrakar, A. S. (2010). Knowledge, practice and use 
of pesticides among commercial vegetable growers of Dhading District, 
Nepal. Journal of Agriculture and Environment, 11, 95–100. 
https://doi.org/10.3126/aej.v11i0.3656 

Silins, I., & Högberg, J. (2011). Combined toxic exposures and human health: 
Biomarkers of exposure and effect. International Journal of Environmental 
Research and Public Health, 8(12), 629–647. 
https://doi.org/10.3390/ijerph8030629 

Sima, A. E., Fatemeh, J., Patimah, I., Sabariah, A. R., Moin, S., & Mohd, Y. A. 
(2012). Association between telomere shortening and ageing during 



© C
OPYRIG

HT U
PM

 

164 

occupational exposure. Journal of Medical Biochemistry, 31(3), 211–216. 
https://doi.org/10.2478/v10011-012-0005-2 

Simaremare, S. R. S., Hung, C. C., Hsieh, C. J., & Yiin, L. M. (2020). Relationship 
between organophosphate and pyrethroid insecticides in blood and their 
metabolites in urine: A pilot study. International Journal of Environmental 
Research and Public Health, 17(1), 1–13. 
https://doi.org/10.3390/ijerph17010034 

Singh, B. K., & Walker, A. (2006). Microbial degradation of organophosphorus 
compounds. FEMS Microbiology Reviews, 30(3), 428–471. 
https://doi.org/10.1111/j.1574-6976.2006.00018.x 

Singh, R., & Sadiq, N. M. (2020). Cholinesterase inhibitors. In StatPearls 
[Internet]. StatPearls Publishing. 
https://www.ncbi.nlm.nih.gov/books/NBK544336/ 

Singh, S., Kumar, V., Thakur, S., Banerjee, B. D., Chandna, S., Rautela, R. S., 
Grover, S. S., Rawat, D. S., Pasha, S. T., Jain, S. K., Ichhpujani, R. L., & 
Rai, A. (2011). DNA damage and cholinesterase activity in occupational 
workers exposed to pesticides. Environmental Toxicology and 
Pharmacology, 31(2), 278–285. https://doi.org/10.1016/j.etap.2010.11.005 

Singleton, S. T., Lein, P. J., Dadson, O. A., McGarrigle, B. P., Farahat, F. M., 
Farahat, T. M., Bonner, M. R., Fenske, R. A., Galvin, K., Lasarev, M. R., 
Anger, W. K., Rohlman, D. S., & Olson, J. R. (2015). Longitudinal 
assessment of occupational exposures to the organophosphorous 
insecticides chlorpyrifos and profenofos in Egyptian cotton field workers. 
International Journal of Hygiene and Environmental Health, 218(2), 203–
211. https://doi.org/10.1016/j.ijheh.2014.10.005 

Smit, L. A. M., Van-Wendel-De-Joode, B. N., Heederik, D., Peiris-John, R. J., & 
Van Der Hoek, W. (2003). Neurological symptoms among Sri Lankan 
farmers occupationally exposed to acetylcholinesterase-inhibiting 
insecticides. American Journal of Industrial Medicine, 44(3), 254–264. 
https://doi.org/10.1002/ajim.10271 

Soares, J. P., Cortinhas, A., Bento, T., Leitão, J. C., Collins, A. R., Gaivã, I., & 
Mota, M. P. (2014). Aging and DNA damage in humans: A meta-analysis 
study. Aging (Albany NY), 6(6), 432–439. 
https://doi.org/10.18632/aging.100667 

Sosa, V., Moliné, T., Somoza, R., Paciucci, R., Kondoh, H., & LLeonart, M. E. 
(2013). Oxidative stress and cancer: An overview. Ageing Research 
Reviews, 12(1), 376–390. https://doi.org/10.1016/j.arr.2012.10.004 

Sosan, M. B., Akingbohungbe, A. E., Durosinmi, M. A., & Ojo, I. A. O. (2010). 
Erythrocyte cholinesterase enzyme activity and hemoglobin values in cacao 
farmers of southwestern Nigeria as related to insecticide exposure. Archives 
of Environmental and Occupational Health, 65(1), 27–33. 
https://doi.org/10.1080/19338240903390289 



© C
OPYRIG

HT U
PM

 

165 

Sosan, M. B., Akingbohungbe, A. E., Ojo, I. A. O., & Durosinmi, M. A. (2008). 
Insecticide residues in the blood serum and domestic water source of cacao 
farmers in Southwestern Nigeria. Chemosphere, 72(5), 781–784. 
https://doi.org/10.1016/j.chemosphere.2008.03.015 

Śpiewak, R. (2001). Pesticides as a cause of occupational skin diseases in 
farmers. Annals of Agricultural and Environmental Medicine, 8(1), 1–5. 

Starks, S. E., Gerr, F., Kamel, F., Lynch, C. F., Jones, M. P., Alavanja, M. C. R., 
Sandler, D. P., & Hoppin, J. A. (2012). Neurobehavioral function and 
organophosphate insecticide use among pesticide applicators in the 
Agricultural Health Study. Neurotoxicology and Teratology, 34(1), 168–176. 
https://doi.org/10.1016/j.ntt.2011.08.014 

Strelitz, J., Engel, L. S., & Keifer, M. C. (2014). Blood acetylcholinesterase and 
butyrylcholinesterase as biomarkers of cholinesterase depression among 
pesticide handlers. Occupational and Environmental Medicine, 71(12), 842–
847. https://doi.org/10.1136/oemed-2014-102315 

Strong, L. L., Thompson, B., Coronado, G. D., Griffith, W. C., Vigoren, E. M., & 
Islas, I. (2004). Health symptoms and exposure to organophosphate 
pesticides in farmworkers. American Journal of Industrial Medicine, 46(6), 
599–606. https://doi.org/10.1002/ajim.20095 

Stults, D. M., Killen, M. W., & Pierce, A. J. (2014). The sister chromatid exchange 
(SCE) assay. In Methods in molecular biology (Vol. 1105, pp. 439–455). 
Springer Science and Business Media New York. 
https://doi.org/10.1007/978-1-62703-739-6_32 

Suratman, S., Edwards, J. W., & Babina, K. (2015). Organophosphate pesticides 
exposure among farmworkers: Pathways and risk of adverse health effects. 
Reviews on Environmental Health, 30(1), 65–79. 
https://doi.org/10.1515/reveh-2014-0072 

Sutris, J. M., How, V., Sumeri, S. A., Muhammad, M., Sardi, D., Mohd Mokhtar, 
M. T., Mohammad, H., Ghazi, H. F., & Isa, Z. M. (2016). Genotoxicity 
following organophosphate pesticides exposure among orang asli children 
living in an agricultural island in Kuala Langat, Selangor, Malaysia. 
International Journal of Occupational and Environmental Medicine, 7(1), 42–
51. https://doi.org/10.15171/ijoem.2016.705 

Taber, K. S. (2018). The use of Cronbach’s Alpha when developing and reporting 
research instruments in science education. Research in Science Education, 
48(6), 1273–1296. https://doi.org/10.1007/s11165-016-9602-2 

Taghavian, F., Vaezi, G., Abdollahi, M., & Malekirad, A. A. (2016). Comparative 
toxicological study between exposed and non-exposed farmers to 
organophosphorus pesticides. Cell Journal (Yakhteh), 18(1), 89–96. 
https://doi.org/10.22074/cellj.2016.3991 



© C
OPYRIG

HT U
PM

 

166 

Takahashi, N., & Hashizume, M. (2014). A systematic review of the influence of 
occupational organophosphate pesticides exposure on neurological 
impairment. BMJ Open, 4(6). https://doi.org/10.1136/bmjopen-2014-004798 

Tay, E. B. (1987). Control of cocoa pod borer-the Sabah experience. 
Proceedngs of the Symposium on Management of Cocoa Pod Borer. 

Tengku Ismail, T. ., Zain, S. M., Juahir, H., Yusoff, M. K., & Abdul Manaf, L. 
(2010). Organophosphate exposure: A preliminary assessment on the use 
of pesticide intensity score to evaluate exposure among fruit growers. 
Environment Asia, 3(Special Issue), 203–216. 
https://doi.org/10.14456/ea.2010.60 

The EXtension TOXicology NETwork (EXTOXNET). (2019). Pesticide 
information profiles (PIPs) - Environmental fate: Breakdown in soil and raw 
river water. http://extoxnet.orst.edu/ 

Thomas, K. W., Dosemeci, M., Coble, J. B., Hoppin, J. A., Sheldon, L. S., Chapa, 
G., Croghan, C. W., Jones, P. A., Knott, C. E., Lynch, C. F., Sandler, D. P., 
Blair, A. E., & Alavanja, M. C. R. (2010). Assessment of a pesticide exposure 
intensity algorithm in the agricultural health study. Journal of Exposure 
Science and Environmental Epidemiology, 20(6), 559–569. 
https://doi.org/10.1038/jes.2009.54 

Thomas, P., Holland, N., Bolognesi, C., Kirsch-Volders, M., Bonassi, S., Zeiger, 
E., Knasmueller, S., & Fenech, M. (2009). Buccal micronucleus cytome 
assay. Nature Protocols, 4(6), 825–837. 
https://doi.org/10.1038/nprot.2009.53 

Tiwari, S., Atluri, V., Kaushik, A., Yndart, A., & Nair, M. (2019). Alzheimer’s 
disease: Pathogenesis, diagnostics, and therapeutics. International Journal 
of Nanomedicine, 14, 5541–5554. https://doi.org/10.2147/IJN.S200490 

Tope, A., Bebe, F. N., & Panemangalore, M. (2006). Micronuclei frequency in 
lymphocytes and antioxidants in the blood of traditional limited-resource farm 
workers exposed to pesticides. Journal of Environmental Science and Health 
- Part B Pesticides, Food Contaminants, and Agricultural Wastes, 41(6), 
843–853. https://doi.org/10.1080/03601230600805907 

Torres-bugarín, O., Zavala-cerna, M. G., Nava, A., Flores-garcía, A., & Ramos-
ibarra, M. L. (2014). Potential uses, limitations, and basic procedures of 
micronuclei and nuclear abnormalities in buccal cells. Disease Markers, 
2014, 1–13. https://doi.org/10.1155/2014/956835 

Trang, A., & Khandhar, P. B. (2020). Physiology, acetylcholinesterase. 
StatPearls Publishing LLC. 

Ubaid ur Rahman, H., Asghar, W., Nazir, W., Sandhu, M. A., Ahmed, A., & 
Khalid, N. (2020). A comprehensive review on chlorpyrifos toxicity with 
special reference to endocrine disruption: Evidence of mechanisms, 
exposures and mitigation strategies. Science of the Total Environment, 755, 
142649. https://doi.org/10.1016/j.scitotenv.2020.142649 



© C
OPYRIG

HT U
PM

 

167 

Ündeǧer, U. ̈lkü, & Başaran, N. (2002). Assessment of DNA damage in workers 
occupationally exposed to pesticide mixtures by the alkaline comet assay. 
Archives of Toxicology, 76(7), 430–436. https://doi.org/10.1007/s00204-
002-0355-5 

US EPA. (1997). Exposure factors handbook (EPA/600/C-99/001). National 
Center for Environmental Assessment, US Environmental Protection 
Agency. 

Valencia-Quintana, R., López-Durán, R. M., Mirta Milić, S. B., Ochoa-Ocaña, M., 
Uriostegui-Acosta, M. O., Pérez-Flores, G. A., Gómez-Olivares, J. L., & 
Sánchez-Alarcón, J. (2021). Assessment of cytogenetic damage and 
cholinesterases’ activity in workers occupationally exposed to pesticides in 
Zamora-Jacona, Michoacan, Mexico. International Journal of Environmental 
Research and Public Health, 18(12), 6269. 

Van Goethem, F., Lison, D., & Kirsch-Volders, M. (1997). Comparative 
evaluation of the in vitro micronucleus test and the alkaline single cell gel 
electrophoresis assay for the detection of DNA damaging agents: Genotoxic 
effects of cobalt powder, tungsten carbide and cobalt-tungsten carbide. 
Mutation Research - Genetic Toxicology and Environmental Mutagenesis, 
392(1–2), 31–43. https://doi.org/10.1016/S0165-1218(97)00043-8 

Varona-Uribe, M. E., Torres-Rey, C. H., Díaz-Criollo, S., Palma-Parra, R. M., 
Narváez, D. M., Carmona, S. P., Briceño, L., & Idrovo, A. J. (2016). Exposure 
to pesticide mixtures and DNA damage among rice field workers. Archives 
of Environmental and Occupational Health, 71(1), 3–9. 
https://doi.org/10.1080/19338244.2014.910489 

Vikkey, H. A., Fidel, D., Pazou Elisabeth, Y., Hilaire, H., Hervé, L., Badirou, A., 
Alain, K., Parfait, H., Fabien, G., & Benjamin, F. (2017). Risk factors of 
pesticide poisoning and pesticide users’ cholinesterase levels in cotton 
production areas: Glazoué and Savè townships, in Central Republic of 
Benin. Environmental Health Insights, 11, 1–10. 
https://doi.org/10.1177/1178630217704659 

Vincent, H. K., Innes, K. E., & Vincent, K. R. (2007). Oxidative stress and 
potential interventions to reduce oxidative stress in overweight and obesity. 
Diabetes, Obesity and Metabolism, 9(6), 813–839. 
https://doi.org/10.1111/j.1463-1326.2007.00692.x 

Vivien, H., Hashim, Z., Ismail, P., Said, S., Omar, D., Mohd, B., & Sh, T. (2013). 
Biological monitoring of genotoxicity to organophosphate pesticide exposure 
among rice farmers: Exposure-effect continuum study. Journal of 
Occupational Health and Epidemiology, 2(1–2), 27–36. 

Waiskopf, N., & Soreq, H. (2015). Cholinesterase inhibitors: From molecular 
mechanisms of action to current and future prospects. In R. C. Gupta (Ed.), 
Handbook of toxicology of chemical warfare agents (2nd ed., pp. 761–778). 
Elsevier Inc. https://doi.org/10.1016/B978-0-12-800159-2.00052-X 



© C
OPYRIG

HT U
PM

 

168 

Wang, Q., Wang, A. H., Tan, H. S., Feng, N. N., Ye, Y. J., Feng, X. Q., Liu, G., 
Zheng, Y. X., & Xia, Z. L. (2010). Genetic polymorphisms of DNA repair 
genes and chromosomal damage in workers exposed to 1, 3-butadiene. 
Carcinogenesis, 31(5), 858–863. https://doi.org/10.1093/carcin/bgq049 

Waris, G., & Ahsan, H. (2006). Reactive oxygen species: Role in the 
development of cancer and various chronic conditions. Journal of 
Carcinogenesis, 5(14). https://doi.org/10.1186/1477-3163-5-14 

Watson, W. P., & Mutti, A. (2004). Role of biomarkers in monitoring exposures 
to chemicals: Present position, future prospects. Biomarkers, 9(3), 211–242. 
https://doi.org/10.1080/13547500400015642 

Watts, D. (2010). Gloves as PPE: Standards for permeation and penetration. 
Clean Air and Containment Review, 2, 16–20. 

Whittle, B. (2010). Communities in Peril: Asian Regional Report on community 
monitoring of highly hazardous pesticide use. Pesticide Action Network Asia 
and the Pasific (PAN AP). 

Wood, B. J., Fee, C. G., Cheong, S. S., & Foh, C. C. (1992). Trials on control of 
the cocoa pod borer Conopomorpha cramerella (Snellen) in Sabah by 
regular complete harvesting. International Journal of Pest Management, 
38(3), 271–278. https://doi.org/10.1080/09670879209371708 

World Health Organization. (2008). WHO Specifications and evaluations for 
public health pesticides (Chlorpyrifos). World Health Organization, 28(6), 37. 
https://doi.org/10.1590/S0100-40422005000600018 

World Health Organization. (2019). The WHO recommended clasification of 
pesticides by hazard and guidelines to classification. 

World Health Organization. (1986). Operational guide for the WHO 
neurobehavioural core test battery. 

World Health Organization. (2005). Finger prick, blood collection & running the 
tests. CDC Testing Module. 
http://www.testingmillions.org/files/TestingModule5.pdf 

World Health Organization. (2010). Capillary sampling. In WHO guidelines on 
drawing blood: Best practices in phlebotomy. 

Yadav, A. S., & Sehrawat, G. (2011). Evaluation of genetic damage in farmers 
exposed to pesticide mixtures. International Journal of Human Genetic, 
11(2), 105–109. https://doi.org/10.1080/09723757.2011.11886131 

Yanuaryska, R. D. (2018). Comet assay assessment of DNA damage in buccal 
mucosa cells exposed to x-rays via panoramic radiography. Journal of 
Dentistry Indonesia, 25(1), 53–57. https://doi.org/10.14693/jdi.v25i1.1124 

Yassin, M. M., Abu Mourad, T. A., & Safi, J. M. (2002). Knowledge, attitude, 
practice, and toxicity symptoms associated with pesticide use among farm 



© C
OPYRIG

HT U
PM

 

169 

workers in the Gaza Strip. Occupational and Environmental Medicine, 59(6), 
387–393. https://doi.org/10.1136/oem.59.6.387 

Yoshida, Y., Scribner, R., Chen, L., Broyles, S., Phillippi, S., & Tseng, T. S. 
(2017). Role of age and acculturation in diet quality among Mexican 
Americans - Findings from the National Health and Nutrition Examination 
Survey, 1999-2012. Preventing Chronic Disease, 14, 1–6. 
https://doi.org/10.5888/pcd14.170004 

Yu, R., Liu, Q., Liu, J., Wang, Q., & Wang, Y. (2016). Concentrations of 
organophosphorus pesticides in fresh vegetables and related human health 
risk assessment in Changchun, Northeast China. Food Control, 60, 353–
360. https://doi.org/10.1016/j.foodcont.2015.08.013 

Zacharia, J. T. (2011). Identity, physical and chemical properties of pesticides. 
In M. Stoytcheva (Ed.), Pesticides in the modern world - Trends in pesticides 
analysis (pp. 1–6). InTech Open. 

Zhang, W. (2018). Global pesticide use: Profile, trend, cost / benefit and more. 
In W. Zhang (Ed.), Proceedings of the International Academy of Ecology and 
Environmental Sciences (Vol. 8, Issue 1, pp. 1–27). International Academy 
of Ecology and Environmental Sciences. 

Zhang, W., Jiang, F., & Ou, J. (2011). Global pesticide consumption and 
pollution: With China as a focus. Proceedings of the International Academy 
of Ecology and Envrionmental Sciences, 1(2), 125–144. 

Zhang, X., Wu, M., Yao, H., Yang, Y., Cui, M., Tu, Z., Stallones, L., & Xiang, H. 
(2016). Pesticide poisoning and neurobehavioral function among farm 
workers in Jiangsu, People’s Republic of China. Cortex, 74, 396–404. 
https://doi.org/10.1016/j.cortex.2015.09.006 

 




