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ABSTRACT

CONTAMINATION OF ISOPROTHIOLANE, PROPICONAZOLE
AND PRETILACHLOR IN PADDY WATER AND THE HEALTH RISK TO
FARMERS IN TANJUNG KARANG, KUALA SELANGOR

ASNA SYAHIRAH BINTI MOHAMAD SALIHIN

Introduction: Tanjung Karang is well known for its rice cultivation activities and is
the third largest paddy field in Malaysia. The use of pesticides in rice cultivation
activities to reduce yield loss and to maintain the quality of crop yield is inevitable and
this has turned into a worry as pesticides can cause undesirable effects to human health
and to the environment. Paddy farmers are routinely exposed to high levels of
pesticides and this makes them at a very high risk of occupational diseases. Objective:
This study aims to determine the concentration of pesticides (isoprothiolane,
propiconazole and pretilachlor) in paddy water and to assess the potential health risk
among paddy farmers in Tanjung Karang, Selangor. Methodology: Selected
pesticides in the water samples were extracted by using solid-phase extraction (SPE)
method and analysed by using ultra performance liquid chromatography tandem mass
spectrometry (UPLC-MS/MS). A total of 152 questionnaires were distributed among
paddy farmers to obtain information such as demographic and pesticides exposure of
paddy farmers. The hazard quotient (HQ) value was calculated to estimate the potential
dermal health risk of paddy farmers due to occupational exposures in paddy water.
Results and Discussion: The results revealed that isoprothiolane (51.542 pg/L) was
the highest mean concentration in paddy water followed by propiconazole (12.434
pg/L) and pretilachlor (0.109 pg/L). There was no significant relationship between
pesticides concentrations with in situ water quality parameters. There was no
significant non-carcinogenic dermal health risk due to exposure of propiconazole in
paddy water as HQ did not exceed the value of one. Conclusion: Although calculated
HQ showed there was no significant non-carcinogenic dermal health risk, there are
concerns towards the danger of long-term exposure to the mixture of pesticides which
was not assessed in this study. -

Keywords: pesticides contamination, paddy water, hazard quotient (HQ), ultra
performance liquid chromatography tandem mass spectrometry (UPLC-
MS/MS), solid-phase extraction (SPE)
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ABSTRAK

PENCEMARAN ISOPROTHIOLANE, PROPICONAZOLE DAN
PRETILACHLOR DALAM AIR PADI DAN RISIKO KESIHATAN KEPADA
PESAWAH DI TANJUNG KARANG, KUALA SELANGOR

ASNA SYAHIRAH BINTI MOHAMAD SALIHIN

Pengenalan: Tanjung Karang terkenal dengan aktiviti penanaman padi dan
merupakan sawah padi yang ketiga terbesar di Malaysia. Penggunaan racun perosak
dalam aktiviti penanaman padi untuk mengurangkan kehilangan hasil tanaman dan
mengekalkan kualiti hasil tanaman tidak dapat dielakkan dan ini telah menjadi
kebimbangan kerana racun perosak boleh menyebabkan kesan yang tidak diingini
kepada kesihatan manusia dan alam sekitar. Pesawah secara rutin terdedah kepada
tahap racun serangga yang tinggi dan ini menjadikan mereka sangat berisiko mendapat
penyakit pekerjaan. Objektif: Kajian ini bertujuan untuk menentukan kepekatan racun
perosak (isoprothiolane, propiconazole dan pretilachlor) dalam air padi dan untuk
menilai potensi risiko kesihatan dalam kalangan pesawah di Tanjung Karang,
Selangor. Metodologi: Racun perosak terpilih dalam sampel air telah diekstrak dengan
menggunakan kaedah solid-phase extraction (SPE) dan dianalisis dengan
menggunakan ultra performance liquid chromatography tandem mass spectrometry
(UPLC-MS / MS). Sebanyak 152 soal selidik diedarkan dalam kalangan pesawah
untuk mendapatkan maklumat seperti demografi dan pendedahan pesawah kepada
racun perosak. Hazard quotient (HQ) dikira untuk menganggarkan potensi risiko
kesihatan dermal pesawah akibat pendedahan pekerjaan dalam air padi. Keputusan
dan Perbincangan: Hasil kajian menunjukkan bahawa isoprothiolane (51.542 ug/L)
adalah kepekatan tertinggi dalam air padi diikuti oleh propiconazole (12.434 pg/L) dan
pretilachlor (0.109 pg/L). Tiada hubungan yang signifikan antara kepekatan racun
perosak dengan parameter kualiti air in situ. Tiada risiko kesihatan dermal bukan
karsinogenik yang disebabkan oleh pendedahan kepada propiconazole dalam air padi
kerana HQ tidak melebihi nilai satu. Kesimpulan: Walaupun HQ yang dikira
menunjukkan tiada risiko kesihatan dermal bukan karsinogenik, terdapat kebimbangan
terhadap bahaya pendedahan jangka panjang terhadap campuran racun perosak yang
tidak diukur dalam kajian ini.

Kata kunci: pencemaran racun perosak, air padi, hazard quotient (HQ), ultra
performance liquid chromatography tandem mass spectrometry (UPLC-MS/MS),
solid-phase extraction (SPE)
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CHAPTER 1

INTRODUCTION

1.1 Background

Paddy and rice industry plays an important role in the agriculture economy of
Malaysia as rice is the staple food for the country (Adnan et al., 2017). Rice is primarily
grown in Peninsular Malaysia with total area around 300,500 hectares. Many paddy
fields are planted in Peninsular Malaysia on the West Coast particularly in the
Northern part which include Kedah, Perak and Perlis. In addition, Sabah and Sarawak
also play a role in Malaysia’s agriculture sector as a whole to produce the staple rice.
There are approximately 190,000 hectares of lands are cultivated for rice in Sabah and

Sarawak.

As a developing country, paddy cultivation activities need to be improved in
order to fulfill the demands of rice production due to population increment.
Nevertheless, there are challenges arise due to the presence of pests, for instance, birds,
insects, rodents and other living organisms such as fungi and bacteria in the paddy
field. Pest outbreaks can cause the rice production to decrease and also threaten food

security. In an effort to overcome the presence of pests and to increase rice



productivity, pesticides are widely used in rice farming to kill pest organisms (Idayu
et al., 2014) and it is reported that over 90% of the pesticides used are utilized in the
paddy field (Ahmad et al., 2017). Other than being utilized in the cultivation of paddy
as one of the basic beneficence to enhance rice productivity, the use of pesticides are

inevitably helps paddy farmers to increase their income with increased yields.

The World Health Organization (2017) has defined pesticides as chemical
compounds that are used to kill pests such as insects, rodents, fungi and weeds. Based
on a report by USEPA (2011), it was estimated that 5.2 billion pounds of pesticides
have been used worldwide in 2006 as well as in 2007. These pesticides can be
classified according to the types of chemicals with more than eight hundred active
ingredients and manufactured in different formulations (Ahmad et al., 2017). The types
of pesticides are usually divided based on its purpose or target organisms they are
intended to control or kill such as insecticides, herbicides, rodenticides, fungicides and
larvicides. Insecticides are utilized to control insects, herbicides kill or restrain the
development of undesirable plants, for instance weeds, rodenticides are utilized to
execute rodents like mice and rats, fungicides are utilized to control fungal problems,

such as molds and larvicides are utilized to kill larvae of insects.

In spite of benefits that could come from the usage of pesticides in ensuring
food supplies, they still have potentially hazardous effects to surrounding environment

as well as post threats to human health (Ahmad, 2016) depending on their specific



distribution and use. Because of that, many countries have banned and restricted the

utilization of some pesticides.

The application methods of pesticides in rice farming may have different fates
following release into the environment. Based on a study by Senoro et al. (2016), about
95-98% of the applied pesticides go to non-target species or areas. Therefore,
numerous amount of pesticides will be moved and transferred to the environment, and
according to Yogo (2009), soil, water and air or their combinations are major media
for pesiticides behaviour in the environment. Pesticides that are sprayed and volatilized
would transfer in air and may eventually transfer to the soil and water during runoff
and leaching (Senoro et al., 2016). Meanwhile, pesticides which are applied directly
to the soil may be washed off the soil into nearby bodies of surface water or may
percolate through the soil to lower soil layers and groundwater (Kamrin &
Montgomery, 2000). Other than that, the application of pesticides indirectly to water
as a result of cleaning the spraying instruments causes both surface and groundwater
to build up of pesticides and which can cause serious damages to the ecosystem (Jin et
al., 2015). Therefore, pesticides movement in the environment are affected by the
methods of pesticides application whether they are applied directly or indirectly to

their target organisms.

Based on a study by Kim et al. (2017) of exposure to pesticides and the
associated human health effects have demonstrated that the unintended exposure to

pesticides can be extremely hazardous to humans and living organisms when exposed
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as they are designed to be poisonous. Moreover, human population might be exposed
to pesticides either through occupational use of pesticides, consumption of food that
contained pesticide residue or inhalation of air that contaminated with pesticides (Kim
etal., 2017). Studies suggested that pesticides may be linked with various diseases and
their effects can be classified as acute or chronic effects based on the period of
exposures or symptoms of their toxicity to develop. Acute exposure refer to a single
exposure that cause immediate health effects and this type of exposure differs from
chronic exposure, which the adverse health effects are resulting from long-term
exposure. The acute effects of pesticides exposures are including skin and eye
irritation, headaches, nausea and dizziness, while chronic effects are asthma, diabetes
and cancer (Hamsan et al.,, 2017). These health effects resulting from pesticides
exposure may vary according to the individual and may be the result of exposures

either through dermal contact, inhalation or oral consumption.

Pesticides usage in agricultural activity, particularly in rice cultivation are of
growing concern due to their possible adverse effects on farmers’ health when
exposed. A study by Hamsan et al. (2017) in Malaysia had demonstrated that farmers
are the major group of workers to be exposed to pesticides as they are constantly
handling pesticides during rice cultivation activities. Thus, exposing the farmers to a
high exposure risk. However, the wellbeing of an individual is a subjective matter
where one’s level of health is different from one to another. This would mean that not
every individual will have the same potential effects when exposed to pesticides. More
over, the routine use of pesticides would still pose significant health risks to an

individual both in the short and the long run. A study by Asghar et al. (2016) suggested
4
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that even though pesticides are very harmful if they are exposed to human, they cannot
be completely banned or restricted their use, but their exposure and effects can be
reduced. Therefore, the management of pesticides and their safety measures are

important as these would help to reduce human health risk to pesticides exposure.

1.2 Problem statement

Pesticides are widely used in agricultural sector to kill pests or unwanted
organisms, however, since pesticides can be transported almost everywhere in the
surrounding environment such as air, soil, water and living organisms, their occurrence
in the environment can cause many adverse effects on ecosystem and human health
due to exposure to pesticides toxicity (Li, 2017) which resulting in both acute and
chronic health effects. Pesticides shown acute or chronic and short-term or long-term
effects on nervous system by the high or low-level exposure which eventually lead to
a very chronic nervous disorder, for instance Parkinson disease (Asghar et al., 2016).
Therefore, concerns over the environment polluted with pesticides as well as their

effects on human health cause pesticides to be important.

Paddy farmers are at a high risk of poisoning by the pesticides as they are in
contact with pesticides on a daily basis. It was indicated that skin problems were
significantly higher among farmers who use pesticides than those who do not (Sankoh
et al., 2016). In relation to these, many researchers have conducted studies pertaining

to pesticides particularly on dermal exposure assessment (Mazlan et al., 2016) and
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occupational health risk assessment (Ahmad, 2016). Occupational dermal exposure
can lead to numerous negative health effects among paddy farmers. The likelihood of
developing possible health outcomes from pesticides exposures are affected by various
factors, for instance, type of pesticides or chemicals, application duration, dose

applied, route of exposure, usage of personal protective equipment (PPE) as well as

individual health status.

Tanjung Karang in the State of Selangor lives up to its name as ‘the rice bowl
of Selangor’ is the third largest area of paddy field in Peninsular Malaysia (Mazlan et
al., 2016) and Kampung Sawah Sempadan is located in the district of Tanjung Karang.
The residents of Kampung Sawah Sempadan performed agricultural activities,
particularly rice cultivation as their main source of income. They have been using
pesticides in rice cultivation activities in order to maintain rice production. The type
of compounds in the commonly used pesticides were identified during the interview
with the paddy farmers in Tanjung Karang. Through the interview, it was found that
there were 13 compounds existed in the active ingredients of commonly utilized
pesticides. The 13 compounds of pesticides are listed in Table 1.1. From the 13
compounds, only three of them have been selected for this study, which were

isoprothiolane, propiconazole and pretilachlor that were used in order to control pests

such as fungi and weeds.



Table 1.1: List of pesticides active ingredicnts, frequency and percentage of usage
by paddy farmers in Kampung Sawah Sempadan

Pesticides Active Frequency
Percentage Remark
Ingredients (N=152)
Chlorantrinoprole 44 36
Previously reported by
Difenoconazole 44 36
Junaidi, (2017).
Pymetrozine 43 36
Isoprothiolane 41 34 There were no papers have
Propiconazole 38 32 been published on the
simultaneous analysis of
Pretilachlor 31 26
these selected compounds.
Tebuconazole 29 24
Trifloxystrobin 29 24
Azoxystrobin 27 23
Fipronil 22 18
Tricyclazole 21 18
Imidacloprid 17 14
Buprofezin 13 11

In addition, several observations were also made on worker operative
modalities and the use of PPE during their working in paddy field. Based on the
observations that have been made, some of the paddy farmers did not use PPE, for
example, gloves and boots during mixing of pesticides and working in the paddy field.
These eventually cause the paddy farmers to be exposed via dermal absorption of the

pesticides from their daily activities in the paddy field.
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Dermal contact is one of the most common route among three main pathways
(inhalation, ingestion and dermal contact) of pesticides exposure, which normally
occurs during pesticides mixing or loading, application, harvesting and other farming
activities (Nurulain et al., 2017). Thus, this research focused on the potential health

risk of paddy farmers when exposed to pesticides via dermal.

mixing the pesticides

Figure 1.1 shows the paddy farmers do not wear PPE during mixing of
pesticides. Previous study by Atabila et al. (2017) revealed that the lower body parts
(hands, upper legs, lower legs and feet) were more prone to pesticides exposure
compared to upper body parts (head, upper arms, lower arms, front abdomen and back

abdomen).

According to “MSDS Solutions Center” (2018), the three selected compounds
are found to have potential health effects to human, which cause harmful effects if

absorbed through skin and this may contribute to skin irritation and details of
8



information of the chosen compounds are summarized in Table 2.1. Paddy farmers
who do not wear proper PPE will be at high risk to be exposed to pesticides through
dermal contact. With this context, this study focuses on the potential of dermal health

risk of paddy farmers related to pesticides exposure in paddy water.

1.3 Study justification

Previous study by Ouyang et al., (2017) had detected three concentrations of
pesticides (atrazine, oxadiazon and isoprothiolane) in surface runoff of paddy land in
northern China and the results showed isoprothiolane was detected at the maximum
value of 1.082 pg/L. Another study by Edwards et al. (2016) reported that high
concentrations of azoxystrobin and propiconazole were found in water samples in year
2014 when compared to previous year due to the significant rainfall event that
contribute to the runoff pesticides into the water in agricultural fields located in
Moultrie County, Illinois, United States. There was also a previous study of selected
compounds of isoprothiolane, propiconazole and pretilachlor that has been conducted
simultaneously. The study resulted that the concentration of isoprothiolane,
propiconazole and pretilachlor of pesticides pollution in drinking water sources in
Mekong Delta, Vietnam were 8.49 ug/L,4.76 pg/L and 0.85 pg/L respectively (Chau
et al., 2015). Although many specific case studies regarding pesticides concentration
were reported across the world, there have been only limited studies that have

pinpointed on isoprothiolane, propiconazole and pretilachlor in Malaysia.
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To a certain extent, there have been many studies regarding pesticides
conducted in Tanjung Karang, Selangor. Most previous studies that were focusing on
pesticides exposure in personal air samples (Hamsan et al., 2017), reported on the risk
of imazapic herbicide posed towards farmers using dermal exposure assessment
(Mazlan et al., 2016) and the study of exposure to herbicides and skin symptoms
among paddy farmers (Chokeli et al., 2016). Despite all the past studies, there is no
research conducted to determine the concentration of selected pesticides in paddy
water due to occupational exposure in Malaysia. Therefore, in this study, an attempt
has been made to resolve the gap of knowledge. The analysis of the target pesticides
in this study can provide essential data on the concentration of isoprothiolane,
propiconazole and pretilachlor in the paddy water and help other researchers to

continue studying on pesticides used in paddy cultivation activities.

In general, there are three types of routes for pesticides exposures, which
include inhalation, ingestion and dermal contact. For the purpose of this study, only
dermal exposure was assessed. According to Anderson & Meade (2014), the most
important routes of exposure in the agriculture industry is through dermal
Occupational end users of pesticides may experience bodily absorption of the
pesticides products they utilize and this put them at risk of possible health effects
related with pesticides exposure (Macfarlane et al., 2013), and therefore, the present
study is focusing on dermal health risk among paddy farmers as they are working
directly with pesticides in agriculture field. For this purpose, hazard quotient (HQ)
value was calculated to estimate the potential dermal health risk that may be imposed

to paddy farmers through occupational exposure. Therefore, hazard risks data for the

10



three selected pesticides can be used as references for future risk assessment which

contain similar active ingredients.

As rice is the most important staple food in Malaysia, studies investigating the
effects of pesticides usage during paddy cultivation activities are strongly
recommended. It is essential to study the concentration of pesticides in paddy water as
many studies reported that a huge number of paddy farmers are not wearing
appropriate PPE during handling of pesticides (Mazlan et al., 2016, Chokeli et al.,
2016) and eventually, this may imposed risk to the health of paddy farmers via body

absorption from their working activities in the paddy water.

The main purpose of this research study is to determine the concentration of
isoprothiolane, propiconazole and pretilachlor in the paddy water and assess the non-
carcinogenic dermal health risk that may be imposed on the paddy farmers through
occupational exposure. Overall, the outcome of this study can be used in terms of
developing agricultural practices which provide a fundamental basis towards a good
management of pesticides usage in agricultural activities. In addition, the data on the
concentration of selected pesticides can be used as reference for other researchers to
conduct deeper research on the presence of pesticides in paddy water through other

types of exposure pathways.
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1.4 Conceptual framework

v v
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Figure 1.2: Conceptual framework for this study
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1.5 Research questions

ii.

iil.

What is the level of personal hygiene and the level of using PPE among paddy

farmers in Tanjung Karang, Kuala Selangor?

What are the concentrations of selected pesticides (isoprothiolane,
propiconazole and pretilachlor) in the water samples collected from paddy field

in Tanjung Karang, Kuala Selangor?

Is there any correlation between the concentrations of selected pesticides
(isoprothiolane, propiconazole and pretilachlor) concentrations in water
samples collected from Tanjung Karang paddy water and the in situ water

quality parameters?

iv. Is there any non-carcinogenic dermal health risk among the paddy farmers in
Tanjung Karang due to occupational exposure of selected pesticides
(isoprothiolane, propiconazole and pretilachlor) in paddy water?

1.6 Hypothesis

There is a significant relationship between the concentrations of selected

pesticides (isoprothiolane, propiconazole and pretilachlor) and the in situ water quality

parameters in the paddy water collected from Tanjung Karang, Kuala Selangor.

13



1.7 Objectives

1.7.1 General objective

To determine the concentration of selected pesticides (isoprothiolane,
propiconazole and pretilachlor) in paddy water and their associated dermal health risks

among paddy farmers in Tanjung Karang, Selangor.

1.7.2 Specific objectives

i. To determine the demographic background, personal hygiene and the use of

PPE among paddy farmers in Tanjung Karang, Kuala Selangor.

ii. To measure the concentrations of selected pesticides (isoprothiolane,

propiconazole and pretilachlor) in the water samples collected from Tanjung

Karang paddy field.
iii.  To determine the relationship between the concentrations of selected pesticides

(isoprothiolane, propiconazole and pretilachlor) and the in situ water quality

parameters in the paddy water collected from Tanjung Karang.

14



iv.  To evaluate the non-carcinogenic dermal health risks among paddy farmers in
Tanjung Karang due to occupational exposure of selected pesticides

(isoprothiolane, propiconazole and pretilachlor) in paddy water.
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CHAPTER 2

LITERATURE REVIEW

2.1 Pesticides and agricultural development

Agriculture remains as an important economic sector in Malaysia. Referring to
Department of Statistics Malaysia (2016), agriculture sector in 2015 continued to
expand with a contribution of 8.9% to the Gross Domestic Product. In order to obtain
high yield of crops, a large amount of pesticides are used in agricultural activities to
kill pests. However, excessive application of pesticides have become a major issue.
The eagerness to gain profit through improved crop yields by utilizing pesticides
during planting activities has affected the environment as well as living things. The

use of pesticides is increasing in paralle]l with the increasing of plant consumption.

Farmers in the olden days used traditional agricultural practices such as crop
rotation method to protect their plants against pests. According to Singh and Singh
(2017), crop rotation is a traditional practice of cultivation that has been used for
thousands of years. Crop rotation is the practice of rotation of cultivation in which
changing a sequence of plant species. For example, rice plants in rotation with corn

cultivation on the same land. Crop rotation is recognized to help reduce and prevents
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accumulation of pests population that often attack one species only by intruding pests’
life cycles and interfering with pests’ habitat. Nevertheless, traditional agricultural
practices were inadequate for pest control and because of that human have been
looking for other solutions to manage problem of crop damaged by pests. A variety of
modern agricultural practices have been introduced and these include the use of
chemical pesticides. Human struggles for food supplies and therefore, pesticides are
used in their farming activities. Pesticides usage in cultivation activities has helped
improve agricultural productivity by controlling various pest populations such as
rodents, insects, fungus and weeds. Pesticides that are widely known include

insecticides, herbicides, rodenticides and fungicides.

According to Oberemok et al. (2015), human used pesticides in plants to
control the presence of pests was recorded since 1000 BC. Sulphur was the first
chemical used as pesticides to get rid of lice and subsequently followed by arsenic in
the year 900s AD. The use of pesticides was increasingly widespread where they have
been used in the control of malaria vectors. Dichloro-diphenyl-trichloroethane (DDT),
a well-known chemical at that time was used to control malaria and also used as
insecticides for control of insect populations in crop production. DDT was a very
effective pesticides. However, it was eventually banned as chemists found that DDT
not only threaten pests but also dangerous to other living organisms such as mammals,
reptiles and birds. The use of DDT for pests control was then had been replaced by
other chemicals. At this point, there are regulations that have been established to

control the use of pesticides which assist in the selection of safe and appropriate
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chemicals to acquire greatest efficiency and negligible risk from a pesticides

applications.

2.2 Properties of target pesticides

2.2.1 Isoprothiolane

Isoprothiolane or diisopropyl 1,3-dithiolan-2-ylidenemalonate is an
agricultural fungicide that has broadly utilized as protectant against fungi in rice
planting since 1975. Isoprothiolane was first introduced in China in 1981 as a
protective and remedial fundamental fungicide for rice blast control (Hu et al., 2014).
It is belongs to the family of phospholipid biosynthesis inhibitor which influence a
cell’s ability to synthesize lipids. Isoprothiolane can cause restraint of phospholipid
synthesis in cells (Kaonga et al,, 2017) where the activity of isoprothiolane is
acknowledged to be interference with transmethlation in the biosynthesis of a major
membrane lipid in eukaryotic cells, which is phosphatidylcholine, an essential part of

the fungal cell membrane (Zhang et al., 2016).

Although the use of isoprothiolane is beneficial in rice productivity, but its
extensive usage can cause environmental problems as well as adverse effects to human
health. A study by Selvi and Manonmani (2013) in India, reported that isoprothiolane
bringing in severe acute toxicity prompting to sweating, cerebral pain, vomiting,

giddiness, unconsciousness, eye irritation and serious eye damage to humans. In a
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study regarding pesticides concentrations in river water from agricultural area in
northern China, Ouyang et al (2017) found that isoprothiolane was detected with the

highest concentrations among the pesticides studied. Further information of

isoprothiolane is summarized in Table 2.1.

2.2.2 Propiconazole

Fungicide propiconazole or its International Union of Pure and Applied
Chemistry (IUPAC) name, 1-[[2-(2,4-dichlorophenyl)-4-propyl-1,3-dioxolan-2-
yllmethyl}-1,2,4-triazole has been developed in 1979 and marketed worlwide in a
range of fungicide treatment products for preventive and control of plant diseases and
fungi purposes. Propiconazole acts as an ergosterol biosynthesis inhibitor in which it
was reported that fungal growth was significantly affected by the addition of
propiconazole for doses more than 50 mg/kg (Fernandez-Calviiio et al., 2017).
Propiconazole's mode of action is particularly targets demethylation of C-14 in the
midst of ergosterol biosynthesis. The biosynthesis of these ergosterols is essential to
the development of cell dividers of living organisms. This nonappearance of ordinary
sterol creation slows or stops the development of the growth, effectively avoiding
further contamination as well as intrusion of host tissues. Consequently, propiconazole

is believed to be fungistatic or growth repressing rather than fungicidal or killing.

Propiconazole is applied at late growth stages in plant crops requiring the

utilization of air and soil application procedures respectively and further causing a
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potential route of transport to adjacent aquatic environments by means of drift as well
as runoff (Edwards et al., 2016). The continuous use of propiconazole in cultivation
activities may result in fungicides reaching the soil surface by drifting during
application and subsequently, soil will act as sorbent carriers for these fungicides
following significant rainy days. Rain washing propiconazole to the ground will
reaching the aquatic environment and has potential to contaminate the groundwater.

Table 2.1 summarized the properties of propiconazole.

2.2.3 Pretilachlor

The active ingredient of 2-chloro-N-(2,6-diethylphenyl)-N-(2-propoxyethyl)
acetamide or known as pretilachlor was produced as an effective herbicide to control
weeds and grasses found in rice field especially for early season weed control.
Pretilachlor is a herbicides that belongs to the chloroactamide group which restrains
growth and halts cell division through preventing the synthesis of long chain fatty acids

in plant cells (Maryam et al., 2013).

A previous study by Mo et al. (2015) claimed that pretilachlor is highly toxic
to the aquatic organisms but has a low toxicity to humans and mammals. Pretilachlor
reaching into the water body through these herbicides residues in the soil by the
running water and prone to accumulate in water bodies and has a potential risk to
aquatic organisms, for example, fish and shellfish. Due to their continuous use and

chemical stability, the accumulation of these herbicides in water bodies also bring a
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potential risk to the human health. There is a previous study indicates that pretilachlor
is easy to disappear in rice fields by photodecomposition, microbial degradation and
volatilization and prescribed rates do not influence the soil properties or poses a serious
problem to the environment (Kumar et al., 2018). Nevertheless, it was discovered that
pretilachlor persists on the water surface of the laboratory microscope following ten

days of treatment. Table 2.1 summarized the properties of pretilachlor.
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Common Name*

Pesticide Type?* Molecular Molecular Cancer
Molecular Structure® Log Kow*
IUPAC Name?* Formula® Weight (g/mole)* Classificationd
CAS Number*
Pretilachlor
Herbicide
H,C (o) I
2-chloro-N-(2,6- Y\C
C17H26CINO2 H, 311.85 4.1 N/A

diethylphenyl)-N-(2-
propoxyethyl)acetamide

51218-49-6

*Pubchem, 2016. National Center for Biotechnology Information (NCBI). https://pubchem.ncbi.nlm.nih.gov/ (accessed October 2017)
®Chemspider, 2016. Royal Society of Chemistry. http://www.chemspider.com/ (accessed October 2017)

‘USEPA (2016). Chemicals Evaluated for Carcinogenic Potential (Annual Cancer Report 2016). http://npic.orst.edu/chemicals_evaluated.pdf
(accessed October 2017)

9Not available
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2.3 Migration of pesticides into water

The problem of pesticides pollute the water bodies has been widely identified
for a long time and it is an important issue that is often said when it comes to
agricultural activities. The agricultural sector has been massively developed in tandem
with rising need for source of nutrition by the growing population. In order to meet
growing demand for foods, pesticides is used for pests control has helped improve crop
yields. The main route of pesticides to move into water from treated fields is that the
residues in the soil go into the water body through running water, leakage, washing
out and so on. Wu et al. (2017) claimed that most pesticides are in the form of droplets
and roughly sprayed on crops, of which just around 10% are attached to crops, while
the greater part of which are spread in the air and the rest ends up in the soil. The
measure of pesticides deposited and subordinated in soil would increase and genuinely
pollute the soil. The pesticides in the soil will stream to the lake, the waterway and the
ocean, which then pollute the water. A study conducted by Affum et al., (2018) in
Ankobra Basin, Ghana showed that the surface water was seriously polluted with the
pesticides used on cocoa crops. Therefore, the use of pesticides in agricultural

activities move into surface water and this causes water contamination by pesticides.

2.4 Pesticides effects on human health

There are various degrees of pesticides toxicity. The widespread use of
pesticides in agricultural activities help to control pests but at the same time can cause

adverse effects to human health as their toxicity is not always limited to the target
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organisms. As the farmers mix the concentrated pesticides substances and apply sprays
in the field, they have a tendency to be a group at higher risk to pesticides exposure. A
study conducted by Kasambala Donga and Eklo (2018), have determined that the
potential pathways of pesticides exposure for farmers are through pesticides storage,
mixing and spraying. The main route of pesticides absorption among agricultural
workers is through skin (Colosio et al., 2017) and most of them knew that pesticides

could enter the human body through skin (Kasambala Donga & Eklo, 2018).

Health effects of pesticides are divided into acute (short-term) and chronic
effects (long-term) (Hamsan et al,, 2017). Pesticides are usually present in low
concentrations in water bodies which may cause acute health effects such as eye
irritation, headaches, dizziness and nausea (Kim et al., 2017). However, its concern is
for the potential of chronic effects such as central nervous-, reproductive- and immune
system disorders as well as cancer (Manyilizu et al., 2017). It was reported by Sugeng
et al. (2013) the diseases such as cancer, endocrine disruption and reproductive toxicity
have been linked with the pesticides applications. A study by Sankoh et al. (2016) in
Sierra Leone, reported that the health problems (nausea, respiratory disorders and

blurred vision) of rice farmers who use pesticides are significantly higher when

compared to who do not use pesticides.
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2.5 Legislations and regulations related to pesticides

2.5.1 International legislation and regulation related to pesticides

The use of pesticides has threatened both the environment quality and human
health even though they were originally thought to be safe. It was found that the
accumulation of pesticides in environment build toxicity. However, the hazards that
may arise due to pesticides usage can be prevented by controlling its use. Therefore,
legislations and regulations on the usage of pesticides have been implemented in many
countries. With the existence of such legislations and regulations, the pesticides to be
used must be registered first and the levels of pesticides in the environment could be
monitored. Most countries require such pesticides to be approved before they can be
used and sold by the government agency. Referring to European Commission (2016),
the status for isoprothiolane and pretilachlor under Regulation (EC) No. 1107/2009 are
not approved. This means that these pesticides hazardous are being considered for its
use and sale to the general public. However, propiconazole is approved under

European Commission.

2.5.2 Malaysia legislation and regulation related to pesticides

Pesticides regulations differ from country to country. Malaysia has enforced
Pesticides Act 1974 after the concerns were raised about the use of pesticides and its

exposure to human. The Act covers the management of all pesticides and other
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chemicals utilized in agriculture activities including all the target pesticides
(isoprothiolane, propiconazole and pretilachlor). Pesticides can be defined as any
substance that contains an active ingredient or any preparation, mixture or material
that contains any one or more of the active ingredients as one of its constituents but
does not include contaminated food or any article listed in the Second Schedule of this

act (Act 149 Laws of Malaysia, 2015).

Pesticides must be registered before being sold or used. According to
Department of Agriculture (2018), all the target pesticides in this study are registered
to be used in Malaysia. Registration is important to ensure that pesticides sold and used
in the country are effective, good in quality and do not cause unacceptable effects to
human and the environment. There are also other laws in Malaysia that related to
pesticides which are Environmental Quality Act 1974 and Food Act 1983. The
objective of Environmental Quality Act 1974 is to control chemical and industrial
wastes including pesticides into the environment. Meanwhile, Food Act 1983

prescribes the maximum residue levels of pesticides in food.
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CHAPTER 3

METHODOLOGY

3.1 Chemicals and standards

HPLC-grade methanol, HPLC-grade dichloromethane and HPLC-grade
acetone and HPLC-grade acetonitrile were purchased from Fisher Scientific (UK).
Analytical Reagent Grade dichloromethane, acetone and methanol were also
purchased from Fisher Scientific (UK). Hydrochloric acid, formic acid and sodium
thiosulphate were purchased from R&M Chemicals (Malaysia). Decon 90 was
purchased from Decon Laboratories Limited (England). Ammonium formate solution
was purchased from Sigma-Aldrich (Switzerland). 1.0 um glass fibre filter (GFF) was
purchased from Sartorius (Germany), and 0.45 pm and 0.22 pm nylon membrane filter
paper were purchased from Membrane Solutions (USA). Oasis HLB solid-phase
extraction (SPE) cartridge (3 cc, 60 mg) was obtained from Waters (MA, USA). Ultra
performance liquid chromatography tandem mass spectrometry (UPLC-MS/MS) was
equipped with Zorbax Eclipse Plus C18 column (2.1 mm x 50 mm I.D., 1.8 um) from
Agilent Technologies (CA, USA). Reference standards of isoprothiolane (97.8%),
propiconazole (99.0%) were purchased from Dr. Ehrenstorfer (Germany). Pretilachlor
(98.7%) and internal standard imidacloprid -d4 (99.0%) were sourced from Sigma-

Aldrich (MO, USA). Individual stock standard solutions (1000 mg/L) of target
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compounds were prepared in HPLC grade methanol. The stock solution was diluted
(10 mg/L) in HPLC grade 25% methanol as working standard solutions and kept in
flame-sealed amber-glass ampoules before storing at -20°C. Ultrapure water was

purified in Milli-Q water system (Merck Millipore, USA).

3.2 Study design

This study used a cross sectional study design. It was a preliminary study and
conducted within time frame of four months (a short period of time) with laboratory
analysis for three targeted compounds which were isoprothiolane, propiconazole and
pretilachlor. Dermal health risks of paddy farmers were assessed by using the
pesticides concentrations found in this study and the self-reported pesticides exposure

information of paddy farmers.

3.3 Study location

This study was conducted in the paddy field areas of Kampung Sawah
Sempadan, Tanjung Karang, Selangor (Figure 3.1). The study area is well-known for
its paddy cultivation activity as it is the main activity of residents there. It is also known
as the third largest paddy field in Peninsular Malaysia. Kampung Sawah Sempadan
comprised of residential areas where the paddy farmers who live in the same area were
selected as respondents in this study. Generally, there are 24 blocks of paddy field

namely as Block A until Block X with the total area about 2,300 hectares. There were
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a few considerations that has been taken into account before selecting this area as a

study location. The points of interest were as following:

i.  Agrnculture areas where paddy cultivation is the main activity.
ii.  The distance of study location is near to the laboratory which preservation and

analysis are carried out.

iii.  The residents who are volunteer to cooperate as respondents in this study.
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Figure 3.1: Map of Kampung Sawah Sempadan, Tanjung Karang, Kuala
Selangor, Malaysia
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3.4 Sampling

3.4.1 Sampling population

The target population for this study were paddy farmers in Kampung Sawah

Sempadan, Tanjung Karang, Kuala Selangor.

3.4.2 Sampling frame

The sampling frame defined in this study was the list of names of paddy farmers
in Kampung Sawah Sempadan that was obtained from Tanjung Karang Area Farmer’s
Organization. The list consisted of all the names of paddy farmers in Kampung Sawah

Sempadan.

3.4.3 Sampling unit

Paddy farmers were selected as sampling unit. Below were the inclusion

criteria for paddy farmers that being included throughout this study:

i. Aged between 18 and 60 years old.

ii. Worked directly in paddy field for more than six months.

32



The exclusion criteria was important to obtain reliable results. Therefore,
exclusion criteria throughout this study was paddy farmers who hired workers or

helper to manage their paddy field.

3.4.4 Sampling size

The total population of paddy farmers in Tanjung Karang, Kuala Selangor is
approximately 7679. Meanwhile, the total population of paddy farmers in Kampung
Sawah Sempadan, Tanjung Karang is around 1147. The sample size for present study
was ascertained by using formula adapted from Lemeshow et al. (1990). Hence, the

required sample size was calculated by using following formula:

221—§P(1—P)
n=

dz
Equation 3.1
Where,
n = Sample size
Z%1- % = Standard errors associated with confidence intervals,
95% (1.96)
P = Highest prevalence, 0.1
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d = Desired precision, 0.05

The calculation was as following:

_ (1.96)%x (0.1)(1 - 0.1)

" (0.05)2

n=138

The value if prevalence P was 0.1, from the study by Anh et al. (2007) which
mentioned the overall prevalence of dermatitis among farmers due to exposure to water

in which they engaged in agricultural activities in Hanoi, Vietnam.

The minimum sample size for this study was 138 respondents. In order to

achieve appropriate response rate, 10% of minimum sample size were added to 138.

The calculation was as following:

s 10 e s o
10% of minimum sample size —5g X minimum sample size

10
To-ax 138

=13.8=14
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Total respondents =138+ 14

=152

Therefore, at least 152 questionnaires were disseminated among the target

population.

3.5 Sampling technique

3.5.1 Water sampling

The water samples were collected from paddy field in Kampung Sawah
Sempadan to determine concentrations of pesticides. There were a total of 24 blocks
of paddy field (Block A to Block X) included in this study. Composite paddy water
samples of each of the paddy block were taken in five different sampling points as
illustrated in Figure 3.2. One liter of the paddy water was collected from each sampling
point. Five water samples collected from each block were homogenised. Then, three
replicates of composite water samples were collected by using one liter amber glass
bottle and kept immediately in ice box at 0-4°C. A total of 72 water samples were

collected from 24 blocks of paddy field in this study.
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Figure 3.2: Five sampling points for water samples collection for each block

The collected water samples were labeled on-site using self-administered
labeling stickers and transported back to the Environmental Health Laboratory at the
Faculty of Medicine and Health Sciences, Universiti Putra Malaysia on the same day.
Samples were kept in refrigerator with an average temperature of 4°C and analysed

within one week after sampling by using UPLC-MS/MS.

3.5.1.1 Measurement of in situ water quality parameters of water

The in situ water quality parameters which includes pH of water, temperature,
electrical conductivity, dissolved oxygen, turbidity, salinity and total dissolve solid
(TDS) were measured in this study by using respective instruments. pH of water
samples were measured by using Milwaukee Portable pH meter, USA. Temperature,
electrical conductivity, salinity and TDS were measured by using Waterproof Portable
Meter (CyberScan Series 600, USA). Dissolved oxygen was measured by using Eutech
Instrument Cyberscan DO110 Dissolved Oxygen Portable meter (Thermo Fisher
Scientific Inc, USA) meanwhile HACH 2100P Turbiditimeter, USA was used to
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measure turbidity. All parameters were measured and recorded at the same time on site
to ensure that the reading or data taken were accurate. The readings of each of the

parameters were recorded three times.

3.5.1.2 Water samples preservation

Based on Guidelines for Field-Measured Water-Quality Properties by Wilde
(2008) with modifications, paddy water samples were collected from all paddy blocks
in Kampung Sawah Sempadan by using silanized amber glass bottles and were kept in
temperature in the range of 0-4°C. Silanized glass bottles were used for water samples
collection to prevent pesticides compounds react with the bottle as no harmful
chemicals can leach into its content. Furthermore, amber glass bottle can prevent

change of the water samples compositions via photodegradation.

After the water collection, 80 mg of sodium thiosulphate was immediately
added into each of the silanized amber glass bottles to neutralize the water samples.
Before undergoing extraction and analysis processes, the water samples were
preserved and undergone pre-treatment to ensure that significant changes in

composition did not happen before the analysis were made.
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3.5.2 Selection of target compounds

There were 13 compounds of regular used pesticides that have been
distinguished upon interviewing paddy farmers and only three of these compounds
were selected to be analysed throughout this study. Pesticides active ingredients with

their frequency and percentage of usage is summarized in Table 1.1.

The three compounds chosen for this study were isoprothiolane, propiconazole
and pretilachlor. Information of the individual targeted compounds which
encompasses International Organization for Standardization (ISO) commmon name,
pesticides type, [UPAC name, Chemical Abstracts Service (CAS) number, molecular
formula, molecular structure and molecular weight, log Kow and cancer classification

are summarized in Table 2.1.

3.5.3 Extraction and preparation of samples

Two hundred and fifty millilitres of water samples were filtered with 1.0 um
GFF and further filtered with 0.45 um and 0.22 pm nylon membrane to remove
particles that may interfere during the analysis process. Prior SPE, 50 ug/L of internal
standard (imidacloprid-ds) were added to <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>