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ABSTRACT

OCCURRENCE OF AZOXYSTROBIN, PYMETROZINE AND
TEBUCONAZOLE IN PERSONAL AIR SAMPLES AND THEIR
REPORTED HEALTH SYMPTOMS AMONG PADDY FARMERS AND
NON-EXPOSED GROUP IN TANJUNG KARANG, SELANGOR

NORHAZWANI BINTI ZAMRI

Introduction: Malaysia is one of the countries that put huge efforts in strengthening
their paddy and rice industry due to its vital significance as country’s staple food.
Hence, in an effort to improve production yield, the use of pesticides consequently
prevalent and act as a crucial tool. However, pesticides contamination has become
unavoidable problems especially among paddy farmers who are constantly handling
pesticides as it gives variety of adverse health symptoms. Objective: To determine the
concentrations of pesticides (azoxystrobin, pymetrozine and tebuconazole) in the
personal air samples and their reported health symptoms among paddy farmers and
non-exposed group. Methodology: A comparative cross-sectional study was
conducted among 85 paddy farmers and 85 non-exposed group in Kampung Sawah
Sempadan, Tanjung Karang, Selangor by convenient sampling. All respondents were
required to answer a set of questionnaires. A solid sorbent tube (XAD-2 resin) with a
clip was attached to the respondents’ breathing zone and an air pump fastened to the
belt to collect the personal air samples. Pesticides collected in the XAD-2 resin were
extracted with acetone, centrifuged, concentrated via nitrogen blowdown and
reconstituted with ImL of 3:1 ultrapure water: methanol solution. The extract was
analysed by using Ultra-high-performance chromatography tandem mass spectrometry
(UHPLC-MS/MS). Results and Discussion: The maximum concentrations of
azoxystrobin, pymetrozine and tebuconazole found in personal air samples were
53.80ng m>, 365.80ng m™ and 337.10ng m™) respectively. The concentrations of
target compounds were significantly different among paddy farmers and non-exposed
group There was significant difference on reported health symptoms such as breathing
difficulties, chest pain, nausea, vomiting and runny nose among paddy farmers and
non-exposed group. Other than that, there was significant association between
sociodemographic background (age and level of education) and reported health
symptoms among paddy farmers as compared to non-exposed group. There was
significant association between lifestyle (smoking status, consumption of vegetables
and fruits once a week and exercise practice) and reported health symptoms among
paddy farmers as compared to non-exposed group. There was significant association
between concentration of pymetrozine and tebuconazole with reported health
symptoms among paddy farmers as compared to non-exposed group Conclusion: The
findings in this study can be beneficial in terms of risk management within agricultural
community.

Keywords: Pesticides, inhalation, reported health symptoms, personal air
samples, paddy farmers



ABSTRAK

KEJADIAN AZOXYSTROBIN, PYMETROZINE DAN TEBUCONAZOLE DI
DALAM SAMPEL UDARA PERIBADI DAN GELAJA KESIHATAN YANG
DILAPORKAN DALAM KALANGAN PESAWAH PADI DAN KUMPULAN

TIDAK TERDEDAH DI TANJUNG KARANG, SELANGOR

NORHAZWANI BINTI ZAMRI

Pengenalan: Malaysia adalah salah satu negara yang menitikberatkan industri padi
dan beras kerana ia penting sebagai makanan ruji. Oleh itu, dalam usaha untuk
meningkatkan hasil pengeluaran, penggunaan racun perosak semakin berleluasa.
Walau bagaimanapun, pencemaran racun perosak telah menjadi masalah yang tidak
dapat dielakkan terutamanya dalam kalangan pesawah padi kerana ia memberi
pelbagai gejala kesihatan yang negatif. Objektif: Untuk menentukan kepekatan racun
perosak (azoxystrobin, pymetrozine dan tebuconazole) di dalam sampel udara peribadi
dan gejala kesihatan yang dilaporkan dalam kalangan pesawah padi dan kumpulan
tidak terdedah. Metodologi: Kajian rentas keratan perbandingan ini dilakukan dalam
kalangan 85 pesawah padi dan 85 kumpulan tidak terdedah di Kampung Sawah
Sempadan, Tanjung Karang, Selangor dengan menggunakan persampelan secara
mudah. Semua responden dikehendaki menjawab satu set borang soal selidik. Tiub
sorben pepejal (resin XAD-2) beserta klip diletakkan di bahagian zon pernafasan
responden dan pam udara disangkut pada tali pinggang untuk mengumpul sampel
udara peribadi. Racun makhluk perosak yang terkumpul di dalam resin XAD-2 telah
diekstrak dengan menggunakan aseton, disentrifugasi, ditumpukan melalui tamparan
nitrogen dan dibentuk semula dengan ImL 3: 1 air ultrapure: penyelesaian metanol.
Ekstrak itu dianalisis dengan menggunakan spektrometri massa ultra kromatografi
berprestasi tinggi (UHPLC-MS / MS). Keputusan dan Perbincangan: Kepekatan
maksimum azoxystrobin, pymetrozine dan tebuconazole yang terdapat dalam sampel
udara peribadi ialah 53.80ng m?, 365.80ng m™ dan 337.10ng m>. Kepekatan
kompound sasaran adalah berbeza dalam kalangan pesawah padi dan kumpulan tidak
terdedah. Terdapat perbezaan yang signifikan terhadap gejala kesihatan yang
dilaporkan seperti kesukaran bernafas, sakit dada, mual, muntah dan hidung hidung
dalam kalangan pesawah padi dan kumpulan tidak terdedah. Selain itu, terdapat
hubungan yang signifikan antara latar belakang sosiodemografi (umur dan tahap
pendidikan) dengan gejala kesihatan yang dilaporkan dalam kalangan pesawah padi
berbanding kumpulan yang tidak terdedah. Terdapat juga hubungan yang signifikan
antara gaya hidup (status merokok, penggunaan sayur-sayuran dan buah-buahan
seminggu sekali dan amalan senaman) dengan gejala kesihatan dalam kalangan
pesawah padi berbanding kumpulan yang tidak terdedah. Terdapat hubungan yang
signifikan antara kepekatan pymetrozine dan tebuconazole dengan gejala kesihatan
yang dilaporkan dalam kalangan pesawah padi berbanding dengan kumpulan tidak
terdedah. Kesimpulan: Penemuan dalam kajian ini boleh memberi manfaat dari segi
pengurusan risiko dalam komuniti pertanian.

Kata kunci: Racun serangga, pernafasan, gejala kesihatan yang dilaporkan,
sampel udara peribadi, pesawah padi
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CHAPTER 1

INTRODUCTION

1.1 Background

Agriculture in Malaysia involves crops planting, livestock rearing and fishery.
With no expectation, Malaysia is one of the countries that put huge efforts in
strengthening its food security. It is proven by the Malaysia trend of rice production
and consumption (Ye, Beach, Martin, & Senthilselvan, 2017). Shaffril et al., (2010)
also pointed out that it become more concerned among society due to assure the
consistency of supplying food and being a vital medium in solving poverty. Norimah
et al. (2008) stated that Malaysian adult population consumed an average of two and
half plate of rice daily. Therefore, within the rapidly growing population, the

enhancement in the productivity of local rice is compulsory.

Rice are vastly grown around 300,500 ha of land in Peninsular Malaysia
whereas 190,000 ha in East Malaysia (Ahmad and Tahar, 2014). Adam and El Pebrian
(2017) mentioned that, almost 300,000 farmers involved in the paddy cultivation
activity in Malaysia. Indeed, the temperature regime and the precipitation
dissemination in the country also are reasonable for all year cultivation of rice. There

are several major cultivation sites that has been identified; Kemubu Agricultural



Development Authority (Kelantan) (KADA), Kedah, Kelantan, and Northwest
Selangor project, Seberang Perai “Projek Pembanguan Pertanian Bersepadu” (IADA),
Penang, Perak and Katara (Adnan, Nordin, & Ali, 2018). As cited from the Ministry
of Agriculture and Agro-based Industry (MARDI,2010), 72% of the total demand for

rice in Malaysia contributed by IADA, the main paddy producing area.

According to World Health Organization (WHO) (2018), around the world
more than 1000 pesticides applied and every of them associated with different
properties and toxicological effects. The pesticides can kill living organisms (e.g.,
weeds (herbicides), insects (insecticides), fungus (fungicides) and rodents
(rodenticides) (Kim, Kabir, & Jahan, 2017). Likewise, they are prevalent in an effort
to improve production yield and act as an alternative to sustain in land productivity,
reduce crop damage problems as well as to ensure that the quantity and quality of
agricultural products (Hamsan et al., 2017). Regardless of the intensive use of
pesticides, it may not only result in high residues in the crops but also the environment
via the process of leaching, run off, erosion, aerial drift or volatilization of the

pesticides (Zaidon et al., 2018).

Previously, notification related to health effects of pesticides also have been
shortlisted. Exposure through consumption, dermal contact and inhalation caused the
persistent nature and high toxicity of these pesticides. Moreover, Kim et al. (2016)
revealed that bioaccumulation in the food chains consequently effect the human health.
In conjunction to this, there is a necessity to monitor the pesticides usage in agricultural

field and limit its exposure to human and environment. Therefore, the aim of this study
2



was to determine the occurrence of pesticides (azoxystrobin, pymetrozine and
tebuconazole) in personal air samples and their reported health symptoms among

paddy farmers and non-exposed group.

1.2 Problem Statement

The study area selected for this research is Tanjung Karang, Selangor because
it is known as “the rice bowl of Selangor” and being the third largest area of paddy
field in Peninsular Malaysia. There are almost 2194 families of farmers with 14848
acres of rice field and producing an average of 3.8 ton of rice per hectare per year
(Fuad et al.,, 2012). Due to this situation, pesticides are widely used in paddy
cultivation to kill pests or improve yield (WHO, 2018). The high risks groups exposed
to pesticides include production workers, formulators, sprayers, mixers, loaders and

agricultural farm workers.

An interview was conducted six months ago to identify the frequently used
pesticides in the paddy cultivation activities. Three of the popular pesticides
(azoxystrobin, pymetrozine and tebuconazole) were selected for this study. Based on
the Material Safety Data Sheet (MSDS), these compounds (azoxystrobin, pymetrozine

and tebuconazole) were found to have potential health effects to human.

As indicated by the Food and Agriculture Organization (FAO) inventory,

numerous countries are in excess of 500,000 tons of unused and old pesticides that

3



compromising the environment and public health. Based on a review by Mamane et
al. (2015), there were 12 out of 15 cross-sectional studies investigating the relationship
between occupational pesticides exposure with respiratory diseases or other symptoms
such as chronic wheeze, cough, dyspnoea, chest tightness as well as breathlessness.
The study results provide evidences that farming exposure to pesticides is associated

with higher prevalence of respiratory symptoms.

Based on the field observation in the area, majority of the paddy farmers did
not wear proper personal protective equipment (PPE) while handling pesticides
(Figure 1.1). Further increasing in the risk of exposure due to the absences of PPE and
poor personal hygiene (Baharuddin, et al., 2011). Dermal and inhalation are the most
common routes for pesticide exposure. According to the previous study (Hamsan et
al., 2017) in the same area, only 8.4% of the paddy farmers wear proper PPE while

91.6% did not wear proper PPE.

In short, this research aimed to measure the occurrence of pesticides
(azoxystrobin, pymetrozine and tebuconazole) and assess their reported health
symptoms among paddy farmers and non-exposed group. It studied on some
contributing factors such as lifestyle, socio-demographic background of respondents
and concentrations of pesticides to the reported health symptoms of the target

population.
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Figure 1.1: Farmers do not wear proper PPE while spraying pesticide

1.3 Study Justification

A billion of Ringgit has been granted to enhance rice production in the past of
fifty years. Rendering to this, it portrays the urgency in improving the primary source
of food in Malaysia. Certainly, more pesticides are being utilized to expand this
already massive production of rice. Agricultural tasks performed in paddy fields
include spraying and mixing pesticides, scattering seed, and harvesting crops. The
risks and consequences of being directly exposed to pesticides may differ according to
the task and doses used, resulting in different symptoms (Sapbamrer, Ratana & Sakorn
Nata, 2013). Thus, study on reported health symptoms among paddy farmers and non-
exposed group are essential for the evaluation of the persistence of pesticide and their

breakdown products.



To a certain extent, there were several studies focusing on pesticide exposure
in ambient air (Batterman et al., 2008; Coscolla et al., 2014a, 2014b, 2013, 2011, 2010,
2009; Lin et al., 2015; Lopez et al., 2017, 2016; Yang et al., 2008; Yusa et al., 2014,
2009; Zhao et al., 2015). However, there were not many studies measured on the
concentration of pesticides in personal air samples. Among the few were reported on
the concentrations of imidacloprid (Choi et al., 2013), chlorpyrifos, dicrotophos,
profenofos (Jaipieam et al., 2009), 2,4-D, paraquat (Baharuddin et al., 2011), atrazine
(Lozier et al., 2013), penconazole (Tsakirakis et al., 2014) and amitraz (Aghasil et al.,

2010).

Currently, there are no studies have compared the health symptoms among
paddy farmers and non-exposed group due to occupational exposure of pesticides in
personal air samples. Thus, the aims of this study are to determine the occurrence of
azoxystrobin, pymetrozine and tebuconazole in personal air samples and their reported
health symptoms among paddy farmers and non-exposed group in Tanjung Karang,

Selangor through occupational exposure.

Study by Kim et al. (2016) have indicated that, long term exposure of handling
pesticides may lead to chronic health effects such as cancer, neurobehavioral changes,
liver abnormalities, kidney dysfunction and Parkinson diseases. Additionally, low
level of awareness among farmers regarding safety protocol is other factor caus‘ing
health effect. Thus, the occurrence data of pesticides in Malaysian paddy field in this

study gave benefits to community in term of awakening the public understanding and



concerns on the hazardous health effect of pesticides as well as practicing good

lifestyles.



1.4 Conceptual Framework

Figure 1.2 : Conceptual framework




1.5 Research Questions

ii.

1il.

1v.

What are the concentrations of pesticides (azoxystrobin, pymetrozine and
tebuconazole) in personal air samples collected among paddy farmers and

non-exposed group in Tanjung Karang, Selangor?

Are the concentrations of pesticides (azoxystrobin, pymetrozine and
tebuconazole) in personal air samples among paddy farmers are
significantly different compared to non-exposed group in Tanjung Karang,

Selangor?

Are the reported health symptoms of paddy farmers significantly different

compared to non-exposed group in Tanjung Karang, Selangor?

Is there any association between the sociodemographic background and
reported health symptoms among paddy farmers and non-exposed group in

Tanjung Karang, Selangor?

Is there any association between lifestyle and reported health symptoms
among paddy farmers and non-exposed group in Tanjung Karang,

Selangor?

Is there any association between the concentration of pesticides

(azoxystrobin, pymetrozine and tebuconazole) in personal air samples and
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reported health symptoms among paddy farmers and non-exposed group in

Tanjung Karang, Selangor?

1.6 Hypothesis

i. The concentrations of pesticides (azoxystrobin, pymetrozine and
tebuconazole) in the personal air samples collected among paddy farmers are
significantly different compared to non-exposed group in Tanjung Karang,

Selangor.

ii. The reported health symptoms among paddy farmers are significantly different

compared to non-exposed group in Tanjung Karang, Selangor.

iii. The sociodemographic background is significantly associated with the reported
health symptoms among the paddy farmers and non-exposed group in Tanjung

Karang, Selangor.

iv. The lifestyle is significantly associated with the reported health symptoms

among paddy farmers and non-exposed group in Tanjung Karang, Selangor.

v. The concentrations of pesticides (azoxystrobin, pymetrozine and
tebuconazole) in personal air samples is significantly associated with the reported
health symptoms among paddy farmers and non-exposed group in Tanjung

Karang, Selangor.
10



1.7 Research Objectives

1.7.1 General Objective:

To determine the concentrations of pesticides (azoxystrobin, pymetrozine and
tebuconazole) in personal air samples and their reported health symptoms among

paddy farmers and non-exposed group in Tanjung Karang, Selangor.

1.7.2 Specific Objectives:

i. To determine the concentrations of pesticides (azoxystrobin, pymetrozine and
tebuconazole) in personal air samples among paddy farmers and non-exposed

group in Tanjung Karang, Selangor.

ii. To compare the concentrations of pesticides (azoxystrobin, pymetrozine and
tebuconazole) in personal air samples among paddy farmers and non-exposed

group in Tanjung Karang, Selangor.

iii. To compare the reported health symptoms among paddy farmers and non-

exposed group in Tanjung Karang, Selangor.

iv. To determine the association between the socio-demographic background and
the reported health symptoms among paddy farmers and non-exposed group in

Tanjung Karang, Selangor.
11



To determine the association between lifestyle and the reported health

symptoms among paddy farmers and non-exposed group in Tanjung Karang,

Selangor.

To determine the association between the concentrations of pesticides

(azoxystrobin, pymetrozine and tebuconazole) and reported health symptoms

among paddy farmers and non-exposed group in Tanjung Karang, Selangor.

12



CHAPTER 2

LITERATURE REVIEW

2.1 Pesticides and Agricultural Development

Throughout in Malaysia it is estimated the paddy planted area is 672,000
hectares while the average national paddy production is 3.660 metric tonnes per
hectare (Department of Agriculture). National Agro-food Policy (NAFP, 2011-2020)
outlined the strategies for paddy and rice industries to strengthen the industry through
six strategies (to increase productivity and rice quality, to increase efficiency
mechanization and automation, intensifying the use of by-products from rice,
strengthening rice stockpile management, restricting the incentive and subsidy for rice

and strengthening the institutional management of paddy and rice).

Generally, crop quality improvement can be obtained when using pesticides as
it controls numerous insect pests, illnesses, and weeds during cultivation and storage.
Moreover, it also reduces the work load and time among the paddy farmers. In
conjunction, direct contact with pesticides by workers that handle and apply these
agents can prompt to harmful effects depending on the level of exposure and toxicity

of these toxic compounds (Choi et al., 2006).

13



Although epidemiological studies have attempted to investigate the association
between long-term pesticide exposures and a number of adverse health outcomes (e.g.,
neurologic, reproductive, endocrine and respiratory disorders, and cancer at different
sites), clear linkages have yet to be established. Therefore, safety evaluation of workers
is positively required to analyse occupational exposure. Several factors that affect the
level of exposure have been identified in the other study. For instance, properties of
compound, the personal hygiene, time of contact with the chemical and equipment

used for application of the pesticides (Kim et al., 2012).

2.2 Properties of Target Compounds

2.2.1 Azoxystrobin

Azoxystrobin is a wide-spectrum systemic fungicide belonging to the
pesticidal compounds called b-methoxyacrylates, which are derived from the
naturally-occurring strobilurins. It acts by inhibiting electron transport in pathogenic
fungi as well as provide protection against fungal diseases caused by Ascomycota,
Deuteromycota, Basidiomycota and Oomycota groups. It is widely used for cereal and

others crops (Von Stackelberg, 2012).

Azoxystrobin has low acute toxicity via the oral, dermal and inhalation routes
of exposure. It is neither an eye or skin irritant nor a skin sensitizer. Previous study
stated that dietary administration of azoxystrobin to rats resulted in decreased body
weights, decreased food intake and utilization, increased diarhea and other clinical

14



toxicity observations (increased urinary incontinence, hunched postures and distended
abdomens). In addition, liver effects characterized by increased liver weights,
increases in alkaline phosphatase and gama glutamyl transferase, decreases in
albumin, gross and histological lesions in the liver and bile ducts, were seen in rats.

Detail information of azoxystrobin is summarized in Table 2.1.

2.2.2 Pymetrozine

Pymetrozine (6-methyl-4-[(E)-pyridin-3-ylmethylideneamino]-2,5-dihydro -
1,2,4-triazin-3-one) is new active ingredients and a type of insecticides. It has been
classified under Toxicity Category IV for acute inhalation. Strictly, pymetrozine is
intended to kill members of the class Insecta (RSC, 2017). In paddy cultivation
seasons, pymetrozine is used for preventing, destroying, repelling or controlling
insects. As stated in Table 2.1, humans are likely to get cancer when exposed to this
insecticide because an investigation on rats showed that tumours occurred when

exposed to it (USEPA, 2018).

A few symptoms such as eye, skin and respiratory passage irritation can be
diagnosed when human inhaled the insecticides. In addition, according to United
States Environmental Protection Agency (USEPA) (2018), previous tests suggest that
this insecticides under triazine group. Other than that, pymetrozine focusing three
major areas in our body which are the liver, hematopoietic system as well as lymphatic

system. A survey on pesticide use among paddy farmers in Tanjung Karang showed
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that they used pymetrozine and had reported a few health symptoms such as by chest
pain, cough and breathing difficulties (Hamsan et al., 2018). Detail information of

pymetrozine is summarized in Table 2.1.

2.2.3 Tebuconazole

One of most effective triazole fungicide for a variety of landscaping and
farming activities is Tebuconazole. It uses a systematic action by inhibiting ergosterol
biosynthesis. This substance has been used effectively to protect various crops against

fungal diseases and for the treatment of fungal infections (RSC, 2015).

Despite its broad usage, tebuconazole is considered to be a potentially
dangerous substance. The World Health Organization (WHO) has deemed
tebuconazole to be a “slightly hazardous” substance and an “acute hazard”. Their
residues have been frequently detected in agricultural products, soils, effluents of
wastewater treatment plants, surface waters, human urine and hair samples (Zhang et
al., 2015; Dong et al., 2013; Kahle et al., 2008; Mercadante et al., 2014; Schummer et

al., 2012).

Pesticides Properties Database stated that tebuconazole targets’ body systems
are the liver and bloodstream as well as can harm to the eyes, digestive and

reproductive systems. Much evidences also showed liver carcinogenicity, hepatic
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toxicities, reproductive and developmental toxicities induced by triazole fungicides
(Hester et al., 2006, 2012; Zhuang et al., 2015; Goetz and Dix, 2009; Mu et al., 2016).

Detail information of tebuconazole is summarized in Table 2.1.
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Table 2.1: Information of the target compounds

Name* Molecular Molecular structure® Molecular Log Kow" Cancer
Type* formula* weight, classification®
Class* g mol!*
IUPAC Name*
CAS-No.*
Azoxystrobin
Fungicide -
Sirobim . Not Likely

C22H17N30s ) 403.394 2.50 at 20°C . _
methyl (E) - 2-[2-[6-(2 _ N“Z IN Carcinogenic
cyanophenoxy) o J%/L o to Humans

0 X0
pyrimidin-4-ylJoxyphenyl]- Il = >
o

3-methoxyprop-2-enoate

131860-33-8
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Name* ' Molecular Molecular structure® Molecular Log Kow* Cancer
Type* formula*® weight, Classification*
Class* (g/mole)*
IUPAC Name*
CAS-No.*
Pymetrozine
Insecticide
Triazine Jo
6-methyl-4-[(E)-pyridin-3- R
I | Likely
ylmethyh deneamino]-z’s- Ci10H11NsO N o * 217.232 0.18 Carcinogenic -
N
dihydro-1,2,4-triazin-3- H Humans.

one

123312-89-0

19



Name*

Type*

Class*

IUPAC Name*
CAS-No.*

Molecular
formula*

Molecular structure®

Molecular
weight,
g mol!*

Log Cancer
Kow* classification®

Tebuconazole

Fungicide

Azole
1-(4-chlorophenyl)-4,4-
dimethyl-
3-(1,2,4-triazol-1-ylmethyl)
pentan-3-ol

107534-96-3

CisH2CIN3O

Cl
0;\/©/
N=N TN

N

307.822

Group C -

Possible human

3.7

carcinogen

*PubChem 2016. National Center for Biotechnology Information (NCBI). https://pubchem.ncbi.nlm.nih.gov (accessed April 2019)

®Chemspider 2015. Royal Society of Chemistry. http://www.chemspider.com/ (accessed April 2019)

‘USEPA (2018). Chemicals Evaluated for Carcinogenic Potential (Annual Cancer Report 2018). http://npic.orst.edu/chemicals_evaluated.pdf

(accessed April 2019
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2.3 Effects of Pesticides on Human Health

In agriculture, pesticides have become a veteran key player as they demolish
and control pests from disturbing the productions of crops (Zaidon et al., 2017). The
risk of exposure depends on the type of pesticides, the duration and route of exposure
and also the health status of individual. Despite the use of personal protective
equipment (PPE), the health conditions of paddy farmers in agricultural practices can
be affected through various type of exposure, including consumption of contaminated

food, residing close to agricultural fields as well as agricultural occupation.

The acute effects of exposure to pesticides are skin and eye irritation, headache,
nausea and dizziness while chronic effects are asthma, diabetes, and cancer (Kim et
al., 2016). In addition, there are several studies have been identified from 2007 to 2017,
suggested the adverse health effects associated with exposure to pesticides. Samsuddin
et al. (2016) reported that, workers who are chronically exposed to low dose mix
pesticides are possibly at