Risk Factors for Organophosphate Pesticide (OP)
Exposure among Indonesian and South Australian
Migrant Farmworkers and the Impact of an

Intervention to Reduce Exposure

Suratman

Bachelor of Public Health; Master of Environmental Health

Thesis submitted in fulfilment of the requirements for
the Degree of Doctor of Philosophy

December 2015

School of the Environment
Faculty of Science and Engineering
Flinders University

South Australia



Table of Contents

Risk Factors for Organophosphate Pesticide (OP) Exposure among Indonesian
and South Australian Migrant Farmworkers and the Impact of an Intervention

10 REAUCE EXPOSUTE.....c.vieieeie ettt sttt et sba e be e nnneneenae e 1

TabIe OF CONTENTS. ....c.viiiieiericee et b e ereas 2

ADSTFACT ...ttt 5

ACKNOWIEAGEMENTS ...ttt sreeneenee e 9

Statement Of AULNENTICITY ..oc.voiieiice e 11

Statement 0f CO-AULNOISNIP.....c.viiiii s 12

PUBIICALIONS ... 13

Chapter 1. Literature REVIEW.........cccoiiiiiiiieieieee e s 15
Organophosphate Pesticides Exposure among Farmworkers: Pathways and Risk of

AVErse Health EFFECES ......cccviiiiiec et 15

ADSEFACT ...ttt e et 16

ISR [ Y oo [ Tox o o ISR 17

2. A Brief History of OP COMPOUNTS ........ccccviiiiiiiiieieieeese e 17

3. PESHICIAR FOIMIS....iiiiiiieiece ettt 18

4. Intrinsic Factors Increasing Susceptibility to OP EffectS.........ccccocvvvivivcininennn. 20

4.1 CRE oot 20

4.2, ParaoXonase (PONL).......ccooiiiiiiiiiee ettt ettt st sre st nas 21

5. Monitoring of OP Pesticides EXPOSUIE........cccoviiiieiie et sre e et 22

5.1. Environmental MONITOFING .......cccooiiiiiiiiiiiiieniese e 22

5.2. Biological MONITOMING .....cvviiiiiie e 23

6. Clinical Manifestations 0of OP TOXICItY........cccccviveiiiiiiiicic e 27

6.1. Acute CholinergiC SYNAIOME ..........coviiiiiiiiie e 27

6.2. Intermediate Syndrome (IMS) ........ccooiiiiiiiiii e 28

B.3. OPIDN ..ottt ne s 30

7. Structures of OP Inhibiting Cholinesterases.........c.ccocovveveiiiic i 31

8. EpidemiologiCal STUIES .........ccooiiiiiiiieiec e 34

9. Pathways of OP-Pesticide Exposure among Agricultural Workers ..................... 41

10.CONCIUSIONS ...ttt sttt b et seesbe e et e e neereans 46

ACKNOWIEAGEMENTS ...ttt 48

(00T 01 i T3l 8 11 (=T =) S S 48

=] (= =] o0 SR 48

Chapter 2. INtrodUCTION ........ccciiiiicie et 71

=] (= =] o0 SR 75

Chapter 3. Knowledge and Perceptions of OP eXpOSUIe ..........cccccvevvrierverienneenn. 80

The Effectiveness of an Educational Intervention to Improve Knowledge and
Perceptions for Reducing Organophosphate Pesticide Exposure among Indonesian and

South Australian Migrant FarmWOIKErS. .........ccooveiiiiie e 80
F N o] 1 - Uo! (SR 81
I = - Tod 1o | o] 0] T ISR 82
2. Materials and Methods ...........oooiiieiiiii e e 84

2.1, Study POPUIALION........cciiiee e e 84



2.2. Sample Size EStMAtiON ........cccoveiiiicic e 86

2.3. Research Questionnaire INStrumMeNt ........c..cooveiivi i 87
2.4, DAA ANAIYSIS......ociiiiiiiiite e 91

B T | R 92
I T ol 1 3] (o] o USSR 99
4.1, Methodological considerations ............cccccocviieieiieie s 102

LT o] o o [1E] o] o -SSR 103
ACKNOWIEAGEMENTS ...ttt sttt sreera e b sne e e 104
DISCIOSUIE ...ttt sttt st s b e et et e s be st e s beeseesaestaeaesreaneesrens 104
=] =] = 01RO 104
APPENTICES ...ttt 112
Chapter 4. Field Practices in Handling OPS ...........ccccooeviiive v 116

Differences in Practices of Handling Organophosphate Pesticides (OPs) and OP-
related Symptoms between Indonesian and South Australian Migrant Farmworkers:

Pre and Post Educational INtervention ............cccceveriveiinieniee s 116
ADSEFACT ... e 117
IR [ Y oo [ Tox T o I OSSPSR 118
2. Study Design and Methods ...........coooiiiiiiii s 120
2.1, Study POPUIALION........coiiiiicc e e s 120
2.2. Research Questionnaire INStruUMENT .........cccocviiiiirieciiceecece e 120
P T D - - W @0 | [<or 4 o] o SRR 121
2.4, DAta ANGIYSIS....ceiiiiiiecic it 122
Be RESUILS ..t 122
3.1. Activities associated with OP application ............ccccevviviireninieneieeeieins 122
3.2. Methods of OP appliCation..........ccccuriiiiiriiiieseeeese e 122
3.3. Types of PPE Usually Worn When Working with OPs ............cccccceeeivenee 126
3.4. Personal Hygiene Behaviour When Working with OPS...........ccccoceoiiiinnne 127
3.5. Types of Packaging and Active Ingredients of OP Pesticide Products....... 128
3.6. Workplace Conditions..........coevviiiiiiiec et 130
3.7. OP-related SYMPLOMS.......cciiiiiiiiccc e 131
O 1 od 1 3] o] o TS 131
ST ©fo] o] (1] T 1TSS 134
ACKNOWIEBAGEMENTS ...ttt et te et esbeera et sbe e e 135
DeClarations Of INTEIEST........ccveiiieeiice sttt sre e 135
=] (T =] [0SR 135
Chapter 5. Cholinesterase Activity LeVelS ........c.ccoeiieiiiii i 140
Levels of Erythrocyte Acetylcholinesterase (EAChE) and Plasma Cholinesterase
(PChE) among Indonesian and South Australian Migrant Farmworkers................... 140
ADSEFACT ...ttt e be e be e sae e sare s be e beenbeeareas 141
ISR [ oY oo [ Tod o] o ISP 142
2. Study Design and Methods ..........c.oooiiieiiiiie e 143
2.1, StUAY POPUIALION ...ttt 143
2.2. Materials and Methods...........coceeiiiiiieiee s 144
2.3. DAta ANAIYSIS.......eiieeieciec e 145
3 RESUILS ...ttt ettt e e b e bb e eabeebeebe e 146
3.1, OP @PPHCALION.....couiiiiiiiiiieeieeeeee et 146
3.2. EACKE ACLIVILY LEVEIS. ..ot 148
3.3. PCRE ACTIVILY LEVEIS. ..ot 153
3.4. Clinical Categories of EAChE and PChE Activity Levels..........cccccceovvinnne 157
O I 1 od B3] o] o S 158
LT O] [od 11 ] o] o LS S 162
ACKNOWIEAGEMENTS ...cvieeieie ettt sreera b sre e e 163



DECIAratioNS OF INTEIEST......oveeeeiiceeiie ettt ettt ettt r et e e sttt ere e e e seraeees 163

[ ] (= 2] Q10T TP 163
Chapter 6. Pyridine-2-aldoxime methochloride as a PChE Reactivator .......... 171
Estimation of Plasma Cholinesterase (PChE) inhibition using Pralidoxime (pyridine-2-
aldoxime methochloride) as PChE reactivator in a field study ..........c.ccccooveveivivennne. 171

P AN o] 1 - (o1 1T TTURRTPRRR 172

I 1 g} d o To (611 A T0] o HFU TR 173

2. Study Design and Methods ...........ccoiiiiiiiiii s 175
2 I o 0ot To U] TR 176

AT 10 ] 0] L=l @01 1 Tox 4 o] o USRS 177

2.3, DAtA ANAIYSIS......ooiiiiiiiieie e 177

T = S U] | TP 178

O T [ o 1 11] (o] o T TTTRRTPRRR 182

LT O] o [¢] [0 o] o - PR TR OTPRPTRRRR 184
ACKNOWIEAGEMENTS ... 184
DECIAIAtIONS OF INTEIEST ... vttt ettt e et e s et e s et e e s e e e e senreees 185

R E] =] =] (1= F TP 185
Chapter 7. FINAl DISCUSSION ......c.coiviiiiiiiiiiesiisieie et 193
ACKNOWIEAGEMENTS ... 200

R E] =] =] (1= F TP 201

N ] 01T o [ o0t RS SSOR SR 208



Abstract

Organophosphate compounds are the most widely used pesticides in the world.
Organophosphate pesticides (OPs) contribute to mortality and morbidity in
farmworkers through acute or chronic pesticide-related illnesses. While the factors
that increase OP exposure and cause adverse health effects among farmworkers in
developing and developed countries have been investigated in the past, there is a
paucity of relevant research in Indonesia and Australia.

This study consisted of quasi and true experimental designs. A quasi-
experimental design is defined as a design that is similar to an experimental design
but lacks a key ingredient, random assignment. This research design is sometimes
called as non-randomised pre-post intervention studies. This design involves
selecting groups, upon which a variable is tested, without any random pre-selection
processes. After this selection, the experiment proceeds in very similar way to any
other experiment, with a variable being compared between different groups, or over a
period of time. The quasi-experimental study investigated benefits arising from short
educational intervention, either delivered using a group communication among
Indonesian farmworkers or one-on-one approach among South Australian (SA)
migrant farmworkers. Specifically, the study assessed knowledge of adverse effects
of OPs and self-protection from OP exposure, perceptions about OP exposure, field
practices in handling OPs to reduce OP exposure, and activity levels of plasma
cholinesterase (PChE) as a biomarker of exposure to OPs and erythrocyte
acetylcholinesterase (EAChE) as a biomarker of toxicity in whole blood samples.
Data collection used an interviewer-administered questionnaire and collection of a
fingerprick blood sample before and following the intervention. Fingerprick blood

samples were assessed immediately using Test-mate ChE field kit instrument to
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measure EAChE and PChE activities. Meanwhile, the true experimental study
examined whether the interaction between pralidoxime (pyridine-2-aldoxime
methochloride) solution in saline leads to changes in PChE activities inhibited by
OPs using fresh plasma samples in field measurements as a method to estimate
percent inhibition of PChE activities due to OP exposure. Blood samples were
centrifuged to separate plasma. Plasma samples were then divided into two portions.
One 8pL portion was mixed with 2uL pralidoxime solution in saline and the other
portion was mixed with 2uL saline solution. PChE of each sample was analysed
using the same field kit.

This study was conducted at two research sites, at Dukuhlo Village in Brebes
Regency, Indonesia and the suburb of Virginia, South Australia. In Indonesia, 30 of
52 Indonesian farmworkers working and living at the village were randomly
selected. On the other hand, due to many difficulties in recruiting research
participants in Australia, a snowball sampling method by asking research participants
to nominate another farmworker with the same trait as our next participant was used
to select seven SA migrant farmworkers resulting in a sample size of seven
farmworkers. Nominate another farmworker with the same trait means proposing
another farmwoker who has the same characteristics to be a research participant in
accordance with inclusion criteria, namely male, had to be employed in farm work
within the past 3 months. The ethnicity of the SA migrant farmworkers was
Vietnamese. All those research participants were involved both study designs. In
addition, twenty-four venous blood samples from random blood donations collected
once from the Australian Red Cross Blood Service (ARCBS, Adelaide, SA) were
added as a third sampling group in the true experimental study.

Results of the educational intervention showed statistically significant

improvements in scores of knowledge, perceived susceptibility, perceived severity,
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perceived benefits, and perceived Dbarriers, except for cues to action among
Indonesian farmworkers after being adjusted for level of education and years
working as a farmworker. In contrast, SA migrant farmworkers had statistically
insignificant improvements in almost all measured variables, except for knowledge
about adverse effects of OPs. Generally, the intervention did not significantly change
field practices in both groups. However, some self-reported significant behavioural
improvements in handling OPs occurred among Indonesian farmworkers, for
example, not touching crops after OP application, not spraying OPs against wind
direction, avoiding spray drift when applying OPs and ensuring to not affect other
people by over applied spray drift when applying OPs. In addition, the proportion of
farmworkers who were suffering from OP-related symptoms slightly decreased from
67% in pre intervention to 63% in post intervention. In general, the field practices of
SA migrant farmworkers in post intervention remained constant compared with pre
intervention. A group communication was more effective in improving knowledge,
perceptions, and some aspects of field practices in handling OPs compared with the
one on one intervention. Notwithstanding, the differences in EAChE and PChE
activity levels between pre and post intervention could be related to the time elapsed
since last exposure and not to the intervention performed. Furthermore, the results of
the true experimental study demonstrated that PChE re-activation ranging from 36%
to 39%. The estimation of percent inhibition of PChE activities in fresh plasma
samples due to OP exposure among these three groups showed that the highest
inhibition occurred among SA migrant farmworkers, approximately 33%, otherwise
Indonesian farmworkers and ARCBS were similar, approximately 28%.

Among Indonesian farmworkers, factors of knowledge, perceived
susceptibility of OP exposure, perceived severity of adverse health effects due to OP

exposure, perceived benefits of personal protective equipment (PPE) use and field
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practices in handling OPs played an important role in increasing OP exposure.
Meanwhile, perceived barriers to PPE use, following OPs safety procedures, and
cues to action were identified as important factors in increasing OP exposure among
SA migrant farmworkers. In addition, the use of group communication was more
effective in improving farmworkers’ knowledge and perceptions compared with the
individual approach. Notwithstanding, the effect of different periods between OP
application and blood collection might also influence the differences of these results
between both study groups. Provision of appropriate equipment and long-term
educational intervention linked to workplace conditions was needed to improve their
knowledge, perceptions, and work practices to reducing adverse effects due to OP
exposure. Pralidoxime assay can be a useful exposure measurement tool to use under

field conditions.
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Abstract

Organophosphate (OP) compounds are the most widely used pesticides with
more than 100 OP compounds in use around the world. The high-intensity use of OP
pesticides contributes to morbidity and mortality in farmworkers and their families
through acute or chronic pesticides-related illness.

Many factors contributing to adverse health effects have been investigated by
researchers to determine pathways of OP pesticide exposure among farmers in
developed and developing countries. Factors like wind/agricultural pesticide drift,
mixing and spraying pesticides, use of personal protective equipment (PPE),
knowledge, perceptions, washing hands, taking a shower, wearing contaminated
clothes, eating, drinking, smoking, and hot weather are common in both groups of
countries.

Factors including low socioeconomic status areas, workplace conditions,
duration of exposure, pesticide safety training, frequency of applying pesticides,
spraying against the wind, and reuse of pesticide containers for storage are specific
contributors in developing countries whereas housing conditions, social contextual
factors, and mechanical equipment were specific pathways in developed countries.

This paper compares existing research in environmental and behavioural
exposure modifying factors and biological monitoring between developing and
developed countries. The main objective of this review is to explore the current depth
of understanding of exposure pathways and factors increasing the risk of exposure

potentially leading to adverse health effects specific to each group of countries.
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1. Introduction

Pesticide use significantly increases from year to year particularly in
developing countries. Pesticides are beneficial in food production, improving crop
yields and efficiency of food production processes, reducing the cost of food, and
providing a high-quality produce for consumers. Approximately 40 % of food
production around the world is lost every year due to weeds, pests, and diseases.
Crop losses would be doubled if farmworkers did not apply pesticides on their crop.
In addition, safe domestic use of pesticides also have some benefits to control pests
relevant to public health and infrastructure (termites, roaches, ants, rats, and other
pests) (Delaplane, 2000; Ghatax & Turner, 1978; Jeyaratnam, 1990).

Organophosphates (OP) are among the most widely used agricultural
chemicals. More than 100 OP compounds are known and have been used in most
countries around the world (Eddleston et al., 2005).

Agricultural workers are the population at most risk of exposure to OP
pesticides. The aim of this paper is to review exposure pathways prior to the design
of a study to assess ways to reduce OP exposure. The novelty of this review article is
a comparison of environmental and behavioural factors including biological
monitoring between developing and developed countries based on previous studies to
determine specific pathways of OP pesticides exposure and factors affecting the risk

of increased exposure leading to adverse health effects.

2. A Brief History of OP Compounds

OP compounds have been used for a long time to protect their crops from
insect attacks. De Clermont and Moschnine discovered tetraethyl pyrophosphate

(TEPP) as the first OP cholinesterase inhibitor in 1854 (Nurulain, 2011, 2012;
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Soltaninejad & Shadnia, 2014). From 1934 to 1944, Schrader developed parathion,
paraxon, tabun, sarin, and soman as nerve agents (Nurulain, 2011, 2012; Soltaninejad
& Shadnia, 2014). Parathion was developed and introduced to the market for the first
time in 1943 and is still being used on a wide scale today (Delaplane, 2000; Taylor et
al., 2007).

After World War 11, the use of OP pesticides in agriculture and public health
rose significantly (Squibb, 2002). Most people used OP pesticides to control pests
from the 1950s to the 1960s. The Cyanamid Company introduced malathion in 1950
(Soltaninejad & Shadnia, 2014; Taylor et al., 2007). In 1952, dichlorvos, trichlorfon
and diazinon were developed (Casida & Quistad, 1998). Meanwhile, another nerve
agent, VX, was developed in 1958 (Soltaninejad & Shadnia, 2014). From 1961, VX
was mass-produced to be among the chemical warfare agents used by the military in
Iraq (Soltaninejad & Shadnia, 2014). In the late 1950s, OP use rose dramatically in

agriculture and horticulture (Department of Labour of New Zealand, 2000).

3. Pesticide Forms

Most OP are used as insecticides, with a few used as a fungicides, herbicides,
or rodenticides. This group of pesticides is available in powder, liquid concentrate, or
granules. All forms are susceptible to hydrolysis and oxidation. Moisture and
sunlight play an important role in the environmental transformation process (Costa,
2008; Fenske & Edgar W. Day, 2005). Degradation of these compounds in the
environment is fast. For example, malathion, chlorpyrifos, and diazinon degrade
rapidly, with half-lives, respectively, ranging from 1 to 5 days, from about 2 to 14
days, and from 16 to 103 days at 25°C (Porto et al., 2011; Costa, 2008; Qiao, 2010;

Starner et al., 1999).
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Exposure to OPs in humans can occur via ingestion, inhalation, and dermal
absorption. Uptake through the skin may be significant, because of the lipophilic
nature of these compounds. Biotransformation of OPs occurs through three main
reactions, namely, oxidation, transferase reaction, and hydrolysis (Kaloyanova &
Batawi, 1991). Toxic effects of OPs occur through inhibiting acetylcholinesterase
(AChE) (generally known as cholinesterase (ChE)) enzyme activity, inhibiting
neuropathy target esterase (NTE), and releasing the alkyl groups attached to the
phosphorous atom and the alkylation of macromolecules, including RNA and DNA
(Costa, 2008; Kaloyanova & Batawi, 1991).

Chlorpyrifos [O,0-diethyl O-(3,5,6-trichloro-2-pyridinyl)-phosphorothionate]
is one of the most widely used OP pesticides (Risher & Navarro, 1997; Smegal,
2000). Chlorpyrifos can enter the body through the gastrointestinal tract, skin, or
inhalation (Risher & Navarro, 1997; Smegal, 2000). Chlorpyrifos experiences bio-
activation to chlorpyrifos oxon in the liver through the cytochrome P-450 mediated
desulfurization and then undergoes hydrolysis to 3,5,6-diethylphosphate and
trichloro-2-pyridinol (TCP) (Qiao, 2010).

Chlorpyrifos has a short biological half-life, approximately 18 h in plasma and
about 62 h in fat tissue (Qiao, 2010). However, due to their very wide use,
chlorpyrifos metabolites are commonly found in human tissue (fat tissue). Excretion
of chlorpyrifos occurs mainly through urine. Chlorpyrifos oxon is the active
metabolite that causes toxic effects. The oral LDso of chlorpyrifos in rats ranges
between 82-270 mg/kg (Qiao, 2010). Immediately after exposure, PChE activity is
more inhibited than EAChE (Lotti, 1995). The half-life of PChE recovery after OP
exposure was about 12 days and complete recovery has been reported to occur after
about 50 days (Mason, 2000). This contrasts with complete recovery of EAChE

(attaining unexposed activity) after about 82 days, shorter than the normal life-span
19



of erythrocyte (about 120 days) (Mason, 2000). Recovery from mild inhibition has
been shown to be about 1-3 days whereas recovery from moderate inhibition is 1-2
weeks (Workplace Health and Safety Queensland, 2012).

OP poisoning occurs when OP compounds enter a human body through
dermal, gastrointestinal, or respiratory system. The principle mechanism of action of
OP pesticides is ChE inhibition. Acetylcholine (ACh) is an excitatory
neurotransmitter. ChE breaks down ACh into choline and acetic acid in synaptic cleft
and thus prevents over-stimulating post-synaptic nerves, muscles, and exocrine
glands (Heide, 2007; Marrs, 2001).

OP inhibits ChE activity by occupying and blocking the location where the
ACh attaches to the ChE. As a result, excessive amount of ACh accumulate at the
skeletal neuromuscular junction and synapses and cause over-stimulation of post-
synaptic nerves, muscles, and exocrine glands (Heide, 2007).

Specific cholinesterases, known as red blood cell Acetylcholinesterase (RBC-
ChE), are in the nerve ganglion synapse and erythrocytes, whereas non-specific
cholinesterases, known as butyrylcholinesterase (BuChg) or plasma cholinesterase

(PChE), are found mainly in plasma and the liver (Marrs, 2001).

4. Intrinsic Factors Increasing Susceptibility to OP Effects

Two intrinsic factors that can increase susceptibility to OP pesticides are ChE

and paraoxonase (PON1) (WHO, 2006) activity levels.

4.1. ChE

ChE is the target enzyme of OP in central and peripheral nervous systems.

Lower ChE activity increases susceptibility to OP exposure (Gonzalez et al., 2012).

20



A study by S6zmen et al. (2002) assessing BuChE activity among 28 OP-poisoned
patients and 66 healthy volunteers showed that BUChE activity was 50% lower
(2276£738 U/L) in patients than (5037£1553 U/L) in controls (p<0.01). Another
study among OP-exposed agricultural pesticide handlers in Washington State
recruited during the period of the 2006 and 2007 spray seasons (Hofmann et al.,
2009) revealed that all of the research participants had significantly lower BuChE

activity during the OP spray season compared to preseason levels (n=163; p<0.001).

4.2. Paraoxonase (PONL1)

Paraoxonase (PONL1) is a polymorphic enzyme synthesized in the liver and
transported, along with a high-density lipoprotein in plasma that plays an important
role in hydrolyzing the active metabolites of OP compounds such as diazinon,
chlorpyrifos, and parathion (Costa et al., 2012; Hernandez et al., 2003; La Du et al.,
1999). Paraoxonase is one of the two genes that is known to increase susceptibility to
OP pesticides. Paraoxonase, further modifies an individual’s susceptibility to OP
toxicity (i.e. individuals can vary 11-fold in the ability to inactivate the OP pesticide
parathion, depending on which gene for this enzyme they carry (Brophy et al., 2001).
A study by S6zmen et al. (2002) investigating PON1 activity among 28 OP-poisoned
patients and 66 healthy volunteers showed that PON1 activity was 30% lower (114.2
* 67.4 nmol/mL/min) in patients than (152.9 + 78.9 nmol/mL/min) in controls
(p<0.05). Similarly, Ellison et al. (2012) in Egypt demonstrated that PON1 55 and
PONL1 192 genotypes had a significant influence to PON1 activity among agricultural
workers exposed to chlorpyrifos. PON1 phenotype is an important factor of
susceptibility to OP toxicity. Among 163 OP-exposed agricultural pesticide handlers
in Washington State there was significant association between lower levels of plasma

PONL1 activity and greater BUChE inhibition (Hofmann et al., 2009). Costa et al.
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(2012) found PONL1 to be an important factor of OP-pesticide toxicity among rats

and mice, especially in the toxicity of diazinon and chlorpyrifos oxon.

5. Monitoring of OP Pesticides Exposure

Agricultural workers are frequently occupationally exposed to OP pesticides in
occupational setting. Common methods to monitor exposure to OP pesticides use

data collected from environmental measurements and/or in biological samples.

5.1. Environmental Monitoring

The aim of the environmental monitoring is to measure hazardous materials in
environmental media, such as air, surfaces, household dust, water, food, and soil. It is
particularly important when a single exposure route has been identified (Needham et
al., 2005). According to Hoppin et al. (2006), surface sampling indoors can be
measured using methods of deposition pad samples, a wipe sampling technique, or a
vacuum technique. Air samples can be measured using high-volume samplers.
Meanwhile, a duplicate plate method is used to analyse OP pesticides exposure in
food samples.

Some studies had demonstrated the existence of OP in the environment.
Simcox et al. (1995) measured OP compounds (azinphosmethyl, chlorpyrifos,
parathion, and phosmet) in household dust and soil samples collected from children’s
play areas near operating apple or pear orchard. The samples were extracted and
analysed by gas chromatography/mass selective detection. As many as 62% of
household dust samples contained these four OP compounds, and 66.7% of the farm
homes were found at least one OP in quantities above 1000 ng/g. %s were % of the

samples that contained OPs. The detection limit of household dust sampling ranged
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from non-detectable to 17,100ng/g. There were no interferences. For reference
families, OP concentrations ranged from nondetectable to 820 ng/g. Another study
by Gordon et al. (1999) revealed that chlorpyrifos and diazinon had been detected in
all sample media (indoor and outdoor air, house dust, and foundation soil.
Chlorpyrifos were found in floor dust (88%), indoor air (65%), personal air (17%),
yard soil (31%), foundation soil (48%), and outdoor air (ng/m?) (10%). Meanwhile,
diazinon had been identified in floor dust (53%), indoor air (63%), yard soil (18%),

foundation soil (37%), and outdoor air (ng/mq) (21%).

5.2. Biological Monitoring

According to Berlin et al. (1980), biological monitoring means “the
measurement and assessment of workplace agents or their metabolites either in
tissues, secreta, excreta, expired air or any combination of these to evaluate
exposure and health risk compared to appropriate reference”.

The National Research Council classified biological monitoring into three
types as follows: (1) biological monitoring of exposure (i.e., measuring the dose of
pesticides absorbed by the human body and identifying its metabolites in urine after
exposure); (2) biological monitoring of effect (i.e., blood cholinesterase testing); and
(3) biological monitoring of susceptibility (i.e., PON1 status) (National Research
Council, 2006).

Biological monitoring has an important role in identifying any substances that
accumulate in the human body exposed to chemicals, especially pesticides through
measurement of biomarkers in biological samples. Biological monitoring is the best
method to analyse to what extent a farmworker has been exposed to pesticides due to

multiple pathways by which exposure can occur (Edwards, 2007; WHO, 1993).
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Table 1 presents some previous studies regarding biological monitoring
(AChE, PChE, PON1, metabolites) of OP-pesticide exposure in developing
(Afriyanto, 2008; Catano et al., 2008; Cecchi et al., 2012; Dasgupta et al., 2007;
Jintana et al., 2009; Kashyap, 1986; Panuwet et al., 2009; Panuwet et al., 2008;
Phung et al., 2012; Shomar et al., 2014) and developed countries (Benmoyal-Segal et
al., 2005; Bouvier et al., 2006; Costa et al., 2012; Furlong et al., 2005; Gonzalez et
al., 2012; Grandjean & Landrigan, 2014; Hernandez et al., 2003; Hofmann et al.,
2009; Koch et al., 2001; La Du et al., 1999; Lopez-Granero et al., 2014; Marsillach et
al., 2011; Nomura et al., 1986; Rohlman et al., 2011; Sanchez-Santed et al., 2004,
Tromm et al., 1992). Generally, some biomarkers (AChE, PChE, and metabolites)
and symptoms of OP-pesticide exposure have been investigated by researchers in
both groups of countries. However, researchers in developing countries have
generally not measured PONL1 in their studies. This is completely different from
developed countries, where most studies have linked these biomarkers with neuro-

behavioural outcomes (Table 1).
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Table 1: Biological monitoring of OP-pesticide exposure studies in developing and developed countries.

Biological monitoring related to risk factors

Study Sites References AChE PChE PON1

Metabolites

Health Effects

Environmental
Factors

Behavioural
Factors

Developing Shomar et al. (2014) - - -
Countries Panuwet et al. (2008) -
Afriyanto (2008) X

Jintana et al. (2009) X

Dasgupta et al. (2007) X
X

X

X

Cecchi et al. (2012)
Kashyap (1986)

Panuwet et al. (2009) - - -
Phung et al. (2012) - - -
Catano et al. (2008) - X -

X X

X
X

X X X o

o O

X = Significant (p<0.05) in bivariate analysis; XX= Significant (p<0.05) in multivariate analysis; 0 = Factor was not statistically examined;
N = Factor was examined, no significant association; ~ = Factor was examined, no information regarding association test; - = Factor was not investigated
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(Table 1: Continued)

Biological monitoring related to risk factors

Study Sites References AChE PChE PON1 Metabolites Health Effects Environmental Behavioural
Factors Factors

Developed Gonzalez et al. (2012) X X X - - - -

Countries Benmoyal-Segal et al. X ]
(2005)
X

Hofmann et al. (2009)
La Du et al. (1999)
Hernandez et al. (2003)
Costa et al. (2012) -
Tromm et al. (1992) X - - - X - -
Nomura et al. (1986) - - -

Koch et al. (2001) - - - X - - -
Bouvier et al. (2006) - - - X

Furlong et al. (2005) - - X - - - -

Grandjean and ) i ) o o i i
Landrigan (2014)

Lopez-Granero et al. X
(2014)

Marsillach et al. (2011) - 0 - - - - -
Rohlman et al. (2011) 0 0 - - 0 - 0

Sanchez-Santed et al.
(2004) X - - - X - -

X
X >0 X X

X

X = Significant (p<0.05) in bivariate analysis; XX= Significant (p<0.05) in multivariate analysis; o = Factor was not statistically examined;
A = Factor was examined, no significant association; ~ = Factor was examined, no information regarding association test; - = Factor was not investigated



6. Clinical Manifestations of OP Toxicity

ACh is a neurotransmitter that acts at two main receptors, namely, nicotinic
and muscarinic. There are three types of clinical manifestations of OP toxicity: acute
cholinergic syndrome, intermediate syndrome, and organophosphate-induced
delayed neuropathy (OPIDN). Marrs (2001) indicates that acute cholinergic
syndrome and the intermediate syndrome are the result of inhibition of ChE, whereas

OPIDN is associated with the inhibition of NTE.

6.1. Acute Cholinergic Syndrome

Acute cholinergic syndrome occurs due to high level exposure to OP
compounds. It occurs soon after exposure to OP and lasts for several days. Acute
cholinergic symptoms and signs of OP poisoning, including gastrointestinal upset,
urination, miosis, bronchospasm, sweating, lacrimation, bradycardia, fasciculations,
muscle weakness, hypertension, Central Nervous System (CNS) depression or coma
occur as the result of ChE inhibition (Eddleston, 2013; Jaga & Dharmani, 2003). A
failure of ChE hydrolysis results excessive amount of ACh (Karalliedde & Henry,
2001; Marrs, 2001). Cholinergic receptors are nicotinic, found at autonomic ganglia
and the neuromuscular junction, and muscarinic, found in parasympathetic effector
organs (Marrs, 2001). Nicotinic and muscarinic are two types of cholinergic
receptors that have a different anatomical locations, different functions, and different
clinical symptoms (Figure 1) (Heide, 2007).

The percentage of normal RBC-ChE or PChE activity required to produce
acute clinical manifestation is as follows: normal if the activity is greater than or

equal to 75%, mild inhibition if the activity ranges from 30% to 74%, moderate

27



inhibition if the activity ranges from 10% to 29%), and severe inhibition if the
activity is <10% (Rajapakse et al., 2011).

Heide (2007) grouped signs of OP poisoning based on types of cholinergic
receptors (Table 2). An anatomical location of nicotinic and muscarinic receptor

targets associated with sign and symptoms of ChE inhibitors are presented in

Figure 1.
Anatomical Location of End Organs Nicotinic Peripheral
Effected Receptors Effected Effects
¢ (ACh) Skeletal Fasciculations, Myoclonic
Somatic Nervous System [n] Muscle jerks, Hyperreflexia, Muscle
Central ; rigidity
N Ganglia
ervous . .
System (ACh) Adrenal medulla  Tachycardia, Dysrhythmias
-4 [ (NE)  Heart Jypertension
(Ach) fSympathetic Exocrine glands  Mydriasis
[n, m] Nervous Smooth muscle s
System Muscarinic
Peripheral Effects
CNS Nicotinic and (ACh) ‘Sweat Diaphoresis
Muscarinic Effects Iml glands
. Bradycardia
Anxiety, Headache, |Para- Prolonged PR, QRS, QT
Confusion, Dizziness, sympathetlc Ganglia Ventricular dysrhythmias,
Difficulty g Torsades des points,
concentrating, System — (ACh) Heart AV Bludks: Candaoarresk
Emotional lability, [m] Exocrine glands Idioventricular thythm,
Deli.ri kit lmta}blht}" Smooth muscle Miosis, Blurred vision, Lacrimation,
Toxic psychosis, . Darkness of vision, Eye pain,
Restless.ness, Alaxrg Sneezing, Wheezing, Rhinorrhea,
s IO, i i Cough, Rales, Bronchospasm,
Resniratorv IACh = Acetylcholine n=Nicotinic m = Muscarinic | Bronchorrea, Respiratory arrest,
|NF Norepinephrine  E = Epinephrine . Excessive salivation,

Abdominal cramps, Vomiting,
Diarrhea,

Figure 1: Nicotinic and muscarinic effects of cholinesterase inhibitors.
Adapted from Heide (2007).

6.2. Intermediate Syndrome (IMS)

Intermediate syndrome (IMS) develops 1-4 days after acute poisoning and lasts
for 18 days. The term “intermediate syndrome” was introduced by Senanayake and
Karalliedde in 1987. It appears between acute cholinergic syndrome and OP-induced
delayed polyneuropathy (OPIDN) (Bleecker, 2001; Bleecker et al., 1993;

Senanayake & Karalliedde, 1987).

28



IMS (known as the nicotinic syndrome) occurs when the synaptic ChE is
inhibited at least 80% after acute exposure (Azazh, 2011). IMS only occurs in the
event of severe poisoning (Azazh, 2011). Some clinical manifestations of IMS are
weakness of the respiratory system, neck, and proximal limb muscles that occur
approximately 16 to 120 h after exposure and 7 to 75 h after the onset of acute
pesticide poisoning symptoms (Costa, 2008; National Academies Press, 2003).
However, ChE inhibition does not directly influence the occurrence of IMS. Muscle
weakness may be affected by prolonging cholinergic stimulation (Costa, 2008).

Table 2: Signs of OP poisoning based on types of cholinergic receptors
(Heide, 2007).

Type of Location Signs Onset
Receptor
Nicotinic  a) Skeletal neuromuscular  Mydriasis (pupillary Soon after OP
junction dilation), tachycardia, exposure
hypertension, weakness,
b) Sympathetic and fasciculations
parasympathetic
nervous system
c¢) Autonomic ganglia
d) Central nervous system
Muscarinic a) Parasympathetic Salivation, urination, Slower than
nervous system: lacrimation, nicotinic
defecation/diaphoresis, receptor
* Cardiac conduction gastrointestinal pain,
system emesis, miosis (pupillary

constriction),

e Exocrine glands .
bronchospasm, anxiety,

e Smooth muscles emotional lability,
hallucinations, restlessness,
b) Sympathetic nervous confusion, depression,
system headache, respiratory-

depression, coma
o Sweat glands

c) Central nervous system

A prospective study conducted by Bleecker et al. (1993) indicated that in a 19-

patient cohort group, eight patients suffered from IMS, and six of them had relapsing
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cholinergic signs like lacrimation, increased bronchial and salivary secretion,
diarrhoea, sweating, bradycardia, and fasciculation, that superimposed on IMS.
Wananukul et al. (2005), in a 2005 study in Thailand of two cases of OP
poisoning in which IMS developed, reported that in the first case, weakness of the
neck, proximal limb muscles, and respiratory system developed on the 3" day after
ingestion, and the patient recovered 11 days after the poisoning. The second case
developed bulbar palsy, proximal muscle and respiratory weakness 3 days after

ingestion.

6.3. OPIDN

OPIDN starts 1 or 2 weeks after poisoning and is, at least to some extent,
persistent. OPIDN is one of the types of toxicity due to some OP insecticides
compounds like tri-o-cresyl phosphate, o-ethyl-0-4-nitrophenyl
phenylphosphonothionate and 0-(4-bromo-2,5-dichlorophenyl)-o-methyl
phenylphosphonothionate and can happen in many species including humans. Some
clinical manifestations of OPIDN are numbness, weakness of the arms and legs
followed by progressive and irreversible ataxia or paralysis which develops 2-3
weeks to months after acute exposure to OP insecticides (Jamal, 1997; Moser et al.,
2008; National Academies Press, 2003; Yang & Deng, 2007). It occurs when
neuropathy target esterase (NTE) is inhibited in lymphocytes by neuropathic OPs
within hours of exposure (Makhaeva et al., 2007). Glynn (2000) defined NTE as ‘an
integral membrane protein in vertebrate neurons’. Whole blood NTE is the ideal
biomarker to detect OP compounds until 96 h after exposure, in relation with the
occurrence of OPIDN (Makhaeva et al.,, 2007). OPIDN occurs when NTE is

inhibited by at least 55%-70% following an acute dose of organophosphate and no
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<45% inhibition after repeated exposure (U.S. Environmental Protection Agency,
1998).

There is no association between inhibition of NTE and inhibition of ChE. Not
all commercial insecticides (i.e. chlorpyrifos and dichlorvos) lead to OPIDN, unless

they are ingested near lethal doses (National Academies Press, 2003).

7. Structures of OP Inhibiting Cholinesterases

The typical general structure of OP inhibiting cholinesterases is as follows

(Marrs, 2001):

Where P is a central phosphorus, R groups are similar or dissimilar alkoxy
groups, O is Oxygen, and X is known as the leaving group.
Specifically, main groups of OP inhibiting cholinesterases are as follows

(Marrs, 2001):

a. Phosphate ﬁ
General structure: RIO— P — OR3
OR?

Examples: Dichlorvos?, Chlorfenvinphos?, Heptenophos?, and Tri-o-cresyl
phosphate®
b. Phosphonate e

General structure: ‘ ‘
R'O— P —OR®

RZ
Examples: Trichlorfon?/Metrifonate®, and Glyphosate®
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c. Phosphinate

(0]
General structure: ‘ ‘

RIO— p —R?

RZ
Example: Glufosinate®
d. Phosphorothioate = S type
General structure: S

RIO— p — OR?

OR?
Examples: Diazinon?, Parathion?, Bromophos?, Pyrazophos®, and
Fenitrothion®
e. Phosphorothioate = S-substituted

General structure: O

RIO— P — SR?

OR?
Example: Demeton-S-methyl VGf

f. Phosphorodithioate

General structure: S

R'O— P — SR?

OR?
Examples: Malathion?, Dimethoate?, and Disulfoton?
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Phosphorotrithioate

General structure: 0

RIS — P — SR?

SR?
Example: S,S,S-Tributyl Phosphorotrithioate (DEF)®

Phosphonothioate = S type

General structure: S

RIO— p — OR?

RZ
Examples: Leptophos?® and EPN?

Phosphonothioate = S-substituted

General structure: O

RIO— P — SR?
RZ
Example: VX'

Phosphoramidate
o) R
General structure: | |
RIO— P —N

N\

R
OR?
Examples: Fenamiphos? and Tabunf
Phosphorothioamidate = S type
S R

General structure: | |

RO— P—N

| \R//

Examples: Isofenphos? and Propetamphos?
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I.  Phosphorothioamidate = S-substituted

General structure: |O|

RO— P — N/
L \w

SR?
Example: Methamidophos?
m. Phosphorofluoridate
General structure: O

OR?
Example: DFP"
n. Phosphonofluoridate
General structure: O

RIO— P —F

RZ
Examples: Sarinf, Soman', and GEf
Remarks:
a = Insecticide; b = Industrial chemical; ¢ = INN name used as human
pharmaceutical; d = Herbicide; e = Fungicide; f = Chemical warfare agent; g =
Defoliant; h = Laboratory chemical

Note: trichlorfon and metrifonate are the same substance.

8. Epidemiological Studies

Studies in around the world have demonstrated that pesticide poisoning is a
major public health problem. Some studies have reported the occurrence of acute

poisonings from mild to severe poisonings due to OP exposure.
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Table 3 presents 17 selected studies of OP-pesticide poisoning among
agricultural workers in developing (Afriyanto, 2008; Dasgupta et al., 2007; Faria et
al., 2014; He, 1996; Jeyaratnam, 1990; Kir et al., 2013; Kishi et al., 1995; Murali et
al., 2009; Peshin et al., 2014; Rajashekhara et al., 2013; Rustia et al., 2010; Zhang et
al., 2011) and developed countries (Beseler & Stallones, 2008; Das et al., 2002;
Jeyaratnam, 1990; Lee et al., 2011; Zilker, 1996). The basis for the selection of 17
studies was as follows: 1) These studies were conducted in developing countries that
might have similar conditions to Indonesia as a developing country and as one of the
research sites of my thesis project; 2) These studies investigated agricultural workers;
3) These studies specifically investigated organophosphate pesticide (OP)
compounds and OP exposure; 4) These studies investigated poisoning cases due to
OP exposure; and 5) These studies presented information of prevalence or incidence
of adverse health effects (OP poisoning cases, sign and symptoms, and death) due to
OP exposure. The main approaches used in the studies in developing countries were
cross-sectional (5 of 12; 41.7%) whereas the studies in developed countries used
literature approaches (2 of 5; 40.0%). Most of the studies shown in Table 3 indicate
that proportion of OP-pesticide poisoning in developing countries was higher than in
developed countries. In developing countries, OP insecticides, are mainly applied in
agriculture and are reported to produce adverse health effects (Swaminathan &
Widdop, 2001). OP pesticides used in farming worldwide also lead to an increase in
morbidity and mortality rates around the world, largely due to an increase in acute
pesticide poisoning cases (Jeyaratnam, 1990). The deaths were from occupational OP
poisonings. Even though data of worldwide impacts are limited, number of deaths
due to pesticide poisoning in 2002 was estimated to be approximately 186,000 and

4,420,000 disability-adjusted life years (Priss-Ustin & Corvalan, 2006). In
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developing countries, the number of deaths caused by pesticide poisoning is higher
than the mortality caused by infectious diseases (Eddleston et al., 2002).

A prospective cohort study by Eddleston et al. (2005) among 802 patients with
chlorpyrifos, dimethoate, or fenthion self-poisoning admitted to three Sri Lankan
hospitals from March 31, 2002 to May 25, 2004 demonstrated that the proportion
dying due to dimethoate (61 of 264, 23-1%, odds ratio [OR] 3-5, 95% CI 2-2-5-4)
was significantly higher than the proportion dying due to fenthion (16 of 99, 16-2%,
OR 2-2, 1-2-4-2) or chlorpyrifos (35 of 439, 8-0%).

More recently, a prospective study conducted from September 2008 to January
2010 by Senarathna et al. (2012) in all hospitals with inpatient facilities in
Anuradhapura district of North Central Province of Sri Lanka showed that as many
as 41% or 1572 of 3813 adult poisoned patients (above 12 years of age) were due to
pesticides and approximately 33% of these pesticide poisoning cases were due to OP
compounds (chlorpyrifos, dimethoate, malathion, profenophos, other and unknown
OP).

In addition to acute poisonings, OP pesticides also cause chronic diseases like
cancer, birth defects and developmental toxicity, reproductive disorders, Parkinson’s
disease, Alzheimer’s disease, amyotrophic lateral sclerosis (ALS), diabetes,
cardiovascular diseases, chronic nephropathies, chronic respiratory disease, etc.
(Mostafalou & Abdollahi, 2013). In developed countries, a cohort study from 1993 to
1997 conducted by Kamel et al. (2007) in the U.S. showed that prevalent and
incident cases of Parkinson’s Disease associated with pesticides exposure
respectively were 83 of 79,557 (0.10%) at enrolment and 78 of 55,931 (0.14%) at
follow-up. Another prospective cohort among 57,284 U.S certified/licensed pesticide
applicators and 32,333 spouses of private applicators revealed that 300 incident lung

cancers linked with OP-pesticide exposure (chlorpyrifos and diazinon) had been
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observed since enrolment in 1993 until December 2001 (Alavanja et al., 2004). In
developing countries, Soetadji et al. (2015) investigated aortic (Ao) elasticity in
Indonesia and showed that children living in an OP-exposure area had higher Ao-
stiffness index (96%). Another study conducted by Suhartono et al. (2012) among 44
women at childbearing age (WCA) as a case group and 44 WCA as a control group
living in agricultural areas indicated that proportion of hypothyroidism due to OP
exposure among the case group was 43.2% (19 of 44), whereas the proportion of
hypothyroidism among the control group was only 20.0%.

It appears from this review of the literature that, in general, developed
countries are more concerned with long term effects of low exposures to insecticides,
whereas developing countries remain more focused on acute effects and high level
exposures. This may reflect the availability and use of these agents in different
countries and may also be a consequence of the awareness of chemical risks and the
presence of environmental and consumer lobby groups in developed countries.
Further research is necessary to establish the contribution of these factors to pesticide

exposures.
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Table 3: Available* epidemiological studies on OP pesticides poisoning among agricultural workers in developed and developing countries.

References Type of study Population Key Findings
Developing  Zhangetal.  Cross-Sectional 910 pesticide applicators from two villages in A total of about 80 people or 8.8% of the 910 pesticide
countries (2011) southern China. applicators suffered from an acute related-work pesticide
poisoning. Mostly poisoning cases were due to
insecticides exposure (92.5%).
Kishi et al. Prospective cohort 204 farmworkers in Tegal and Brebes Regency,  Twenty-one percent of OP pesticide sprayers had at least
(1995) Central Java, Indonesia. four symptoms, such as neurobehavioral,
gastrointestinal, and respiratory symptoms related to OP
pesticides exposure.
Murali etal.  Retrospective All patients hospitalised with acute poisoning A total of 2884 patients (1918 men) suffered from acute
(2009) during the period of 1990-2004 (15 years) at pesticide poisoning during the period of 1990-2004. OP
Nehru hospital of the Postgraduate Institute of pesticides were the most common agents (35.1%).
Medical Education and Research in Chandigarh.
He (1996) Retrospective 52,287 cases of acute pesticide poisoning 6,281 deaths. 17.8% of total cases were due to
reported from 27 provinces of China in 1993. occupational pesticide poisoning and 78% of total cases
of pesticides poisoning were due to OP compounds.
Rustiaetal.  Cross-sectional 56 pesticide applicators at Campang Village, 71.4% of 56 participants suffered from mild OP
(2010) Gisting Sub District, Tanggamus Regency, poisoning and 28.6% of 56 farmwaorkers suffered from
Lampung Province, Indonesia moderate OP poisoning.
Dasguptaet  Survey 190 farmworkers in the Mekong Delta, Vietnam. All 190 farmworkers had some symptoms after mixing
al. (2007) and spraying OP pesticides. These symptoms consisted

of skin irritation (66%), headache (61%), dizziness
(49%), eye irritation (56%), and shortness of breath
(44%).

Available* means "existing" and could be accessed in scientific databases.
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(Table 3: Continued)

References Type of study Population Key Findings
Developing  Jeyaratnam Literature Cases of acute pesticide poisonings based on Proportion of total acute poisonings due to pesticides in
countries (1990) hospital data in Indonesia and Brazil in 1980s Indonesia and Brazil in 1980s respectively was 28.0%
and 16.0%.
Faria et al. Cross-sectional 2400 tobacco farmers in southern Brazil Prevalence of minor psychiatric disorders (MPD) due to
(2014) OP pesticides exposure was 12%. Tobacco farmworkers
using OP pesticides had 50% more risk of MPD than
those not exposed to OP.
Peshinetal.  Retrospective 4929 calls of pesticide poisoning were recorded  40.61% of pesticide poisoning cases associated with
(2014) during 13 year period (1999-2012) by the agricultural pesticides. OP pesticides placed first rank
National Poisons Information Centre, All India (9.79%) in agricultural pesticides group which caused
Institute of Medical Sciences, New Delhi, India poisoning.
Rajashekhara Cross-sectional 76 OP poisoned patients who were admitted to 25% of 76 patients were agricultural workers. From the
etal. (2013) Jawaharlal Nehru Medical College total of the patients, most of them suffered from
congested conjunctiva (87%), pin point pupil (83%),
lacrimation (80%), vomiting (78%), non-reactive pupil
(75%), respiratory distress (60%), and abdominal pain
(37%).
Kir et al. Retrospective 10,720 autopsied by Ankara Branch of Council 70 cases of 10,720 were attributed to fatal pesticide
(2013) of Forensic Medicine in Turkey poisoning. Most of them (63%) was due to OP
insecticides.
Afriyanto Cross-sectional 50 chili farmers in Candi Village, Bandungan 13 of 50 participants or 26% suffered from severe OP
(2008) Sub District, Semarang Regency, Indonesia pesticides poisoning.
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(Table 3: Continued)

References Type of study Population Key Findings
Developed Beselerand  Cohort study 872 farmworkers in Colorado, the U.S. 6.0% of 872 respondents on baseline data suffered from
countries Stallones pesticide poisoning.
(2008)
Das et al. Survey 138 farmworkers were selected from 9 cities  27.6% of 138 respondents had health problems related to
(2002) inthe U.S chemicals including pesticides.
Lee et al. Retrospective 2,945 cases from 1998 to 2006 related to 92% of agricultural workers suffered from low-severity
(2011) agricultural pesticide drift from 11 states in ilness. The annual incidence was between 1.39 and 5.32

Zilker (1996)

Jeyaratnam
(1990)

Literature

Literature

the U.S. Data were obtained from the
National Institute for Occupational Safety
and Health’s Sentinel Event Notification
System for Occupational Risk — Pesticides
Program and the California Department of
Pesticide Regulation.

OP poisoning data for Germany between
1975 and 1996.

Cases of acute pesticide poisonings based on
hospital data in U.K, Australia, Canada, and
the U.S in 1980s

per million persons over the 9-year period. 45% of cases
were due to soil applications with fumigants. Meanwhile,
24% of cases were due to aerial applications.

About 200 OP poisoning cases happen in Germany every
year. The poison centre in Munich reported that 482 cases
of OP compounds poisoning have occurred from 1975 to
1996. Twenty OP compounds contributed to these cases.
The highest incidence was due to parathion (287 cases),

oxydemeton-methyl (90 cases), and dimethoate (22 cases).

OP compounds were the most commonly used OP in
Germany.

Proportion of total acute poisonings due to pesticides in
U.K, Australia, Canada, and the U.S in 1980s respectively
was 5.0%, 3.0%, 2.4%, and 0.8%.
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9. Pathways of OP-Pesticide Exposure among Agricultural Workers

The aim of this review is a better understanding how farmworkers are exposed
to OP pesticides, and how such exposures can be reduced. The potential risk factors
that were frequently included in pathways of OP-pesticide exposure in developing
and developed countries were modifiable environmental and behavioural factors.
These factors were the most influential factors contributing to good health (Bonita et
al., 2006).

The potential environmental risk factors or modifiable determinants for OP-
pesticide exposure among agricultural workers based on previous studies in
developing (Afriyanto, 2008; Blanco et al., 2005; Issa et al., 2010; Zhang et al.,
2011) and developed (Arcury et al., 2014; Early et al., 2006; Flocks et al., 2007;
Keller-Olaman, 2005; Lee et al., 2011; Litchfield, 2005; Quackenbush et al., 2006;
Ward & Tanner, 2010) countries are presented in Table 4. There are some
differences between developing and developed countries regarding environmental
factors most commonly relating to OP-pesticide exposures. Generally, hot weather
and wind/agricultural pesticide drift appear to be significant factors of higher
exposure levels in both country groups. However, other factors, namely poor areas
(Zhang et al., 2011) and workplace conditions (Blanco et al., 2005) provided large
contributions to OP-pesticide exposure in developing countries. Meanwhile, housing
conditions (Arcury et al., 2014; Keller-Olaman, 2005; Ward & Tanner, 2010) and
social contextual factors (Keller-Olaman, 2005; Ward & Tanner, 2010) were very

significant in developed countries (Table 4).
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Table 4: Environmental risk factors and pesticide exposure risk factor studies in developing and developed countries.

Environmental related factors

A greater

Wind/ .
Study Sites References Hot Humidit Housing lerﬂ?se;ﬂ Poor Agricultural Workplace coif[);?lljal
weather Y conditions areas pesticide conditions
farmworker drift factors
in a house
Developing  Issaetal. (2010) 0 - - - - - - 0
Countries Zhang et al. (2011) - - - - XX - 0 0
Afriyanto (2008) 0 0 - - - -
Blanco et al. (2005) XX - - - - - XX -
Developed Quackenbush et al. 0 i i i i i i i
Countries (2006)
Early et al. (2006) ) 0 0 . . . .
Keller-Olaman (2005) - - X - - X - X
Litchfield (2005) - - 0 - - - - -
Ward and Tanner
(2010) ) ) X ) ) ) ) X
Arcury et al. (2014) . - X - - - - -
Leeetal. (2011) X - - - - X - -
Flocks et al. (2007) 0 - - - - 0 0 -

X = Significant (p<0.05) in bivariate analysis; XX= Significant (p<0.05) in multivariate analysis; o = Factor was not statistically examined;
N = Factor was examined, no significant association; ~ = Factor was examined, no information regarding association test; - = Factor was not investigated



The other group of exposure modifying factors was human behavioural risk
factors, which also significantly contributed to OP-pesticide exposure among
agricultural workers based on previous studies in developing (Afriyanto, 2008;
Blanco et al., 2005; Dosemeci, 2002; Issa et al., 2010; Jintana et al., 2009; Kishi et
al., 1995; Lein et al., 2012; Lu, 2007; Mancini et al., 2009; Oluwole & Cheke, 2009;
Panuwet et al., 2008; Recena et al., 2006; Ribeiro et al., 2012; Shomar et al., 2014;
Zhang et al., 2011) and developed (Arcury et al., 2002; Bradman et al., 2009; Flocks
et al., 2007; Hines et al., 2011; Johnstone, 2006; Keller-Olaman, 2005; Stallones,
2002; Strong et al., 2008) countries. The summary of these studies is presented in
Table 5. Generally, both developing and developed countries were similar in terms of
behavioural factors contributing to OP-pesticide exposure. These factors were as
follows: mixing pesticides, spraying pesticides, use of PPE, knowledge, perceptions,
washing hands, showering, wearing contaminated clothes, eating, drinking, and
smoking. However, each group of countries also had specific behavioural risk factors
significantly associated with the exposures. Duration of exposure (Afriyanto, 2008;
Kishi et al., 1995; Lu, 2007; Mancini et al., 2009), pesticide safety training (Zhang et
al., 2011), frequency of pesticide application (Kishi et al., 1995), spraying against the
wind (Afriyanto, 2008), and reuse of pesticide containers for storage (Kishi et al.,
1995; Lu, 2007) were very significant factors in developing countries. Riding on
equipment (Hines et al., 2011; Stallones, 2002) was reported to be a significant factor

in developed countries (Table 5).
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Table 5: Behavioural risk factors and pesticide exposure risk factor studies in developing and developed countries.

Behavioural related factors
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X = Significant (p<0.05) in bivariate analysis; XX= Significant (p<0.05) in multivariate analysis; 0 = Factor was not statistically examined,
A = Factor was examined, no significant association; ~ = Factor was examined, no information regarding association test; - = Factor was not investigated



(Table 5: Continued)

Behavioural related factors
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10.Conclusions

Farmers, market gardeners, pesticide applicators, mixers, loaders, flaggers, and

their families have been badly affected by pesticide exposure (Maddy et al., 1986;
Maroni et al., 1986; Wilson et al., 2005). Flaggers are persons involved in vehicle
washing or cleaning aircraft, pickups, autos, or washing or cleaning equipment
exposed to OP pesticides (aerial spray workers) (Maddy et al., 1986). Morbidity and
mortality rate due to pesticide exposure have risen dramatically since the first use of
pesticides thousands of years ago. The number of studies exploring the impact of
pesticide exposure on farmer health is increasing. Evaluation of the existing literature
is as follows:

1. Scientific research examining factors contributing to OP-pesticide exposure
among farmworkers by comparing developed countries and developing countries
remains limited. In general, results indicate that the resulted data were only
partially analysed that means previous researchers did not compare developing
and developed countries. They only presented data only in a developing country
or in a developed country.

2. Few studies have looked at the biological monitoring like levels of cholinesterase
in blood and types of metabolites in urine samples, and adverse health effects due
to pesticide exposure associated with risk factors. Most studies looked only at risk
factors of pesticide exposure without direct biomarker measurements.

3. Environmental and behavioural risk factors like hot weather, wind/agricultural
pesticide drift, pesticide mixing, pesticide spraying, use of PPE, knowledge,
perceptions, washing hands, showering, the wearing contaminated clothes, eating,
drinking, and smoking significantly influenced the increase of OP-pesticide

exposure in both groups of countries.
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. Poor areas, workplace conditions, duration of exposure, pesticide safety training,
application frequency, spraying against the wind, and reuse of pesticide containers
for storage were specific factors available in developing countries which
contributed to the increase of OP-pesticide exposure. Meanwhile, specific factors
in developed countries were housing conditions, social contextual factors, and
riding on equipment.

. Improved knowledge can improve behaviour, perception, psychosocial factors,
and public health. Few studies have been conducted on the effect of improving
farmer’s knowledge by conducting pesticide safety training associated with
biomarkers.

. Most of the studies conducted in developing countries used cross-sectional design.
Meanwhile, a literature approach was very common in developed countries. There
was an absence of integrated studies regarding OP exposure, risk factors, and
outcome.

. Finally, improving knowledge about the adverse effect of pesticides and
knowledge about self-protection from pesticide exposure has the potential to make

a significant impact on improving pesticide handling, storage, and application.

Despite research exploring the risk factors of pesticide exposure and its impact

on farmer’s health, we still do not know much about the specific pathways that may

increase pesticide exposure for farmers in developing and developed countries.

Particularly concerning, there is a clear paucity of relevant research in Indonesia and

Australia. At this point, we can conclude that well-designed quasi experimental

studies are needed to highlight the benefits of providing pesticide safety training for

preventing and reducing pesticide exposure among farmworkers.

47



Acknowledgements

The authors are grateful to the Directorate General of Higher Education
(DIKTI) of the Republic of Indonesia for providing the scholarships in the Ph.D
Program at the School of the Environment, Flinders University, South Australia,

Australia.

Conflict of Interest

The authors declare that they have no conflicts of interest to report.

References

Afriyanto. (2008). Study of pesticide poisoning among chili sprayers at Candi
Village, Bandungan Sub District, Semarang Regency (Master Degree Thesis),
Diponegoro University, Semarang, Indonesia, Semarang. Retrieved 26 October 2011,

from http://eprints.undip.ac.id/16405/

Alavanja, M. C., Dosemeci, M., Samanic, C., Lubin, J., Lynch, C. F., Knott, C.,,
Barker, J., Hoppin, J. A., Sandler, D. P., Coble, J., Thomas, K., & Blair, A. (2004).
Pesticides and lung cancer risk in the agricultural health study cohort. American

Journal of Epidemiology, 160(9), 876-885. doi: 10.1093/aje/kwh290.

Arcury, T. A, Lu, C., Chen, H., & Quandt, S. A. (2014). Pesticides present in

migrant farmworker housing in North Carolina. American Journal of Industrial

Medicine, 57(3), 312-322. doi: 10.1002/ajim.22232.

48


http://eprints.undip.ac.id/16405/

Arcury, T. A.,, Quandt, S. A., & Russell, G. B. (2002). Pesticide safety among
farmworkers: Perceived risk and perceived control as factors reflecting

environmental justice. Environmental Health Perspectives, 110(2), 233-240.

Azazh, A. (2011). Severe organophosphate poisoning with delayed cholinergic crisis,
intermediate syndrome and organophosphate induced delayed polyneuropathy on

succession. Ethiopian Journal of Health Sciences, 21 No. 3, 203-208.

Benmoyal-Segal, L., Vander, T., Shifman, S., Bryk, B., Ebstein, R. P., Marcus, E. L.,
Stessman, J., Darvasi, A., Herishanu, Y., Friedman, A., & Soreq, H. (2005).
Acetylcholinesterase/paraoxonase interactions increase the risk of insecticide-
induced Parkinson's disease. FASEB journal: official publication of the Federation of
American Societies for Experimental Biology, 19(3), 452-454. doi: 10.1096/fj.04-

2106fje.

Berlin, A., Yodaiken, R., & Henman, B. (1980). Assessment of the toxic agents at
the work-place. role of ambient and biological monitoring. Paper presented at the

Proceedings of NIOSH-OSHA-CEC Seminar Luxembourg.

Beseler, C. L., & Stallones, L. (2008). A cohort study of pesticide poisoning and

depression in Colorado farm residents. Annals of Epidemiology, 18(10), 768-774.

doi: 10.1016/j.annepidem.2008.05.004.

49



Blanco, L. E., Aragon, A., Lundberg, 1., Liden, C., Wesseling, C., & Nise, G. (2005).
Determinants of dermal exposure among Nicaraguan subsistence farmers during
pesticide applications with backpack sprayers. Annals of Occupational Hygiene,

49(1), 17-24. doi: 10.1093/annhyg/meh084.

Bleecker, J. L. D. (2001). The intermediate syndrome. In L. Karalliedde, S. Feldman,
J. Henry & T. Marrs (Eds.), Organophosphates and Health (pp. 141-158). London:

Imperial College Press.

Bleecker, J. L. D., Neucker, K. V. D., & Colardyn, F. (1993). Intermediate syndrome
in organophosphorus poisoning: a prospective study. Crit Care Med, 21, 1706-1711.
Bonita, R., Beaglehole, R., & Kjellstrom, T. (2006). Basic Epidemiology, 2nd

Edition. Geneva: World Health Organization.

Bouvier, G., Blanchard, O., Momas, I., & Seta, N. (2006). Environmental and
biological monitoring of exposure to organophosphorus pesticides: application to
occupationally and non-occupationally exposed adult populations. Journal of
Exposure Science and Environmental Epidemiology, 16(5), 417-426. doi:

10.1038/sj.jes. 7500473,

Bradman, A., Salvatore, A. L., Boeniger, M., Castorina, R., Snyder, J., Barr, D. B.,
Jewell, N. P., Kavanagh-Baird, G., Striley, C., & Eskenazi, B. (2009). Community-
based intervention to reduce pesticide exposure to farmworkers and potential take-
home exposure to their families. Journal of Exposure Science and Environmental

Epidemiology, 19(1), 79-89. doi: 10.1038/jes.2008.18.

50



Brophy VH, Hastings MD, Clendenning JB, Richter RJ, Jarvik GP, & Furlong CE
(2001). Polymorphisms in the human paraoxonase (PON1) promoter.

Pharmacogenetics, 11:77-84.

Casida, J. E., & Quistad, G. B. (1998). Golden age of insecticide research: past,

present, or future? Annual Review of Entomology, 43, 1-16.

Catano, H. C., Carranza, E., Huamani, C., & Hernandez, A. F. (2008). Plasma
cholinesterase levels and health symptoms in peruvian farm workers exposed to
organophosphate pesticides. Archives of Environmental Contamination and

Toxicology, 55(1), 153-159. doi: 10.1007/s00244-007-9095-0.

Cecchi, A., Rovedatti, M. G., Sabino, G., & Magnarelli, G. G. (2012). Environmental
exposure to organophosphate pesticides: assessment of endocrine disruption and
hepatotoxicity in pregnant women. Ecotoxicology and Environmental Safety, 80,

280-287. doi: 10.1016/j.ecoenv.2012.03.008.

Costa, L. G. (2008). Toxic effects of pesticides. In C. D. Klaassen (Ed.), Casarett and
Doull's Toxicology: The basic science of poisons (Seventh ed., pp. 883-930). New

York: McGraw-Hill Companies.

Costa, L. G., Giordano, G., Cole, T. B., Marsillach, J., & Furlong, C. E. (2012).

Paraoxonase 1 (PONL1) as a genetic determinant of susceptibility to organophosphate

toxicity. Toxicology. doi: 10.1016/j.tox.2012.07.011.

51



Das, R., Vergara, X., Sutton, P., Gabbard, S., & Nakamoto, J. (2002). The san luis
obispo county farmworker survey, implementation of worker safety regulations: a
survey of farmworker perspectives and health issues (pp. 7). California: California

Department of Health Services.

Dasgupta, S., Meisner, C., Wheeler, D., Xuyen, K., & Lam, N. T. (2007). Pesticide
poisoning of farm workers-implications of blood test results from Vietnam.
International Journal of Hygiene and Environmental Health, 210(2), 121-132. doi:

10.1016/j.ijheh.2006.08.006.

Delaplane, K. S. (2000). Pesticide usage in the United States: history, benefits, risks,
and trends. Athens, GA: Cooperative Extension Service, The University of Georgia

College of Agriculture and Environmental Sciences.

Department of Labour of New Zealand. (2000). A Guideline to promote best practice
with organophosphates (pp. 1-28). Wellington, New Zealand: The Occupational

Safety and Health Service.

Dosemeci, M. (2002). A quantitative approach for estimating exposure to pesticides
in the agricultural health study. Annals of Occupational Hygiene, 46(2), 245-260.

doi: 10.1093/annhyg/mef011.

Early, J., Davis, S. W., Quandt, S. A., Rao, P., Snively, B. M., & Arcury, T. A.
(2006). Housing characteristics of farmworker families in North Carolina. Journal of

Immigrant and Minority Health, 8(2), 173-184. doi: 10.1007/s10903-006-8525-1.

52



Eddleston, M. (2013). Applied clinical pharmacology and public health in rural Asia-
-preventing deaths from organophosphorus pesticide and yellow oleander poisoning.
British Journal of Clinical Pharmacology, 75(5), 1175-1188. doi: 10.1111/].1365-

2125.2012.04449.x.

Eddleston, M., Eyer, P., Worek, F., Mohamed, F., Senarathna, L., von Meyer, L.,
Juszczak, E., Hittarage, A., Azhar, S., Dissanayake, W., Sheriff, M. H., Szinicz, L.,
Dawson, A. H., & Buckley, N. A. (2005). Differences between organophosphorus
insecticides in human self-poisoning: a prospective cohort study. The Lancet,

366(9495), 1452-1459. doi: 10.1016/s0140-6736(05)67598-8.

Eddleston, M., Karalliedde, L., Buckley, N., Fernando, R., Hutchinson, G., Isbister,
G., Konradsen, F., Murray, D., Piola, J. C., Senanayake, N., Sheriff, R., Singh, S.,
Siwach, S. B., & Smit, L. (2002). Pesticide poisoning in the developing world—a
minimum pesticides list. The Lancet, 360(9340), 1163-1167. doi: 10.1016/s0140-

6736(02)11204-9.

Edwards, J. (2007). Biological and biological-effect monitoring. In C. Tillman (Ed.),
Principles of occupational health & hygiene (pp. 257-270). Australia: Allen &

Unwin.

Ellison, C. A., Crane, A. L., Bonner, M. R., Knaak, J. B., Browne, R. W., Lein, P. J.,
& Olson, J. R. (2012). PONL1 status does not influence cholinesterase activity in
Egyptian agricultural workers exposed to chlorpyrifos. Toxicology and Applied

Pharmacology. doi: 10.1016/j.taap.2012.08.031.

53



Faria, N. M., Fassa, A. G., Meucci, R. D., Fiori, N. S., & Miranda, V. I. (2014).
Occupational exposure to pesticides, nicotine and minor psychiatric disorders among
tobacco farmers in southern Brazil. NeuroToxicology, 45, 347-354. doi:

10.1016/j.neur0.2014.05.002.

Fenske, R. A., & Edgar W. Day, J. (2005). Assessment of exposure for pesticide
handlers in agricultural, residential and institutional environments. In C. A. Franklin
& J. P. Worgan (Eds.), Occupational and residential exposure assessment for

pesticides (pp. 13-43): John Wiley & Sons, Ltd.

Flocks, J., Monaghan, P., Albrecht, S., & Bahena, A. (2007). Florida farmworkers’
perceptions and lay knowledge of occupational pesticides. Journal of Community

Health, 32(3), 181-194. doi: 10.1007/s10900-006-9040-6.

Furlong, C. E., Cole, T. B, Jarvik, G. P., Pettan-Brewer, C., Geiss, G. K., Richter, R.
J., Shih, D. M., Tward, A. D., Lusis, A. J.,, & Costa, L. G. (2005). Role of
paraoxonase (PON1) status in pesticide sensitivity: genetic and temporal

determinants. NeuroToxicology, 26(4), 651-659. doi: 10.1016/j.neuro.2004.08.002.

Ghatax, S., & Turner, R. K. (1978). Pesticide use in less developed countries. Food

Policy, 3(2), 136-146.

Glynn, P. (2000). Neural development and neurodegeneration: two faces of

Neuropathy Target Esterase. Progress in Neurobiology, 61, 61-74.

54



Gonzalez, V., Huen, K., Venkat, S., Pratt, K., Xiang, P., Harley, K. G., Kogut, K.,
Trujillo, C. M., Bradman, A., Eskenazi, B., & Holland, N. T. (2012). Cholinesterase
and paraoxonase (PON1) enzyme activities in Mexican-American mothers and
children from an agricultural community. Journal of Exposure Science and

Environmental Epidemiology, 22(6), 641-648. doi: 10.1038/jes.2012.61.

Gordon, S. M., Callahan, P. J., Nishioka, M. G., Brinkman, M. C., O'Rourke, M. K.,
Lebowitz, M. D., & Moschandreas, D. J. (1999). Residential environmental
measurements in the National Human Exposure Assessment Survey (NHEXAS) pilot
study in Arizona: preliminary results for pesticides and VOCs. Journal of Exposure

Analysis and Environmental Epidemiology, 9, 456-470.

Grandjean, P., & Landrigan, P. J. (2014). Neurobehavioural effects of developmental
toxicity. The Lancet Neurology, 13(3), 330-338. doi: 10.1016/s1474-4422(13)70278-

3.

He, F. (1996). Workshop on organophosphate (OP) poisoning: organophosphate
poisoning in China. Human & Experimental Toxicology, 15(1), 72. doi:

10.1177/096032719601500114.

Heide, E. A. d. (2007). Case studies in environmental medicine. Cholinesterase

inhibitors:  Including  pesticides and chemical warfare nerve agents.

http://www.atsdr.cdc.gov/csem/csem.asp?csem=11&po=0.

55


http://www.atsdr.cdc.gov/csem/csem.asp?csem=11&po=0

Hernandez, A. F., Mackness, B., Rodrigo, L., Lopez, O., Pla, A., Gil, F., Durrington,
P. N., Pena, G., Parrén, T., Serrano, J. L., & Mackness, M. I. (2003). Paraoxonase
activity and genetic polymorphisms in greenhouse workers with long term pesticide
exposure. Human & Experimental Toxicology, 22(11), 565-574. doi:

10.1191/0960327103nt4000a.

Hines, C. J., Deddens, J. A., Coble, J., Kamel, F., & Alavanja, M. C. (2011).
Determinants of captan air and dermal exposures among orchard pesticide
applicators in the Agricultural Health Study. Annals of Occupational Hygiene, 55(6),

620-633. doi: 10.1093/annhyg/mer008.

Hofmann, J. N., Keifer, M. C., Furlong, C. E., Roos, A. J. D., Farin, F. M., Fenske,
R. A, Belle, G. v., & Checkoway, H. (2009). Serum cholinesterase inhibition in
relation to paraoxonase-1 (PON1) status among organophosphate-exposed
agricultural pesticide handlers. Environmental Health Perspectives, 117(9), 1402-

1408. doi: 10.1289/.

Hoppin, J. A., Adgate, J. L., Eberhart, M., Nishioka, M., & Ryan, P. B. (2006).
Environmental exposure assessment of pesticides in farmworker homes.

Environmental Health Perspectives, 114(6), 929-935. doi: 10.1289/ehp.8530.

Issa, Y., Sham'a, F. A., Nijem, K., Bjertness, E., & Kristensen, P. (2010). Pesticide
use and opportunities of exposure among farmers and their families: cross-sectional
studies 1998-2006 from Hebron governorate, occupied Palestinian territory.

Environmental Health, 9, 63. doi: 10.1186/1476-069X-9-63.

56



Jaga, K., & Dharmani, C. (2003). Sources of exposure to and public health
implications of organophosphate pesticides. Pan American Journal of Public Health,

14(3), 171-185.

Jamal, G. A. (1997). Neurological syndromes of organophosphorus compounds.

Adverse Drug Reactions and Toxicological Reviews, 16 (3), 133-170.

Jeyaratnam, J. (1990). Acute pesticide poisoning: A major global health problem.

World Health Statistics Quarterly, 43(3), 139-144.

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. doi: 10.1007/s00420-009-0422-9.

Johnstone, K. (2006). Organophosphate exposure in Australian agricultural workers:
Human exposure and risk assessment. (Doctor of Philosophy Thesis), Queensland
University of Technology, Queensland, Australia, Queensland. Retrieved from

eprints.qut.edu.au/16345/1/Kelly_Johnstone_Thesis.pdf.

Kaloyanova, F. P., & Batawi, M. A. E. (1991). Human toxicology of pesticides.

Florida, U.S.: CRC Press.

57



Kamel, F., Tanner, C., Umbach, D., Hoppin, J., Alavanja, M., Blair, A., Comyns, K.,
Goldman, S., Korell, M., Langston, J., Ross, G., & Sandler, D. (2007). Pesticide
exposure and self-reported Parkinson's disease in the agricultural health study.

American Journal of Epidemiology, 165(4), 364-374. doi: 10.1093/aje/kwk024.

Karalliedde, L., & Henry, J. (2001). The acute cholinergic syndrome. In L.
Karalliedde, S. Feldman, J. Henry & T. Marrs (Eds.), Organophosphates and health

(pp. 109-140). London: Imperial College Press.

Kashyap, S. K. (1986). Health surveillance and biological monitoring of pesticide

formulators in India. Toxicology Letters, 33, 107-114.

Keller-Olaman, S. J. (2005). Individual and neighborhood characteristics associated
with environmental exposure: exploring relationships at home and work in a
Canadian  City. Environment and Behavior, 37(4), 441-464. doi:

10.1177/0013916504269651.

Kir, M. Z., Ozturk, G., Gurler, M., Karaarslan, B., Erden, G., Karapirli, M., & Akyol,
0. (2013). Pesticide poisoning cases in Ankara and nearby cities in Turkey: an 11-
year retrospective analysis. Journal of Forensic and Legal Medicine, 20(4), 274-277.

doi: 10.1016/j.jflm.2012.10.003.

Kishi, M., Hirschhorn, N., Djajadisastra, M., Satterlee, L. N., Strowman, S., & Dilts,
R. (1995). Relationship of pesticide spraying to signs and symptoms in Indonesian

farmers. Scandinavian Journal of Work, Environment & Health, 124-133.

58



Koch, H. M., Hardt, J., & Angerer, J. (2001). Biological monitoring of exposure of
the general population to the organophosphorus pesticides chlorpyrifos and
chlorpyrifos-methyl by determination of their specific metabolite 3,5,6-trichloro-2-
pyridinol. International Journal of Hygiene and Environmental Health, 204(2-3),

175-180. doi: 10.1078/1438-4639-00082.

La Du, B. N., Aviram. M, Billecke, S., Navab, M., Primo-Parmo, S., Sorenson, R. C.,
& Standiford, T. J. (1999). On the physiological role(s) of the paraoxonases.

Chemico-Biological Interactions, 119-120, 379-388.

Lee, S. J., Mehler, L., Beckman, J., Diebolt-Brown, B., Prado, J., Lackovic, M.,
Waltz, J., Mulay, P., Schwartz, A., Mitchell, Y., Moraga-McHaley, S., Gergely, R.,
& Calvert, G. M. (2011). Acute pesticide illnesses associated with off-target
pesticide drift from agricultural applications: 11 States, 1998-2006. Environmental

Health Perspectives, 119(8), 1162-1169. doi: 10.1289/ehp.1002843.

Lein, P. J., Bonner, M. R., Farahat, F. M., Olson, J. R., Rohlman, D. S., Fenske, R.
A, Lattal, K. M., Lasarev, M. R., Galvin, K., Farahat, T. M., & Anger, W. K. (2012).
Experimental strategy for translational studies of organophosphorus pesticide
neurotoxicity based on real-world occupational exposures to chlorpyrifos.

NeuroToxicology, 33(4), 660-668. doi: 10.1016/j.neuro.2011.12.017.

Litchfield, M. H. (2005). Estimates of acute pesticide poisoning in agricultural

workers in less developed countries. Toxicological Reviews, 24(4), 271-278.

59



Lopez-Granero, C., Cardona, D., Gimenez, E., Lozano, R., Barril, J., Aschner, M.,
Sanchez-Santed, F., & Canadas, F. (2014). Comparative study on short- and long-
term behavioral consequences of organophosphate exposure: relationship to AChE

MRNA expression. NeuroToxicology, 40, 57-64. doi: 10.1016/j.neuro.2013.11.004.

Lotti, M. (1995). Cholinesterase inhibition: complexities in interpretation. Clinical

Chemistry, 41(12), 1814-1818.

Lu, J. L. (2007). Acute pesticide poisoning among cut-flower farmers. Journal of

Environmental Health, 70(2), 38-43.

Maddy, K. T., Knaak, J. B., & Gibbons, D. B. (1986). Monitoring The Urine Of
Pesticide Applicators In California for Residues Of Chlordimeform And Its

Metabolites 1982-1985. Toxicology Letters, 33, 37-44.

Makhaeva, G. F., Malygin, V. V., Strakhova, N. N., Sigolaeva, L. V., Sokolovskaya,
L. G., Eremenko, A. V., Kurochkin, I. N., & Richardson, R. J. (2007). Biosensor
assay of neuropathy target esterase in whole blood as a new approach to OPIDN risk
assessment: review of progress. Human & Experimental Toxicology, 26(4), 273-282.

doi: 10.1177/0960327106070463.

Mancini, F., Jiggins, J. L. S., & O'malley, M. (2009). Reducing the incidence of
acute pesticide poisoning by educating farmers on integrated pest management in
South India. International Journal Occupational Environmental Health, 15(2), 143-

151.

60



Maroni, M., Jarvisalo, J., & Ferla, F. L. (1986). The WHO-UNDP Epidemiological
Study on The Health Effects of Exposure to Organophosphorus Pesticides.

Toxicology Letters, 33, 115-123.

Marrs, T. C. (2001). Organophosphates: history, chemistry, pharmacology. In L.
Karalliedde, S. Feldman, J. Henry & T. Marrs (Eds.), Organophosphates and Health

(pp. 1-36). London: Imperial College Press.

Marsillach, J., Richter, R. J., Kim, J. H., Stevens, R. C., MacCoss, M. J., Tomazela,
D., Suzuki, S. M., Schopfer, L. M., Lockridge, O., & Furlong, C. E. (2011).
Biomarkers of organophosphorus (OP) exposures in humans. NeuroToxicology,

32(5), 656-660. doi: 10.1016/j.neuro.2011.06.005.

Mason, H. J. (2000). The recovery of plasma cholinesterase and erythrocyte
acetylcholinesterase activity in workers after over-exposure to dichlorvos.

Occupational Medicine, 50(5), 343-347.

Moser, V. C., Aschner, M., Richardson, R. J., & Philbert, M. A. (2008). Toxic
Responses of the Nervous System. In C. D. Klaassen (Ed.), Casarett and Doull's
Toxicology: The basic science of poisons (Seventh ed., Vol. 7, pp. 631-664). New

York: McGraw-Hill Companies.

Mostafalou, S., & Abdollahi, M. (2013). Pesticides and human chronic diseases:
evidences, mechanisms, and perspectives. Toxicology and Applied Pharmacology,

268(2), 157-177. doi: 10.1016/j.taap.2013.01.025.

61



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. doi: 10.1080/15563650701885807.

National Academies Press. (2003). Insecticide toxicology. In Board on Health
Promotion and Disease Prevention (Ed.), Gulf War and Health: Volume 2.
Insecticides and Solvent (pp. 39-81). Washington D.C.: Institute of Medicine of the

National Academies.

National Research Council. (2006). Human biomonitoring for environmental

chemicals. Retrieved from http://www.nap.edu/catalog/11700.html

Needham, L. L., Ozkaynak, H., Whyatt, R. M., Barr, D., Wang, R., Naeher, L.,
Akland, G., Bahadori, T., Bradman, A., Fortmann, R., Liu, L.-J. S., Morandi, M.,
O'Rourke, M. K., Thomas, K., Quakenboss, J., Ryan, P. B., & Zartarisn, V. (2005).
Exposure assessment in the National Children's Study: introduction. Environmental

Health Perspectives, 113(1076-1082).

Nomura, F., Ohnishi, K., Koen, H., Hiyama, Y., Nakayama, T., Itoh, Y., Shirai, K.,
Saitoh, Y., & Okuda, K. (1986). Serum cholinesterase in patients with fatty liver.

Journal of Clinical Gastroenterology, 8(5), 599-602.

Nurulain, S. M. (2011). Efficacious oxime for organophosphorus poisoning: A
minireview. Tropical Journal of Pharmaceutical Research, 10(3), 341-349. doi:

10.4314/tjpr.v10i3.10.

62


http://www.nap.edu/catalog/11700.html

Nurulain, S. M. (2012). Different approaches to acute organophosphorus poison

treatment. Journal of Pakistan Medical Association, 62 (7), 712-717.

Oluwole, O., & Cheke, R. A. (2009). Health and environmental impacts of pesticide
use practices: a case study of farmers in Ekiti State, Nigeria. International Journal of

Agricultural Sustainability, 7(3), 153-163. doi: 10.3763/ijas.2009.0431.

Panuwet, P., Prapamontol, T., Chantara, S., & Barr, D. B. (2009). Urinary pesticide
metabolites in school students from northern Thailand. International Journal of
Hygiene and Environmental Health, 212(3), 288-297. doi:

10.1016/j.ijheh.2008.07.002.

Panuwet, P., Prapamontol, T., Chantara, S., Thavornyuthikarn, P., Montesano, M. A.,
Whitehead, R. D., Jr., & Barr, D. B. (2008). Concentrations of urinary pesticide
metabolites in small-scale farmers in Chiang Mai Province, Thailand. Science of the

Total Environment, 407(1), 655-668. doi: 10.1016/j.scitotenv.2008.08.044.

Peshin, S. S., Srivastava, A., Halder, N., & Gupta, Y. K. (2014). Pesticide poisoning
trend analysis of 13 years: a retrospective study based on telephone calls at the
National Poisons Information Centre, All India Institute of Medical Sciences, New
Delhi. Journal of Forensic and Legal Medicine, 22, 57-61. doi:

10.1016/j.jflm.2013.12.013.

63



Phung, D. T., Connell, D., Miller, G., Hodge, M., Patel, R., Cheng, R.
Abeyewardene, M., & Chu, C. (2012). Biological monitoring of chlorpyrifos
exposure to rice farmers in Vietnam. Chemosphere, 87(4), 294-300. doi:

10.1016/j.chemosphere.2011.11.075.

Porto, A. L. M., Melgar, G. Z. n., Kasemodel, M. C., & Nitschke, M. (2011).
Biodegradation of pesticides. In Margarita Stoytcheva (Ed.), Pesticides in the
Modern World - Pesticides Use and Management (pp. 407-438). Rijeka, Croatia:

InTech. Retrieved from http://www.intechopen.com/books/pesticides-in-the-modern-

world-pesticides-use-and-management/biodegradation-of-pesticides.

Priss-Ustin, A., & Corvalan, C. (2006). Preventing disease through healthy
environments: Towards an estimate of the environmental burden of disease. Geneva,

Switzerland: World Health Organization.

Qiao, D. (2010). Development of health criteria for school site risk assessment
persuant to health and safety code section 901(g): Child-specific reference dose
(chRD) for school site risk assessment - chlorpyrifos: Integrated Risk Assessment

Branch Office of Environmental Health Hazard Assessment.

Quackenbush, R., Hackley, B., & Dixon, J. (2006). Screening for pesticide exposure:

a case study. Journal of Midwifery & Women’s Health, 51(1), 3-11. doi:

10.1016/j.jmwh.2005.10.004.

64


http://www.intechopen.com/books/pesticides-in-the-modern-world-pesticides-use-and-management/biodegradation-of-pesticides
http://www.intechopen.com/books/pesticides-in-the-modern-world-pesticides-use-and-management/biodegradation-of-pesticides

Rajapakse, B. N., Thiermann, H., Eyer, P., Worek, F., Bowe, S. J., Dawson, A. H., &
Buckley, N. A. (2011). Evaluation of the Test-mate ChE (cholinesterase) field kit in
acute organophosphorus poisoning. Annals of Emergency Medicine, 58(6), 559-564

e556. doi: 10.1016/j.annemergmed.2011.07.014.

Rajashekhara, D., Prasad, M. M., Jirli, P. S., Mahesh, M., & Mamatha, S. (2013).
Relevance of plasma cholinesterase to clinical findings in acute organophosphorous

poisoning. Asia Pacific Journal of Medical Toxicology, 2(1), 23-27.

Recena, M. C., Caldas, E. D., Pires, D. X., & Pontes, E. R. (2006). Pesticides
exposure in Culturama, Brazil--knowledge, attitudes, and practices. Environmental

Research, 102(2), 230-236. doi: 10.1016/j.envres.2006.01.007.

Ribeiro, M. G., Colasso, C. G., Monteiro, P. P., Pedreira Filho, W. R., & Yonamine,
M. (2012). Occupational safety and health practices among flower greenhouses
workers from Alto Tiete region (Brazil). Science of the Total Environment, 416, 121-

126. doi: 10.1016/j.scitotenv.2011.11.002.

Risher, J., & Navarro, H. A. (1997). Toxicological profile for chlorpyrifos. US
Department of Health and Human Services. Agency for Toxic Substance and Disease

Registry.

Rohlman, D. S., Anger, W. K., & Lein, P. J. (2011). Correlating neurobehavioral
performance with biomarkers of organophosphorous pesticide exposure.

NeuroToxicology, 32(2), 268-276. doi: 10.1016/j.neuro.2010.12.008.

65



Rustia, H. N., Wispriyono, B., Susanna, D., & Luthfiah, F. N. (2010).
Organophosphate  pesticide exposure effects toward inhibition of blood

cholinesterase activity among vegetable farmers. Makara, Kesehatan, 14(2), 95-101.

Sanchez-Santed, F., Canadas, F., Flores, P., Lopez-Grancha, M., & Cardona, D.
(2004). Long-term functional neurotoxicity of paraoxon and chlorpyrifos:
behavioural and pharmacological evidence. Neurotoxicology and Teratology, 26(2),

305-317. doi: 10.1016/j.ntt.2003.10.008.

Senanayake, N., & Karalliedde, L. (1987). Neurotoxic effects of organohosphorus
insecticides: an intermediate syndrome. The New England Journal of Medicine, 316,

761-763. doi: 10.1056/NEJM198703263161301.

Senarathna, L., Jayamanna, S. F., Kelly, P. J., Buckley, N. A., Dibley, M. J.,, &
Dawson, A. H. (2012). Changing epidemiologic patterns of deliberate self poisoning

in a rural district of Sri Lanka. BMC Public Health, 12(593), 1-8.

Shomar, B., Al-Saad, K., & Nriagu, J. (2014). Mishandling and exposure of farm
workers in Qatar to organophosphate pesticides. Environmental Research, 133, 312-

320. doi: 10.1016/j.envres.2014.06.010.

Simcox, N. J., Fenske, R. A., Wolz, S. A,, Lee, I.-C., & Kalman, D. A. (1995).

Pesticides in household dust and soil: Exposure pathways for children of agricultural

families. Environmental Health Perspectives, 103(12), 1126-1134.

66



Smegal, D. C. (2000). Human health risk assessment chlorpyrifos: Office of

Pesticide Programs, U.S. Environmental Protection Agency.

Soetadji, A., Suhartono, Kartini, A., Utari, A., Budiyono, Hardaningsih, G., & Utari,
A. (2015). International Conference on Tropical and Coastal Region Eco-
Development 2014 (ICTCRED2014). Aortic elasticity profile of children living in
area of chronic organophosphate exposure: A preliminary study. Procedia

Environmental Sciences, 23, 11-16. doi: 10.1016/j.proenv.2015.01.003.

Soltaninejad, K., & Shadnia, S. (2014). History of the use and epidemiology of
organophosphorus poisoning. In M. Balali-Mood & M. Abdollahi (Eds.), Basic and
Clinical Toxicology of Organophosphorus Compounds (pp. 25-43). London:
Springer-Verlag. Retrieved from http://www.springer.com/978-1-4471-5624-6. doi:

10.1007/978-1-4471-5625-3_2.

S6zmen, E. Y., Mackness, B., S6zmen, B., Durrington, P., Girgin, F. K., Aslan, L., &
Mackness, M. (2002). Effect of organophosphate intoxication on human serum
paraoxonase. Human & Experimental Toxicology, 21(5), 247-252. doi:

10.1191/0960327102ht2440a.

Squibb, K. (2002). Pesticides. Program in Toxicology.

www.uobabylon.edu.ig/eprints/publication_3 4640 659.pdf

Stallones, L. (2002). Pesticide illness, farm practices, and neurological symptoms
among farm residents in Colorado. Environmental Research, 90(2), 89-97. doi:

10.1006/enrs.2002.4398.
67


http://www.springer.com/978-1-4471-5624-6
http://www.uobabylon.edu.iq/eprints/publication_3_4640_659.pdf

Starner, K., Kuivila, K. M., Jennings, B., & Moon, G. E. (1999). Degradation rates of
six pesticides in water from the Sacramento River, California. Paper presented at the
U.S. Geological Survey Toxic Substances Hydrology Program - Proceedings of the

Technical Meeting, Charleston, South Carolina.

Strong, L. L., Thompson, B., Koepsell, T. D., & Meischke, H. (2008). Factors
associated with pesticide safety practices in farmworkers. American Journal of

Industrial Medicine, 51(1), 69-81. doi: 10.1002/ajim.205109.

Suhartono, Djokomoeljanto, R. S., Hadisaputro, S., Subagio, H. W., Kartini, A., &
Suratman. (2012). Pesticide exposure as a risk factor for hypothyroidism in women

at childbearing age in agricultural areas. Media Medika Indonesiana, 46(2), 91-99.

Swaminathan, R., & Widdop, B. (2001). Biochemical and toxicological
investigations related to OP compounds. In L. Karalliedde, S. Feldman, J. Henry &
T. Marrs (Eds.), Organophosphates and Health (pp. 357-406). London: Imperial

College Press.

Taylor, E. L., Holley, A. G., & Kirk, M. (2007). Pesticide development, a brief look

of the history. Southern Regional Extension Forestry, 1-7.

Tromm, A., Tromm, C. D., Hiippe, D., Schwegler, U., Krieg, M., & May, B. (1992).
Evaluation of different laboratory tests and activity indices reflecting the
inflammatory activity of Crohn's disease. Scandinavian Journal of Gastroenterology,

27(9), 774-778. doi: 10.3109/00365529209011182?journalCode=gas.

68



U.S. Environmental Protection Agency. (1998). Guidelines for neurotoxicity risk

assessment. Federal Register, 63(93), 26926-26954.

Wananukul, W., Kiateboonsri, S., & Thithapandha, A. (2005). The “intermediate
syndrome” as critical sequelae of organophosphate poisoning: The first report of two

cases in Thailand. Journal of the Medical Association of Thailand, 88(9), 1308-1313.

Ward, L. S., & Tanner, A. D. (2010). Psychosocial stress and health-related quality
of life for Latino Migrant farmworkers. Southern Online Journal of Nursing

Research, 10(1), 1-15.

WHO. (1993). Biomarkers and risk assessment: concepts and principles. IPCS
Environmental Health Criteria 155. Retrieved 18 October 2012, from World Health
Organization.

http://www.inchem.org/documents/ehc/ehc/ehc155.htm#SectionNumber:1.2

WHO. (2006). Principles for evaluating health risks in children associated with

exposure to chemicals (Environmental Health Criteria ; 237).

Wilson, B. W., Arrieta, D. E., & Henderson, J. D. (2005). Monitoring cholinesterases
to detect pesticide exposure. Chemico-Biological Interactions, 157-158, 253-256.

doi: 10.1016/j.chi.2005.10.043.

Yang, C.-C., & Deng, J.-F. (2007). Intermediate Syndrome Following
Organophosphate Insecticide Poisoning. Journal of the Chinese Medical Association,

70(11), 467-472.
69


http://www.inchem.org/documents/ehc/ehc/ehc155.htm#SectionNumber:1.2

Zhang, X., Zhao, W., Jing, R., Wheeler, K., Smith, G. A., Stallones, L., & Xiang, H.
(2011). Work-related pesticide poisoning among farmers in two villages of Southern
China: a cross-sectional survey. BMC Public Health, 11, 429. doi: 10.1186/1471-

2458-11-429.

Zilker, T. (1996). Workshop on organophosphate (OP) poisoning: Organophosphate
poisoning in Germany. Human & Experimental Toxicology, 15(1), 73. doi:

10.1177/096032719601500114.

70



Chapter 2. Introduction

Pesticides are natural or synthetic chemicals used to control pests, vectors of
human or animal disease, unwanted species of plants or animals causing harm either
before or after the harvest (FAO, 2009). Pesticide benefits include improving crop
yields and efficiency of food production processes, reducing the cost of food,
providing high-quality produce for consumers, maintaining aesthetic quality,
protecting human health from disease-carrying organisms, suppressing nuisance-
causing pests, and protecting other organisms including endangered species from
pests (Damalas, 2009; Sheldon, 2010).

Organophosphates pesticides (OPs) are among the most widely used
agricultural chemicals. More than 100 OP compounds have been developed and used
in many countries around the world (Kapka-Skrzypczak et al., 2011). Chlorpyrifos,
diazinon, and malathion are the most common OP compounds used by farmworkers
(Heide, 2007; Weiss et al., 2004; WHO, 2009).

OPs have the capacity to contribute to mortality and morbidity where their use
is poorly controlled (Jeyaratnam, 1990). In developing countries, the number of
deaths due to pesticide poisoning is more than the number of deaths due to infectious
diseases (Eddleston et al., 2002). OP groups are the biggest cause of poisoning
(Kusnoputranto, 1995).

Environmental exposure, personal behaviour, and inherited characteristics that
increase a possibility of a person developing a disease are considered as risk factors
for disease (Porta, 2008). The increase of OP pesticide exposure in both developed
and developing countries are influenced by environmental risk factors such as hot
weather, wind/agricultural pesticide drift, and behavioural factors such as mixing

pesticides, spraying pesticides, use of personal protective equipment (PPE),
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knowledge, perceptions, washing hands, taking a shower after applying OPs, wearing
contaminated clothes, eating, drinking, and smoking during working with OPs
(Afriyanto, 2008; Arcury et al., 2002; Blanco et al., 2005; Bradman et al., 2009;
Johnstone, 2006; Lee et al., 2011; Lein et al., 2012; Mancini et al., 2009; Panuwet et
al., 2008; Ribeiro et al., 2012; Shomar et al., 2014; Zhang et al., 2011). Few studies
have been conducted to improve farmers’ knowledge by conducting pesticide safety
training associated with biomarkers (Suratman et al., 2015, Chapter 1).

To test whether worker exposures and adverse effects associated with
pesticides may be attributed, at least in part, to poor knowledge about pesticide
toxicity, poor handling and/or training, inappropriate work practices or poor
infrastructure at the work site, workers from Indonesia and South Australia were
examined. A questionnaire sought to assess the level of knowledge, perception of
risks, handling characteristics and equipment used for applying pesticides, as well as
whether there were facilities available for reducing exposure (such as handwashing,
personal protective equipment etc.). Following a short information educational
intervention, in which workers were provided with an information session to improve
their knowledge and work practices, the questionnaire was readministered. Changes
in responses attributable to the intervention were recorded. Confirmation that
farmworkers experience some adverse effect following OP exposure was by
collection of a fingerprick blood sample before and following the intervention.
Fingerprick blood samples were assessed immediately using a hand held field testing
instrument (Test-mate ChE Cholinesterase Test System®) to measure erythrocyte
acetylcholinesterase (EAChE) and plasma cholinesterase (PChE) activities. The
following chapters of this thesis contain a series of papers exploring risk factors for

OP exposure among Indonesian and South Australian migrant farmworkers and the
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impact of an intervention to reduce exposure. The aims of these chapters are as

follows:

Chapter 3

Chapter 3 examines the effectiveness of the intervention on OP-related
knowledge and perceptions through conducting a quasi-experimental study. This
chapter represents the first intervention targeted particularly at reducing OP exposure
among Indonesian and SA migrant farmworkers that has been assessed for
behavioural changes and compared with health behaviour theory. The objectives of
the interventions were to improve knowledge and perceptions about OP exposure
among Indonesian and SA migrant farmworkers and to measure the effectiveness of
the interventions using two different methods, namely teaching in a class (power
point slide and discussion) for Indonesian farmworkers and individual approach

(flipchart and discussion) for SA migrant farmworkers.

Chapter 4

Chapter 4 describes the differences in field practices in handling OPs and the
prevalence of OP-related symptoms among Indonesian and South Australian (SA)
migrant farmworkers between pre and post educational intervention. This chapter
describes some aspects of field practices in handling OPs as follows: activities
associated with OP application; methods of OP application; types of PPE usually
worn by farmworkers during working with OPs; personal hygiene behaviour by
Indonesian and SA migrant farmworkers when working with OPs; types of
packaging and active ingredients of OPs products; workplace conditions; and OP-

related symptoms.
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Chapter 5

Chapter 5 presents the results of a study measuring activity levels of
erythrocyte acetylcholinesterase (EAChE) and plasma cholinesterase (PChE) in
Indonesian and South Australian (SA) migrant farmworkers to assess exposure to
OPs, pre and post educational intervention. This chapter reports OP induced enzymes
inhibition measured in blood samples. EAChE and PChE levels were measured using
10uL fingerprick blood samples each with the Test-mate ChE Cholinesterase Test

System® field Kit.

Chapter 6

Chapter 6 aims to examine whether the interaction between pralidoxime
(pyridine-2-aldoxime methochloride) solution in saline leads to changes in PChE
activities inhibited by OPs using fresh plasma blood samples in field measurements
to estimate percent inhibition of PChE activities due to OP exposure. This chapter
reports the results of a true experimental study to measure the utility of pralidoxime
reactivation of OP-induced PChE inhibition in fresh fingerprick blood samples as an
exposure monitoring assay to be used under field conditions. One 8uL portion of
fresh plasma blood sample was mixed with 2uL pralidoxime solution in saline
whereas the other portion was mixed with 2uL saline solution. Test-mate ChE

Cholinesterase System Test field kit was used to analyse PChE activities.

Chapter 7

Chapter 7 interprets and discusses the overall study outcomes. Results from

research chapters are assessed to determine what measures can be taken to improve
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the health status of farmworkers, and identifies changes that can be implemented to

change farmworkers’ behaviour.

References

Afriyanto. (2008). Study of pesticide poisoning among chili sprayers at Candi
Village, Bandungan Sub District, Semarang Regency (Master Degree Thesis),
Diponegoro University, Semarang, Indonesia, Semarang. Retrieved from

http://eprints.undip.ac.id/16405/

Arcury, T. A., Quandt, S. A., & Russell, G. B. (2002). Pesticide safety among
farmworkers: Perceived risk and perceived control as factors reflecting

environmental justice. Environmental Health Perspectives, 110(2), 233-240.

Blanco, L. E., Aragon, A., Lundberg, 1., Liden, C., Wesseling, C., & Nise, G. (2005).
Determinants of dermal exposure among Nicaraguan subsistence farmers during
pesticide applications with backpack sprayers. The Annals of Occupational Hygiene,

49(1), 17-24. doi: 10.1093/annhyg/meh084.

Bradman, A., Salvatore, A. L., Boeniger, M., Castorina, R., Snyder, J., Barr, D. B,
Jewell, N. P., Kavanagh-Baird, G., Striley, C., & Eskenazi, B. (2009). Community-
based intervention to reduce pesticide exposure to farmworkers and potential take-
home exposure to their families. Journal of Exposure Science and Environmental

Epidemiology, 19(1), 79-89. doi: 10.1038/jes.2008.18.

75


http://eprints.undip.ac.id/16405/

Damalas, C. A. (2009). Understanding benefits and risks of pesticide use. Scientific

Research and Essays, 4(10), 945-949.

Eddleston, M., Karalliedde, L., Buckley, N., Fernando, R., Hutchinson, G., Isbister,
G., Konradsen, F., Murray, D., Piola, J. C., Senanayake, N., Sheriff, R., Singh, S.,
Siwach, S. B., & Smit, L. (2002). Pesticide poisoning in the developing world—a
minimum pesticides list. The Lancet, 360(9340), 1163-1167. doi: 10.1016/s0140-

6736(02)11204-9.

FAO. (2009). International code of conduct on the distribution and use of pesticides.
Guidelines on developing a reporting system for health and environmental incidents

resulting from exposure to pesticide. Rome, Italy: World Health Organization.

Heide, E. A. d. (2007). Case studies in environmental medicine. Cholinesterase
inhibitors:  Including pesticides and chemical warfare nerve agents.

http://www.atsdr.cdc.gov/csem/csem.asp?csem=11&po=0

Jeyaratnam, J. (1990). Acute pesticide poisoning: A major global health problem.

World Health Statistics Quarterly, 43(3), 139-144.

Johnstone, K. (2006). Organophosphate exposure in Australian agricultural workers:
Human exposure and risk assessment. (Doctor of Philosophy Thesis), Queensland
University of Technology, Queensland, Australia, Queensland. Retrieved from

eprints.qut.edu.au/16345/1/Kelly_Johnstone_Thesis.pdf.

76


http://www.atsdr.cdc.gov/csem/csem.asp?csem=11&po=0

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.

Kusnoputranto, H. (1995). Environmental toxicology. Jakarta: Directorate General of

Higher Education, Ministry of National Education.

Lee, S. J., Mehler, L., Beckman, J., Diebolt-Brown, B., Prado, J., Lackovic, M.,
Waltz, J., Mulay, P., Schwartz, A., Mitchell, Y., Moraga-McHaley, S., Gergely, R.,
& Calvert, G. M. (2011). Acute pesticide illnesses associated with off-target
pesticide drift from agricultural applications: 11 States, 1998-2006. Environ Health

Perspect, 119(8), 1162-1169. doi: 10.1289/ehp.1002843.

Lein, P. J., Bonner, M. R., Farahat, F. M., Olson, J. R., Rohlman, D. S., Fenske, R.
A, Lattal, K. M., Lasarev, M. R., Galvin, K., Farahat, T. M., & Anger, W. K. (2012).
Experimental strategy for translational studies of organophosphorus pesticide
neurotoxicity based on real-world occupational exposures to chlorpyrifos.

NeuroToxicology, 33(4), 660-668. doi: 10.1016/j.neuro.2011.12.017.

Mancini, F., Jiggins, J. L. S., & O'malley, M. (2009). Reducing the incidence of
acute pesticide poisoning by educating farmers on integrated pest management in
South India. International Journal Occupational Environmental Health, 15(2), 143-

151.

77



Panuwet, P., Prapamontol, T., Chantara, S., Thavornyuthikarn, P., Montesano, M. A.,
Whitehead, R. D., Jr., & Barr, D. B. (2008). Concentrations of urinary pesticide
metabolites in small-scale farmers in Chiang Mai Province, Thailand. Science of the

Total Environment, 407(1), 655-668. doi: 10.1016/j.scitotenv.2008.08.044.

Porta, M. (2008). A dictionary of epidemiology, Fifth Edition. New York: Oxford

University Press.

Ribeiro, M. G., Colasso, C. G., Monteiro, P. P., Pedreira Filho, W. R., & Yonamine,
M. (2012). Occupational safety and health practices among flower greenhouses
workers from Alto Tiete region (Brazil). Science of the Total Environment, 416, 121-

126. doi: 10.1016/j.scitotenv.2011.11.002.

Sheldon, L. S. (2010). Exposure framework. In R. Krieger (Ed.), Haye's handbook of
pesticide toxicology, Third Edition (Vol. Volume 1 & 2, pp. 971-976). UK: Elsevier

Inc.

Shomar, B., Al-Saad, K., & Nriagu, J. (2014). Mishandling and exposure of farm
workers in Qatar to organophosphate pesticides. Environmental Research, 133, 312-

320. doi: 10.1016/j.envres.2014.06.010.

Suratman, 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. doi: 10.1515/reveh-2014-0072.

Weiss, B., Amler, S., & Amler, R. W. (2004). Pesticides. Pediatrics, 113, 1030.
78



WHO. (2009). The WHO recommended classification of pesticides by hazard and

guidelines to classification 20009.

Zhang, X., Zhao, W., Jing, R., Wheeler, K., Smith, G. A., Stallones, L., & Xiang, H.
(2011). Work-related pesticide poisoning among farmers in two villages of Southern
China: a cross-sectional survey. BMC Public Health, 11, 429. doi: 10.1186/1471-

2458-11-429.

79



Chapter 3. Knowledge and Perceptions of OP exposure

The Effectiveness of an Educational Intervention to Improve
Knowledge and Perceptions for Reducing Organophosphate
Pesticide Exposure among Indonesian and South Australian

Migrant Farmworkers

Suratman??, Kirstin E Ross!, Kateryna Babinal, John William Edwards?

1 Health and Environment Group, School of the Environment, Faculty of Science
and Engineering, Flinders University, Adelaide, SA, Australia.
School of Public Health, Faculty of Health Sciences, Jenderal Soedirman

University, Kampus Karangwangkal, Purwokerto 53122, Indonesia.

Keywords
Group communication; individual communication; organophosphate pesticides

exposure; Indonesian farmworkers; South Australian migrant farmworkers.

Publication

Suratman, Ross, K. E., Babina, K., & Edwards, J. W. (2016). The effectiveness of an
educational intervention to improve knowledge and perceptions for reducing
organophosphate pesticide exposure among Indonesian and South Australian migrant
farmworkers. Risk Management and Healthcare Policy, 2016(9), 1-12. doi:

http://dx.doi.org/10.2147/RMHP.S97733

80


http://dx.doi.org/10.2147/RMHP.S97733

Abstract

Background: Farmworkers are at risk of exposure to Organophosphate
Pesticides (OPs). Improvements of knowledge and perceptions about
organophosphate (OP) exposure may be of benefit for reduction in OP exposure.
Purpose: The purpose of this study was to examine the effectiveness of an
educational intervention to improve knowledge and perceptions for reducing OP
exposure among Indonesian and South Australian (SA) migrant Farmworkers.
Methods: This was a quasi-experimental study. The educational intervention used a
method of group communication for 30 Indonesian farmworkers and individual
communication for seven SA migrant farmworkers. Knowledge and perceptions
about OP exposure were measured pre intervention and 3 months after the
intervention. Results: Unadjusted intervention effects at follow-up showed
statistically significantly improved scores of knowledge (both adverse effects of OPs
and self-protection from OP exposure), perceived susceptibility, and perceived
barriers among Indonesian farmworkers compared with SA migrant farmworkers.
Furthermore, these four significant variables in the unadjusted model and the two
other variables (perceived severity and perceived benefits) statistically were
significant after being adjusted for level of education and years working as a
farmworker. In contrast, knowledge about adverse effects of OPs was the only
variable that was statistically significantly improved among SA migrant
farmworkers. The results of this study suggest educational interventions using a
method of group communication could be more effective than using individual
intervention. Conclusion: These improvements provide starting points to change
health behaviour of farmworkers, particularly to reduce OP exposure, both at the

workplace and at home.

81



1. Background

Organophosphorus pesticides (OPs) are highly toxic and exposure to OPs
contributes to mortality and morbidity when their use is poorly controlled
(Jeyaratnam, 1990). Farmworkers are at risk of expose to OPs. There is
overwhelming epidemiological evidence that organophosphate (OP) use poses
significant health risks if undertaken without safe handling practices. Studies in
developing countries (Dasgupta et al., 2007; Faria et al., 2014; Kishi et al., 1995;
Rustia et al., 2010; Zhang et al., 2011) and developed countries (Beseler & Stallones,
2008; Das et al., 2002; Lee et al., 2011) have demonstrated acute and chronic effects
due to OP exposure.

A study by He (1996) in the People’s Republic of China showed that as many
as 18% of 6,281 deaths (deaths due to acute pesticide poisoning) were due to
occupational pesticide poisoning and 78% of these cases of pesticide poisoning were
due to OP compounds in the year 1993. In addition, a study by Dasgupta et al. (2007)
in Vietnam in 10 districts of 5 provinces in the Mekong Delta (An Phu and Chau
Thanh (An Giang province), Thot Not and Vi Thanh (Can Tho province), Tan Thanh
and Thu Thua (Long An province), Cai Lay and Cho Gao (Tien Giang province), and
Tra Cu and Tieu Can (Tra Vinh province) in the Mekong Delta demonstrated that all
190 participant farmworkers had some ill health symptoms after mixing and spraying
OPs, including other agri-chemicals or co-formulants such as solvents and extenders.
These symptoms consisted of skin irritation (66%), headache (61%), dizziness
(49%), eye irritation (56%), and shortness of breath (44%).

A wide range of measures exist for reducing health risks from OP exposure.
Suratman et al. (2015, Chapter 1) demonstrated that farmworkers’ knowledge and
perceptions were two of the factors significantly related to the increase of OP

exposure and OP poisoning both in developing and developed countries. In
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Indonesia, Afriyanto demonstrated that occurrence of OP poisoning among chilli
sprayers was significantly influenced by knowledge and perceptions (Afriyanto,
2008). On the other hand, Johnstone et al studied OP exposure in Australian
agricultural workers and found that > 75% of farmworkers had a good knowledge
about safe handling practices (Johnstone et al., 2007).

OP exposure is a major occupational health concern particularly in Indonesia
(Afriyanto, 2008; Kishi et al., 1995; Rustia et al., 2010). A study by Kishi et al.
(1995) reported that 21% of OP pesticide sprayers had at least three or more
symptoms, such as neurobehavioral, gastrointestinal, and respiratory symptoms
related to OP exposure. Protective clothing, such as long-sleeved shirts, knee-high or
long pants, and coveralls, and personal protective equipment (PPE), such as
chemical-resistant gloves, eye protectors, head gear, and footgear are required during
handling and applying OPs. They can reduce dermal contact and inhalation
exposures (Fenske & Edgar W. Day, 2005). However, improvement of farmworkers’
knowledge and perceptions is required for them to adopt these protective health
behaviours such as the use of PPE. According to Rogers (1983), improvement in
knowledge is the first stage to adopting new ideas, playing an important role in
changing farmworkers’ behaviour, particularly in protecting themselves from OP
exposure. A study by Arcury et al. (2002) with 293 participant farmworkers in North
Carolina, USA, demonstrated that knowledge of pesticide exposure had a significant
relationship with perceived risk. In addition, safety knowledge was strongly related
to perceived control. Another study by Zyoud et al. (2010) with 381 participant
farmworkers in Palestine showed that pesticide knowledge was significantly
associated with work practices in handling pesticides in the field.

Low knowledge about adverse effects (AEs), perceived low severity of OP

exposure and perceived insusceptibility to OP toxicity were risk factors of
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inappropriate handling of OP compounds in Indonesia (Afriyanto, 2008). In contrast,
fruit and vegetable farmworkers in Australia generally have a good level of
knowledge and perceptions of OP exposure (Johnstone et al., 2007). Educational
interventions using a group communication and one-on-one approach, and the
comparisons of knowledge and perceptions about OP exposure between farmworkers
in Indonesia and migrant farmworkers in Australia had not been investigated
previously (Suratman et al., 2015, Chapter 1).

These reports suggest that improvements of knowledge and perceptions about
OP exposure among Indonesian farmworkers and South Australian (SA) migrant
farmworkers may be of benefit for reduction in OP exposure. The objective of the
interventions in this study was to improve knowledge and perceptions about OP
exposure among Indonesian and SA migrant farmworkers and to measure the
effectiveness of provided interventions using two different methods, namely teaching
in a class (PowerPoint slide and discussion) for Indonesian farmworkers and an
individual approach (flipchart and discussion) for SA migrant farmworkers. In this
paper we present the effects of both interventions on OPs-related knowledge and
perceptions. This was measured by conducting a quasi-experimental study. This
paper represents the first intervention targeted particularly at reducing OP exposure
among Indonesian and SA migrant farmworkers that has been assessed for

behavioural changes and compared with Health Belief Model (HBM) theory.

2. Materials and Methods

2.1. Study Population
This quasi-experimental study was conducted in two research sites, Dukuhlo
Village in Brebes Regency, Central Java province, Indonesia and in the suburb of

Virginia, Adelaide, South Australia, Australia. The choice of these distinct
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populations was due to a clear paucity of relevant research comparing knowledge
and perceptions of OP exposure among farmworkers working and living in Indonesia
as a developing country and in Australia as a developed country (Suratman et al.,
2015, Chapter 1). Inclusion criteria were: 1) male; and 2) had to be employed in farm
work within the past 3 months. These criteria were based on the following: 1) The
majority of farmworkers in 2010-2011 in Australia (139,500 or 72%) (Australian
Bureau of Statistics, 2012) and in 2013 in Indonesia (24.36 million or 77%)
(Indonesian Bureau of Statistics, 2013) were male; 2) Engaging in farm work within
the past 3 months reflected recent likelihood of being exposed to OPs. In addition,
complete recovery of plasma cholinesterase (PChE) as a biomarker of exposure to
OPs and erythrocyte cholinesterase as a biomarker of toxicity is 50 days and 82 days,
respectively (Mason, 2000).

Thirty Indonesian farmworkers were given the educational intervention
material through group presentations, whereas seven SA migrant farmworkers were
given the intervention material during a one on one with the researcher. The ethnicity
of SA migrant farmworkers was Vietnamese. Migrant farmworkers were born in
Vietnam (Vietnamese ethnicity) and moved from Vietnam to South Australia to do
farm works. They were identified by asking their places and dates of birth when
started interviewing them using a questionnaire in the baseline data collection (the
pre-intervention). Previous studies in developed countries have indicated that
migrant farmworkers face a greater risk of illnesses and death due to pesticides
exposure than the indigenous farming community (Arcury & Quandt, 2003;
Ciesielski et al., 1994; Levine, 2007; Reidy et al., 1992). This study was conducted
from May to June 2014 in Australia and from July to August 2014 in Indonesia for
the baseline study (pre intervention). Follow-up studies (post intervention) were

conducted from September to October 2014 in Australia and from November to
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December 2014 in Indonesia. The questions on personal characteristics were
administered at baseline, before the intervention. The questions on knowledge and
perceptions were administered at baseline and at 3 months after the intervention.
Ethics approvals were obtained from Southern Adelaide Clinical Human Research
Ethics Committee (SACHREC) with approval number: 319.13, and from the
Commission on Health Research Ethics, Faculty of Public Health, Diponegoro
University, Semarang, Indonesia with approval number: 183/EC/FKM/2013. After

participants signed the informed consent, they were then interviewed.

2.2. Sample Size Estimation

The required sample size was calculated based on previous studies (EQM
Research, 2011; Miranda-Contreras et al., 2013) using STATA 1C/12.1 software
(StataCorp LP, College Station, TX, USA). This program is used to determine the
minimum number of participants needed for each research site, with power of the test
=90%, level of significance =0.05, mean * standard deviation (SD) =1.5 + 0.3 U/mL
of PChE level (also known as butyrylcholinesterase) as a biomarker of exposure to
OPs (30%-74% of normal) (Miranda-Contreras et al., 2013), and mean £ SD =2.0 +
0.4 U/mL of normal PChE level in a population (EQM Research, 2011). Sample size
required for this study for each group was 20. In Indonesia, 30 of 52 Indonesian
farmworkers working and living at the Dukuhlo Village were randomly selected to
accommodate missing data and possible dropout using a random number table
generated by C-Survey v2.0 free software (Muhammad N Farid and Ralph R
Frerichs, Los Angeles, USA). On the other hand, due to many difficulties in
recruiting research participants in Australia, a snowball sampling method was used,

which involved asking research participants to nominate another farmworker. This
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resulted in seven SA migrant farmworkers working and living in Virginia, South

Australia, being included in this study.

2.3. Research Questionnaire Instrument

HBM theory was used to explain behavioural factors (knowledge and
perceptions) as a basis for interventions. According to the HBM, there are four
factors directly associated with individual behaviours. These factors consist of
perceived susceptibility, perceived severity, perceived benefits, and perceived
barriers which are modified by other variables such as culture, education level, age,
sex, ethnicity, past experience, knowledge, and cues to action (Champion & Skinner,
2008; Stretcher et al., 1997). Perceived susceptibility is a powerful perception, which
leads farmworkers to adopt healthier behaviours. Farmworkers must perceive their
susceptibility to risk before they will take action.

The questionnaire was written in English and was translated into Indonesian
language. The questionnaire data collection both in Indonesia and in Australia was
conducted by the first author in face to face interviews (interviewer-administered
questionnaire). The author clarified and explained misunderstood questions. This did
not lead the interviewees. In Indonesia, the first author, of native Indonesian
ancestry, used Indonesian language to ask all questions. In Australia, the first author
used English to collect data from SA migrant farmworkers. We did not assess the
level of their English proficiency before we asked questions. However, more than
half of the research participants (57%) could speak English well. When we
interviewed research participants who could not speak English fluently, we asked for
help from someone, such as a family member who was fluent in English to translate,
in order to avoid misunderstanding in answering questions. Original questions were

developed for knowledge about AEs of OPs (Appendix A), knowledge about self-
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protection from OP exposure (Appendix B), and perceptions about OP exposure
(perceived susceptibility, perceived severity, perceived benefits, perceived barriers,
and cues to action) (Appendix C). The questionnaire consisted of: 1) personal
characteristics - age, years working as a farmworker, and level of education,; 2)
knowledge about AEs of OPs as assessed by 12 close-ended questions; 3) knowledge
about self-protection from OP exposure as assessed by ten close-ended questions; 4)
perceptions about OP exposure as assessed by 20 close-ended questions. These 20
questions about perceptions encompassed perceived susceptibility (six questions),
perceived severity (four questions), perceived benefits (two questions), perceived
barriers (four questions), and cues to action (four questions).

For true/false questions, if the question was answered correctly, the score was
2. If the respondents answered “don’t know”, the score for that question was 1, and if
they answered incorrectly, the score was 0. Total possible score of knowledge about
AEs of OPs ranged from 0 to 24 and total possible score of knowledge about self-
protection from OP exposure ranged from 0 to 20.

The questions of perceptions had five response options, namely ‘strongly
disagree’, ‘disagree’, ‘neutral’, ‘agree’, and ‘strongly agree’ using Likert scale
ranging from 5 for positive perception answer to 1 for negative perception answer.

Positive statement questions contained a statement which may lead
farmworkers to practice healthy behaviour in reducing OP exposure (e.g. C11. “Use
of PPE will protect the body from AEs of pesticide exposure”, Appendix C). On the
other hand, negative statement questions were aimed at a belief, which may inhibit
farmworkers to practice healthy behaviour in reducing OP exposure (e.g. C9. “The
effect of pesticide on the body is easily cured”, Appendix C). Total possible
perception scores ranged from 6 to 30 for perceived susceptibility, 4 to 20 for

perceived severity, 2 to 10 for perceived benefits, 4 to 20 for perceived barriers, and
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4 to 20 for cues to action. The knowledge questions and perceptions questions are
presented in the Appendices A-C.

The questionnaire was validated with pilot testing for clarity and reliability on
12 non-occupationally exposed persons, by the first author. Pearson’s product
moment correlation (r) and Cronbach’s alpha tests were calculated to assess
construct validity and internal consistency, respectively. Construct validity measured
by the correlation between a score from an individual question and a total score of all
questions showed the r for individual knowledge and perceptions questions was
>0.50 (p<0.05). Meanwhile, Cronbach’s alpha demonstrated good reliability, with
Cronbach’s alpha for knowledge about AEs of OPs, knowledge about self-protection
from OP exposure, and perceptions about OP exposure 0.72, 0.71, and 0.73
respectively (where 0 is unreliable and 1 is very reliable). Tests of validity and
reliability for a translated questionnaire (Indonesian language) were not conducted.
The first author translated the questionnaire ensuring the meaning of each translated
question written in Indonesian was the same as in the English questionnaire.

The intervention program in each group lasted for 1 hour based primarily on
the HBM theory to improve knowledge and perceptions of OP exposure. The
provided information covered the following: 1) definition of pesticides; 2) groups of
pesticides; 3) pathways of OP exposure at workplace and at home; 4) adverse health
effects of OPs; 5) signs and symptoms of acute and chronic effects due to OP
exposure; 6) self-protection from OP exposure at workplace; 7) self-protection from
OP exposure at home; 8) PPE; and 9) first aid when exposed to OP exposure.

The interventions used two modes of educational delivery: a PowerPoint
presentation was used for Indonesian farmworkers and flipchart was used for SA
migrant farmworkers with the same content. Different methods of educational

interventions were used to accommodate the local conditions. In Indonesia, the
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intervention using PowerPoint presentation was suitable for the Indonesian
community because the research participants lived in the same village. Thirty
Indonesian farmworkers were divided into two groups (the first group consisted of
20 farmworkers and the second group consisted of ten farmworkers). This was to
ensure the audiences were not too large (no more than 20 persons per group
intervention). The participants were gathered at a village hall on separate days for
each group. The information was conveyed by the first author, using Indonesian
language and was followed by a discussion (Figure 1). Meanwhile, SA migrant
farmworkers were provided intervention in English language using flipchart followed
by a discussion (Figure 2). For SA migrant farmworkers, the intervention was
delivered individually, which was a suitable method for farmworkers who did not
live in the same place and the researcher needed to present the material at their
workplace (the farm) by prior appointment to accommodate the participants’ work

schedules.

Figure 1: Providing intervention used a group communication method at Dukuhlo
Village, Brebes Regency, Indonesia.
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Figure 2: Providing intervention used a one-on-one method at Suburb of Virginia,
North Adelaide, SA, Australia.
2.4. Data Analysis

Descriptive statistics were used to describe mean, SDs, frequencies,
percentages for personal characteristics, and for knowledge and perceptions scores.
Continuous data were tested for normal distribution using the Shapiro-Wilk test
(Elliot & Woodward, 2007; Razali & Wah, 2011). Baseline differences in knowledge
and perceptions between Indonesian and SA migrant farmworkers were tested by
either unpaired t-test or Mann-Whitney U test.

At follow-up (post-intervention), the magnitude of the intervention effect was
the difference between Indonesian and SA migrant farmworkers in the change of
mean score from pre-intervention to post-intervention. The outcome measure was the
difference in the magnitude of intervention effect between before and after
intervention and between the study groups. It was assessed as the change in the
mean scores of knowledge and perceptions about OP exposure from the baseline data
(pre-intervention) to follow-up (post-intervention).

Linear mixed models were constructed to test the statistical significance of
intervention effects on knowledge and perception scores measured 3 months after the

intervention (follow-up time). Unadjusted fixed-effects models were used to assess
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the main effects of intervention and follow-up time, and an intervention-time
interaction term for follow-up time. The first model consisted of time as the repeated
measure, the study participant as the individual subject, and an unstructured
covariance type. Level of statistical significance (p-value) was set at o = 0.05.

In a second model, used to control confounding variables, interventions effects
were adjusted for level of education and years working as a farmworker. These
significantly differed between Indonesian and SA migrant farmworkers (p<0.05),
reported in pre intervention. These two variables significantly influenced knowledge
and perceptions of farmworkers (Boonyakawee et al., 2013; Parveen & Nakagoshi,
2001). Intervention effects are therefore presented as absolute magnitudes and
percentages of baseline mean scores. Statistical analyses were performed using the

statistical package SPSS version 17 (SPSS Inc., Chicago, IL, USA).

3. Results

Variables of personal characteristics are summarised and compared between
Indonesian and SA migrant farmworkers in Table 1. Years working as a farmworker
was statistically significantly higher in Indonesian farmworkers than SA migrant
farmworkers. Meanwhile, level of education was statistically significantly higher in
SA migrant farmworkers than Indonesian farmworkers. Thus, intervention effects on
knowledge and perceptions were adjusted for these characteristics. Age was not
significantly different between the two study groups (p>0.05), so no adjustment was

made for its variable.
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Table 1: Baseline characteristics compared between Indonesian and SA migrant
farmworkers.

Indonesian SA migrant
Characteristics farmworkers farmworkers _value*
(n=30) (n=7) P

Mean SD Mean SD

Continuous variables:

Age (year) 54.1 7.2 50.9 13.0 0.364
Years working as a farmworker 31.3 9.1 16.7 11.6 0.001
Categorical variable:
n % n % p-value**

Level of education: 0.000
Never 4 13.3 0 0.0

Elementary School 20 66.8 0 0.0

Junior High School 4 13.3 0 0.0

Senior High School 1 3.3 2 28.6

Diploma (D1/D2/D3) 1 3.3 3 42.8

University 0 0.0 2 28.6

Note: *By unpaired t test; **by chi-square test
Abbreviation: SA, South Australian; SD, standard deviation

Unadjusted intervention effects at follow-up are shown in Table 2. The
intervention was related to substantial and statistically significant improvement in
scores of knowledge about AEs of OPs, knowledge about self-protection from OP
exposure, perceived susceptibility, and perceived barriers at follow-up time (p<0.05).
Meanwhile, scores of perceived severity, perceived benefits, and cues to action did
not statistically improve at follow-up time (p>0.05).

For example, from baseline to follow-up, scores of knowledge about AEs of
OPs increased by 3 points more in Indonesian farmworkers than SA migrant
farmworkers. This represented an intervention-related improvement of 21.9% of the

baseline mean score of knowledge about AEs of OPs.
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Table 2: Absolute magnitudes of unadjusted intervention effects on knowledge
score and perceptions score, and intervention effects as percentages of baseline
and follow-up scores.

Variables Intervention effects (unadjusted)
Overall  Follow-up
mean at Absolute As % of
baseline magnitude p-value  baseline
(95% CI) mean
Score of knowledge about 13.7 3.0(1.6-4.4) <0.001 21.9
adverse effects of OPs
Score of knowledge about 14.8 1.3(0.1-2.5) 0.040 8.8
self-protection from OP
exposure
Score of perceived 20.9 1.7 (0.5-2.9) 0.007 8.1
susceptibility
Score of perceived severity 9.9 0.5(-0.1-1.1) 0.115 5.1
Score of perceived benefits 8.4 0.5 (-0.4-1.3) 0.271 5.9
Score of perceived barriers 9.9 0.7 (0.2-1.3) 0.012 7.1
Score of cues to action 13.9 0.2 (-0.3-0.8) 0.425 1.4

Abbreviations: CI, confidence interval; OPs, organophosphate pesticides; OP,
organophosphate.
Note: p-value refers to the difference between pre- and post-intervention score.

Adjusted intervention effects are presented in Table 3. The results of adjusted
intervention effects, like unadjusted ones, were consistently beneficial and
statistically significant (p<0.05) for the variables of knowledge about AEs of OPs,
knowledge about self-protection from OP exposure, perceived susceptibility, and
perceived barriers (p<0.05). The variables of perceived severity and perceived
benefits statistically were significant after being adjusted for level of education and
years working as a farmworker. On the other hand, variable of cues to action was not
significant in both statistical analyses.

A comparison of Table 2 and Table 3 indicates that adjustment was significant
in increasing the differences in modelled benefits of the intervention presented by

both absolute magnitude and a percentage of the baseline mean scores.
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Table 3: Absolute magnitudes of adjusted intervention effects on knowledge
score and perceptions score, and intervention effects as percentages of baseline
and follow-up scores.

Variables Intervention effects (adjusted)
Overall  Follow-up
mean at Absolute As % of
baseline magnitude p-value baseline
(95% CI) mean
Score of knowledge about 13.7  3.4(2.3-45) <0.001 24.8
adverse effects of OPs
Score of knowledge about self- 14.8 1.9(0.9-2.9) <0.001 12.8
protection from OP exposure
Score of perceived 209 2.8(1.7-3.8) <0.001 134
susceptibility
Score of perceived severity 99 0.8(0.3-1.3) 0.002 8.1
Score of perceived benefits 84  0.7(0.1-1.4) 0.027 8.3
Score of perceived barriers 99 1.2(0.7-1.6) <0.001 12.1
Score of cues to action 139 0.4 (-0.1-0.8) 0.102 2.9
Abbreviations: CI, confidence interval; OPs, organophosphate pesticides; OP,
organophosphate.

Note: p-value refers to the difference between pre- and post-intervention score.

Adjusted mean scores of knowledge about AEs of OPs and knowledge about
self-protection from OP exposure in Indonesian farmworkers and SA migrant

farmworkers, at two measurement times, are shown in Figures 3 and 4 respectively.
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Figure 3: Adjusted mean score of knowledge about adverse effects of OPs in
Indonesian farmworkers and SA migrant farmworkers at baseline and follow-up
(p<0.001).

Notes: Scores were adjusted for level of education and years working as a farmworker. The
follow up is at 3 months after the intervention (group communication in Indonesian
farmworkers and one-on-one approach in SA migrant farmworkers).

Abbreviations: OPs, organophosphate pesticide; SA, South Australian.
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Figure 4: Adjusted mean score of knowledge about self-protection from OP
exposure in Indonesian farmworkers and SA migrant farmworkers at baseline and
follow-up (p<0.001). The follow up is at 3 months after the intervention (group
communication in Indonesian farmworkers and one-on-one approach in SA migrant
farmworkers).
Notes: Scores were adjusted for level of education and years working as a farmworker.
Abbreviations: OP, organophosphate; SA, South Australian.

Adjusted mean scores of perceptions about OP exposure in Indonesian
farmworkers and SA migrant farmworkers, at two measurement times, are shown in
Figures 5-9 (perceived susceptibility [Figure 5], perceived severity [Figure 6],

perceived benefits [Figure 7], perceived barriers [Figure 8], and cues to action

[Figure 9]).
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Figure 5: Adjusted mean score of perceived susceptibility in Indonesian
farmworkers and SA migrant farmworkers at baseline and follow-up (p<0.001).
Notes: Scores were adjusted for level of education and years working as a farmworker. The
follow up is at 3 months after the intervention (group communication in Indonesian
farmworkers and one-on-one approach in SA migrant farmworkers).

Abbreviation: SA, South Australian.
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Figure 6: Adjusted mean score of perceived severity in Indonesian farmworkers and
SA migrant farmworkers at baseline and follow-up (p=0.002).

Notes: Scores were adjusted for level of education and years working as a farmworker. The
follow up is at 3 months after the intervention (group communication in Indonesian
farmworkers and one-on-one approach in SA migrant farmworkers).

Abbreviation: SA, South Australian.
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Figure 7: Adjusted mean score of perceived benefits in Indonesian farmworkers and
SA migrant farmworkers at baseline and follow-up (p=0.027).

Notes: Scores were adjusted for level of education and years working as a farmworker. The
follow up is at 3 months after the intervention (group communication in Indonesian
farmworkers and one-on-one approach in SA migrant farmworkers).

Abbreviation: SA, South Australian.
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Figure 8: Adjusted mean score of perceived barriers in Indonesian farmworkers and
SA migrant farmworkers at baseline and follow-up (p<0.001).

Notes: Scores were adjusted for level of education and years working as a farmworker. The
follow up is at 3 months after the intervention (group communication in Indonesian
farmworkers and one-on-one approach in SA migrant farmworkers).

Abbreviation: SA, South Australian.
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Figure 9: Adjusted mean score of cues to action in Indonesian farmworkers and SA
migrant farmworkers at baseline and follow-up (p>0.05).

Notes: Scores were adjusted for level of education and years working as a farmworker. The
follow up is at 3 months after the intervention (group communication in Indonesian
farmworkers and one-on-one approach in SA migrant farmworkers).

Abbreviation: SA, South Australian.

These figures illustrate that the increases in both scores from baseline to
follow-up were greater in Indonesian farmworkers. This demonstrates the beneficial
effect of the intervention on both scores by using the method of presenting

PowerPoint slides followed by discussion.

4. Discussion

This study found that locally tailored educational interventions improved the
farmworkers’ knowledge and perceptions of OP exposure after adjusting for level of
education and years working as a farmworker (Table 3). The results of this study
support those reported by Boonyakawee et al. (2013) in Thailand, which reported
that farmworkers improved their knowledge after being provided training in
insecticide-related knowledge. These results indicated that the objectives of the
interventions were attained, except for cues to action. Knowledge about AEs of OPs

and self-protection from OP exposure support the HBM. In the HBM theory,
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knowledge is one of the modifying factors that has a direct relationship with
individual beliefs (perceived susceptibility, perceived severity, perceived benefits,
and perceived barriers) and an indirect relationship with individual behaviours
(Champion & Skinner, 2008). Knowledge of health risks and benefits of different
health practices creates the precondition to practice health behaviour (Bandura,
2004).

This study found statistically significant improvements of farmworkers’
knowledge (knowledge of OP toxicity, pathways of OP exposure at workplace and at
home, signs and symptoms of acute and chronic effects due to OP exposure, self-
protection from OP exposure at workplace and at home, PPE, and the first aid when
exposed to OPs) and farmworkers’ perceptions about OP exposure, including
perceived susceptibility, perceived severity, perceived benefits, and perceived
barriers after being provided the intervention using a group communication method
among Indonesian farmworkers compared with SA migrant farmworkers that were
provided the intervention using a one-on-one approach. The two of four major
constructs of perception are perceived susceptibility and perceived severity
(Champion & Skinner, 2008; Stretcher et al., 1997). Perceived susceptibility refers to
person's subjective perceptions regarding the risk of health conditions. In the case of
a medical illness, these dimensions include acceptance of a diagnosis, personalised
forecast for the re-susceptibility, and susceptibility towards a disease in general
(Brandt et al., 2001; Champion & Skinner, 2008; Clark & Houle, 2009). Feeling
susceptible to a condition which leads to a serious disease can encourage
farmworkers to change their behaviour (Champion & Skinner, 2008; Stretcher et al.,
1997). It depends on one's belief of the effectiveness of the various measures
available to reduce the threat of disease, or the perceived benefits in making health

efforts. Meanwhile, perceived severity refers to feelings about the seriousness of the
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disease, including the evaluation of the clinical and medical consequences (e.g.
death, disability, and pain) and social consequences that may occur (such as the
effects on employment, family life, and social relationships) (Brandt et al., 2001,
Champion & Skinner, 2008; Clark & Houle, 2009). Perceived barriers appear due to
heightened view of potential negative aspects of health-related behaviour change.
Factors, such as uncertainty, side effects, and questions about suitability, anxiety, and
stress may act as a barrier to changing behaviour (Brandt et al., 2001; Champion &
Skinner, 2008; Clark & Houle, 2009). In addition, according to the HBM theory,
behaviour is also influenced by cues to action. Cues to action are events, things, or
people that/who encourage or trigger people to change their behaviour by using
appropriate reminder systems, promoting awareness, or providing information
(Brandt et al., 2001; Champion & Skinner, 2008; Clark & Houle, 2009).

Indonesian farmworkers had significant improvement for almost all measured
variables (knowledge and perceptions), except for cues to action. On the other hand,
SA migrant farmworkers had significant improvement in mean score of knowledge
about AEs of OPs whereas mean score of knowledge about self-protection from OP
exposure had insignificant improvement and mean scores of all aspects of
perceptions remained constant.

The intervention of health education provided to farmworkers in both groups
was viewed as an innovation (World Health Organization, 2012). Different methods
of educational interventions between groups might influence effectiveness of
provided interventions (ILEP, 1998). Group intervention was used for Indonesian
farmworkers whereas individual intervention was used for SA migrant farmworkers.
Geographical area was the main reason for using different methods of educational
interventions. In Indonesia, the research participants lived in the same village and

were easily gathered together. In South Australia, the research participants did not
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live in the same area and only could be visited in their farm areas by making an
appointment first.

During the intervention, the research participants in Indonesia were active and
participants in all processes of the intervention, including listening, discussing,
interacting, or explaining their experiences in using OPs. On the other hand, in South
Australia, a one on one approach using a flipchart was the method used to convey
information. All research participants in South Australia were Vietnamese, and were
prone to be passive participants that means SA migrant farmworkers tended to be
hesitant in asking a question during discussion session after providing educational
intervention. This might be due to limited English language proficiency and therefore
the participants might be hesitant in expressing their opinions in English language.
The messages are much more effectively understood, when the target groups have an
opportunity to express their opinions and interact (ILEP, 1998).

In Australia, the National Farmer’s Federation (NFF) and the Rural Training
Council of Australia (RTCA) conducted the national training and accreditation
program for farm chemical users, known as ChemCert Australia to improve the

knowledge, skills, attitude, and behaviour of farm chemical users (Radcliffe, 2002).

4.1. Methodological considerations

The intervention in this study was specifically targeted to reduce OP exposure.
The sample was limited to one village of one regency in Indonesia (30 Indonesian
farmworkers) and one region of one state in Australia (seven SA migrant
farmworkers) due to difficulties in recruiting research participants in Australia. The
intervention program only lasted for 1 hour, so possibly greater improvement post-
intervention would have been observed had the educational intervention been

delivered over a longer timeframe. In addition, this study only adjusted two factors,
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namely level of education and years of working as a farmworker, as covariates. We
did not measure other external factors such as government awareness programs,
information obtained from other sources such as the media, etc, which might
influence the scores of knowledge and perceptions in the follow-up measurement.
Moreover, self-reported data might occur in this study and might introduce potential
bias like social desirability bias. Self-report often threaten the validity of research.
Limited English language proficiency among SA migrant farmworkers might be a
confounding variable that influenced the results of this study. Therefore, information
bias might occur. The data collection times pre-intervention used in the two groups
of farmworkers aligned with the times of spraying, otherwise the data collection
times post-intervention used in a majority of Indonesian farmworkers did not align
with the times of spraying due to the very dry season in Indonesia at 3 months after
the intervention. Notwithstanding, the improvements resulted by the intervention in
this study provide starting points to change behaviour of farmworkers, particularly to

reduce OP exposure both at the workplace and at home.

5. Conclusions

Indonesian farmworkers had significant improvements in almost all aspects of
knowledge and perceptions about OP exposure in the follow-up measurement after
providing the interventions. In contrast, SA migrant farmworkers had insignificant
improvements in all measured variables, except for knowledge about AEs of OPs.
This might be due to the different methods of the interventions provided to both
groups. The use of group communication was more effective to improve
farmworkers’ knowledge and perceptions than individual approach.

SA migrant farmworkers require a specific method of educational intervention

to improve their knowledge and perceptions of OP exposure. Following ChemCert
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courses to obtain chemical accreditations conducted by ChemCert Training Group
before working in agricultural sector is a suitable option to improve knowledge and
the skills of SA migrant farmworkers in performing duties safely.

Further research needs to be conducted using long-term intervention methods,
particularly for Indonesian farmworkers, to assess the effectiveness of interventions

associated with changes of health behaviour outcomes.
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Appendices

Appendix A - Knowledge about adverse effects of OPs

(12 questions total)

Check only one choice in each question. (Correct answers are checked. Correct

answers received 2 points, “don’t know” answers received 1 point, and incorrect

answers received 0 point. Minimum and maximum possible total scores were 0 and

24 respectively).

Q# Statements T | F | DK

Al | OP is not one of the insecticide types 1~V [ [

A2 | Fungicides are more toxic than insecticides 11V | []

A3 | Insecticides are not harmful for human health 11V [ []

A4 | Farmworkers can suffer from pesticide poisoning when Vv OO
they are applying OPs on crops

A5 | OPs can enter the body through inhalation v I [

A6 | Headache, nausea, cough, and sore throat after applying O Y O
OPs on crops are not symptoms of pesticide poisonings

A7 | Vomiting, sweating, chest pain, and diarrhoea are the 1V | O
symptoms of mild pesticide poisoning

A8 | Pesticide poisonings can occur even when farmworkers VIO O
wash their hands before eating and drinking

A9 | OPs will not cause death unless it is swallowed L1~ | [

A10 | Psychic disturbances or hallucinations are not symptoms !y | O
of pesticide poisonings

All | Risk of pesticide poisoning can be reduced by washing ][]
hands using clean water and soap before eating and \
drinking

A12 | OP insecticides are the most toxic pesticides v I ]

Abbreviation: T, true; F, false; DK, don’t know; OPs, organophosphate pesticides;
OP, organophosphate
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Appendix B - Knowledge about self-protection from OP exposure

(10 questions total)

Check only one choice in each question. (Correct answers are checked. Correct

answers received 2 points, “don’t know” answers received 1 point, and incorrect

answers received 0 point. Minimum and maximum possible total scores were 0 and

20 respectively).

Q# Statements T | F | DK

B1 | Clothing contaminated by OPs is not a factor contributing N | O
to pesticide poisonings

B2 | Smoking in the field raises the possibility of OPs entering
the body v H

B3 | Throwing away empty pesticide containers in a farm area 11y | O
is okay because it will not contaminate the environment

B4 | Unused OPs must be stored in a ventilated room and IOl O
separated from pantry or kitchen

B5 | Re-entry into a farm area immediately after pesticide
spraying without wearing PPE will increase amount of v IO
chemical materials absorbed by a human body

B6 | Mixing OPs using bare hands is not harmful and will not OV | O
cause adverse effects on human health

B7 | Mostly farmworkers will not suffer from pesticide ] o
poisonings even though they do not wear PPE when \
working

B8 | Wearing unwashed clothing after working in a farm area miis
can be related to signs and symptoms of pesticide \
poisonings

B9 | Pesticide poisonings may occur even if farmworkers JiOolo
shower immediately after working

B10 | Wearing PPE is one of the ways to reduce and to prevent Rimlim
pesticide exposure during and after working in farm area

Abbreviation: T, true; F, false; DK, don’t know; OPs, organophosphate pesticides;
PPE, personal protective equipment; OP, organophosphate
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Appendix C — Perceptions about OP exposure (perceived susceptibility, perceived severity, perceived benefits, perceived barriers, and cues to
action). Check only one choice for each question. (Positive-direction questions were scored from 1 point for ‘strongly disagree’ to 5 points for
‘strongly agree’. Negative-direction questions were scored from 1 point for ‘strongly agree’ to 5 points for ‘strongly disagree’).

Q# Statements Strongly Disagree Neutral Agree Strongly Direction of
Disagree Agree guestion
Perceived Susceptibility (6 questions total)
Minimum possible scores = 6; Maximum possible scores = 30
Cl1 Exposure to OPs will not cause any adverse effects to me [ ] [ ] ] [ ] [ ]  Negative
C2  Other farmworkers may suffer from pesticide poisoning [] [ ] [ ] [ ] ] Positive
C3  Human skin is not a route of OPs to enter the body [ ] [ ] [ ] ] [ ] Negative
C4  OPs are not dangerous for the human body ] ] [ ] ] [ ] Negative
C5 OPs are not harmful to the body as long as they are not swallowed L] L] L] [ ] [ ]  Negative
C6  Following pesticide exposure, the pesticide is removed by the liver [] [] [] [] [ ] Positive
Perceived Severity (4 questions total)
Minimum possible scores = 4; Maximum possible scores = 20
C7 ISI; 'g:]e pesticide is on the skin, it will only cause a mild effect and it will recover ] ] ] ] ] Negative
C8 OPs only cause itchy skin ] ] ] L] [ ] Negative
C9  The effect of pesticide on the body is easily cured [] [] [ ] [ ] [ ] Negative
10 Redn n the skin r working with OPs in the fields is not harmful .
- it‘?;JI oilsli/(;s ;neesffectact:‘esun?ight gxpotsuf()e > the fields 15 not harmiul because L] L] L] L] [ Negative
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(Appendix C: Continued)

Q# Statements Strongly Disagree Neutral Agree Strongly Direction of
Disagree Agree guestion

Perceived Benefits (2 questions total)

Minimum possible scores = 2; Maximum possible scores = 10

Cl11 Use of PPE will protect the body from adverse effects of pesticide exposure [ ] L] L] [ ] [ 1 Positive

C12 Although a bit troublesome, wearing PPE is necessary to improve health [ ] [ ] [ ] [] [ ] Positive

Perceived Barriers (4 questions total)

Minimum possible scores = 4; Maximum possible scores = 20

C13 Use of PPE is troublesome [] [ ] [ ] ] [ 1  Negative

C14 PPE is expensive [ ] [] [] [ ] [ ] Negative

C15 Use of PPE causes an uncomfortable feeling in the work [ ] ] ] [ ] [ ]  Negative

C16 Following all pesticide safety procedures is not efficient because it will need .
extra timg to fIiDnish my farmil/v%rk [] [] L] [] [ Negative

Cues to Action (4 questions total)

Minimum possible scores = 4; Maximum possible scores = 20

C17 A health worker often reminds me to use PPE when | am working L] ] ] ] [ ] Positive

C18 I(;/Llj)r/izgevr\wlgilz/vere ever sick due to not following pesticide safety procedures ] ] ] ] ] Positive

C19 My body often feels itchy after using OPs without wearing PPE [ ] [ ] [ ] [] [ ] Positive

C20 | often feel dizzy after spraying OPs on crops [] [] [] ] [ ] Positive

Abbreviation: OPs, organophosphate pesticides; PPE, personal protective equipment
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Abstract

Objective: The aim of this study was to describe the differences of field
practices in handling OPs and the prevalence of OP-related symptoms among
Indonesian and South Australian (SA) migrant farmworkers between pre and post
educational intervention. Study design: This was a quasi-experimental study.
Methods: Thirty Indonesian farmworkers at Dukuhlo Village, Brebes Regency,
Indonesia, were provided the educational intervention using a method of group
communication whereas seven migrant farmworkers in Virginia, South Australia
were provided the educational intervention individually. Data were collected by
interview using a structured questionnaire. Results: Some significantly behavioural
improvements (p<0.05) in handling OPs as the result of the intervention occurred
among Indonesian farmworkers as follows: 1) proportions of farmworkers who were
touching crops after OP application dramatically decreased from 63% in pre
intervention to 17% in post intervention; 2) proportions of farmworkers who were
spraying OPs against wind direction sharply declined from 60% in pre intervention
to 30% in post intervention; 3) proportions of farmworkers who were avoiding spray
drift when applying OPs dramatically rose from 47% in pre intervention to 97% in
post intervention; 4) proportions of farmworkers who were ensuring to not affect
other people by over applied spray drift when applying OPs sharply increased from
53% in pre intervention to 93% in post intervention; and 5) proportions of
farmworkers who were suffering from OP-related symptoms slightly decreased from
67% in pre intervention to 63% in post intervention. On the other hand, field
practices of SA migrant farmworkers in post educational intervention remained
constant as they did in pre intervention. Conclusions: Provision of appropriate

equipment and long-term educational intervention linked to workplace was needed to
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improve their knowledge, perceptions, and work practices to reducing adverse effects

due to OP exposure.

1. Introduction

Organophosphate pesticide (OP)-related symptoms have been investigated in
both developing and developed countries. In developing countries, a study by Kishi
et al. (1995) in Indonesia found that 21% of 204 OP sprayers in Tegal and Brebes
Regency had at least four symptoms related to OP exposure, including
neurobehavioral, gastrointestinal, and respiratory symptoms. Similarly, Dasgupta et
al. (2007) in the Mekong Delta in Vietnam reported that all 190 farmworkers
assessed had some symptoms after mixing and spraying OPs. These symptoms
consisted of skin irritation (66%), headache (61%), dizziness (49%), eye irritation
(56%), and shortness of breath (44%). Rajashekhara et al. (2013) found that 25% of
76 patients working as agricultural workers and admitted to Jawaharlal Nehru
Medical College were suffering from congested conjunctiva (87%), pin point pupil
(83%), lacrimation (80%), vomiting (78%), non-reactive pupil (75%), respiratory
distress (60%), and abdominal pain (37%). In developed countries, a study conducted
by Strong et al. (2004) in eastern Washington State, (U.S.) among 211 farmworkers
showed that the most common symptoms due to OP exposure reported by the
participants were: headaches (50%), burning eyes (39%), pain in muscles, joints, or
bones (35%), a rash or itchy skin (25%), and blurred vision (23%). Johnstone (2006)
in Australia, assessing 50 farmworkers found that headache (2%), fatigue (3.9%),
and watery eyes (3.9%) were the most frequently experienced symptoms reported by
farmworkers due to OP exposure.

Field practices like mixing and spraying pesticides, use of personal protective

equipment (PPE), washing hands or taking a shower after applying OPs, wearing
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contaminated clothes, eating, drinking and smoking during working with OP
compounds were the most common factors contributing to OP exposure among
farmworkers in developing and developed countries (Afriyanto, 2008; Arcury et al.,
2002; Bradman et al., 2009; Johnstone, 2006; Lein et al., 2012; Mancini et al., 2009;
Panuwet et al., 2008; Ribeiro et al., 2012; Shomar et al., 2014; Zhang et al., 2011).
This study was conducted to further understand the results of a study by
Suratman et al. (2016, Chapter 3) among 30 Indonesian farmworkers and 7 SA
migrant farmworkers that reported knowledge and perceptions of OP exposure
among farmworkers in both countries. Comparisons of field practices in handling
OPs and the prevalence of OP-related symptoms among farmworkers in both
countries between pre and post educational intervention had not been previously
investigated. Here we present results of a comparison of field practices in handling
OPs and the prevalence of OP-related symptoms among Indonesian and SA migrant
farmworkers, pre and post educational intervention. The educational intervention
(described in detail in Suratman et al. (2016, Chapter 3)) was a short (one hour)
delivery of information using group approach for Indonesian farmworkers and
individual approach for SA migrant farmworkers relating to pesticide exposure,
including definition of pesticides, groups of pesticides, pathways of OP exposure at
workplace and at home, adverse health effects of OPs, signs and symptoms of acute
and chronic effects due to OP exposure, self-protection from OP exposure at
workplace, self-protection from OP exposure at home, personal protective equipment

(PPE), and first aid when exposed to OP exposure.
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2. Study Design and Methods

2.1. Study Population

This was a quasi-experimental study conducted in two research sites, Virginia,
South Australia, Australia from May 2014 to June 2014 (pre educational
intervention) and from September 2014 to October 2014 (post educational
intervention); and at Dukuhlo Village, Brebes Regency, Central Java province,
Indonesia from July 2014 to August 2014 (pre educational intervention) and from
November 2014 to December 2014 (post educational intervention). Inclusion criteria
of population were: 1) male; and 2) had to be employed in farm work within the past
3 months. Ethics approvals were obtained from Southern Adelaide Clinical Human
Research Ethics Committee (SACHREC) with approval number: 319.13 and from
Commission on Health Research Ethics, Faculty of Public Health, Diponegoro
University, Semarang, Indonesia with approval number: 183/EC/FKM/2013.

Brebes Regency in Indonesia and Virginia in South Australia in this study were
chosen as study sites conducted by Suratman et al. (2016, Chapter 3). Thirty
Indonesian farmworkers and seven SA migrant farmworkers involved in this study
were the same as the research participants in a study conducted by Suratman et al.

(2016, Chapter 3). The ethnicity of the SA migrant farmworkers is Vietnamese.

2.2. Research Questionnaire Instrument

Data collection used an interviewer-administered questionnaire. The
questionnaire was written in English and Indonesian. Questions were constructed
based on the following literature: Workplace Health and Safety Queensland (2012);
and other studies (Atreya, 2007; Berlin et al., 1980; Johnstone, 2006; LePrevost et
al.,, 2011; Strong et al., 2008; Yassin et al., 2002; Zhang et al., 2011). The

questionnaire consisted of: 1) activities associated with OP application as assessed by
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5 closed-ended questions; 2) methods of OP application as assessed by 10 close-
ended questions; 3) types of PPE usually worn when working with OPs as assessed
by 6 closed-ended questions; 4) personal hygiene behaviour when working with OPs
as assessed by 4 close-ended questions; 5) types of packaging and active ingredients
of OPs products as assessed by 2 close-ended questions and 1 open-ended question;
6) workplace conditions as assessed by 9 close-ended questions; 7) OP-related
symptoms as assessed by 16 symptoms questions.

Thirty Indonesian farmworkers were provided the intervention using a method
of group communication whereas seven SA migrant farmworkers were provided the
intervention individually. The intervention program in each group lasted for one
hour. The provided educational intervention covered the following: 1) definition of
pesticides; 2) groups of pesticides; 3) pathways of OP exposure at workplace and at
home; 4) adverse health effects of OPs; 5) signs and symptoms of acute and chronic
effects due to OP exposure; 6) self-protection from OP exposure at workplace; 7)
self-protection from OP exposure at home; 8) personal protective equipment (PPE);
and 9) first aid when exposed to OP exposure. Greater detail about study sites, study
participants, and the contents of the educational intervention is presented in

Suratman et al. (2016, Chapter 3).

2.3. Data Collection

The questionnaire was administered by an interviewer, face-to-face. This
method was selected to obtain more accurate and complete answers, as the
interviewer could clarify questions and responses at the same time. In South
Australia, data collection was conducted from May to June 2014 for pre-intervention
measurements and from September to October 2014 for post-intervention

measurements. In Indonesia, data collection was conducted from July to August 2014
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for pre-intervention measurements and from November to December 2014 for post-
intervention measurements.
2.4. Data Analysis

Data were analysed using the statistical package SPSS. Categorical data were
expressed as frequencies and proportions and were analysed using McNemar Test

(Sheskin, 2004).

3. Results

3.1. Activities associated with OP application

Table 1 presents activities associated with OP application by Indonesian and
SA migrant farmworkers between pre and post educational intervention. Generally,
both groups did not differ in terms of the activities relating to OP application

between two measurements.

3.2. Methods of OP application

Some methods of OP application among Indonesian and SA migrant
farmworkers are presented in Table 2. Indonesian farmworkers usually used
backpack sprayer to apply OPs to their crops (100%) in both measurements, poured
OPs into the application tank using equipment such as bucket, dipper, cup,
tablespoon, and trowel (90%), and used equipment to stir the mixture when mixing
OPs such as dipper, tablespoon, and trowel (97%). On the other hand, a large
majority of SA migrant farmworkers reported the use of hand spray gun (86%) to
apply OPs, used their hands to pour the chemicals into tank (71%), and used their
hands/arms (43%) and stick/paddle (43%) to stir in both measurements.

Meanwhile, nearly all (97%) of Indonesian farmworkers did not ride on

equipment when applying OPs in pre intervention and all Indonesian farmworkers
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did not ride on equipment when applying OPs in post intervention. In contrast, 29%
of SA migrant farmworkers rode a towing vehicle for applying OPs in both
measurements. Riding on equipment means farmworkers was driving a tractor, a
truck pulling a sprayer, a tank of pesticides, or another type of vehicle in the field.
All the research participants in SA cultivated plants in a greenhouse. During a
spraying period, they mixed chemical pesticides in a big container (a tank) in a
chemical shed. They transported it from their chemical sheds to their greenhouses by
driving a vehicle. In a greenhouse, they sprayed by hand. All research participants in
both groups (100%) sprayed OPs on their crops in both pre and post intervention.
More than 50% of Indonesian farmworkers were against wind direction when
spraying OPs in pre intervention, whereas only 30% of them were upwind when
spraying OPs in post intervention. On the other hand, all SA migrant farmworkers
(100%) sprayed OPs following wind direction in both measurements. More than 50%
of Indonesian farmworkers did not avoid spray drift when spraying OPs in pre
intervention, whereas only 3% of them did not avoid spray drift when spraying OPs
in post intervention. Approximately 47% of Indonesian farmworkers did not ensure
that other people were not affected by applied spray drift, whereas in post
intervention, only 7% of them did not ensure that other people were not affected by
applied spray drift. In contrast, a large majority of SA migrant farmworkers (86%)
avoided spray drift and also ensured that other people were not affected by spray

drift in both pre and post intervention.

123



Table 1: Activities associated with OP application by Indonesian and SA migrant farmworkers.

Activity

Indonesian SA migrant
farmworkers farmworkers (n=7)
(n=30)
Pre Post Pre Post

I personally mixed OPs for farm purposes in the last three months:
" Yes
= No

I personally loaded pesticides for farm purposes in the last three months:
" Yes
= No

| personally sprayed crops in the last three months:
" Yes
= No

| touched crops or plants after pesticides had been applied in the last three months: ™
= Yes
= No

I rode equipment, such as a tractor or harvester for farm purposes in the last three months:

= Yes
= No

30 (100%) 22 (73%) 7 (100%) 7 (100%)
0(0%) 8(27%) 0 (0%) 0 (0%)

30 (100%) 22 (73%) 4 (57%) 4 (57%)
0(0%)  8(27%) 3(43%) 3 (43%)

30 (100%) 21 (70%) 5(71%) 5 (71%)
0(0%)  9(30%) 2(29%) 2 (29%)

19(63%)  5(17%) 3(43%) 3 (43%)
11 (37%) 25(83%) 4 (57%) 4 (57%)

9 (30%) 0(0%) 4(B7%) 4 (57%)
21 (70%) 30 (100%) 3 (43%) 3 (43%)

*) Statistically significant among Indonesian farmworkers (p<0.05)
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Table 2: Methods of OP application by Indonesian and SA migrant farmworkers.

Indonesian farmworkers SA migrant
Activity (n=30) farmworkers (n=7)
Pre Post Pre Post
Methods usually used for applying OPs to crops
= Distribute granules 1 (3%) 0 (0%) 0 (0%) 0 (0%)
= Backpack sprayer 30 (100%) 30 (100%) 0 (0%) 0 (0%)
= Hand spray gun 0 (0%) 0 (0%) 6 (86%) 6 (86%)
Ways to pour the chemicals into the application tank when mixing OPs
= Pour into tank by hand 3 (10%) 6 (20%) 5 (71%) 5 (71%)
= Other 27 (90%) 24 (80%) 2 (29%) 2 (29%)
Kind of equipment usually used to stir the mixture when mixing OPs
= Hand/Arm 1 (3%) 0 (0%) 3 (43%) 3 (43%)
= Stick/Paddle 0 (0%) 1 (3%) 3 (43%) 3 (43%)
= Automatic Stir 0 (0%) 0 (0%) 1 (14%) 1 (14%)
= Other 29 (97%) 29 (97%) 0 (0%) 0 (0%)
Used a towing vehicle, such as tractor, trailer, or truck when applying OPs
" Yes 1 (3%) 0 (0%) 2 (29%) 2 (29%)
* No 29 (97%) 30 (100%) 5 (71%) 5 (71%)
Spraying OPs on crops
" Yes 30 (100%) 30 (100%) 7 (100%) 7 (100%)
* No 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Ways to spray OPs on crops
= Wind direction 12 (40%) 21 (70%) 7 (100%) 7 (100%)
= Against wind direction 18 (60%) 9 (30%) 0 (0%) 0 (0%)
Avoiding spray drift when applying OPs ™
" Yes 14 (47%) 29 (97%) 6 (86%) 6 (86%)
* No 16 (53%) 1 (3%) 1 (14%) 1 (14%)
Ensuring to not affect other people by over applied spray drift when applying OPs
" Yes 16 (53%) 28 (93%) 6 (86%) 6 (86%)
= No 14 (47%) 2(7%) 1(14%) 1 (14%)

") Statistically significant among Indonesian farmworkers (p<0.05)
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3.3. Types of PPE Usually Worn When Working with OPs
Types of PPE usually worn by farmworkers during working with OPs in pre
and post educational intervention are shown in Table 3.

Table 3: Types of PPE usually worn by Indonesian and SA migrant
farmworkers when working with OPs.

Indonesian farmworkers SA
Types of PPE (n=30) migrant (fr?_rr7r;workers
Pre Post Pre Post

Clothes:
= Long sleeved shirt 26 (87%) 30 (100%) 2 (28%) 2 (28%)
= Short sleeved shirt 4 (13%) 0 (0%) 4 (58%) 4 (58%)
= Coveralls 0 (0%) 0 (0%) 1 (14%) 1 (14%)
= Long pants/Leg covering 13 (43%) 15 (50%) 3 (43%) 3 (43%)
= Shorts 17 (57%) 15 (50%) 7 (100%) 7 (100%)
Headwear:
= Wide brim hat 18 (60%) 1 (3%) 1 (14%) 1 (14%)
= Cap 12 (40%) 29 (97%) 6 (86%) 6 (86%)
Footwear:
= Chemically resistant boots or

shoes 0 (0%) 0 (0%) 2 (29%) 2 (29%)
= Waterproof boots 0 (0%) 0 (0%) 5 (71%) 5 (71%)
= Sneaker 0 (0%) 0 (0%) 0 (0%) 0 (0%)
= No shoes 30 (100%) 30 (100%) 0 (0%) 0 (0%)
Mask:
= Gas mask, Cartridge mask 0 (0%) 0 (0%) 5 (71%) 5 (71%)
= A filtering facepiece 2 (7%) 1 (3%) 1 (14%) 1 (14%)
= QOther mask/respirators 3 (10% 1 (3%) 1 (14%) 1 (14%)
= No mask 25 (83%) 28 (93%) 0 (0%) 0 (0%)
Gloves:
= | eather gloves 0 (0%) 0 (0%) 2 (29%) 2 (29%)
= Waterproof elbow length gloves 0 (0%) 0 (0%) 0 (0%) 0 (0%)
= Waterproof gloves 0 (0%) 1 (3%) 1 (14%) 1 (14%)
= Other types of gloves 2 (7%) 1 (3%) 2 (29%) 2 (29%)
= No gloves 28 (93%) 28 (93%) 2 (29%) 2 (29%)
Eye protections:
= Safety glasses 1 (3%) 0 (0%) 5 (71%) 5 (71%)
= A face shield 0 (0%) 0 (0%) 0 (0%) 0 (0%)
= Chemical goggles 0 (0%) 0 (0%) 0 (0%) 0 (0%)
= Other types of eye protections 0 (0%) 0 (0%) 0 (0%) 0 (0%)
= No eye protection 29 (97%) 30 (100%) 2 (29%) 2 (29%)

In pre intervention, most of Indonesian farmworkers reported usually wore
long sleeved shirt (87%) and wide brim hat (60%), and did not wear footwear
(100%), mask (83%), gloves (93%), and eye protection (97%) when working with

OPs. In post intervention, most of Indonesian farmworkers reported usually wore
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long sleeved shirt (100%) and cap (97%), and did not wear footwear (100%), mask
(93%), gloves (93%), and eye protection (100%) when working with OPs.
Meanwhile, most of SA migrant farmworkers in pre and post intervention reported
usually wore short sleeved shirt (58%), shorts (100%), cap (86%), waterproof boots
(71%), gas mask or cartridge mask (71%), leather gloves (29%), and safety glasses

(71%) during working with OPs.

3.4. Personal Hygiene Behaviour When Working with OPs
Table 4 presents personal hygiene behaviour by Indonesian and SA migrant
farmworkers when working with OPs in pre and post educational intervention.

Table 4: Personal hygiene behaviour of Indonesian and SA migrant
farmworkers when working with OPs.

Indonesian SA migrant farmworkers
Activity farmworkers (n=30) (n=7)
Pre Post Pre Post

How often do you wash your
hands after work using clean
water and soap before eating?
= Always 24 (80%) 30 (100%) 7 (100%) 7 (100%)
= Usually 0 (0%) 0 (0%) 0 (0%) 0 (0%)
= Sometimes 6 (20%) 0 (0%) 0 (0%) 0 (0%)
= Never 0 (0%) 0 (0%) 0 (0%) 0 (0%)
How often do you wash your
hands after work using clean
water and soap before touching
regular clothes?
= Always 27 (90%) 29 (97%) 6 (86%) 6 (86%)
= Usually 0 (0%) 1 (3%) 0 (0%) 1 (14%)
= Sometimes 2 (7%) 0 (0%) 1 (14%) 0 (0%)
= Never 1 (3%) 0 (0%) 0 (0%) 0 (0%)
How often do you take a shower
immediately after work?
= Always 26 (87%) 30 (100%) 4 (57%) 4 (57%)
= Usually 0 (0%) 0 (0%) 1 (14%) 1 (14%)
= Sometimes 4 (13%) 0 (0%) 0 (0%) 0 (0%)
= Never 0 (0%) 0 (0%) 2 (29%) 2 (29%)
How often do you wear the
same clothes more than one day
without washing them?
= Always 24 (80%) 12 (40%) 2 (29%) 1 (14%)
= Usually 0 (0%) 0 (0%) 0 (0%) 0 (0%)
= Sometimes 0 (0%) 7 (23%) 0 (0%) 1 (14%)
= Never 6 (20%) 11 (37%) 5 (71%) 5 (71%)
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Most Indonesian farmworkers (80%) reported always washing their hands
using clean water and soap before eating in pre intervention and it increased to be
100% in post intervention measurement. In contrast, all SA migrant farmworkers
(100%) reported always washing their hands using clean water and soap before
eating in both sets of data. Similarly, most of the research participants among
Indonesian farmworkers (90%) reported always washing their hands after work using
clean water and soap before touching regular clothes in pre intervention and it
increased to be 97% in post intervention. On the other hand, most of SA migrant
farmworkers (86%) reported always washing their hands after work using clean
water and soap before touching regular clothes in both sets of data.

The proportion of Indonesian farmworkers always taking a shower
immediately after work increased from 87% in pre intervention to 100% in post
intervention. In contrast, the proportion of its activity remained constant among SA
migrant farmworkers in both sets of data (57%). The proportion of Indonesian
farmworkers never wearing the same clothes more than one day without washing
them increased from 20% in pre intervention to 37% in post intervention. In contrast,
the proportion remained constant among SA migrant farmworkers in both sets of

data (71%).

3.5. Types of Packaging and Active Ingredients of OP Pesticide Products

Table 5 presents types and active ingredients of OP pesticide products used by
Indonesian and SA migrant farmworkers in pre and post educational intervention.
Cans (41% and 87%) and bags (32% and 97%) were the most common types of OP
pesticide packaging used by Indonesian farmworkers in both sets of data
respectively. In contrast, most of the SA migrant farmworkers (86% and 100%) used

liquid containers in both sets of data respectively. All research participants (100%) in
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both groups used insecticides in both pre and post intervention. However, fungicides
and herbicides were also used by SA migrant farmworkers. Generally, chlorpyrifos
was commonly used by approximately 50% of the research participants in Indonesian
and SA migrant farmworkers in pre intervention. Meanwhile, triazophos was the
other type of OP compounds commonly used by Indonesian farmworkers in pre
intervention. The use of chlorpyrifos decreased to be 9% of Indonesian farmworkers
in post intervention. The active ingredients in the OPs were identified by asking a
question about brand names and codes of pesticide products that were used on crops
by the research participants and confirming the OP compounds by reading all active
constituents that were listed on the label in pesticide products shown by them. The
percentage of the types of OPs used in Table 5 did not add to 100%. This was no use
of OPs. In addition, in the post intervention period, the use of chlorpyrifos decreased
to 9% that was due to no OP spraying needed.

Table 5: Types and active ingredients of OPs products used by Indonesian and
SA migrant farmworkers.

Indonesian SA
Type and Active farmworkers (n=30) migrant farmworkers
Ingredient (n=7)
Pre Post Pre Post
Types of OPs packaging:
» Bags 18 (32%) 29 (97%) 0 (0%) 0 (0%)
= Cans 23 (41%) 26 (87%) 0 (0%) 0 (0%)
= Liquid containers 0 (0%) 1 (3%) 6 (86%) 7 (100%)
= Bottles 15 (27%) 1 (3%) 1 (14%) 1 (14%)
= Other types 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Types of Pesticides:
» Insecticides 30 (100%) 30 (100%) 7 (100%) 7 (100%)
» Fungicides 30 (100%) 30 (100%) 6 (86%) 6 (86%)
= Herbicides 0 (0%) 0 (0%) 3 (43%) 3 (43%)
= Rodenticides 0 (0%) 0 (0%) 2 (29%) 2 (29%)
Active ingredients of OPs:
= Chlorpyrifos 15 (50%) 3 (9%) 3 (43%) 3 (43%)
= Triazophos 7 (23%) 0 (0%) 0 (0%) 0 (0%)
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3.6. Workplace Conditions

Table 6 presents details of provided facilities to support personal hygiene in

workplaces of Indonesian and SA migrant farmworkers in pre and post educational

intervention. Generally, water and cups to drink were available in farm areas in both

groups in both measurements. Notwithstanding, majority of the Indonesian

farmworkers did not have access to water, soap, or towels; and did not have facilities

to wash hands, toilet, and break room in their fields in both measurements. In

contrast, these facilities were available in all SA migrant farmworkers’ workplaces.

Table 6: Workplace conditions of Indonesian and SA migrant farmworkers.

Indonesian SA
- farmworkers (n=30) migrant farmworkers
Facility (n=7)
Pre Post Pre Post
There is water for you to drink
in the fields:
= Yes 29 (97%) 30 (100%) 4 (57%) 4 (57%)
= No 1 (3%) 0 (0%) 3 (43%) 3 (43%)
There are enough cups
provided to drink using a clean
cup for each worker:
" Yes 26 (87%) 30 (100%) 6 (86%) 6 (86%)
* No 4 (13%) 0 (0%) 1 (14%) 1 (14%)
There is water to wash your
hands:
" Yes 4 (13%) 0 (0%) 7 (100%) 7 (100%)
= No 26 (87%) 30 (100%) 0 (0%) 0 (0%)
Soap is available for
handwashing:
" Yes 1 (3%) 0 (0%) 7 (100%) 7 (100%)
= No 29 (97%) 30 (100%) 0 (0%) 0 (0%)
Single use towels are available
for handwashing:
= Yes 3 (10%) 0 (0%) 2 (29%) 2 (29%)
= No 27 (90%) 30 (100%) 5 (71%) 5 (71%)
Washing water is separated
from drinking water:
= Yes 11 (37%) 11 (37%) 7 (100%) 7 (100%)
* No 19 (63%) 19 (63%) 0 (0%) 0 (0%)
There is any break room to
take a rest for meals:
" Yes 10 (33%) 10 (33%) 7 (100%) 7 (100%)
* No 20 (67%) 20 (67%) 0 (0%) 0 (0%)
There is a toilet facility:
= Yes 1 (3%) 0 (0%) 7 (100%) 7 (100%)
* No 29 (97%) 30 (100%) 0 (0%) 0 (0%)
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3.7. OP-related Symptoms

OP-related symptoms are all symptoms reported by farmworkers after working
with OPs like weakness, headache, dizziness, nausea, vomiting, diarrhoea, salivation,
watery eyes, sweating, difficulty working, psychic disturbances, chest pain, blue lips,
heart palpitations, and muscle twitching.

Table 7 presents at least two or more OP-related symptoms suffered by
Indonesian and SA migrant farmworkers. As many as 67% of Indonesian
farmworkers reported OP-related symptoms in pre intervention and 63% in post
intervention whereas 14% of SA migrant farmworkers reported such symptoms in
pre intervention and no one reported such symptoms in post intervention.

Table 7: OP-related symptoms among Indonesian and SA migrant
farmworkers.

OP-related Indonesian . SA
symptoms farmworkers (n=30) migrant farmworkers (n=7)
Pre Post Pre Post
Yes 20 (67%) 19 (63%) 1 (14%) 0 (0%)
No 10 (33%) 11 (37%) 6 (86%) 7 (100%)
4. Discussion

This study provides useful information on all aspects of field practices in
handling OPs and OP-related symptoms in two different groups of farmworkers,
Indonesian and SA migrant farmworkers between pre and post educational
intervention.

Generally, activities in handling OPs were relatively similar between pre and
post educational intervention in both farmworker groups. This result indicated that
the educational intervention provided to both groups did not significantly change
their behaviour to reduce OP exposure. However, the intervention had significantly

improved some work practices (p<0.05) among Indonesian farmworkers in not
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touching crops after OP application (Table 1), spraying method (Table 2), avoiding
spray drift when applying OPs (Table 2), and ensuring to not affect other people by
over applied spray drift when applying OPs (Table 2). In addition, proportions of
farmworkers who suffering from OP-related symptoms slightly decreased from 67%
in pre intervention to 63% in post intervention (Table 7). In contrast, generally, field
practices of SA migrant farmworkers in post educational intervention remained
constant as they did in pre intervention.

A study by Suratman et al. (2016, Chapter 3) among the same research
participants who were involved in this study reported that the simple educational
intervention had significantly improved scores of knowledge, perceived
susceptibility, perceived severity, perceived benefits, and perceived barriers, except
for cues to action among Indonesian farmworkers after being adjusted for level of
education and years working as a farmworker. In contrast, SA migrant farmworkers
did not have statistically significant improvements in almost all measured variables,
except for knowledge about adverse effects of OPs. According to Champion and
Skinner (2008) in the Health Belief Model (HBM) Theory, knowledge directly
relates to perceptions (perceived susceptibility, perceived severity, perceived
benefits, and perceived barriers) and indirectly relates to health-related behaviours.
Perceived susceptibility and perceived severity, the two of four major constructs of
perception, play important roles in changing health behaviours (Champion &
Skinner, 2008; Stretcher et al., 1997).

Regarding the conditions in which the research participants in both groups
worked, farming methods used by Indonesian and SA migrant farmworkers were
completely different. Farmworkers in Indonesia cultivated their crops using a method
of outdoor growing (open farm) whereas SA migrant farmworkers planted their crops

in greenhouse. In addition, farmworkers in Indonesia used conventional farming
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practices in cultivating their plants by using low-technology techniques that were
more feasible to practice and cheaper. Indonesian farmworkers had built a strong
knowledge base from practical experiences, gained over generations. This knowledge
had to be valued for potential gain in farming. On the other hand, farmworkers in
Australia used high-technology methods in growing their crops including high-
technology equipment that needed to spend much cost. These differences in worksite
conditions and in farming methods might play an important role in their behavioural
intentions before deciding to change behaviour. If farmworkers believed that wearing
PPE during working with OP compounds would make their life more protective from
OP exposure and be beneficial to their health and believed that important people in
their life wanted them to protect their selves, and they were capable of using less OP
compounds due to their past behaviour and evaluation of internal and external
control factors, then this would predict high intentions to reduce OP exposure by
wearing PPE.

In tropical area like Indonesia, most of farmworkers were reluctant to wear
adequate PPE during working in the field due to hot weather and expensive (Kishi et
al., 1995). Notwithstanding, Indonesian government, particularly Ministry of
Agriculture and Ministry of Health, has regulated the use of pesticides and wearing
PPE during working with chemical compounds including OPs. Similarly, Australian
government, particularly The National Occupational Health and Safety Commission,
the Australian Pesticides and Veterinary Medicines Authority (APVMA) (previously
known as the National Registration Authority), and the states have strictly regulated
farm chemical users to minimise the risks of adverse effects due to farmworker
exposure to hazardous substances, including OPs (Radcliffe, 2002). In addition, the
national training and accreditation program for farm chemical users, known as

ChemCert Australia, was conducted by the National Farmer’s Federation (NFF) and
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the Rural Training Council of Australia (RTCA). One of the aims of these programs
was to improve the knowledge, skills, attitude, and behaviour of farm chemical users

(Radcliffe, 2002).

5. Conclusions

Generally, provided educational intervention did not significantly change field
practices in handling OPs in both Indonesian and SA migrant farmworkers.
However, some significant behavioural improvements (p<0.05) in handling OPs as
the result of the intervention occurred among Indonesian farmworkers as follows:
1) proportions of farmworkers who touching crops after OP application dramatically
decreased from 63% in pre intervention to 17% in post intervention; 2) proportions
of farmworkers who spraying OPs against wind direction sharply declined from 60%
in pre intervention to 30% in post intervention; 3) proportions of farmworkers who
avoiding spray drift when applying OPs dramatically rose from 47% in pre
intervention to 97% in post intervention; 4) proportions of farmworkers who
ensuring to not affect other people by over applied spray drift when applying OPs
sharply increased from 53% in pre intervention to 93% in post intervention; and
5) proportions of farmworkers who suffering from OP-related symptoms slightly
decreased from 67% in pre intervention to 63% in post intervention. On the other
hand, generally, field practices of SA migrant farmworkers in post educational
intervention remained constant as they did in pre intervention.

Provision of appropriate equipment and long-term educational intervention
linked to workplace conditions is needed to improve their knowledge, perceptions,

and work practices to reducing adverse effects due to OP exposure.
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Abstract

This study measured activity levels of erythrocyte acetylcholinesterase
(EAChE) and plasma cholinesterase (PChE) in Indonesian and South Australian
(SA) migrant farmworkers to assess exposure to organophosphate pesticides (OPSs),
pre and post educational intervention.

This was a quasi-experimental study conducted on 30 farmworkers at Dukuhlo
Village, Brebes Regency, Indonesia and seven farmworkers working in suburb of
Virginia, South Australia. These levels were measured from 10uL fingerprick blood
samples using the Test-mate ChE field kit at baseline (pre-educational intervention)
and at 3 months after the educational intervention.

Mean EAChE activity levels in post intervention (29.45 + 3.68 U/g Hb) were
higher than in pre intervention (26.33 = 3.69 U/g Hb) among Indonesian
farmworkers (p<0.05). There was no difference in EAChE activity levels among SA
migrant farmworkers in both measurements (27.41 + 3.77 U/g Hb and 27.34 + 3.46
U/g Hb respectively). Mean PChE activity levels in Indonesian farmworkers (1.61 +
0.39 U/mL and 1.62 + 0.50 U/mL respectively) and SA migrant farmworkers (1.65 +
0.39 U/mL and 1.80 + 0.52 U/mL respectively) did not significantly differ between
both measurements. However the difference of EAChE and PChE activity levels
between pre and post educational intervention could be related to the time elapsed

since last exposure and not to the intervention performed.
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1. Introduction

In developing countries, the number of deaths due to pesticide poisoning has
been estimated to be higher that of infectious diseases (Eddleston et al., 2002).
Organophosphate pesticides (OPs) are the biggest cause of pesticide poisoning, with
the most common OP compounds used by farmwaorkers being chlorpyrifos, diazinon,
and malathion (Heide, 2007; Weiss et al., 2004; WHO, 2009). In this study,
chlorpyrifos was the common active constituent of OPs used by Indonesian
farmworkers and SA migrant farmworkers (50% and 43% respectively) (Suratman et
al., 2015b, Chapter 4). Even though chlorpyrifos is assumed to be moderately toxic
to humans, previous studies have indicated that long-term exposure to OP
compounds caused adverse health effects like lung cancer (Alavanja et al., 2004),
persistent developmental disorders (Office of Environmental Health Hazard, 2007),
and autoimmune disorders (Repetto & Baliga, 1996).

OPs’ toxicity is due to the inhibition of the neural target enzyme,
acetylcholinesterase (AChE). Levels of erythrocyte (EAChE) and plasma
cholinesterase (PChE) activity in blood samples are used as biomarkers of OP-related
acetylcholinesterase inhibition and are used to monitor farmworkers at risk of OP
exposure (Mason, 2000; Office of Pesticide Programs, 2000).

Several studies investigating levels of EAChE and PChE among farmworkers
had been conducted in developing (Afriyanto, 2008; Catano et al., 2008; Cecchi et
al., 2012; Dasgupta et al., 2007; Jintana et al., 2009; Kashyap, 1986) and developed
countries (Benmoyal-Segal et al., 2005; Costa et al., 2012; Gonzalez et al., 2012;
Hofmann et al., 2009; Lopez-Granero et al., 2014; Nomura et al., 1986; Sanchez-
Santed et al., 2004; Tromm et al., 1992).

The aim of this study was to compare mean activity levels of EAChE and

PChE due to OP exposure between pre and post educational intervention among
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Indonesian farmworkers and South Australian (SA) migrant farmworkers. The
educational intervention (described in detail in Suratman et al. (2016, Chapter 3))
was a short (one hour) delivery of information relating to pesticide exposure,
including definition of pesticides, groups of pesticides, pathways of OP exposure in
the workplace and at home, adverse health effects of OPs, signs and symptoms of
acute and chronic effects due to OP exposure, self-protection from OP exposure in
the workplace, self-protection from OP exposure at home, personal protective

equipment (PPE), and first aid when exposed to OP exposure.

2. Study Design and Methods

2.1. Study Population

This was a quasi-experimental study conducted in two research sites, the
suburb of Virginia, South Australia, Australia from May 2014 to June 2014 (pre
educational intervention) and from September 2014 to October 2014 (post
educational intervention); and at Dukuhlo Village, Brebes Regency, Central Java
province, Indonesia from July 2014 to August 2014 (pre educational intervention)
and from November 2014 to December 2014 (post educational intervention).
Inclusion criteria of population were: 1) male; and 2) had to be employed in farm
work within the past 3 months. Ethics approvals were obtained from Southern
Adelaide Clinical Human Research Ethics Committee (SACHREC) with approval
number: 319.13 and from the Commission on Health Research Ethics, Faculty of
Public Health, Diponegoro University, Semarang, Indonesia, with approval number:
183/EC/FKM/2013.

Brebes Regency in Indonesia and the suburb of Virginia in South Australia
were chosen as study sites (Suratman et al., 2016, Chapter 3; Suratman et al., 2015,

Chapter 4). Thirty Indonesian farmworkers and seven SA migrant farmworkers
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involved in this study were the same as the research participants in a study conducted
by Suratman et al. (2016, Chapter 3) and by Suratman et al. (2015, Chapter 4). The
ethnicity of the SA migrant farmworkers was Vietnamese. In this study, the common
active constituent of OPs used by both groups was chlorpyrifos (Suratman et al.,

2015, Chapter 4).

2.2. Materials and Methods
EAChE and PChE levels were measured according to the manufacturers
instruction of the Test-mate ChE Cholinesterase Test System® (EQM Research,

2011). Briefly, farmworkers washed their hands well using soap and water and

further cleaned with an alcohol swab. Blood was sampled using a new spring

operated lancet stick. The first drop of blood was wiped away with sterile gauze, and
the second drop was collected into a single capillary tube. Excess blood was removed
from the external surface of the capillary tube by rolling it across filter paper. The
capillary tube was inserted in to the Test-Mate vial assay tube and immediately read
using the Test-Mate machine for immediate analysis of EAChE and PChE.

Principles of analysis of EAChE and PChE are as follows:

a. To minimize false negative due to cholinesterase reactivation, EAChE and PChE
levels are immediately specified by a Test-Mate ChE Cholinesterase Test System
(Model 400) after blood sample collection based upon the Ellman method (Ellman
etal., 1961; EQM Research, 2011).

b. The system requires 10uL fingerprick blood sample for each test.
Acetylthiocholine (AcTC) or Butyrylthiocholine (BuTC) is hydrolysed by EAChE
and PChE, producing carboxylix acid and thiocholine which react with
dithionitrobenzoic acid (DTNB) as the Ellman reagent to form a yellow colour

which is spectrophotometrically tested at 450 nm (EQM Research, 2011).
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Principles of the Test-mate ChE and equation for measuring cholinesterase

activity calculated by the photometric analyser are as follows (EQM Research,

2011):
Cholinesterase
thiocholine ester (AcTC) > thiocholine
thiocholine + DTNB > TNB-thiocholine + TNB (yellow)

(A/min) (mL assay volume)
U/mL blood = R
(e, mM™) (cm light path) (mL blood)

2.3. Data Analysis

Statistical analyses were performed using the statistical package SPSS version
17 (SPSS Inc., Chicago, IL, USA). Graphs were created using GraphPad Prism v6.05
(GraphPad Software Inc., 2014). Continuous data were tested for normal distribution
using the Shapiro-Wilk test (Elliot & Woodward, 2007; Razali & Wah, 2011). If a
normal distribution was found, data were expressed as means and standard deviations
and were analysed using parametric method (Paired t test, Pearson Product Moment
test, and one sample t test), otherwise data were expressed as medians and ranges and
analysed using non parametric methods (Wilcoxon test and Spearman’s Rank
Correlation test). Level of statistical significance was set at o = 0.05.

Levels of EAChE and PChE are also presented in clinical categories (ranging
from normal to severe inhibition) of EAChE and PChE activity levels. Table 1
presents clinical categories of inhibition of EAChE based on percentage of normal
EAChE activity (taken as 31.4 U/g Hb) (EQM Research, 2011; Rajapakse et al.,
2011) and grading of inhibition of PChE based on percentage of normal PChE

activity taken as 2.55 U/mL (EQM Research, 2011; Rajapakse et al., 2011).
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Table 1: Categories of EAChE and PChE activity levels (EQM Research, 2011,
Rajapakse et al., 2011)

Clinical Categories of Percentage of EAChE
EAChE Activity Normal EAChE activity Level
(Normal Taken as 31.4 U/g Hb) (U/g Hb)
Normal > 75% >23.6
Mild inhibition 30% - 74% 9.4-235
Moderate inhibition 10% - 29% 3.1-93
Severe inhibition <10% <31
Clinical Categories of Percentage of PChE
PChE Activity Normal PChE activity Level
(Normal Taken as 2.55 U/mL) (U/mL)
Normal > 75% >1.91
Mild inhibition 30% - 74% 0.77-1.90
Moderate inhibition 10% - 29% 0.26 - 0.76
Severe inhibition < 10% <0.26
3. Results

3.1. OP application

Indonesian and SA migrant farmworkers were asked to estimate the last time
they applied OPs (defined as mixing, loading, and spraying). Figure 1 and Figure 2
present these estimates, pre and post educational intervention. Most Indonesian
farmworkers applied OPs to their crops in the preceding 1 — 6 days (83%) in pre
educational intervention measurement, compared with most of them applying OPs in
the last 2-4 months (40%) in post educational intervention measurement. This
difference between time of exposure pre and post intervention has implications for
interpreting our data (discussed in detail below). Most of SA migrant farmworkers
had used OPs in the last 2-4 months (43%) in both pre and post intervention
measurements. The active constituent of OPs generally used by both groups was
chlorpyrifos, about 50% and 43% (Indonesian and SA migrant farmworkers

respectively).
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Figure 1: The last time applying OPs by Indonesian farmworkers in pre and post
educational intervention measurements.
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Figure 2: The last time applying OPs by SA migrant farmworkers in pre and post
educational intervention measurements.
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3.2. EAChE Activity Levels

Figure 3 presents activity levels of EAChE in individually matched fingerprick
blood samples among Indonesian and SA migrant farmworkers pre and post
educational intervention. Generally, EAChE activity levels of both groups slightly
declined in the post intervention. However, EAChE activity levels in some
Indonesian farmworkers decreased dramatically. There were statistically significant
differences in EAChHE activity levels between pre (29.45 + 3.68 U/g Hb) and post
(26.33 + 3.69 U/g Hb) educational intervention measurements among Indonesian
farmworkers (p<0.05). This contrast with EAChE activity levels among SA migrant
farmworkers, which were not significantly different (p>0.05) between two
measurement periods (27.41 + 3.77 U/g Hb and 27.34 £ 3.46 U/g Hb respectively).
In addition, the mean EAChE activity levels in both groups were statistically
significantly lower than the reference population value (31.4 U/g Hb) using this kit,

p<0.05.
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Figure 3: Activity levels of EAChE in individually matched fingerprick blood samples in pre and post educational intervention among Indonesian
(p<0.05) and SA migrant farmworkers (p>0.05).

Note: The data labels used in Figure 3 were mean £ SD.

Abbreviation: SD, standard deviation.
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Figure 4: Last time applying OPs against EAChE activity levels in pre and post educational intervention among Indonesian farmworkers.
Note: The data labels used in Figure 4 were mean £ SD.
Abbreviation: SD, standard deviation.
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Figure 4 shows the relationship between reported last time applying OPs and
EAChHE activity levels in pre and post educational intervention among Indonesian
farmworkers. In the pre intervention, mean EAChE activity levels tended to be
higher among farmworkers who applied OPs more than a month ago. There was no
clear pattern of EAChE activity levels among farmworkers who applied OPs in
various latest application time in the post intervention. The results of Spearman’s
Rank test indicated that there was no statistically significant correlation between the
last time applying OPs and EAChE activity levels in both pre and post intervention
(p>0.05).

Figure 5 presents the last time applying OPs and EAChE activity levels pre and
post educational intervention among SA migrant farmworkers. In the pre
intervention, mean EAChHE activity levels tended to increase among farmworkers
who applied OPs more than a month ago. As with the Indonesian farmworkers, in the
post intervention, there was no pattern of EAChE activity levels among farmworkers
who applied OPs in various latest application time. The results of Spearman’s Rank
test indicated that there was no statistically significant correlation between the last
time applying OPs and EAChE activity levels in both pre and post intervention

(p>0.05).
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Figure 5: Last time applying OPs against EAChE activity levels in pre and post educational intervention among SA migrant farmworkers.
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3.3. PChE Activity Levels

Figure 6 presents activity levels of PChE in individually matched blood
samples among Indonesian and SA migrant farmworkers. Generally, mean PChE
activity levels in Indonesian farmworkers (1.61 + 0.39 U/mL and 1.62 £ 0.50 U/mL
respectively) and in SA migrant farmworkers (1.65 + 0.39 U/mL and 1.80 + 0.52
U/mL respectively) were slightly higher in the post intervention than those taken pre
educational intervention. However, PChE activity levels in some Indonesian
farmworkers and in one SA migrant farmworker decreased sharply. Overall, the
results of paired t tests showed that there were no statistically significant differences
in PChE activity levels between pre and post intervention in both groups (p>0.05). In
addition, the mean PChE activity levels in both study groups were statistically
significantly lower than the reference population value (2.55 U/mL) (p<0.05).

Figure 7 presents the last time applying OPs against PChE activity levels pre
and post educational intervention among Indonesian farmworkers. In the pre
intervention, mean PChE activity levels varied among farmworkers with various
latest OP application time. For example, a farmworker who applied OPs more than a
month ago had the highest mean levels of PChE activity levels. Similarly, there was
no specific pattern of PChE activity levels among farmworkers who applied OPs in
various latest application time in the post intervention. The results of Spearman’s
Rank test indicated that there was no statistically significant correlation between the
last time applying OPs and PChE activity levels in both pre and post intervention

(p>0.05).
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Figure 6: Activity levels of PChE in individually matched fingerprick blood samples in pre and post educational intervention among Indonesian
(p>0.05) and SA migrant farmworkers (p>0.05).

Note: The data labels used in Figure 6 were mean £ SD.

Abbreviation: SD, standard deviation.
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Figure 7: Last time applying OPs against PChE activity levels in pre and post educational intervention among Indonesian farmworkers.
Note: The data labels used in Figure 7 were mean £ SD.
Abbreviation: SD, standard deviation.
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Figure 8: Last time applying OPs against PChE activity levels in pre and post educational intervention among SA migrant farmworkers.
Note: The data labels used in Figure 8 were mean £ SD.
Abbreviation: SD, standard deviation.
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Figure 8 presents the last time applying OPs against PChE activity levels pre
and post educational intervention among SA migrant farmworkers. In both pre and
post intervention, mean PChE activity levels tended to increase among farmworkers
who applied OPs more than 1-2 weeks ago, most clearly in the first set of
measurements. The results of Spearman’s Rank test showed that the last time
applying OPs had statistically significant correlation with PChE activity levels in pre
intervention (p<0.05), otherwise there was no statistically significant correlation in

the post intervention (p>0.05).

3.4. Clinical Categories of EAChE and PChE Activity Levels

Table 2 presents clinical categories based on percentage of normal EAChE and
PChE activity levels between Indonesian and SA migrant farmworkers. Nearly all
farmworkers in both groups had normal levels of EAChE. At the same time, most of
the research participants in both groups suffered from mild inhibition of PChE.
Table 2: Clinical categories based on percentage of normal EAChE and PChE

activity levels among Indonesian and SA migrant farmworkers pre and post
educational intervention.

Indonesian farmworkers SA migrant farmworkers

Variable (n = 30) n=7)

EAChE Pre Post Pre Post
Normal 29 (96.7%) 25 (83.3%) 6 (85.7%) 6 (85.7%)
Mild inhibition 1(3.3%) 5(16.7%) 1 (14.3%) 1 (14.3%)
Moderate inhibition - - - -
Severe inhibition - - - -
PChE

Normal 5(16.7%) 7 (23.4%) 2 (28.6%) 2 (28.6%)
Mild inhibition 24 (80.0%) 22 (73.3%) 5 (71.4%) 5 (71.4%)

Moderate inhibition 1 (3.3%) 1 (3.3%)
Severe inhibition - -
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4. Discussion

This study found that mean EAChE activity levels post educational
intervention were statistically different from the pre educational intervention among
Indonesian farmworkers, compared with no significant change among SA migrant
farmworkers (Figure 3). Generally, mean EAChE activity levels in both groups in the
post intervention were lower than that in the pre intervention. Mean PChE activity
levels in both groups did not significantly differ between the pre and post
intervention measurements (Figure 6). The mean PChE levels in both groups in the
post intervention were slightly higher than that in the pre intervention. Both mean
EAChE (Figure 4 and Figure 5) and PChE (Figure 7 and Figure 8) activity levels
tended to increase among farmworkers who applied OPs more than a month ago.

PChE inhibition is a biomarker of exposure to OPs, whereas inhibition of
EAChE indicates a biomarker of toxicity and more indicative of the severity of
poisoning (Lotti, 1995). PChE inhibition has been shown to not have relationship
with EAChE inhibition (Lotti, 1995).

More than 80% of Indonesian farmworkers applied OPs within one to six days
prior to the first measurement compared with about 29% of SA migrant farmworkers
applying OPs within 1-2 weeks (Figure 1 and Figure 2). This contrasts with most of
the research participants in both groups in the post intervention (40% and 43%
respectively) estimating that they had applied OPs 2-4 months ago. Suratman et al.
(2016, Chapter 3) reported there were statistically significant improvements in
knowledge and perceptions of OP exposure after providing educational intervention
among Indonesian and SA farmworkers involved in this study. According to Rogers
(1983), improvement in knowledge as the first stage to adopting new ideas, playing
an important role to change farmworkers’ behaviour particularly in protecting

themselves from OP exposure. However, when interpreting the effect of the
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educational intervention it is not clear whether the observed increase in PChE
activity levels was a result of changed application behaviour or a result of a longer
period between prior exposure and testing. From a practical point of view, possible
differences between the groups might be related to the time elapsed since last
exposure. Most of the SA migrant farmworkers applied OPs 1-2 weeks and 3-4
weeks before at the pre and post intervention. On the other hand, most of the
Indonesian farmworkers applied OPs 1-6 days before at the pre-intervention, and
only 30% at the post intervention time. However, Figure 4 and Figure 7 showed that
mean EAChE and PChE activities among Indonesian farmworkers who applied OPs
1-6 days prior to data collection at the post intervention (25.89+5.11 U/g Hb and
1.60+£0.39 U/mL respectively) were lower than that at the pre intervention
(28.97+3.78 U/g Hb and 1.63£0.38 U/mL respectively). The Test Mate is useful for
confirmation of a decrease in enzyme activity is suspected poisoning but it is not
ideal for measuring more subtle changes (Rajapakse et al., 2011). Suratman et al.
(2015, Chapter 4) reported the differences between Indonesian and SA migrant
farmworkers in applying OPs compounds. All of Indonesian farmworkers sprayed
OPs using backpack sprayer whereas a majority of SA migrant farmworkers sprayed
OPs using hand spray gun. In addition, nearly all of Indonesian farmworkers used a
tablespoon or a trowel to stir the mixture when mixing OPs without wearing gloves
compared with SA migrant farmworkers that were better in handling OPs by wearing
appropriate PPE. These differences in methods of OP application might be a major
source of OP exposure particularly among Indonesian farmworkers. In addition,
Suratman et al. (2015, Chapter 4) reported that most of Indonesian farmworkers who
were entirely involved in this study in both measurements did not wear Personal
Protective Equipment (PPE) like masks (83%), gloves (93%), and eye protection

(97%) and sprayed OPs against the wind direction (60%), whereas most of SA
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migrant farmworkers involved in this study in both measurements wore appropriate
PPE to reduce OP exposure, including chemical or waterproof boots (100%), mask
(100%), gloves (71%), and eye protection (71%). The use of PPE plays an important
role in the inhibition of EAChE and PChE (Jintana et al., 2009).

Indonesian farmworkers cultivated their crops and used OPs three times a year,
February to May (rice), June to August (shallot), and November to January (shallot
and chilli), whereas there was no cultivating activities from September to mid of
November due to the very dry season. SA migrant farmworkers cultivated their crops
during the periods of February to March, May to July, and August to November, with
no cultivating activity from December to January. Interestingly, EAChE and PChE
activity levels in one Indonesian farmworker dropped dramatically even though he
reported applying OPs at least a month prior to the second measurement (Figure 3
and Figure 6). This might indicate unwitting OP exposure experienced by the
farmworker. The risk of OP exposure is increased among agricultural workers
resulting from unwittingly taken home OPs on clothing, shoes and other items
(Ackerman & Cizmas, 2014). In contrast, EAChE and PChE levels in one of the SA
migrant farmworkers declined substantially despite having applied OPs in the last 1-
2 weeks prior to the second measurement. Immediately after exposure, PChE activity
is more inhibited than EAChE (Lotti, 1995). The half-life of PChE recovery after OP
exposure was about 12 days and complete recovery has been reported to occur after
about 50 days (Mason, 2000). This contrasts with complete recovery of EAChE
(attaining unexposed activity) after about 82 days, shorter than the normal life-span
of erythrocyte (about 120 days) (Mason, 2000). Recovery from mild inhibition has
been shown to be about 1-3 days whereas recovery from moderate inhibition is 1-2

weeks (Workplace Health and Safety Queensland, 2012).
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Mean activity levels of EAChE and PChE in both groups in both measurements
were lower than population references (31.4 U/g Hb for EAChE and 2.55 U/mL for
PChE (EQM Research, 2011; Rajapakse et al., 2011). The population references
were based on 40 normal male and female blood bank donor ranging from 20 to 60
years of age living in Midwestern United States (EQM Research, 2011). This results
were similar to a study conducted by Ciesielski et al. (1994) in North Carolina in the
United States that showed mean EAChE levels of 202 migrant farmworkers were
30.3 U/g Hb and approximately 12% of them had very low levels (below 25.3 U/g
HD). In this study, nearly all farmworkers in both groups had EAChE activity within
the ‘normal’ range, when compared with the clinical guidelines for OP toxicity
(Table 2). This contrasts with most Indonesian in the pre and post intervention
suffered from mild inhibition of PChE activity levels (80% and 73% respectively)
and about 3% of Indonesian farmworkers suffering from moderate inhibition of
PChE activity. Most of SA migrant farmworkers remained constant, exhibiting mild
inhibition in both time period of measurements (71%). These results are not
consistent with a study conducted by Jintana et al. (2009) that indicated inhibition of
PChE activity occurred in high-exposure period (3.73 £ 0.19 U/mL) compared to
low-exposure period (4.92 = 0.19 U/mL). Even though PChE inhibition is a
biomarker of exposure to OPs, this parameter correlates very poorly with clinical
signs or with EAChE inhibition (Eddleston et al., 2009).

EAChE measurement is a better predictor for effects compared with PChE
measurement because EAChE found on erythrocyte membranes is similar to that
found in neuronal tissue (Katz & Brooks, 2013; Mason, 2000; Office of Pesticide
Programs, 2000).

There are several limitations in this study. The first being time since last

exposure to OPs. This was reduced, but not eliminated, by selecting the research
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participants that had been working in farm field within the previous 3 months.
Notwithstanding, the time between exposure varied between individuals and the
estimates of time required each individual to remember when they last used OPs. The
primary other limitation, discussed above, it that we do not know anything about
other exposures, including being exposed to their own OPs by taking them home on

clothes or exposure through food, etc.

5. Conclusions

Educational intervention provided to Indonesian and SA migrant farmworkers
plays an important role in improving their knowledge and perceptions to reduce OP
exposure. Mean EAChE activity levels in post educational intervention were
statistically different from the pre educational intervention among the Indonesian
farmworkers, but not among the SA migrant farmworkers. Mean PChE activity
levels in Indonesian farmworkers slightly increased from 1.61 + 0.39 U/mL in the
pre-intervention to 1.62 = 0.50 U/mL in the post-intervention. Similarly, Mean PChE
activity levels in SA migrant farmworkers slightly rose from 1.65 + 0.39 U/mL in the
pre-intervention to 1.80 + 0.52 U/mL in the post-intervention. However, mean PChE
activities in both groups did not significantly differ between pre and post educational
intervention. It is not clear whether the observed increase in PChE activity levels was
a result of changed application behaviour or a result of a longer period between prior
exposure and testing.

Both mean EAChE and mean PChE activity levels in both Indonesian and SA
migrant farmworkers were lower than the population reference values. Based on
percentage of normal EAChE activity, most of the research participants in both
groups had normal levels. In contrast, most of farmworkers in both groups suffered

from mild inhibition of PChE.
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The inhibition of cholinesterase (ChE) activity levels after applying OPs
compounds indicates exposure among farmworkers in both Indonesian and SA
migrant farmworkers. OP application conducted by the research participants in both
groups 1-6 days before collection and analysis of blood samples might increase
possibility of ChE inhibition. Further research using a field study of PChE reactivator

in both groups is warranted.
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Abstract

Estimating organophosphate pesticide (OP) exposure by measuring plasma
cholinesterase (PChE) activities is confounded by not knowing the original, or
unexposed activity. This study examined whether the addition of pralidoxime
(pyridine-2-aldoxime methochloride) to blood samples would lead to measurable re-
activation of plasma cholinesterase (PChE) activities in small volume fresh plasma
blood samples to estimate the percentage inhibition of PChE activities due to OP
exposure. This was an experimental study. Fingerprick blood samples were collected
twice from 30 farmworkers at Dukuhlo Village in Brebes Regency, Indonesia and
from seven South Australian (SA) migrant farmworkers. In addition, twenty-four
venous blood samples from random blood donations were collected once from the
Australian Red Cross Blood Service (ARCBS, Adelaide, SA). Blood samples were
centrifuged to separate plasma. Plasma samples were then divided into two portions.
One 8uL portion was mixed with 2uL pralidoxime solution in saline and the other
portion was mixed with 2uL saline solution. PChE of each sample was analysed
using the Test-mate ChE field kit. There were statistically significant differences
between untreated plasma and treated plasma in PChE activities (p<0.05) for all
groups. The increase of PChE activities in all analysed samples ranged from 36% -
39%. The estimation of percentage inhibition of PChE activity among these three
groups showed that the highest inhibition occurred among SA migrant farmworkers,
approximately 33%, while Indonesian farmworkers and ARCBS were similar,
approximately 28%. This study demonstrated a simple and rapid method for

estimating percentage PChE inhibition in a single blood sample.
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1. Introduction

Organophosphate pesticides (OPs) are inhibitors of cholinesterase (Marrs,
2001). Farmworkers around the world use OPs to reduce the impact of pests on their
crops. Suratman et al. (2015a, Chapter 1) demonstrated that OP poisoning in
farmworkers is a major public health problem in developing and developed countries
(Afriyanto, 2008; Beseler & Stallones, 2008; Das et al., 2002; Dasgupta et al., 2007;
Faria et al., 2014; He, 1996; Jeyaratnam, 1990; Kir et al., 2013; Kishi et al., 1995;
Lee et al., 2011; Murali et al., 2009; Peshin et al., 2014; Rajashekhara et al., 2013;
Rustia et al., 2010; X. Zhang et al., 2011; Zilker, 1996). Suratman et al. (submitted,
Chapter 5) reported that approximately 80% of Indonesian farmworkers suffered
from mild inhibition of plasma cholinesterase (PChE) activities and 3% suffered
from moderate inhibition. This compares with approximately 70% of South
Australian migrant farmworkers suffering from mild inhibition and 0% from
moderate inhibition of PChE activities due to OP exposure. Some causal agents of
pesticide poisonings as reported in the literature are chlorpyrifos, diazinon, and
malathion, which are the most common OPs used by farmworkers (Weiss et al.,
2004; WHO, 2009).

OPs inhibit the activity of cholinesterase (ChE), an enzyme responsible for the
hydrolysis of acetylcholine (ACh), an excitatory neurotransmitter, into choline and
acetate in order to prevent over-stimulating post-synaptic nerves, muscles, and
exocrine glands (Heide, 2007; Marrs, 2001). Failure of ChE hydrolysis results in the
excessive accumulation of of ACh in the synaptic cleft (Karalliedde & Henry, 2001;
Marrs, 2001). Specific cholinesterases, known as erythrocyte acetylcholinesterase
(EAChE), are found in the nerve ganglion synapses and erythrocytes, whereas non-
specific cholinesterases, known as butyrylcholinesterase (BuChE) and plasma

cholinesterase (PChE), are mainly found in plasma and liver (Marrs, 2001). OP
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exposure leads to the inhibition of ChE via the reduction of the alkyl group and
results in irreversible inactivation of the enzyme, a process known as ‘enzyme
ageing’ (Jokanovic & Prostran, 2009; Mercey et al., 2012; South Asian Cochrane
Network and Centre (SASIANCC), 2012; Worek et al., 2005). Once inhibited by OP
binding, ChE can undergo one of two fates, either spontaneous reactivation or ageing
to a permanently inhibited structure. Dimethyl OPs such as azinphos-methyl and
phosmet cause ChE ageing much faster than diethyl OPs such as chlorpyrifos and
diazinon (Eddleston et al., 2008). Chlorpyrifos was the common active constituent of
OPs used by Indonesian farmworkers and SA migrant farmworkers (50% and 43%
respectively) (Suratman et al., 2015b, Chapter 4).

Anticholinergic drugs (atropine), anticonvulsants (diazepam), and oximes had
been used to treat OP poisoning depending on chemical structures and type of OPs
inhibitor (Jun et al., 2011). Pralidoxime (pyridine-2-aldoxime methochloride) is an
oxime, that has been widely used to reactivate OPs-inhibited human EAChE and
PChE (Eddleston et al., 2009; Jun et al., 2011; Kuca et al., 2010; Rajapakse et al.,
2011; Worek et al., 1997; Y. H. Zhang et al., 2007). Pralidoxime is an OP-specific
selective ChE re-activator (Costa et al., 2011; Mahesh et al., 2013).

PChE inhibition is used as a biomarker of exposure to OPs and is used to
monitor farmworkers at risk of OP exposure (Lotti, 1995; Mason, 2000). Unless both
pre-exposure and post-exposure measurements of PChE are compared, it is not clear
what an individual’s pre-exposure PChE levels might be. It is often impractical to
perform both pre- and post-exposure measurements, especially under field
conditions. Using PChE re-activator in the analysis of post-exposure samples may
provide an alternative to having to collect and analyze two blood samples, as well as

improving the sensitivity of the ChE test.
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The aims of this study were to examine whether the addition of pralidoxime to
the blood samples would lead to measurable re-activation of PChE activities in small
volume fresh plasma samples in the field as a method to estimate percentage

inhibition of PChE activities due to OP exposure.

2. Study Design and Methods

This was a true experimental study (Campbell & Stanley, 1966). Fingerprick
blood samples were collected twice from thirty farmworkers working on
conventional farms at Dukuhlo Village in Brebes Regency, Central Java, Indonesia
in July-August 2014 and in November-December 2014 and from seven South
Australian (SA) migrant farmworkers (Vietnamese) from Virginia in South Australia
in May-June 2014 and in September-October 2014. In addition, twenty-four venous
blood samples were collected once at the Australian Red Cross Blood Service
(ARCBS), Adelaide, South Australia in February-March 2015.

Figure 1 presents the sample analysis process for each participant.

+ 2uL Pralidoxime Solution

in Saline PChE activities in
8uL plasma
(Treated plasma)

8uL plasma

\4

+ 2uL Saline Solution PChE activities in
8uL plasma _ 8uL plasma

| (Untreated plasma)

Figure 1: The sample analysis process for each participant.

Ethics approvals were obtained from Southern Adelaide Clinical Human
Research Ethics Committee (SACHREC) with approval number: 319.13,

Commission on Health Research Ethics, Faculty of Public Health, Diponegoro
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University, Semarang, Indonesia with approval number: 183/EC/FKM/2013, and

from the ARCBS with approval number: N15-02SA-03.

2.1. Procedures
Preparation of saline solution and pralidoxime solution in saline:
1) Saline solution
Saline solution was prepared according to manufacturer’s instructions
(Sigma-Aldrich Co., Ltd., USA). Briefly, one tablet of Phosphate Buffered Saline
was dissolved in 200 mL distilled water yielding 0.01 M phosphate buffer, 0.0027
M potassium chloride and 0.137 M sodium chloride, and sterilised by autoclaving
at 165°C for 30 min. Saline solution was allowed to cool to about 25°C prior to
use.
2) Pralidoxime solution in saline
To make stock concentration of pralidoxime solution in saline, 431.55mg of
pralidoxime was dissolved in 5 mL saline solution. Each experiment was
conducted by taking 2uL pralidoxime solution in saline, then adding to 8uL
plasma resulting in a final concentration of 100 umol/l. This final concentration
referred to the result of a randomised control trial of pralidoxime in acute OP
insecticide poisoning conducted by Eddleston et al. (2009) that found a steady
state plasma pralidoxime concentration was around 100 umol/l. In addition,
concentration of pralidoxime that had a high in vitro effect on human

cholinesterase was at approximately 100 umol/l (Eyer, 2003).
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2.2. Sample Collection

All blood samples were centrifuged to separate plasma from erythrocytes.
Plasma was then divided into two portions. One 8uL portion was mixed with 2pL
pralidoxime solution in saline as treated plasma and the other 8uL portion was mixed
with 2uL pure saline solution as untreated plasma. All tests used 10uL capillary
tubes. PChE activities were measured using the Test-mate ChE Cholinesterase
System Test field kit (EQM Research Inc., Cincinnati). The entire assay of each
sample was completed in approximately 4 minutes and the temperature ranged from

22°C to 30°C. The recommended temperature range for the assay procedure is

between 15°C to 30°C (EQM Research, 2011).

2.3. Data Analysis

Statistical analyses were performed using the statistical package SPSS version
17 (SPSS Inc., Chicago, IL, USA). Graphs were created using GraphPad Prism v6.05
(GraphPad Software Inc., 2014). Continuous data were tested for normality using the
Shapiro-Wilk test (Elliot & Woodward, 2007; Razali & Wah, 2011). If a normal
distribution was found, data were expressed as means and standard deviations and
were analysed using parametric methods (a paired t test, an unpaired t test, and
Analysis of Variance (ANOVA)). Otherwise data were expressed as medians and
ranges and analysed using non-parametric methods (Wilcoxon test, Mann-Whitney U
test, and Kruskal-Wallis test). Level of statistical significance was set at a = 0.05.

The percentage of PChE inhibition (% INH) was calculated from the following
equation:

O INH = (PChE levels in pralidoxime with saline — PChE levels in saline) 100
0 - PCRE levels in pralidoxime with saline X
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where % INH is the percentage inhibition of PChE, PChE levels in pralidoxime with
saline is the levels of PChE measured in 10uL capillary tube consists of 8uL fresh
plasma and 2uL pralidoxime solution in saline, called as treated plasma, and PChE
levels in saline is the levels of PChE measured in 10uL capillary tube consists of
8uL fresh plasma and 2uL saline solution, called as untreated plasma.

The results of PChE levels in pralidoxime with saline measurements were
adjusted by a blank (minus plasma samples) to correct for the contribution of

pralidoxime solution to absorbance on each day.

3. Results

Figure 2 presents PChE activities in individually matched plasma samples
collected from 30 Indonesian farmworkers, seven SA migrant farmworkers, and 24
blood bank samples between untreated and treated plasma.

Results from Indonesian farmworkers found that in the first sampling
measurement (Figure 2-A), the mean PChE activity in untreated plasma was
2.07U/mL whereas the mean PChE activity in treated plasma was 2.87U/mL
(increase of approximately 39%). Paired t test analyses showed that there was a
statistically significant difference between untreated and untreated plasma for the
PChE activities (p<0.05). Similarly, in second sampling measurement (Figure 2-B),
the mean PChE activity in untreated plasma was 2.09U/mL whereas the mean PChE
activity in treated plasma was 2.84U/mL (increase by about 36%). There was a
statistically significant difference between untreated and treated plasma for the PChE
activities (p<0.05).

Results from SA migrant farmworkers showed that in first sampling

measurement (Figure 2-C), the mean PChE activity of untreated plasma was
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2.08U/mL whereas the mean PChE activity of treated plasma was 2.83U/mL
(increased about 36%). Paired t tests showed that there was a statistically significant
difference between untreated and treated plasma for the PChE activities (p<0.05).
Similarly, in second sampling event (Figure 2-D), the mean PChE activity in
untreated plasma was 2.02U/mL whereas the mean PChE activity in treated plasma
was 2.80U/mL (rose approximately 39%). There was also a statistically significant
mean difference between untreated and treated plasma for the PChE activities
(p<0.05).

Blood samples collected once from ARCBS showed that the mean PChE
activity in untreated plasma was 2.13U/mL whereas the mean PChE activity in
treated plasma was 2.93U/mL (increased approximately 38%) (Figure 2-E). The
result of paired t test showed that there was statistically significant difference

between untreated and treated for the PChE activities (p<0.05).
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Figure 2: PChE activities in individually matched plasma samples obtained from Indonesian farmworkers, SA migrant
farmworkers, and ARCBS between untreated and treated plasma.
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Figure 3 presents differences in measured percentage PChE Inhibition (%INH)
between Indonesian farmworkers, SA migrant farmworkers, and blood bank samples
(ARCBS).

The percentage PChE inhibition among Indonesian farmworkers was
approximately 28%, was quite similar to the percentage of PChE inhibition among
ARCBS. On the other hand, the estimation of percentage of PChE inhibition among
SA migrant farmworkers was slightly higher than that of these two groups,
approximately 30%.

Analysis of variance indicated that there were no statistically significant
differences in percentage of PChE inhibition between Indonesian farmworkers, SA

migrant farmworkers, and ARCBS (p>0.05).
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Figure 3: Differences in estimation of a percentage of PChE inhibition (% INH)
between Indonesian farmworkers, SA migrant farmworkers, and ARCBS.
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4. Discussion

This study found activities of cholinesterase (ChE) in 8uL fresh plasma blood
samples inhibited by OPs significantly increased after adding 2ulL pralidoxime
solution in saline in all samples from the three study groups (Indonesian
farmworkers, SA migrant farmworkers, and ARCBS).

Pralidoxime is one of therapeutic agents commonly used in the medical
treatment and commercially available to reactivate ChE due to OPs (Eddleston et al.,
2008). Pralidoxime reversibly binds to ChE molecule at a catalytic site (active
centre), allosteric (peripheral), or at both sites, then performs nucleophilic attack at
the phosphorus atom of the OPs residuum by which it yields the formation of an
unstable enzyme-inhibitor-oxime complex and splits the complex into a
phosphorylated oxime and reactivated enzyme (Stojiljkovic & Jokanovic, 2006).

Pralidoxime-induced reactivation of PChE activity inhibited by OPs ranged
from 36% to 39% in our study population (Figure 2). This is higher reactivation of
PChE activities than was previously reported by Jun et al. (2011), who reported that
PChE reactivation ability of pralidoxime was less than 6%. On the other hand, our
results agree with the study published by Kuca et al. (2010) who found ChE activity
levels inhibited by chlorpyrifos significantly increased about 80% after providing
pralidoxime as a ChE reactivator using in vitro method. The difference in PChE
activities between treated and untreated plasma samples may reflect the presence of
quite recently inhibited ChE. A study by Suratman et al. (submitted, Chapter 5)
among Indonesian and SA migrant farmworkers who were also being the research
participants in this study reported that more than 80% of Indonesian farmworkers
applied OPs within one to six days prior to the first measurement compared with

about 29% of SA migrant farmworkers applying OPs within 1-2 weeks. This results
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indicated recent OP exposure occurred among farmworkers in both study groups. On
the other hand, most of the research participants in both groups in the second
measurement (40% and 43% respectively) estimating that they had applied OPs 2-4
months ago. A study by Konickx et al. (2013) showed that butyrylcholinesterase
(BuChE) regeneration with pralidoxime treatment was small after 2 diethyl OP
insecticides intoxication, such as chlorpyrifos and quinalphos, otherwise it was non-
existent with the dimethyl OPs, dimethoate or fenthion. In other words, the degree of
butyrylcholinesterase (BuChE) reactivation would depend on the OP to which the
worker was exposed to. This might influence the results in the field.

As a biomarker of exposure, PChE levels are known to be associated with
seasonal sprayer activity (Roldan-Tapia et al., 2006). According to Mason (2000),
PChE activities inhibited by OPs has a half-life of recovery around 12 days and a
complete recovery after about 50 days.

The estimation of percentage inhibition of PChE activity in fresh plasma
samples due to OP exposure among these three groups showed that the highest
inhibition occurred among SA migrant farmworkers, approximately 33%, while
Indonesian farmworkers and ARCBS were similar, approximately 28% (Figure 3).
The pattern of farming methods might have an important role in distinguishing
percentage inhibition of PChE activities among Indonesian farmworkers and SA
migrant farmworkers except for ARCBS. Indonesian farmworkers cultivated their
crops using a method of open farm whereas SA migrant farmworkers planted their
crops in greenhouse. These differences in worksite conditions might play an
important role in modulating exposure to OPs.

Interestingly, the estimation of percentage inhibition of PChE activity in fresh
plasma samples in blood bank (ARCBS) is quite similar to the result shown in

Indonesian farmworkers (Figure 3). This result may indicate that there is any OP
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exposure among those who donated blood. Unfortunately, there is no information
obtained from ARCBS about their personal identities including age and types of
works due to confidentiality.

This study has limitations as follows: 1) test of validity for pralidoxime effects
was not conducted using the Australian blood bank samples in a conventional
laboratory assay; 2) changing concentration of pralidoxime to establish that this was

an effect related to pralidoxime treatment was not conducted to confirm the effect.

5. Conclusions

The addition of 2uL pralidoxime solution in saline significantly leads to
measurable re-activation of PChE activities in 8uL fresh plasma samples in the field.
The increase of PChE activities in all analysed fresh plasma samples ranged from
36% - 39% after being reactivated by pralidoxime solution in saline.

The results of re-activation of PChE activities in this study can be used to
estimate percentage inhibition of PChE activities due to OP exposure based on the
PChE re-activation after the samples had been treated with pyridine-2-aldoxime
methochloride. This study demonstrated a simple and rapid method for estimating
percentage PChE inhibition in a single blood sample. The method described in this
study uses small volume blood samples and potable equipment, which makes it

valuable for rapid field based testing in occupational groups.
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Chapter 7. Final Discussion

Research examining factors contributing to organophosphate pesticide (OP)
exposure among farmworkers by comparing developed countries and developing
countries is limited (Suratman et al., 2015a, Chapter 1). Few studies have compared
biological monitoring such as levels of cholinesterase in blood and metabolites in
urine samples with adverse health effects due to pesticide exposure associated with
risk factors (Suratman et al., 2015a, Chapter 1). To date, most studies have examined
only risk factors of pesticide exposure without direct biomarker measurements
(Suratman et al., 2015a, Chapter 1).

OPs have been used in farming worldwide. OPs contribute to mortality and
morbidity in farmworkers all around the world (Jeyaratnam, 1990). Morbidity and
mortality rates globally have increased due to the increase of acute pesticide
poisoning cases (Jeyaratnam, 1990; Kishi & LaDou, 2001). Globally, World Health
Organisation (WHO) estimates three million cases of pesticide poisoning occur every
year, yielding in an excess of 250,000 deaths (WHO, 2006). Adverse health effects
due to OP exposure in developing (Afriyanto, 2008; Dasgupta et al., 2007; Faria et
al., 2014; He, 1996; Jeyaratnam, 1990; Kir et al., 2013; Kishi et al., 1995; Murali et
al., 2009; Peshin et al., 2014; Rajashekhara et al., 2013; Rustia et al., 2010; Zhang et
al., 2011) and developed countries (Beseler & Stallones, 2008; Das et al., 2002;
Jeyaratnam, 1990; Lee et al., 2011; Zilker, 1996) are a major public health problem.
Farmworkers are at risk of exposure to OPs. However, few studies have been
conducted that aim to improve farmers’ knowledge and perceptions of OP exposure
using pesticide safety training associated with biomarker assessment. Afriyanto
(2008) identified the need for providing pesticide safety interventions to improve
knowledge and perceptions of OP exposure to reduce the risk of OP poisonings
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among farmworkers in Indonesia. Similarly, Johnstone (2006) found the need for
refreshing knowledge and improving awareness in safety among farmworkers in
Australia.

Research presented here and published in peer reviewed journals as an
outcome of this study investigated behavioural risk factors for OP exposure using the
Health Belief Model (HBM) theory, biological monitoring of effects, and the impact
of an intervention to reduce exposure among Indonesian and South Australian (SA)
migrant farmworkers. According to Arcury et al. (2002), the HBM theory is a
suitable model to study farmworker pesticide safety behaviour due to its simplicity
and parsimony. The HBM has four perceptions serve as the main constructs of the
model as follows: perceived susceptibility, perceived severity, perceived benefits,
perceived barriers which are modified by other variables such as culture, education
level, age, gender, ethnicity, past experience, knowledge, and cues to action
(Champion & Skinner, 2008; Stretcher et al., 1997).

The factors of knowledge (knowledge about adverse effects of OPs and
knowledge about self-protection from OP exposure) and perceptions of OP exposure
(perceived susceptibility, perceived severity, perceived benefits, perceived barriers,
and cues to action) in the pre and post educational intervention were assessed
(Suratman et al., 2016, Chapter 3). Generally, Indonesian farmworkers had better
knowledge and perceptions than SA migrant farmworkers after adjusting the
variables of years working as a farmworker and level of education. Years working as
a farmworker, called as work experience, has direct relationship with knowledge and
perceptions (Tesluk & Jacobs, 1998). Meanwhile, level of education is often linked
to how people behave when facing risks (UNEP, 2005). Having at least a high school
education influenced the perceptions of farmworkers to usefulness of PPE (Hwang et

al., 2000). In addition, the effectiveness of providing pesticide safety education as an
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intervention to improve knowledge and perceptions of OP exposure to reduce OP
exposure was assessed (Suratman et al., 2016, Chapter 3). The method of the
intervention provided to Indonesian farmworkers used a group communication
approach, compared with the intervention for SA migrant farmworkers, which used
an individual communication approach. Indonesian farmworkers had statistically
significant improvements in most aspects of knowledge and perceptions about OP
exposure in the follow-up measurement after providing the interventions.
Conversely, SA migrant farmworkers had not statistically insignificant
improvements in all measured variables, except for knowledge about adverse effects
of OPs (Suratman et al., 2016, Chapter 3). This might have been due to the greater
knowledge already held by the SA migrant farmworkers. Alternatively, this might be
due to the different methods of the interventions provided to both groups. The use of
group communication was more effective to improve farmworkers’ knowledge and
perceptions than individual approach. Different methods of educational interventions
between groups might influence effectiveness of provided interventions (ILEP,
1998). Field practices in handling OPs and OP-related symptoms in pre and post
intervention were assessed in Chapter 4 (Suratman et al.,, 2015b, Chapter 4).
Generally, SA migrant farmworkers had better field practices in handling OPs than
Indonesian farmworkers in pre educational intervention. Notwithstanding, some
significant behavioural improvements in handling OPs occurred among Indonesian
farmworkers as the result of the intervention (Suratman et al., 2015b, Chapter 4). On
the other hand, the field practices of SA migrant farmworkers in post educational
intervention remained constant (pre intervention). According to the HBM theory,
perceived susceptibility is a strong predictor of preventive health behaviour
(Champion & Skinner, 2008). Perceived susceptibility refers to person's subjective

perceptions regarding the risk of health conditions. In the case of a medical illness,
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these dimensions include acceptance of a diagnosis, personalized forecast for the re-
susceptibility and susceptibility towards a disease in general (Brandt et al., 2001,
Champion & Skinner, 2008; Clark & Houle, 2009). Feeling susceptible to a
condition which leads to a serious disease can encourage farmworkers to change
their behaviour (Champion & Skinner, 2008; Stretcher et al., 1997). It depends on
one's belief of the effectiveness of the various measures available to reduce the threat
of disease, or the perceived benefits in making health efforts. Meanwhile, perceived
severity refers to feelings about the seriousness of the disease, including the
evaluation of the clinical and medical consequences (e.g. death, disability, and pain)
and social consequences that may occur (such as the effects on employment, family
life and social relationships) (Brandt et al., 2001; Champion & Skinner, 2008; Clark
& Houle, 2009). Perceived barriers appear due to heightened view of potential
negative aspects of health-related behaviour change. Factors, such as uncertainty,
side effects, questions about suitability, anxiety and stress may act as a barrier to
change behaviour (Brandt et al., 2001; Champion & Skinner, 2008; Clark & Houle,
2009). In addition, behaviour is also influenced by cues to action. Cues to action are
events, things or people that encourage or trigger people to change their behaviour by
using appropriate reminder systems, promoting awareness, or providing information
(Brandt et al., 2001; Champion & Skinner, 2008; Clark & Houle, 2009).

These relationships were detected despite data limitations, which included
small sample population limited to one village in Indonesia (30 Indonesian
farmworkers) and one region in Australia (7 SA migrant farmworkers). The
implications of these significant findings are that Indonesian farmworkers are at
higher risk than SA migrant farmworkers in both their exposure to OPs and their
level of adverse health effects. These results may reflect the differences of law

enforcement between both countries. Australian government has strictly regulated
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the use of chemicals, including pesticides, at both federal and state levels. All
farmworkers and pesticide applicators in South Australia are expected to adhere to
legislation. Approximately 78% of farmworkers had completed the ChemCert course
for chemical accreditation (Johnstone, 2006). Federally, the Australian Pesticides and
Veterinary Medicines Authority (APVMA) plays an important role and has
responsible for the evaluation, registration and review of agricultural and veterinary
chemicals, and their control up to the point of retail sale (ChemCert Australia, 2013).
In South Australia, the major legislation available relating to agricultural and
veterinary chemical use is: the Agricultural and Veterinary Products (Control of Use)
Act 2002; the Agricultural and Veterinary Products (Control of Use) Regulations
2004; the Livestock Act 1997; the Controlled Substances Act 1984; SA Occupational
Health, Safety and Welfare Act 1986; and OHSW Regulation 1995 (ChemCert
Australia, 2013).

In Indonesia, there are some regulations relating to chemicals and pesticides
and to prevent adverse health effects released by President of Republic of Indonesia,
Minister of Health, and Minister of Agriculture. Legislation published by President
of Republic of Indonesia is as follows: 1) Law No. 10/2013 on Rotterdam
Convention on The Prior Informed Consent Procedure For Certain Hazardous
Chemicals and Pesticides in International Trade (Konvensi Rotterdam tentang
Prosedur Persetujuan Atas Dasar Informasi Awal untuk Bahan Kimia dan Pestisida
Berbahaya Tertentu dalam Perdagangan Internasional); and 2) Law No. 36/2009 on
Health (Undang-undang No. 36 Tahun 2009 tentang Kesehatan). Legislation
published by Minister of Health was as follows: 1) Regulations of Minister of Health
No. 258/MENKES/PER/111/1992 on Health Requirements of Pesticide Management
(Persyaratan Kesehatan Pengelolaan Pestisida); 2) Regulations of Minister of

Health No. 374/MENKES/PER/111/2010 on Vector Control (Pengendalian Vektor).
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Legislation published by Minister of Agriculture was as follows: 1) Regulations of
Minister of Agriculture No. 107/Permentan/SR.140/9/2014 on Pesticide Monitoring
(Pengawasan Pestisida); 2) Regulations of Minister of Agriculture No.
01/Permentan/OT.140/1/2007 on Lists of Active Constituents of Banned and
Restricted Pesticides (Daftar Bahan Aktif Pestisida yang Dilarang dan Pestisida
Terbatas); and 3) Regulations of Minister of  Agriculture  No.
24/Permentan/SR.140/4/2011 on Requirements and Procedures of Registering
Pesticide (Syarat dan Tatacara Pendaftaran Pestisida). However, the awareness of
Indonesian farmworkers to prevent OP exposure was low, which was reflected by not
wearing appropriate Personal Protective Equipment during working with OP
compounds (Suratman et al., 2015b, Chapter 4). Consequently, law enforcement of
these regulations in Indonesia might need to be improved in order to be strictly
obeyed by farmworkers.

Biological monitoring of effects to measure levels of erythrocyte
acetylcholinesterase (EAChE) and plasma cholinesterase (PChE) activities in whole
blood samples was presented in Chapter 5 (Suratman et al., submitted-b, Chapter 5).
Generally, mean EAChE activities in both groups in the post educational intervention
were lower than that of in the pre educational intervention. Meanwhile, mean PChE
activities in both groups did not significantly differ between before and after the
educational intervention. Both mean EAChE and PChE activities in both Indonesian
and SA migrant farmworkers were lower than the population reference values.
Indonesian farmworkers cultivated their crops and used OPs three times a year,
namely February to May (rice), June to August (shallot), and mid of November to
January (shallot and chilli) whereas there was no cultivating activities from
September to mid of November due to very dry season. SA migrant farmworkers

cultivated their crops during the periods of February — March, May — Mid of July,
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and August — November whereas there was no cultivating activity from December of
January. Interestingly, individually, mean EAChE and PChE levels in one of the
Indonesian farmworkers dropped dramatically even though he applied OPs in the
previous month in the second measurement. This might indicate unwitting OP
exposure experienced by the farmworker. The risk of OP exposure increases among
agricultural workers due to OPs that are unwittingly taken home on clothing, shoes
and other items (Ackerman & Cizmas, 2014). Based on percentage of normal
EAChAE activity, most of the research participants in both groups had normal levels.
In contrast, based on percentage of normal PChE activity, more than 70%
farmworkers in both groups suffered from mild inhibition. These findings,
particularly for among Indonesian farmworkers, were consistent with other studies
conducted in Indonesia by Rustia et al. (2010) that indicated 71.4% of 56 pesticide
applicators in Tanggamus Regency, Lampung Province suffered from mild inhibition
and 28.6% of them suffered from moderate inhibition due to OP exposure. Even
though PChE inhibition is a biomarker of exposure to OPs, this parameter correlates
very poorly with clinical signs or with EAChE inhibition (Eddleston et al., 2009).
Due to many cases of PChE inhibition among farmworkers, reactivation ability
of pyridine-2-aldoxime methochloride as a field study PChE reactivator to estimate
percent inhibition of PChE (% INH) using fresh plasma blood samples was examined
in Chapter 6 (Suratman et al., submitted-a, Chapter 6). This study found mean PChE
activities increased ranging from 36% to 39% after providing 2 pl pralidoxime in
saline solution in all plasma blood samples (Suratman et al., submitted-a, Chapter 6).
Percent inhibition of PChE among SA migrant farmworkers was slightly higher than
that of the other two groups. In comparison with Indonesian farmworkers who
cultivated their crops using a method of open farm, SA migrant farmworkers

cultivated their crops in greenhouse. The types of worksites might contribute to
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increase absorption of OP compounds among SA migrant farmworkers rather than
among Indonesian farmworkers.

Overall, the findings of this study reflect the differences in all aspects relating
to OP exposure in both countries. Most of Indonesian farmworkers were untrained in
handling OPs compared with SA migrant farmworkers. Low level of education, low
knowledge, and poor perceptions were the most likely factors contributing to unsafe
work practices commonly found in their workplace that increased OP exposure
among them. Indonesian farmworkers had significant improvement in their
knowledge and perceptions of OP exposure after being provided with the educational
intervention, although theoretically they need long time to change their work
practices in order to be safer and healthier. Long-term educational intervention is
needed in order to change work practices of farmworkers in both Indonesian and SA
migrant farmworkers in handling OPs and to reduce OP exposure. In addition,
further study of the other intrinsic factor increasing susceptibility to OP effects like
paraoxonase (PON1) that plays an important role the pathogenesis of atherosclerosis
and is primarily associated with the hydrolysis of OP compounds need to be
conducted to measure chronic exposure to OPs associated with the decrease of PON1

activity.
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Appendices

Appendix 1

Calculation of Sample Size using STATA IC version 12.1 software (Copyright
1985-2011 StataCorp LP)

Sample size calculation for test of means with repeated measures

.sampsi 1.5 2.0, sd1(0.3) sd2(0.4) alpha(0.05) pre(1) post(1) r01(0.2)
method(change)

Estimated sample size for two samples with repeated measures
Assumptions:

alpha = 0.0500 (two-sided)
power = 0.9000
mlL =15
m2 = 20
sdl = 0.3
sd2 = 04
n2/nl = 1.0
number of follow-up measurements = 1
number of baseline measurements = 1
correlation between baseline & follow-up = 0.200

Method: CHANGE (difference between follow-up and baseline mean)

relative efficiency = 0.625
adjustment to sd = 1265
adjusted sd1 = 0.379
adjusted sd2 = 0.506
Estimated required sample sizes:
nl=n2=20
Remarks:
Level of significance = 0.05
Power of the test =90%
Mean of PChE level (30% - 74% of normal) based on
previous research (Miranda-Contreras et al., 2013) =1.5U/mL
Standard Deviation (SD) of PChE level (30% - 74% of normal)
based on previous research (Miranda-Contreras et al., 2013) =0.3 U/mL

Mean of normal PChE level in population (EQM Research, 2011) =2.0 U/mL
SD of normal PChE level in population (EQM Research, 2011)  =0.4 U/mL
Sample size of Indonesian farmworkers (n1) =20
Sample size of South Australian migrant farmworkers (n2) =20
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Appendix 2

Consent to participation in research

(first or given names) (last name)

give consent to my involvement in the research project (short title):

Risk Factors for Organophosphate Pesticide (OP) Exposure among Indonesian
and South Australian Migrant Farmworkers and the Impact of an Intervention
to Reduce Exposure
I acknowledge the nature, purpose and contemplated effects of the research project,

especially as far as they affect me, have been fully explained to my satisfaction by

(first or given names) (last name)

and my consent is given voluntarily.

I acknowledge that the detail(s) of the following has/have been explained to me,
including indications of risks; any discomfort involved; anticipation of length of
time; and the frequency with which they will be performed:

1. Complete questionnaire on personal factors and work practices on 2 occasions

2. Provide a fingerprick blood sample on 2 occasions.

3. Participate in an information/training session on 1 occasions

I have understood and am satisfied with the explanations that | have been given.

I have been provided with a written information sheet.

I understand that my involvement in this research project may not be of any direct
benefit to me and that | may withdraw my consent at any stage without affecting my
rights or the responsibilities of the researchers in any respect.

| declare that | am over the age of 18 years.

I acknowledge that | have been informed that should | receive an injury as a result of
taking part in this study, | may need to start legal action to determine whether |

should be paid.

Signature of Research Participant: ..o
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the research project and nature and effects of procedure(s) involved. In my opinion
he/she understands the explanation and has freely given his/her consent.

Signature:

Status in Project: ......oooiiiiii e
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Appendix 3

Participant Information Sheet

Risk Factors for Organophosphate Pesticide (OP) Exposure among
Indonesian and South Australian Migrant Farmworkers and the

Impact of an Intervention to Reduce Exposure

You are invited to participate in a research project examining pesticide
exposure among farmworkers in Indonesia and Australia. Your participation in this
study is entirely vol