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Abstract

Purpose The objective of this cross-sectional study was

to investigate health symptoms related to occupational

pesticide exposure and agricultural tasks in rice farmers.

Methods Data on demographic variables and health

symptoms associated with pesticide exposure were col-

lected from 182 rice farmers (exposed subjects) and 122

non-farmers (controlled group) using interviews and mea-

suring whole blood acetylcholinesterase (AChE) activity

during August and October 2012.

Results Rice farmers had a significantly lower median

AChE activity than the controls (9,594 vs. 10,530 U/L,

respectively) and a significantly higher prevalence of dif-

ficulty in breathing and chest pain [odds ratio (OR) 2.8,

P \ 0.01 and OR 2.5, P \ 0.05, respectively]. The prev-

alence of dry throat and cramp was associated with those

farmers who sprayed and mixed pesticides (OR 2.5 and 2.6

for dry throat, OR 2.5 and 2.9 for cramp, respectively;

P \ 0.01). The prevalence of numbness and diarrhea was

associated with those farmers who scattered seed (OR 2.2,

P \ 0.01 and OR 3.6, P \ 0.05, respectively). The prev-

alence of numbness and increasing anxiety was also asso-

ciated with those farmers who harvested crops (OR 3.6,

P \ 0.01 and OR 3.0, P \ 0.05, respectively).

Conclusions Our findings suggest that occupational pes-

ticide exposure and agricultural tasks in the paddy field

may be associated with the increasing prevalence of

respiratory tract and muscle symptoms. This possibility

warrants further investigation in more detail.

Keywords Pesticides � Symptoms � Farmers �
Acetylcholinesterase � Paddy field

Introduction

Rice production is important for the Thai economy and for

the labor force. During the last decade, the growing Thai

population and a booming economy had led to intensifica-

tion of rice production. The total production of rice in

Thailand has increased from 29.5 million tons in 2003 to

37.9 million tons in 2012, and at the present time 25.7

million acres of paddy fields are under cultivation [1]. As a

result, increasingly more pesticide is being used to increase

this already massive production of rice. The most common

types of pesticides imported into Thailand are herbicides,

followed by insecticides and fungicides, respectively.

Among the insecticides, organophosphates (OPs) and car-

bamates are most popular for protecting crops from insects.

The use of pesticides in agriculture has been associated with

occupational farm workers’ health. The Disease Control

Department of northern Thailand reported that 13.54 per

100,000 people in northern Thailand are hospitalized due to

pesticide poisoning from farming. Most poisoning cases are

related to the use of OPs, followed by herbicides and car-

bamates [2]. However, less severe cases of occupational

poisoning do not require hospitalization and were, there-

fore, not included in the total cases reported.

Exposure to OPs and carbamates may cause both acute

and chronic adverse health effects. The acute effects are

related to the inhibition of cholinesterase during neuro-

transmission, and the cholinergic symptoms that present
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following exposure to these chemicals include dizziness,

blurred vision, nausea, vomiting, cramp, and muscular

weakness [3–6]. However, to date evidence supporting the

chronic effects of low-level exposure are inconsistent and

their mechanism not well understood [7]. Studies in ani-

mals have found that low levels of pesticide exposure can

produce a variety of cholinergic symptoms ranging from

enhanced maze learning to slowed nerve conduction [4].

Some studies in humans have revealed neurological and

respiratory tract problems, including numbness, chest pain,

weakness of arms and legs, and fatigue [8–10].

Several publications exist on acetylcholineasterase

(AChE) activity and health symptoms among farm work-

ers. However, the association between symptoms and

agricultural tasks on a farm are not well established [11].

Agricultural tasks performed in paddy fields include

spraying and mixing pesticides, scattering seed, and har-

vesting crops. The risks and consequences of being directly

exposed to pesticides may differ according to the task and

doses used in that task, resulting in different symptoms.

Therefore, the aim of this study was to investigate the

prevalence of health symptoms related to occupational

pesticide exposure and their relation to agricultural tasks

among rice farmers.

Materials and methods

Human ethic approval

This study was approved by the Human Experimentation

Committee, University of Phayao, Thailand (Certificate of

Ethical Clearance No. 55-02-04-0001), 21 November 2011.

Study population

Inclusion criteria were rice farmers and non-farmers, aged

between 18 and 75 years old, who had lived for at least

5 years in Ban Tom Subdistrict, which is located close to

Kwan Phayao Lake, northern Thailand. Those who met

the inclusion criteria (n = 2,227) included 742 farmers

(354 males, 388 females) and 1,485 non-farmers (640

males, 845 females). Of these 2,227 individuals, 182

farmers [90 (25.4 %) males, 92 (23.7 %) females] and

122 non-farmers [38 (5.9 %) males, 84 (9.9 %) females]

agreed to volunteer as study subjects and signed a written

consent form. The non-farmer group comprised individ-

uals who had never done farm work and had never been

exposed to pesticides in an occupational context. Data

were collected through interview form and the measure-

ment of AChE activity during August and October 2012,

which is the period that pesticides are used for pest

control in the paddy field.

Interviews

All subjects were asked questions on demographic data

(age, education status, smoking, alcohol drinking), pesti-

cide use, and health symptoms with regards to exposure to

OPs and carbamates. The questions regarding health

symptoms were asked within 1 month of enrollment. The

questions were presented as 19 items in five sections

focusing on: (1) respiratory tract symptoms (difficulty in

breathing, chest pain, dry throat, cough); (2) muscle

symptoms (numbness, cramp, muscle weakness); (3) neu-

robehavioral symptoms (headache, dizziness, epilepsy,

balance problem, fatigue), (4) epithelial/mucosal surface

symptoms (irritated eye, ulcer/blister, rash, red/white

pimp); (5) other symptoms (diarrhea, friable nails,

increasing anxiety). Supplemental questions for only

farmers regarding practices and attitudes of pesticide use

included years of farm work, area in rice cultivation,

agricultural tasks on farm, types and frequency of pesticide

use, reasons for pesticide use, source of pesticide infor-

mation, and protective behavior to pesticide exposure.

Regarding the agricultural task question, farmers were

asked which tasks they performed in the paddy field:

spraying pesticides, mixing pesticides, scattering seed, and

harvesting crops.

Measurement of AChE activity

A 1-mL sample of blood was collected into an EDTA tube

for measuring whole blood AChE activity. A modified

procedure of the Ellman method [12] was used. Briefly,

20 lL of whole blood was first diluted with 380 lL of

distilled water, and then 20 lL of the diluted blood was

mixed with 3 mL of 0.25 mM dithiobisnitrobenzoic acid in

phosphate buffer (pH 7.7). A 50-lL aliquot of 5 % acet-

ylthiocholine iodide was added to the later solution, and

the absorbance rate was then measured at 405 nm and

30 �C at 30, 60, 60, 90, and 120 s. The AChE activity

(U/L) = change in absorbance in 1 min 9 11,700. The

activity reading was then multiplied by 20. The normal

limit for AChE activity in our laboratory ranged from

6,400 to 8,200 U/L.

Statistical analysis

Data on demographic characteristics, practices, attitudes,

and protective behavior to pesticide exposure were ana-

lyzed by using frequency, mean, median, standard devia-

tion, range, and percentile (P25th–P75th). The odds ratio

(OR) and 95 % confidence interval were calculated to

assess symptoms related to occupational pesticide exposure

and agricultural tasks in the paddy field. Due to the non-

normal distribution of variables, the Mann–Whitney U test
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was used to compare AChE activity between farmers and

controls at the significance level of 0.05.

Results

Demographic data, AChE activity, practices,

and attitudes

Demographic data and AChE activity among rice farmers

and controls are presented in Table 1. The median age of

the farmers and the controls was 55 years. Alcohol con-

sumption and smoking were similar among the farmers and

the controls. The educational status of the farmers was

lower than that of the controls. The median AChE activity

of the farmers (9,594 U/L) was significantly lower than

that of the controls (10,530 U/L). The practices and atti-

tudes regarding pesticide use by the 182 rice farmers are

presented in Table 2. For each farmer, the mean area under

cultivation was 3.0 ± 2.2 (range 0.1–11.9) acres, and the

mean number of years working on a farm was 34.7 ± 12.9

(range 5–60) years. The most common kinds of pesticide

used in their rice field were insecticides (n = 154, 84.6 %),

followed by herbicides (n = 115, 63.2 %), fungicides

(n = 13, 7.1 %), and acaricides (n = 12, 6.6 %), respec-

tively. Of the insecticides, OPs and carbamates with vari-

ous trade names were the most commonly used types (data

not shown). No significant association of AChE activity

with gender, education level, years of farm work, and area

under rice cultivation was found.

Table 1 Demographic data and acetylcholinesterase activity of rice

farmers and controls

Parameters Farmers

(n = 182)

Controls

(n = 122)

P value

Gender, n (%)a

Male 90 (49.5) 38 (31.1) 0.001**

Female 92 (50.5) 84 (68.9)

Education, n (%)a

No education 27 (14.8) 11 (9) 0.014*

Primary level 118 (64.8) 72 (59)

Secondary level 36 (19.8) 32 (26.2)

Bachelor level 1 (0.5) 7 (5.7)

Alcohol drinking, n (%)a 0.908

Yes 63 (34.6) 44 (36.1)

No 119 (65.4) 78 (63.9)

Smokinga 0.230

Yes 36 (19.8) 15 (12.3)

No 146 (80.2) 107 (87.7)

Age (years)b 0.954

Mean ± SD 54.3 ± 9.5 53.4 ± 14.4

Median (P25th–P75th) 55 (48–61) 55 (45–64)

AChE activity (U/L)b 0.005**

Mean ± SD 10295 ± 3001 11172 ± 3090

Median (P25th–P75th) 9594

(8190–11934)

10530

(8892–12870)

SD, Standard deviation; P25th–P75th, percentile range

* P \ 0.05; ** P \ 0.01
a Obtained from chi-square analysis
b Obtained from Mann–Whitney U test

Table 2 Practices and attitudes regarding pesticide use by the rice

farmers (n = 182)

Parameters n (%)

Pesticide use

Insecticides 154 (84.6)

Herbicides 115 (63.2)

Fungicides 13 (7.1)

Acaricides 12 (6.6)

Agricultural tasks

Spraying pesticides 63 (34.6)

Mixing pesticides 48 (26.4)

Scattering seed 96 (52.7)

Harvesting 155 (85.2)

Frequency of pesticide use

1 time/month or less 141 (77.5)

1 time/week 39 (21.4)

2–3 times/week 2 (1.1)

Source of pesticide information

Neighbors 139 (76.4)

Television 107 (58.8)

Merchants 62 (34.1)

Radio 56 (30.8)

Poster 43 (23.6)

Brochure 25 (13.7)

Reasons for pesticide use

Facing problem of pests 112 (61.5)

Protecting against problem in advance 101 (55.5)

Need for good product appearance 79 (43.4)

Saving time, labor, and cost 56 (30.8)

Following neighbor’s practice 40 (22)

Fate of empty containers

Burying in ground 96 (52.7)

Throwing on garbage site 53 (29.1)

Selling 25 (13.7)

Burning 20 (11)

Re-using 4 (2.2)

Years in farm work (mean ± SD) 34.7 ± 12.9

Area (acres) under rice cultivation (mean ± SD) 3.0 ± 2.2
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Most farmers (n = 141, 77.5 %) sprayed pesticides in

their paddy field one time per month or less, whereas 39

farmers (21.4 %) used pesticides one time per week. In

terms of agricultural tasks on farm, 63 (34.6 %) farmers

sprayed pesticides themselves, 48 (26.4 %) mixed the

pesticides, 96 (52.7 %) scattered seed, and 155 (85.2 %)

harvested crops. Regarding the source of pesticide infor-

mation, 139 (76.4 %) farmers received the information on

pesticides from their neighbors versus 107 (58.8 %) who

learned of pesticides from television. The most common

disposal method for empty pesticide containers were burial

in ground (96, 52.7 %) or disposal on garbage site (53,

29.1 %). The major reasons to use pesticides were that

farmers faced the problem of pests (n = 112, 61.5 %) and

wanted to protect their plants against pests in advance

(n = 101, 55.5 %).

Among the 63 farmers who sprayed pesticides, 53–63

(84.1–100 %) practiced good protective behavior before,

during, and after application (Table 3). Of these 63

sprayers, 61 (96.8 %) checked spraying equipment and

mixed pesticides outdoor, while 58 (84.1 %) mixed pesti-

cides before application following the instructions given on

the label. Almost all sprayers (n = 61, 96.8 %) wore boots

and long-sleeved shirts during application, whereas only 47

(74.6 %) used goggles. After application, all farmers

(n = 63, 100 %) washed equipment before storing it away,

and the majority (n = 59–61, 93.7–96.8 %) took a bath,

laundered, and changed clothes immediately. The median

AChE activity at each protective measurement (except

laundering clothes immediately) was not significantly dif-

ferent between sprayers who had good and bad protective

behaviors.

Health symptoms related to occupational pesticide

exposure

The prevalence of 19 symptoms related to pesticide

exposure in rice farmers and controls is presented in

Table 4. The OR and 95 % CI were analyzed for mat-

ched pairs. Subjects recalled symptoms that presented

within 1 month prior to the interview. In total 78

(42.9 %) farmers and 47 (38.5 %) controls presented

these symptoms. The prevalence of difficulty in

breathing and chest pain was significantly higher in

farmers than in the controls (OR 2.8, P \ 0.01 and OR

2.5, P \ 0.05, respectively).

Health symptoms associated with agricultural tasks

in the paddy field

The prevalence of these 19 symptoms associated with

agricultural tasks in the paddy field among 182 rice farmers

Table 3 Sprayers’ protective behavior and acetylcholinesterase

activity (n = 63 sprayers)

Protective

measure

n (%) Median of AChE

activity (U/L)

P valuea

Before application

Check spraying equipment

Yes 61 (96.8) 9,360 0.421

No 2 (3.2) 10,881

Mix pesticides outdoors

Yes 61 (96.8) 9,594 0.336

No 2 (3.2) 8,541

Choose pesticide that had the right label

Yes 58 (92.1) 9,594 0.359

No 5 (7.9) 8,424

Not using hands for mixing pesticide

Yes 58 (92.1) 9,477 0.770

No 5 (7.9) 9,594

Survey type of pests before buying pesticide

Yes 56 (88.9) 9,477 0.939

No 7 (11.1) 10,062

Read the directions on the pesticide label

Yes 56 (88.9) 9,360 0.352

No 7 (11.1) 10,764

Mix pesticide as prescribed on label

Yes 53 (84.1) 9,126 0.309

No 10 (15.9) 11,583

During application

Wear boots

Yes 61 (96.8) 13,104 0.099

No 2 (3.2) 9,360

Wear long-sleeved shirt

Yes 61 (96.8) 13,104 0.099

No 2 (3.2) 9,360

Wear long pants

Yes 60 (95.2) 11,700 0.150

No 3 (4.8) 9,243

Wear hat

Yes 60 (95.2) 9,477 0.375

No 3 (4.8) 11,700

Spray upwind

Yes 59 (93.7) 9,594 0.352

No 4 (6.3) 8,541

Wear gloves

Yes 58 (92.1) 9,243 0.450

No 5 (7.9) 10,062

Not eating and drinking

Yes 57 (90.5) 9,360 0.935

No 6 (9.5) 10,062

Wear oral/nose mask

Yes 56 (88.9) 10,062 0.889

No 7 (11.1) 9,477
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is presented in Table 5. The prevalence of dry throat and

cramp was associated with those farmers who sprayed and

mixed pesticides (OR 2.5 and 2.6 for dry throat, OR 2.5

and 2.9 for cramp; P \ 0.01, respectively). The prevalence

of numbness and diarrhea was associated with those

farmers who scattered seed (OR 2.2, P \ 0.01, and OR 3.6,

P \ 0.05, respectively). The prevalence of numbness and

increasing anxiety was also associated with the farmers

who harvested crops (OR 3.6, P \ 0.01, and OR 3.0,

P \ 0.05, respectively).

Discussion

The measurement of AChE activity is known to be a bio-

marker of exposure to OPs and carbamates [13, 14]. AChE

is an enzyme that destroys the neurotransmitter acetyl-

choline at neuromuscular junctions and cholinergic brain

synapses. OPs and carbamates have a high affinity for

binding and inhibiting AChE. When AChE is inhibited,

acetylcholine builds up, resulting in over-stimulation of the

cholinergic system and decreased AChE levels. The lower

the AChE levels, the more likely it becomes that health

symptoms due to pesticide poisoning will appear [13–16].

In our study we found that AChE activity was lower than in

rice farmers that in controls due to occupational pesticide

exposure of the former group. These results are in agree-

ment with those from previous studies carried out among

Indian, American, Kenyan, Ghanaian, and Mexican farm-

workers which found a significantly lower AChE activity

among farmworkers exposed to pesticides compared with

the control group [17–21]. However, in our study only six

(3.3 %) farmers and none of the controls had an AChE

level of\6,400 U/L, which is the lower limit of the normal

range. It is therefore possible that most of our study sub-

jects who were exposed to pesticides were exposed only to

low levels and that this level of exposure was not high

enough to inhibit AChE. Although the determination of

AChE activity as a measure of exposure to OPs and car-

bamates is rapid, inexpensive, and convenient, this method

lacks sensitivity and specificity at low levels of exposure

[22, 23]. As such, this method is useful for the diagnosis of

acute poisoning, but it may be an unreliable indicator of

low level exposure [24].

The major pesticide used in this study was insecticides

(84.6 %), followed by herbicides, fungicides, and acari-

cides (63.2, 7.1, 6.6 %, respectively). This finding corre-

sponds with data on the import of pesticides into Thailand

in 2011. The major imported pesticides were herbicides

(112,176.8 kg), followed by insecticides (34,672.2 kg) and

fungicides (12,178.2 kg), respectively. Although most of

our farmers used pesticides to protect their crops, their

AChE activity was within the normal range. One possible

explanation is that most farmers used good protective

behavior during farmwork, and they did not spray pesti-

cides frequently. Among those farmers in our study who

sprayed, most (96.8 %) used protective equipment and

adopted safety practices during fieldwork. In addition, most

of them (77.5 %) sprayed pesticides only one time per

month or less. The health effects of exposure to pesticides

depends on the frequency and the concentration of pesti-

cide use, as well as on the implementation of personal

protective measures [25–27]. Therefore, our results suggest

that farmers who had proper protective behavior had

decreased exposure to the highly poisonous pesticides.

OPs and carbamates affect cholinesterase activity in

both the central and peripheral nervous systems. The sites

of the peripheral nervous system which can be affected

include the exocrine glands, eyes, gastrointestinal tract,

respiratory tract, cardiovascular system, and skeletal mus-

cles. Acute clinical symptoms of exposure to high doses of

OPs and carbamates include salivation, lacrimation, uri-

nation, bradycardia, bronchorrhea, bronchospasm, respira-

tory insufficiency, tremors, muscle weakness, paralysis,

restlessness, ataxia, confusion, and neurologic dysfunction

[15]. Chronic and low level exposure to OPs and carba-

mates may result in the same symptom as acute exposure

[28]. The severity of cholinesterase-inhibiting symptoms

depend on the dose, route, and duration of pesticide

exposure, the toxicity and lipid solubility of the pesticides,

and AChE activity [13, 14]. Several studies have reported

Table 3 continued

Protective

measure

n (%) Median of AChE

activity (U/L)

P valuea

Wear goggles

Yes 47 (74.6) 9,594 0.553

No 16 (25.4) 9,009

After application

Wash equipment before keeping

Yes 63 (100) 9,594 –

No 0 (0)

Shower immediately

Yes 61 (96.8) 9,594 0.081

No 2 (3.2) 7,488

Launder clothes immediately

Yes 61 (96.8) 9,594 0.025*

No 2 (3.2) 6,903

Change clothes immediately

Yes 59 (93.7) 9,594 0.877

No 4 (6.3) 9,945

AChE, Acetylcholinesterase

* P \ 0.05
a Obtained from Mann–Whitney U test
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the chronic effects of pesticide exposure among farmers,

including dermatitis, fatigue, respiratory tract problems,

anxiety, and neurological deficits [8, 9]. A study involving

185 farmworkers in the Gaza Strip found that the most

common symptoms related to pesticides exposure included

eye/face irritation (64.3 %), dizziness (32.4 %), and diffi-

culty in breathing/chest pain (28.1 %) [25]. A survey of

Thai farmers reported that the health symptoms related to

pesticide exposure included fatigue (48.5 %), dry throat

(44.9 %), headache (40.4 %), dizziness (36.8 %), and

numbness (29.4 %) [29]. A study among Philippine farm-

ers with long-term exposure to pesticides also reported

increasing occurrences of eye irritation (67 %), skin effects

(45 %), and respiratory tract effects (45 %) compared with

the controls [30]. In addition, some studies have reported a

correlation between pesticide exposure, AChE level, and

health symptoms, including respiratory tract, muscle, eye,

and central nervous system symptoms [18, 31]. In contrast,

our results indicate only effects related to difficulty in

breathing (OR 2.8) and chest pain (OR 2.5), both of which

are classified as a respiratory tract symptom. It is possible

that the major route of pesticide exposure in our farmers

was inhalation. Although the farmers protected themselves

by using cloth mask when spraying pesticides, it is possible

that the cloth mask was unable to protect pesticide

exposure. However, exposure to OPs and carbamates by

inhalation affect systemic circulation by passage through

the liver, where it is metabolized [14, 32]. Thus, another

explanation is that the respiratory effects found in our study

are related to the variety of other pesticides also used in

farming. Another possibility is that our farmers were

exposed to low levels of pesticides and that these levels

were not high enough to produce other symptoms. Indeed,

several studies on low-level exposure to AChE have

reported mild, inconsistent, and unexplained changes of the

peripheral nerve system [7, 33, 34]. Acute poisoning is well

defined in terms of threshold, but low-level effects shade

into range of non-specific symptoms [7].

In terms of health symptoms related to the agricultural

tasks described in our study, we found that the major

symptoms among rice farmers spraying and mixing pesti-

cides were dry throat and cramp. It is likely that pesticide

exposure from spraying and mixing affected the respiratory

tract and neuromuscular junction. The respiratory tract

symptoms may be due to the use of inadequate protective

equipment (cloth mask) during pesticide application. The

major symptom among the farmers scattering seed and

harvesting crops was numbness, suggesting that the expo-

sure from scattering seed and harvesting crops affected the

neuromuscular junction. These results are in agreement

Table 4 Prevalence of health

symptomsa related to

occupational exposure between

rice farmers and controls

OR, Odds ratio; CI, confidence

interval

* P \ 0.05, ** P \ 0.01
a Values are presented as the

number with the percentage in

parenthesis

Symptoms Farmers (n = 182) Controls (n = 122) OR 95 % CI

Respiratory

Difficulty in breathing 33 (18.1) 9 (7.4) 2.8** 1.3, 6.0

Chest pain 36 (19.8) 11 (9) 2.5* 1.2, 5.1

Dry throat 43 (23.6) 30 (24.6) 0.9 0.6, 1.6

Cough 51 (28) 29 (23.8) 1.2 0.7, 2.1

Muscle

Numbness 75 (41.2) 47 (38.5) 1.1 0.7, 1.8

Cramp 72 (39.6) 41 (33.6) 1.3 0.8, 2.1

Muscle weakness 43 (23.6) 26 (21.3) 1.1 0.7, 2.0

Neurobehavioral

Headache 56 (30.8) 28 (23) 1.5 0.9, 2.5

Dizziness 63 (34.6) 34 (27.9) 1.4 0.8, 2.3

Epilepsy 2 (1.1) 2 (1.6) 0.7 0.1, 4.8

Balance problem 22 (12.1) 15 (12.3) 1.0 0.5, 2.0

Fatigue 61 (33.5) 34 (27.9) 1.3 0.8, 2.2

Epithelial/mucosal surfaces

Irritated eye 78 (42.9) 41 (33.6) 1.5 0.9, 2.4

Ulcer/blister 4 (2.2) 3 (2.5) 0.9 0.2, 4.1

Rash 29 (15.9) 20 (16.4) 1.0 0.5, 1.8

Red/whit pimp 17 (9.3) 6 (4.9) 2.0 0.8, 5.2

Others

Friable nails 6 (3.3) 3 (2.5) 1.4 0.3, 5.5

Diarrhea 14 (7.7) 7 (5.7) 1.4 0.5, 3.5

Increasing anxiety 78 (42.9) 45 (36.9) 1.3 0.8, 2.1
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with those of Buranatrevedh and Sweatsriskul [35] who

reported that the majority of abnormal physical health

conditions among rice farmers were associated with the

oral cavity, respiratory tract and musculoskeletal system.

They also reported that musculoskeletal problems during

seed the soaking/scattering and harvesting processes were

caused by carrying heavy seed containers and lifting heavy

rice sacks. Therefore, the numbness symptom that was

reported by our farmers who scattered seed and harvested

the crop may be due to an ergonomic problem. Almost all

studies in this area report on health symptoms among

sprayers and non-sprayers, and only a few have described

symptoms related to other agricultural tasks. A study in 214

Indonesian farmers reported symptoms after the spraying

of pesticides, with the most frequent symptoms being

fatigue (60 %), muscle stiffness (54 %), dry throat (30 %),

muscle weakness (23 %), dizziness (21 %), difficulty in

breathing (18.5 %), and chest pain (13.6 %) [36]. Strong

et al. [37] also found that the prevalence of shortness of

breath was significantly higher in farmworkers spraying,

mixing, and applying pesticides than in those who did not.

Stokes et al. [38] also reported a higher prevalence of

headache, muscle pain, sick stomach, and psychological

problems during the growing season than during the off-

season.

There are several limitations to this study. Firstly,

farmers were exposed to other pesticides in addition to OPs

and carbamates, such as fungicides and pyrethroids. Con-

sequently, it is difficult to determine which types of pes-

ticides caused the health symptoms described herein.

Secondly, The AChE activity in almost all of our subjects

was in the normal range, indicating that they had been

exposed—if at all—to only low levels of OPs and carba-

mates. This low level of exposure may not high enough to

produce definitive symptoms, thereby limiting the inter-

pretation of our data. Thirdly, health symptoms have

multiple causes and may not be attributed to pesticide

exposure. Numbness may be due to ergonomic problems,

and dry throat may be due to infectious agents as well as

pesticides. Finally, the study design did not control a

number of confounding factors, such as gender, education

level, exposure to previous OPs, carbamate poisoning, and

underlying diseases. Thus, these factors may also account

for (some of) the symptoms reported.

Taken on a whole, our findings suggest that occupational

pesticide exposure and agricultural tasks in paddy field

may be associated with an increasing prevalence of respi-

ratory tract and muscle symptoms. AChE activity is a

biomarker of exposure to OPs and carbamates, and the

activity in rice farmers was significantly lower than that in

the controls. However, exposure to various pesticides and

the low dose of exposure make it difficult to interpret our

data. Thus, further studies are required to evaluate health

symptoms among farmers with high exposure to OPs and

carbamates.
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