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Thailand, the world’s second-
largest rubber producer, faces
widespread glyphosate use and
farmer exposure risks,
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This study assessed glyphosate exposure, using a
validated self-report questionnaire, risk scoring,
and logistic regression analysis.
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72.8% farmers exposed; ‘
45.5% affected. Age, gender,

habits, and spraying -/-/_I I

behaviors significantly
increased health risks.

Abstract

Rubber farmers exposed to herbicides containing glyphosate face significant health risks
from occupational exposure. This study aimed to investigate the prevalence of health
symptoms and their association with glyphosate exposure among rubber farmers in
northeast Thailand. A cross-sectional study was conducted to examine the prevalence of
health symptoms using a self-report questionnaire. Of 400 participants, 72.8% reported
chemical exposure during spraying and 39.3% reported adverse health effects. The most
frequent symptom was nasal irritation (18.5%), followed by coughing or shortness of
breath and fatigue (3.75%). After adjustment, reporting any adverse health effect was
associated with age > 40 years [adjusted odds ratio (aOR) = 2.02; 95% confidence interval
(C1): 1.09-3.74; P = 0.025], male sex (aOR = 1.83; 95%Cl: 1.19-2.82; P = 0.006), > 10
years' experience (aOR =1.53; 95%Cl: 1.01-2.31; P = 0.043), and underlying disease (aOR
= 1.75; 95%ClI: 1.10-2.79; P = 0.019). Unsafe practices and equipment problems were
strongly associated with higher odds: self-application (aOR = 1.97; 95%Cl: 1.24-3.13; P =
0.004), leaking equipment (aOR = 2.50; 95%Cl: 1.62-3.86; P < 0.001), wet clothing while
spraying (aOR = 2.79; 95%Cl: 1.78-4.36; P < 0.001), eating during work (aOR = 2.07;
95%Cl: 1.30-3.29; P = 0.002), and morning spraying (aOR = 2.88; 95%Cl: 1.38-6.03; P <
0.005). The study revealed a high prevalence of health effects among rubber farmers, with
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the greatest risk magnitude linked to unsafe practices and equipment. Providing personal protective equipment and
guiding occupational health and training on chemical handling practices are crucial for effectively reducing these
risks.

INTRODUCTION

The rubber tree represents a crucial economic crop in Thailand, with production driven by expanding
cultivation areas and favorable climatic conditions. Thailand’s position as one of the world’s largest natural
rubber exporters has been strengthened by increasing global demand, particularly from the automotive
industry for tire manufacturing. Recent geopolitical factors, including rising crude oil prices, have further
enhanced the preference for natural rubber over synthetic alternatives, contributing to sustained growth in
Thailand’s rubber sector and reinforcing its significant role in the international market!"l.

Thailand dominates global natural rubber production, with smallholder farmers representing approximately
90%-95% of producers and contributing over one-third of world production through an estimated 1.5-2
million farming households”’. Beyond rubber tapping, cultivation involves various activities including
weeding, re-entry operations following pesticide application, and plantation maintenance, all of which
increase the likelihood of chemical exposure. Farmers regularly utilize various agrochemicals, including
herbicides, insecticides, fungicides, fertilizers, and plant hormones, which are accessible, economical, and
employed to improve crop yields. Among these chemicals, glyphosate is imported in substantial quantities
and has been linked to potential health risks, with residues detected in urine samples from farmers and their
families shortly after application®. Approximately 600,000-750,000 tons of glyphosate are consumed each
year globally, with usage projected to increase to 740,000-920,000 tons by 2025".. However, exposure extends
beyond glyphosate alone, as farmers frequently encounter multiple pesticide types. Therefore, this study
emphasizes and aims to investigate the specific symptoms primarily caused by glyphosate exposure.

Alarmingly, there have been numerous reports of health issues and fatalities linked to herbicide and
fungicide exposure, with 1,886 cases of health complications and 442 deaths recorded between October 2021
and July 2022"7). Glyphosate exposure has been associated with both acute and chronic health effects'’.
Glyphosate exposure has been associated with both acute and chronic health effects. Acute symptoms
include eye irritation, skin burns, throat irritation, breathing difficulties, coughing, chest tightness, stomach
pain, diarrhea, nausea, and vomiting". Chronic toxicity has more severe implications, affecting the
reproductive system (e.g., infertility, sexual dysfunction), the nervous system (e.g., paralysis, Parkinson’s
disease), and increasing the risk of certain cancers". For instance, glyphosate exposure is associated with a 5-
to 13-fold increased risk of breast cancer and a 41% higher risk of non-Hodgkin lymphoma*”. In 2015, the
International Agency for Research on Cancer (IARC) classified glyphosate as probably carcinogenic to
humans, emphasizing its link to non-Hodgkin lymphomal""l. Glyphosate has also been shown to damage
genetic material, elevate oxidative stress, and impair kidney function®. Despite extensive global evidence on
glyphosate toxicity, limited research has examined rubber farmers in Thailand, particularly regarding how
personal, occupational, and behavioral factors interact to influence health risks. We hypothesize that
occupational glyphosate exposure and unsafe handling practices among rubber farmers in northeast
Thailand are associated with a higher prevalence of specific acute and chronic health symptoms. Addressing
these issues is critical for mitigating occupational health risks associated with prolonged chemical exposure
in agricultural settings and reducing environmental degradation.
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Figure 1. Map of the three study districts in Sakon Nakhon Province, Northeast Thailand.

EXPERIMENTAL

Study design and participants

This analytic cross-sectional study was conducted between June and September 2023 in northeast Thailand.
Three districts in Sakon Nakhon Province, where rubber trees are extensively cultivated, were selected as the
study area, as shown in Figure 1. The sample size was calculated using the formula for population
proportion, assuming a moderate risk level of 0.7""%), a 95% confidence interval (CI), and a precision level of
20%. Additional participants were included to account for potential data loss or incomplete responses. A
purposive random sampling method was used to recruit 400 rubber farmers from the selected districts.
Eligible participants were rubber farmers aged 18 years or older, registered as rubber cultivation households
for more than a year, and willing to participate in the study. The selection process is illustrated in Figure 2. If
multiple farmers resided in the same household, the farmer who most recently used herbicides was selected.
All health volunteers who conducted the interviews received standardized training and followed a structured
questionnaire protocol. Participants were assured of confidentiality and anonymity, and interviews were
conducted individually in a private setting. Ethical approval for this study was obtained from Kasetsart
University’s accredited Human Ethics Committee (KUREC-CSCe6/012). Written informed consent was
obtained from all participants, who voluntarily agreed to participate in the research.

Questionnaire
Demographic information was collected using structured interviews with self-reports to assess health-related
issues. Data collection was conducted using a structured questionnaire designed to evaluate pesticide



Page 4 of 14

Chaiyasarn et al. J. Environ. Expo. Assess. 2026, 5, 4

Eligible individuals from 3 districts (n = 400)
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l

Risk factor analysis

Figure 2. Flow diagram of sample selection and risk factor analysis.

exposure and related health complaints, consistent with approaches applied in recent international studies"?.
The questionnaire was divided into four sections. The first section collected demographic information,
including sex, age, education level, work characteristics, experience in rubber planting, cultivation area,
underlying diseases, and the use of pain relievers or muscle relaxants after a long workday. The second
section focused on information related to glyphosate use, including recent contact with glyphosate, average
days of use per month, time spent spraying glyphosate per application, involvement in glyphosate use,
personal protective equipment (PPE) usage, equipment leakage during spraying, alcohol consumption,
contact with chemicals during spraying, time spent in sprayed areas, wetness of clothing during spraying,
and consumption of food or water at the workplace during spraying. The third section gathered information
on illnesses or health symptoms occurring after the use or contact with herbicides. The fourth section
summarized the preliminary occupational health risk assessment'*.

Risk assessment

The structured approach to assessing glyphosate exposure risks and associated health impacts relied on
interview data to evaluate the likelihood of chemical exposure and symptom severity. The probability of
exposure was defined by the frequency and duration of glyphosate contact during rubber farming activities,
assessed through self-reported application patterns, protective equipment use, and direct contact scenarios
(Questions 16-30 in “RESULTS AND DISCUSSION”Section ). Positive responses, indicating reduced
exposure risk, were scored as follows: Never/Rarely = 3, Occasionally = 2, and Regularly/Always = 1.
Conversely, negative responses, indicating increased exposure risk, are categorized as follows: Never/Rarely =
1, Occasionally = 2, and Regularly/Always = 3. Cumulative scores were classified into three categories: low
(15-24 points), medium (25-30 points), and high (31-45 points)">"°.

Symptom severity was categorized into four groups. Group 1 (no symptoms) included participants who
reported no symptoms, injuries, or need for medical care. Group 2 (mild symptoms) included issues such as
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coughing, nasal irritation, sore or dry throat, difficulty breathing, dizziness, headache, poor sleep quality,
itchy or dry skin, cracked skin, skin rash or blisters, burning pain, red or irritated eyes, fatigue, numbness,
palpitations, sweating, tearing, excessive salivation, or runny nose. Group 3 (moderate symptoms)
encompassed eyelid twitching, blurred vision, chest pain or tightness, nausea, vomiting, stomach pain,
diarrhea, muscle weakness, cramps, tremors, and unsteady gait. Group 4 (severe symptoms) included
seizures, unconsciousness, and coma'’.

The interpretation of health risk levels was determined by multiplying the probability of exposure by the
severity level of the symptoms. Risk levels were classified as low, moderate, relatively high, high, or very high.
In cases where different risk levels were identified, the higher value was selected to represent the final risk
level.

Data analysis

Both descriptive and inferential statistics were used for data analysis. General participant characteristics were
summarized using descriptive statistics, including frequency distributions, percentages, means, standard
deviations (SD), and minimum and maximum values. Health symptoms related to pesticide exposure were
categorized into four groups for the risk assessment. The relationship between personal characteristics,
pesticide exposure factors, and health symptoms was analyzed using multiple logistic regression. The
confounders were chosen a priori based on published literature and theoretical framework guidance;
variables for the final model were selected through univariate screening (P < 0.05) followed by stepwise
regression to address multicollinearity and confounding. The logistic regression model demonstrated
adequate fit (Hosmer-Lemeshow test and overall significance with Cox & Snell), indicating satisfactory
explanatory power while maintaining model parsimony. Adjusted odds ratios (aORs) with 95%CIs were
reported to evaluate the strength of the associations. A P-value of less than 0.05 was considered statistically
significant. All analyses were conducted using SPSS Statistics version 26.0 (IBM Corp., Armonk, NY, USA).

RESULTS AND DISCUSSION

Demographic information

The analysis of personal factors among the 400 rubber farmers revealed the following: the majority were male
(57.2%), with an average age of 49.96 years (SD = 12.09). Most participants had completed at least lower
secondary education (59.0%) and were self-employed in farming (77.5%), with 52.0% having 10 years or less
of experience. The average cultivation area was 14.39 rai (~5.7 acres), with most farmers cultivating between
6 and 10 rai (~2.4-4.0 acres) (26.5%). A majority of farmers reported no chronic diseases (74.0%) and use of
muscle relaxants (74.0%). Regarding chemical use, 82.8% of farmers reported using chemicals in their
farming, with 59.0% reporting their last use was over 14 days prior to the survey. Most farmers sprayed
chemicals fewer than seven times per month (70.8%), and for 40.5% of participants, each spraying session
lasted more than two hours. Spraying primarily occurred in the morning before noon (87.8%). Many farmers
were involved in multiple chemical-related activities, such as mixing and spraying or present during spraying
(44.8%). While 61.5% reported no use of PPE, 62.3% stated that their spraying equipment did not leak
during use. However, 72.8% came into contact with chemicals during spraying, although most did not
wear wet clothing (52.2%) or consume food or drinks in the work area (68.8%) [Table 1].

Health symptoms of rubber farmers

Among the farmers surveyed, 72.8% reported exposure to glyphosate, with 39.3% experiencing adverse health
symptoms. The most commonly reported symptoms were nasal irritation (18.5%), coughing or shortness of
breath and fatigue (3.75%), itchy or dry skin (3.25%), and nausea, vomiting, or dizziness (3.0%). Less
frequently reported symptoms included headache and dry throat (1.25%), muscle weakness, numbness in the
hands or feet, and red or itchy eyes (1.0% each), as well as sweating, runny nose (0.5% each), and loss of
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Table 1. Demographic information of rubber farmers in northeast Thailand (n = 400)

n (%)

Personal characteristics
Sex n (%)

Male 229 (57.2)

Female 171(42.8)
Age (years), mean + SD 49,96 (+12.09)

> 40 337 (84.2)

<40 63 (15.8)
Main occupation/work characteristics

Own farming 310 (77.5)

Farming (hired) 39(9.7)

Spraying job 51(12.8)
Experience in planting rubber (years), n (%)

<10 208 (52.0)

210 192 (48.0)
Area of cultivation (Rai: 5 Rai ~ 2 Acres), n (%)

<5 99 (24.8)

6-10 106 (26.5)

1n-20 134 (3.5)

>20 61(15.2)
Underlying disease, n (%)

No chronic diseases 296 (74.0)

Diabetes 41(10.2)

Hypertension 17 (4.3)

Kidney disease 1(2.8)

Liver disease 2(0.5)

Diabetes and hypertension 13(3.2)

Others (gout, asthma, coronary artery disease, hemorrhoids) 20 (5.0)
Used pain relievers or muscle relaxants after a long day at work, n (%)

Yes 296 (74.0)

No 104 (26.0)
Information related to the use of glyphosate
Time spent spraying glyphosate per application

<1h 124 (31.0)

1-2h 14 (28.5)

>2h 162 (40.5)
Time of day for glyphosate spraying

Morning (before noon) 351(87.8)

Afternoon (before 6:00 PM) 49 (12.2)
Involvement with glyphosate use

Mix chemicals 22 (5.5)

Present during spraying 162 (40.5)

Sprayer 37(9.2)

More than 1role 179 (44.8)
PPE usage

Yes 154 (38.5)

No 246 (61.5)
Leakage during spraying

Yes 151(37.8)

No 249 (62.2)
Alcohol consumption status, n (%)

Yes 23(16.3)

No 18 (83.7)
Contact with chemicals during spraying

Yes 291(72.8)

No 109 (27.2)
Stay in the area where chemicals are sprayed

Yes 92 (65.24)

No 49 (34.75)
Clothing wetness during spraying

Yes 191(47.8)

No 209 (52.2)
Consumption of food/water at workplace (during spraying)

Yes 125 (31.2)

No 275 (68.8)

SD: Standard deviation; PPE: personal protective equipment.
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Figure 3. Prevalence of health symptoms among rubber farmers (n = 157).

Table 2. Health risk assessment matrix (n = 400)

Total score for questions 9-23 (probability of glyphosate exposure)

Symptoms (health severity)

n (%) Low Moderate High Total
n (%) n (%) n (%) n (%)
low Moderate Quite high

No symptoms 198 (49.50) 44.(11.00) 1(0.25) 243 (6080)
Moderate Quite high High

Symptoms G.1 47 (11.75) 35 (8.75) 4.(1.00) 86.(2150)
Quite high High High

Symptoms G.2 52 (13.00) 18 (4.50) - 707503
High High Very high

Symptoms G.3 ) 1(0.25) . 1(0.30)

Total 297 (74.30) 98 (24.50) 5(1.25) 400 (100.00)

consciousness, disorientation, and cramps (0.25% each). Symptoms were categorized by body systems. A
substantial proportion of farmers reported glyphosate exposure, with nearly 40% experiencing adverse health
symptoms primarily affecting the respiratory, dermatological, and general systems, as illustrated in Figure 3.
Indicating notable occupational health risks associated with glyphosate use.

Health risk assessment indicating glyphosate exposure among farmers

The health risk assessment classified farmers into four risk levels based on symptom severity and the
probability of glyphosate exposure. A majority of farmers (49.5%) were in the low-risk category, showing no
symptoms and low exposure scores. Moderate risk was observed in 31.82% of farmers, mainly those
reporting mild symptoms with moderate exposure scores. Approximately 13.38% of farmers fell into the
moderately high risk category, and 1.26% were classified as high risk, predominantly those with severe
symptoms and high exposure scores. The health risk assessment indicates that while the majority of farmers
fall into low-to-moderate risk categories, a small proportion experience moderately high to high risk of
adverse health effects, reflecting variability in symptom severity and glyphosate exposure among the
population [Table 2].
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Relationship between personal factors and health symptoms

In multivariate logistic regression analysis, several personal and occupational factors were significantly
associated with abnormal health symptoms. Male farmers had higher odds of experiencing symptoms
compared to females (aOR = 1.83; 95%CI: 1.19-2.82; P = 0.006). Farmers over 40 years of age were more
likely to report symptoms than younger farmers (aOR = 2.02; 95% CI: 1.09-3.74; P = 0.025). Work experience
exceeding 10 years (aOR = 1.53; 95%ClI: 1.01-2.31; P = 0.043) and cultivating more than 10 rai of land (aOR =
1.54; 95%ClI: 1.02-2.34; P = 0.040) were also associated with increased risk. Farmers with pre-existing health
conditions had higher odds of symptoms compared to those without (aOR = 1.75; 95%CI: 1.10-2.79; P =
0.019).

Regarding chemical exposure, herbicide use was strongly associated with health symptoms (aOR = 8.51;
95%CI: 3.51-20.63; P < 0.001). Spraying chemicals before noon increased the risk (aOR = 2.88; 95%CI:
1.39-6.03; P = 0.005), as did mixing or spraying chemicals themselves (aOR = 1.97; 95%CI: 1.24-3.13; P =
0.004). Equipment leakage (aOR = 2.50; 95%CI: 1.62-3.85; P < 0.001), wearing wet clothing during spraying
(aOR =2.79; 95%CI: 1.78-4.36; P < 0.001), and consuming food or drink in the work area (aOR = 2.07;
95%CI: 1.30-3.29; P = 0.002) were additional risk factors. In contrast, consistent use of PPE was protective,
reducing the odds of symptoms (aOR = 0.64; 95%CI 0.42-0.99; P = 0.043). These multivariable results show
that older age, male sex, longer work experience, larger cultivated area, and pre-existing health conditions
independently increase the likelihood of reporting adverse health symptoms, identifying vulnerable
subgroups for targeted monitoring and prevention [Table 3].

Discussion

The present study identified significant health risks associated with glyphosate exposure among rubber
farmers. A key finding was the prevalence of self-reported health symptoms, with 39.3% of farmers reporting
adverse effects. The present study identified significant health risks associated with glyphosate exposure
among rubber farmers. A key finding was the prevalence of self-reported health symptoms, with 39.3% of
farmers reporting adverse effects. The most common symptoms included nasal irritation (18.5%), coughing
or shortness of breath and fatigue (3.75%), itchy or dry skin (3.25%), nausea, vomiting, or dizziness (3.0%),
and less frequent symptoms such as headache and dry throat (1.25%), and muscle weakness (1.0%). Acute
glyphosate exposure has been shown to cause skin and eye irritation (e.g., burning sensations), respiratory
distress (e.g., coughing, chest tightness), gastrointestinal symptoms (e.g., nausea, vomiting, diarrhea), and
kidney dysfunction. These findings show notable differences compared to previous research conducted in
Nakhon Sawan, Thailand, which reported substantially higher symptom rates among glyphosate sprayers,
including sweating (98.0%), dizziness (92.1%), fatigue (79.4%), and skin rashes (56.9%)"".. The considerably
lower symptom prevalence in our study may be attributed to differences in exposure intensity, application
methods, protective equipment usage, or study populations. While the Nakhon Sawan study focused
specifically on pesticide sprayers who likely experienced direct and concentrated exposure, our study
included a broader population of rubber farmers with varying levels of glyphosate contact. Additionally, the
specific symptoms most frequently reported differed between studies, with nasal irritation being
predominant in our population vs. systemic symptoms such as sweating and dizziness in the Nakhon Sawan
study, suggesting potentially different exposure patterns or individual susceptibility factors. Additionally,
evidence from other studies highlights glyphosate's impacts on the gut-brain axis, immune-neurological
systems, and multiple organ toxicity"”.

The IARC classifies glyphosate as a Group 2A substance, probably carcinogenic to humans, due to its
potential to damage genetic material and its links to non-Hodgkin lymphoma"?®. The findings of this study
also align with earlier research on hazardous agricultural chemicals, such as glyphosate, which have been
associated with adverse effects on the central nervous system, including disrupted neural transmission and
significant short- and long-term health impacts"?.
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Table 3. Relationship between personal factors and health symptoms in farmers exposed to glyphosate in rubber farmers in Sakon

Nakhon Province, Thailand (n = 400)

Health symptoms, n (%)

Factors No. of examined cOR (95%CI) aOR (95%CI)
Yes No

Sex®

Male 229 104 (45.4) 125 (54.6) 1.85(1.22,2.81)  1.837 (119, 2.82)

Female 171 53 (31.0) 118 (69.0) 1.00 (reference)  1.00 (reference)

Age (years)®

> 40 337 140 (41.5) 197 (58.5) 192 (1.06,3.49) 2.02°(1.09,3.74)

<40 63 17 (27.0) 46 (73.0) 1.00 (reference)  1.00 (reference)

Work experience (in years)®

>10 164 74 (45.1) 90 (54.9) 152(1.01,2.28) 153 (1.01,2.31)

<10 236 83(35.2) 153 (64.8) 1.00 (reference)  1.00 (reference)

Area of cultivation (Rai: 5 Rai ~ 2 Acres), n (%)°

>10 195 87 (44.6) 108 (55.4) 155(1.04,2.23) 154 (1.02,2.34)

<10 205 70 (34.1) 135 (65.9) 1.00 (reference)  1.00 (reference)

Underlying disease, n (%)?

Yes 104 50 (48.1) 54 (51.9) 1.64(1.04,2.57) 175 (110, 2.79)

No 296 107 (36.1) 189 (63.9) 1.00 (reference)  1.00 (reference)

Chemical herbicide usage®

Yes 331 151(45.6) 180 (54.4) 8.81(3.71,20.92) 8.51" (3.51,20.63)

No 69 6(8.7) 63 (91.3) 1.00 (reference)  1.00 (reference)

Time spent spraying herbicides per application

(hours)?

>2 157 72 (44.4) 85(35.7) 1.44(0.96,2.17) 139(0.90, 2.13)

<2 243 153 (64.3) 90 (55.6) 1.00 (reference)  1.00 (reference)

Time of day for herbicide spraying?

Morning before noon 351 146 (41.6) 205 (58.4) 246 (1.22,4.97) 2.887(1.38,6.03)

Afternoon before 6:00 PM 49 11(22.4) 38(77.6) 1.00 (reference)  1.00 (reference)

Involvement with herbicide use?

Sprayer or mix chemicals 238 111 (46.6) 127 (53.4) 220 (1.44,3.38) 1977 (1.24,313)

Present during spraying 162 46 (28.4) 16 (71.6) 1.00 (reference)  1.00 (reference)

PPE usage®

Yes 154 82(53.2) 72 (46.8) 0.60 (0.40,0.91) 0.64°(0.42,0.99)

No 246 161(65.4) 85 (34.6) 1.00 (reference)  1.00 (reference)

While spraying, use a leaking chemical container?

Yes 151 80 (53.0) 71(47.0) 2.52(1.66,3.82) 2507 (1.62,3.86)

No 249 77 (30.9) 172 (69.1) 1.00 (reference)  1.00 (reference)

Pesticide exposure while working?

Yes 291 127 (43.6) 164 (56.4) 2.04 (1.26,3.30) 2.037(1.22,3.39)

No 109 30(27.5) 79 (72.5) 1.00 (reference)  1.00 (reference)

Clothes soaked with pesticides?

Yes 191 100 (52.4)  91(47.6) 2.93(1.93,4.44) 2797 (1.78,4.36)

No 209 57(27.3) 152 (72.7) 1.00 (reference)  1.00 (reference)

Consume food and drinks in the workplace?

Yes 125 65 (52.0) 60 (48.0) 216 (1.40,332) 2.077(1.30,3.29)

No 275 92 (33.5) 183 (66.5) 1.00 (reference)  1.00 (reference)

Hosmer—Lemeshow test [y? = 5.019,df = 8,P = 0.756]. cOR and aOR are shown, along with 95%Cls and P-values. ‘P-value < 0.05, “P-value < 0.01,
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"'P-value < 0.001. 2aOR adjusted for sex, age, education level, work experience, comorbid disease; "aOR adjusted for age, education level, work
experience, comorbid disease; <aOR adjusted for age, work experience, comorbid disease. df: Degrees of freedom; cOR: crude odds ratio; aOR:
adjusted odds ratio; Cls: confidence intervals.

The risk assessment identified 1.26% of farmers as high risk, 13.38% as moderately high risk, 31.82% as
moderate risk, and 49.5% as low risk. These findings are consistent with a study on glyphosate exposure
among knapsack sprayers, where most participants were at low risk (69.1%)"”°". Similarly, research on
paraquat exposure indicated that a substantial proportion of sprayers were at high risk, with 23.3%
experiencing health impacts””.

The current study found that the use of PPE significantly reduced the likelihood of abnormal health
symptoms by 0.64 times (aOR = 0.64; 95%CI: 0.42-0.99; P = 0.043). These results align with global research
from Malaysia, Uganda, and the United Kingdom, which demonstrated that PPE reduces exposure to
chemicals such as pyrethroids and glyphosate®®’. However, factors such as heat and insufficient training often
hinder consistent PPE usage. Wearing clean, long-sleeved protective clothing and gloves during chemical
handling has been shown to lower skin exposure to chemicals including chlorpyrifos and glyphosate!®*#*?],
as well as to reduce urinary glyphosate concentrations in farmers"*”.

Farmers who mixed and applied chemicals themselves had nearly double the odds of experiencing abnormal
symptoms compared to those who only entered treated areas (aOR = 1.97; 95%CI: 1.24-3.13; P = 0.004).
These findings are consistent with studies linking inadequate PPE use during pesticide mixing and spraying
to acute pesticide poisoning (APP)"**°. Poor safety practices, such as handling chemicals directly without
sufficient protection, further exacerbate the risk of health symptoms, including headaches, dizziness, and
nausea, which have been widely reported among farmworkers in Thailand and other regions.

The study identified seven key factors independently associated with health symptoms, even after adjusting
for confounders. These included age, gender, work experience, pre-existing health conditions, cultivation
area, chemical pesticide use, equipment leakage during spraying, pesticide exposure while working, wearing
pesticide-soaked clothing, and consuming food or drinks in the workplace.

Male farmers had 1.83 times higher odds of experiencing abnormal symptoms compared to females (aOR =
1.83; 95%Cl: 1.19-2.82; P = 0.006), which is consistent with reports®*' highlighting the higher risks faced by
men in agricultural work due to their involvement in high-contact activities, such as pesticide spraying and
equipment handling'”. Farmers aged over 40 were 2.02 times more likely to report health symptoms than
younger farmers (aOR = 2.02; 95%CI: 1.09-3.74; P = 0.025). This may be due to prolonged cumulative
exposure to glyphosate, which can be absorbed through ingestion, inhalation, and skin contact. Although
absorption through intact skin is low (< 3%), it increases significantly with compromised skin, rising to up to
five times higher”". Farmers with pre-existing health conditions also demonstrated a higher risk of abnormal
symptoms, with 1.75 times greater odds compared to those without such conditions (aOR = 1.75; 95%CI:
1.10-2.79; P = 0.019). These findings are supported by studies among sugarcane farmers in Thailand, which
showed a significant association between chronic diseases and health impacts from pesticide use”*.
Glyphosate’s systemic effects may exacerbate chronic symptoms when combined with other health
vulnerabilities, emphasizing the need for targeted protective measures and regular health monitoring'.

Farmers with extensive work experience may become complacent about safety measures, reducing protective
behaviors and increasing their risk of exposure to harmful chemicals**). These findings align with
international studies emphasizing the cumulative effects of chemical exposure in long-term agricultural
work. For instance, occupational health studies have documented increased risks of respiratory,
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dermatological, and neurological symptoms in farmers with prolonged exposure to pesticides and other
chemicals"”. However, this contrasts with another study®, which found that farmers with over 10 years of
spraying experience reported fewer symptoms, potentially due to improved safety practices developed over
time.

Farmers managing larger cultivation areas (> 4 acres) had 1.54 times higher odds of experiencing abnormal
symptoms compared to those with smaller plots. Larger farms often require more extensive chemical inputs
and labor, increasing exposure risks. Studies have shown that extended pesticide use and workload,
frequently associated with larger farms, are significant risk factors for health issues, including abnormal
symptoms and stress”*®*. These findings suggest that managing larger farms not only amplifies exposure to
hazardous substances but also exacerbates physical and mental health risks due to the increased workload.

Farmers using herbicides were found to have 8.51 times higher odds of experiencing symptoms compared to
those who did not use chemicals. While this finding demonstrates a strong association between herbicide use
and health symptoms, it should be noted that our study did not capture detailed dose-response relationships
or exposure intensity variables such as application frequency, duration of exposure, or cumulative lifetime
exposure. This represents an important limitation, as research has demonstrated that people exposed for a
prolonged or high-intensity time period, particularly agricultural workers, are more likely to experience
long-term health effects””. Furthermore, dose-response relationships may sometimes deviate from a linear
increase in the frequency and severity of impacts expected as dose levels rise™. Improper herbicide handling,
prolonged exposure, and insufficient PPE usage significantly increase the risk of acute symptoms (e.g.,
headaches, nausea, and respiratory irritation) and long-term effects such as cancer and neurological
disorders”!. Research has also documented adverse effects of herbicide exposure, ranging from skin
irritation to systemic toxicity*?. Additionally, a phenomenological study involving 20 agricultural workers in
rural Thai communities highlighted the health risks associated with prolonged agrochemical exposure,
revealing the direct relationship between unsafe practices and increased health risks"*.

Several limitations of this study should be considered when interpreting the results. First, the study relied on
self-reported data collected during interviews, which may introduce recall bias and affect the validity of the
findings. Self-reported symptoms may be influenced by social desirability bias, despite interview privacy
measures. Secondly, the study did not include measurements of glyphosate levels in the blood or urine of
participants due to limited laboratory resources in Thailand. Future studies should incorporate biomarker
testing to provide more direct evidence of glyphosate exposure and its health effects. This could complement
questionnaire-based data and improve predictions of health impairments associated with glyphosate
exposure. Third, this study focused on glyphosate exposure, but farmers may have been exposed to other
pesticides or environmental factors (e.g., soil contamination, water quality) that could confound the observed
associations with health symptoms. Although the logistic regression model adjusted for key personal and
occupational factors, residual confounding from unmeasured exposures cannot be ruled out. Finally, as a
cross-sectional study, this research can only identify associations between glyphosate exposure and health
symptoms but cannot establish causal relationships. Longitudinal studies are recommended to assess the
long-term effects of glyphosate exposure and to confirm causality in health outcomes.

CONCLUSION

This study highlights the significant occupational health risks faced by rubber farmers due to glyphosate
exposure, with nearly 40% of participants reporting adverse health symptoms. These findings underscore the
urgent need for preventive measures, such as consistent use of PPE, training on safe pesticide handling,
integrated weed management, and regular health monitoring for agricultural workers. The findings support
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the need for stricter regulations and national guidelines on pesticide use and safe handling. Implementing
these measures will help protect farmers’ health, lower healthcare burdens, and promote sustainable
agriculture.
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