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 ABSTRACT

OBJECTIVE Paraquat (PQ) is a widely used non-specific herbicide. Para- 
quat poisoning both from intentional and unintentional exposure 
has been reported. The main objective of this study is to report on 
the characteristics, clinical effects, and outcomes of occupational PQ  
exposure reported to a poison control center in Thailand. The secondary 
objective is to determine factors associated with systemic toxicity 
from occupational PQ exposure.

METHODS This is a retrospective study of cases of occupational PQ 
exposure reported to the Ramathibodi Poison Center between January 
2018 and December 2021.

RESULTS There were 124 PQ exposure cases during the study period, 
including 102 males and 22 females. Median age was 46 years (in-
terquartile range 35.5-55.5 years). Routes of exposure included der-
mal (54.8%), inhalational (37.1%), and ocular (13.7%). Commonly 
used personal protective equipment (PPE) included trousers (18.5%), 
long-sleeve shirts (16.9%), and balaclavas (10.4%). Of the 68 dermal  
exposures, 23 (33.8%) reported having attempted skin decontamina-
tion prior to visiting the hospital. Systemic effects were reported in 22 
cases (17.7%), including kidney injury (17.7%), hepatic injury (4.8%), 
and pulmonary injury (8.1%). All cases with systemic effects involved 
dermal exposures. Factors associated with systemic effects include 
mixing process, dermal exposure, lack of early skin decontamina-
tion, longer period between exposure and hospital visit, presence of 
wounds, body surface area involved and the grade of wounds.

CONCLUSIONS Occupational dermal PQ exposure can result in systemic 
effects. Individuals who handle PQ should be trained in and encouraged 
to practice safe PQ use, e.g., wearing personal protective equipment and 
using appropriate first aid measures if PQ exposure occurs.  
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INTRODUCTION
Paraquat (PQ) is a non-specific herbicide in 

the bipyridyl family. In plant chloroplasts, PQ 

reacts with electrons from plastocyanin–ferre-
doxin oxidoreductase and oxygen (photosys-
tem 1), resulting in superoxide radicals and cell 
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death (1). PQ is absorbed in the soil and degraded  
by microorganisms and photocatalytic degra-
dation (2).  PQ has been widely used for weed 
control due to its efficacy and relative environ-
mental safety. 

Toxicities in humans, due to both intentional a 
nd unintentional PQ exposures have been  
reported. Effects of PQ poisoning include irrita-
tion of exposed skin and mucous membranes, 
multiorgan dysfunction, pneumonitis, pulmonary  
fibrosis, and death (3,4).  There is no effective 
specific antidote for PQ poisoning. To prevent 
PQ poisoning, PQ has been banned in some 
countries (5,6). In the United States, Australia,  
and New Zealand PQ applicators must be 
trained and certified (7,8).

In Thailand, paraquat has been banned 
since 1 June 2020 (9). PQ has been used in oil 
palm and rubber tree plantations as well as on 
corn, cassava, and sugar cane farms which are 
planted early in the Thai rainy season (10). PQ 
effectively controls weeds even when it rains 
within 15 to 30 minutes of spraying, which may 
explain the use of PQ in the rainy season (11). 
There have been training sessions for farmers 
on the use of pesticides both before and after 
the ban. Prior to the ban, farmers were required 
to be trained and certified by the Department of 
Agriculture to be allowed to purchase, possess, 
or use PQ (12). According to the Department 
of Agriculture, PQ users must wear personal 
protective equipment (PPE) including gloves, 
goggles, boots, respirators, long sleeve shirts, 
and trousers and must be covered with either 
a chemical resistant coverall suit, raincoat, or 
apron (13).  There were 4,223 cases of PQ poi-
soning, including 1,950 deaths, reported to the 
Ramathibodi Poison Center (RPC) in the period  
2010-2016. The majority of the PQ exposure 
cases reported to RPC were from intentional 
oral ingestion (14,15).  When a hospital had a PQ 
exposure case, the primary care team could 
voluntarily consult the poison center for guidance 
on management.  

Characteristics, clinical effects, treatment, 
and outcomes of occupational PQ exposure in 
Thailand have not been described. The main 
objective of this study is to report on the charac- 
teristics, clinical effects, and outcomes of occu- 
pational PQ exposure reported to a poison con-

trol center in Thailand. The secondary objective 
is to determine factors associated with systemic  
toxicity from occupational PQ exposure.

METHODS 
Study setting

This retrospective observational study includes  
PQ exposures reported to RPC from January 
2018 through December 2021. This study was 
approved by the Human Research Ethics Com-
mittee, Faculty of Medicine, Ramathibodi Hos-
pital, Mahidol University. RPC has provided a 
24-hour hotline for nationwide toxicological 
consultation since 1996 (4).  The consultation 
service is free of charge. Calls are received by 
specialists in poison information (SPIs), nurses  
or pharmacists with additional training in poison 
information service. Diagnoses of PQ exposure 
are based on history. There are medical toxi-
cologist consultants available for complicated 
cases. Follow-up calls are made until recovery 
or a definitive outcome is reported. Calls are  
recorded in electronic database and the cases 
are reviewed and verified in daily staff meetings. 
Systemic treatment includes cyclophosphamide, 
dexamethasone, vitamin C, and vitamin E 
which are recommended in cases with systemic  
effects, and in cases with positive urine PQ 
screening by dithionite test. The final decision 
on management is made by the primary team 
taking care of the patient. 

Definitions
Systemic effects were defined as the presence  

of at least one toxicity, including nephrotoxicity,  
hepatotoxicity, or pulmonary toxicity. The 
definition of nephrotoxicity was based on the 
RIFLE classification system for acute kidney 
injury (16).  Hepatotoxicity was defined as an 
increase in aspartate aminotransferase or alan 
ine aminotransferase levels greater than twice 
the normal upper limit. Pulmonary toxicity was 
defined as hypoxia or new pulmonary infiltra-
tion (17).  Early decontamination was defined 
as decontamination within 1 hour following 
exposure. 

Data collection
Case records were electronically abstracted  

using the active ingredient name coded as  
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“paraquat” and the manner of exposure as 
“occupational exposure”.  All records were re-
viewed and verified by discussion among medical  
toxicologists and SPIs. Characteristics of pa-
tients, including age, sex, work activity related 
to exposure, route of exposure, contact area, 
wearing of PPE, clinical effects, treatment, and 
outcome of exposure were recorded. Charac-
teristics were compared between cases with 
systemic effects and cases without systemic  
effects. If the primary team reported causes 
other than PQ for any of the clinical effects, 
those clinical effects were coded as “unrelated 
effects” and excluded from analysis.

Statistical analysis
Categorical data are presented as frequency 

and percentage. Continuous data is presented  
as median and interquartile range (IQR). Univa- 
riate analysis was used to determine the  
differences between cases with systemic effects 
and cases without systemic effects using the 
Wilcoxon rank-sum test for continuous varia-
bles and the chi-squared or Fisher’s exact test 

for categorical variables.  A p-value of less than 
0.05 was defined as statistically significant.

RESULTS
During the study period there were 124  

occupational PQ exposure cases reported to 
RPC, 102 males and 22 females (Table 1).  Median 
age was 46 years (IQR 35.5-55.5 years). Sys-
temic effects were reported in 22 cases (17.7%). 
The number of cases were highest in May and 
June, which is the early part of the rainy season  
(Figure 1). There was no difference in the number 
of cases among the reported years (p 0.235 by 
Kruskal-Wallis test).  The region with the highest 
number of cases was central region (46 cases, 
37.1%). 

Routes of exposures included dermal (54.8%), 
inhalational (37.1%), and ocular exposures 
(13.7%).  All cases with systemic effects involved  
dermal exposures. One case with systemic effects  
involved both dermal and inhalational expo-
sures. Spraying was the most common work 
activity related with exposure (108 cases,  
86.4%). There was a higher proportion of expo-

Table 1. Characteristics occupational paraquat exposure cases reported to Ramathibodi Poison Center during 2018 
to 2021

Characteristics

Number of cases (%)

p-valueTotal (124 cases) Cases with systemic 
effect (22 cases)

Cases without systemic 
effect (102 cases)

Male sex
Median age (years) (IQR)
Region
     Central region
     Northern region
     North-eastern region
     Eastern region
     Western region
     Southern region
Route of exposure*

     Dermal exposure
     Inhalational exposure
     Ocular exposure
Work process
     Spraying
     Mixing
     Walking through 
     sprayed area
     Not specified process
Median duration between expo 
     sure to hospital visit (IQR)

102 (82.3)
46 (35.5-55.5)

46 (37.1)
6 (4.8)

22 (17.7)
16 (12.9)
22 (17.7)

12 (9.7)

68 (54.8)
46 (37.1)
17 (13.7)

108 (87.1)
5 (4.0)
4 (3.2)

7 (5.7)
1 d 

(4.5 hrs to 3 ds)

21 (95.5)
47 (38-57)

11 (50.0)
0

5 (22.7)
2 (9.1)
1 (4.55)

3 (13.6)

22 (100.0)
1 (4.6)

0

16 (72.7)
3 (13.6)

1 (4.6)

2 (9.1)
3 ds 

(2 ds to 5 ds)

81 (80.4)
46 (35-55)

35 (34.3)
6 (5.9)

17 (16.7)
14 (13.7)
21 (20.6)

9 (8.8)

46 (45.1)
45 (44.1)
17 (16.7)

92 (90.2)
2 (2.0)
3 (2.9)

5 (4.9)
1 d 

(4 hrs to 3 ds)

0.120
0.552
0.285

<0.001
< 0.001
0.041
0.043

< 0.001

*There were cases exposed to paraquat more than one route of exposure
IQR, interquartile range
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sure during PQ mixing processes in cases with 
systemic effects (13.6% in cases with systemic  
effects, and 2.0% in cases without systemic  
effects). The median time from exposure to 
hospital visit was 1 day (IQR 4.5 hours to 3 
days). Both dermal exposure and longer dura-
tion between exposure and hospital visit were 
associated with systemic effects (p < 0.001 for 
both factors). Commonly used PPE included 
trousers (18.5%), a long-sleeve shirt (16.9%), 
and balaclava (10.4%) (Table 2). No cases  
reported wearing a respirator, apron, raincoat, 
or coverall suit.

In dermal exposure cases, common contact 
areas included the perineum, legs, and back 
(38.3%, 13.3%, and 11.8% of the 68 dermal  
exposure cases, respectively) (Table 3). Twenty-  
three cases reported skin decontamination prior  
to hospital visits (33.8% of 68 cases). No  
instances of early skin decontamination were  

associated with systemic effects (p = 0.003).  Six 
cases reported eye decontamination prior to 
hospital visits (35.3% of 17 ocular exposures). 

Wounds were the most common reported 
clinical effect (56 cases, 45.2%) (Table 4).  Median  
area involved was 1% of the body surface area 
(IQR 1-2%, range 1-9%). Wound severity was 
reported as first degree burn in 24 cases, and 
second degree burn in 32 cases. Presence of 
wounds, involved body surface area, and grade 
of wounds were associated with systemic effects 
(p < 0.001 for all three factors). Systemic effects 
included kidney injury (22 cases, 17.7%), hepatic 
injury (6 cases, 4.8%), and pulmonary injury 
(10 cases, 8.1%) (Table 5). 

Thirty-eight cases (30.6%) were admitted to  
hospital (Table 6). The median length of stay 
was 4 days (IQR 2-7 days, range 1-24 days). 
Cases with systemic effects had a higher ad-
mission rate and longer length of stay (both 

Figure 1. Number of Occupational paraquat exposure cases reported to Ramathibodi Poison Center during 2018 to 2021
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Figure 1. Number of occupational paraquat exposure cases reported to Ramathibodi Poison 

Center by month from 2018 through 2021 
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Table 2. Personal protective equipment reported used in occupational paraquat exposure cases at Ramathibodi Poison 
Center from 2018 through 2021

Personal protective equipment reported used

Number of cases (%)

p-valueTotal 
(124 cases)

Cases with 
systemic effects 

(22 cases)

Cases without 
systemic effects 

(102 cases)

Long sleeve shirt
Trousers
Balaclava
Cloth mask
Goggle
Gloves
Boots

21 (16.9)
23 (18.6)
13 (10.5)

6 (4.8)
4 (3.2)

12 (9.7)
10 (8.1)

2 (9.1)
2 (9.1)

0
1 (4.6)

0
2 (9.1)
2 (9.1)

19 (18.6)
21 (20.6)
13 (12.8)

5 (4.9)
4 (3.9)

10 (9.8)
8 (7.8)

0.362
0.363
0.122
1.000
1.000
1.000
1.000
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Table 3. Dermal contact area and early skin decontamination of occupational paraquat exposure cases 
reported to Ramathibodi Poison Center from 2018 through 2021

Skin contact area

Number of cases (%)

p-valueTotal dermal 
exposure cases

(68 cases)

Cases with 
systemic effects 

(22 cases)

Cases without 
systemic effects 

(46 cases)

Face
Chest
Abdomen
Back
Arm
Hand
Perineum
Buttock
Thigh
Leg
Foot
Early skin decontamination*

3 (4.4)
3 (4.4)
2 (2.9)

8 (11.8)
3 (4.4)

7 (10.3)
26 (38.3)

6 (8.8)
1 (1.5)

9 (13.3)
5 (7.4)

23 (33.8)

0
0
0

2 (9.1)
0

2 (9.1)
8 (36.6)

2 (9.1)
1 (4.6)

4 (18.2)
2 (9.1)
2 (9.1)

3 (6.5)
3 (6.5)
2 (4.4)

6 (13.0)
3 (6.5)

5 (10.9)
18 (39.3)

4 (3.9)
0

5 (10.9)
3 (6.5)

21 (45.7)

1.000
1.000
1.000
0.631
1.000
0.606
0.079
0.288
0.177
0.052
0.215
0.003

*Includes removing of contaminated clothes (if any) and washing the contaminated skin 
within 1 hour after exposure

Table 4. Clinical effects of occupational paraquat exposure in cases reported to Ramathibodi Poison Center 
from 2018 through 2021

Clinical effects

Number of cases (%)

p-valueTotal
(124 cases)

Cases with 
systemic effects 

(22 cases)

Cases without 
systemic effects 

(102 cases)

Wound
Wound grading
     First degree burn
     Second degree burn
Wound area
    1% of body surface area (BSA)
    2% BSA
    3% BSA
    More than 3% BSA
Nausea
Dizziness
Eye irritation
Vomiting
Fatigue

57 (46.0)

25 (20.2)
32 (25.8)

33 (26.6)
12 (9.7)
9 (7.3)
3 (2.4)

22 (17.7)
22 (17.7)
17 (13.7)
14 (11.3)
11 (8.9)

20 (90.9)

2 (9.1)
18 (81.8)

9 (40.9)
4 (18.2)
4 (18.2)
3 (13.6)

1 (4.6)
0
0

1 (4.6)
0

37 (36.3)

23 (22.6)
14 (13.7)

24 (23.5)
8 (7.8)
5 (4.9)

0
21 (20.6)
22 (21.6)
17 (16.7)
13 (12.8)
11 (10.8)

<0.001
< 0.001

< 0.001

0.120
0.013
0.041
0.460
0.210

Table 5. Systemic effects of occupational paraquat expo-
sure cases reported to Ramathibodi Poison Center from 
2018 through 2021

Systemic effects

Number of cases (%)

Total
(124 cases)

Cases with 
systemic effects 

(22 cases)

Nephrotoxicity
Hepatotoxicity
Pulmonary toxicity

22 (17.7)
6 (4.8)

10 (8.1)

22 (100.0)
6 (27.3)

10 (45.5)

p < 0.001). Local treatment included wound 
dressing, dermal irrigation, and eye irrigation. 
Common specific treatment included IV dexa-
methasone (16.1%), IV vitamin C (15.3%), oral 
vitamin E (14.5%), and IV cyclophosphamide  
(12.9%). There were 8 deaths, all of which  
involved dermal exposure, lack of early skin 
decontamination, delayed hospital visit (range 
2-8 days after exposure), and systemic effects.   

Urine PQ screening by dithionite test was 
performed in 22 cases. Of those, four cases had 
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positive urine PQ screening results. Screening  
was performed at 1 day (1 case), 2 days (2 cases)  
and 3 days (3 cases) after exposure.  All four were  
cases of dermal PQ exposure. Three cases with a  
positive urine PQ screening had systemic ef-
fects. One case with a positive urine PQ screening  
who received systemic treatment for 4 days  
had no systemic effects. There were 18 cases  
with negative urine PQ screening, including 5 
cases with systemic effects and 13 cases with-
out systemic effects. In the cases with systemic 
effects with negative urine PQ screening results,  
the urine PQ screening tests had been per-
formed 1-3 days after exposure. In cases with-
out systemic effects who had negative urine 
PQ screening, urine PQ screening tests were 
performed at between 3 hours and 4 days after  
exposure.  

DISCUSSION
This article describes occupational PQ cases  

reported to a poison control center (RPC) in 
Thailand. Most cases were reported early in the 
rainy season. The majority of cases were males 
of working age, which is consistent with previous  
studies on occupational pesticide exposure 
(10,18). Despite PQ being banned since 1 June 

2020, no difference was found in the number of 
occupational PQ exposure cases between years 
before and after the ban. One possible reason is 
that there may have been quantities of PQ re-
maining in the country after the ban. Previous 
studies in Korea, Taiwan, and Sri Lanka found a  
decrease in suicide using pesticides including 
paraquat after banning (6,19,20).  The total 
number of cases of occupational PQ poisoning  
and pesticide-related suicide in Thailand should 
be monitored to determine the effect of the ban.  

In this study, reported PPE use rates were 
found to be quite low, consistent with a previous 
study of occupation carbamate poisoning in 
Thailand (18). The PPE use rates in our study 
are lower than those in a voluntarily survey of 
healthy farmers (21); that difference may be 
explained by a difference in the study popula-
tions. That there was no association between 
PPE use and systemic effects in our study may be  
explained by 1) a low rate of PPE use, 2) no reports 
of wearing a chemical protective coverall suit, 
raincoat, or apron which can largely prevent 
PQ absorption to inner-layer clothing and skin. 
A study of urine and dermal PQ concentrations 
in PQ sprayers reported that using PPE was as-
sociated with lower dermal PQ exposures (22). 

Table 6. Clinical effects of occupational paraquat exposure in cases reported to Ramathibodi Poison Center 
from 2018 through 2021

Treatment

Number of cases (%)

p-valueTotal
(124 cases)

Cases with 
systemic effects 

(22 cases)

Cases without 
systemic effects 

(102 cases)

Hospital admission
length of stay (days) (IQR)
Eye irrigation
Skin irrigation
Wound dressing
Endotracheal intubation and venti 
    lation support
Oxygen supplement
Intravenous fluid
Antibiotic
Antihistamine
Antiemetic
Cyclophosphamide
Dexamethasone
Vitamin C
Vitamin E
N-acetylcysteine

38 (30.7)
4 (2-7)
16 (12.9)
14 (11.3)

55 (44.4)
4 (3.23)

6 (4.8)
41 (33.1)

36 (29.3)
17 (13.7)

9 (7.3)
16 (12.9)
20 (16.1)
19 (15.3)
18 (14.5)

4 (3.23)

22 (100.0)
6.5 (4-12)

0
3 (13.6)

20 (90.9)
4 (18.2)

6 (27.3)
20 (90.9)
16 (76.2)

3 (13.6)
1 (4.6)

15 (68.2)
17 (77.3)
17 (77.3)
16 (72.7)

3 (13.6)

16 (15.7)
2.5 (2-3)
16 (15.7)
11 (10.8)

35 (34.3)
0

0
21 (20.6)
20 (19.6)
14 (13.7)

8 (7.8)
1 (0.1)
3 (2.9)
2 (2.0)
2 (2.0)
1 (1.0)

< 0.001
0.001
0.073
0.713

< 0.001
0.001

< 0.001
< 0.001
< 0.001
1.000
1.000

< 0.001
< 0.001
< 0.001
< 0.001
0.018

IQR, interquartile range
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Individuals applying dangerous herbicides and 
pesticides should be trained and encouraged to 
use PPE and their PPE use should be monitored. 
Thai farmers should wear PPE as suggested by 
Department of Agriculture (13).

In our study, systemic effects were reported 
in cases with dermal exposure. Dermal PQ ex-
posures have been reported to cause systemic  
effects (23,24). PQ absorption is higher in 
damaged skin and with prolonged contact (25). 
PQ can cause irritation and burns on contacted 
skin, which can enhance absorption (25). We 
found that early skin decontamination (within 
1 hour) helps prevent systemic effects.  A previous 
study reported that early skin decontamina-
tion can decrease dermal penetration of toxic 
chemicals (26). The grade and area of a wound 
and the length of time between exposure and 
health care are related to PQ systemic effects. 
Inflamed or broken skin is also associated with 
higher PQ absorption. Wound severity may 
reflect contact time, PQ concentration, and 
area of exposure. Early decontamination and 
evaluation by a healthcare provider should be 
emphasized in training of PQ handlers. Clean 
water should be available in the workplace for 
prompt dermal and ocular decontamination.

In this study, systemic effects were not re-
ported in any cases with no dermal exposure. 
Inhalation exposure and ocular exposure did 
not result in systemic effects. PQ is less likely to 
evaporate at room temperature due to its low 
vapor pressure (0.0000001 mmHg) (25,27). 
More than 98% of sprayed PQ has a droplet size 
larger than 7 micrometers, which can be re-
tained in the upper airway, preventing alveolar 
deposition and absorption (28). Sprayed PQ 
also has a lower concentration than PQ prior  
to mixing or diluting, which may explain the 
lower proportion of systemic effects in cases 
of spraying (25). PQ concentration during con-
tact may also explain the higher proportion of 
cases with systemic effects occurring during 
the mixing process. Eye irritation from PQ and 
dizziness resulting from the strong odor may 
cause a farmer to stop working and thus reduce 
further PQ exposure. This may explain why 
most reports of eye irritation and dizziness are 
in cases without systemic effects.

Currently there is no effective antidote for 
PQ toxicity. Common systemic treatments in-
clude a combination of steroids, anti-inflam-
matory drugs, and antioxidants (3,4). Due to 
rapid distribution of PQ into tissues, signifi-
cant quantities of serum PQ can be removed 
by early hemodialysis and hemoperfusion, i.e., 
within the first few hours after ingestion (3).  
Delayed enhance elimination does not change the  
prognosis of PQ poisoning. In this study, there 
were no cases that underwent hemodialysis or  
hemoperfusion. Most of the cases in our study, 
especially those with systemic effects, presented 
at the healthcare facility more than 4 hours after 
exposure. Further study of the kinetics and role 
of enhanced elimination of dermal PQ exposure 
is needed to evaluate the role and limitations 
of enhanced elimination in cases of dermal PQ 
exposure.

In our study, there were 5 cases with sys-
temic effects that had had a negative urine PQ 
screening test. In each of those cases, the 
screening test had been done later than 24 
hours after exposure. After ingestion, 90% of 
the absorbed PQ is excreted in urine within 12-
24 hours (29). Urine PQ screening using the 
sodium dithionite test can predict PQ toxicity 
if performed within 12 hours following inges-
tion (4,29).  To the best of our knowledge, there 
have been no studies to evaluate the efficacy of 
using the urine dithionite test to determine the 
risk of PQ toxicity resulting from dermal expo-
sure.  Further study is needed to evaluate the 
role of the urine sodium dithionite test in cases 
of dermal PQ exposure. PQ handlers should be 
advised to visit a healthcare facility for evalua-
tion as soon as possible after dermal PQ exposure. 

As a retrospective study of voluntarily re-
ported data, this study has some limitations. 
The study was affected by selective bias. The 
majority of RPC calls were from healthcare 
providers, which tend to be more severe than 
cases in survey studies. For the same reason, 
the cases in this study may not reflect all the 
occupational PQ exposures in Thailand. The 
extent of PPE use in this study includes only 
cases exposed to PQ, so it may be lower than the 
average of PPE use by all farmers. This study 
is based on the Thai setting. Studies in other 
countries may have different findings due to 
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differences in regulations, product availability, 
and health systems.

CONCLUSIONS
Based on data from one poison control 

center, occupational dermal PQ exposure can 
result in both local and systemic effects. There 
were no systemic effects reported from occu-
pational inhalational or ocular PQ exposure in 
this study. There is a low rate of PPE use in PQ 
exposure cases. Factors associated with sys-
temic effects include exposure during the PQ 
mixing process, dermal exposure, lack of early 
skin decontamination after exposure, a longer 
duration between exposure and hospital visit, 
the presence and grade of wounds and the body 
surface area involved. PQ handlers should be 
trained on and encouraged to practice safe use 
of PQ, to wear personal protective equipment, 
and to seek first aid after PQ exposure.
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