
ORIGINAL RESEARCH PAPER

ASSOCIATION OF URINE SODIUM DITHIONITE TEST WITH CLINICAL PROFILE 
AND BIOMARKERS IN PATIENTS WITH PARAQUAT POISONING 

Chandra Kala K Assistant Professor in Biochemistry, Tirunelveli Medical College Hospital
Cactus Lily Jeyaraj Associate Professor in Biochemistry, Tirunelveli Medical College hospital
Prabhakar P Assistant Professor in Physiology, Government Thoothukudi Medical College Hospital
Meena Kumari P Assistant Professor in General Medicine, Tirunelveli Medical College Hospital
Rajagopala 
Marthandam L Professor of Medicine, Tirunelveli Medical College Hospital

INTRODUCTION 
Paraquat is a rapidly-acting, nonselective herbicide that is relatively 
inexpensive and these characteristics contribute to its widespread use 
in agriculture elds in developing countries like India. In India, it is 
available as a dichloride salt under the trade names Gramoxone and 
Weedol. Cases of paraquat poisoning have been reported from all over 
the world. Paraquat is classied under class II chemical which is 
moderately hazardous by the World Health Organization. [1, 2]. The 
active ingredient is 1, 1'- dimethyl 4,4'- bipyridinium which is toxic to 
humans.[3]

Paraquat ingestion is a lethal poison in many parts of Asia, Pacic 
nations, and the Americas [4]. Dermal or spray exposure generally 
causes localized injury. Paraquat ingestion of less than   20–30 mg/kg 
produces no symptoms or only mild GIT symptoms. Patients who 
ingest 20–40 mg/kg are most likely to die from pulmonary brosis, 
which progresses after a few days to a few weeks. Patients who ingest 
greater than 40 mg/kg (>15 ml of a 20% solution for a 70-kg patient) 
usually die within hours to a few days. [5]. However, accidental 
ingestion has an extremely high case-fatality rate [6]. Largely for this 
reason, paraquat has been restricted in many parts of the world. 
Paraquat poisoning is a grave public health problem in the state of 
Tamil Nadu in India. [7]

Paraquat is most commonly consumed with suicidal intentions. The 
possible routes of exposure include contact through the skin and eyes, 
ingestion, and inhalation. Ingestion, especially in a concentrated form, 
results in extensive damage to the gastrointestinal mucosa due to the 
corrosive nature of the compound. Paraquat intoxication causes 
damage to multiple organs such as the lungs, liver, and kidney. The 
major effects of acute poisoning include abdominal pain, vomiting, 
diarrhea, pulmonary brosis, cardiac, renal, and hepatic failure.

Paraquat consumption of >40 mg/kg results in multiple organ 
dysfunction with death within 48 hours of consumption and intake of < 
20 mg/kg will result in mild symptoms and the possibility of survival 
[4]. Paraquat poisoning is associated with very high mortality rates due 
to the high toxicity of the compound and the lack of availability of 
effective early diagnostic methods and standard operating protocols 
for earlier management. So, there is a need for developing a diagnostic 

procedure and standardization of treatment to avoid early mortality 
and morbidity among the family members of farmers who are the 
backbone of many developing countries like India. Hence our study 
aimed to standardize the urine sodium dithionite test which is a point-
of-care test, to analyze the clinical prole, biochemical tests, 
morbidity, and mortality patterns in paraquat poisoning. 

METHODOLOGY 
This cross-sectional study was conducted in the toxicology unit of 
Tirunelveli Medical College Hospital, in Tamil Nadu, South India.  
The study was conducted from September 2022 to May 2023. Totally 
50 patients with paraquat ingestion were included in this study. During 
admission, Socio-demographic details of the patients like age, gender, 
comorbid illnesses, and quantity of poison ingested, time duration of 
poison intake to hospitalization are obtained using a structured 
proforma. Clinical Presentation at the time of admission was recorded, 
and the specic treatment for paraquat poisoning was initiated 
immediately conrming with Urine Sodium Dithionite after 
standardizing the test procedures. Biochemical investigations were 
done on the day of admission, day 3, and day 5 after admission to 
correlate the clinical conditions and management of the poisoning with 
an ERBA 360 automated fully analyser.

Urine Sodium Dithionite – Paraquat poisoning
Reagent preparation
1% sodium dithionite  Mix 1 g of sodium dithionite in 100ml of 
distilled water
A. 1 N sodium hydroxide: Mix 4g of Sodium hydroxide in 100 ml of 

water
B. Take 2ml from reagent A and 2 ml from reagent B and mix well for 

the test procedure

Test procedure
2 ml of freshly prepared 1% sodium dithionite in 1 N sodium hydroxide 
were added to 10 mL of urine sample,  and mixed well The 
development of a dark blue, blue,  green or  mild yellow color 
observed.

If the urine sample turns black, it indicates the presence of a very high 
concentration of paraquat and the test should be repeated after diluting 
the urine sample.
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ABSTRACT
Background: Paraquat is a commonly used herbicide in agriculture. Our study aimed to diagnose Paraquat poisoning cases by urine sodium 
Dithionite test and correlate the clinical and biochemical prole with varying grades of positivity.  This cross-sectional study was  Methodology
conducted in 50 patients from Tirunelveli Medical College Hospital, Tamil Nadu. Socio-demographic details, comorbid illnesses, and quantity of 
poison ingested, time duration of poison intake to hospitalization are obtained using a structured proforma. Paraquat poisoning was conrmed with 
Urine Sodium Dithionite test.  Biochemical investigations were done on the day of admission, day 3, and day 5 after admission.  Statistical Results:
analysis is done with SPSS 26.00. 37 males and 13 females were included in this study. 20% of patients had mild positive, 32% had moderate 
positive and 48% had strong positive results in the Sodium dithionite test. 62% had oral ulcers, 42% had abdominal pain, 50% had lung injury, 38% 
had acute liver Injury, and 34% had acute kidney injury. 42% of patients died within 48 hours of admission due to diffuse alveolitis and 
cardiotoxicity.  36% of patients died between 3 and 7 days after admission. 14% had died after 7 days and 8% of patients survived after 28 days of 
poisoning.  Age positively correlates with Day 3 creatinine and Day 3- direct bilirubin. Day 3 urea signicantly correlates with creatinine, total 
bilirubin, and day 3 AST and ALT. Day 5 urea shows positive signicance with total and direct bilirubin (P < 0.05), AST, and ALT. There is no 
signicant association between the amount of poison consumed and the duration of stay in the hospital or the development of complications. 
Conclusion: This study shows urine sodium dithionite test plays an important role in diagnosing paraquat poisoning. Early diagnosis and prompt 
treatment decrease morbidity.
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The test is based on the reduction of the paraquat cation to a blue 
radical ion by sodium dithionite in an alkaline medium. To 10 mL of 
urine sample, 2 ml of freshly prepared 1% sodium dithionite in 1 N 
sodium hydroxide is added and mixed well. The development of blue 
or green color indicates the presence of paraquat in the urine sample 
[Figure 1]. If the urine sample turns black, it indicates the presence of a 
very high concentration of paraquat and the test should be repeated 
after diluting the urine sample. The sodium dithionite test can detect 
paraquat up to a concentration of 1μg/mL in a clear urine sample. The 
test can also be performed as a quantitative test by using known 
concentrations of paraquat solutions and comparing the color change 

 in the urine sample. [5]

Sensitivity of urine Sodium dithionite test
The sodium dithionite test can detect paraquat up to a concentration of 
1μg/mL in a clear urine sample. The test can also be performed as a 
quantitative test by using known concentrations of paraquat solutions 
and comparing the color change in the urine sample (gure 1).

Figure 1: Urine sodium dithionite test (semi quantitative) shows 
various concentration of paraquat in urine sample

Mild: Indicate presence of 3 µg/ml of paraquat in urine Sample 
Moderate: Indicate presence of 10 µg/ml of paraquat in urine Sample 
Strong: Indicate presence of 100 µg/ml of paraquat in urine Sample
Very strong: Indicate presence of 100 µg/ml of paraquat in urine 
Sample

Results and statistics
Statistical analysis is done with SPSS 26.00. 37 males and 13 females 
were included in our study (table 1). Figure 2 shows the distribution of 
paraquat ingestion among various Age groups and Sex. According to 
the gure, the age group from 20 to 40 had more paraquat consumption 
than others. 

As per Table 2 only 26% cases arrived at the hospital within the golden 
hours that is, within 4 hours. 52% cases arrived between 4 to 12 hours. 

20% of patients had mild positive, 32% had moderate positive and 48% 
had strong positive in the Sodium dithionite test (Table 3). 62% had 
oral ulcers, 42% had abdominal pain, 50% had lung injury, 38% had 
acute liver Injury, and 34% had acute kidney injury. 42% of patients 
died within 48 hours of admission due to diffuse alveolitis and 
cardiotoxicity (Table 4). 

According to gure 3, isolated Kidney involvement was less and 
multi-organ involvement was more among the patients who consumed 
paraquat 36% of patients died between 3 and 7 days after admission. 
14% died after 7 days and 8% of patients survived after 28 days of 
poisoning (Table 5).

As per Table 6, the Mean and SD of Age were 31.40 ± 13.590, the Mean 
and SD of urea on Day 3 were 45.94 ±36.898, the Mean and SD of urea 
on day 5, was 68.86 ± 91.140, the Mean and SD of creatinine at day 3 
1.718± 1.1155, the mean and SD of creatinine at day 5 was 2.306 
±3.3358, the mean and SD of total bilirubin at day 3 and day 5 was 
1.3734 ± 1.507 and 1.882 ±3.225, the mean and SD of AST at day 3 and 
day 5 was 48.54 ± 46.964 and 38.54± 49.848, the mean and SD of ALT 

at day 3 and day 5 was 50.4 ± 59.661 and 60.23± 56.234.

As per table 7, Sex, urea, creatinine, total bilirubin, direct bilirubin 
AST, and ALT are positively correlated with paraquat poisoning on 
Day 5(P≤0.001); on Day 3 urea was not signicantly changed. Total 
bilirubin (P≤0.000) and direct bilirubin ((P≤ 0.001) shows signicant 
changes at day 3((P≤ 0.04). The amount of ingestion and day since 
consumption show a signicant correlation with radiological ndings 
and complications including organ dysfunction (P≤0.001).

Table 1: Age and sex distribution in Paraquat poisoning

Table 2: Distribution of patients according to time since 
consumption to arrival in hospital

Table 2, shows the distribution of Time of admission after ingestion of 
paraquat poisoning. 22% of patients were admitted within 4 hours, 
52% were brought to the hospital between 4-12 hours after ingestion, 
and 26% were brought to the hospital after 12 hours of ingestion.

Table 3: Distribution of Paraquat poisoning according to the 
strength of positivity of Urine Sodium dithionite test (USD)

Table 4: Distribution of clinical features and organ dysfunction in 
patients with Paraquat poisoning

Table 5: Mortality pattern in patients with Paraquat poisoning

Table 6: Mean and SD of various biochemical parameters at day 3 
and day 5 of admission of patient with paraquat ingestion and 
Changes of Various Biochemical Parameters after Paraquat 
ingestion on day 3 and day 5 of admission
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Age in years Males Females Total (percent)
18-29 17 10 27 (54)
30-39 8 3 11 (22)
40-49 4 3 7 (14)
 >50 3 2 5 (10)
TOTAL 37 13 50

Time since consumption to arrival 
in hospital

No.of patients Percent 

<4 hours 11 22
4-12 hours 26 52
>12 hours 13 26

USD result No. of  patients Percentage
Mild positive 10 20
Moderate positive 16 32
Strong positive 10 20
Very Strong 14 28

Clinical feature No. of patients Percentage 
Oral ulcers 31 62
Abdomen pain 21 42
Dyspnoea/lung injury 25 50
Acute liver injury 19 38
Acute kidney injury 17 34

Outcome of poisoning No. of patients Percent
Acute mortality <48 hours 21 42
Early mortality 3-7 days 18 36
Late mortality 7- 28 days 7 14
Survival >28 days 4 8

Analytes Day after 
admission

Mean Std. 
Deviation

Std. Error 
Mean

Age 31.40 13.590 1.922
Urea Day 3 45.94 36.898 5.218

 Day5 68.86 91.140 12.889
Creatinine Day 3 1.718 1.1155 .1578

 Day5 2.306 3.3358 .4718
T.B Day 3 1.3734 1.50771 .21322

 Day5 1.8826 3.22556 .45616
D.B  Day 3 0.6204 .59572 .08425

Day5 1.1002 1.94774 .27545
AST Day 3 48.54 46.964 6.642

 Day5 38.54 49.848 7.050
ALT  Day 3 50.40 59.661 8.437

Day 5 60.23 56.234 9.532
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Table 7: Chi-Square test correlation of various biochemical parameters, complications, and duration of hospital stay of the patient with 
paraquat poisoning 

Age sex Dysp
noea

Throat 
pain

Urea
day 3

Urea 
day 5

Creati
nine 3

Creatin
ine 5

T.B 
day 3

T.B 
day 5

D.B  
day 3

D.B 
day5

AST 
Day 3

AST 
day 5

ALT  
day 3

ALT 
day 5

Radiolo
gical 
ndings

Complic
ations
(Organ 
dysfunct
ion

Durat
ion of 
stay

Chi-
Square

20.76 11.520 2.000 0.080 13.36 286.9
6

21.76 261.52 37.00 260.6 59.44 234.
80

20.0 220.
7

14.80 312.8
8

28.88 21.60 49.84
0

df 28 1 1 1 35 23 22 21 24 21 18 19 34 23 35 20 1 4 11
Asymp. 
Sig.

0.835 0.001 0.157 0.777 1.000 0.000 0.474 0.000 0.044 0.000 0.000 0.0
00

0.97 0.0
00

0.999 0.000 0.000 0.000 0.000

As per the chi-square test sex, urea, creatinine, total bilirubin, direct 
bilirubin AST, and ALT are positively correlated with paraquat 
poisoning on Day 5(P≤0.001); at Day 3 urea was not signicantly 
changed. Total bilirubin (P≤0.000) and direct bilirubin ((P≤ 0.001) 
shows signicant changes at day 3((P≤ 0.04). The amount of ingestion 
and day since consumption show a signicant correlation with 
radiological ndings and complications including organ dysfunction 
(P≤0.001).

Figure 2:  Shows distribution of paraquat ingestion among various 
Age groups and Sex As per gure 2 the age group from 20 to 40 had 
more paraquat consumption than others and males had consumed more 
than the female population

Figure 3:  As per the above gure, Isolated Kidney involvement was 
less and multi-organ involvement was more among the patients who 
consumed paraquat 9. Acute Kidney Injury, 10. Multi Organ 
Dysfunction, 11. Acute respiratory distress syndrome 12. Cardiac 
Involvement, 13. Liver Failure

DISCUSSION
Paraquat poisoning is very prevalent among younger age groups in 
developing countries like India and it has a high Mortality rate of 92 %. 
The strength of positivity of the urine sodium dithionite test is directly 
proportional to the amount of poison consumed.  Paraquat is most 
commonly consumed with suicidal intentions. The possible routes of 
exposure include contact through the skin and eyes, ingestion, and 
inhalation. Ingestion, especially in a concentrated form, results in 
extensive damage to the gastrointestinal mucosa due to the corrosive 
nature of the compound. Paraquat intoxication causes damage to 
multiple organs such as the lungs, liver, and kidney. The major effects 
of acute poisoning include abdominal pain, vomiting, and diarrhea, 
and pulmonary brosis, cardiac, renal, and hepatic failure.

It was a valuable tool in identifying the poison in 5 patients who were 
brought to the Emergency Room with a history of unknown poisoning. 
Therefore, urine SDT should be performed as a Point of Care Test 
(POCT) in all cases of unknown poisoning to initiate early 
management.

Paraquat interferes with the mitochondrial respiratory chain by its 
oxidation-reduction reaction and leads to the formation of oxygen free 

radicals. The free radicals cause lipid peroxidation and damage the 
endothelial cells of alveolar capillaries and pneumocytes. 
Supplemental oxygen is not recommended for the treatment of 
paraquat poisoning. The oxygen-free radical-mediated cytotoxic 
injury results in the worsening of pulmonary alveolar inltrates ending 
up in ARDS and Pulmonary brosis. All cases were treated with 
intravenous methylprednisolone for the rst 3 days and intravenous 
cyclophosphamide 15 mg/kg on day 2 and day 3 [8, 9].

Figure 4: Shows the Association between quantity and time of 
presentation after ingestion of paraquat poisoning and morbidity and 
mortality 

Age, sex, and mortality pattern were similar to other studies from 
South India [10, 11]. The mean age of the patients in our study was 
31.40±13.59 similar to previous studies from India. 

The mean amount of poison consumed was 46.5 ml and the overall 
mortality was 92 % in our study. Oral ulcers, abdominal pain, 
dysphagia, and dyspnoea are the common symptoms which were 
similar to previous studies [12, 13]. Figure 4 shows increased mortality 
when the time of presentation to hospital after paraquat ingestion is 
prolonged. In our study only 22% patients arrived within the golden 
hours of less than 4 hours.

50 % of patients developed respiratory failure and succumbed due to 
the development of acute respiratory distress syndrome. Diffuse 
alveolitis occurs over 1 to 3 days followed by pulmonary brosis. 
ARDS develops after 24 – 48 hours. The concentration of Paraquat is 
10 to 20 times greater in the lungs than in the plasma. The higher 
concentration in the lungs is due to the energy-dependent uptake of 
paraquat by the alveoli. This gradient persists even after the paraquat 
levels decrease in the blood. [14, 15, 16]. 19 out of 29 patients who 
survived beyond 48 hours developed (65%) acute liver injury. 
According to Yang CJ et al, toxic hepatitis developed 6.7±6.3 days of 
exposure to paraquat. Patients with hepatitis suffered from acute 
respiratory and renal failure than those patients without hepatitis. Peak 
values of AST and ALT were observed on 9.5±8.8 days. [17]

A study by Gheslaghi et al revealed that AST and ALT rapidly elevated 
and peaked at day 3. They concluded liver injury was not associated 
with an increased risk of mortality [18]. The rise in ALT was specic in 
predicting mortality according to Fengjun et al 19. The liver plays a 
vital role in enzyme metabolism and detoxication as the liver is the 
main source of intrinsic anti-oxidants. Studies have shown that 
paraquat poisoning results in acute liver injury. As the liver is more 
vulnerable to reactive oxygen species, the injury manifests as 
persistent elevation of aminotransferases. [20, 21]

The study by Sandhu et al showed 76.5 % of cases with paraquat 
poisoning developed acute renal failure [12]. Development of toxic 
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hepatitis, renal dysfunction, and metabolic acidosis had a signicant 
odds ratio according to a study by Hong Y et al.[22].Rao et al studied 
that, early haemoperfusion (≤ 6 hours) had better survival rates 
compared to those who received late haemoperfusion (>6 hours) [23]. 

Cavalli RD et al reported that the survival rate in patients without 
active treatment was only 13% even with non-fatal dose ingestion of 
paraquat and it increased to more than 50% with active treatment 
modality like hemoperfusion, in patients with fatal dose consumption 
[24]. Combined therapy with hemoperfusion and Continuous venous 
hemoltration (CVVH) increased the survival. Several studies proved 
that early hemoperfusion improved the survival outcomes in paraquat-
poisoned patients [25]. In all cases of signicant paraquat poisoning 
hemoperfusion should be started within 4 hours of ingestion.

CONCLUSION
Paraquat is commonly used herbicide and highly lethal, its ingestion 
either accidental or suicidal causes more morbidity and mortality 
among agricultural population in Pacic nations, and the Americas. 
Paraquat is a rapidly-acting, nonselective herbicide that is relatively 
inexpensive and easily available. Our study concludes that urine 
sodium dithionite test can be done at the bedside test and plays an 
important role in the early diagnosis and initiation of early intervention 
of treatments and helps to prevent mortality and morbidity and social 
stigma. And our study shows prognostic signicance with various 
organ involvement after paraquat ingestion with LFT and RFT, our 
study concludes that Serum urea and creatinine positively correlated 
with renal involvement, and LFT plays an independent role in the 
Prognosis of Paraquat poisoning 

Our study will help to create awareness about concentration 
determination for the preparation of herbicide to avoid its toxicity and 
help to prepare guidelines for Primary prevention, especially 
government laws, public awareness, and education of health 
professionals regarding the seriousness of this problem are the keys to 
getting rid of this lethal poisoning in India
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