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The Time between Paraquat Ingestion and a Negative Dithionite 
Urine Test in an Independent Risk Factor for Death and Organ 
Failure in Acute Paraquat Intoxication

To identify a prognostic marker that is less sensitive to variations in the elapsed time since 
paraquat ingestion, we assessed the time between paraquat ingestion and a negative 
dithionite urine test as a prognostic parameter in patients with acute paraquat 
intoxication. Forty-one patients with acute paraquat intoxication were enrolled in this 
study and analyzed to verify significant determinants of mortality and organ dysfunction. 
The amount of paraquat ingested, paraquat plasma levels, and the time to a negative urine 
dithionite test were significant independent risk factors predicting mortality. The amount 
of paraquat ingestion, and the time to a negative urine dithionite test were independent 
risk factors predicting organ dysfunction. With a cut-off value of 34.5 hr for the time to 
negative conversion of the urine dithionite test, the sensitivity and specificity for mortality 
were 71.4% and 75.0%, respectively. The incidence of acute kidney injury and respiratory 
failure above 34.5 hr were 100% and 85.0%, respectively. In conclusion, the time to a 
negative urine dithionite test is the reliable marker for predicting mortality and/or essential 
organ failure in patients with acute paraquat intoxication, who survive 72 hr.
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INTRODUCTION  

Intentional or accidental ingestion of Paraquat (PQ; 1,1-dimeth-
yl-4-4-bipyridium dichloride) is frequently fatal as a result of 
multiple organ failure. Over the past 30 yr, several methods have 
been studied for modifying the toxicity of PQ (1-5), but these 
have not proved effective and thus, the clinical outcome is usu-
ally determined by the degree of exposure to PQ. 
 Due to the high mortality associated with PQ poisoning, sev-
eral parameters have been proposed as prognostic indicators: 
plasma and urinary PQ concentrations, respiratory index (6), 
serum creatinine and potassium (7), and arterial blood bicar-
bonate and base excess levels (8). We have previously reported 
that initial routine laboratory parameters, including arterial 
blood gas analysis, renal function, and liver function, are good 
prognostic markers in acute PQ intoxication. Among these, the 
plasma PQ level at a given time has been regarded as the most 
reliable parameter for prediction of the clinical outcome (9). Pa-
tients whose plasma PQ levels are below 2.0, 0.6, 0.3, 0.16, and 
0.1 mg/L at 4, 6, 10, 16, and 24 hr, respectively, are likely to sur-
vive (10). However, even by using these numerical predictive 
levels, it is difficult to determine which patients will survive in a 
clinical setting, because some patients with low PQ levels never-

theless die. Recently, we reported that mortality occurs at such 
low plasma PQ concentrations (11). 
 The primary cause of death is cardiac arrest during the first 
2-3 days. After then, respiratory failure is the primary cause of 
death (12, 13). Renal failure is also a critical complication (14). 
Therefore, prognostic markers predicting these organ failures 
are required for use in a clinical setting. 
 There are various possible explanations for why the plasma 
level of PQ is a less reliable clinical marker than expected. First, 
the plasma PQ level does not necessarily represent the ingested 
amount or the body burden of PQ, particularly when measured 
during the first few hours. The plasma level peaks early, 1 hr af-
ter PQ ingestion, followed by a rapid decline with a steep gradi-
ent due to rapid distribution from circulation to other compart-
ments. During this period, the plasma concentration has sub-
stantial variations in concentration even with slight changes in 
the time interval since ingestion (Fig. 1). Second, patients arrive 
at various lengths of time after PQ ingestion. It can be difficult 
to determine how long it has been elapsed since PQ ingestion 
because patients may not remember the exact time of ingestion 
and may give general descriptions such as “after breakfast” or 
“around 9:00.” 
 Considering that PQ intoxication has a dose-response rela-
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tionship, it is appropriate to evaluate potentially reliable indica-
tors of the PQ dose other than the plasma PQ level at a given 
time. The aim of this study was to seek a prognostic marker that 
is less influenced by the time elapsed since PQ ingestion and 
the plasma PQ level in patients with acute PQ intoxication.  

MATERIALS AND METHODS

We enrolled 95 patients (65 males and 30 females, aged 54.8 ±  

15.7 yr) with acute PQ intoxication in this study (Fig. 2). All of 
the patients ingested concentrated PQ (22%-23% per volume) 
while attempting suicide and were admitted to the Institute of 
Pesticide Poisoning, Soonchunhyang University Cheonan Hos-

pital from May to September 2011. For these patients, the dithi-
onite urine PQ test showed strong positive at emergency room 
(ER). Exclusion criteria included weak or negative dithionite 
urine test at the ER and/or the amount of PQ ingested was un-
certain. In addition, in our clinical experience with thousands of 
cases with acute PQ intoxication, it takes time for organ failure 
to develop. If the patient dies early, organ failure would not be 
detected. Therefore, any patients who died within 72 hr of ad-
mission were excluded from the evaluation of organ failure. The 
amount ingested was estimated from the number of swallows, 
where one mouthful was considered 20 mL. 
 Upon admission, all patients received the following standard-
ized medical emergency treatment. In brief, a gastric lavage was 

Fig. 2. Patient enrollment diagram in this study.

Patients admitted to the hospital 
during study period due to

paraquat intoxication (n = 122)

Patients consented and 
enrolled in study (n = 95)

Sequential measurement  
of urine dithionite test

Survival group 
(n = 20)

Mortality group 
(n = 21)

Enrolled patients (n = 41)

Exclusion:
   Death before negative
   conversion of urine
   dithionite test (n = 54)

Not eligible (n = 27):
   Weak or negative urine
   dithionite test or  
   hemoperfusion was not
   performed or discharge
   against medical advice

Organ dysfunction:
   Respiratory failure (n = 26)
   Hepatic dysfunction (n = 19)
   Acute kidney injury (n = 35)

Fig. 1. Plasma paraquat levels of two patients who 
ingested paraquat. The case-1, 48-yr-old man, arrived 
at hospital 5 hr after 200 mL of paraquat ingestion 
and the initial plasma paraquat level was 29.8 µg/mL. 
He discharged moribundly to other hospital in the 
second hospital day. The case-2, 58-yr-old man, ar-
rived 6 hr after 50 mL of paraquat ingestion and the 
initial plasma paraquat level was 4.2 µg/mL. He died 
72 hr after paraquat intoxication because of cardiac 
arrest and acute respiratory failure. The plasma para-
quat levels of both patients demonstrated transient 
increases within 7 hr of paraquat ingestion followed by 
an abrupt drop. The plasma concentrations demon-
strate substantial variations in concentration even with 
slight variations in the time interval since ingestion.  
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performed on all subjects who presented to the ER within 2 hr 
of PQ ingestion. For those whose intoxication occurred within 
12 hr before presenting to the ER, 100 g of Fuller’s earth in 200 mL 
20% mannitol was administered. Hemoperfusion (Absorba 300; 
Gambro, Hechingen, Germany) was performed for 3.5 hr on the 
results of the urine dithionite test. Hemoperfusion was performed 
for up to 7 hr with cartilage exchange in several paraquat intoxi-
cation cases which the urine dithionite test was positive after 
first hemoperfusion. Blood flow was 200-250 mL, and heparin 
was used as the primary anticoagulant. Catheters were placed 
upon admission to the ER; jugular catheters were preferred, 
and femoral or subclavian catheters were placed as a second 
choice. Glutathione (50 mg/kg • 24 hr) was administered intra-
venously for 3 additional days as a reactive oxygen species scav-
enger (4).
 Blood samples for a complete blood count and blood chem-
istry were collected at the ER and every day for the first 3 hospi-
tal days, followed by twice a week. Arterial blood gas analysis 
was measured at the ER and every hospital day in the morning. 
Plasma PQ levels were measured at the ER using high-perfor-
mance liquid chromatography.

Dithionite urine test for qualitative urine paraquat levels 
Ten milliliters of urine was placed into a beaker, 2 g of sodium 
bicarbonate was added, and the mixture was shaken gently. 
One gram of sodium dithionite was added, the effervescence 
was allowed to subside, and the mixture was shaken again. The 
solid material was allowed to settle and the mixture was viewed 
against a white background. The results are presented as grades 
1-4: black (+4), deep blue (+3), light blue (+2), and barely distin-
guishable blue (+1). In our preliminary study, the cut-off value 
for PQ detection (+1) was 1 μg/mL.  

Change in the urine dithionite test 
When the patients arrived at the ER, a Foley catheter was inserted 
and all of the urine in the bladder was collected in a container. 
Urine collected immediately afterward was placed in another 
container and dithionite urine tests were conducted on these 
two urine samples. The first urine sample represented the urine 
produced over the previous several hours. Therefore, the results 
of this dithionite test represented the average blood PQ levels 
during the previous several hours. The dithionite test in the sec-
ond urine sample represented the current blood PQ level. If the 
PQ level in the first urine sample was higher than in the second 
urine sample, the blood PQ level would have been higher in the 
previous several hours than at the ER and vice versa.

Time to negative conversion of the urine dithionite test 
after paraquat ingestion
After the second dithionite urine test, sequential dithionite urine 
tests were conducted every 3-4 hr until the results became trace 

(light blue color). From this point on, the dithionite urine test 
was conducted every hour until the blue color disappeared. Pa-
tients who died before the urine dithionite test became negative 
were excluded from this study. The time interval from PQ inges-
tion to a negative dithionite urine test was calculated. 

Definitions
Acute kidney injury (AKI) was defined as an initial serum creat-
inine level of > 1.2 mg/dL, or a ≥ 50% increase in serum creati-
nine from baseline, based on the RIFLE criteria (15). Respiratory 
failure was defined as hypoxia (PaO2 < 60 mmHg or a decrease 
of ≥ 30% from basal PaO2 levels). Hepatic dysfunction was de-
fined as the greater of AST or ALT ≥ 80 U/L or more than twice 
the normal cut-off level.

Statistical analysis 
Continuous variables are presented as means ± standard devia-
tions and categorical variables as frequency (in percent). Differ-
ences between the survival and mortality groups were compared 
using Mann-Whitney-U test for continuous variables and using 
the chi-squared or Fisher’s exact test for categorical variables 
(Table 1).

Table 1. Demographic characteristics and baseline laboratory results at admission

Parameters
Survival group 

n = 20
Mortality group 

n = 21
P

Gender (female/male) 4/16 5/16 1.000
Age (yr)     47.4 ± 16.6     56.3 ± 15.4 0.070
Amount of PQ ingested (mL)     36.6 ± 16.8     71.0 ± 37.9 0.001
PQ plasma level at ER (µg/mL)     0.4 ± 0.5     10.0 ± 17.3 < 0.001
First PUT ≥ 3, No.    8 (40.0%) 16 (76.2%) 0.019
Second PUT ≥ 3, No.   7 (35.0%) 16 (76.2%) 0.008
PUT change: 
   Decrease, No.
   No change, No. 
   Increase, No.

  3 (15.0%)
14 (70.0%)
  3 (15.0%)

 1 (4.8%)
 18 (85.7%)
 2 (9.5%)

0.432

Time to negative PUT (hr)     31.7 ± 18.6     42.4 ± 16.7 0.014
Time lag to the hospital (hr)     12.6 ± 16.8     11.9 ± 16.6 0.979
Hospitalization duration (days)   15.9 ± 5.4     7.8 ± 3.9 < 0.001
Laboratory results
AST (IU/L)     28.2 ± 14.1     36.0 ± 32.8 0.695
ALT (IU/L)     24.8 ± 27.9     26.1 ± 23.9 0.834
Urea nitrogen (mg/dL)     15.3 ± 14.1     18.8 ± 12.4 0.054
Creatinine (mg/dL)     1.2 ± 1.5     1.6 ± 2.0 0.026
Sodium (mEq/L) 140.5 ± 4.5 136.3 ± 9.8 0.182
Potassium (mEq/L)     3.9 ± 0.3     4.1 ± 1.0 0.425
Amylase (IU/L)     141.3 ± 114.4     274.6 ± 314.1 0.088
Lipase (U/L)     32.7 ± 12.4       94.7 ± 230.5 0.865
pH     7.40 ± 0.06     7.39 ± 0.10 0.481
pCO2 (mmHg)   35.3 ± 6.1   31.7 ± 6.9 0.130
pO2 (mmHg)     83.8 ± 10.8     91.1 ± 15.1 0.183
HCO3

- (mEq/L)   21.6 ± 3.3   20.0 ± 6.2 0.382
WBC (× 103/µL)   12.0 ± 4.8   14.1 ± 6.1 0.241
Lactic acid (mEq/L)     1.8 ± 1.3     3.2 ± 3.7 0.231

ALT, alanine transaminase; AST, aspartate aminotransferase; ER, emergency room; 
HP, hemoperfusion; PQ, Paraquat; PUT, Paraquat urine test; WBC, white blood cells.
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 Multivariate logistic regression analysis was used to identify 
significant determinants of mortality (Table 2) and organ dys-
function (Table 3). Variables were adjusted by age, gender, and 
the time elapsed between PQ ingestion and hospital arrival. The 
results were reported as odds ratios (ORs) with 95% confidence 
intervals (CIs). 
 To develop a cut-off point for time to negative conversion of 
the urine dithionite test, receiver operating characteristic (ROC) 
curve analysis was used to provide the optimal sensitivity and 
specificity for mortality. Statistical analyses were performed us-
ing SPSS software (version 14.0; SPSS Inc., Chicago, IL, USA). 
P < 0.05 was considered statistically significant.

Ethic statement 
This study was approved by the institutional review board of 
Soonchunhyang University Cheonan Hospital (IRB approval 
number: 2011-85). Written informed consent was obtained from 
all of subjected patients.

RESULTS 

Demographic characteristics and baseline laboratory results for 
the survival and mortality groups of patients are summarized in 
Table 1. The amount of PQ ingested, plasma PQ levels at the ER, 
and the results of the urine dithionite tests were significantly 
higher in the mortality group. Serum creatinine level was signif-
icantly higher in the mortality group. Twenty-one (51.2%) pa-
tients died during hospitalization. The causes of death were 
acute respiratory failure for 21 patients (100.0%). 

Significant determinants of mortality
Multivariate binary logistic regression analysis was conducted 
to verify significant determinants of mortality. The amount of 
PQ ingested, PQ levels at the ER, and the time to a negative urine 
dithionite test were independent risk factors predicting mortal-

ity (Table 2). 

Significant determinants of organ dysfunction
Multivariate binary logistic regression analysis was conducted 
to verify significant determinants of organ dysfunction. Of the 
41 patients, acute kidney injury occurred in 35 patients (85.4%), 
acute respiratory failure in 26 patients (63.4%), and hepatic dys-
function in 19 patients (46.3%), in that order. With each addi-
tional 1 mL ingested, the patient’s risk of respiratory failure in-
creased by 6%. Moreover, the longer the time to negative con-
version of the urine dithionite test, the higher the risk of acute 
kidney injury (by 25%) and respiratory failure (by 6%) (Table 3).
 The time to a negative urine dithionite test was independent 
risk factor predicting acute kidney injury (Table 3A); and the 
amount of PQ ingested and the time to a negative urine dithi-
onite test were independent risk factors predicting acute respi-

Table 2. Multivariate binary logistic regression analysis to identify significant determi-
nants of mortality

Variables P OR 95% CI

Amount of PQ ingested (mL) 0.012 1.052 1.011 1.095 
PQ plasma level at ER (µg/mL) 0.015 6.297 1.428 27.769 
PUT: decrease vs no change 0.455 2.561 0.217 30.181 
PUT: decrease vs increase 0.997 1.007 0.048 20.993 
Time to negative PUT (hr) 0.035 1.056 1.004 1.110 
Creatinine (mg/dL) 0.093 1.654 0.920 2.973 
Potassium (mEq/L) 0.549 1.308 0.543 3.148 
Amylase (IU/L) 0.173 1.003 0.999 1.007 
pCO2 (mmHg) 0.123 0.904 0.795 1.028 
HCO3

- (mEq/L) 0.352 0.930 0.798 1.084 
WBC (× 103/µL) 0.142 1.000 1.000 1.000 

Variables were adjusted by age, gender, and the time interval between Paraquat inges-
tion and hospital arrival. CI, confidence interval; ER, emergency room; HP, hemoper-
fusion; OR, odds ratio; PQ, Paraquat; PUT, Paraquat urine test; WBC, white blood cells.

Table 3. Multivariate binary logistic regression analysis to verify significant determi-
nants of organ dysfunction

(A) Acute kidney injury

Variables        P OR 95% CI

Amount of PQ ingested (mL) 0.109 1.048 0.990 1.110 
PQ plasma level at ER (µg/mL) 0.081 8.179 0.771 86.752 
PUT: decrease vs no change 0.999 < 0.001 < 0.001
PUT: decrease vs increase 0.999 < 0.001 < 0.001
Time to negative PUT (hr) 0.017 1.248 1.041 1.496 
Amylase (IU/L) 0.726 1.001 0.996 1.006 
WBC (× 103/µL) 0.445 1.000 1.000 1.000 

(C) Respiratory failure

Variables        P OR 95% CI

Amount of PQ ingested (mL) 0.019 1.056 1.009 1.106 
PQ plasma level at ER (µg/mL) 0.058 2.986 0.965 9.241 
PUT: decrease vs no change 0.197 5.254 0.424 65.141 
PUT: decrease vs increase 0.490 2.955 0.136 64.141 
Time to negative PUT (hr) 0.046 1.057 1.001 1.116 
Creatinine (mg/dL) 0.421 1.229 0.743 2.034 
Potassium (mEq/L) 0.702 1.224 0.435 3.446 
Amylase (IU/L) 0.451 1.001 0.998 1.005 
pCO2 (mmHg) 0.104 0.886 0.766 1.025 
WBC (× 103/µL) 0.171 1.000 1.000 1.000 

Variables were adjusted by age, gender, and the time interval between Paraquat in-
gestion and hospital arrival. CI, confidence interval; ER, emergency room; HP, hemo-
perfusion; OR, odds ratio; PQ, Paraquat; PUT, Paraquat urine test; WBC, white blood 
cells.

(B) Hepatic dysfunction

Variables        P OR 95% CI

Amount of PQ ingested (mL) 0.102 1.020 0.996 1.043 
PQ plasma level at ER (µg/mL) 0.231 1.052 0.968 1.144 
PUT: decrease vs no change 0.296 3.826 0.309 47.352 
PUT: decrease vs increase 0.886 0.783 0.028 21.812 
Time to negative PUT (hr) 0.089 1.040 0.994 1.088 
Creatinine (mg/dL) 0.308 1.313 0.778 2.215 
Potassium (mEq/L) 0.640 1.257 0.482 3.280 
Amylase (IU/L) 0.199 1.002 0.999 1.005 
WBC (× 103/µL) 0.542 1.000 1.000 1.000 
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ratory failure (Table 3C). 

Cut-off point for time to negative conversion of the urine 
dithionite test
With a cut-off value of 30.5 hr to a negative urine dithionate test, 
the sensitivity and specificity for identifying patients in the mor-
tality group were 81.0% and 60.0%, respectively (AUC, 0.725). 
Similarly, the sensitivity and specificity for identifying patients 
in the mortality group were 71.4% and 75.0% with a cut-off value 
of 34.5 hr. Using these data, we selected a time to negative con-
version of the urine dithionite test of 34.5 hr as a cut-off value. 
Time to a negative dithionite urine test, mortality rate, the inci-
dence of acute kidney injury, and acute respiratory failure were 
significantly higher in the “above 34.5 hr patient group” than in 
the “below 34.5 hr patient group” (Table 4).  

DISCUSSION

The principal result of the present study is that the time between 
PQ ingestion and a negative dithionite urine test is an indepen-
dent risk factor predicting not only death but also organ failure, 
particularly for the lungs and kidneys. Therefore, it is important 
to understand the mechanism of the dithionite urine test. 
 A variety of spectrophotometric (16, 17), gas and liquid chro-
matographic (18, 19), and radioimmunoassay techniques (20, 
21) have been applied to measuring PQ in biological fluids. How-
ever, the majority of these methods cannot provide an accurate 
and reliable quantitative result in an emergency situation; thus, 
further development of suitable rapid techniques is desirable. 
Sodium dithionite is the sodium salt of dithionous acid. It is of-

ten used in physiology experiments to lower the redox potential 
of a solution (22). PQ is determined in a dilute solution by mea-
suring the optical density of the blue-colored PQ free radical 
produced by reduction by alkaline sodium dithionite. However, 
when the intensity of the blue color is measured with the naked 
eye, the detection limit for PQ is ~1 μg/mL. The advantages and 
disadvantages of the dithionate test are that it is an easy and sim-
ple test producing rapid results but with low sensitivity. Thus, a 
negative dithionite test does not mean that no PQ is present in 
the urine. Using a more sensitive method (e.g. HPLC), PQ should 
be detectable for a longer period of time after ingestion at con-
centrations below 1 μg/mL. 
 To understand the meaning of the time to a negative dithion-
ite urine test, therefore, we review the toxicokinetics of PQ. The 
distribution volume of PQ has been reported as 1.2-1.6 L/kg af-
ter oral ingestion in humans (23). A 3-compartment model best 
describes the subsequent distribution of PQ: plasma, a rapid up-
take and removal compartment (the kidneys), and a slow up-
take compartment peaking at about 4-5 hr (the lungs). Plasma 
levels reach a peak early, 1 hr after PQ ingestion, followed by a 
rapid decline with a steep gradient and then a gentle slope over 
a long elimination period. The long elimination half-life (t β) has 
been estimated as 84 hr (24). PQ is not metabolized or biotrans-
formed in the human body and is primarily eliminated through 
the kidneys. Based on this, we believe that the time to a negative 
dithionite urine test is a function of the total PQ in all of the com-
partments and of renal function. 
 Early deterioration of renal function is a critical complication 
in acute PQ intoxication. Fortunately, renal excretion of PQ is 
excellent and most PQ is eliminated through the kidneys as long 
as renal function remains normal (24). Kidney injury develops 
in a plasma PQ concentration-dependant manner and results 
in delayed excretion, further exacerbating the potential for in-
jury. Recently, we reported clinical features of acute kidney in-
jury, estimated based on serum creatinine clearance in patients 
with acute PQ intoxication (14). The peak of serum creatinine 
was present on the fifth day after PQ ingestion and normalized 
within 3 wk. We also reported that the early kidney injury mark-
ers neutrophil gelatinase-associated lipocalin and kidney injury 
molecule 1 increased 24-48 hr after PQ ingestion (16). Thus, the 
time at which the PQ level in the urine will become undetectable 
depends on the degree of renal injury and the PQ burden in the 
body. In addition to the time to a negative urine dithionite test, 
the amount of PQ ingested and PQ levels at the ER were signifi-
cant independent risk factors predicting mortality (Table 2). 
 The amount of PQ ingested, and the time to a negative urine 
dithionite test were independent risk factors predicting organ 
failure. The PQ level at the ER might not predict any organ inju-
ry, although the 95% confidence interval widely ranged. There-
fore, if we could ascertain the precise amount of PQ ingested 
and the time to a negative urine dithionite test, it would be more 

Table 4. Demographic characteristics and baseline laboratory results above and be-
low the 34.5 hr cut-off for a negative dithionite urine test 

Parameters
Below cut-off 

group
(n = 21)

Above cut-off 
group

(n = 20)
P

Gender (female/male) 5/16 4/16 1.000
Age (yr)   49.2 ± 16.2   54.9 ± 16.7 0.262
Amount of PQ ingestion (mL)   46.8 ± 28.1   62.5 ± 38.5 0.159
PQ plasma level at ER (µg/mL)   3.0 ± 9.3     7.8 ± 16.1 0.008
First PUT ≥ 3, No. 10 (47.6%) 14 (70.0%) 0.146
Second PUT ≥ 3, No.   9 (42.9%) 14 (70.0%) 0.080
PUT change: 
   Decrease, No.
   No change, No.
   Increase, No.

  4 (19.0%)
14 (66.7%)
  3 (14.3%)

0 (0.0%)
18 (90.0%)
  2 (10.0%)

0.096

Time to negative PUT (hr) 23.5 ± 7.9   51.5 ± 14.6 < 0.001
Time lag to the hospital (hr)   7.9 ± 7.4   16.8 ± 21.7 0.245
Hospitalization duration (days) 13.1 ± 6.2 10.3 ± 6.0 0.111
Mortality, No. (%)   6 (28.6%) 15 (75.0%) 0.003
Acute kidney injury, No. (%) 15 (71.4%)   20 (100.0%) 0.021
Hepatic dysfunction, No. (%)   7 (33.3%) 12 (60.0%) 0.087
Acute respiratory failure, No. (%)   9 (42.9%) 17 (85.0%) 0.005

ER, emergency room; HP, hemoperfusion; PQ, Paraquat; PUT, Paraquat urine test.
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prognostic supported by both factors, predicting both mortality 
and organ failure. In our study, the amount of PQ ingested was 
estimated based on the number of swallows. To determine the 
volume of a mouthful, we measured mouthfuls in adults; the 
average was 20 mL, similar to previous reports (13-15). Howev-
er, in some instances, we could not confirm the precise amount 
of PQ ingested because the patient stated that they drank a cup, 
a bowl, or a glass. Others did not remember the exact time or 
amount because they were upset and/or drunken when they 
ingested the PQ. The exact time interval is important in interpret-
ing the results of the negative dithionite urine test. However, it 
is not as critical as in the interpretation of the plasma PQ level, 
because the latter has greater variations in concentration even 
with slight variations in the time interval after PQ ingestion. 
 In conclusion, the time to a negative urine dithionite test is 
the reliable marker for predicting mortality and/or essential or-
gan failure in patients with acute PQ intoxication, who survive 
after 72 hr. 
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