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Explanation 

Paraquat is to be re-evaluated by the Joint Meeting of the FAQ Panel of Experts on 
Pesticide Residues in Food and the Environment and the WHO Expert Group on 
Pesticide Residues in 2003. 

Paraquat was evaluated for acceptable daily intake by the Joint Meetings in 1970, 
1972, 1976, 1982, and 1985 (Annex l, FAQ/WHO, 1971a, 1973a, 1977a, 1983a, and 
1986a). A toxicological monograph was published after the 1970 Meeting (Annex 1, 
FAQ/WHO, 197lb) and monograph addenda were published after the Meetings in 
1972, 1976, and 1982 (Annex 1, FAQ/WHO, 1973b, 1977b, and 1983b). In 1970 the 
Meeting estimated an ADI of 0.001 mg/kg b.w. (as paraquat dichloride). The 1982 
Joint Meeting noted that the higher ADI established by the 1972 Meeting (0.002 
mg/kg b.w. as paraquat dichloride) was based on long-term studies conducted by 
Industrial Bio-Test Laboratories (IBT), for which no replacement studies, validations, 
or additional data had been submitted. Considering the evidence available, the 1982 
Meeting recommended that a reduced ADI (0.001 mg/kg b.w. as paraquat dichloride) 
be retained on a temporary basis, pending receipt of further data. 

Data were submitted to the 1985 Meeting which met the 1982 request. These data 
were reviewed by the 1985 Meeting, but logistical difficulties precluded their full 
evaluation, especially in the light of the considerable amount of information 
previously evaluated by the Joint Meeting. The 1985 Joint Meeting was aware that the 
2-year study in rats that was submitted had been considered by one national authority 
to indicate a possible oncogenic potential in the rat. The Meeting also noted differing 
interpretations of the observed lesions by different pathologists. The Meeting 
therefore recommended that a complete evaluation of all valid data available should 
be undertaken by the 1986 Joint Meeting. In addition, it requested submission of full 
descriptions of the lung lesions seen in the new long-term rat study and of historical 
control data on all lung lesions in the strain of rats utilized in the study in the 
laboratory in which it was conducted. The Joint Meeting extended the existing 
temporary ADI until 1986. 

The 1986 monograph incorporated the relevant studies summarized in earlier 
monographs and monograph addenda, the studies submitted for consideration by the 
1985 Joint Meeting, and the studies required by the 1985 Joint Meeting, all of which 
were reviewed by the 1986 Meeting. 

This submission incorporates the relevant studies summarised previously (as 
described above) and new data (company reports and published literature) produced 
subsequent to the 1986 evaluation. 

Paraquat dichloride is the common name for 1, 1 '-dimethyl-4,4'-bipyridinium 
dichloride (CAS Reg# 1910-42-5). Paraquat is a contact non-selective herbicide and 
is sold predominantly as a liquid formulation (Gramoxone) or in combination with 
other herbicides (e.g. diquat and diuron). 

Also known as methyl viologen; paraquat dichloride is an off-white odourless 
hygroscopic powder, is freely soluble in water, slightly soluble in alcohols and 
insoluble in organic solvents. 
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Dose levels may be quoted as paraquat cation or the salt, paraquat dichloride. The 
latter would normally be selected for classification purposes. However, much of the 
published literature does not specify which was used. Where possible the dose has 
been quoted in both paraquat dichloride and in paraquat cation. The default 
assumption is that published literature refers to paraquat cation. Technical 
concentrate contains 45 .6% paraquat dichloride (33% paraquat cation). 

Evaluation for acceptable daily intake 
1. Biochemical aspects 
(a) Absorption, distribution, and excretion 

The absorption, distribution, and excretion of paraquat in experimental animals has 
been reviewed by WHO (1984). 

Since then a modern data package of both excretion balance (Lythgoe RE and 
Howard E F, 1995a-c), and biotransformation (Macpherson D, 1995) has been 
generated and submitted as part of the EU re-registration review. 

Five male and five female Alpk:ApfSD rats were each given a single oral dose of 1 or 
5 mg [1 4C]-paraquat/kg bw (methyl-labelled paraquat dichloride). In a further study, 
five male and five female Alpk:ApfSD rats were each given a single oral dose of 1 mg 
[14C]-paraquat/kg bw preceded by fourteen daily doses of 1 mg unlabelled 
paraquat/kg bw. The urinary and faecal excretion of radioactivity was monitored for 
three days after administration, at which time the residual radioactivity was measured 
in blood, selected tissues and in the residual carcasses. 

The excretion of radioactivity was rapid, with over 90% of the dose eliminated within 
72 hours in all three studies. At 1 mg [1 4C]-paraquat/kg there was a small sex 
difference in that females excreted a slightly higher proportion of the radioactivity in 
the faeces, with males excreting a slightly higher proportion of the radioactivity in the 
urine. At 5 mg [1 4C]-paraquat/kg bw the principal route of elimination was via faeces, 
with no differences in excretion noted between the sexes. 

Overall very little radioactivity was retained in the tissues of either sex. The highest 
tissue concentrations of radioactivity in both males and females dosed with 1 mg 
[14C]-paraquat/kg bw (Lythgoe RE and Howard, 1995 a) were present in lungs (0.023 
µg and 0.020 µg equiv/g respectively) and kidneys (0.010 µg and 0.011 µg equiv/g 
respectively) . The residual carcasses of male and female rats contained 0.64% and 
0.54% of the dose respectively. The total mean percentage recoveries, including 
excreta and tissue residues, for male rats was 93.2% and for females was 94.4%. 

In the second study dosing with 1 mg [1 4C]-paraquat/kg bw following 14 daily doses 
of 1 mg unlabelled paraquat/kg bw (Lythgoe RE and Howard, 1995 b ), the highest 
tissue concentrations of radioactivity in both sexes were present in lungs (0.037 µg 
and 0.023 µg equiv/g respectively). No single tissue contained >0.02% of the 
administered dose after 72 hours with <0.8% of the dose in the carcass. The tissue 
concentrations of radioactivity were generally lower in female rats than in males. The 
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total mean percentage recoveries, including excreta and tissue residues, for male rats 
was 93.3% and for females was 94.5%. 

In the study with a 50 mg [ 14C]-paraquat/kg bw dose, (Lythgoe RE and Howard, 
1995 c ), the highest tissue concentrations of radioactivity in both males and females 
were present in lungs (0.661 µg and 1.077 µg equiv/g respectively) and carcass (0.401 
µg and 0.414 µg equiv/g respectively). The tissue concentrations of radioactivity 
were generally lower in male rats than in females. The total mean percentage 
recoveries, including excreta and tissue residues, for male rats was 93.6% and for 
females was 92.5%. No single tissue contained >0.02% of the administered dose after 
72 hours with <0.8% of the dose in the carcass. 

At all dose levels tested, radioactivity was rapidly eliminated in faeces and urine. 
Seventy two hours after dosing only low levels of radioactivity were present in the 
tissues and carcass. 

Table 1: Summary of the absorption, distribution, metabolism and excretion data for rats 
administered paraquat (values as means of 5 animals, expressed as% of administered dose) 

DOSE 1x1 mg/kg bw 1 x 50 mg/kg bw (14+1) x 1 mg/kg 

Urine 0-6 h 
0-24 h 

24-72 h 
Metabolites 0-72 h 

Faeces 0-6 h 
0-24 h 

Sum of tissues (72 h) 
Carcass (72 h) 
Total recoverv 

male female male female male female 
14 8 6 8 16 8 
18 11 9 11 19 10 
1 1 2 2 1 1 

0.8 0.8 0.6 0.6 0.8 0.5 

64 74 54 50 68 71 
9 6 27 28 3 10 

<0.1 <O.I <0.1 <O.I <0.1 <O.I 
0.6 0.5 0.8 0.8 0.7 0.6 
93 94 94 93 93 94 

The 1986 Monograph included the following data. Following oral single-dose 
administration of 4 - 6 mg/kg bw [1 4C]-paraquat dichloride to rats, 99 - 102% of the 
administered dose was found in the faeces (93 - 96%) and in the urine (6%) within 3 
days. This information, together with the absence of significant biliary excretion, 
provided evidence that paraquat is poorly absorbed from the gut (Daniel & Gage, 
1966). 

In their review of the literature - Lock and Wilks (2001) confirmed low (<5%) biliary 
excretion of paraquat in rats, rabbits, guinea pigs and dogs thought to be due to the 
molecular weight of paraquat (at 186) being below the minimal molecular weight of 
about 500 for chemicals that are excreted in bile. 

The low rate of paraquat absorption by the gut was confirmed in experiments in which 
rats, guinea pigs, and monkeys, orally administered with LD50 doses of [1 4C]
paraquat, had low peak serum concentrations (2.1 - 4.8 mg/litre). The radioactivity 
levels reached a maximum 30 - 60 minutes after administration and then remained 
relatively constant for 32 hours (Litchfield et al., 1973; Conning et al., 1969). 

A dose of 126 mg/kg bw paraquat resulted in a maximum rat serum level of 4.8 
mg/litre (Murray & Gibson, 1974). 
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In fasting dogs, low oral doses of paraquat were rapidly but incompletely absorbed, 
the peak plasma concentration being attained 75 minutes after dosing. After an oral 
dose of 0 .12 mg/kg bw, 46 - 66% was absorbed in 6 hours. After doses of 2 and 5 
mg/kg bw, only 22 - 38% and 25 - 28% of the doses were absorbed, respectively 
(Bennett et al., 1976). 

Dose-dependent data from dogs and whole-body autoradiography seem to suggest that 
absorption is facilitated in the small intestine (WHO, 1984). The tissue distribution of 
paraquat following a single oral dose of20 mg paraquat/kg bwto male mice was 
studied. Initially there was rapid distribution throughout most tissues. At 24 hours 
paraquat was selectively retained in the lung and skeletal muscle from where it was 
subsequently slowly eliminated. Following repeated dosing at dietary levels of 50, 
125 and 250 ppm to male and female rats for up to eight weeks, there was no evidence 
of accumulation of paraquat in any of the tissues examined. No paraquat was detected 
in any tissue one week after cessation of dosing. (Litchfield et al., 1973). 

The pulmonary absorption of [1 4C]-paraquat after an intratracheal injection of 1.86 
nmol/lung was investigated in the isolated perfused rat lung. The effiux of [1 4C]
paraquat was diphasic, with a rapid-phase half-life of 2.65 minutes and a slow-phase 
half-life of 356 minutes. It was suggested that the slow phase represented a storage 
pool, possibly responsible for the pulmonary toxicity of paraquat (Charles et al., 
1978). 

Various doses of [3H]-paraquat (1 pg - 10 µg) in 0.1 ml saline were introduced 
directly into the left bronchus of rats. Fifteen minutes after instilling l 0 ng of [3H]
paraquat, 90% of the ion could be accounted for in the tissues and urine, 50% being 
present in the lung. With doses at or greater than 10 µg, pathological changes were 
seen in the lung that were similar to those seen after systemic poisoning (Wyatt et al., 
1981 ). 

Paraquat absorption through animal and human skin has been studied using an in vitro 
technique. Human skin was shown to be impermeable to paraquat, having a very low 
permeability constant of 0.73. Furthermore, human skin was found to be at least 40 
times less permeable than that of the animals tested, including rats, rabbits, and guinea 
pigs (Walker et al., 1983). An in vivo human study has demonstrated that only 0.3% 
of an applied dose (over five days after a single application of0.64 mg paraquat 
dichloride) is absorbed. If extensive skin damage occurs systemic toxicity may result, 
but this is a rare occurrence and is associated with misuse of the product (Wester et al, 
1984; Levin et al 1979; WHO, 1984). 

Observations of dose-related dermal toxicity in experimental animals and human 
percutaneous poisoning suggest that paraquat absorption is markedly increased in 
damaged or occluded skin (WHO, 1984). 

High concentrations and retention of paraquat were found in lung tissue, relative to 
other tissues, following oral, intraveneous (i.v.), intraperitoneally (i.p.), 
subcutaneously (s.c.), and intrabronchial routes of administration in rats, guinea pigs, 
rabbits, and monkeys (Sharp et al., 1972; Ilett et al., 1974; Murray & Gibson, 1974; 
Maling et al., 1978; Kurisaki & Sato, 1979; Waddell & Marlowe, 1980; Wyatt et al., 
1981). Some of these data are summarized in Tables land 2. 
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An association between paraquat concentrations in the lung and degree of toxicity or 
lung injury has been reported (Sharp et al., 1972; Ilett et al., 1974; Waddell & 
Marlowe, 1980; Wyatt et al., 1981). In one study toxic doses of [1 4C]-paraquat were 
administered orally and i.v. to rats. Paraquat concentrations in the whole blood were 
similar to those in the plasma. The distribution of paraquat in various tissues and 
plasma was then followed for up to 10 days. The initial and secondary administration 
were 23 minutes and 56 hours, respectively. The concentration in the kidney, lung, 
and muscle declined at the same rate as in the plasma initially, but the rapid phase in 
the lung ended after 20 minutes (compared with 1 - 4 hours in other organs), after 
which it declined, with a half-life of 50 hours. The lung had the greatest retention and 
consequently contained the highest concentration 4 hours after dosing. Four to 10 
days after dosing, the paraquat concentration in the lung was 30 - 80 times higher than 
in the plasma (Sharp et al., 1972). 

Table 2. Paraquat distribution In Tissues (from WHO 1984) 

Route Dose Species Time after Tissue Concentration Reference 
treatment 

intra bronchial 10 ng rat 60min Plasma 0.0092 g/l Wyatt et al., 
Lung 5.2 ng 1981 
Kidney 0.052 ng 
Liver not measured 
Heart not measured 
Brain not measured 

lV 20 mg/kg rat 24 hour Plasma 0.07 mg/l Sharp et al., 
Lung 6.00 mg/kg 1972 
Kidney 1.45 mg/kg 
Liver 0.48 mg/kg 
Heart 1.20 mg/kg 
Brain not measured 

lV 20 mg/kg rat 24 hour Plasma Not measured Ilett et al., 1974 
Lung 11 .36 mol/kg 
Kidney 1.93 mol/kg 
Liver 0.90 mol/kg 
Heart 1.13 mol/kg 
Brain 0.87 mol/kg 

lV 20 mg/kg rabbit 24 hour Plasma 0.28 mol/l Hett et al., 1974 
Lung 7.90 mol/kg 
Kidney 5.25 mol/kg 
Liver 1.59 mol/kg 
Heart 1.52 mol/kg 
Brain 0.49 mol/kg 

lp 15 mg/kg Rat 24 hour Plasma 0.32 mol/kg Maling et al., 
Lung 26.28 mol/kg 1978 
Kidney 10.40 mol/kg 
Liver 5.04 mol/kg 
Heart 4.59 mol/kg 
Brain 1.22 mol/kg 

oral 126 mg/kg rat 16 hour Plasma 0.9 mg/l Murray& 
Lung 5.0 mg/kg Gibson, 1974 
Kidney 7.0 mg/kg 
Liver 2.1 mg/kg 
Heart 2.7mg/kg 
Brain not measured 
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oral 

1v intravenous 
intraperitoneal 

22 mg/kg Guinea 16 hour 
pig 

Plasma 0.03 mg/l Murray& 
Lung 1.29 mg/kg Gibson, 1974 
Kidney 1.99 mg/kg 
Liver 0.08 mg/kg 
Heart 0.31 mg/kg 
Brain not measured 

Table 3. Paraquat Distribution In Tissues In mg/kg Mean Tissue (from WHO 1984) 

Route Dose mg/kg Species Time Lung Kidney Liver Heart Plasma Reforence 
bodyweight after 

do sin 
oral 126 rat l h 3.3 27.5 2.0 1.8 4.7 Murray& 

4h 3.7 4.5 4.4 0.9 0.8 Gibson, 
32 h 13.6 9.4 5.7 2.8 1.1 1974 
64 h 1.7 1.0 7.7 0.2 0.1 

lV 20 rat l h 9.0 25.0 5.0 6.0 Sharp et al, 
4h 8.0 6.0 2.0 0.3 1972 
24 h 6.0 1.0 0.4 0.07 
48 h 4.0 0.8 0.3 0.05 

lV intravenous 

The high lung tissue concentrations of paraquat were confirmed in another study in 
rats and rabbits after i.v. injection of 20 mg [1 4C]-paraquat/kg bw. Although the 
herbicide showed a selective localization in the rabbit lung, the concentration 
decreased far more rapidly in the rabbit lung than in the rat lung. The rabbit, unlike 
the rat, did not show any histological or biochemical signs oflung damage. No 
preferential subcellular localization of paraquat was found in the lungs of either 
species. No evidence of covalent binding of paraquat in lung tissue was found. After 
thorough washing of tissue precipitate with dilute trichloracetic acid, only 
insignificant amounts of [1 4C]-paraquat were detected in protein from the brain, heart, 
kidney, liver, lung, and plasma (Ilett et al., 1974). 

Autoradiographic studies using [ 14C]-paraquat have been carried out on mice and rats. 
Paraquat was observed in nearly all organs 10 minutes after i.v. injection of 20 mg/kg 
bw. (Litchfield et al., 1973). 

Autoradiographic results similar to those above were obtained in mice after i.v. 
injection of 288 - 338 g/kg bw of [3H]-paraquat dichloride. Cellular resolution 
autoradiography showed that paraquat was confined almost entirely to cells having the 
distribution of alveolar Type II cells. The authors suggested that it was unlikely that 
the radioactivity was bound to cellular constituents. The Type II cells were found to 
be susceptible to the toxicity of paraquat (Waddell & Marlowe, 1980; Kimbrough & 
Gaines, 1970). 

No paraquat was detected in the kidney, brain, liver, or lungs when administered in 
the diet to rats at a concentration of 50 ppm for a period of 8 weeks. At 120 ppm it 
was found at low concentrations in the lung, kidney, gastrointestinal system, and 
brain. When administered at 250 ppm, it was detected in the tissues within 2 weeks. 
No sex differences or any clear pattern of accumulation were noted throughout the 8-
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week study. Within one week ofreturn to a normal diet, no paraquat was detected in 
any tissue examined. Histological changes were observed in all lungs of animals fed 
paraquat at 250 ppm in the diet (Litchfield, et al., 1973). 

Rose et al. (1974) demonstrated an energy-dependent accumulation of paraquat in 
slices of rat lung that obeyed saturation kinetics. The same investigators later 
examined the ability of paraquat to accumulate in tissue slices from other organs in 
vitro. The uptake of the herbicide in brain, adrenal gland, and kidney slices was less 
than 10% of that observed in lung slices. The authors established the uptake of 
paraquat by the lung in various species (rat, rabbit, dog, monkey, and man). The 
human lung accumulated paraquat as readily as that of the rat. Indeed, the kinetics 
(Vmax and Km) of the process were found to be very similar in the two species. 
Moreover, there was a relationship between the concentration of paraquat in the 
different lung areas and the development of microscopic lung lesions (Rose et al., 
1976a; Rose & Smith, 1977). 

It has been demonstrated that the rate of paraquat effiux from lung tissue is less than 
its rate of accumulation in lung slices. Effiux from lung slices, prepared from rats 
dosed i.v. with the herbicide, was found to be biphasic. There was a fast component 
(half-life of 20 minutes), followed by a first-order slow component characterised by a 
half-life of 17 hours. The half-life in vitro was similar to that seen in vivo following 
i.v. administration to rats. (Smith et al., 1981). These results are partially consistent 
with those obtained by Charles et al. (1978) in the isolated perfused rat lung. 

A biphasic elimination of paraquat from the plasma of rats after i.v. injection has been 
reported. The initial rapid phase had a 20-30 minute half-life, and the slower phase a 
half-life of 56 hours (Sharp et al., 1972). 

Prolonged paraquat disappearance from serum following a rapid initial decline was 
also found after oral administration to rats, guinea pigs, and monkeys. Both the 
urinary and faecal routes were important in all species studied. In rats 32 hours after 
dosing, 52% of the administered paraquat was found in the gastrointestinal tract and 
17 and 14% were excreted in the faeces and urine, respectively. No radioactivity was 
found in the expired air. The paraquat in the faeces was due primarily to elimination 
of unabsorbed paraquat. The prolonged elimination of paraquat in all animals tested 
indicated retention of the herbicide in the body (Murray & Gibson, 1974). 

Following i.v. administration of paraquat to rats, 75 - 79% of the dose was excreted in 
the urine within 6 hours. In this study, the plasma disappearance of 5 mg/kg bw 
paraquat was fitted to a 3-compartment model. Total body clearance was estimated to 
be 8.39 ± 0.54 ml/kg/minute. The relatively high concentration of paraquat found in 
the duodenal and jejunal walls suggested biliary secretion of the herbicide. The 
authors' hypothesis was later supported by the observation of radioactivity in the 
intestines of mice injected i.v. wi.th [1 4C]-paraquat in whole-body autoradiographic 
studies (Maling et al., 1978; Waddell & Marlowe, 1980). 

The dog was used as a model to evaluate the influence of paraquat-induced renal 
failure on the kinetics of paraquat elimination. After i.v. injection of a trace dose of 
[1 4C]-paraquat (30-50 g/kg bw), the kinetics of distribution was described by a 3-
compartment model. To obtain a good fit of the curve, it was necessary to sample the 
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central (plasma) compartment for at least 24 hours after dosing. Simulation of 
paraquat levels in the peripheral compartments suggested the existence of a 
compartment with rapid uptake and removal (kidney) and another with slow uptake 
(lung). The renal clearance of paraquat approximated total body clearance, indicating 
that paraquat elimination occurs through renal excretion. The urinary excretion rate of 
an i.v. dose was rapid, approximately 80 - 90% of the dose being eliminated during 
the first 6 hours. Intravenous injection of a large toxic dose of paraquat (20 mg/kg 
bw), however, brought about a marked decrease in renal clearance, from 73 ml/minute 
to 18 ml/minute after 2.5 hours and 2 ml/minute after 6 hours. These data suggest that 
kidney damage could contribute to paraquat accumulation in the lung (Hawksworth et 
al., 1981). 

Lock and Wilks (2001) have recently conducted an extensive review of the published 
literature and found no new data on absorption, distribution or metabolism. However 
there is new data on the mechanism of elimination of paraquat from the body, which 
is almost exclusively via the kidneys. 

The renal clearance of paraquat is greater than that of creatinine in the rat (Lock, 
1979; Chan et al., 1997); dog (Hawksworth et al., 1981); sheep (Webb, 1983); monkey 
(Purser and Rose, 1979) and humans (Bismuth et al., 1982); Thus paraquat is actively 
secreted by the kidney. Renal tubular secretion was completely inhibited by N1

-

methylnicotinamide suggesting that paraquat is secreted via a cationic transport 
system (Hawksworth et al., 1981). 

The transport mechanisms for organic cations in renal proximal tubular cells are not 
fully understood. Recently two membrane proteins, organic cation transporter 1 
(Grundemann et al., 1994) and organic cation transporter 2 (Okuda et al., 1996) have 
been isolated from rat kidney. The organic cation transporter 1 located on the 
basolateral membrane will transport tetraethylammonium, and this can be inhibited by 
other organic cations such as quinine. The organic cation transporter 2, which is 
predominantly expressed in the kidney, stimulates the uptake of tetraethylammonium 
and this can be markedly inhibited by cimetidine. Studies using freshly isolated renal 
proximal tubules and renal cell lines have shown that paraquat is transported across 
the basolateral membrane (from the blood stream into the renal tubular epithelial cell) 
using an organic cation transport system (Groves et al., 1995; Chan et al., 1996 a and 
b, 1997, 1998). The transport of paraquat can be blocked by the addition of the 
divalent cation quinine, cimetidine and to a lesser extent tetraethylammonium (Chan 
et al., 1996b) suggesting that paraquat may be transported by both transport systems. 

Exit across the apical membrane into the tubular lumen is also an active process, 
current evidence suggests that there are two cation transport systems, an electroneutral 
organic cation /H+ exchange (Sokol et al., 1988) and P-glycoprotein (Dutt et al., 
1992). Studies with rabbit brush-border membrane vesicles have shown that paraquat 
is a substrate for the cation/Hf exchange transporter, and further that it can inhibit the 
transport of other monovalent cations such as tetraethylammonium (Wright and 
Wunz, 1995). 

In the rat in vivo, the fractional excretion of paraquat decreased from 2.1 at a plasma 
concentration of about 0.4 nmol/ml to 1.2 at a plasma concentration of2lnmol/ml, 
demonstrating that the excretion of paraquat is greater than the glomerular filtration 
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rate and that the process is saturable (Chan et al., 1997). Thus, at low plasma 
concentrations paraquat will be readily cleared from the body, however at higher 
plasma concentrations the system will become saturated and less paraquat will be 
cleared. At toxic doses it is well established that paraquat can cause renal functional 
impairment. In rats, orally dosed with 126 mg ion/kg (Lock, 1979) and mice given 50 
mg ion/kg, i.v. (Ecker et al., l 975b) renal impairment was observed l 7-24h after 
dosing. In the cynomologus monkey given 85 mg ion/kg, po the decline in renal 
clearance was seen 12h after dosing the first time examined (Purser and Rose, 1979). 
In dogs given 20 mg ion/kg, i.v. (Hawksworth et al., 1981) renal impairment was 
observed as early as 2.5 hr after dosing. An early report on the renal handling of 
paraquat by the dog, suggested that paraquat was reabsorbed by the proximal tubules, 
this study was conducted at high plasma concentrations (54-810 nmol/ml) where the 
transport system will have been saturated and function impairment will almost 
certainly have occurred (Ferguson, 1973). The weight of evidence strongly supports 
the view that paraquat is actively secreted by the kidney oflaboratory animals and 
humans. The implication of impairment of renal excretion is that more paraquat is 
available in the plasma, to accumulate into the lung. 

(b) Biotransformation 

Rats, dogs, and guinea pigs 
A new biotransformation study (Macpherson D, 1995) was submitted as part of the 
EU re-registration review and is described below. 

Urine and faecal samples collected from male and female Alpk:ApfSD rats 
administered an oral dose of 1 or 5 mg [1 4C]-paraquat/kg bw (methyl-labelled 
paraquat dichloride) were analysed to investigate the metabolic fate of paraquat in the 
rat. Urinary excretion accounted for group mean values of 10-20% of the 
administered radioactivity, with the remaining dose being excreted quite rapidly in 
faeces. 

Chromatographic analysis of urine showed that 93-96% of urinary radioactivity co
chromatographed with paraquat. Three very minor radiolabelled metabolites were 
detected in urine, but together represented less than 1 % of the dose. 

The chromatographic analysis of faecal samples proved to be more difficult than the 
analysis of urine, however based upon the development of a sequential extraction 
procedure, up to 92% of the radioactivity was extracted from faeces. Using a 
combination of TLC and HPLC chromatographic analyses, the two acidified extracts 
were shown to contain a single major radiolabelled peak, which co-chromatographed 
with paraquat, with no evidence of any significant metabolites. The same result was 
obtained for both sexes and at both dose levels investigated. 

It was therefore established that following administration of paraquat at either single 
or repeated 1 mg/kg bw doses or a single 50 mg/kg bw dose to male and female rats, 
the bulk of both urinary and faecal radioactivity corresponded to the parent molecule. 
It was therefore concluded that paraquat dichloride is resistant to metabolic 
breakdown following oral administration to rats, (Macpherson D, 1995). 

Page 13 of 123 

SYNG-PQT-ATR-11218474 



This is consistent with data described in the 1986 monograph. 

After oral administration of [ 14C]-paraquat to rats, dogs, and guinea pigs, most of the 
radioactivity was excreted in 4 days, mainly in the faeces as unchanged paraquat. The 
remaining label was present in urine, which contained 12% (rats), 45% (dogs), and 
9% (guinea pigs) of the dose administered. Paraquat was the main radioactive 
component of rat (0.4%) and dog (0.4%) urine, with monoquat and paraquat 
dipyridone accounting for 0.3%, and 0.1 % respectively of the administered dose in rat 
urine, and 0.5%, and 0% respectively of the dose in dog urine. After subcutaneous 
(s.c.) administration of [1 4C]-paraquat to rats, over 90% of the administered 
radioactivity was excreted in the urine in 4 days. While the excretion produce was 
mainly paraquat, chromatography indicated that monoquat (1. 9% ), paraquat 
monopyridone (3.2%), and paraquat dipyridone (1.1 %) were also present. Although 
traces of monoquat and paraquat monopyridone were also found in rat faeces, there 
was no evidence of extensive metabolism of paraquat by the gut microf1ora. Intestinal 
bacteria from rat caecal contents did not degrade paraquat in vitro to any measurable 
extent (Annex 1, FAQ/WHO, 1977b). 

These conclusions were in contrast with the results of other studies previously 
evaluated which indicated that when paraquat (50 mg/kg bw of [1 4C]-labelled 
dichloride salt) was given to rats, 25% of the radioactivity excreted in the faeces could 
be attributed to products of metabolism by gut microflora. Examination of extracts 
indicated the presence of only one metabolite in addition to paraquat. Thirty percent 
of the paraquat was broken down when incubated anaerobically with rat caecal 
contents; the metabolites were not identified. Urine from rats injected intra
peritoneally (i.p.) wi.th 14C-methyl-labelled paraquat contained 87% of the 
administered radioactivity in 24 hours, which was entirely unchanged paraquat (Plant 
Protection Ltd, 1972). 

Hens 

When a single oral dose of [1 4C]-methyl-labelled paraquat was administered to hens at 
60 ppm in the diet, all the dose was recovered quantitatively in the faeces wi.thin 3 
days. At least 98% of the recovered radioactivity was unchanged paraquat. Analysis 
of the tissues of hens after 18-22 days of continuous dosing with [1 4C]-paraquat (at 6 
ppm in the total diet) indicated that it did not accumulate in the hens (Hemingway & 
Oliver, 1974). 

Continuous dosing of hens with radiolabelled paraquat for up to 10 days, at a rate of 
30 ppm in the diet, resulted in total radioactive residues in the eggs of up to 
approximately 0.05 mg/kg paraquat ion equivalent. At least 80% of the radioactivity 
was due to unchanged paraquat. The residue was almost entirely in the yolk rather 
than in the albumin (Hendley et al., 1976a). 

Pigs 

Pigs excreted an oral dose of paraquat principally in the faeces as unchanged 
paraquat. Two pigs were dosed with [14 C]-labelled paraquat for 7 consecutive days at 
a rate equivalent to 50 ppm in the diet. One was dosed with [1 4C]-methyl-labelled and 
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the second with [1 4C]-ring-labelled paraquat. The pigs were sacrificed 2 hours after 
receiving the final dose. By this time, 69 - 73% of the administered residue had been 
recovered in the faeces and approximately 3% had been recovered in the urine. More 
than 90% of the radioactivity in the faeces was present as unchanged paraquat. Total 
radioactive residues in the tissues were low. More than 90% of these residues were 
due to unchanged paraquat, except in liver, where approximately 70% was due to 
unchanged paraquat and 4 - 7% was due to monoquat ion (Leahey et al., 1976; 
Spinks et al., 1976). 

Goats 

[1 4C]-ring-labelled paraquat was administered to a goat in mid-lactation twice daily 
for 7 days at a dose equivalent to 100 ppm in the diet. Total radioactive residues in the 
milk were less than 0.01 mg/kg paraquat cation equivalent; 76% was unchanged 
paraquat. Total radioactive residues were 0.74 mg/kg, 0.56 mg/kg, and 0.1 mg/kg in 
kidney, liver, and muscle respectively. There was no significant metabolism of 
paraquat, except in the liver, where 48% of the residue was paraquat and about 3% 
was each of the metabolites monoquat ion and monopyridone ion (Hendley et al., 
l 976b ). 

Sheep 

A single dose of [1 4C]-methyl-labelled paraquat administered to a sheep via a rumen 
fistula was recovered quantitatively within 10 days. Approximately 4% of the dose 
was excreted in the urine and the remainder in the faeces. More than 95% of the 
radioactivity in urine and faeces was present as unchanged paraquat. Small amounts 
ofmonoquat ion (1%) and monopyridone ion (2-3%) were also detected (Hemingway 
et al., 1972). 

When injected subcutaneously (s.c.), paraquat was also excreted rapidly in the urine. 
Over 80% of the dose was excreted in the urine, 69% within the first day after 
treatment. Unchanged paraquat accounted for most of the radioactivity (90%); 
paraquat monopyridone was present at 2-3% of the dose and monoquat was present in 
trace amounts. This pattern of metabolism was virtually identical to that seen in the 
urine following dosing via the rumen (Hemingway et al., 1972). 

Cows 

When cows were given single oral doses of [1 4C]-methyl paraquat at 8 ppm, 96% of 
the radioactivity was recovered in the faeces during the following 9 days; 0.7% was 
recovered in the urine. Unchanged paraquat accounted for most of the radioactivity in 
the faeces (96%) and urine (62 - 90%), but traces of the monoquat ion and 
monopyridone ion were also detected in the urine. Only 0.003% of the radioactivity 
was recovered in milk; the maximum radioactive residue (0.005 mg/kg, paraquat 
cation equivalent) was observed on the day after dosing. About 15% of this 
radioactivity was present as unchanged paraquat. Monoquat ion and monopyridone 
ion (3 - 25%) were also found in the milk. The radioactivity not identified as paraquat, 
monoquat, or monopyridone was incorporated into natural constituents of milk. The 
residue of any single compound in the milk was never greater than 0.002 mg/kg. 
(Leahey et al., 1972). 
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Cows were fed for 3 months diets containing 254, 80, or 170 ppm paraquat cation 
(equivalent to 0.8, 2.5, or 5.5 mg/kg bw/day). The paraquat was present as a residue in 
dried grass obtained from a pasture that had been sprayed with Gramoxone and 
subsequently weathered. The diet was accepted satisfactorily and no toxicological 
effects were observed during the trial. Pathological examination of tissues from 
animals slaughtered within 24 hours of the end of the feeding trial showed no toxic 
effects attributable to paraquat. The tissue residues, including muscle and liver, 
determined in cows at the 2 higher dose rates, varied between 0.01 and 0.09 mg/kg 
except in the kidney, where 0.20 - 0.31 mg/kg was found. These fell to low (0.04 
mg/kg in the kidney) or non-detectable levels in an animal fed the high-paraquat diet 
for 30 days and then maintained on an untreated diet for 12 days before slaughter. 
Very low residues of paraquat were present in milk samples taken weekly during the 
trial (121 samples ranging from 0.0001 - 0.0006 mg/kg; l sample= 0.001 mg/kg) 
(Edwards et al., 1974). 

Summary of the absorption, distribution, metabolism and excretion of paraquat 

The absorption, distribution, metabolism and excretion of paraquat has been studied 
following single low (1 mg paraquat/kg bw), single high (50 mg paraquat/kg bw) or 
repeated low dose gavage administration in deionised water to rats. In all studies the 
absorption as determined by extent of urinary excretion was low (ca 10-20%), though 
what absorption there was occurred rapidly (within 6 hours). Results from single or 
repeat (14 daily doses) dosing at 1 mg paraquat/kg bw showed excellent consistency, 
demonstrating that paraquat is unlikely to accumulate in the body. There was 
evidence of reduced absorption in males receiving 50 mg paraquat/kg bw/day 
compared with 1 mg paraquat/kg bw/day and an extension of the period of faecal 
excretion in both sexes at the higher dose. At the low dose, females excreted less of 
the dose in urine than males, this difference was not evident at the high dose. The 
organ having the highest concentration of paraquat 72 hours post dosing was the lung 
(ca 0.02 µg equivalents/g after the low doses and ca 0.8-l. l µg equivalents/g after the 
high dose). Total residues in the carcass and organs at 72 hours post dosing were 
<l % of the administered doses. 

Evidence from published studies supports the above findings and indicates other 
species handle paraquat dichloride in a similar way to rats. 

Analysis of urine and faeces for metabolites showed paraquat dichloride to undergo 
hardly any metabolism, with less than 1% of the administered dose being excreted in 
the form of metabolites. 

Dermal absorption data show that paraquat is poorly absorbed through human 
epidermis. 

(c) Biochemical Mechanism ofparaquat toxicity 

Several reviews or monographs have summarised the biochemical mechanism of 
paraquat toxicity in plants (Calderbank, 1968), bacteria (Fridovich & Hassan, 1979), 
and animals (Bus et al., 1976; Autor, 1977; Smith et al., 1979; Smith, 1985). The 
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mechanism of the toxic action of paraquat has also been extensively reviewed by 
WHO (1984). 

Paraquat can be reduced to form a free radical, which is stable in aqueous solution in 
the absence of oxygen (Michaelis and Hill, 1933). 

PQ2+ + e- ~ PQ +. 

In the presence of oxygen, in biological systems, the radical will rapidly re-oxidise to 
the cation with the concomitant production of superoxide anion 0 2- (Farrington et al., 
1973). PQ +. + 02 ~ PQ2+ + 02-. 

Thus, once paraquat enters a cell it will undergo alternate reduction followed by re
oxidation a process known as redox cycling. Gage (1968b) first reported that the 
paraquat cation could be reduced by rat liver NADPH-dependent microsomal 
flavoprotein reductase to form the radical, with the concomitant oxidation of NADPH. 
Redox cycling of paraquat has also been reported in microsomal preparations oflung, 
liver and kidney (Baldwin et al., 1975) and in lung microsomal and slice systems 
(Adam et al., 1990). Studies using antibodies against NADPH-cytochrome c reductase 
have shown that paraquat radical formation can be blocked, demonstrating a role for 
this enzyme in the reduction process (Bus et al., 1974; Horton et al., 1986). Further 
support for a key role for NADPH-cytochrome c reductase comes from the studies of 
Kelner and Bagnel (1989) using a lymphoblastoid cell line with a specific deficiency 
in this enzyme which they reported was very resistant to paraquat toxicity. 
Thus, provided there is sufficient NADPH, as an electron donor, and 0 2 as an electron 
acceptor, paraquat will redox cycle inside a cell, generating superoxide anion and 
consuming NADPH. This reaction is believed to be a key step in the mechanism of 
paraquat toxicity, however the biochemical consequence of this reaction, which leads 
to lung cell death, are complex and still not fully understood. Recent studies with 
endothelial cells in culture have indicated that xanthine oxidase can also mediate 
redox cycling of paraquat to produce superoxide anion (Sakai et al., 1995) indicating 
that two intracellular enzyme systems are probably involved. 

Mammalian cells have many enzyme systems, which provide them with protection 
against free radical attack, and it is assumed that once these defences have been 
overwhelmed that cell death occurs. Superoxide dismutase (SOD) is a family of 
metalloenzymes that can dismutate superoxide anion to hydrogen peroxide and 
oxygen. 02-. + 02-. ~ H102 + 02 
The importance of this enzyme in cellular toxicity comes from studies where cellular 
SOD activity has been genetically modified either by spontaneous mutation or by the 
transfection of SOD genes. Bilinski and Litwinska (1987) isolated a mutant yeast 
deficient in SOD activity, which had a greater sensitivity to paraquat than its isogenic 
wild type. In contrast, Hela cells which possess a higher content of both manganese 
and copper/zinc SOD had an increased resistance to paraquat (Krall et al., 1988). 
Transfection of human copper/zinc SOD into various cell lines also lead to resistance 
to paraquat toxicity (Elroy-Stein et al., 1986; Krall et al., 1988). Recent studies have 
shown that mice lacking copper/zinc SOD show a marked increase in sensitivity to 
paraquat. Sod_;_ mice showed a median survival time of about 1. 5 days after 1 Omg/kg 
ip, while the Sod+/- and Sod+;+ mice appeared normal at the end of 7 days of 
observation (Ho et al., 1998). These studies provide strong evidence for a role for 
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superoxide anion radical in the mechanism of cellular toxicity and for the role of 
copper/Zn SOD in protecting the lungs against paraquat toxicity. 

However, superoxide anion itself is unlikely to be the ultimate toxic species as it has 
limited reactivity in biological systems (Halliwell and Gutteridge, 1984). Dismutation 
of superoxide anion leads to hydrogen peroxide formation, which can undergo 
detoxification by catalase and glutathione peroxidase. Studies with genetically 
engineered cells have shown that the balance between these two enzymes plays an 
important role in cellular toxicity of paraquat. Increasing intracellular concentrations 
of SOD to high levels can alter the balance of metabolism of hydrogen peroxide from 
two electron addition via catalase and glutathione peroxidase to produce water to 
allow an increase in one electron metabolism to form hydroxyl radical. 

H202~e- ~ OH~e- ~H20 

t 
2e-
t catalase/GSH peroxidase 

Increasing intracellular SOD content to a very high level, ultimately leads to an 
increase in toxicity to paraquat in a number of transfected cells or Escherichia coli 
(Elroy-Stein et al., 1986; Bloch and Ausubel, 1986; Scott et al., 1987; Scott and 
Eaton, 1996). In contrast, cells having an increase in both SOD and catalase exhibited 
a greater resistance to paraquat than with just SOD alone (Krall et al., 1988). 

Generation of hydroxyl radical has been proposed as the critical event in the 
toxicology of paraquat, this reaction requires the presence of iron and is generated by 
the Fenton reaction. In this reaction ferrous ions react wi.th hydrogen peroxide to 
generate hydroxyl radicals. 

Fe2
+ + H202 ~ Fe3

+ +OH+ OH 

Under physiological conditions free iron predominately exists in the ferric form (Fe3+) 
as a chelate with ADP, ATP and citrate, the reduction of ferric iron may be achieved 
directly by the paraquat radical (Winterbourn and Sutton, 1984; Sutton et al., 1987) or 
indirectly by superoxide anion generated from the redox cycling of paraquat (McCord 
and Day, 1978). 

A role for transition metals such as iron in the toxicity is supported by studies 
showing that paraquat toxicity is reduced by removal of iron and enhanced by its 
addition (Kohen and Chevion, 1985; Sion et al., 1989; Van Der Wal et al., 1990). The 
role of the iron chelator desferrioxamine in affording some protection against paraquat 
toxicity will be discussed in the section on antidotes. 

Many other studies have been conducted both in vitro and in vivo to explore the effect 
of altered anti-oxidant status on the toxicology of paraquat. Examples include the role 
of GSH and GSH reductase (Bus et al., 1976; Keeling, et al., 1982; Hardwick et al., 
1990), the role of selenium deficiency, vitamin E and glutathione peroxidase (Bus et 
al., 1976b; Cagen and Gibson, 1977; Block, 1979; Omaye et al., 1978; Kelner et al., 
1995) and the role of metallothionein (Satoh et al., 1992; Lazo et al., 1995). 
Metallothionein appears to have play a role as a free radical scavenger in addition to 
its well established role as a heavy metal chelator, metallothionein has been reported 
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to quench both superoxide anion and hydroxyl radicals, with a significantly higher 
reactivity towards hydroxyl radicals (Thornalley and Vasak, 1985). Genetically 
engineered animals have been used as tools to try and elucidate the function of the 
various antioxidant defence mechanism against paraquat-induced oxidant injury. In 
addition to the discussion above regarding mice deficient in copper/zinc SOD, Sato et 
al., (1996) found mice deficient in metallothionein I and II genes to be more 
susceptible to paraquat toxicity. Glutathione peroxidase deficient mice show a 
increased susceptibility to paraquat toxicity with a mean survival time of 5hr 
compared to the wild type of 69hours following an ip dose of 50mg/kg (Cheng et al., 
1998). Mice over expressing glutathione peroxidase are more tolerant to paraquat 
toxicity; wild type mice given a large 125mg/kg ip dose of paraquat died within 
5hours while the mice over expressing the enzyme lived until about 54hours (Cheng 
et al., 1998). 

A schematic representation of the key requirements to enable paraquat to enter a cell 
and the subsequently redox cycling steps believed to lead to cytotoxicity is shown 
below. Three hypotheses have been proposed to account for the ensuing cytotoxicity, 
one involving lipid peroxidation, another the oxidation of NADPH and the third 
mitochondrial toxicity, none of these hypotheses are mutually exclusive. 

Schematic representation of the key requirements to enable paraquat to enter a 
cell 

PQ 
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Mechanism of toxicity of paraquat: A schematic representation of the mechanism of 
toxicity of paraquat. 1 =structure of paraquat and putrescine showing the geometric 
standards of the distance between the n atoms; 2 = transport system which recognises 
paraquat, minimum separation of charge of approximately 0.5nm; 3 = redox cycling 
of paraquat utilising NADPH; 4 =formation of hydroxyl radical leading to lipid 
peroxidation; 5 =detoxification of H20 2 via glutathione reductase/peroxidase couple, 
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utilising NADPH. From Smith, (1987). Reproduced with permission from Human 
Toxicology. 

Lipid peroxidation hypothesis Bus and co-workers (1974; 1976a) proposed the 
sequential generation of superoxide anion and hydroxyl radical and the initiation of 
lipid peroxidation as the mechanism of cellular toxicity of paraquat. However, there is 
little direct evidence which demonstrates lipid peroxidation occurs in the lung of 
animals dosed with paraquat before there is morphological evidence of cell damage. 
Paraquat-induced lipid peroxidation has been demonstrated in vitro in broken cell 
systems and isolated cells from the lung and liver (Bus et al., 1976a; Kornbrust and 
Mavis, 1980; Trush et al., 1981; Sata et al., 1983; Saito et al., 1985; Sandy et al., 
1986; Aldrich et al., 1983) and in vivo (Bus et al., 1976b; Reddy et al., 1977; Burk et 
al., 1980). However, others have questioned its significance in the toxicity, for 
example Steffen et al., (1980) only found a small increase in the exhalation of ethane 
(a marker of lipid peroxidation) in rats suffering from respiratory distress following 
exposure to paraquat and oxygen. Similarly, others have been unable to find evidence 
of lipid peroxidation in the lungs of mice given large doses of paraquat (Shu et al., 
1979; Younes et al., 1985) or it is only detected as a late event in the toxicity (Ogata 
and Manabe, 1990). So the question remains as to whether lipid peroxidation is a 
cause, or a consequence, of the toxicity. These contrasting findings in vivo may also 
reflect the difficulty in detecting a small but critical increase in lipid peroxidation in 
the alveolar type I and II cells and Clara cell that are only a small population of the 
total cells in the lung. 

Oxidation of NADPH hypothesis Intracellular redox cycling of paraquat results in 
the oxidation of NADPH leading to cellular depletion such that those cells that 
selectively accumulate paraquat can no longer function normally. Fisher et al., (1975) 
first suggested that the redox potential of lung cell may be altered by the redox 
cycling of paraquat. A marked stimulation of the activity of the pentose phosphate 
pathway in the lung has been observed following exposure to paraquat (Fisher et al., 
1975; Rose et al., 1976b; Bassett and Fisher, 1978; Keeling et al., 1982 and Fisher 
and Reicherter, 1984). Since this pathway represents the major cellular source of 
NADPH, it is inferred that this response represents an attempt by lung cells to 
maintain their levels ofreducing equivalents under conditions of oxidative stress. In 
those cells in which paraquat is accumulated, the concentration may be very high and 
result in very fast rates ofNADPH oxidation. If the rate of consumption exceeds the 
rate of formation via the pentose phosphate pathway, the concentration ofNADPH 
will fall below that required to maintain cell viability. Witschi et al., (1977) first 
demonstrated that the NADPH/NADP+ ratio in the lungs of rats dosed iv with 
paraquat was decreased suggesting that oxidation of the reduced nucleotide had 
occurred. Later studies by Keeling and Smith, (1982) demonstrated that the shift in 
NADPH/NAD+ ratio in the lung following subcutaneous administration of paraquat 
was the result ofNADPH loss from the lung. A consequence of depletion of cellular 
NADPH is that the cell shuts down it synthetic pathways which are dependent on this 
nucleotide, such as the synthesis of fatty acids (Keeling et al., 1982). A loss of 
NADPH may also have particular importance for alveolar type II cells which produce 
pulmonary surfactant (Brigelius et al., 1986). 

NADPH is also consumed in an attempt by the lung to detoxify hydrogen peroxide 
that is formed via the glutathione peroxidase/reductase enzyme system (Figure 5) to 
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regenerate reduced glutathione (GSH) from its oxidised form (GSSG). In general 
large changes in lung GSH and GSSG are not seen after paraquat administration (Bus 
et al., 1976a; Reddy et al., 1977; Shu et al., 1979; Keeling and Smith, 1982) this may 
explain why lipid peroxidation has not been conclusively demonstrated in vivo, as this 
would not become apparent until both NADPH and GSH were markedly reduced. 
However, formation of protein mixed di sulphides is increased in the lung in vivo 
(Keeling et al., 1982; Keeling and Smith, 1982) and in perfused liver (Brigelius et al., 
1982). These changes in protein mixed disulphides in the lung are presumably a 
response to oxidative stress and may not be critical to the cellular toxicity. This notion 
is supported by studies with the bipyridyl diquat, which can undergo redox cycling in 
the lung (Rose et al., 1976b; Witschi et al., 1977). Diquat also produced increases in 
protein mixed disulphide content in the lung without affecting NADPH content at a 
dose that did not cause lung injury (Keeling and Smith, 1982). This indicates that 
NADPH depletion subsequent to redox cycling is a critical step in the mechanism of 
paraquat toxicity. 

The role of mitochondria in the toxicity of paraquat Another hypothesis that 
has been proposed is that paraquat toxicity is due to mitochondrial damage, based on 
morphological findings of early mitochondrial changes in alveolar type II cells (Hirai 
et al., 1985) Ultrastructural studies of the time course of development of paraquat
induced lung injury have also reported early changes to mitochondria such as swelling 
and altered staining density (Smith and Heath, 1974a; Sykes et al., 1977; Keeling et 
al., 1981 ). These mitochondrial changes were also observed in the lungs of rats 
exposed to paraquat and 85% oxygen, which enhance paraquat toxicity to the lung 
(Keeling et al., 1981). However, as discussed with regard to the lipid peroxidation 
hypothesis, the question is are the effects on mitochondria a cause, or a consequence, 
of paraquat toxicity. Early studies with isolated liver mitochondria reported only 
minor changes in mitochondria respiration by paraquat (Gage, l 968b ). More recent 
studies have reported that paraquat cation can be reduced by NADH-ubiquinone 
oxidoreductase (Complex I) located on the inner mitochondrial membrane 
(Fukushima et al., 1993; Shimada et al., 1998), these authors also showed that 
paraquat was able to stimulate lipid peroxidation in submitochondrial particles 
(Yamada and Fukushima, 1993). These findings show that mitochondria have the 
potential to generate superoxide anion from paraquat provided it can gain access. In 
general, studies with intact mitochondria support the orginal findings of Gage, 
(1968b) showing that little or no effects are seen (Lambert and Bondy 1989, 
Constantini et al., 1995) unless very high concentrations of paraquat are present 
(Kopaczyk-Locke, 1977;Yamamoto et al., 1987; Thakar and Hassan, 1988; Palmeira 
et al, 1995). Paraquat has been shown to induce a Ca2

+ -dependent permeability 
transition of the inner mitochondrial membrane leading to membrane depolarisation, 
uncoupling and matrix swelling in isolate rat liver mitochondria (Constantini et al., 
1995). This opening of the membrane permeability pore does not occur in the absence 
of added Ca2

+ and requires the presence of rotenone, leading one to question the 
relevance of this observation to the in vivo situation. It seems likely that any 
intracellular increases in Ca2

+ would only occur once paraquat had entered the lung 
cell, undergone redox cycling and altered mixed disulphide status. In summary, 
mitochondrial damage has been observed in the lung prior to cell death, it seems 
likely that this response is secondary to changes taking place in the cytosol. 
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The involvement of oxygen As discussed earlier, the redox cycling of paraquat to 
form superoxide anion requires oxygen and hence oxygen plays a critical role in the 
toxic process. It has been known for many years that hyperoxia is toxic to the lung, 
causing damage to endothelial cells through a mechanism that involves the formation 
of reactive oxygen species (Frank and Massaro, 1979; Jenkinson, 1982). One of the 
therapeutic measures for anoxia in human cases of paraquat poisoning was the 
addition of air supplemented with oxygen. However, it has been shown that increasing 
the oxygen concentration potentiates the lethality of paraquat to rats (Fisher et al., 
1973; Douze and van Heijst, 1977; Kehrer et al., 1979; Keeling et al., 1981) 
increasing the injury to the lung. While the converse is true, rats exposed to paraquat 
in a hypoxic environment are protected relative to those exposed to paraquat in air 
(Rhodes et al., 1976). Detailed histopathology on the lungs of rats exposed to 
paraquat alone or paraquat in an atmosphere of 85% oxygen, showed that the damage 
was primarily localised to the alveolar type I and II cells with little evidence of 
endothelial cell damage, showing that oxygen potentiated paraquat toxicity (Keeling 
et al., 1981). These findings have recently been reproduced using isolated rat and 
human alveolar type II cells exposed to either paraquat in air or paraquat and 
increasing concentrations of oxygen. Increasing the oxygen concentration in the 
atmosphere potentiated the toxicity of paraquat, while lowering the oxygen 
concentration to 10% afforded some protection (Hoet et al., 1997). The mechanism 
underlying this synergistic effect of oxygen on paraquat toxicity is not entirely clear, 
it seems unlikely that oxygen would normally be rate limiting for paraquat to redox 
cycle, a more likely explanation is that the cellular defence mechanisms that protect 
against oxygen and paraquat toxicity are more rapidly overwhelmed. 

In summary, the key events leading to cellular toxicity are (1) accumulation of 
paraquat into the cell and (2) its ability to redox cycle and produce oxidative stress. It 
seems likely that a combination of depletion of NADPH plus the generation of 
hydroxyl radical leading to lipid peroxidation and mitochondrial dysfunction is 
involved but the precise temporal relationships have not as yet been established. 

2. Toxicological studies 

(a) Acute toxicity 

New modern studies were performed to support re-registration in both the US and EU 
on the acute toxicity of paraquat in the rat, Table 4. Previously reported data from 
various species are summarized in Table 5. 

Table 4. Acute toxicity of paraquat dichloride technical material in the rat 

Species Strain Sex Route 

Rat Alpk:AP Male Oral 
fSD 

Rat Alpk:AP Female Oral 
fSD 

LDso ILCso 
(95% CL or ran e) 
344 (246-457) mg technical 
paraquat dichloride/kg bw 
( 114 mg paraquat cation/kg bw "' 
157 mg PDC/kg bw/day) 

283 (I 82-469) mg technical 
paraquat dichloride/kg bw 
(93 mg paraquat cation/kg bw "" 
128 mg PDC/kg bw/day) 
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Rat Alpk:AP Male Dermal >2000 mg technical paraquat 45.6%PQ Duerden L, 
fSD and dichloride/kg bw dichloride 1994b 

Female (660 mg paraquat cation/kg bw"' (33%w/wPQ 
911 mg PDC/kg bw/day ) cation) 

Rat Alpk:AP Male Inhalation (4 0.83 - 1.93 mg paraquat (21.5% w/v McLean-
and hour, nose- dichloride/m3 (equivalent to 0.6 - PQ cation) HeadLK 
female only)* 1.4 mg paraquat cation/m3

"" 0.8 - et al, 1985 
1.9 mg PDC/kg bw/day) 

* Paraquat dichloride is non-volatile and fommlations containing paraquat are not applied through equipment which 
would generate a significant proportion(> 1 % w/w) of spray droplets of diameter less than 50 µm. Inspirable 
atmospheres of paraquat dichloride will, therefore, not be produced so the above data is not relevant to a human risk 
assessment. 

PDC paraquat dichloride 

Table 5. Acute toxicity of paraquat dichloride in various species. 

Most papers do not give specification of the test material, therefore assumed to be the paraquat cation. 

Species Sex Route LD50 /LC50 as paraquat cation Reference 
(also quoted as PDC) 

Mouse Male Oral 260 mg/kg bw (359) Shirasu & Takahashi, 1977 

Mouse Female Oral 210 mg/kg bw (290) Shirasu & Takahashi, 1977 

Mouse Female Oral 196 mg/kg bw (270) Bus et al., 1975a 

Mouse Male and lp 2 9-30 mg/kg bw ( 40-41) Shirasu & Takahashi, 1977. Bus et al., 
Female 1975a, Bus et al., 1976, Ecker et al., 

1976 

Mouse lV 50 mg/kg bw (69) Ecker et al., 1975 

Mouse Male SC 30 mg/kg bw(41) Shirasu & Takahashi, 1977 

Mouse Female SC 27 mg/kg bw (37) Shirasu & Takahashi, 1977 

Mouse dermal 62 mg/kg bw (86) Bainova, 1971 

Rat Male Oral 161 mg/kg bw (222) Shirasu & Takahashi, 1977 

Rat Female oral 187 mg/kg bw (258) Shirasu & Takahashi, 1977 

Rat Male oral 110 mg/kg bw (152) Kimbrough & Gaines, 1970 

Rat Female oral 100 mg/kg bw (13 8) Kimbrough & Gaines, 1970 

Rat Female oral 112 - 150 paraquat cation/kg Clark et al, l 966 
bw(l55 -207) 

Rat Female oral 150 mg paraquat cation/kg Mehani, 1972 
bw (207) 

Rat oral 126 mg/kg bw (174) Murray & Gibson, 1972 

Rat oral 200 mg/kg bw (276) Howe & Wright, 1965 

Rat Male lp 18 mg/kg bw(25) Shirasu & Takahashi, 1977 

Rat Female lp 19 mg/kg bw(26) Shirasu & Takahashi, 1977 

Rat Female lp 19 mg paraquat cation/kg bw Clark et al., 1966 
(26) 
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Rat Female lp 16 mg paraquat cation/kg bw Mehani, I 972 
(22) 

Rat Male SC 19 mg/kg bw(26) Shirasu & Takahashi, 1977 

Rat Female SC 23 mg/kg bw (32) Shirasu & Takahashi, 1977 

Rat SC 22 mg/kg bw (30) Makovskii, 1972 

Rat Male dermal 80 mg paraquat cation/kg bw Kimbrough & Gaines, 1970 
(110) 

Rat Female dennal 90 mg paraquat cation/kg bw Kimbrough & Gaines, 1970 
(124) 

Rat dermal 350 mg/kg bw ( 483) Makovskii, 1972 

Rat Male and inhalation 10 mg/l (13.8) Bainova & Vulcheva, 1972 
Female 

Rat inhalation 1 mg/I (1.38) Gage, 1968 

Rat Male& inhalation 6 µg paraquat cation/l/hour Gage, 1968a 
Female (8) 

Rat inhalation 6 mg/I (8) Makovskii, 1972 

Guinea oral 22 - 80 mg/kg bw (30 - 110) Howe & Wright, 1965; Murray & 
Pig Gibson, 1972; Makovskii, 1972 

Guinea Male oral 30 mg paraquat cation/kg bw Clark et al., 1966 
Pig (41) 

Guinea Female lp 3 mg paraquat cation/kg bw Clark et al., 1966 
Pig (4) 

Guinea SC 5 mg/kg bw (7) Makovskii, 1972 
Pig 

Guinea dermal 319 mg/kg bw (440) Makovskii, 1972 
Pig 

Guinea inhalation 4 mg/I (5.5) Makovskii, 1972 
Pig 

Rabbit Male oral 100 mg/kg bw (15 2) Kuo & Nanikawa, 1990 

Rabbit Male oral 50 mg (45-58confidence Mehani, 1972 
limits) paraquat cation/kg bw 
(69) 

Rabbit Male dennal 236 mg paraquat cation/kg Clark et al., 1966 
bw (collars removed) (326) 

Rabbit Male demial >480 mg paraquat cation/kg McElligott, 1972 
bw (with collars) (662) 

Rabbit Male lp 25 mg (15-30confidence Mehani, 1972 
limits) paraquat cation/kg bw 
(35) 

Rabbit Male lp 18 mg (11-31 confidence McElligott, 1972 
limits) paraquat cation/l(g bw 
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Cat Female oral 

Cat oral 

Hen oral 

Hen oral 

Turkey oral 

Turkey lp 

Turkey lV 

Turkey dermal 

Dog Male SC 

Dog Female SC 

Monkey oral 

Sheep oral 

Cow oral 

Key: - sex not given 

1p intraperitoneal injection 
iv intravenous injection 
sc subcutaneous injection 
PDC paraquat dichloride 

(25) 

35 mg paraquat cation/kg bw Clark et al., 1966 
(48.3) 

40-50 mg/kg bw (55-69) Howe & Wright, 1965 

300-380 mg/kg bw (414 - Howe & Wright, 1965 
524) 

262 mg/kg bw (362) Clark et al., 1966 

250-280 mg/kg bw (345-386) Smalley, 1973 

100 mg/kg bw (138) Smalley, 1973 

20 mg/kg bw (28) Smalley, 1973 

375 mg/kg bw (518) Smalley, 1973 

1. 8 ( 1-6.1 confidence limits) Nagata et al., 1992 
mg/kg bw (2.5) 

3.5 (2.4-10.1 confidence Nagata et al., 1992 
limits) mg/kg bw (4.83) 

50 mg/kg bw (69) Murray & Gibson, 1972 

50-75 mg/kg bw(69-104) Howe & Wright, 1965 

50-75 mg/kg bw(69-104) Howe & Wright, 1965 

Skin Irritation: The skin irritation potential of paraquat technical material was 
assessed in a modern study (Duerden L, l 994c ). A group of 3 young female adult 
New Zealand White albino rabbits received a single four-hour application of 
approximately 0.5 ml technical paraquat dichloride (45.6% paraquat dichloride, 33% 
w/w paraquat cation) to a 2.5 x 2.5 cm area of intact skin on the shorn flank. The test 
substance was held in place with an occlusive dressing. The application site was 
cleansed with water at the end of the 4 hour dosing period. 

The Draize scale was used to assess the degree of erythema and oedema at the 
application sites approximately I hour and 1, 2 and 3 days after removal of the 
dressings and then at intervals up to 34 days until all sites appeared normal. Mean 
erythema and oedema scores were calculated. Any additional signs of skin irritation 
were also noted. Bodyweights were recorded at the start of the study. 

There was very slight erythema in all 3 rabbits (score 0.7-1.0 on a scale of0-4); very 
slight oedema in one rabbit (score 1.0 on a scale of 0-4) and desquamation, thickening 
and scabbing in one rabbit. Erythema regressed 2-3 days after dosing in two rabbits 
and after 27 days in one rabbit; oedema regressed 7 days after dosing and all other 
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signs had regressed after 34 days. There was no indication of full tissue destruction. 
The primary dermal irritation score at 72 hours was 0.5. 

This study shows technical paraquat dichloride to be a slight but persistent skin 
irritant. (Duerden, L 1994c). 

The effects of paraquat on the skin have been reviewed by WHO (1984). Paraquat 
can provoke local irritation of the skin. Clark et al. (1966) found skin irritation in 
rabbits only when paraquat was applied beneath occlusive dressings in aqueous 
solutions (total doses 1.56, 5.0 and 6.25 mg paraquat cation/kg bw). In mice and rats 
the application of solutions of 5-20 g paraquat/litre (paraquat cation) in single and 21-
day repeated dermal toxicity tests provoked dose-related toxic dermatitis with 
erythema, oedema, desquamation and necrosis (Bainova, 1969). A delayed skin 
irritant action was reported by Fodri et al. (1977) in guinea pig studies. 

Eye Irritation: The eye irritation potential of paraquat dichloride technical material 
was assessed in a modern study (Bugg, L & Duerden L, 1994). The potential of 
paraquat to cause primary irritation of the eye was studied in three female New 
Zealand white rabbits that received a single instillation of 0.1 ml of technical paraquat 
dichloride (45.6% paraquat dichloride, 33% w/w paraquat cation) into the 
conjunctiva] sac of one eye. The eyes were graded for ocular irritation at 1 hour and 1, 
2, 3, 4 and 7 days and then periodically until day 28, using the Draize scoring system. 
The untreated eye served as a control. 

Instillation into the eye caused no to slight initial pain (class 1-2 on a 0-5 scale). 
Corneal effects (slight or mild opacity involving 25 - 50% of the cornea) were seen 
but had cleared by day 17. Conjunctiva] effects were seen (slight to severe redness 
which had disappeared by day 28; discharge which was still present in 2 of the rabbits 
at the end of the study and slight to mild chemosis which had cleared by day 14). 
There was no iridial involvement. Additional signs of irritation seen included slight 
to severe mucoid discharge, slightly convoluted eyelids and slight erythema of the 
upper/lower eyelids. 

This study shows technical paraquat dichloride to be a persistent moderate to severe 
irritant to the rabbit eye (class 5 on a 1-8 scale) (Bugg, L & Duerden, L., 1994). 

The effects of paraquat on the eye have been reviewed by WHO (1984). The 
instillation of diluted paraquat (up to 500 g/l paraquat dichloride) to the rabbit eye 
induced inflammation within 24 hours and this persisted for 96 hours (Clark et al., 
1966). In another study 62.5, 125, 250, 500 or 1000 g/l of paraquat cation was 
instilled into rabbit eyes. Concentrations of 62.5 and 125 g/l caused severe 
conjunctiva] reactions; higher levels (250-500 g/l) provoked iritis and pannus, and at 
500 g/l corneal opacification, iritis and conjunctivitis occurred. All rabbits receiving 
0.2 ml at 1000 g/l in one eye or 0.2 ml of 500 g/l in both eyes died within 6 days of 
application (Sinow & Wei, 1973). 

Skin sensitisation: The sensitisation potential of technical paraquat dichloride 
(45.6% paraquat dichloride, 33% paraquat cation) was assessed in a modern study 
(Duerden, L 1994d) using a method based on the maximisation test of Magnusson and 
Kligman. 
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Groups of 20 test and 10 control young adult female Dunkin Hartley guinea pigs were 
used for the main study. Two main procedures were involved; (a) the induction of an 
immune response; (b) a challenge of that response. 

In test animals, the induction phase involved 3 intradermal injections (approximately 
0.1 ml each) of a Freund's complete adjuvant (FCA) plus corn oil in the ratio 1: l; a 
0.03% w/v solution of paraquat dichloride in deionised water; and a 0.03% w/v 
solution of paraquat dichloride in a l:l preparation ofFreund's complete adjuvant 
(FCA) plus deionised water. This was followed 1 week later by a topical induction of 
paraquat dichloride as a 10% (w/v) solution in deionised water (0.2 - 0.3 ml) applied 
on filter paper under an occlusive dressing for 48 hours. For control animals the 
intradermal injections were Freund's complete adjuvant plus deionised water in the 
ratio LL; deionised water alone; and FCA and deionised water in the ratio l: 1. The 
topical applications were as for the test animals except that deionised water only was 
applied to the filter paper. 

In the challenge phase, two weeks after completion of the induction phase, 0.05 - 0.1 
ml of either a 30% (w/v) preparation of paraquat dichloride in deionised water, the 
maximal non-irritating concentration, or deionised water alone was applied to the 
shorn flanks under an occlusive dressing for 24 hours. Skin sites were examined 
approximately 1 and 2 days after removal of the dressings. The animals were assessed 
daily for any signs of systemic toxicity and their bodyweights were recorded at the 
beginning and end of the study. The sensitivity of the assay was confirmed in animals 
exposed to a positive control (30% w/v aqueous mercaptobenzothiazole solution) 
administered in a similar manner to the test material. 

One test animal died following topical induction, showing no signs of toxicity. There 
was no evidence of erythema in either test or control animals from the paraquat 
exposed groups. In the positive control segment, 19/20 animals responded, 
confirming the sensitivity of the test. Technical paraquat dichloride (33% w/w 
paraquat cation) was negative in the Magnusson and Kligman maximisation study and 
is not classifiable as a skin sensitiser under the EU criteria. (Duerden, L 1994d). 

Summary of acute toxicity, irritancy and sensitisation: 

Technical paraquat dichloride (33% w/w paraquat cation) produced by Syngenta is of 
moderate acute toxicity orally, low acute toxicity dermally and very toxic by 
inhalation to the rat when generated as respirable particles. Lungs were identified as 
the key target organ following oral and inhalation exposure. In rabbits technical 
paraquat dichloride is a slight but persistant skin irritant and a moderate and persistant 
eye irritant. Technical paraquat dichloride produced no evidence of skin sensitising 
potential in guinea pigs when tested using a maximisation protocol. 

Other studies cited in the literature and tabulated above give the acute oral LD50 to 
rats as 100-200 mg/kg bw, to mice as 196-260 mg/kg bw and lower in the guinea pig, 
rabbit, cat, monkey, sheep and cow, between 22-100 mg/kg bw. The acute oral LD50 

to the hen and turkey was between 250 and 380 mg/kg bw. The acute dermal LD50 to 
the rat was 80-350 mg/kg bw, to mice was 62 mg/kg bw, to guinea pig was 319 mg/kg 
bw, to rabbit was 236 to >480 mg/kg bw and to the turkey was 375 mg/kg bw. The 
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acute ip LD50 was between 3 and 30 mg/kg bw in small mammals and was 100 mg/kg 
bw in the turkey. These various studies reported in the literature indicate that there 
may be differences in the acute toxicity profile (particularly dermal toxicity and 
sensitisation) between different sources of paraquat and different strains of animals. It 
also highlights the lack of clarity in reporting many of the research studies which were 
not conducted to regulatory guidelines (eg specification of dose, purity oftest 
material). Further low dermal toxicity may be attributable to secondary oral 
ingestion. 

(b) Short-term studies of toxicity 
The sub-chronic toxicity of paraquat has been investigated in a 90 day feeding study 
in the mouse, a 21 day inhalation study in the rat, a thirteen week feeding study in the 
rat and the dog, and a 21 day dermal toxicity study in the rabbit. 

Mouse 
13 week mouse toxicity study: Groups of 20 male and 20 female ICR-CRJ SPF 
mice were maintained on diets containing 0, 10, 30, 100 or 300 ppm paraquat 
dichloride for 13 weeks (equivalent to 0, 7.2, 22, 72, or 217 ppm paraquat cation). At 
the 300 ppm paraquat dichloride dietary level, 2 female mice died from pulmonary 
damage. Both males and females in this group showed significantly reduced body
weight gain and a slight reduction in efficiency of food utilisation. Food intake and 
water intake were not affected. No abnormalities considered related to paraquat 
treatment were seen during haematological, blood biochemistry, or urine analyses. A 
few statistically-significant changes in absolute and relative organ weights were seen 
at termination, mainly in males and females of the 300 ppm paraquat dichloride 
group. However, only an increase in lung weight of females in the 300 ppm paraquat 
dichloride group was reported by the authors of the study to coincide with 
histopathological changes of the same organ, namely eosinophilic swelling of the 
alveolar epithelium walls which was observed in both sexes at this dietary level. The 
no-effect level in this study wi.th respect to pulmonary damage and other parameters 
was 100 ppm paraquat dichloride, equivalent to 8.3 (males) and 10 (females) mg 
paraquat cation/kg bw/day. Equivalent to 11.5 (males) and 13.8 (females) mg 
paraquat dichloride/kg bw/day. (Maita et al., 1980a). 

Rat 
3 week inhalation study: In a repeat dose inhalation study, Sprague-Daley rats were 
exposed (whole body) to respirable aerosols of paraquat dichloride (cation content: 
40%; particle size: <2 µm diameter) for 3 weeks (6 hours/day, 5 days/week). The 
concentrations of paraquat cation in the inhalation chambers were 0, 0.01, 0.1, 0.5 and 
1.0 µg/l (nominal) or 0, 0.012, 0.112, 0.487 and 1.280 µg/l, respectively, (analytical). 
The numbers of rats assigned to these groups were 32 (control), 16 (0.5 µg/L group) 
and 36 (remaining groups). Clinical condition, bodyweights and food consumption 
were measured throughout the study. One-half of the rats in each group were 
examined grossly and microscopically after 15 exposures and the remaining rats were 
examined 2 weeks after the termination of the exposure (recovery period). These 
examinations were restricted to the respiratory tract (nasal passages, pharynx, tongue, 
larynx, trachea and lungs). The 1.0 µg/l group was abandoned after the first exposure 
because 28 males (78%) and 29 females (80%) died from respiratory failure after that 
exposure. 
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Toxic signs were not observed in the 0.01 µg/l group and there was no mortality in 
this or the other test groups. All rats in the 0.1 µg/l group had nasal discharge and 
squamous keratinising metaplasia and/or hyperplasia of the epithelium of the larynx. 
The changes in the epithelium were still observed in 69% of the rats at the end of the 
recovery period. In the 0.5 µg/l group examined after 3 weeks of treatment the 
following findings were reported: (1) extensive ulceration, necrosis, inflammation and 
squamous keratinising metaplasia, and marked/moderate hyperplasia of adjacent 
epithelia in the larynx of all rats; and (2) aggregations of foamy macrophages in the 
bronchioles or alveoli, hypertrophy of the epithelium and thickened alveolar walls in 
the lungs of most or all rats. After a 2 week recovery period, no ulceration or 
necrosis was observed in the larynx, but changes in the lungs were still seen. In 
addition, disruption of bronchiolar epithelium, adjacent to the macrophage 
aggregation, was noted. 

The NOEL and LOEL for sub-chronic (3 weeks) inhalation toxicity, for both sexes, 
are 0.01 µg/l and 0.10 µg/l respectively, expressed as paraquat cation equivalent to 
0.014 µg/l and 0.14 µg/l respectively expressed as paraquat dichloride. (Hardy, C et 
al, 1979). 

13 week rat: Groups of 20 male and 20 female Fischer CDF (F344) rats were fed 
diets containing 0, 10, 30, 100 or 300 ppm paraquat dichloride (93.3% pure) for 
thirteen weeks (equivalent to 0, 7.2, 22, 72, 217 ppm paraquat cation). The diets 
were analysed for homogeneity, stability and achieved concentration. Blood for 
haematological and clinical chemistry analyses was collected at termination and urine 
was collected prior to termination on day 92 from 10 animals/sex/group. All rats were 
subjected to a full examination post mortem. The weights of 12 organs were recorded 
and a comprehensive range of tissues taken for histopathological examination from all 
animals. Appropriate statistical analyses were performed. 

There were no mortalities or adverse clinical findings during the study. Bodyweight 
gain was reduced at 300 ppm paraquat dichloride in both sexes. Food consumption 
and utilisation were reduced at 300 ppm paraquat dichloride. Water consumption was 
reduced in top dose males and in all treated females during the first half of the study. 
Urine parameters were unaffected. Reductions in erythrocyte parameters consistent 
with microcytosis were seen in 300 ppm paraquat dichloride females. A variety of 
changes in clinical chemistry parameters were seen at 300 ppm paraquat dichloride, 
affecting females more than males: decreases in calcium, cholesterol, GPT activity 
and total protein, with increases in LDH activity, potassium, alkaline phosphatase 
activity and glucose levels. 

Autopsy findings were restricted to the 300 ppm paraquat dichloride dose groups. 
Organ weights tended to be reduced at this dose, in absolute but not relative terms, 
though an increase in lung weights in both sexes was seen at 300 ppm paraquat 
dichloride. Alveolar epithelial hypertrophy was increased in top dose males. Females 
at 300 ppm paraquat dichloride had increases in brown pigment in the spleen and sub
pleural lymphoid hyperplasia, with a reduction in calcification of the renal tubules, the 
latter showing a dose-response. There was no evidence of adverse effects at 100 ppm 
paraquat dichloride or below. 
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When administered to rats for 13 weeks, paraquat dichloride produced reduced weight 
gain, erythrocytic changes and lung lesions at 300 ppm. The NOAEL is 100 ppm 
paraquat dichloride (equivalent to 4.9 mg paraquat cation/kg bw/day, equivalent to 6.8 
mg paraquat dichloride/kg bw/day). (Maita, Ket al, 1980). 

Rabbits 

3 week dermal toxicity study: In a repeat dose dermal toxicity study, male and 
female New Zealand white rabbits, 6/sex/group, were exposed (intact skin) to 
technical paraquat dichloride (46.3% paraquat dichloride, 33.5% paraquat cation) for 
21 consecutive days (6 hours/day). Paraquat dichloride was applied as an aqueous 
solution (1.0 ml/kg bw) at the following concentrations: 0, 1.5, 3.4, 7.8 or 17.9 mg 
paraquat dichloride/kg bw/day (0, 0.5, 1.15, 2.6 or 6.0 mg paraquat cation/kg bw/day, 
respectively). 

Treatment-related effects were observed only at the two highest concentrations tested. 
In the 7.8 mg paraquat dichloride/kg bw/day group, scabbing at the dosing site was 
seen in two males and one female. The following toxic signs were observed in the 
17.9 mg paraquat dichloride/kg bw/day group, in all rabbits, at the dosing site: 
scabbing; slight to well-defined erythema; minimal to moderately severe 
inflammation, acanthosis and hyperkeratosis (females only); slight to severe 
erosin/ulceration and surface exudates; and decreases in absolute weight (18%) and 
relative weight (organ/body weight and organ/brain weight ratios; 17-22%) of testes. 
No gross histological changes were found in the lungs, the target organ. Based on 
dermal irritation, the NOEL and LOEL are respectively, 3.4 and 7.8 mg paraquat 
dichloride/kg bw/day equivalent to 1.15 mg/kg bw/day and 2.6 mg/kg bw/day, 
expressed as paraquat cation. (Cox, R, 1986). 

Following repeated daily dermal applications, beneath occlusive dressings, to rabbits 
of l.56 to 50 mg paraquat cation/kg bw/day gave a MLD of 6.24 (4.6-8.5) mg 
paraquat cation/kg bw/day over 20 days. At higher doses the skin was reddened and 
sloughing with local oedema, while at the lowest dose some scab formation was seen 
after about 7 days. Systemic effects at examination post mortem included tubular 
necrosis, focal hepatocellular necrosis and pulmonary congestion. Where the skin 
was not occluded (rabbits were fitted with collars), the MLD for 20 days was between 
7.25-14.5 mg paraquat cation/kg bw/day for the animals which had collars removed 
after decontamination and at least 24 mg paraquat cation/kg bw/day for the animals 
which had collars left on continually, suggesting secondary oral ingestion or poor 
decontamination in the former group. The rabbits showed marked signs of salivation, 
which was associated with glossitis and ulceration of the tongue. The animals refused 
to eat and death occurred in a state of cachexia; the effect was less marked at lower 
doses. The histological changes consisted of peraleratosis and occasional intra
epidermal pustules (McElligott, 1972). 

In mice and rats, the application of solutions of 5-20 g paraquat/I in single and 21-day 
repeated dermal toxicity tests provoked dose-related toxic dermatitis with erythema, 
oedema, desquamation and necrosis (Bainova, 1969). 

Dogs 
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6 week dog: Groups of 3 male and 3 female beagle dogs were dosed via the diet (400 
g/day) with technical paraquat dichloride (32.2% paraquat cation) to give dose levels 
of 35 or 90 ppm paraquat cation for six weeks. A further group were capsule dosed 
with technical paraquat dichloride to give a dose of 0.75 mg paraquat cation/kg 
bw/day. The diets were analysed for achieved concentration. Clinical condition, 
bodyweights and food consumption were measured throughout the study. 
Ophthalmoscopy and auscultation were performed pre-dosing and pre-terminally. 
Jugular vein blood samples were taken from all dogs (before feeding) pre
experimentally and at weeks 3 and 5 for clinical chemistry and haematological 
assessment. Urinary parameters were measured pre-experimentally and at weeks 3 
and 5. 

Distinct toxic effects were seen at 90 ppm paraquat cation. There were adverse 
effects on bodyweight (both sexes) and food consumption (females), with gross and 
microscopic pulmonary lesions. There was one animal with increased lung weight. 
Pulmonary lesions were also seen in the group dosed by capsule with 0.75 mg 
paraquat cation/kg bw/day. At 35 ppm paraquat cation there were no treatment
related effects. There were no treatment-related effects on clinical chemistry or 
haematological parameters in any of the groups. Sheppard DB (198la). 

13 week dog: Groups of 3 male and 3 female beagle dogs were dosed via the diet 
( 400 g/day) with technical paraquat dichloride (32.2% paraquat cation) to give dose 
levels of 0, 7, 20, 60 or 120 ppm paraquat cation for thirteen weeks. The diets were 
analysed for homogeneity, stability and achieved concentration. Clinical condition, 
bodyweights and food consumption were measured throughout the study. 
Ophthalmoscopy and auscultation were performed pre-dosing and at weeks 6 and 12. 
Jugular vein blood samples were taken from all dogs (before feeding) pre
experimentally and at weeks 6 and 12 for clinical chemistry and haematological 
assessment. A limited range of clinical chemistry and haematological parameters 
were measured at week 3. Urinary parameters were measured pre-experimentally and 
at weeks 3, 6 and 12; at weeks 6 and 12 paraquat levels in urine were also measured. 
After 13 weeks all dogs were killed and examined post mortem. Ten organs were 
weighed and at least 30 tissues from all dogs were examined histopathologically. 
Appropriate statistical analyses were performed. 

Two males and 2 females in the 120 ppm paraquat cation group showed marked 
paraquat toxicity and were killed in extremis between days 16 and 23, having shown 
marked dyspnoea and body-weight loss. Both surviving dogs at 120 ppm paraquat 
cation also showed body-weight loss. A slight overall reduction in body-weight gain 
among the females of the other treatment groups was considered not to be treatment
related. There were no treatment-related effects on food intake except for one 
surviving high-dose female which showed a loss of appetite from week 8 onward. 
There were no distinct treatment-related changes in any of the haematological, 
biochemical or urinary parameters examined. Lung weights were increased in all 
animals in the 120 ppm paraquat cation group and in 2 animals from the 60 ppm 
paraquat cation group. All other organ weights were in the normal range. Distinct 
gross and histological treatment-related lung lesions were seen in all dogs in the 60 
and 120 ppm paraquat cation groups. Minor renal lesions (swelling of the cortical 
tubules) were also found histologically in a few of these animals. There were no 
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discernible gross or histological treatment-related pulmonary lesions in the dogs of 
the 7 or 20 ppm paraquat cation groups. The focal pulmonary lesions in these animals 
were of a type and incidence similar to those found in the controls. Microscopic 
examination of 34 other tissues from each animal showed no treatment-related 
changes. Slight haemoconcentration was seen in one high-dose dog at termination. 
The NOEL (on the basis oflung and kidney lesions) is 20 ppm paraquat cation (0.56 
mg and 0.71 mg paraquat cation/kg bw/day for males and females respectively 
equivalent to 0.77 mg and 0.98 mg paraquat dichloride/kg bw/day) and the LOEL is 
60 ppm paraquat cation (1.75 mg and 1.92 mg paraquat cation/kg bw/day for males 
and females respectively equivalent to 2.42 and 2.65 mg paraquat dichloride/kg 
bw/day), respectively. (Sheppard, 1981 b ). 

Summary of short term toxicity 

The short term toxicity of technical paraquat dichloride has been investigated in 
dietary studies in mice, rats and dogs, in a 3 week inhalation study in the rat and in a 
dermal study in rabbits, as summarised in the table below. 

Table 6: Summary of sub-acute toxicity studies with technical paraquat dichloride 

Study type Dose levels NOAEL as paraquat ion Comment 

13 week mouse 0, 10, 30, 100, 300 ppm 100 ppm paraquat dichloride Lung lesions and reduced 
dietary paraquat dichloride c~ 0, 7.2, (8.3 mg paraquat cation/kg bodyweight gain at 300 

22, 72, 217 ppm paraquat bw/day males; 10.0 mg ppm paraquat dichloride 
cation) paraquat cation/kg bw/day 

females~ 13.8 mg paraquat 
dichloride/kg bw/day) 

13 week rat 0, 10, 30, 100, 300 ppm 100 ppm paraquat dichloride Lung lesions, reduced 
dietary technical paraquat dichloride(~ c~ 4.9 mg paraquat cation/kg bodyweight gain and 

0, 7.2, 22, 72, 217 ppm bw/day ~ 6.8 mg paraquat microcytosis at 300 ppm 
paraquat cation) dichloride/kg bw/day) paraquat dichloride 

6week 35, 90 ppm paraquat cation 35 ppm paraquat cation Bodyweight gain (both 
preliminary dog (dietary), 0.75 mg paraquat (equivalent to 1 mg paraquat sexes) and food 
study cation/kg bw/day (capsule) cation/kg bw /day for males consmnption (females) 

and I.3 mg paraquat reduced at 90 ppm 
cation/kg/day for females "" paraquat cation. Lung 
1.4 and 1.8 mg paraquat lesions (alveoli.tis) seen in 
dichloride/ kg bw/day for both sexes at 90 ppm 
males and females paraquat cation and 0.75 
respectively). mg paraquat cation/kg 

bw/day. 

13 week dog 0, 7, 20, 60, 120 ppm paraquat 20 ppm paraquat cation (0.6 Mortality at 120 ppm 
dietary cation) mg paraquat cation/kg paraquat cation. Lung 

bw/day ~ 0.77 mg paraquat lesions at 60 and 120 ppm 
dichloride/kg bw/day) paraquat cation. (NB only 

3 dogs/sex) 

3 week rabbit 0, 1.5, 3.4, 7.8, 17.9 mg 3.4 mg paraquat dichloride/kg Severe irritation at 6 mg 
dennal paraquat dichloride/kg bw/day bw/day (1.15 mg paraquat paraquat cation/kg 

c~ 0, 0.5, 1.15, 2.6, 6.0 mg cation/kg bw/day ~ 1.59 mg bw/day. No gross lesions 
paraquat cation/kg bw/day) paraquat dichloride/kg in lungs. 

bw/day) 

3 week nominal doses 0, 0.01, 0.1, 0.5 NOEL and LOEL for both No mortality. Lesions in 
inhalation, rat, and I .0 µg/l paraquat cation; sexes was 0.01 ~Lg/I and 0.10 the larynx and lung. After 
whole body µg/l paraquat cation 2 weeks recovery, no 
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exposure 
(0, 0.012, 0.112, 0.487 and 
1.280 µg/l paraquat cation, 
analysed) 

respectively (o:=: 0.014 and 
0.14 µg paraquat dichloride/l) 

ulceration or necrosis in 
the larynx, but changes 
still present in the lung. 

Consistent findings were lung lesions (alveolar epithelial hyperplasia; alveolitis; 
chronic pneumonitis) and reduced bodyweight gain, with dogs the more sensitive 
species. Variations in haematology and clinical chemistry parameters were not 
consistent between studies or species. 

c) Long-term studies of toxicity and carcinogenicity 

lvfice 

Two carcinogenicity studies in mice are reported; in the first (Sotheran et al., 1981) 
treatment continued for up to 99 weeks and in the second, a Japanese study 
(Toyoshima et al., 1982a), treatment continued for 104 weeks. 

In a study initiated in 1977, groups of 60 Alderley Park, Swiss-derived mice, 
60/sex/dose level, were administered technical paraquat dichloride (32.7% w/w 
paraquat cation) incorporated into the diet of to give dose levels of 0, 0 (two control 
groups), 12.5, 37.5 and 100/125 ppm paraquat cation for 97 to 99 weeks (when 
mortality was approaching 80% in all groups). At week 36 the top dose level was 
increased from 100 to 125 ppm because no toxic signs had appeared after 35 weeks of 
dosing. These doses corresponded to 0, 0, 1.87, 5.6 and 15.0/18.7 mg paraquat 
cation/kg bodyweight/day. The diets were analysed for homogeneity, stability and 
achieved concentration. A satellite group of 10 per sex per group was designated for 
interim sacrifice after 52 weeks. All mice had free access to tap water and treated or 
control diet except when food was removed overnight prior to urine collection. Mice 
were examined routinely for mortality, clinical abnormalities, masses, body weight 
and food consumption. Urinary paraquat determinations were performed every 13 
weeks on 10 mice/sex/group. Tissue (lung and kidney) and plasma paraquat levels 
were determined in samples from the satellite group at termination. 

After 52 weeks all surviving mice in the satellite groups were killed and given a 
macroscopic examination post mortem - only abnormal tissues were preserved. All 
surviving mice in the main study were killed after 97-99 weeks of treatment. Each 
animal was given a detailed macroscopic examination and a comprehensive selection 
of tissues were taken and examined histopathologically for neoplastic and non
neoplastic changes. 

Dietary analyses showed the majority of batches to be within 10% of the nominal 
values, with adequate homogeneity and stability. Clinical signs were consistent 
between groups though an increase in genital sores and decreased hair loss were noted 
in the top dose females. Mortality rates were increased in intermediate dose males 
(week 43 onwards) and top dose females (week 68 onwards) - the former is probably 
a chance finding due to the lack of a corresponding finding in top dose males. 
Survival was >45% in all groups at week 80. Bodyweight gain was increased at 12.5 
ppm paraquat cation in both sexes at the beginning of the study; lower bodyweight 
gains were seen in top dose females after the dose level was increased (week 44 
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onwards). Food consumption was slightly lower in paraquat treated animals than in 
controls, with food utilisation e±Iiciency increased in males. 

Paraquat levels in urine showed dose related values, though not always in direct 
proportion to administered levels - a positive result in a control sample from week 13 
was investigated but the cause could not be found though mis-dosing was not 
considered to have occurred. Plasma paraquat levels at 52 weeks were dose-related in 
males but in females there was only a minimal difference between the groups. Kidney 
and lung analyses were subject to interference but available data showed levels of 
paraquat to be proportional to dietary levels. These results indicate absorption of 
paraquat was not saturated at the levels used in this study. 

Histological examination of animals dying during the study or killed at termination 
showed the kidney to be the major target organ with tubular effects being prevalent at 
125 ppm wi.th pelvic dilatation evident at "237 ppm in males. There was no evidence 
of treatment-related effects on the lungs other than a few instances of alveolar wall 
thickening/hypercellularity. Ocular lesions were similar in controls and treated 
groups. 

Table 7: Non-neoplastic findings in mice treated with paraquat for 2 years 

Dietary Concentration of Paraquat cation (ppm) 
Males Females 

0 0 12.5 37.5 125 0 0 12.5 37.5 
Week 0-98 number examined 45 35 45 47 48 48 39 41 46 

Kidney tubule degeneration plus dilation 0 0 0 2 15* 0 0 

Kidney tubule degeneration - no dilation 8 3 9 13 16* 5 2 3 

Kidney tubule dilation - no degeneration 0 2 3 0 0 0 0 

Kidney hydropic degeneration 0 0 0 7 3 

Kidney pelvic dilatation - mild/marked 5 3 5 16* 16* 2 

Kidney tubules pigmented 0 3 0 0 0 

Alveolar walls - thick/focal 2 2 3 6 0 0 0 2 
hypercellularity 

Alveolar macrophages - increased 5 4 2 3 3 3 

Terminal kill number examined 15 25 15 13 12 12 21 19 14 

Kidney tubule degeneration - no dilation 0 0 0 6 0 2 0 0 

Kidney tubule degeneration plus dilation 0 3 2 4 2 0 0 0 0 

Kidney tubule dilation - no degeneration 0 0 2 0 2 4 

Mammary gland - active secretion 0 0 0 0 

Pituitary cysts 
,., 

7 4 0 0 0 .) 

* P<0.05 

There were no significant increases in total neoplastic lesions following paraquat 
administration. Occasional increases in individual tumour incidence were seen ( eg. 
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pituitary adenoma at weeks 53-78 and lung adenoma at weeks 78-98), these were of 
tumours typical of aged mice and not statistically significant nor consistent with time 
and dose. There was an increase in kidney adenomas in top dose males but not in 
females, this was probably secondary to degenerative lesions. 

Table 8: Neoplastic findings in mice treated with paraquat for 2 years 

Dietary Concentration of Paraquat cation (ppm) 

Males Females 

0 0 12.5 37.5 125 0 0 12.5 37.5 125 

Week 53-78 number examined 18 13 15 19 17 15 13 10 17 20 

Pituitary adenoma 0 0 0 0 0 0 3 3 3 

Lung adenoma 3 3 4 0 2 0 2 

Lung adenocarcinoma 0 0 0 2 0 0 0 0 0 

Harderian gland adenoma 2 2 3 3 0 

Mammary adenocarcinoma 0 0 0 0 

Lymphosarcoma 5 2 6 5 6 6 5 3 3 10 

Week 78-98 number examined 21 16 20 15 25 24 15 22 19 20 

Adrenal phaeochromocytoma 0 0 0 0 0 0 0 0 2 

Lung adenoma 3 2 2 3 7 4 2 8 

Lung adenocarcinoma 0 0 0 0 0 

Kidney adenoma 0 2 0 4 0 0 0 0 0 

Harderian gland adenoma 2 0 4 0 0 
,., 

3 .) 

Mammary adenocarcinoma 0 0 0 

Total number examined 60 60 60 60 60 60 60 60 60 60 

Pituitary adenoma 0 2 4 2 0 11 15 18 16 12 

Adrenal phaeochromoC)toma - benign 0 0 0 0 3 0 3 

Lm1g adenoma 8 11 7 9 11 8 5 5 4 10 

Lung adenocarcinoma 0 2 0 3 0 2 0 0 

Kidney adenoma 2 2 2 0 6 0 0 0 0 0 

Harderian gland adenoma 5 7 11 7 8 2 2 8 4 5 

Mammary adenocarcinoma 0 0 3 0 
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It is concluded that paraquat is not tumourigenic in mice. An NOAEL of 12.5 ppm 
paraquat cation (1.5 mg paraquat cation/kg bw/day >=:::: 2. lmg paraquat dichloride/kg 
bw/day) can be derived based on dilation of the renal pelvis in males at 37.5 ppm and 
a variety of kidney effects at 125 ppm. The NOEL for females is 37.5ppm (4.3 mg 
paraquat cation/kg bw/day >=:::: 5.9 mg paraquat dichloride/kg bw/day) (Sotheran et al., 
1981 ). 

In a 1979 study groups of 80 JCL:ICR mice (Japan Clea Laboratories Co., Tokyo) per 
sex per dose were fed diets containing 0, 2, 10, 30 or 100 ppm paraquat dichloride 
equivalent to 0, 1.4, 7.2, 22 or 72 ppm paraquat cation (nominal concentrations) 
equivalent to 0, 0.26, 1.31, 3.92 or 13.09 mg paraquat dichloride/kg bw/day for males 
and 0, 0.26, 1.32, 3.82 or 13.03 mg paraquat dichloride/kg bw/day for females 
respectively (expressed as analytical concentrations) for 104 weeks. There were two 
interim kills in this study, further groups of 10 male and 10 female mice received the 
same dose and were sacrificed after 26 or 52 weeks of treatment. 

Treatment-related findings were observed only in the 100 ppm paraquat dichloride 
group and included increased mortality in the females; decreased total protein, 
erythrocytes, leucocytes, haemoglobin and haematocrit in males and females; 
decreased polymorphonucleocytes in the males and decreased GPT and alkaline 
phosphatase activities in the females; decreased absolute and/or relative weights of 
adrenals, thyroid, liver and urinary bladder in the males; decreased absolute weight of 
brain in the females and increased absolute and/or relative weights of kidneys, lungs 
and heart in the males. 

There was no evidence of carcinogenicity in this study. Gross, non-neoplastic and 
neoplastic lesions were observed in various organs of the male and female mice, but 
were not treatment-related. The most frequent lesions were observed in the following 
organs: lungs (congestion, nodes, pneumonia, thickening of alveolar walls and 
adenocarcinoma in both sexes); liver (dilatation in the females and tumours in the 
males); kidneys (discolouration and coarse surface in both sexes, dilatation of renal 
pelvis and cell infiltration in the males, nephropathy in the females); spleen (swelling 
in both sexes); thymus (atrophy in both sexes and hypertrophy in the females); 
mesenteric lymph node (swelling and cell infiltration in both sexes) and eyes (corneal 
cell proliferation in both sexes and corneal calcification in the females). Leukemia, 
amyloid degeneration and leukaemia cell infiltration were also observed frequently in 
the males and females. 

It is concluded that paraquat is not tumourigenic in mice. Based on the 
haematological and blood chemistry changes a NOEL of 30 ppm paraquat dichloride 
(equivalent to 2.9 and 2.8 mg paraquat cation/kg bw/day for males and females 
respectively>=:::: 4.0 and 3.9 mg paraquat dichloride/kg bw/day) was determined 
(Toyoshima et al., 1982a). 

Rats 

Three long-term toxicity/carcinogenicity studies are reported. All three were ongoing 
during the same time period. The earliest study was a lifetime study, initiated in April 
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1978 and conducted in the UK where Fischer 344 rats were maintained on diets 
containing paraquat dichloride for 113-117 weeks for males and 122-124 weeks for 
females at levels of 0, 0, 25, 75 and 150 ppm paraquat cation (Woolsgrove, BW et al., 
1983). The other two studies were both conducted in Japan. In one, initiated in 
February 1979, Wistar rats were maintained on diets containing paraquat dichloride 
for 104 weeks at levels ofO, 6, 30, 100 or 300 ppm paraquat dichloride (Toyoshima, S 
et al., 1982) and in the second, initiated in September 1979, Fischer SPF rats were 
maintained on diets containing paraquat dichloride for 104 weeks at levels of 0, 10, 
30, 100 and 300 ppm paraquat dichloride (Yoshida et al., 1982). 

In a chronic feeding/carcinogenicity study, initiated in April 1978, Fischer 344 rats, 
80/sex/group, were fed diets containing paraquat dichloride (cation content: 32.69%) 
for 113-117 weeks (males) and 122-124 weeks (females). Based on the results of a 
preliminary study, the doses selected for this study were 0, 0, 25, 75 or 150 ppm 
paraquat cation, (0, 0, 1.25, 3.75 or 7.5 mg paraquat cation/kg bw/day). Starting with 
the test week 6, the female rats at all dose levels ingested more paraquat (15-33%) per 
kilogram of body weight than did the male rats at the same dose levels. 

Twenty rats from each group (10 of each sex) were sacrificed after one year of 
treatment: 5 of each sex/group, for the usual interim sacrifice and another 5 of each 
sex/group, to determine paraquat concentration in tissues. Gross necropsy was 
performed on all rats, with the exception of the rats used for the determination of 
paraquat concentration in tissues, all rats were also examined microscopically. 

The distribution of mortality was unaffected by treatment. There was approximately 
50% mortality in all groups at the end of the study. At 150 ppm paraquat cation, 
statistically-significant reductions in body-weight gain (10-34% during weeks 11-68 
for males and 11-34% during weeks 27-78 for females), food consumption (3-8%), 
and efficiency of food utilisation in both sexes were observed (12-21% in males and 
11-13% in females during weeks 13-52). There was a statistically-significant 
depression of body-weight gain in the first year of the study in males receiving 75 
ppm paraquat. Water consumption was not significantly affected at any dietary level 
tested. Paraquat accelerated, in a dosage-dependent manner, the onset and progression 
of cataract changes, ranging from minor opacity to total cataract in both males and 
females. Treatment-related ocular lesions were first seen at 52 weeks. Thereafter, 
ophthalmoscopy revealed a statistically-significant dosage-related increase in the 
incidence, progression, and severity oflenticular cataract in the 150 ppm group and, 
toward the end of the study (103 weeks), in the 75 ppm group. Syngenta considers 
that the appropriate end point to use for risk assessment purposes is the incidence of 
cataracts at the end of the 2 year dosing period which is generally accepted as the 
period for chronic toxicity. Beyond this time point, the picture becomes unreliable 
because of the increasing geriatric changes. However 25 ppm was the NOEL for 
lenticular cataracts in both males and females at termination (week 112/113 for males 
and week 118/119 for females). 

Table 9: Incidence of total cataracts in a rat chronic toxicity/carcinogenicity study 

Sex/week Dose level (ppm) 
0 0 25 75 150 

Males 102/103 4 1 4 16 56 
112/113 5 3 5 19 52 
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Females 102/103 
118/119 

3 
8 

6 
9 

5 
11 

14 
33 

51 
37 

A statistically-significant higher incidence of secondary eye lesions was found at 
termination in females receiving 75 or 150 ppm paraquat when compared to controls. 
Haematological investigation (RBC counts, total and differential leucocyte counts, 
haemoglobin, haematocrit, mean cell volume, mean cell haemoglobin concentration, 
platelet and reticulocyte counts, and prothrombin and partial thromboplastin times) 
and blood biochemistry (urea, glucose, ALT, and AST) indicated no significant 
effects attributable to paraquat administration. Urinalysis did not reveal any treatment 
related changes. Reductions in liver and testicular weights were noted at termination 
in the 150 ppm dietary group. 

Macroscopic examination at necropsy revealed a treatment-related increase in the 
incidence of focal subpleural changes in animals killed at termination in all dietary 
groups. This effect was most marked in females receiving 75 ppm and in both sexes 
receiving 150 ppm paraquat. Microscopic examination of lung tissues indicated that 
treatment with paraquat at 150 ppm, in both sexes, and possibly at 75 ppm in males, 
was associated with proliferative lesions of the alveolar epithelium. These lesions 
were not easily classified into non-neoplastic or neoplastic, nor into adenoma or 
carcinoma. This study provided strong evidence for the induction by paraquat of a 
proliferative lesion of the alveolar epithelium and some controversial evidence for the 
induction oflung adenomas in female Fischer 344 rats. There was no treatment
related increase in the incidence oflung adenocarcinoma at any dose level in either 
sex. At 25 ppm, significant increases in the incidence of proliferative lung lesions, 
compared to the controls, were not observed. Increased relative weight of the lungs 
(lung/body weight ratio) in the males (16%) and the females (14%) was seen in 
animals sacrificed at the termination of the study. 

Slight dilation of the fourth ventricle of the brain was evident in females receiving 
150 (36%) or 75 ppm paraquat, but not in males at these dosages or in either sex at 25 
ppm. A statistically significant increase in the incidence of apparent degeneration of 
occasional/several sciatic nerve fibers was noted in decedent males receiving 75 or 
150 ppm paraquat. Both hydrocephalus and nervous tissue changes were considered 
by the authors of the study possibly to be associated with paraquat treatment. 
Pathology summaries indicate that atrophy of the testes was recorded in the high
dietary group (5/33) but not in controls at termination, and moderate lymphoid 
hyperplasia was observed in the respiratory epithelium of males receiving 75 and 150 
ppm paraquat and dying between 52 weeks and termination. 

The above findings show that paraquat enhanced the development of ocular lesions in 
all of the treated groups. The predominant lesions detected ophthalmoscopically were 
lenticular opacities and cataracts. These lesions were either not observed or were 
observed infrequently before week 103. At week 103, dose related statistically 
significant increases in the incidence of ocular lesions were observed only in the mid
dose and high-dose male and female groups. Based on these findings, the NOEL and 
the LOEL for systemic toxicity, for both sexes, are 25 ppm paraquat cation (l .25 mg 
paraquat cation/kg bw/day) and 75 ppm paraquat cation (3.75 mg paraquat cation/kg 
bw/day), respectively. (Woolsgrove B Wet al., 1983). 
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During the initial review of this study, there were concerns that paraquat might be 
carcinogenic in the rat. There was a dose-related increase in the incidence of 
pulmonary neoplasms (adenomas and carcinomas), but especially adenomas, in the 
male and female rats. The incidence of pulmonary neoplasms was 2.9, 5.7, 8.6 and 
10.1 % in the control, low-dose, mid-dose and high-dose male groups, respectively. 
The corresponding values for the female groups were 0, 2.9, 4.3 and 14.3%, 
respectively. A statistically significant increase was observed only in the pulmonary 
adenomas and only in the high-dose female rats. Most of the neoplasms were 
observed at the termination of the study. However, there were difficulties in 
characterising pulmonary lesions as non-neoplastic or neoplastic, or as adenomas or 
carcinomas and lung tissue was, therefore, examined by four independent pathologists 
(Busey, 1986). The findings of these pathologists were very similar and were within 
the historical incidence of adenomas and carcinomas. According to one pathologist, 
the incidence of pulmonary adenomas and carcinomas in the control, low-dose, mid
dose and high-dose male rats was 2.9, 5.7, 2.8 and 5.8%, respectively. The 
corresponding incidences for the female groups were 0, 1.4, 2.8 and 0%, respectively. 
According to another pathologist, the incidence of pulmonary adenomas and 
carcinomas in these groups was 2.9, 5.7, 4.3 and 5.8%, respectively (males) and 0, 
1.4, 2.8 and 2.8%, respectively (females). There was no evidence of treatment-related 
carcinogenicity in the lungs. 

There was a higher incidence of squamous cell carcinomas in the head region (middle 
ear, hard palate, head tissue and skin), an uncommon tumor, but the incidence was 
generally low and not dose related. The incidence of these carcinomas (combined) 
was 2.1, 4.3, 0 and 8.6% in the control, low-dose, mid-dose and high-dose male 
groups respectively. The corresponding incidences for the female groups were 0, 0, 
4.3 and 2.9%, respectively. All of these carcinomas occurred during the second year 
of study. The incidence of benign pheochromocytomas in the adrenal medulla and 
perifollicular adenomas and carcinomas in the thyroid was also increased in the high
dose male rats. However, the relationship of these neoplasms to treatment was unclear 
and additional data were, therefore, requested to evaluate adequately the carcinogenic 
potential of paraquat in tissues other than the lungs. 

An independent pathologist (Ishmael, J. 1987), reviewed slides from the head region 
and concluded that there was no justification for combining squamous cell carcinomas 
(which occurred in four different sites of the head) for assessment purposes. 
According to the pathologists (US EPA's and the registrant's), the skin and oral and 
nasal cavities have different morphology and physiology and separate biological 
functions, and cannot be considered as a single organ in terms of assessment of 
carcinogenic effects. When each of these sites was considered independently, in the 
accepted manner for assessing tumor incidence, in no instance was there a statistically 
significant difference between the treated and control rats. Paraquat was, therefore, 
not carcinogenic in the head region of the rat. 

The incidence of pheochromocytoma in the adrenal gland of the control, low-dose, 
mid-dose and high-dose male rats was 8.6, 12.6, 11.4 and 17.4%, respectively. The 
incidence of pheochromocytoma in the historical control male rats ranged from 6.7% 
to 38.8% and this tumor occurred in each of the eight studies from which historical 
data were obtained. Considering the historical incidence, the incidence of 
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pheochromocytoma in this study (11.4- 17.4%) did not appear to be paraquat-related 
because it fell within the range reported for the historical control male rats. 

The incidence of parafollicular adenomas and carcinomas in the thyroid gland of the 
concurrent control, low-dose, mid-dose and high dose male rats was 11.9, 16.9, 13.6 
and 18.8%, respectively. The incidence of these neoplasms in the historical control 
male rats ranged from 13.3% to 35.4%. Considering the historical incidence, the 
incidence of parafollicular adenoma and carcinoma in the high-dose male rats 
(18.8%), in this study, did not appear to be treatment-related. (Woolsgrove et al 
(1983); Chevron Chemical Co. (1985); Willis, G.A. (1987); Ishmael, J. (1987); ICI 
Americal, Inc. (1989); Ashby et al., 1983; Busey, 1986; Ishmael & Godley, (1983) 

In another chronic feeding/carcinogenicity study, initiated in February 1979, Wistar 
strain rats, 62/sex/group, were fed diets containing technical grade paraquat dichloride 
(purity: 98%) for 104 weeks. Based on the results of a preliminary study, the doses of 
paraquat selected for this study were 0, 6, 30, 100 or 300 ppm paraquat dichloride 
(nominal concentrations). These values were equivalent to 0, 0.25, 1.26, 4.15 or 12.25 
mg paraquat dichloride/kg bw/day (males) and 0, 0.30, 1.50, 5.12 or 15.29 mg 
paraquat dichloride/kg bw/day (females) (analytical concentrations). The interim 
sacrifices, using 6 rats/sex/group, took place after 26 and 52 weeks of treatment. 

Findings different from those in the controls were observed only in the 300 ppm 
paraquat dichloride group and included increased mortality in males and females; 
decreased erythrocytes, hemoglobin, and serum protein in males and females; 
decreased hematocrit, glucose and corpuscular cholinesterase activity in males; 
decreased leucocytes, albumin/globulin ratio and alkaline phosphatase, GOT 
(glutamic-oxaloacetic transaminase) and GPT (glutamic-pyruvic transaminase) 
activities in females; increased polymorphonucleocytes in males; increased potassium 
and glucose in females; decreased absolute and/or relative weights of heart in males 
and females; and liver and brain in females; and decreased absolute weights of 
kidneys in males and females, and ovaries. 

Ocular changes were not detected before the initiation of treatment. After the 
treatment was started, cataracts were observed during each examination (weeks 26, 52 
and 104) in 1to4 rats per group, including controls. At test weeks 52 and 104, 
corneitis (keratitis) and conjunctivitis were also observed in all groups, including 
controls. In this study, the incidence of ocular changes was low and dose unrelated. 
Considering the test weeks 26-104, the incidence of ocular changes in the male and 
female treated rats was as follows: cataracts, 1.6-17.6% (controls 1.6-13.8%); 
corneitis, 0-5.9% (controls, 0-6.7%); and conjunctivitis, 0-5.4% (controls, 0-6.7%). 
There was no evidence of any ocular changes caused by treatment with paraquat in 
this study. 

Paraquat was not carcinogenic in this study. Gross, non-neoplastic and neoplastic 
lesions were observed in various organs of males and females, but did not appear to 
be treatment-related (either a dose-relationship was lacking or the incidence was 
similar in the controls and the paraquat-treated groups). The most frequent lesions 
were observed in the following organs: lungs (congestion, nodes, peribronchiolitis, 
pneumonia and thickening of alveolar walls); liver (bile duct proliferation and 
fibrosis); kidneys (rough surface and nephritis); pituitary (hypertrophy, haematoma 
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and benign tumors); thyroid (benign tumors); adrenals (cysts); spleen (swelling); 
mesenteric lymph node (swelling and inflammation); testes and ovaries (atrophy); 
uterus (cysts and polyps); and mammary glands (cysts, adenomas, fibromas, 
fibroadenomas and adenocarcinomas). 

Based on the above findings, the systemic NOEL is 100 ppm of paraquat dichloride 
(equivalent to 3.0 mg paraquat cation/kg bw/day and 3.7 mg paraquat cation/kg 
bw/day for males and females respectively~ 4.1 and 5.1 mg paraquat dichloride/kg 
bw/day). The systemic LOEL is 300 ppm of paraquat dichloride (equivalent to 9.0 mg 
paraquat cation/kg bw/day and 11.2 mg paraquat cation/kg bw/day for males and 
females respectively~ 12.4 and 15.5 mg paraquat dichloride/kg bw/day). (Toyoshima, 
Set al. 1982). 

In a study initiated in September 1979, groups of 80 male and 80 female Fisher SPF 
rats were fed diets containing 0, 10, 30, 100 or 300 ppm paraquat dichloride for 104 
weeks. Eight rats/sex/group were sacrificed after urinalysis at 26, 52, and 78 weeks 
and were subjected to haematological examination. All surviving animals were 
sacrificed at 104 weeks and, among these, 10 rats/sex/group were subjected to 
haematological and biochemical examination. All animals, including those killed on 
schedule and those found moribund and killed during the study, were autopsied and 
subjected to gross necropsy and histopathological examination of approximately 30 
tissues. 

Mortality was increased in female rats of the 300 ppm paraquat dichloride group from 
week 66 to week 74 when compared with that of other groups, including controls. 
Both male and female rats at the 300 ppm paraquat dichloride dietary level showed a 
marked statistically-significant reduction in body-weight gain when compared to 
control groups. Food consumption, efficiency of food utilisation, and water 
consumption were also statistically significantly lower in these rats when compared to 
control animals. 

Haematological examination showed a statistically-significant reduction in total white 
cell count in male rats of the 300 ppm paraquat dichloride group, when compared to 
controls, at 26, 52, and 78 weeks, but not at 104 weeks. This change was not 
considered by the authors of the study to be attributable to the administration of 
paraquat dichloride. Biochemical examination indicated a statistically-significant 
reduction in globulin in male rats of the 300 ppm paraquat dichloride group at 26, 78, 
and 104 weeks when compared to controls. Clinical observations, RBC counts, 
haemoglobin, mean red-cell volume (MCV), mean cell hamoglobin (MCH), mean cell 
haemoglobin concentration (MCHC), platelet counts, differential WBC counts, 
plasma alkaline phosphatase, lactic acid dehydrogenase, blood urea nitrogen, glucose, 
total cholesterol, GOT, GPT, total and direct bilirubin, GGPT, calcium, total protein, 
albumin, and urinalysis indicated no significant effects attributable to the 
administration of paraquat at any dose levels. 

Throughout the entire administration period, a statistically significant reduction was 
found in the absolute weights of various organs of male and female rats of the 300 
ppm paraquat dichloride group at interim sacrifices. This change was considered by 
the authors of the study to be related to the reduction in body weight observed in these 
animals. Histological examination of the lung at termination showed a marked, 
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treatment-related, statistically-significant increase in the incidence of proliferation of 
interalveolar septum cells and of hyperplasia of alveolar epithelium in both male and 
female rats at 300 ppm paraquat dichloride and in male rats at I 00 ppm paraquat 
dichloride, when compared to controls. There was a marked, statistically-significant 
increase in the incidence of cataract in male and female rats of the 300 ppm paraquat 
dichloride group killed or found dead after week 79. This treatment-related change 
was reported to be the same microscopically as that observed in the tissues collected 
from those control rats which had spontaneous, age-related cataracts. 

Male rats of the 300 ppm paraquat dichloride group also showed a statistically
significant increase in the incidence of local atrophy of renal tubules when compared 
to controls. Females of the same dietary group had a statistically-significant increase 
in the overall incidence of diffusive fatty changes of the liver and pulmonary fibrosis 
when compared to controls. Kidney and liver lesions were not considered by the 
authors of the study to be attributable to the administration of paraquat. A significant 
increase in the incidence of pulmonary adenoma (7 /80) was found in female rats of 
the 300 ppm paraquat dichloride group when compared to controls (1/80). There was 
no significant increase in the incidence of lung adenoma in male rats, but a few of 
them had lung adenocarcinoma (1 in each of the 30 and 100 ppm paraquat dichloride 
groups, 3 in the 300 ppm paraquat dichloride group, and none in the controls). The 
authors noted that, although the historical incidence of pulmonary adenoma in rats of 
this strain is reportedly rather low (about 2%), 6/80 (7.5%) of the control rats 
developed pulmonary adenoma in a 24-month chronic toxicity study carried out 
separately in their laboratory. Based on these considerations, the authors of the study 
concluded that the incidence of pulmonary adenoma found in the present paraquat 
study in female rats in the 300 ppm paraquat dichloride group did not exceed the 
background incidence of pulmonary adenoma in rats of this strain. 

On the basis of the lung and eye lesions the NOEL of paraquat dichloride determined 
in this study for Fisher SPF rats after 104-week treatment was 30 ppm paraquat 
dichloride (equivalent to 0.77 mg paraquat cation/kg bw/day in male rats~ I.I mg 
paraquat dichloride/kg bw/day) and 100 ppm paraquat dichloride (equivalent to 3.12 
mg paraquat cation/kg bw/day in female rats c~ 4.3 mg paraquat dichloride/kg 
bw/day) (Yoshida et al., 1982). 

Dogs 

Groups of 6 male and 6 female beagle dogs were fed diets ( 400 g daily) containing 
technical grade paraquat dichloride (cation content 32.3%) which contained 0, 15, 30, 
or 50 ppm paraquat cation for l year. Based on actual group mean bodyweights and 
food consumption, these doses corresponded to 0, 0.45, 0.93 or 1.51 mg paraquat 
cation/kg bw/day for males and 0, 0.48, 1.00 or 1.58 mg paraquat cation/kg bw/day 
for females. 

During the study there were no deaths. No effects due to paraquat were observed on 
body weight. The reduced food consumption of 1 male and l female dog, both in the 
50 ppm paraquat cation group, was considered to be treatment-related. There was 
clinical evidence of respiratory dysfunction (hyperpnoea) in some dogs fed 50 ppm 
paraquat cation. Mean lung weights of male and female dogs fed 50 ppm paraquat 
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cation were 35 and 60% higher than those of controls, respectively. Histopathological 
examination of the lungs showed a statistically-significant increase in the incidence of 
chronic pneumonitis in both sexes at the 30 and 50 ppm paraquat cation dietary levels 
when compared to controls. This lesion consisted of interstitial fibrosis, alveolar 
epithelialization, and mononuclear cell infiltration. No other toxicologically
significant treatment-related effects were seen during clinical observations, 
haematological or biochemical investigations, or during gross and microscopic 
examination of approximately 40 tissues from each animal at termination. On the 
basis of the pulmonary changes, the authors of this study concluded that the dietary 
NOEL for paraquat in dogs over 1 year of treatment was 15 ppm paraquat cation, 
equivalent to 0.45 (males) and 0.48 (females) mg paraquat cation/kg bw/day (;::;: 0.62 
and 0.66 mg paraquat dichloride/kg bw/day). (Kalinowski et al., 1983). 

Summary of chronic toxicity/carcinogenicity 

Dietary, chronic toxicity/carcinogenicity studies have been performed in mice and rats 
and a l year dietary chronic toxicity study has been conducted in dogs. They are 
summarised in the table below. Paraquat did not produce significant increases in 
tumour incidences in any species. 

In the Alderley Park, Swiss mouse, the kidney was found to be the target organ with 
tubular lesions evident at 125 ppm paraquat cation and pelvic dilatation seen in males 
at 37 ppm paraquat cation and above. Alveolar hypercellularity present in females at 
125 ppm paraquat cation was the only sign of pulmonary toxicity. There were no 
ocular lesions and no evidence of oncogenicity. A NOAEL of 12.5 ppm paraquat 
cation (ca l.5 mg paraquat cation/kg bw/day;::;: 2.1 mg paraquat dichloride/ kg 
bw/day) was established in this study. (Sotheran et al, 1981 ). 

Paraquat was not tumourigenic in the JCL:ICR mouse. Based on the haematological 
and blood chemistry changes an NOEL of 30 ppm paraquat dichloride (3.92 and 3.82 
mg paraquat dichloride/kg bw/day for males and females respectively) or 2.9 and 2.8 
mg paraquat cation/kg bw/day for males and females respectively was determined. 
(Toyoshima et al., 1982a). 

In a chronic life time rat study, Fischer 344 rats were administered dietary dose levels 
of 0, 0, 25, 75 or 150 ppm paraquat cation for at least 110 weeks. Ocular opacities 
were evident clinically at 75 and 150 ppm paraquat cation and confirmed by 
ophthalmoscopy and histology; similar lesions were also present at the very end of the 
study (week 110) in the 25 ppm paraquat cation groups. Other findings considered to 
be of low toxicological significance included testicular lesions, peripheral nerve 
degeneration, hydrocephalus (slight dilation of the 4th ventricle of the brain) and bile 
duct hyperplasia observed at 75 and 150 ppm paraquat cation. In this study the ocular 
lesions present at the lowest dose level (25 ppm paraquat cation) were consistent with 
an acceleration of typical aging lesions, but were not seen in any other studies and 
were clearly not evident at the time when chronic studies are normally terminated 
(103 weeks). Paraquat dichloride was not oncogenic in this study. Syngenta 
considers 25 ppm paraquat cation(;::;: 1.2 mg paraquat cation/kg bw/day;::;: 1.7 mg 
paraquat dichloride/kg bw/day) to be a NOAEL at 2 years (Woolsgrove et al, 1983). 
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In a chronic feeding/carcinogenicity study, Wistar strain rats, 62/sex/group, were fed 
diets containing 0, 6, 30, 100 or 300 ppm paraquat dichloride. There was no evidence 
of carcinogenicity and the incidence of ocular changes was low and not dose-related. 
The systemic NOEL is 100 ppm of paraquat dichloride (4.15 and 5.12 mg paraquat 
dichloride/kg bw/day, for males and females, respectively); or 3.0 mg/kg/day (males) 
and 3.7 mg/kg/day (females), expressed as paraquat cation. The systemic LOEL is 
300 ppm of paraquat dichloride (12.25 and 15.29 mg/kg/day, for males and females, 
respectively); or 9.0 mg/kg/day (males) and 11.2 mg/kg/day (females), expressed as 
paraquat cation. (Toyoshima, Set al. 1982). 

In a chronic Fischer SPF rat study (using diets containing 0, 10, 30, 100 or 300ppm 
paraquat dichloride for 104 weeks), it was concluded that the incidence of pulmonary 
adenoma found in female rats in the 300 ppm group did not exceed the background 
incidence of pulmonary adenoma in rats of this strain. On the basis of the lung and 
eye lesions the no-effect level (NOEL) determined in this study for Fisher SPF rats 
after 104-week treatment was 30 ppm paraquat dichloride, equivalent to 0.77 mg 
paraquat cation/kg bw/day in male rats and 100 ppm paraquat dichloride, equivalent 
to 3.12 mg paraquat cation/kg bw/day in female rats c~ l. l and 4.3 mg paraquat 
dichloride/kg bw/day. (Yoshida et al., 1982). 

In the 1 year dog feeding study, the systemic NOEL (based on the observed 
pulmonary changes) is 15 ppm (males: 0.45 mg/kg/day and females: 0.48 mg/kg/day, 
expressed as paraquat cation). The systemic LOEL is 30 ppm (males:0.93 mg/kg/day 
and females: 1.00 mg/kg/day, expressed as paraquat cation~ 1.3 and 1.4 mg paraquat 
dichloride/kg bw/day). (Kalinowski et al 1983). 

The US EPA place paraquat dichloride in Category E for carcinogenicity (evidence of 
non-carcinogenicity for humans) (EPA RED, 1997). 

Table 10: Summary of chronic toxicity/carcinogenicity of paraquat 

Study 

2 year mouse dietary 
(0, 0, 12.5, 37.5, 100/125 
ppm paraquat cation ~ 
0, 0, 1.87, 5.6, 15.0/18.7 mg 
paraquat cation/kg bw/day) 

2 year mouse dietary (0, 2, 
10, 30, 100 ppm paraquat 
di.chloride ~ 0, 1.4, 7.2, 22, 
72 ppm paraquat cation) 

2 year rat dietary (0, 10, 30, 
100, 300 ppm paraquat 
di.chloride ~ 0, 7.2, 22, 72, 
217 ppm paraquat cation) 

NOAEL (as paraquat 
cation) 
12.5 ppm paraquat cation 
(I.5 mg paraquat 
cation/kg bw/day ""2.1 
mg paraquat di.chloride/ 
kg bw/day) 

30 ppm paraquat 
di.chloride c~ 2.9 and 2.8 
mg paraquat cation/kg 
bw/day for males and 
females respectively"" 
4.0 and 3.9 mg paraquat 
di.chloride/kg bw/day) 

30 ppm paraquat 
di.chloride c~ 0.77 mg 
paraquat cation/kg 
bw/day for males; 100 
ppm paraquat di.chloride 
c~ 3.12 mg paraquat 
cation/kg bw/day for 
females)("" 1.1 and4.3 

Comment 

No significant increases in tunour 
incidences. Key effect was renal 
lesions at ?_37 ppm. No ocular 
lesions. 

No evidence of carcinogenicity. 
Increased mortality in females at 
100 ppm paraquat di.chloride and 
haematological and blood 
chemistry changes. 

Reduced body weight gain, lung 
lesions, cataracts. No evidence of 
carcinogenicity. 
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2 year rat dietary 
(0, 6, 30, 100 or 300 ppm 
paraquat dichloride, 
corresponding to 0, 0.25 , 
1.26, 4.15 or 12.25 and 0, 
0.30, 1.50, 5.12 or 15.29 mg 
paraquat dichloride/kg 
bw/day for males and 
females respectively. 

Lifetime rat dietary study. 
Up to 117 weeks (males) 
and 124 weeks (females), 0, 
0, 25, 75 or 150 ppm 
paraquat cation; 
corresponding to 0, 0, 1.25, 
3.75 and 7.5 mg paraquat 
cation/kg bw/day 
respectively. 

1 year dog dietary 
(0, 15, 30 and 150 ppm 
paraquat cation), 
corresponding to 0, 0.45, 
0.93 and 1.51 mg paraquat 
cation/kg bw/day in males 
and 0, 0.48, 1.00, 1.58 mg 
paraquat cation/kg bw/day 
in females 

( d) Genotoxicity 

mg paraquat 
dichloride/kg bw/day) 

100 ppm paraquat 
dichloride(4.15 and5.12 
mg paraquat 
dichloride/kg bw/day for 
males and females 
respectively; or, 3.0 and 
3.7 mg/kg bw/day as 
paraquat cation for males 
and females respectively 

25 ppm paraquat cation 
(1.25 mg paraquat 
cation/kg bw/day ~ 1.7 
mg paraquat 
dichloride/kg bw/day). 
(Based on ocular lesions) 
at 2 years. 

15 ppm paraquat cation 
(0.45 mg paraquat 
cation/kg bw/day ~ 0.62 
mg paraquat 
dichloride/kg bw/day) 

Not carcinogenic. The incidence 
of ocular changes was low and not 
related to dose. 

There was no evidence of 
carcinogenicity. 
Key effect was ocular lesions at 75 
and 150 ppm paraquat cation -
dose and time related severity. 

Lung lesions and signs of 
respiratory abnormalities at 30 and 
50 ppm paraquat cation. 

Toyoshima et 
al, 1982 

Woolsgrove et 
al, 1983 

Kalinowski et 
al, 1983 

Paraquat has been extensively examined in a wide range of assays both in vitro and in 
vivo, including end-points for gene mutation, chromosomal damage and DNA repair. 
The in vitro assays allow an assessment of the intrinsic ability of the compound to 
induce genotoxicity whilst the in vivo assays determine whether any such activity will 
be expressed in the whole animal. 

In vitro, paraquat has been found overall to be negative in the most widely conducted 
genotoxicity assay, the Ames test. It does, however, induce chromosomal aberrations 
in mammalian cells in vitro at high or cytotoxic concentrations. The clastogenic 
action of paraquat has been investigated and it is reported that it is not paraquat itself, 
but a reactive oxygen species that is responsible for the effects observed. Following 
from these observations, a number of other in vitro assays have been conducted using 
paraquat as a material that can generate reactive oxygen species. These have 
produced mixed results, but overall provide further support for the conclusion that 
paraquat can cause DNA damage in vitro through formation of reactive oxygen 
species, especially at high and/ or cytotoxic doses of paraquat. 

In vivo, paraquat has been examined in both the rat and the mouse using the oral route 
of administration and shown to be non-genotoxic when tested to maximum tolerated 
doses in the bone marrow micronucleus assay, the bone marrow cytogenetic assay, the 
liver DNA repair assay and the germ cell dominant lethal assay. Conflicting results 
have been reported for some assays using other routes of administration ( eg 
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intraperitoneal administration) or endpoints examining for the presence of oxidised 
DNA bases in animals or for mutation in Drosophila. It is concluded that whilst 
paraquat has been shown to induce a genotoxic response in some in vitro systems, 
often at high or cytotoxic dose levels, it has no significant genotoxicity in vivo. 

Table 11: Results of assays for the genotoxicity of paraquat 

There are numerous genotoxicity studies reported, many of which are research studies 
and may not be compliant with modern guidelines. The packages of regulatory 
studies conducted I commissioned by Syngenta (or its former companies Zeneca and 
ICI) are highlighted in the table below by emboldening the study details (end point 
and test system): 

End-point Test system Concentration Purity Results Reference 
(%) 

A. IN VITRO ASSAYS 

Bacterial gene mutation assays 

Ames test S.typhimurium Dose not given Formulat- Negative Eisenbeis SJ et 
TA1535, TA1537, lOn al, 1981 
TA1538, TA98 and assumed 
TAlOO to be 

200g/l 

Ames test S.typhimurium Up to 5000 Not Negative MorijaM et 
TA1535, TA1537, µg/plate quoted al, 1983 
TA1538, TA98 and 
TAI 00 and E.coli 
WP2 her 

Ames test S.typhimurium 1.0- 50 µg/plate Not Negative Benigni R et 
TA1535, TA1537, quoted toxic effect at 10 al, 1979 
TA1538, TA98 and µg/plate and higher in 
TAlOO some strains 

Ames test S.typhimurium 0-1.0 mM Not Positive Moody CS & 
TA98 and TAlOO quoted Hanan HM, 

1982 

Ames test S.typhimurium Not Equivocal Lin J-K et al, 
TA97, TA98, quoted 1989 
TAlOO, TA1535, 
TA1537 and TA1538 

Ames test E.coli WP2 her Dose not given Not Full results not given Shirasu Yet 
quoted al, 1982 

Ames test S.typhimurium 10·4M Not Superoxide anion Wei CI et al, 
TA98 and TAlOO quoted promotes 1985 

Benzo( a )pyrene 
positive 

Ames test S.typhimurium 10 ng I plate Not Negative Levin DE et 
TA102 quoted al, 1984 

Ames test S.typhimurium 0.4 -360 100 Negative Shirasu Yet 
TA98, TAlOO, µg/plate al. , 1978 
TA1535, TA1538 
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Ames test S.typhimurium 0.12-1807 99 Negative AndersonD, 
TA98, TAIOO, µg/plate 1977 
TA1535, TA1538 

Ames Test S. typhimurium lµg-lmg/plate 99.9 Negative McGregor 
TA98, TAIOO, (cytotoxic at DB, 1977 
TA1535, TA1538, lmg/plate) 
TA 1535 

Ames test S. typhimurium 0-20 µg/plate Not Equivocal Lin J-K et al, 
TA97, TA98, quoted 1988 
TAIOO, TA1535, 
TA1537 and TA1538 

Ames test S.typhimurium 0.06 µmol/plate Not Negative Nishimura Net 
TA98 and TAlOO quoted al, 1982 

Ames test S. typhimurium 20 µg/plate Not Positive Yamaguchi T, 
TAIOO quoted (without activation) 1981 

Forward S.typhimurium His 0.1-2.5 µg/plate Not Positive BignamiM 
mutation assay G46, TA92, quoted and Crebelli 

TA1535, TA1538 R, 1979 
andTAlOO 

Ames test S. typhimurium 0-0.1 mg/plate Not Positive Ueno Het al, 
TAIOO and TA104 quoted 1991 

Ames test S. typhimurium 0-10 µg/plate Not Negative Watanabe K et 
TA102 and TA2638; quoted al, 1998 
E.coli WP2/pKM101 
and WP2 
uvrA/pKMlOl 

Ames test E.coli IC203 1 µg/plate Not Negative Martinez A et 
(deficient in OxyR) (dissolved in quoted al, 2000 
and WP2 H20) 
uvrA/pKMIOl 1000 µg/disc 

Bacterial SOS-induction 
SOS chromotest E.coli PQ37, PM21 40µ1/1.2ml 99% Negative Eder E et al 

and GC4798 medium 1989 
(dissolved in 
H20) 

Umu test E.coli: Kl2 4mg/ml Not Positive Y onei S et al, 
ABl 157, AB2463 quoted 1986 
H/r30, Hs30, NG30, 
Rl5, Bir and Bs-1 

Umu test S. typhimurium 1000-3333 Not Positive Oda Yet al, 
TA1535/pSK1002 iig/ml quoted 1985 

Umu test S. typhimurium 1000 µg/ml Not Positive Nakamura S et 
TA1535/pSK1002 quoted al, 1987 

Umu test umu-test O.lml/tube Not Negative Degirmenci E 
S. typhimurium quoted et al 2000 
TA1535 

Microscreen E.coli \VP2s ()~) 0.02-0.26µM Not Positive+ S9 (More DeMariniDM 
assay quoted toxic - S9). and Lawrence 

BK, 1992 

SOS chromotest E.coli K-12 and Not reported Not Negative Mtiller J and 
PQ300 quoted Tanz S, 1992 

Plant assays 
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Mutation assay Nitrogen-fixing blue- 50 and 75 ppm Not Positive Vaishampayan 
green alga quoted A 1984 (a) 

Mutation assay Nitrogen-fixing blue- 25, 50 and 75 Not Positive Vaishampayan 
green alga ppm quoted A 1984 (b) 

Cytogenetic test Vicia faba root Not Negative GopalanHNB 
(meristematic cells) quoted &Njagi GDE, 

1979 

Cytogenetic test Allium fistulosum 1, IO and ~100 Not Positive Alekperov UK, 
µg/ml quoted 1967 

Cytogenetic test Barley seed (root 10-4, 5.0xl0-5 Not Positive Stroev VS, 
cells) and 2.5xl o-5M quoted 1970 

Sub-mammalian eukaryotic assays 
Gene conversion Sacchyromyces 100-900 ppm Not quoted Positive Parry JM, 1973 

cerev1siae (reduced survival). 

Gene conversion Saccharomyces 1000 ppm Not quoted Negative. Siebert D and 
cerev1siae (reduced survival). LemperleE, 

1974 

Gene mutation Aspergillus nidulans 20-1000 µg Not quoted Positive (plate assay); Benigni R et al, 
and lethal (plate negative (liquid test). 1979 
recessive damage incorporation Positive for lethal 

assay) recessive damage. 
20 mg/ml 
(liquid test) 

Chromosome test Drosophila (mus-302 200ppm Not quoted Negative WoodruffRC et 
repair defective al, 1983 
females) 

Somatic mutation Drosophila wing spot 2-8mM 99% Equivocal Torres C et al, 
test 1992 

Chromosome test Saccharomyces 0-35 mg/ml Not quoted Negative Brennan RT et 
cerev1siae (Reduced survival at al, 1994 

15-35 mg/ml). 

SMART assay Drosophila (strains 0-10 mM Not quoted Positive Gaivaol & 
OK, 91 -C, LS, H79 Comendador 
91-RandHR) MA, 1996 

SMART assay Drosophila Dose not Not quoted Negative Ramel C & 
given Magnusson J, 

1992 

SMART assay Drosophila 0-10 mM Not quoted Positive Gaivao I et al, 
(toxicity at high 1999 
doses) 

SMART assay Drosophila 0-16mM Not quoted Negative Vontas JG et al 
2001 

DNA damage Saccharom yces l-20mM Not quoted Negative Paesi-T oresan 
cerev1siae SO et al 1998 

Mammalian gene mutation assays 
Mouse lymphoma L 5178 Y tk+/tk- I 0-200 µg/ml Not quoted Positive (-S9) McGregor et al 
cells mouse lymphoma 1988 

cells 

Mouse L5178Y 23 - 361 99% Negative Clay& 
lymphoma cells mouse lymphoma µg/ml Thomas, l 985 

cells 
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Chinese hamster Transgenic gpt 200 and Not quoted Negative Kitahara et al 
cells Chinese hamster cell 300~tM 1996 

lines (GlO and Gl2) 

Chinese hamster Chinese hamslt,'f 0-2mM Not quoted Negative Salazar JJ and 
ovary cells ovary Kl-BH4, Hsie AW 1999 

AS52 and XRS-5 cell 
lines 

Mammalian cells V79 Chinese hamster l-5mM Not quoted Negative Speit Get al 
cells (HPRT) 1998 

DNA damage assays 

DNA unwinding Erlich Ascites Upto2mM Not quoted Negative Peter Bet al 
Tumour (EAT) cells 1992 
in vitro 

Comet assay Human peripheral Up to 2000 99% Positive (+S9), Ribas Get al 
blood lymphocytes in ~tg/ml for 4hrs Negative (-S9) 1995 
vitro 

Micronucleus Human lymphocytes Up to 100 99% Negative Surralles J et al 
assay in vitro µg/ml 1995 

Comet assay Cultured astroglial 20-80µM Not quoted Positive Frederikson 
cells in vitro CM and 

Clausen J 1999 

Comet assay Human peripheral 0-300µM Not quoted Positive Petrovska H 
lymphocytes (HeLa and Dusinska 
and Hep G2) M 1999 

Comet assay V79 Chinese hamster 1-lOmM Not quoted Negative Speit Get al 
cells 1998 

Comet assay Rat alveolar 0-10 µM Not quoted Positive Dusinska M et 
macrophages and al 1998 
epithelial type II 
pneumocytes 

Comet assay human alveolar 10-2-10-7M Not quoted Positive Don Porto 
epithelial cell line ( cytotoxicity); Carero et al 
A549 and hmnan 10-100 ~tM 2001 
monocytic cell line (genotoxicity) 
TITP-1 

DNAdamage 8-0H-dG and 8-0H- 20mg Not quoted Positive Tokmiaga I and 
Gin blood, liver, paraquat Takeichi S 
lung, kidney, heart dichloride/kg 1996 
and brain Wistar rats lp 

DNA damage Human lung cancer 0-2mM Not given Positive Zienolddiny S 
cells HCC-15 and et al 2000 
NCI-H2009 

DNA damage Calf thymus DNA 0-1.0mM Not given Positive (without Yamamoto H 
incubated with mouse melatonin) andMohanan 
liver, lung or brain Negative (with PV 2001 
homogenate fractions melatonin) 

DNA repair assays 

Bacterial S. Typhinrnrium 100 ~tg/plate Not quoted Weakly positive Benigni R et al 
strains TA1538 and 1979 
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TA 1978 

Bacterial B.subtilis Hl 7/M45 1-500 µg/disk 100% Negative Shirasu Yet al 
1978 

Mammalian cells Human epithelial-like 20-2000 Not quoted Equivocal (no dose Benigni R et al 
cells (EUE) µg/ml response) 1979 

Mammalian cells Human lymphocytes 900 iig/ml 95% Equivocal Rocchi P et al 
in vitro 1980 

Mammalian cells Hepatocyte lnM-10 99.6% Negative Trueman RW et 
cultures from male mM(0.19 al., 1985 
Alderley Park rats ng/ml - 1.86 

mg/ml) 

Cytogenetic Assays 

Chromosomal Chinese hamster lung 3-lOmM Not quoted Positive (at high Nicotera TM et 
damage fibroblasts in vitro doses) al 1985 

Chromosomal Chinese hamster lung 0.08-20.0~tM Not quoted Positive TanakaRand 
damage cells in vitro Amano Y 1989 

Chromosomal Chinese hamster lung 0.1 - 0.8 Not quoted Positive Safi.mi T and 
damage fibroblasts in vitro mg/ml Ishidate M 

1988 

Chromosomal Chinese hamster lung 50 -400 Not quoted Positive Sawada M et al 
damage fibroblasts in vitro ~tg/ml 1988 

Chromosomal Chinese hamster Up to 200 45 Positive (at cytotoxic Lin MF et al 
damage ovary cell in vitro µg/ml (technical doses, +S9 1987 

grade) significantly reduced 
response) 

Chromosomal Unspecified Chinese 0.8mg/ml for3 Not quoted Positive Sofuni T et al 
damage hamster cells in vitro hours 1985 

Chromosomal Human lymphocyte 75 and 150 Not quoted Positive Joenje H et al 
damage cells in vitro iig/ml 1987 

Chromosomal Human 90, 903, & 99.6 Positive (at cytotoxic Sheldon et al., 
damage lymphocytes in vitro 1807µg/ml doses) 1985a 

Chromosomal Human lymphocytes 15 -60 Gramoxone Positive (at cytotoxic SalamAZE-A 
damage in vitro µl/ml fonnulation levels) et al 1993 

containing 
20% 
paraquat 
dichloride 

Sister chromatid Chinese hamster 0.9, 1.8, 9, 18, 99 .4 Positive (reduced Howard et al., 
exchange lung fibroblasts in 90 & 177 with metabolic 1985 

vitro µg/ml activation) 

Sister chromatid Chinese hamster lung Up to 30 ~tM Not quoted Positive Tanaka R I 992 
exchange cells in vitro 

Sister chromatid Chinese hamster lung 4µM Not quoted Positive (reduced by Tanaka R 1995 
exchange cells in vitro pre-treatment vvith 

pentoxifylline ). 

Sister chromatid Primary rat tracheal 0.625 - 45% Positive Wang TC et al 
exchange epithelial cells 2.5µg/ml technical 1987 

grade 
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Sister chromatid Chinese hamster 6.25 - 45% Negative Wang TC et al 
exchange ovary cells l OOµg/ml technical 1987 

grade 

Sister chromatid Cultured human 1-4000 µg/ml 99 Positive Ribas Get al 
exchange lymphocytes 1997/98 

Sister chromatid Chinese hamster lung 0-lOµM Not quoted Positive Tanaka R 2000 
exchange cells 

Micronucleus Cultured human 1-4000 µg/ml 99 Negative Ribas Get al 
assay lymphocytes 1997/98 

Chromosomal Cultured hrnnan l-50µg/ml 99 Negative Ribas Get al 
damage lymphocytes 1997/98 

Chromosomal V79 Chinese hamster l-5mM Not quoted Positive (at cytotoxic Speit Get al 
damage cells doses) 1998 

B. INVIVOASSAYS 

In vivo assays Cytogenetic assays 

Cytogenetic Bone marrow. 6.5-19mg 100 Negative Anderson D et 
assay Alderley Park paraquat al 1978 

wistar male rat cation/kg 
orally for 5 
days 

Cytogenetic Bone marrow. 19 mg 100 Negative Anderson D et 
assay Alderley Park paraquat al 1979 

Wistar male rat cation/kg 
orally for 1 or 
5 days 

Cytogenetic Bone marrow. 15, 75 and 33.07 Negative Howard CA et 
assay Alderley Park 150mg al 1987 

Wistar male and paraquat 
female rat cation/kg 

orally xl 

Micronucleus Bone marrow 52 and 83mg 99.4 Negative Sheldon T et al 
assay Male and female paraquat 1985 (b) 

C57Bl/6J/Alpk mice cation/kg x l 

Micronucleus Peripheral blood 10 and 99 Negative (20mg/kg Pena LFM et al 
assay erythrocytes Female 20mg/kg SC toxic) 1999 

Swiss mice Positive (lOmg/kg) 

Micronucleus Bone marrow and 20mg/kg ip Not given Positive (melatonin Ortiz Get al 
assay peripheral blood male x2 ,48 hrs significantly reduces 2000 

Swiss mice apart the effect) 

Micronucleus Bone marrow Male 83mg/kg Not given Positive ( 48 and 72 Prabakaran P 
assay Swiss albino mice orally hrs only) andMoorthy 

evaluated at 6 time MV 1998 
points between 12 
and 168 hrs 

Chromosomal Bone marrow CFLD 60 or 2.5 Gramoxone Negative Selypes A et al 
damage male mice twice/wk x formulation 1977 

6wks orally; containing 
inhalation; 15 25% 
or 0.55- paraquat 
5.5mg ip cation 
every other 
day for 
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Chromosomal Bone marrow 
damage BALB/c male and 

female mice 

Dominant Lethal Swiss-Webster male 
assay nuce 

Dominant Lethal Male CD-1 mice 
assay 

Chromosomal Peripheral blood and 
damage bone marrow cells 

Male ICR mice 

DNA damage/ 
repair assay 

DNA repair Unscheduled DNA 
synthesis in livers of 
Alderley Park rats 

DNA daniage Liver and lung 
Male Wistar rats 

(e) Reproductive toxicity 

(i) Multigeneration studies 

IO days 

7-23mg/kg ip 
or 1.5 to 5.0 
mg/kg ip for 
10 days 

66 mmol/kg 
lp 

0.04, 0.4 and 
4.0 mg/kg 
orally for 5 
days 

15mg/kg ip 
x2 ,24hrs 
apart 

45 -120 mg 
paraquat 
cation /kg xl 

20mg/kg ip 

Gramoxone Negative (single Rios ACC et al 
200 dose) 1995 

Equivocal (after 
repeat toxic doses). 

Not quoted Negative Pasi A et al 
1974 

23.8 (w/v) Negative Anderson D et 
al 1976 

98 Positive (but Melchiorri D et 
melatonin greatly al 1998 
reduces the effect) 

33.07 Negative TrumanRW 
technical and Barber G 
grade 1987 

Not quoted Negative Sorensen M 
and Loft S 1999 

Mice: Three non-guideline studies in the mouse are reported in the literature and have 
been included for completeness (Dial and Dial, 1987; Dial and Dial, 1989; Bus and 
Gibson, 1975) 

Groups of 24 male and female ICR albino mice were maintained on dietary levels of 
0, 45, 90 or 125 ppm paraquat cation in a two-generation reproduction study. The 
date of parturition and number of young born were recorded for each paired female. 
In the first generation phase females were allowed eight weeks from pairing to 
produce a litter and cages were checked daily for adult and F 1 mortality. All litters 
were weaned on day 30 postnatally and either segregated by sex or paired, without 
inbreeding, for use in the second generation study. Exposure of the F 1 mice to the 
various dose levels was continuous to 49 days postnatally except that parental mice 
were exposed until the F 1 were weaned. The lungs were excised and examined 
histopathologically from sucklings, weanlings and adults of control and paraquat 
groups in which mortality occurred. 

In the second generation phase the F 1 males and females were randomly paired within 
the various treatment groups at 30 days of age. Siblings were not paired. The control 
group consisted of 24 pairs. Offspring of parents fed paraquat were divided into two 
groups of 12 pairs each per respective parent treatment group. One group of 12 pairs 
was removed from the parents' diet and placed on control diet when the mice were 
weaned at 30 days of age; the remaining 12 pairs were continued on the respective 
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parents' paraquat diet. The dates of the first and second parturitions and number of 
young born per litter were recorded for each paired female for 16 weeks. Mortality 
data was collected for adults in all groups and sucklings and weanlings in the control 
and 125 ppm groups. The lungs were excised and examined histopathologically from 
sucklings, weanlings and adults of control and paraquat groups in which mortality 
occurred. 

There were no effects on age to parturition, number born or abnormalities in the pups 
in the first generation following administration of 45 or 90 ppm paraquat cation. At 
125 ppm paraquat cation, however, an increase in mortality was seen in the dams and 
pups during the first weeks of life. The second generation mice were more resistant to 
the effects of paraquat, the only effect being a statistically significant increase 
(P<0.05) in the age of the mothers at second parturition when fed 125 ppm paraquat 
cation. (Dial & Dial, 1987). 

Subsequent studies to explore the basis for the high mortality in the first generation 
dams and pups exposed to 125 ppm paraquat cation in diet, showed that they almost 
certainly died from lung damage. This only occurred in pups exposed prenatally via 
the placenta, not in pups exposed post-natally (Dial & Dial, 1989). Bus & Gibson 
(1975) also reported that paraquat given to mice in their drinking water at either 50 or 
100 ppm paraquat cation from day 8 of gestation and to the young until 42 days of age 
increased pup mortality at 100 ppm but not at 50 ppm. The lungs of mice killed 42 
days after 100 ppm showed extensive alveolar consolidation and collapse, and areas 
of thickening of intra-alveolar septa, supporting the view that the deaths at this dose 
were probably due to lung damage. No significant pathological changes were seen in 
the lungs of the 50 ppm or control mice, nor in the liver or kidneys of mice of any 
treatment group. There were no treatment-related effects on the number oflive 
foetuses or on the postnatal growth rate at either treatment level. 

Rats: Three multigeneration studies are reported. A modern study (Lindsay et al, 
1982); a study conducted to a Japanese protocol involving a teratology sub group 
Suzuki et al, 1983) and an earlier study (Fletcher et al, 1972). 

The potential reproductive effects of technical paraquat dichloride (32. 7% w/v 
paraquat cation) was investigated in a 3-generation (2 litters per generation) study. 
Groups of 15 male and 30 female (FO parents) weanling Alpk Wistar-derived rats 
were fed diets containing 0, 25, 75, or 150 ppm paraquat cation (corresponding to 0, 
1.25, 3.75 or 7.5 mg paraquat cation/kg bw/day respectively;:::: 0, 1.7, 5.2 or 10.4 mg 
paraquat dichloride/kg bw/day). Test diets were fed continuously throughout the 
study. Samples of diet were analysed for achieved concentration and homogeneity. 

After 12 weeks pre-mating administration of paraquat diets, the F0 parents were mated 
to produce the first litters, Fla and F lb· These litters were reared to weaning. The 
breeding programme was repeated with F 1 parents selected from the F lb litters which 
were mated at least 11 weeks after selection giving F2a and F2b litters. The F2tof3 
mating was identical to the F 1 to F2 mating. During mating two females were housed 
with one male. Daily vaginal smear examinations were performed to determine when 
mating occurred- designated Day 1 of gestation. After 21 days ifthere was no 
evidence of mating, the first male was removed and after a 3 day interval was 
replaced by a male of proven fertility. 

Page 53 of 123 

SYNG-PQT-A TR-11218514 



During the study all rats were observed daily for mortality, abnormalities in clinical 
condition and behaviour. Bodyweight and food consumption were determined 
regularly. Urine samples were collected pre-mating from 3 parental animals/sex/ 
group for paraquat determinations. Moribund or dead rats were examined post 
mortem. Parental animals were given a full examination post mortem at termination 
of the generation and selected tissues (lung, testes and abnormalities) were examined 
histopathologically. Twenty five female and 10 male F1 parents were given a full 
examination post mortem and a wide range of tissues were examined 
histopathologically. All pups found dead or considered abnormal were given an 
extensive examination. Litters were examined at least once daily and grossly 
abnormal pups or those dying before day 18 were removed for teratological 
examination by Wilson sectioning. Approximately 50% of pups were killed post 
weaning and given a gross post mortem examination wi.th abnormal tissues taken for 
histopathological examination. Five pups/sex/group from the F lb and F2b litters and 
IO/sex/group from the F3b litters received a full examination post mortem with a wide 
range of tissues examined histopathologically. A count of all live and still-born pups 
was made within 24 hours of parturition (day 0) and thereafter at days 4, 10 and 21 
postpartum. The sexes and any clinical abnormalities of the pups were also recorded 
at these times. Individual pup bodyweights were recorded within 24 hours of birth 
(day 0) and at days 4, 10, 21 and 28 postpartum .. The mean gestation period, 
bodyweight gain during pregnancy, propoirtion of pups born alive, survival to day 21 
and proportion of litters viable at day 10 were determined. 

Dietary analyses showed achieved concentration, homogeneity and stability to be 
satisfactory. Urine analyses for paraquat showed a good dose relationship in F0 

animals but in F 1 males and F2 males and females the results for 75 ppm animals were 
similar to those from 150 ppm animals indicating saturation may have been 
approached. 

There were no adverse effects on parental body weights or food consumption. 
However, there was a high incidence of mortality (27-43%) in the high dose F0, F 1 

and F2 females, due mostly to severe lung damage caused by paraquat. No treatment
related changes were found in the reproductive performance (male and female 
fertility, live-born and survival indexes, and litter size) or in the reproductive tract of 
parents or offspring. Body weight gain during pregnancy was reduced in the second 
mating of each generation in animals from the 150 ppm group although litter weight 
gain was satisfactory by day 28 in all instances. Development of the reproductive 
tract in all treated offspring was substantially comparable to that in controls. 

Post mortem findings related to treatment were seen at 150 ppm and occasionally at 
75 ppm. A red/purple discolouration of the lung and fibrosis were seen in both pups 
and parents from the 150 ppm groups. Alveolar histiocytosis was more pronounced at 
150 and 75 ppm in all male parents and in F 1 and F2 females. A high incidence of 
renal pelvis dilatation was evident in all groups including controls. An increased 
incidence of internal hydrocephalus was seen in F 2b males. There was no evidence of 
eye lesions associated with paraquat administration. 
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It was concluded that paraquat had no effect on reproductive performance or 
development of the reproductive organs of Alderley Park rats when administered at 
dietary levels up to 150 ppm over 3 generations. Increased incidences of lung lesions 
at 150 and 75 ppm indicate that the overall NOAEL is 25 ppm paraquat cation, 
equivalent to approximately 2.5 mg paraquat cation/kg bw/day (Lindsay et al., 1982). 

Groups of 12 male and 24 female rats were fed diets containing 0, 30, or 100 ppm 
paraquat cation from 35 days of age. Three generations bred from these animals 
received the same diets during the whole period under test. Two litters were bred from 
each generation, and the effects on growth, food intake, fertility, fecundity, neonatal 
morbidity, and mortality were noted. No evidence was seen of damage to germ-cell 
production or of structural or functional damage in the animals. In this study, pregnant 
and young animals did not appear to be more vulnerable to paraquat than did adults. 
However, the incidence of renal hydropic degeneration in 3 - 4 week-old offspring 
was slightly increased in the 100 ppm paraquat cation group (Fletcher et al., 1972). 

In a 3-generation study with 2 litters per generation, groups of 30 male and 30 female 
Sprague-Dawley rats (Fo parental generation) were given diets containing 0, 72, 145, 
or 290 ppm paraquat cation from 5 weeks of age (13 weeks prior to mating to obtain 
the first litter, F 1a) until the end of the second lactation (lactation of F lb litters). In the 
second generation (F lb), 30 males and 30 females per group were treated from 
immediately after weaning until the end of the second lactation (lactation ofF2b 
litters). In the third generation (F2b), the same number of rats were treated 
immediately after weaning for at least 13 weeks. In a teratology study sub-group 5 
pregnant females of the parental generation (Fo) and 10 pregnant females of the 
second generation (F1b) were killed on day 20 of pregnancy and examined 
macroscopically. Fetuses were examined for number, sex, weight, external and 
internal abnormalities, and progress of ossification. Another subgroup was used as a 
postnatal investigation group, where natural parturition of pregnant females was 
permitted to occur. In this group the duration of gestation, parturition conditions, the 
number oflive and still-born pups, sex, and external abnormalities were recorded. 
Live pups were investigated until weaning. Five male and 5 female rats per group of 
the first (Fo) and second (F1b) generations and 10 male and 10 female rats per group of 
the F2b litters were subjected to histopathological examination of approximately 25 
tissues. 

In the parental generation there were significant increases in mortality and clinical 
signs attributable to paraquat (asthmatoid wheezing) in several rats of the 290 ppm 
group of each generation from the early stage of the dosing period. There were 29 
treatment-related deaths/moribund animals, all from the 290 ppm dietary level (5 
among F1b animals and 24 among F2b animals), but only 4 deaths among control rats 
(1 among Fo female rats and 2 among F lb female rats at parturition and 1 among F2b 
rats during the dosing period). Histopathological examination of these dead or 
moribund F2b rats showed, in some cases, hyperplasia of the alveolar epithelium and, 
in most cases, diffuse thickening and fibrosis of the alveolar walls. 

There was a decrease in body-weight gain in both male and female rat of the F0 and 
F2b generations at 290 ppm during the early stage of the dosing period. Body-weight 
gain was also reduced in F lb females at 290 ppm during the gestation and lactation 

Page 55 of 123 

SYNG-PQT-A TR-11218516 



periods. Reductions in food consumption and efficiency of food utilisation were seen 
in F0 and F2b females. There was a significant decrease in water consumption in F0 

and F1b females during lactation. No effect of the compound was observed on the 
reproductive performance of parental rats. Macroscopic examination revealed an 
apparently higher incidence of white spots in the lungs of both male and female rats of 
the 290 ppm group in all 3 generations. Treatment-related changes of the lung were 
confirmed by histopathology in rats of each generation. These lesions were dose
dependent and included zonal thickening and fibrosis of the alveolar walls, zonal 
atelectasis, and accumulation of foam cells. There were no treatment-related changes 
in organ weights. A treatment-related statistically-significant reduction in the lactation 
index was found in F1a and F1b litters of the 290 ppm group. A statistically-significant 
reduction in the lactation index was also observed in F2a litters of the 290 ppm group, 
but it was not clear to the authors of the report whether this change was attributable to 
treatment. There were no statistically-significant differences in lactation index 
between other treatment groups and controls nor in the number of still-births and live 
births, sex ratios, or viability indexes in any of the treated groups of both generations, 
when compared to controls. The prolonged duration of gestation in F0 rats of the 
parental group at 145 and 290 ppm was considered by the authors of the report to be 
accidental. The teratology phase showed a statistically-significant delay in ossification 
in F1b fetuses from Fo parents treated with 290 ppm paraquat and in F2b fetuses from 
F lb parents of all treated groups. It was not clear to the authors of the report whether 
the retarded growth was due to the treatment. There was a treatment- related 
statistically-significant higher incidence of female pups with retarded opening of the 
vagina in both F lb and F2b litters at 290 ppm. There was a statistically-significant 
decrease in body weight in male, but not in female, fetuses at 72 and 290 ppm. There 
were no statistically-significant differences between fetuses from treated rats and 
control fetuses in the number of corpora lutea or implantations, percentage of 
implantations, number of dead or live fetuses, sex ratios, or placental weights. No 
external or internal malformations were detected in fetuses of any treatment group. 

The authors of the report concluded that there was no evidence suggesting that 
paraquat was teratogenic and that the only treatment-related change which was 
enhanced by treatment of successive generations of Sprague-Dawley rats with 
paraquat was "an increase in death" at 290 ppm paraquat cation. A no-effect level for 
paraquat was not found in this study due to delayed ossification in F2b fetuses in all 
treated groups (Suzuki et al., 1983). 

(ii) Developmental toxicity 

Mice: Three developmental studies in the mouse are reported; a modern study 
(Palmer K, 1992); an earlier study which did not achieve a maximum tolerated dose 
(Hodge et al, 1978a) and a research study reported in the literature (Bus et al, 1975b). 

In a modern developmental toxicity study, technical paraquat dichloride (38.2% 
paraquat cation) was administered to 26 female Crl :CDl (ICR) BR mice/dose by 
gavage in deionised water at dose levels of 0, 7.5, 15 or 25 mg paraquat cation/kg 
bw/day from days 6 through 15 of gestation. 
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At 25 mg paraquat cation/kg bw/day, four dams were killed in extremis, having shown 
clinical signs of toxicity (piloerection, labored respiration, hunched posture, 
hypothermia, hypoactivity and/or pale extremities and eyes). Decreases in body 
weight and body weight gain (p < 0.01) were seen at 25 mg paraquat cation/kg 
bw/day from day 12 to termination. At study termination, nine animals from the 25 
mg paraquat cation/kg bw/day group had dark red lung lobes. Increases in lung with 
trachea and kidney weights and a possible decrease in pregnancy rate were noted at 25 
mg paraquat cation/kg bw/day. No maternal effects were observed at either 7.5 or 15 
mg paraquat cation/kg bw/day. 

At 25 mg paraquat cation/kg bw/day, there were significant decreases in mean foetal 
weights and reductions in implantations, live foetuses and uterus weight. In addition, 
skeletal effects were observed which included statistically significant increases in the 
number of litters with retarded ossification of the occipital, the number of foetuses 
and litters with 6 caudal centra, the number oflitters with uni- or bilateral extra 14th 
ribs and the number of foetuses and litters with non-ossified astragalus in the 
hindlimb. No other developmental effects were observed at this dose level and no 
developmental effects were observed at either 7.5 or 15 mg paraquat cation/kg 
bw/day. 

No developmental effects were observed at either 7.5 or 15 mg paraquat cation/kg 
bw/day. The maternal NOEL is 15 mg paraquat cation/kg bw/day, based on clinical 
signs, death, decreases in body weight and body weight gain, dark red lung lobes, 
increases in lung with trachea and kidney weights and a possible decrease in 
pregnancy rate seen at 25 mg paraquat cation/kg bw/day. 

The developmental NOEL is 15 mg paraquat cation/kg bw/day, based on decreases in 
mean foetal weights and retarded ossification of the occipital, increases in the number 
with 6 caudal centra, increases in the number with uni- or bilateral extra 14th ribs and 
increases in the number with non-ossified astragalus in the hindlimb seen at 25 mg 
paraquat cation/kg bw/day. (Palmer K 1992) 

Four groups of at least 20 pregnant SPF Alderley Park mice were gavage dosed with 
paraquat dichloride (purity 100%) in 0.5% aqueous Tween at doses of 0, 1, 5, or 10 
mg paraquat cation/kg bw/day during days 6 to 15 of pregnancy, inclusive. Doses 
were selected for this study based on a range-finding study in which doses of 5, l 0, 20 
or 40 mg paraquat cation/kg/day were used; all mice in the 40 mg/kg/day group and 
one mouse in the 10 mg/kg/day group, died. The decedents all had dark red lungs or 
dark red patches on the lungs . On day 18 the animals were killed, their uteri were 
examined, and the foetuses were removed, weighed, sexed, and observed for gross 
abnormalities. There was some evidence of maternal toxicity in the form of slight 
reductions in body-weight gain at 5 and 10 mg paraquat cation/kg bw/day, although 
only that of the middle-dose group was statistically significant. There were no clinical 
signs or pathological changes in maternal animals attributable to paraquat 
administration. Water and food consumption were not quantified in this study. 
Numbers of implantations, viable foetuses and resorptions, sex ratios, and foetal and 
litter weights showed no significant differences between treated and control groups. 
There were no increases in foetal external or soft-tissue abnormalities which could be 
associated with paraquat treatment. There were occasional statistically-significant 
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differences in ossification of individual bones between treated and control groups, but 
no dose-related trend indicating either retardation of ossification or increased 
abnormalities was observed. The authors of the study concluded that paraquat was not 
teratogenic and had no significant influence on embryonic or foetal development of 
the mouse at levels up to and including 10 mg paraquat cation/kg bw/day (;::;: 13.8 mg 
paraquat dichloride/kg bw/day). (Hodge et al., 1978a). 

The teratogenicity and foetal toxicity of paraquat were examined after oral (20 mg/kg 
bw/day) or intraperitoneal (1.67 or 3.35 mg/kg bw/day) administration of paraquat to 
pregnant mice during the period of organogenesis (days 8 - 16 of gestation). The oral 
dose (which was equal to 1/10 of the oral LD50/day) did not produce significant 
maternal toxicity, but at the higher of the 2 intraperitoneal doses (which was equal to 
1/10 of the i.p. LD50/day) a significant maternal mortality (5/7) and a statistically
significant increase of resorption rate, when compared to controls, were observed. 
Paraquat did not significantly increase the incidence of gross, soft-tissue, or skeletal 
abnormalities. At the lower i.p. dose and after oral administration of paraquat, there 
was a slight but non-significant increase in the number of foetuses with absent or non
ossified sternebrae. However, a significant difference was observed in the incidence 
of abnormal sternebrae between the 2 control groups (6.9 ± 3.2% in the i.p. control 
group and 13.2 ± 5.8% in the oral control group). The authors of the study concluded 
that the potential for paraquat as a teratogen appeared to be minimal (Bus et al., 
1975b). 

Paraquat does not rapidly cross the placenta and enter the embryo of mice when given 
orally or by ip administration (Bus et al., 1975). In contrast, paraquat appears to 
readily cross the placenta of rats, being detected in foetuses within 30 minutes of an iv 
injection to 20 day pregnant rats (Ingebrigtsen et al, 1984). 

Rats: Two developmental studies in the rat are reported; a modern study (Hodge 
1992) and an earlier study (Hodge, 1978b). 

In a modern rat developmental toxicity study, paraquat dichloride (38.2% paraquat 
cation) was administered to 24 female Alderley Park, Wistar-derived (Alpk:APfSD) 
rats/dose by gavage in deionised water at dose levels of 0, 1, 3, or 8 mg paraquat 
cation/kg bw/day from days 7 through 16 of gestation. Throughout the study the rats 
were observed for abnormalities and bodyweight and food consumption recorded. On 
day 22 the animals were killed. 

There were no signs of maternal toxicity other than a minor reduction in bodyweight 
gain in the 8 mg/kg bw/day group on days 7-10. There were no treatment related 
macroscopic findings in the dams. At the 8 mg/kg bw/day there was a reduction in 
foetal weight and a reduction in the number oflive fetuses due to increased pre
implantation losses and early deaths. There was no increase in the overall numbers of 
fetuses with defects, anomalies or major skeletal effects. Hydrocephaly was seen in 3 
foetuses from 2 litters from the lmg/kg bw/day group, an incidence outside the 
historical control range but not repeated at higher doses. Dilated ureter was increased 
in the 8 mg/kg bw/day group (2.9% with 0.4% in control). The incidence of short 14th 
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ribs was increased, without a dose-response, in all treated groups compared to 
concurrent controls, but were within the historical control values. There were no 
other significant dose related findings. 

Technical paraquat dichloride (38% w/v) was not teratogenic to rats when given at 8 
mg paraquat cation/kg bw/day or less. Maternal toxicity and foetotoxicity were seen 
at 8 mg paraquat cation/kg bw/day. Maternal and developmental NOAELs of 3 mg 
paraquat cation/kg bw/day can be set based on increased incidence of dilated ureter, 
increased early foetal deaths and reduced foetal weight at 8 mg paraquat cation/kg 
bw/day (~11.0 mg paraquat dichloride/kg/bw/day) (Hodge MCE 1992). 

The teratogenic effects of paraquat were studied in 4 groups of at least 20 pregnant 
SPF Alderley Park rats after oral administration of paraquat dichloride (100% pure) at 
dose levels of 0, 1, 5, or 10 mg paraquat cation/kg bw/day during days 6 tol5 of 
pregnancy, inclusive. The test substance was dosed in 0.5% Tween 80. The mean 
achieved concentrations of paraquat in the dosing solutions were acceptable at l and 
10 mg paraquat cation/kg bw/day, but the nominal 5 mg paraquat cation/kg bw/day 
level was found to be nearer to 4 mg/kg bw/day. Throughout the study the rats were 
observed for abnormalities and bodyweight and food consumption recorded. On day 
21 the animals were killed. 

There were clear clinical signs of maternal toxicity at 5 and 10 mg paraquat cation 
bw/day. Six rats at the highest-dose level and 2 at the middle-dose level died or 
became moribund during the experiment. Histological changes found in the lungs and 
kidneys of the animals receiving 10 mg paraquat cation which died or became 
moribund were those known to be associated with oral paraquat poisoning. Slight 
foetotoxicity was seen at 5 and 10 mg paraquat cation, as shown by a statistically
significant reduction in foetal weight (ca 5% at 10 mg/kg bw/day) and retardation in 
ossification, and by a decrease in the number of viable foetuses per number of 
implants. According to the authors of the study, these effects were probably 
associated with maternal toxicity. There were no effects on embryonic or foetal 
survival and increases in foetal abnormalities were not observed. The authors of the 
study concluded that paraquat was not teratogenic when administered orally to rats, 
even when there was clear evidence of maternal toxicity. However, it did cause slight 
foetotoxicity at the 2 highest-dose levels. 

Reduced ossification of the J1h and 8th caudal vertebrae was seen at 10 mg/kg bw/day 
with slight dose related reductions in ossification of the digits of both the fore and 
hind limbs at 5 and 10 mg/kg bw/day. There was no evidence of teratogenicity. 
Purified paraquat dichloride (100% pure) was not teratogenic in rats at maternally 
toxic dose levels. NOAELs for maternal and developmental toxicity are 1 mg 
paraquat cation/kg bw/day based on maternal toxicity (reduced bodyweight gain) and 
foetotoxicity (reduced ossification) at 5 mg paraquat cation/kg bw/day c~ 6.9 mg 
paraquat dichloride/kg bw/day) and above. (Hodge et al., l 978b ). 

Summary of reproductive toxicity 

Page 59 of 123 

SYNG-PQT-ATR-11218520 



Paraquat has been tested for reproductive effects in multi-generation studies in the 
mouse and rat and for developmental effects in mice and rats, the results of which are 
summarised in the table below. 

In mouse reproduction studies, no effects on reproduction were seen at doses up to 
125ppm (highest dose tested), although this dose resulted in some mortality in dams 
and pups. The overall NOAEL was 90 ppm. It was not possible to calculate the 
intake of paraquat cation/kg bw/day because of lack of data published (Dial and Dial 
1987; Bus and Gibson, 1975). 

In a modern rat multigeneration study with Alpk Wistar-derived rats there were no 
adverse effects on reproduction at dose levels up to 150 ppm. Maternal toxicity was 
evident at this dose (mortality, reduced weight gain in pregnancy, alveolar 
histiocytosis, lung discolouration and fibrosis) and 75 ppm (alveolar histiocytosis). 
The NOAEL was 25 ppm (ca 2.5 mg paraquat cation/kg bw/day:::::: 3.5 mg paraquat 
dichloride/ kg bw/day). (Lindsay et al 1982). 

In a Japanese 3-generation study wi.th 2 litters per generation and a developmental 
toxicity phase, groups of 30 male and 30 female Sprague-Dawley rats (Fo parental 
generation) were given diets containing 0, 72, 145, or 290 ppm paraquat cation. It 
was concluded that there was no evidence suggesting that paraquat was teratogenic 
and that the only treatment-related change which was enhanced by treatment of 
successive generations of Sprague-Dawley rats with paraquat was "an increase in 
death" at 290 ppm paraquat cation. A no-effect level for paraquat was not found in 
this study due to delayed ossification in F2b fetuses in all treated groups (Suzuki et al., 
1983). 

In an earlier rat multigeneration study where rats were fed diets containing 0, 30, or 
100 ppm paraquat cation from 35 days of age, pregnant and young animals did not 
appear to be more vulnerable to paraquat than did adults. However, the incidence of 
renal hydropic degeneration in 3-4 week-old offspring was slightly increased in the 
100 ppm paraquat cation group (Fletcher et al., 1972). 

In the mouse developmental studies there was no overt teratogenicity at maternally 
toxic doses. A number of effects were seen at low or intermediate doses but with no 
dose response and the relationship to paraquat administration is unclear. An increase 
in umbilical hernia seen in one study at the mid-dose was not reproduced in the 
second study and is considered to be a sporadic finding. Alterations in ossification 
(particularly the astragalus) and increases in minor abnormalities were seen at 25 mg 
paraquat cation/kg bw/day, indicating delayed development or mild foetotoxicity 
associated with maternal toxicity. An overall NOAEL is 7.5 mg paraquat cation/kg 
bw/day (equivalent to 10.4 mg paraquat dichloride/kg bw/day). (Hodge, 1978; 
Palmer, 1992). This is consistent with ossification effects at 20 mg paraquat cation/kg 
bw/day reported by Bus et al, 1975. 

In the rat developmental studies paraquat did not exhibit teratogenicity at maternally 
toxic dose levels (up to 10 mg paraquat cation/kg bw/day) but mild foetotoxicity was 
evident at 2:4 mg/kg bw/day. A NOAEL from the rat developmental studies is 3 mg 
paraquat cation/kg bw/day (:::::: 4.1 mg paraquat dichloride/kg bw/day). (Hodge, 1978; 
Palmer, 1992). 
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Table 12: Summary of reproductive toxicity 

Study type 
2 gen repro study in 
mice, dietary 0, 45, 90 
or 125 ppm paraquat 
cation 

Mouse repro. Dosed in 
drinking water at 0, 50 
or 100 ppm paraquat 
cation from day 8 of 
gestation till 42 days 
post partum. 

Rat multigen. 0, 30 or 
100 ppm paraquat 
cation 

Rat multigen. 0, 25, 75 
or 150 ppm paraquat 
cation (~ 0, 2.5, 7.5 or 
15 mg paraquat 
cation/kg bw/day) 

Rat multigen (3 
gen)with teratology 
phase ( 0, 72, 145 or 
290 ppm paraquat 
cation) 

Mouse teratology (20 
mg/kg bw/day) or ip 
(1.67 or 3.35 mg/kg 
bw/day). (Unclear 
from the paper whether 
paraquat dichloride or 
paraquat cation values 
are used) 

Mouse teratology. 0, 1, 
5 or 10 mg paraquat 
cation/kg bw/day in 
0.5% Tween 80 

Mouse teratology 0, 
7.5, 15 or 25 mg PQ 
ion/kg bw/day in 

NOAEL 
90 ppm paraquat 
cation* 

50 ppm paraquat 
cation* 

30 ppm paraquat cation 
(~ 3. 0 mg paraquat 
cation/kg bw I day ~ 4 .1 
mg paraquat 
dichloride/kg bw/day) 

25 ppm (2.5mg 
paraquat cation/kg 
bw/day ~ 3.5 mg 
paraquat dichloride/kg 
bw/day) 

NOEL not achieved 
( <72 ppm paraquat 
cation)due to delayed 
ossification in F 2B 

litters in all groups. 

Not established ip is an 
inappropriate route 

10 mg paraquat 
cation/kg bw/day (~ 
13.8 mg paraquat 
dichloride/kg bw/day) 
for developmental and 
maternal toxicity 

25 mg paraquat 
cation/kg bw/day (~ 
34.5 mg paraquat 

Comments 
No effects on reproduction. In 
the first generation only, at 125 
ppm paraquat cation an increase 
in mortality was seen in the dams 
and young pups. 

No effects on reproduction. An 
increase in postnatal mortality at 
100 ppm paraquat cation. Lungs 
showed alveolar consolidation 
and collapse. 

No effects on reproduction. The 
incidence of renal hydropic 
degeneration in 3-4 week old 
offspring was slightly increased 
in the l 00 ppm paraquat cation 
group. 

No effects on reproduction. 
Maternal toxicity at 7.5 and 15 
mg paraquat cation/kg bw/day. 

Mortality at the top dose; lung 
damage apparent. No effects on 
reproduction. 
Delayed ossification in top dose 
in teratology phase. 

3.35 mg/kg bw/day ip resulted in 
death (5/7) and increased 
resorption rate. At 1.67 mg/kg 
bw/day ip and oral dose, a slight 
(not stat sig) increase in the 
number of foetuses with absent or 
non-ossified sternebrae. 
Concluded that potential of 
paraquat as a teratogen appeared 
to be minimal. 

Not teratogenic. No effect on 
embryonic or foetal development. 

No overt teratogenicity. Maternal 
death at 25 mg/kg bw/day and 
toxicity at 15 and 25 mg/kg bw/ 
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deionised water dichloride/kg bw/day)- day. Minor abnormalities 
teratogenicity increased at 15 and 25 mg/kg bw/ 
7. 5 mg paraquat day generally within historical 
cation/kg bw/day (~ control range. Non dose related 
10 .4 mg paraquat effects at 7.5 mg/kg bw/day of 
dichloride/kg bw/day)- unknown aetiology. 
maternal and 
developmental toxicity 

Rat teratology 0, 1, 5 or 10 mg paraquat No overt teratogenicity. Mild Hodge et al, 
10 mg/kg bw/day cation/kg bw/day (~ maternal toxicity at 10 mg/kg bw 1978 
paraquat cation 1.38 mg paraquat day .. 

dichloride/ kg bw/day)-
teratogenicity 
5 mg paraquat 
cation/kg bw/day (~ 6.9 
mg paraquat 
dichloride/kg bw/day)-
maternal and 
developmental toxicity 

Rat teratology 0, 1, 3 or 8 mg paraquat No teratogenicity. Mild maternal Hodge et al, 
8 mg paraquat cation/kg bw/day toxicity and foetotoxicity at 8 mg 1992 
cation/kg bw/day ( ~ 11. 0 mg paraquat paraquat cation/kg bw/day. 

dichloride/kg bw/day) -
teratogenicity 
3 mg paraquat 
cation/kg bw I day ( ~ 4 .1 
mg paraquat 
dichloride/kg bw/day)-
maternal and 
developmental toxicity 

* insufficient data given to calculate paraquat dose in mg cation/kg bw/day 

(f) Special studies: 

(i) Studies on the mechanism ofparaquat induced prol?ferative lung changes 

The toxic effects of paraquat were first described by Clark et al., (1966) who reported 
that the histological effects of paraquat in rats, mice and dogs are similar. The lung, 
liver, kidney and thymus were affected; the lung being the major target. The effect of 
paraquat in the cynomologus monkey is similar to that in rats (Murray and Gibson, 
1972). In contrast, rabbits do not develop lung lesions following acute oral or ip 
administration (Butler and Kleinerman, 1971; Mehani, 1972; Ilett et al., 1974; Zavala 
and Rhodes, 1978). There is one report of daily administration of paraquat in the 
drinking water to rabbits over several days leading to lung damage that resembles that 
seen in rats (Restuccia et al., 1974). Inhalation exposure to paraquat produces lung 
damage in the rabbit (Seidenfeld et al., 1978). The hamster responds in a similar way 
being refractory to a single subcutaneous dose of paraquat, but lung fibrosis is 
produced by repeated sc injections (Butler, 1975). 

The most extensive studies on the pathogenesis of lung damage produced by paraquat 
have been conducted in rats. The time course of development of the injury in rats 
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given a single MLD ip dose was reported by Vijeyaratnam and Corrin (1971) and 
Smith and Heath, (1974a). Damage to the type I and II alveolar epithelial cells was 
seen within a day of dosing. This damage was more marked by days 2-4 with large 
areas of the alveolar epithelium being completely lost; alveolar oedema developed and 
in some areas haemorrhage into the air spaces occurred. At this time there was 
extensive infiltration of inflammatory cells into the alveolar interstitium, air spaces 
and perivascular areas, although the alveolar endothelial capillaries were mainly 
spared. The animals died as a consequence of severe anoxia usually within the first 
few days after dosing and this has been confirmed by others (Clark et al., 1966; Sharp 
et al., 1972; Smith and Rose, 1977). This phase has been called the destructive phase 
(Smith and Heath, 1976). Similar early pathological changes have been reported by 
Kimbrough and Gaines, (1970); Brooks, (1971); Modee et al., (1972); Wasan and 
McElligott, (1972); Smith et al., (1974); Sykes et al., (1977) and Smith and Heath, 
(1976). Some rats that survive for up to 10-12 days after dosing develop an extensive 
hypercellular lesion in the lung, which is dominated by proliferation of fibroblasts. 
This phase of the lesion is called the proliferative phase and is characterised by 
attempts by the epithelium to regenerate and restore normal architecture of the 
alveolar epithelium (Kimbrough and Gaines, 1970; Vijeyaratnam and Corrin, 1971; 
Smith and Heath, 1974a). The findings in these animals are typically extensive intra
alveolar and inter-alveolar fibrosis, which in association with residual oedema reduces 
gaseous exchange, which results in death from anoxia. It appears that the initial 
damage to the alveolar epithelium, produced by paraquat, is the primary event in the 
development of the lung injury, with the proliferative fibrosis being a consequence of 
the extensive damage produced. For a more detailed review on pulmonary injury see 
the review by Smith and Heath, (1976). 

Pathological findings upon autopsy in human fatalities from paraquat poisoning are 
similar to those seen in experimental animals, in particular the rat (for a detailed 
review see Smith and Heath, 1976). The lung is the organ showing the most severe 
changes in paraquat poisoning. Pulmonary pathology has been divided into two 
phases, which correspond with the early and late stages of the clinical signs and 
symptoms (Smith and Heath, 1975). 

The destructive phase. This occurs during the first few days after paraquat poisoning 
and is rarely seen in human autopsy cases, but has been described in a case where an 
early biopsy was performed (Toner et al., 1970). It is characterised by swelling of the 
alveolar epithelium, which sloughs off and is thought to be related to early 
development of pulmonary oedema with congestion and fibrin exudate (Smith and 
Heath, 1974a). Death due to this pulmonary pathology is rare. 

The prol~ferative phase. This phase is usually seen in patients who survive for longer 
than 1 week. Pulmonary congestion with interstitial and alveolar oedema continues, 
sometimes associated with haemorrhage. There is lymphocytic and other 
inflammatory cell infiltration and occasional proliferation of cells lining the alveolar 
wall (Bullivant, 1966). The most specific feature is the presence of large quantities of 
fibroblastic tissue, which is perivascular and peribronchial early on, but later more 
diffuse (Smith and Heath, 1974b). The pulmonary fibrosis is sometimes associated 
with an early honeycomb appearance of the lung parenchyma, however, in contrast to 
a true honeycomb lung the cystic air spaces are dilated respiratory bronchioles and 
their walls consist of fibrosed, collapsed alveoli. 
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(ii) Effects on the nervous system and suggested link to Parkinson's disease 

Effects on the nervous system 
The neurotoxic potential of paraquat has been extensively studied in laboratory 
animals. No clinical signs of neurotoxicity or consistent neuropathological changes 
have been reported following long term exposures (l-2+ years) of dietary 
administration of paraquat to rodents or dogs in regulatory compliant studies (US 
EPA "RED" 1997). In acute dosing studies in the rat, using high parenteral doses of 
paraquat at or above the MlD (20-100 mg paraquat cation/kg bw, i.p.) produced signs 
of neurotoxicity with muscle fasciculation, some tremors and "wet-dog" shakes, 
typically within 30 min of dosing (Bagetta et al., 1992; Corasaniti et al. 1992; Hara et 
al., 1993), which is the time of peak blood and brain concentrations. These authors 
also reported neuronal cell necrosis in the pyriform cortex of these animals' 24h after 
dosing (Bagetta et al., 1992; Corasaniti et al., 1992). The neuronal cell necrosis could 
be reduced by administration of atropine but not methyl atropine (Bagetta et al., 1992), 
suggesting some involvement of central muscarinic receptors. No effects were 
observed after 5 mg/kg i.p. paraquat. The basis for the selective injury to the pyriform 
cortex is currently not known, but it does not reflect the brain region with the highest 
concentration of paraquat (Corasaniti and Nistico, 1993; Naylor et al., 1995a and b). 
Others have reported that paraquat (20 mg/kg, s.c.) does not produce neuronal cell 
necrosis in the pyriform cortex of perfused-fixed material from rats 24 and 48h after 
dosing (Naylor et al., 1995b; Widdowson et al., 1996a), and have suggested the effect 
reported by the Italian group may be a fixation artefact. The precise basis for this 
variance is currently not understood. Similarly, daily oral dosing of paraquat at 5 
mg/kg/day for 14 days to rats produced no evidence of neuronal cell necrosis, despite 
particular emphasis on the pathology of the pyriform cortex, nigro-striatal region and 
hypothalamus, or behavioural changes indicative of neurotoxicity (Widdowson et al., 
1996b). The behavioural effects observed in rats appear to only occur at peri-lethal 
parenteral doses. 

The lack of any consistent neurotoxicity observed in these long term and acute studies 
may reflect the fact that paraquat, being a di-cation, does not readily cross the 
mammalian blood-brain barrier and enter the brain after either oral or parenteral 
administration (Rose et al., 1976; Dey et al., 1990; Corasaniti et al., 1991; Corasaniti 
and Nistico, 1993; Naylor et al., 1995b; Widdowson et al., 1996a and b). The paraquat 
concentration associated with the rat brain is always lower than that in the plasma and 
decreases with time, with the initial concentration detected in the brain being largely 
associated with blood (Rose et al., 1976; Dey et al., 1990; Naylor et al., 1995b). 
Paraquat can however be detected in rat brain regions such as the olfactory bulb, area 
postrema and hypothalamus, which do not possess an effective blood-brain barrier, 
thus allowing paraquat direct access to these brain regions. Autoradiographic studies 
have detected paraquat in these regions and in the associated cerebrospinal fluid 
(ventricles and choroid plexus), but the concentrations were low and only represented 
a very small percentage of the administered dose, approximately 0.05% at the time of 
maximal blood concentration 1 hr after dosing (Naylor et al., 1995b; Waddell and 
Marlowe 1980). Immunohistochemical localisation of paraquat in rat brain has shown 
it is present in capillary walls and glial cells, but was not detected in neurones (Nagao 
et al., 1991). A very recent report by Shimizu et al., (2001) however claims that 
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paraquat is able to traverse the rat blood-brain barrier via a valine sensitive neutral 
amino-acid transporter, although these findings have yet to be repeated by other 
researchers. 

Direct administration of paraquat into the ventricles, or infusion into certain brain 
regions, produces signs of neurotoxicity in rats, which is associated with neuronal cell 
damage (De Gori et al., 1988; Calo et al., 1990; Bagetta et al., 1992, 1994; Corasaniti 
et al., 1992; Yoshimura et al., 1993; Liu et al., 1995; Liou et al., 1996). These effects 
were seen at low (2-20 µg) doses of injected paraquat. These observations lend 
support to the view that little paraquat enters the brain following parenteral 
administration (20 mg/kg, sc or 4,000 µg /200 g rat) or oral administration (126 mg/kg 
or 25,200 µg/200 g rat) as no neuronal cell toxicity was seen at these doses. 

Possible link with Parkinson's disease 
A possible association between paraquat exposure and the development of 
Parkinson's disease has been the subject of much speculation. The reason for this, is 
the apparent (and superficial) structural similarity between paraquat and l-methyl-4-
phenylpyridinium ion (NIPP+), the active metabolite of l-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine (MPTP) which can induce a Parkinson-like syndrome in monkeys, 
humans and a particular strain (C57Bl6) of mice (Langston et al., 1983; Lewin, 1984). 
Administration ofMPTP to susceptible animal species produces selective damage to 
dopaminergic neurons in the substantia nigra, leading to a marked loss of dopamine 
and clear signs of neurotoxicity. The mechanism for MPTP toxicity (see Markey et 
al., 1986; Tipton and Singer, 1993) involves its ability to cross the blood-brain barrier 
and enter glial cells where it can undergo oxidative metabolism by the enzyme 
monoamine oxidase B to form MPP+. This metabolite then accumulates selectively 
into dopaminergic neurons via the dopamine transport system, leading to inhibition of 
mitochondrial respiration, which ultimately leads to the demise of the neurone. 
Structure-activity relationships suggest that, despite their apparent similarity, paraquat 
and MPTP are two very different chemicals (Koller, 1986). MPTP is uncharged and 
lipophilic, and is thereby able to cross the blood-brain barrier, whereas paraquat is 
charged and hydrophilic, and consequently does not readily enter the brain. In 
addition, MPTP is a monoamine whose toxic metabolite, MPPf, is able to use a 
specific monoamine uptake system to gain access to neurones, particularly in the 
substantia nigra, whereas paraquat is a diamine. It is also very relevant that 
administration of MPP+ to experimental animals did not produce neurotoxicity, due to 
its poor entry across the blood-brain barrier (Tipton and Singer, 1993). Thus, like 
paraquat, MPP 1 does not readily enter the brain. Consistent with this, systemic 
administration of paraquat to C57Bl6 mice or rats did not lead to dopamine depletion 
or neuronal cell death in the striatum, like that seen with :MPTP (Perry et al., 1986; 
Widdowson et al., 1996b). 

Despite these observations, other researchers have reported changes in brain 
dopamine content following paraquat administration to mice (Endo et al., 1988; 
Fredriksson et al., 1993). In the latter case, paraquat (0.07 or 0.36 mg/kg) was 
administered orally to pups on days 10 and 11 after birth at a time when the brain is 
undergoing rapid growth, and hence might be a more vulnerable to chemical insult. 
The authors reported a small loss of dopamine and its metabolites, and a decrease in 
behavioural activity when measured at 120 days of age (Fredriksson et al., 1993). 
These data are in contrast to the findings of Perry et al., (1986) where a total paraquat 
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dose of 44 mg/kg s.c. to the same mouse strain, produced no significant striatal 
dopamine depletion. Attempts to reproduce the findings ofFredriksson et al., (1993) 
in C57Bl6 mice, in another laboratory, proved inconclusive (Dr. David Ray, University 
of Nottingham, UK, personal communication), however, a very recent publication by 
Ding et al., (2001) claims to have observed similar findings to Fredriksson et al using 
a similar dosing regimen. 

A report by Brooks et al., (1999), where paraquat was administered by intraperitoneal 
injection (i.p.) to C57Bl6 mice at a weekly dose of 5 or 10 mg/kg over 3 weeks, 
initially suggested that paraquat may produce a reduction in the number of neurones 
in the nigro-striatal brain region, and a reduction in ambulatory activity in this mouse 
strain. However, the experimental protocol used by these authors involving the intra
cerebral injection (prior to paraquat dosing) of the neuronal marker, fluorogold, to 
permit investigation of the dopaminergic neurones in the substantia nigra, may have 
compromised the blood-brain barrier and allowed paraquat direct access to the brain. 
Furthermore, the high dose of paraquat (approximately 25-50% of the single dose 
LD50) used by the authors, suggests that their findings may not have any relevance to 
normal exposure scenarios in the human population. Subsequent reports from the 
same group ofresearchers using similar doses of paraquat administered to the same 
animal model, have failed to reproduce the same extent of the changes reported in this 
initial publication (Thiruchelvam et al., 2000a & b). 

Thiruchelvam et al., (2000a) investigated the interaction of the two compounds 
paraquat and the fungicide, maneb (manganese ethylenebisdithiocarbamate), on the 
nigro-striatal dopamine system in the C57Bl6 mouse model. In this study mice were 
dosed with saline, paraquat (5-10 mg/kg) and I or maneb (15-30 mg/kg) by i.p. 
injection, each week for 4 weeks. End point markers of toxicity used were locomotor 
activity, striatal dopamine (and metabolites) levels and tyrosine hydroxylase 
immunoreactivity in the striatum. The results showed that paraquat and maneb in 
combination produced more marked effects than either in isolation. In fact, paraquat 
(5 or 10 mg/kg) alone produced no significant change in the endpoints measured when 
compared to control. This is in contrast to the data presented by the same group in the 
Brooks et al., (1999) report. Though some of the synergistic effects of paraquat and 
maneb combined were significant, they were small in magnitude, with reductions in 
tyrosine hydroxylase immunoreactivity in the striatum being reduced by only 10%. In 
a similar study involving twice weekly i.p. administration of paraquat (10 mg/kg) and 
I or maneb (30 mg/kg) for 6 weeks (Thiruchelvam et al., 2000b), these same 
researchers demonstrated a similar increased effect following combined 
administration of paraquat and maneb involving the additional endpoint marker of cell 
counts in the substantia nigra and ventral tegmental area. Interestingly paraquat and 
maneb administration individually produced no significant reduction in cell counts, 
but the combined administration produced a 20% reduction of cell counts in the 
substantia nigra with no effect in the ventral tegmental area. The toxicological 
significance to man of these findings is unclear, since the route of exposure used in 
these studies is not relevant to human exposure scenarios, and when considered in the 
context of occupational risk, the scenario of a farm operator being exposed to such 
very high doses of either chemical does not arise. Furthermore, since these chemicals 
are not used together in combination in the field, simultaneous exposure to these high 
doses is inconceivable. 
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Epidemiological studies 
A number of epidemiological studies have been performed that have investigated the 
factors associated with an increased risk of Parkinson's disease. The first 
epidemiological work to draw attention to a possible role of pesticides in Parkinson's 
disease was published by Barbeau et al., (1986) who showed that the regional 
incidence of the illness in Canada was non-uniform and correlated with a genetically 
determined enzyme deficiency. While there was certainly a strong correlation between 
disease incidence and pesticide use, such a correlation was also found for industrial 
areas and wood processing regions. Since then a number of case-control studies have 
been published, with varying methodologies and conflicting results. Some studies 
suggested that the use of herbicides was significantly associated with the development 
of Parkinson's disease (Ho et al., 1989, Golbe et al., 1990, Semchuk et al., 1991); 
Others have found no such association (Ohlson and Hogstedt, 1981, Tanner et al., 
1989, Koller et al., 1990, Zayed et al., 1990, Tanner et al., 1990). In the case of 
paraquat; two studies have linked paraquat exposure to Parkinson's disease (Hertzman 
et al., 1990, Liou et al., 1997), while a further 6 studies have not (Rajput and Ryan 
1987; Zilket et al 1988; Bella et al 1991; Vanacore 1991; Hertzman et al 1994 and 
Kelly et al 1995). The difficulty in interpreting all such studies lies in accurately 
assessing the exposure of individuals and in the assessment of confounding factors in 
multiple exposure situations. In the paraquat epidemiology studies sited above non 
have quantified exposure. Indeed, the reliability of self and proxy derived data for 
exposure in Parkinson's disease patients has been questioned by Semchuk & Love 
(1995) who found a considerable degree of misclassification of exposure for some 
variables. Overall, the epidemiology studies do not show a consistent link between 
paraquat and Parkinson's disease. 

Given that the age corrected incidence of Parkinson's disease has been consistent over 
time in a given population since the widespread introduction of modern agrochemicals 
in the 1950's (Ben-Shlomo, 1997) it would seem unlikely that exposure to these 
chemicals are the cause of Parkinson's disease. Additional evidence against paraquat 
as a causative factor in Parkinson's disease, however, comes from the many published 
case reports of paraquat poisoning. There is no evidence of a specific effect of 
paraquat on the nervous system, nor have neurological sequelae been noticed in 
survivors of paraquat poisoning (Vieregge et al., 1988). Zilker et al., (1988) carried 
out detailed neurological follow-up examinations in 4 survivors of paraquat poisoning 
(latency period between ingestion and follow-up 5 - 10 years) and 3 patients who had 
had skin contact with paraquat. It was possible to exclude Parkinsonism in all patients. 
Furthermore, in health surveys conducted in areas of high usage and long-term 
exposures to paraquat such as Sri Lanka, Malaysia and the Philippines, clinical 
observations have revealed no neurological deficits in humans, let alone Parkinson's 
disease (reviewed in Lock & Wilks, 2001). 

In conclusion, although the findings from the animal model systems are interesting 
and warrant further study to determine their human toxicological significance, there is 
little consistent evidence to date linking paraquat to Parkinson's disease. 

3. Observations in humans 

a) Case reports - Accidental and Intentional Poisoning 
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The first cases of fatalities described involved accidental ingestion of the 20% 
paraquat concentrate (Bullivant, 1966, Swan, 1967, Oreopoulos et al., 1968, 
Campbell, 1968). A major source of poisoning was the decanting into unlabelled 
drinks bottles and other containers (Malone et al., 1971). Throughout the 1970's the 
number ofreported cases continued to rise, however, there was a noticeable shift in 
the circumstances. For example, in the Republic oflreland the number of accidents 
due to decanting decreased between 1967 and 1977 from 45% to 4% of total cases 
(Fitzgerald et al., 1978b). Further analysis of the circumstances of poisoning showed 
that before 1975 there was an approximately equal proportion of accidental and 
suicidal cases, whereas after that date suicides accounted for over 90% of cases and 
all fatalities. A similar pattern was described in Northern Ireland (Carson and Carson, 
1976) and the United Kingdom (Howard, 1979a, Bramley and Hart, 1983). A review 
of deaths from pesticide poisoning in the United Kingdom between 1945 and 1989 
showed that the number of paraquat-associated deaths rose continuously from 1973 
onwards and peaked in 1981. Since then, the number has steadily declined to pre-1973 
levels (Casey and Vale, 1994). 

With the increasing use of paraquat throughout the world during the 1970's and 
1980' sit became apparent that the problem of accidental and intentional poisoning 
had shifted away from the British Isles and Europe (Onyon and Volans, 1987). A high 
incidence was reported in particular from Asian countries such as Japan (Naito and 
Yamashita, 1987), Malaysia (Amarasingham and Lee, unpublished report), Sri Lanka 
(Hettiarachi and Kodithuwakku, 1989) and Fiji (Goundar, 1984). Paraquat was also 
the most widely used chemical suicidal agent in Trinidad (Hutchinson et al., 1991) 
and Surinam (Perriens et al., 1989). 

In Costa Rica, Wesseling et al., (1993) examined records of the Forensic Medical 
Department which showed that over the seven year period from 1980 to 1986 a total 
of 169 fatalities had occurred from paraquat poisoning. The pathologists had 
classified the overwhelming majority as suicide-related, although the authors 
suggested that misclassification occurred in some cases. However, a detailed 
examination of case records of the Forensic Medical Department between 1990 and 
1992 showed that 74 out of 76 paraquat related fatalities were due to suicide from oral 
ingestion, with 2 fatalities occurring from accidental ingestion (Vargas and 
Sabapathy, 1995). Government statistics for 1995 and 1996 showed that 62 out of a 
total of 72 pesticide related fatalities (no compound mentioned) were due to suicide 
and 2 due to homicide, 8 fatalities were classified as non-occupational, and there were 
no occupationally related fatalities (Ministerio de Salud, 1997). 

Paraquat poisoning is uncommon in the USA, the world's largest market for paraquat
containing products. A ten year survey of calls to US poison centres showed that 
paraquat (and diquat)-related enquiries accounted for only around 0.01% of the total 
(Hall, 1995). Most cases showed either no or minor symptoms, with less than 2 
fatalities occurring annually, almost all of them related to suicides. 

Data on mortality from paraquat poisoning are difficult to compare because of 
differences in circumstances, treatment and reporting systems. In a collection of data 
from 14 publications compiled by the International Programme on Chemical Safety 
(IPCS, 1984), mortality ranged from 36% to 100%, with an overall mortality of 48% 
(446 of925 cases). A difference in mortality between ingestion of the liquid 
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concentrate (20% paraquat ion) and a granular product (2.5% paraquat, 2.5% diquat) 
has been described by some authors. Park et al., (1975) found that the fatality rate was 
15 of23 (65%) in patients who had ingested liquid concentrate and 3of8 (38%) in 
patients ingesting the granular product. Fitzgerald and Barniville (1978) reported no 
deaths in 14 patients ingesting the granular product compared to a mortality of 74% in 
118 cases of ingestion of the liquid concentrate. In the series published by Howard 
(1979a) there were 36 deaths from 41 cases (88%) where liquid concentrate was 
ingested, and 5 deaths from 27 cases (19%) involving the granular product. These 
differences are largely a reflection of the size of dose ingested. 

While suicidal ingestion of paraquat concentrate accounts for most of the recorded 
fatalities, the problem of accidental ingestion prompted the principle manufacturer of 
paraquat to introduce formulation changes to the liquid concentrate in the late 1970's 
and early 1980' s (Sabapathy, 1995). A blue colour was added to prevent confusion 
with drinks, a stenching agent was introduced to alert users, and an emetic was 
included. In addition, packaging and labelling was improved to deter decanting of the 
product, and education and training efforts were directed in particular towards 
smallholder farmers in developing countries, where the majority of incidents 
occurred. The effect of these efforts is believed to have made a significant 
contribution to the decrease of accidental paraquat ingestion in many countries 
(Sabapathy, 1995, Wesseling et al., 1997). 

Although ingestion is the route of entry into the body for the overwhelming majority 
of poisoning cases, there are a few reports of systemic effects from inhalation and 
dermal exposure (localised skin, eye and upper respiratory effects will be discussed 
under 'Use Experience'). Inhalation exposure is not a prominent feature in paraquat 
poisoning cases because of the extremely low (<10-8 mm Hg) vapor pressure of 
paraquat. Respiratory exposure to paraquat during spray applications is very low 
because the large droplet size prevents the material from going beyond the nasal 
cavity. Concerns about oral exposure to spray droplets as a result of drainage into the 
oral cavity and swallowing appear unwarranted because the typical spray 
concentration of paraquat for hand-held spray applications is 0.1 - 0.2%; and would 
thus require a dose of 1 - 2 litres of spray solution directly into the nose and into the 
oral cavity to achieve an lethal dose (Howard, 1980). It is therefore not surprising that 
there are no reports in the published literature of deaths arising from inhalation 
exposure. A review of 30 cases of presumed inhalation exposure found no evidence 
for systemic poisoning (Vlachos and Kontoes, 1987). Where paraquat was measured it 
was undetectable or at the limit of detection. Patients were either asymptomatic or had 
non-specific symptoms such as headache, nausea or feeling unwell. Two patients 
described nose bleeds. In two patients who presented with cough and fever, 
pneumonia was established as clinical diagnosis. A recent review (Garnier, 1995) 
concluded that there was only one convincing reported case of possible systemic 
poisoning following inhalational exposure to paraquat and signs of toxicity were very 
mild and the patient made a full recovery (Fitzgerald et al., 1978a). In this case, a 43 
year old market gardener sprayed a 'stronger than usual' solution (no details of spray 
concentration available) in a greenhouse and complained of a burning sensation in 
throat and mouth and weakness. There was biochemical evidence of mild renal 
failure, but liver function tests and chest x-ray were normal. Paraquat tested positive 
in urine. Renal function parameters returned to normal within 10 days after exposure. 

Page 69 of 123 

SYNG-PQT-ATR-11218530 



Furthermore, the US EPA concluded that inhalation was not a relevant route of 
exposure for human risk (US EPA RED, 1997). 

It has already been mentioned that paraquat absorption across intact human skin is 
extremely low both in vitro (Walker et al., 1983) and in vivo (Wester et al., 1984). In 
fifteen cases of single exposures of the skin and eyes during work with paraquat 
solutions only localised lesions (dermatitis, vesicles, burns, conjunctivitis) were found 
(Hoffer and Taitelman, 1989). Paraquat was undetectable in plasma except for three 
cases where it was at the limit of detection. There were no manifestations of systemic 
toxicity. A small number of case reports describe systemic paraquat poisoning and 
fatalities from dermal exposure. In six cases there was deliberate or accidental 
application of paraquat concentrate to the skin, usually in the unfortunate mistaken 
beliefthat it could act against parasitic disease (Ongom et al.,1974, Binns, 1976, 
Wohlfahrt, 1982 (2 cases), Tungsanga, et al.,1983, Garnier, et al., 1994). Three cases 
(Waight, 1979, Okonek, et al.,1983, Wesseling, et al.,1997) involved widespread 
accidental contamination of the lower abdomen and legs with the 20% concentrate. 

In two cases (Jaros et al., 1978, Levin et al., 1979) it was evident that a far too 
concentrated paraquat dilution (28 g/I; 2.8% and 40 g/l; 4%, respectively) was applied 
combined with faulty leaking spray equipment and lack of skin decontamination. In a 
further case (Athanaselis et al., 1983) it is explicitly claimed that a correct dilution of 
0.5% paraquat was used (the maximum recommended rate for knapsack). However, 
subsequent investigation (Hart, 1984) led to the conclusion that, in fact, a more 
concentrated paraquat solution, probably in excess of 1.5%, was used. 

In one case (Fitzgerald, et al., 1978a) the combination of paraquat exposure and pre
existing skin disease caused the death of the person involved, although very few 
details are given. Another case (Garnier, et al., 1994) involved the application of 
multiple herbicidal mixtures, including paraquat, over several days by a man with a 
history of psoriasis. This man suffered a febrile lung disease but made a complete 
recovery. 

Four cases involve prolonged skin contact with 'diluted' paraquat without pre-existing 
skin lesions being mentioned. The two cases described by Wohlfahrt (1982) give 
very few data, which would be useful in this context. In the third case (Papiris et al., 
1995), a farmer was exposed for 5 - 6 hours to diluted paraquat from a leaking 
sprayer, which caused burning, blisters and erosions in his scrotal area. This patient 
survived after hospital treatment. In the fourth case (Wesseling et al., 1997), a 
plantation worker experienced chemical burns on his back, scrotum and inner parts of 
both thighs after spraying paraquat with a leaking knapsack sprayer for three 
consecutive days. He subsequently died from interstitial fibrosis of the lung. 

Thus, there is no indication that paraquat has caused fatal poisoning through skin 
contact in normal occupational use. The few cases described in the literature occurred 
as a result of a combination of factors such as misuse (wrong dilution), pre-existing 
extensive skin disease, faulty equipment, prolonged extensive skin contact and 
disregard of safety procedures (no decontamination following significant exposure). 

b) Experimental Exposure The percutaneous absorption of radio labelled paraquat 
has been determined in humans (Wester et al., 1984). Following application of9 
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µg/cm 2 the amount absorbed was 0.29% for the leg, 0.23% for the hand, and 0.29% 
for the forearm. This gave a calculated in vivo absorption rate of 0.03 µg/cm2 for the 
24 hr exposure period. Paraquat was thus only minimally absorbed, especially in 
comparison with other commonly available pesticides (Wester and Maibach, 1985). 

c) Case reports - Use Experience 
Exposure to paraquat under actual field conditions has been assessed in studies with 
hand held (knapsack), vehicle mounted and aerial applications. Dermal exposure was 
measured either in patches placed on different body regions or, more recently, using 
whole body exposure assessments. Inhalation exposure (including oral exposure) was 
determined using personal air sampling and the air concentration of different particle 
sizes was measured. Internal dose was assessed using biological monitoring, for 
which paraquat is an ideal candidate: it is not metabolised, rapidly and completely 
excreted via the kidneys, stable in urine, and there are sensitive analytical techniques 
available. 

Table 13: Summary of worker exposure and absorption of paraquat 

Reference 

Swan, 1969 

Hogarty, 1976 

Staiff et 
aL1975 

Chester & 
Woollen, 1981 

Wojeck et al., 
1983 

Chester & 
Ward,1984 

Chester et al., 
1993 

Van Wendel de 
Joode et al., 
1996 

Singmaster & 
Liu,1998 

Country 

Malaysia 

Ireland 

USA 

Malaysia 

USA 

USA 

Sri Lanka 

Costa Rica 

Puerto 
Rico 

ND Not detected 

Application 
Method 

Hand held 

Hand held 

Vehicle 
mounted 

Hand held 

Hand held 

Vehicle 
mounted 

Aerial 

Hand held 

Hand held 

Hand held 

Spray Dermal 
Dilution Exposure 
(%w/v) (mg/hr) 

0.05 

0.1 0.01- 3.4" 

0.2 0.01-0.57" 

0.1-0.2 <0.01-12" 
12-l 70b 

0.05-0.1 7.0-42" 
12-169b 

0.3 0.1-2.4 b+ 
0.05-0.26b# 

0.03-0.04 0.94-2.7lb$ 

0.1 -0.2 0.2-5.7" 

0.1 
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Inhalation Urine 
Exposure level 
(mg/hr) (mg/l) 

<0.01-
0.32 

<0.003 ND 

0-0.002 <0.02 

<0.001 <0.02 

0-0.005 <0.05-
0.76 

0-0.07 <0.02-
0.03 

0-0.047' 
0-0.06# 

<0.03 

0-0.043 <0.03-
0.24 

<0.007 
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a Exposure to uncovered skin 
b Total Dermal exposure 
+ Aerial - flagger 
# Aerial - pilot 
$ mg/g paraquat sprayed 
& Extrapolation from indirect measurement using copper as marker 

There is an enormous variation in dermal exposure evident in the studies found in the 
literature. This is not surprising given the differences in spray strength, volume 
applied, application technique, environmental conditions, use of personal protective 
equipment, and differences in study design. Nevertheless, some patterns emerge 
across the variety of study conditions encountered. It is evident that skin exposure 
represents by far the most significant route of exposure for paraquat both for hand 
held applications (Chester and Woollen, 1981, Van Wendel de Joode et al., 1996), and 
for vehicle-mounted spray applications (Staiff et al., 1975, Wojeck et al., 1983). The 
lowest dermal exposure was seen for pilots applying paraquat (Chester and Ward, 
1984), whereas the total dermal exposure offlaggers is comparable to exposure of 
uncovered body parts in other spray applications. 

Inhalation exposure was approximately three orders of magnitude lower than skin 
exposure (Staiff et al., 1975, Chester and Woollen, 1981, Wojeck et al., 1983, Chester 
and Ward, 1984, Van Wendel de Joode et al., 1996, Singmaster and Liu, 1998). 
Paraquat proved to be below the limit of detection in most samples. Furthermore, the 
inhalation potential of respirable droplets was found to be negligible since no 
respirable paraquat could be measured in the breathing zone of exposed workers 
(Chester and Ward, 1984). The most recent study (Singmaster and Liu, 1998) showed 
that even under difficult spraying conditions (heavy exertion while spraying on 
hillsides) paraquat was below the limit of detection. 

Paraquat is an ideal candidate for biological monitoring because it is excreted 
unchanged in urine, where it is comparatively stable. Most of the worker exposure 
studies mentioned above included measurement of paraquat in urine. Overall, the 
paraquat concentration in urine was low with the majority of samples being below the 
limit of detection. None of the samples contained paraquat at levels, which would be 
indicative of a risk of poisoning (see below). 

Topical effects from contact with paraquat during spray operations can occur due to a 
delayed caustic action of paraquat as a result of poor working practice and hygiene 
(Howard, 1980). Discoloration (white bands), paronychia and partial or complete loss 
of nails has been described following contact wi.th concentrated (Samman and 
Johnston, 1969) and prolonged exposure to diluted paraquat solutions (Hearn and 
Keir, 1971). Upon cessation of exposure, normal nail growth resumes. Irritant 
dermatitis, burns and blistering can occur from skin exposure to paraquat concentrate 
or as a result of prolonged skin contact with contaminated clothing or from leaking 
spray equipment (Swan, 1969, Van Wendel de Joode, et al., 1996). Nose bleeds have 
been described (Swan, 1969, Van Wendel de Joode, et al., 1996), most likely from 
breathing in spray mist or contact with contaminated fingers. No serious or long-term 
effects have been described. There are a number of case reports of eye damage 
resulting from splashes with paraquat concentrate (Cant and Lewis, 1968, Joyce, 
1969, Peyresblanque, 1969, Watanabe et al., 1979, Deveckova and Mydlik, 1980). 
Apart from eye irritation and blepharitis, more serious, delayed ocular damage may 
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occur such as destruction of the bulbar and tarsal conjunctiva and erosion of the 
corneal epithelium. Anterior uveitis has also been noted. Progressive keratitis and 
decreased visual acuity may occur and persist for several weeks; however, complete 
restoration of vision is the norm. 

Attempts have been made to establish the frequency of topical effects from paraquat 
exposure, particularly for hand held applications in developing countries. Surveys 
have been carried out interviewing 400 smallholder farmers using paraquat in 
Malaysia (Whitaker, 1989a), 365 smallholders in Central America (Whitaker, 1989b) 
and 732 smallholders in Thailand (Whitaker et al., 1993). These surveys showed that, 
in general, farmers were aware of the potentially fatal consequences of swallowing 
small quantities of the concentrate. Spray practices and standards of personal hygiene 
were generally adequate, although the wider use of gloves and eye protection when 
handling the concentrate needed to be encouraged. In all three surveys, approximately 
10% ofrespondents had experienced health effects attributed to the use of paraquat. 
These were predominantly skin irritation (mainly on hands and feet), nausea and 
headaches associated with the smell of the product (due to the added stenching agent) 
and, to a lesser extent, eye irritation, nail damage and epistaxis. Ramasamy and 
Nursiah (1988) interviewed 1219 Malaysian estate workers, rice farmers, vegetable 
growers and smallholders about health effects from pesticide use. They found that 
exposure to organophosphorous insecticides was associated with giddiness and 
nausea, whereas the main effects associated with paraquat exposure were eye 
irritation, nail damage and nasal bleeding. However, their survey did not establish 
cause effect relationships with exposure to specific products. Only three cases of 
hospitalisation were described among their study population. 

The State of California has probably the most comprehensive surveillance system of 
pesticide-related illness in the world. Between 1971 and 1985 a total of 231 cases of 
ill health attributed to paraquat were notified to the Worker Health and Safety Branch, 
California Department of Food and Agriculture (Weinbaum et al., 1995). Of these, 
38.5% were listed as systemic effects (mainly dizziness, nausea, lightheadedness, 
headache, chest pain, vomiting and tiredness), 32% were eye effects (burning, itching, 
redness), 26% were skin effects (rash and irritation, itching) and 3.5% were local 
respiratory irritant effects (epistaxis, sore throat). There were no cases of pulmonary 
fibrosis. Analysis of data from 1981 to 1985 showed that the overall incidence of 
illness was low at 0.6 per 1000 paraquat applications. 

Detailed medical surveys have been carried out to determine whether the long term 
exposure to paraquat leads to chronic health effects in workers and spray applicators. 
Swan (1969) found no abnormalities in chest radiographs of groups of Malaysian 
rubber plantation workers during paraquat applications over several weeks. Howard 
(1979b) studied two groups of paraquat formulation workers in the United Kingdom 
and Malaysia. Mean exposure duration for the UK workers was 5 years, and 2.3 years 
for the Malaysian workers. A history of skin rashes was found in half of the 
Malaysian workers, but not in the UK workers where the most common finding was 
epistaxis and nail damage. Eye irritation was more common in the Malaysian than in 
the UK workers. There was no evidence of any long-term or permanent skin or eye 
damage. 
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The most comprehensive medical surveys in paraquat-exposed spray operators were 
carried out in Malaysia (Howard et al., 1981) and Sri Lanka (Senanayake et al., 1993). 
In both studies there were detailed clinical examinations, lung function measurements 
(including CO diffusion capacity), haematological and biochemical investigations, 
and, in the Sri Lankan study, a chest radiograph was taken. In the Malaysian survey, 
27 paraquat spraymen (mean spraying time 5.3 years; mean individual annual quantity 
of paraquat handled 67.2 kg as paraquat ion) were compared with two control groups 
comprising 24 general plantation workers and 23 latex factory workers, respectively. 
In the Sri Lankan survey, 85 paraquat spraymen (mean spraying time 12 years) were 
compared with two groups of 76 factory workers and 79 general workers, 
respectively. In both studies there were no clinically significant differences in any of 
the parameters studies, in particular, the results of the lung function tests showed 
similar results for exposed and control groups. It was concluded that the long term 
spraying of paraquat was not associated with any measurable adverse health effects. 

A recently published study was carried out in Nicaragua (Castro-Gutierrez et al., 
1997), although the investigation dates back to 1987/88. A population of 134 spray 
workers with at least 2 years spraying experience with paraquat from 15 banana 
plantations was interviewed, 63 out of which had not experienced skin irritation, and 
71 who had a history of skin rash or burn (used as a surrogate measure of intensity of 
exposure). A questionnaire was used to check for symptoms ofrespiratory illness and 
Forced Vital Capacity (FVC) and Forced Expiratory Volume in 1 second (FEV1) were 
measured. The results were compared with a control population of 152 unexposed 
workers. There was a difference in male:female ratio between the exposed and 
unexposed groups (100:34 and 88:64, respectively). Paraquat-exposed workers gave a 
significantly more frequent history of Grade 3 dyspnea, but not Grade l or 2 dyspnea. 
There was no difference in the occurrence of chronic bronchitis, and episodic dyspnea 
with wheezing was more frequent in the group with topical effects only. However, 
there were no differences between exposed and control workers with regard to 
restrictive (FVC <80% of predicted value) or obstructive (FEVl :FVC <70% of 
predicted value) spirometry parameters. In fact, the lowest incidence of restrictive 
changes was found in the 'intensive exposure' group. 

d) Case reports - Atypical Cases ~f Various Origins 
In a case described by Newhouse et al., (1978), a farmer's wife had been spraying 
paraquat in an orchard for many days. This case is unique in that her complaints 
started with scratches on arms and legs, which proved non-healing over four weeks. 
She was then hospitalised for two weeks and discharged without diagnosis. Two and 
a half weeks later she was readmitted to the hospital because of increased dyspnoea 
and wheeziness. She was diagnosed as suffering from systemic arteritis and died 12 
days after final admission, some 8 weeks after initial exposure. Although the paper 
links her disease to paraquat exposure, it is doubtful if paraquat was the cause. 
Firstly, at no time was paraquat measured in blood or urine. Secondly, the time from 
exposure to her death was more than eight weeks, which is highly unusual for 
paraquat poisoning. Thirdly, she had a clinical diagnosis (systemic arteritis), which 
did not include any reference to paraquat poisoning. 

George and Hedworth-Whitty (1980) attributed a case of non-fatal lung disease to the 
inhalation of nebulised paraquat. A 64-year-old woman noticed spray mist drifting 
into her garden from a spraying operation in an adjacent field. After some 10 minutes 
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she noticed a chest tightening, and over the next week she became gradually more 
breathless. She was initially treated with a short course of steroids without much 
effect. Pulmonary function evaluation some two months later showed severe 
restriction, but there were no abnormalities in the chest radiograph. She was kept on 
systemic steroids and her lung function had markedly improved some 7 months after 
the original incident. Hart (1980) commented that the diagnosis of paraquat-induced 
lung injury was doubtful. The woman had a history of allergic rhinitis and chronic 
sinusitis. No previous lung function recording was available and no transfer factor 
was measured at the time of assessment. The chest radiograph was clear and the 
description of exposure did not provide convincing arguments for a significant 
inhalation exposure. 

In the case described by Katopodis et al (1993), a 31 year old woman was admitted 4 
days after ingestion of 2 g paraquat. The urine test for paraquat was still positive, but 
her plasma concentration was only 10 ~tg/1. Charcoal haemoperfusion was carried out 
over the next 5 days, paraquat levels became undetectable in plasma on day 6 and in 
urine on day 8. The patient survived without evidence of pulmonary involvement. The 
authors attributed the favourable outcome to the haemoperfusion therapy even at such 
a late stage after ingestion. However, the low paraquat plasma concentration at the 
time of admission would have suggested a good chance of survival anyway (see 
below and Table 5). 

Ragoucy-Sengler and Pileire (1996b) reported a case of paraquat poisoning in an HIV 
positive patient. Indices of severity of the poisoning suggested a survival probability 
of 30% on admission, and 3% after 72 hours. The clinical course included acute renal 
failure and severe hypoxia, however pulmonary fibrosis did not develop. The patient 
was discharged with normal pulmonary function 18 days after admission. The authors 
suggested that the immune deficiency on the basis of the patient's HIV infection may 
have prevented the development of pulmonary fibrosis. 

In a case described by Ernouf et al (1998) a 47-year-old man, while under the 
influence of alcohol, ingested paraquat, which had been decanted into an unmarked a 
red wine bottle. The patient was a chronic alcoholic. He was admitted to hospital 
within 3 hours and treated with gastric elimination and antioxidant therapy. Evolution 
of plasma paraquat concentrations pointed towards a prognosis of delayed death from 
pulmonary fibrosis, however, the patient died on the fourth day after admission from 
persistent haemodynamic shock and hypoxaemia. The authors speculated that con
ingestion of ethanol may have enhanced the toxicity of paraquat through increased 
absorption from the gastrointestinal tract and/or decreased renal clearance. However, 
it has also been suggested that alcoholism may have a protective effect against 
paraquat toxicity on the basis of increased synthesis of superoxide dismutase 
(Ragoucy-Sengler et al 1991). 

Methaemoglobinaemia was described in a patient who ingested 'Gramonol', a 
formulation containing lOOg/l paraquat and 140g/l monolinuron (Ng et al 1982). The 
authors speculated that the superoxide anion and hydrogen peroxide generated by 
paraquat could oxidise haemoglobin to methaemoglobin. However, in response, 
Proudfoot (1982) pointed out that monolinuron, along with other substituted urea 
herbicides, is metabolised to aniline derivatives, which are well-known 
methaemoglinaemia and haemolysis causing agents. Furthermore, administration of 
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monolinuron alone had produced methaemoglobinaemia in experimental animals. 
Instead of a new feature of paraquat poisoning, it appeared therefore that Ng et al. had 
reported the first human case of monolinuron toxicity. Since then, a further case of 
paraquat-monolinuron poisoning has been described (Casey et al., 1994) in which the 
severe methaemoglobinaemia (52%) was successfully treated with methylene blue. 
However, the patient died after 10 days from the consequences of paraquat poisoning. 

In 1975 the Government of Mexico began an aerial spraying programme, financed by 
the United States, to destroy marijuana fields with paraquat. In 1978 analyses showed 
that 21 % of 61 marijuana samples confiscated in California, Arizona and Texas 
contained paraquat residues between 3 and >2000 ppm (Turner et al., 1978). Further 
work demonstrated that, nationally, 0.63% of over 100,000 kg marijuana seized 
contained detectable paraquat levels with a median of 52 ppm (Liddle et al., 1980). 
Over 70% of the contaminated samples were found in the South West region of the 
United States, originating almost exclusively from Mexico. Combustion testing 
suggested that around 0.2% of the paraquat residue would pass unchanged into 
marijuana smoke (Brine et al., 1981). On the basis of a worst-case epidemiological 
risk assessment it was suggested that some marijuana smokers in the South West 
region might have been at risk of health effects from paraquat inhalation (Landrigan et 
al., 1983). However, no clinical cases were identified during these studies. 

e) Case reports- Clinical Findings and Dosage Response 
Information on the clinical course of paraquat poisoning is mainly based on case 
reports of patients who swallowed paraquat concentrate with suicidal intent. However, 
the systemic toxic effects are similar regardless of the route of absorption. Paraquat 
causes nausea which may be prolonged especially following ingestion of emeticised 
formulations (Meredith and Vale, 1987), as well as vomiting and diarrhoea as a result 
of its local irritant effect on the gastrointestinal tract. Patients may develop a burning 
sensation, soreness and pain in the mouth, throat, chest and abdomen (Vale et al., 
1987). Ulceration in the mouth and throat, an inability to swallow saliva, dysphagia 
and aphonia are common. The presence of buccopharyngeal lesions has no prognostic 
value (Bismuth et al., 1995), in contrast to oesophageal and, in particular, gastric 
ulcerations which indicate a poor prognosis (Bismuth et al., 1982). Prominent 
pharyngeal membranes ('pseudodiphtheria') have been reported (Stephens et al., 
1981) and perforation of the oesophagus may result in mediastinitis, surgical 
emphysema and pneumothorax (Ackrill et al., 1978). 

The further clinical course is dependent on the amount of paraquat absorbed into the 
body (usually following ingestion). Attempts have been made to quantify the toxic 
dose from estimates based on the information given by patients. Although such 
estimates are often unreliable, a consensus has emerged which is based on experience 
with many patients. This has allowed the identification of three degrees of 
intoxication, which are summarised below (for further details see Vale et al., 1987, 
and Bismuth et al., 1995). 

Mild or subacute poisoning. The smallest fatal dose has been quoted as 16.7 mg 
paraquat cation/kg/bw ~ 23.0 mg paraquat dichloride/kg/bw (Stevens and Sumner, 
1991), however, the original reference (FAQ/WHO, 1973) makes clear that this value 
is erroneously low, since the formulation ('Weedol') also contained an equal amount 
of diquat, so that the total bipyridyl ingestion was approximately 35 mg/kg. This is in 
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line with clinical experience, which shows that ingestion of less than 20-30 mg 
paraquat cation/kg has rarely serious consequences. Patients are either asymptomatic 
or develop nausea and vomiting. Renal and hepatic lesions are minimal or absent. An 
initial decrease of the diffusing capacity may be apparent in lung function 
measurements, but full recovery is the norm. 

Moderate to severe acute poisoning. This occurs following ingestion of more than 
20-30 mg paraquat cation (:::~27.6-41.4 mg paraquat dichloride/kg bw), but less than 
40 to 50 mg paraquat cation/kg bw (~ 55-69 mg paraquat dichloride/kg bw). Apart 
from the localised lesions described above, patients in this group develop renal 
failure, usually between the second and fifth day after ingestion. Hepatocellular 
necrosis may occur. Both these lesions are fully reversible. Delayed development of 
pulmonary fibrosis is responsible for the generally poor prognosis in this group. 
Clinically and radiologically this appears around seven days after ingestion, but subtle 
abnormalities are present much earlier, such as a decreased diffusing capacity. The x
ray often shows patchy infiltration, which may progress to opacification in one or 
both lungs. In thin section computerised tomography, the most common pattern on 
initial scans is ground-glass attenuation, followed by consolidation with 
bronchiectasis (Lee et al., 1995). In most cases, pulmonary fibrosis leads to 
development of refractory hypoxaemia, resulting in death over a period of 5 days to 
several weeks. 

Fulminate or hyperacute poisoning. In cases of massive ingestion (usually well 
above 40 - 55 mg/kg paraquat cation~ 55-76 mg paraquat dichloride/kg bw) patients 
survive less than 4 days and die in cardiogenic shock and multiorgan failure. Apart 
from renal and hepatic failure, alveolitis and noncardiogenic pulmonary oedema are 
observed. Other organ systems (adrenal glands, pancreas, heart) are affected and 
mortality in this group has been suggested to approach 100%. 

While this categorisation reflects experience with a large number of cases, it has to be 
emphasised that there are a significant number of cases reported in the literature 
where there was survival following the ingestion of alleged doses well above of what 
is usually considered to be fatal. There are 52 case reports in the literature where a 
dose apparently in excess of 55 mg paraquat cation/kg(~ 76 mg paraquat 
dichloride/kg bw) has been survived. While inaccuracies in estimating the dose may 
have led to exaggeration of the dose in some cases this appears unlikely in many 
others. 

Table 14: Summary of case reports with doses above 55 mg/kg taken by survivors of paraquat 
poisoning by ingestion 

Calculated 
ingested dose -

mg paraquat 
cation/kg 

Dose stated Number of 
cases 

Body 
weight 
(kg)2 
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55 - 75 

(~ 76-104 mg 
paraquat 

dichloride/kg) 

76-100 

(~ 105-138 mg 
paraquat 

dichloride/kg) 

101-200 

(~ 139-276 mg 
paraquat 

dichloride/kg) 

> 201 

(~277 mg 
paraquat 

dichloride/kg) 

15 - 20 ml 
(9 cases) 
1 - 2 mouthful 
(2 cases) 
1 sachet 
(2 cases) 

10 -40 ml 
(14 cases) 
1 - 2 mouthful 
( 4 cases) 

40 ->50 ml 
(7 cases) 
3 mouthful 
(2 cases) 

50 - 150 ml 
(8 cases) 
3 - 4 mouthful 
(2 cases) 
1 glass or cup 
(2 cases) 

13 

18 

9 

12 

25 -70 3 -75 

25 -70 3 -65 

70 17 - 59 

40 -70 10 - 50 

Addo et al., 1984 
Iff et al., 1971 
Lloyd 1969 (cited in 

Cavalli, 1977) 
Mahieu et al., 1977 
Ming et al., 1980 
Mirchev, 1977 
Taki et al., 1996 
Talbot et al., 1988 

Addo et al., 1984 
Douze et al., 1977 
Malone et al., 1971 
McKean, 1968 
Ragoucy-Sengler 
et al., 1991 
Shahar et al., 1980 
Tabei, 1982 
Taki et al., 1996 
Thomas et al., 1977 
Tsatsakis et al. , 1996 

Addo et al., 1984 
Douze et al., 1974, 1977 
Florkowski et al., 1992 
Grundies et al., 1971 
Lheureux et al., 1995 
Okonek et al., 1980 

Addo et al., 1984 
Douze et al., 1974, 1977 
Malone et al., 1971 
Okonek et al., 1979, 
1980 
Tabei et al., 1982 
Tsatsakis et al., 1996 

1 Volumes (ml) refer to the 20% liquid concentrate. A volume of 17 .5 ml has been used for 'a 
mouthful'. 'Sachet' refers to a granular formulation containing 2.5% paraquat and 2.5 g diquat. 
2 The following assumptions were used where the body weight was not explicitly stated,: 

3 - 6 years 25 kg 7-11 years 40 kg 
12 - 16 years 50 kg 17 years and above 70 kg 

Talbot et al., (1988b) reported a series of nine cases of suicidal paraquat poisoning in 
pregnant women. In the cases where the outcome was known, one foetus died 
probably unrelated to paraquat, three died in utero or after delivery but associated 
with respiratory distress in the mothers, two died in utero (one mother survived and 
subsequently had a normal pregnancy with no evidence of teratogenicity from the 
previous paraquat intoxication). One foetus was aborted. Previously, Fennelly et al., 
(1968) had reported the case of a woman who was 28 weeks pregnant and died 20 
days after paraquat ingestion. Upon autopsy the foetus showed no abnormalities. A 
20-week pregnant patient survived the ingestion of a small dose of paraquat and 
subsequently delivered a normal child (Musson and Porter, 1982). 
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There are now sufficient case reports in the literature to demonstrate that the 
development of pulmonary lesions is not inevitably fatal. Fitzgerald et al., (1979b) 
examined 13 survivors of acute paraquat poisoning after a minimum of 1 year. In two 
children, no clinical, functional or radiological abnormalities were seen. Of the 11 
adults, five non-smokers did also show no evidence of pulmonary disease. Four 
smokers were considered normal on clinical and radiological criteria, but had a mild 
deficit in pulmonary function, which could reasonably be attributed to smoking. Two 
patients had pronounced arterial hypoxaemia, both having had pre-existing pulmonary 
disease. In one of these two patients new and persistent infiltrates were seen in 
radiography, which could be ascribed to paraquat lung damage. Hudson et al., (1991) 
described persistent radiological changes in three survivors of paraquat poisoning. In 
one case the patient died a year after her first intoxication from a second massive dose 
of paraquat. Upon autopsy pulmonary changes from the first as well as the second 
intoxication were present. Lin et al., (1995) studied 16 survivors of moderate to severe 
paraquat poisoning after 3 months. Detailed lung function showed significant 
improvements over time. This was confirmed by improvements in chest radiographs, 
which showed some residual interstitial fibrosis, especially in the lower lobes. 
Bismuth and Hall (1995) reported five cases, all of which had developed a restrictive 
pulmonary lesion, but who survived. Two patients were followed up for 4 and 10 
years, respectively. In the first patient there was an obstructive component to his 
pulmonary insufficiency (from smoking), which persisted over time. However, the 
restrictive component gradually improved over several years, with eventual return to 
near baseline state. In the second patient (a 13 year old adolescent at the time of 
intoxication) pulmonary function tests were completely normal 10 years after the 
poisoning. He had also been able to actively participate in sports. 

The measurement of paraquat plasma concentration has proved to be a reliable 
indicator of the prognosis of the intoxication. Levitt (1979) was the first to 
demonstrate a relationship between plasma concentration of paraquat, the estimated 
time after ingestion and the eventual outcome. Based on results from 79 patients with 
a reasonably well established time of ingestion, Proudfoot et al., (1979) found that 
those patients whose plasma paraquat concentration did not exceed 2.0, 0.6, 0.3, 0.16, 
and 0.1 mg/I at 4, 6, 10, 16,and 24 hours after ingestion survived. This semi
logarithmic plot has become known as the predictive line, or 'Proudfoot's curve'. 
Because of the rapidly decreasing plasma concentration in the first few hours 
following ingestion no accurate prognosis could be given prior to 4 hours. The authors 
emphasised that the line to separate survivors and non-survivors was meant to be an 
approximate guide, and the main use should be to help clinicians in the decision 
which patients needed urgent aggressive treatment. Subsequently, several other 
methods have been described to establish the prognosis from plasma paraquat 
concentrations. None of those methods have been found to invalidate the original 
estimate by Proudfoot et al., but they have added other dimensions, which may be of 
help to clinicians. Scherrmann et al., (1987) used data from 30 patients to extrapolate 
the predictive line beyond 24 hours up to 15 days after intoxication, this was later 
modified (Scherrmann, 1995) with data from a total of 52 patients. 

Table 15: Predictive plasma paraquat concentrations beyond 24 hours separating surviving and 
non-surviving patients (from Scherrmann, 1995) 

Time (hours) Plasma paraquat 
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concentration (ng/ml) 
24 100 
48 86 
72 74 
96 63 
120 54 
144 48 
168 42 
192 37 
216 32 
240 27 
264 23.5 
288 20 
312 18 

The same authors evaluated the relationship between early urine concentrations and 
clinical prognosis. They also attempted to correlate urine results obtained by 
radioimmunoassay with those given by the simple colorimetric dithionite test. Data 
from 75 patients showed a wide variation in urine concentrations within 24 hours of 
ingestion. All 17 patients with concentrations of less than 1 µg/ml survived, whereas 
51 out of 58 patients with urine paraquat concentrations of more than 1 µg/ml died. 
No colour was observed in the dithionite test at paraquat concentrations below 0.5 
µg/ml (Scherrmann et al. , 1987, Scherrmann, 1995). 

Using a sample size of219 patients, Hart et al (1984) were able to calculate the 
probability of survival of the patient from the initial paraquat plasma concentration. It 
was noted that the line denoting a 50% probability of survival correlated well with 
Proudfoot's curve. Sawada et al (1988) categorised their patients into three groups: 
survivors (n=lO), non-survivors who died from respiratory failure (n=9), and non
survivors who died from circulatory failure (n=l l). They calculated a severity index 
of paraquat poisoning (SIPP) from time to treatment since ingestion of paraquat 
multiplied by the serum level at admission (µg/ml). A boundary SIPP of 10 separated 
survival from death by either cause, whereas a SIPP of 50 separated deaths from 
respiratory failure and deaths from circulatory failure. Using data from 128 patients, 
Ikebuchi et al., (1993) separated survivors and fatal cases by multivariate analysis and 
established a discriminate function D. 
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Figure 1: Relationship between the concentration of paraquat in the plasma and 
the survival of the patient from Hart et al., 1984 
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Their toxicological index of paraquat (TIP) could then be divided into three types: TIP 
l is characterised by D > O. l (100% survival probability); TIP 2 has the characteristic 
-0.1 < D < 0.1 and here urgent treatment may influence the outcome; in TIP 3 the 
discriminate function D < -0.1, and the probability of a fatal outcome is 100%. 

All these methods depend on the availability of paraquat analysis, and this is often not 
the case, or at least not in a timely fashion. Investigators have therefore attempted to 
predict the outcome of the intoxication using biological indices rather than plasma 
paraquat concentrations. Suzuki et al., (1989) measured the respiratory index (RI) 
from blood gas analysis and used it as an index of lung oxygenation in 51 patients. 
Progressive deterioration of the RI above 1.5 was found in 43 non-survivors, whereas 
the RI remained below 1.5 in the 8 survivors. Furthermore, the time taken from 
ingestion for the RI to exceed 1.5 was found to be a good indicator for predicting the 
survival period in fatal cases. The major weakness of this method is that it cannot 
predict the outcome at the point of first contact with the patient, unlike the methods 
relying on plasma paraquat analysis. Also, conditions, which may influence the RI 
such as pneumothorax, cardio-pulmonary resuscitation, septic shock, pulmonary 
oedema and pneumonia, limit the usefulness of this method. On the other hand, it can 
be used at any time after the intoxication, and it is independent from an estimate of 
time of ingestion. Yamaguchi et al., (1990) reviewed the medical records of 160 
patients who had ingested paraquat and calculated an equation derived from serum 
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creatinine and potassium concentrations and arterial blood bicarbonate level. When 
plotted against time of ingestion they were able to estimate the probability of survival 
in three categories (90%, 38% and 3%). Most recently, a different biological index 
using creatinine measurement from 18 patients has been proposed by Ragoucy
Sengler and Pileire (1996a). They found that the time evolution of blood creatinine in 
intoxicated patients was linear during the first 24 hours after admission. The rate of 
increase of creatinine in the patients with fatal outcome was equal to a constant (zero 
order kinetics). A rate of creatinine increase over 5 hours (dCreat/dt) of> 3 µmol/1/h 
was found in the 12 fatal cases whereas this value remained< 1.26 for the survivors. 
As with the method of Suzuki et al., (1989) this biological index is independent from 
an estimate of time elapsed since ingestion. It has the advantage that a prognosis can 
be established within a few hours after admission of the patient using a standard 
biochemical analysis. However, it is currently based on data from a relatively small 
number of patients and will thus require further confirmation from a larger dataset. 

The literature on laboratory findings, and the absorption, distribution, metabolism and 
excretion following poisoning in man as well as treatments for poisoning have 
recently been reviewed in Lock and Wilks (2001). 

Summary 
A small amount of paraquat is rapidly absorbed from the gastrointestinal tract of rats, 
guinea pigs, dogs, monkeys, and humans, most of the absorbed dose being excreted 
as unchanged paraquat via the kidneys. Paraquat is rapidly distributed in most tissues, 
the highest concentrations being found in the lungs and kidneys. The compound 
accumulates slowly in the lung by an energy-dependent process, which is also 
responsible for the uptake of putrescine. Saturation kinetics for the accumulation of 
paraquat by the lung has been shown to be similar in rats and humans. Excretion of 
absorbed paraquat is biphasic, owing to lung accumulation, and occurs largely in the 
urine as unchanged paraquat, but also to a limited extent in the bile. The weight of 
evidence strongly supports the view that paraquat is actively secreted by the kidney in 
both laboratory animals and humans. Biotransformation of absorbed paraquat is, in 
general, remarkably poor in all species studied (rats, guinea pigs, dogs, hens, pigs, 
goats, and sheep) although there is some controversy as to the possibility and extent of 
its metabolism by the gut microflora. Metabolism occurs via demethylation forming 
monomethyl dipyridone ion or oxidation to form paraquat pyridone ion and paraquat 
dipyridone ion. A recent study in the rat has shown this to be minimal. 

The mechanism of paraquat toxicity has been investigated extensively, but it has not 
yet been elucidated completely. The available evidence indicates that paraquat 
toxicity is due to the ability of the compound to undergo redox cycling in biological 
systems, resulting in the production of superoxide anion radicals and in the oxidation 
of cellular NADPH. These effects may lead to the formation of other highly toxic 
oxygen species and to depletion of important defence mechanisms, both events that 
are potentially capable of switching on further pathological processes, resulting in 
damage to Type I and Type II pneumocytes. 

In previous in vitro studies both positive and negative mutagenicity results were 
obtained, usually associated with high cytotoxicity. In vivo, paraquat has been 
examined in both the rat and the mouse using the oral route of administration and 
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shown to be non-genotoxic when tested to maximum tolerated doses in the bone 
marrow micronucleus assay, the bone marrow cytogenetic assay, the liver DNA repair 
assay and the germ cell dominant lethal assay. Conflicting results have been reported 
for some assays using other routes of administration ( eg intraperitoneal 
administration) or endpoints examining for the presence of oxidised DNA bases in 
animals or for mutation in Drosophila. It is concluded that whilst paraquat has been 
shown to induce a genotoxic response in some in vitro systems at high or cytotoxic 
dose levels, it has no significant genotoxicity in vivo. 

The acute oral toxicity of paraquat is higher in guinea pigs, monkeys, cattle, and 
humans than in rats and birds. No significant sex difference in acute toxicity has been 
seen via oral, subcutaneous or intraperitoneal administration of paraquat rats or mice. 
In rabbits, technical paraquat dichloride is a slight but persistant skin irritant and a 
moderate and persistant eye irritant. Technical paraquat dichloride produced no 
evidence of skin sensitising potential in guinea pigs when tested using a maximisation 
protocol. Lungs were identified as the key target organ following oral and inhalation 
exposure. Paraquat induces characteristic dose-related fibrotic changes in the lungs of 
mice, rats, dogs, and monkeys, but not in rabbits, guinea pigs, or hamsters. The acute 
pulmonary toxicity of paraquat in rats and humans is biphasic. In the early, destructive 
phase, the alveolar epithelial cells are extensively damaged. Death may occur within a 
few days due to pulmonary oedema. In the later, proliferative phase, fibroblasts and 
collagen accumulate in the lungs of surviving animals and humans, possibly resulting 
in fibrosis. 

In short-term studies in mice, rats and dogs, consistent treatment-related findings were 
lung lesions (alveolar epithelial hyperplasia; alveolitis; chronic pneumonitis) and 
reduced bodyweight gain, with dogs the more sensitive species. Dogs also showed 
kidney lesions. Variations in haematology and clinical chemistry parameters were not 
consistent between studies or species. 

Dietary chronic toxicity/carcinogenicity studies have been performed in mice, rats and 
dogs. It has been concluded that paraquat was not oncogenic in any of the 3 rat and 2 
mouse chronic/lifetime studies 

In a I-year feeding study in dogs, paraquat caused lung changes at the 2 highest 
dietary levels; the no-effect level in this study wasl5 ppm (as paraquat cation), equal 
to 0.45 mg paraquat cation/kg bw/day in males and 0.48 mg paraquat cation/kg 
bw/day in females c~ 0.6 and 0.7 mg paraquat dichloride/kg bw/day). 

In five long-term feeding studies, two in mice and three in rats, haematological and 
blood biochemical changes were observed in both species but were considered to be 
of little toxicological significance. A lifetime feeding study in the Alderley Park Swiss 
mouse showed no oncogenic potential for paraquat. Based on renal lesions observed 
in males, the no-effect level in this study was 12.5 ppm (as paraquat cation), equal to 
1.5 mg paraquat cation/kg bw/day (~ 2.1 mg paraquat dichloride/kg bw/day). In a 
second study in the JCL:ICR mouse paraquat was not oncogenic and the NOAEL of 
30ppm paraquat dichloride was established based on haematological and biochemical 
changes; equal to 2.8mg paraquat cation/kg bw/day (~3.9 mg paraquat dichloride/kg 
bw/day). 
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In a chronic feeding/carcinogenicity study in Wistar rats fed diets containing up to 
300ppm paraquat dichloride, there was no evidence of carcinogenicity and the 
incidence of ocular lesions was low and not dose related. The systemic NOEL is 
IOOppm paraquat dichloride equal to 3.0 and 3.7mg paraquat cation/kg bw/day for 
males and females respectively c~ 4.1 and 5.1 mg paraquat dichloride/kg bw/day). 

A long-term feeding (2 years) study in F344 rats, it was concluded that the incidence 
of pulmonary adenoma found in female rats in the 300 ppm paraquat dichloride group 
did not exceed the background incidence of pulmonary adenoma in this strain of rats. 
On the basis of lung and eye lesions (cataract), the NOAEL in this study is 30ppm 
paraquat dichloride equal to 0.77 mg paraquat cation/kg bw/day (~I. I mg paraquat 
dichloride/kg bw/day). 

In a lifetime study F344 rats were fed diets containing l 50ppm paraquat cation for up 
to l l 7weeks the initial findings of the study suggested there were treatment related 
tumours in the lung and head region. However an independent pathology peer review 
concluded that paraquat was not oncogenic in this study. Ocular opacities were 
evident clinically at 75 and 150ppm and confirmed by ophthalmoscopy and histology. 
It was concluded that the NOAEL in this study was 25ppm equal to l .25mg paraquat 
cation/kg bw/day c~ 1.8 mg paraquat dichloride/kg bw/day). 

In teratogenicity studies in mice (2) and rats (2), paraquat was shown to be non
teratogenic at doses up to 25 mg paraquat cation/kg bw/day c~ 34.5 mg paraquat 
dichloride/ kg bw/day). Maternal toxicity was observed in mice at 15 and 25 mg doses 
and maternal toxicity and some foetal toxicity were observed in rats at 5 and 10 mg 
paraquat ion/kg bw/day. No foetal toxicity was seen at doses below those causing 
maternal toxicity. In a teratology sub-group in a 3-generation reproduction study in 
rats, paraquat was not teratogenic, but delays in ossification were found at all 3 dose 
levels tested (72, 145, and 290 ppm paraquat cation equal to approximately 7mg 
paraquat cation/kg bw/day and above). 

In three rat 3-generation reproduction studies paraquat had no effects on the 
reproductive performance or development of the reproductive organs of rats. The 
overall NOAEL is 25ppm equal to 2.5mg paraquat cation/kg bw/day (~ 3.5 mg 
paraquat dichloride/kg bw/day). 

Paraquat produced no consistent neurological findings following dietary administered 
to rodents or dogs in chronic regulatory studies. However recent literature has 
indicated that paraquat when administered at high parenteral doses can cause 
Parkinsonian like symptoms in the C57Bl mouse model. The findings from the animal 
model systems are interesting and may warrant further study, but their human 
toxicological significance is yet to be determined. From epidemiological studies there 
is no consistent evidence to link paraquat to Parkinson's disease. 

Observations in humans, including reports on accidental or suicidal poisonings, 
confirm the type of acute and subacute toxicity observed in some experimental 
animals. Death occurred after oral and, in some cases, dermal absorption of high 
doses of paraquat. The organs primarily involved are the lung and kidney and, to a 
lower extent, the intestinal tract, liver, pancreas, adrenals, and CNS. The minimal 
lethal dose of paraquat in man is estimated to be about 35 mg paraquat cation/kg bw. 
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Skin, nail, and eye lesions were found in subjects with prolonged occupational 
exposure to paraquat, but these are reversible. Significant paraquat concentrations (up 
to 10 mg/I) were detected in the urine of workers using high spray concentrations, but 
not in protected workers. Dermal absorption in humans is low (<0.3%) and in 
operator exposure studies inhalation exposure was shown to be more than 3 orders of 
magnitude less than dermal exposure, due to large particle sizes used in application of 
paraquat formulations (gramoxone). The use of protective measures has proved to be 
effective in preventing lesions due to skin contact. 

Table 16: Levels relevant for risk assessment (mg paraquat cation/kg bw/day) 

Species Study Effect NOAEL LOAEL 

Mouse 2 year dietary Toxicity 1.5 5.6 

Carcinogenicity 15.0/18.7 Not oncogenic 

Multigeneration study Maternal toxicity 90ppm (approx 9 125 ppm (approx 
of reproductive mg paraquat 12.5 mg paraquat 
toxicity cation/kg bw/day) cation/kg/ day) 

Pup toxicity 90ppm (approx 9 125 ppm (approx 
mg paraquat 12.5 mg paraquat 
cation/kg bw/day) cation/kg/ day) 

Developmental Maternal toxicity 7. 5 mg paraquat 15 mg parquat 
toxicity cation/kg bw/day cation/kg bw/day 

Embryo- and feto- 7.5 mg paraquat 15 mg parquat 
toxicity cation/kg bw/day cation/kg bw/day 

Rat 2 year dietary Toxicity 25 ppm (1.25 mg 75ppm(3.75 mg 
paraquat paraquat cation/kg 
cation/kg bw/day) bw/day) 

Rat cont. Carcinogenicity 10.8 mg paraquat Not oncogenic 
cation/kg bw/day 

Two-generation study Maternal toxicity 2.5 mg paraquat 7. 5 mg paraquat 
of reproductive cation/kg bw/day cation/kg bw/day 
toxicity 

Pup toxicity 2.5 mg paraquat 7.5 mg paraquat 
cation/kg bw/day cation/kg bw/day 

Developmental Maternal toxicity 3. 0 mg paraquat 8.0 mg paraquat 
toxicity cation/kg bw/day cation/kg bw/day 

Embryo- and feto- 3.0 mg paraquat 8.0 mg paraquat 
toxicity cation/kg bw/day cation/kg bw/day 

Dog I -year study of Toxicity 0.45 mg paraquat 0.93 mg paraquat 
toxicity cation/kg bw/day cation/kg bw/day 
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Estimate of acceptable daily intake for humans 

Paraquat was not carcinogenic or directly toxic to reproduction. The dog was found 
to be more sensitive to the repeat dose effect of paraquat than either mice or rats. The 
NOAEL of 0.45 mg paraquat cation/kg bw/day from the I-year dog study is the 
appropriate value to use in deriving the ADI. This gives a margin of 2.5 with respect 
to the chronic rat study (25 ppm; I .25 mg paraquat cation/kg bw/day) and a margin of 
2 with respect to the LOEL in the I-year dog study (lung lesions). A safety factor of 
IOO is considered appropriate. An ADI of 0.0045 mg paraquat cation/kg bw is 
proposed. 

Acute reference dose 

In man the most significant toxicological effect is associated with pulmonary fibrosis. 
However there is no acute study available where the NOAEL for lung lesions 
following a single oral or dietary dose have been established. Therefore consideration 
needs to be given to the NOAEL from repeat dose studies, from rat, dog or mouse. 
As stated previously the rabbit is refractory to the development of the lung lesion. 
The relevant studies are summarised below. 

Table 17: Summary of studies considered for acute reference dose 

Study type Dose levels NOAEL as paraquat ion Comment 

13 week mouse 0, 10, 30, 100, 300 ppm 100 ppm paraquat Lung lesions and 
dietary paraquat dichloride (~ 0, dichloride (8.3 mg reduced bodyweight 

7.2, 22, 72, 217 ppm paraquat cation/kg bw/day gain at 300 ppm 
paraquat cation) males; 10.0 mg paraquat paraquat dichloride 

cation/kg bw/day females 
~ 13.8 mg paraquat 
dichloride/kg bw/day) 

13 week rat 0, 10, 30, 100, 300 ppm 100 ppm paraquat Lung lesions, reduced 
dietary technical paraquat dichloride(~ 4.9 mg bodyweight gain and 

dichloride(~ 0, 7.2, 22, 72, paraquat cation/kg bw/day microcytosis at 300 
217 ppm paraquat cation) ~ 6.8 mg paraquat ppm paraquat 

dichloride/kg bw/day) dichloride 

6 week dog 35, 90 ppm paraquat cation 35 ppm paraquat cation Bodyweight gain (both 
study (dietary), 0.75 mg paraquat ( equivalentto 1 mg sexes) and food 

cation/kg bw/day (capsule) paraquat cation/kg bw consumption (females) 
/day for males and l.3mg reduced at 90 ppm 
paraquat cation/kg bw/day paraquat cation. Lung 
for females""' 1.4 and 1.8 lesions (alveolitis) seen 
mg paraquat dichloride/kg in both sexes at 90 ppm 
bw/day for males and paraquat cation and 
females respectively). 0.75 mg paraquat 

cation/kg bw/day. 

13 week dog 0, 7, 20, 60, 120 ppm 20 ppm paraquat cation Mortality at 120 ppm 
dietary paraquat cation) (0.56 mg paraquat paraquat cation. Lung 

cation/kg bw/day ~ 0.77 lesions at 60 and 120 
mg paraquat dichloride/kg ppm paraquat cation. 
bw/day) (NB only 3 dogs/sex) 

Rat 0, 25, 75 or 150 ppm 25 ppm (2.5mg paraquat No effects on 
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multigeneration paraquat cation cation/kg bw/day ~ 3.5 mg 
paraquat dichloride/kg 
bw/day) 

reproduction.Maternal 
toxicity at 75 and 
150ppm 

Since the exposure being considered is to the dietary residue; the dietary route of 
exposure is the most relevant. Also from subchronic and chronic studies the dog is the 
most sensitive species. Developmental studies were considered not to be appropriate 
as they did not include an evaluation oflung pathology. However, in the 
multigeneration study in the rat lung pathology was examined in both parents and 
pups. The NOAEL in this study was determined to be 2.5 mg paraquat cation/kg 
bw/day. 

In a combined 6 and 13 week oral toxicity study in the dog, three of the eight groups 
of 3 males and 3 females were killed after 6 weeks. Dogs receiving a dietary dose of 
90 ppm paraquat cation or thoise dosed by capsule at 0.75 mg paraquat cation/kg 
bw/day developed pulmonary lesions. The dietary NOAEL following 6 weeks dosing 
was 35 ppm paraquat cation equivalent to 1 mg paraquat cation/kg bw/day for males 
and 1.3 mg paraquat cation/kg bw/day for females (equaivalent to 1.4 and 1.8 mg 
paraquat dichloride/kg bw/day for males and females respectively). 

Acute reference dose with 100 fold uncertainty factor is O.Olmg/kg/d. 

Table 18: Summary of critical end-points 

A bsorption, distribution, excretion, and metabolism in mammals 

Rate and extent of oral absorption Rapid (within 6 hours); limited absorption (5-20% in rats) 

Distribution Minimal; highest concentration in lung (after 72 hours) 

Potential for accumulation Low 

Rate and extent of excretion Rapid: extensive excretion (approx 99% after 72 hours) 

Metabolism in animals Minimal metabolism; <l % of administered dose excreted as 
metabolites 

Toxicologically significant compounds Parent compound 

Acute toxicity 

Rats, LD50, oral 93 -116 mg paraquat cation/kg bw 

Rats, LD50, intraperitoneal 16 - 19 mg paraquat cation/kg bw 

Rats, LCso, inhalation 1 µg/l (not relevant for human risk essessment) 

Mice, LD5o, oral 196 - 210 mg paraquat cation/kg bw 

Rabbit, dermal irritation Slight but persistant skin irritant 

Rabbit, eye irritation Moderate and persistant eye irritant 

Dermal sensitisation (test method used} Not a sensitiser (Magnusson and Kligman) 
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Short-term toxicity 

Target/critical effect 

Lowest relevant oral NOAEL 

Genotoxicity 

Long-term toxicity and carcinogenicity 

Target/critical effect 

Lowest relevant NOAEL 

Carcinogenicity 

Reproduction/developmental 

Reproduction target/critical effect 

Lowest relevant reproductive NOAEL 

Developmental target/critical effect 

Lowest relevant developmental 
NOAEL 

Medical data 

Summary Value 

Lung lesions (alveolar epithelial hyperplasia, alveolitis, 
chronic pneumonitis); reduced bodyweight gain 

0.56 mgparaquat cation/kg bw/day (90day dog study) 

Non-mutagenic in most in vitro assays and in all in vivo 
assays by the oral route. 

pathological changes in kidney (mice); pathological changes 
in lungs and ocular lesions (rats); pathological lesions in 
lungs (dogs) 

0.45 mg paraquat cation/kg bw per day (1 year dog) 

Not carcinogenic 

No effects on reproduction 

2.5 mg paraquat cation/kg bw per day 

Not teratogenic; fetotoxicity only seen with maternal toxicity 

3.0 mg paraquat cation/kg bw per day for maternal and foetal 
toxicity (rat) 

Low levels of operator exposure predominantly via the 
dermal route. Negligible inhalation ex.1Josure. Human 
health studies have shown no longer term adverse effects 
following recommended use of the product. 

Study Safety factor 

ADI 0-0.0045 mg/kg bw 1 year study in dogs 100 

ARID 0.01 mg paraquat 6 week study in dogs 100 
cation/kg bw/day 

Page 88 of 123 

SYNG-PQT-ATR-11218549 



References 
Ackrill P, Hasleton PS, & Ralston AJ (1978) Oesphagal perforation due to paraquat. 
Br Med J 1, 1252-1253. 

Adam A, Smith LL & Cohen GM (1990) An evaluation of the redox cycling potencies 
of paraquat and nitrofurantoin in microsomal and lung slice systems. Biochem 
Pharmacol 40, 1533-1539. 

Addo E, Ramdial S & Poon-King T (1984) High dosage cyclophosphamide and 
dexamethasone treatment of paraquat poisoning with 75% survival. West. Indian Med 
J 33, 220. 

Aldrich TK, Fisher AB, Cadenas E & Chance B (1983) Evidence for lipid 
peroxidation by paraquat in the perfused rat lung. J Lab Clin Med 101, 66-73. 

Alekperov, UK (1967) Antimutagenic activity of paraquats. Dokl Akad Nauk SSR 
176, 199-201. 

Amarasingham RD & Lee SE A review of human poisoning cases examined by the 
Toxicology Division of the Department of Chemistry, Petaling Jaya, Malaysia, from 
1977 to 1981 (unpublished report). 

Anderson D, McGregor DB & Purchase IFH (1976) Dominant lethal studies with 
Paraquat and diquat in male CD-1 mice. Mutat Res 40, 349-58. 

Anderson D (1977) Paraquat: Estimation of mutagenic potential in the Salmonella 
typhimurium mutagenicity assay. ICI Central Toxicology Laboratory Report No. 
CTL/P/243 

Anderson D, Richardson CR, Howard CA, Banham P, Hart D and Weight T (1978). 
Paraquat: a cytogenetic study in the rat. ICI Central Toxicology Laboratory Report 
No. CTL/P/367 

Anderson D, Richardson CR and Ashby J (1979). Paraquat: further cytogenetic 
studies in the rat. ICI Central Toxicology Laboratory Report No. CTL/P/442. 

Ashby R, Hepworth PL, Whinney AK, Brown PM, Whitney JC, Finn JP (1983). 
Paraquat: Combined toxicity and carcinogenicity study in rats. LSR Report No. 
82/ILY217/328. (Unpublished report). ICI Central Toxicology Laboratory Report No. 
CTL/C/1225 

Athanaselis S, Qammaz S, Alevisopoulos G & Koutselinis A (1983) 
Percutaneous paraquat intoxication. J. Toxicol. Cut & Ocular Toxicol 2, 3-5. 

Autor AP (1974) Reduction of paraquat toxicity by superoxide dismutase. Life Sci 
14, 1309 - 1319. 

Autor AP ed. (1977) Biochemical mechanisms of paraquat toxicity. New York, 
Academic Press. 

Page 89 of 123 

SYNG-PQT-ATR-11218550 



Bagetta G, Corasaniti MT, Iannone M., Nistico G & Stephenson JD (1992) 
Production of limbic motor seizures and brain damage by systemic and intracerebral 
injection of paraquat in rats. Pharmacol Toxicol. 71, 443-448. 

Bagetta G, Iannone M, Vecchio I, Rispoli V, Rotiroti D & Nistico G (1994) 
Neurodegeneration produced by intrahippocampal injection of paraquat is reduced by 
systemic administration of the 21-aminoacid U74389F in rats. Free Rad Res 21, 85-89 

Bainova A (1969) [Experimental assessment of the effect of dipyridylium herbicides 
on the skin. Letopisi HEI, 9, 25 - 30 (in Bulgarian)]. 

Bain ova A (1971) [Determination of the zones of acute and chronic inhalatory 
toxicity after exposure to dipyridylium herbicides Gramoxone and Reglone. Letopisi 
HEI, 28: 59-62 (in Bulgarian)]. 

Bainova A & Vulcheva V (1972) Experimental substantiation of Gramoxone MAC in 
working areas. In Works of Research Institute of Hygiene and Labour Protection. 
Sofia, Medizine I Fizkultuna, 23, 71-77 

Baldwin RC Pasi A, MacGregor JT & Hine CH (1975) The rates of radical formation 
from the dipyridylium herbicides, paraquat, diquat and morfamquat in homogenates 
of rat lung. kidney and liver: an inhibitory effect of carbon monoxide. Toxic Appl 
Pharmac 32, 298-304. 

Barbeau A, Roy M, Clourier L, Plasse L & Paris S. (1986) Environmental and genetic 
factors in the etiology of Parkinson's disease. In: Yahr MD & Bergmann KJ (eds.). 
Parkinson's disease. Adv Neurol 45, 299-306. 

Bassett DJP& Fisher AB (1978) Alterations of glucose metabolism during perfusion 
of rat lung with paraquat. Am J Physiol 234, E653-E659 

Benigni R, Bignami M, Carere A, Conti G, Conti L, Crebelli R, Dogliotti E, Gualandi 
G, Novellotto A & Ortali VA (1979) Mutational studies with diquat and paraquat in 
vitro. Mutat Res 68, 183-193 

Ben-Shlomo Y (1997) The epidemiology of Parkinson's disease. Baillieres Clin 
Neurol. 6, 55-68. 

Bennett I et al (1976). In-vivo absorption studies wi.th paraquat and diquat in the dog. 
Proceedings of the British Pharmaceutical Society, 15 - 16 July, England, 284 pp. 

Bignami M & Crebelli R (1979) A simplified method for the induction of y
azoguanine resistance in Salmonella typhimurium. Toxicol Lett 3, 169-175. 

Bilinski T& Litwinska J. (1987) On the ideas alternative to the theory of superoxide 
mediated oxygen toxicity. Bull Pol Acad Sci Biol Sci 35, 25-31. 

Binns CW (1976) A deadly cure for lice: a case of paraquat poisoning. Papua New 
Guinea Med J 19, 105-107. 

Page 90 of 123 

SYNG-PQT-A TR-11218551 



Bismuth C, Garnier R, Dally S, Fournier PE & Scherrman JM (1982) Prognosis and 
treatment of paraquat poisoning: a review of28 cases. Clin Tox 19, 461-474. 

Bismuth C, Hall AH & Wong A (1995) Paraquat ingestion exposure symptomatology 
and risk. In: Bismuth C & Hall AH (eds) Paraquat poisoning pp 195-210, Marcel 
Dekker Inc, New York. 

Bloch CA & Ausubel FM (1986) Paraquat-mediated selection for mutations in the 
manganese-superoxide dismutase gene soda. J Bacterial 168, 795-798. 

Block ER (1979) Potentiation of acute paraquat toxicity by Vitamin E deficiency. 
Lung 156, 195-203. 

Bramley A & Hart TB (1983) Paraquat poisoning in the United Kingdom. Human 
Toxicol 2, 417. 

Brennan RT, Svoboda BEP & Schiestl RH (1994) Oxidative mutagens induce 
intrachromosomal recombination in yeast. Mutat Res 308, 159-167. 

Brigelius R, Hashem A & Lengfelder E (1981 ). Paraquat-induced alterations of 
phospholipids and GSSG release in the isolated perfused rat liver and the effect of 
SOD-active copper complexes. Biochem Pharmacol 30, 349 - 354. 

Brigelius R (1985) Mixed disulphides: biological functions and increase in oxidative 
stress. In Oxidative Stress. (H. Sies, Ed), Academic Press Inc, London, pp 243-247. 

Brigelius R, Dorsal LA, Horton, JK, & Bond JR (1986) Alteration of the redox state 
of NADPH and glutathione in perfused rabbit lung by paraquat. Toxicol Ind. Hlth 2, 
417-428. 

Brine DR, David KH, & Wall ME (1981) Combustion of paraquat contaminated 
marijuana - analysis of paraquat and its degradation products. Final Report, Contract 
No. 273-79-C-0003, RTI/1755/0F, Research Triangle Park, NC, Research Triangle 
Institute. 

Brooks A.I, Chadwick CA, Gelbard HA, Cory-Slechta DA & Federoff HJ (1999) 
Paraquat elicited neurobehavioural syndrome caused by dopaminergic neuron loss. 
Brain Research 823. 1-10. 

Brooks RE (1971) Ultrastructure of lung lesions produced by ingested chemicals. 1. 
Effect of the herbicide paraquat on mouse lung. Lab Invest 25, 536-45. 

Bugg L & Duerden L (1994) Paraquat dichloride technical concentrate: Eye irritation 
to the rabbit. Zeneca Central Toxicology Laboratory Report No. CTL/P/4566 
Submitted by: Zeneca Agrochemicals 23 September 1994. 

Bullivant CM (1966) Accidental poisoning by Paraquat: Report of two cases in man. 
Br Med J 1, 1272-1273. 

Page 91of123 

SYNG-PQT-ATR-11218552 



Burk R, Lawrence RA, & Lane JM (1980) Liver necrosis and lipid peroxidation in the 
rat as the result of paraquat and diquat administration - Effect of selenium deficiency. 
J Clin Invest 65, 1024-1031. 

Bus JS, Aust SD, & Gibson JE (1974) Superoxide and singlet oxygen catalysed lipid 
peroxidation as a possible mechanism for paraquat toxicity. Biochem Biophys Res 
Commun 58, 749 - 755. 

Bus JS, Aust SD, & Gibson JE (1975a) Lipid peroxidation as a possible mechanism 
for paraquat toxicity. Res Commun Chem Pathol Pharmacol 11, 31 - 38. 

Bus JS, Preache :MM, Cagen SZ, Posner HS, Eliason BC, Sharp CW, & Gibson JE 
(1975b) Foetal toxicity and distribution of paraquat and diquat in mice and rats. 
Toxicol Appl Pharmacol 33, 450-460. 

Bus JS, Aust SD, & Gibson JE (1976) Paraquat toxicity: Proposed mechanism of 
action involving lipid peroxidation. Environ Hlth Perspect 16, 139-146. 

Bus JS, Cagen SZ, Olgaard M, & Gibson JE (1976b) A mechanism of paraquat 
toxicity in mice and rats. Toxicol Appl Pharmacol 35, 501-513. 

Bus JS & Gibson JE (1975) Postnatal toxicity of chronically administered paraquat in 
mice and interactions with oxygen and bromobenzene. Toxicol Appl Pharmacol 33, 
461-70. 

Busey WM (1986) An independent pathology review of the lung slides from a rat 
chronic toxicity/carcinogenicity study with paraquat. Unpublished report from ICI 
Plant Protection Ltd. Submitted to WHO by Imperial Chemical Industries PLC, 
Haslemere, Surrey, UK. 

Butler C (1975) Pulmonary interstitial fibrosis from paraquat in the hamster. Arch 
Pathol 99, 503-7. 

Butler C & Kleinerman J (1971) Paraquat in the rabbit. Br J Ind Med 28, 67-71 

Cagen SZ & Gibson JE (1977) Liver damage following paraquat in selenium deficient 
and diethyl maleate pretreated mice. Toxicol Appl Pharmacol 40, 193-200. 

Calderbank A (1986) The bipyridylium herbicides. Effects on man. In MetcalfRL ed. 
Advances in Pest Control Research. New York, Interscience Publishers, 8, 224 pp. 

Calo M, Iannone M, Passafaro M & Nistico G (1990) Selective vulnerability of 
hippocampal CA3 neurones after microinfusion of paraquat into the rat substantia 
nigra or into the ventral tegmental area. J Comp Path. 103, 73-78. 

Campbell S (1968) Paraquat poisoning. Clin Toxicol 1, 245-249. 

Cant JS & Lewis DRH (1968) Ocular damage due to Paraquat and Diquat. Br Med J 
3, 59. 

Page 92 of 123 

SYNG-PQT-ATR-11218553 



Carson DJL & Carson ED (1976) The increasing use of Paraquat as a suicide agent. 
Forensic Sci 7, 151-160. 
Casey P & Vale JA (1994) Deaths from pesticide poisoning in England and Wales: 
1945-1989. Hum Exp Toxicol 13, 95-101. 

Casey P, Buckley BM & Vale JA (1994) Methemoglobinemia following ingestion of 
a monolinuron/paraquat herbicide. J Toxicol Clin Toxicol 32, 185-9. 

Castro-Gutierrez N, McConnell R, Andersson K, Pacheco-Anton F & Hogstedt C 
(1997) Respiratory symptoms, spirometry and chronic occupational paraquat 
exposure. Scand J Work Environ Health 23, 421-427. 

Cavalli RD & Fletcher K (1977) An effective treatment for paraquat poisoning 
In 'Biochemical Mechanisms of Paraquat Toxicity: Proc. lst Iowa Symp. on Toxic 
Mechanisms, June 28-29 (1976)'. Chapter 5, pp 213-230. Ed: Autor AP, Publ: 
Academic Press. 

Chan BSH, Lazzaro VA, Seale JP & Duggin GG (1996a) Characterisation and uptake 
of paraquat by rat renal proximal tubular cells in primary culture. Human Exp Toxicol 
15, 949-956. 

Chan BSH, Lazzaro VA, Kirwan PD, Seale JP & Duggin GG (1996b) The effect of 
paraquat on two renal cell lines-LLC-PKl and NIDCK. Res Commun Pharmacol 
Toxicol 1, 99-112. 

Chan BSH, Seale JP & Duggin GG (1997) The mechanism of excretion of paraquat 
rats. Toxicol Lett 90, 1-9. 

Chan BSH, Lazzaro VA, Seale JP & Duggin GG (1998) The renal excretory 
mechanisms and the role of organic cations in modulating the renal handling of 
paraquat. Pharmacol Therap 79, 193-203. 

Charles JM, Abou-Donia MB & Menzel DB (1978). Absorption of paraquat from the 
airways of perfused rat lung. Toxicology 8, 59 - 67. 

Chen N, Pond SM & Bowles MR (1992) Competition between paraquat and 
putrescine for uptake by suspensions of rat alveolar type II cells. Biochem Pharmacol 
44, 1029-1036. 

Cheng WH, Ho YS, Valentine BA, Ross DA, Combs GFJr & Lei XG (1998) Cellular 
glutathione peroxidase is the mediator of body selenium to protect against paraquat 
lethality in transgenic mice. J Nutr 128, 1070-1076. 

Chester G & Ward RJ (1984) Occupational exposure and drift hazard during aerial 
application of paraquat to cotton. Arch Environ Contam Toxicol. 13, 551-63. 

Chester G & Woollen BH (1981) Studies of the occupational exposure of Malaysian 
plantation workers to paraquat. Br J Ind Med. 38, 23-33. 

Page 93 of 123 

SYNG-PQT-ATR-11218554 



Chester G, Gurunathan G, Jones N & Woollen BH (1993) Occupational exposure of 
Sri Lankan tea plantation workers to paraquat. Bulletin of World Health Org 71, 
625-633. 
Chevron Chemical Co. (1985) Paraquat: Combined Toxigenicity and Carcinogenicity 
Study in Rats: [Addendum to the Main Study: (1). Supplementary Information on 
Numbers of Protocol Tissues Examined; (2).Compilation of Tissues and Location of 
Lesion for All Animals with Skin Tumors of Epithelial Origin; (3). Historical Control 
Data for Selected Neoplastic Lesions; (4). Histopathological Examination of Lungs]. 
Unpublished compilation. 

Clark DG, McElligott TF & Hurst EW (1966) The toxicity of paraquat. Br J Ind Med 
23, 126 - 133 

Clay P & Thomas M (1985) Paraquat dichloride (Technical Liquor): Assessment of 
mutagenic potential using L5 l 78Y mouse lymphoma cells. ICI Central Toxicology 
Laboratory Report No. CTL/P/1398. 

Conning DA, Fletcher K & Swan AAB (1969). Paraquat and related bipyridyliums. 
Br Med Bull 25, 245 - 249. 

Corasaniti MT, Defilippo R, Rodino P, Nappi G & Nistico G (1991) Evidence that 
paraquat is able to cross the blood-brain barrier to a different extent in rats at various 
ages. Functional Neurology 6, 385-391. 

Corasaniti MT, Bagetta G, Rodino P, Gratteri S & Nistico G (1992) Neurotoxic 
effects induced by intracerebral and systemic injection of paraquat in rats. Human Exp 
Toxicol 11, 535-539. 

Corasaniti MT & Nistico G (1993) Determination of paraquat in rat brain by 
high-performance liquid chromatography. J Chromatography 643, 419-425. 

Costantini P, Petronilli V, Colonna R & Bernardi P (1995) On the effects of paraquat 
on isolated mitochondria. Evidence that paraquat causes opening of the cyclosporin 
A-sensitive permeability transition pore synergistically with nitric oxide. Toxicology 
99, 77-88. 

Cox R (1986) Twenty-one day dermal toxicity study in albino rabbits with paraquat 
technical (SX-1465) Project No. S-2718:2107: Final Report. Unpublished study 
prepared by Hazleton Laboratories America, Inc. 

Daniel JW & Gage JC (1966) Absorption and excretion ofDiquat and Paraquat in 
rats. British Journal oflndustrial Medicine 12, 133-136. Unpublished study submitted 
by Chevron Chemical Co., Richmond, Calif; CDL: 180000-Z. 

Daniel JM & Gage JC (1966) Absorption and excretion of diquat and paraquat in rats. 
Br J Ind Med 23, 133-136. 

Degirmenci E, Ono Y, Kawara 0, Utsumi H (2000) Genotoxicity analysis and 
hazardous prioritisation of a group of chemicals. Water Science and Technology 42, 
125-131 

Page 94 of 123 

SYNG-PQT-ATR-11218555 



De Gori N, Froio F, Strongoli MC, De Francesco A, Calo M & Nistico G (1988) 
Behavioural and electrocortical changes induced by paraquat after injection in specific 
areas of the brain of the rat. Neuropharmacology 27, 201-207. 

DeMarini DM & Lawrence BK (1992) Prophage induction by DNA topoisomerase II 
poisons and reactive-oxygen species: role of DNA strand breaks. Mutat Res 267, 1-17 

Deveckova D & Mydlik M (1980) Gramoxone ocular burns. Cesk. Oftalmol 36, 7-10. 

Dey MS, Breeze RG, Hayton WL, Karara AH & Kreiger RI (1990) Paraquat 
pharmacokinetics using a subcutaneous toxic low dose in the rat. Fundam Appl 
Toxicol 14, 208-216. 

Dial CAB & Dial NA (1987) Effects of paraquat on reproduction and mortality in two 
generations of mice. Arch Environ Contam Toxicol 16, 759-764. 

Dial CAB & Dial NA ( 1989) Effects of paraquat on parent generation female and F 1 

suckling mice using different treatment regimes. Bull Environ Contam Toxicol 43, 
66-73. 

Ding Z, Ren H, Jiang Y, Cai Z & Zhu Q (2001) Influence of paraquat on the system 
of substantial nigra and striatum in C57BL mice. J Fudan Uni 28 (1) 

Don Porto Carero A, Hoet PHivI, Verschaeve L, Schoeters G, Nemery B (2001). 
Genotoxic effects of carbon black particles, diesel exhaust particles, and urban air 
particulates and their extracts on a human alveolar epithelial cell line (A549) and a 
human monocytic cell line (THP-1). Environmental and Molecular Mutagenesis 37, 
155-163 

Douze JMC, van Dijk A, Gimbrere JSF, van Heijst ANP, Maes R & Rauws AG 
(1974) Intensive therapy after Paraquat intoxication. Intensivmedizin 11, 241-250. 

Douze IlvIC & van Heijst ANP (1977a) The paraquat intoxication - oxygen a real 
problem. Acta Pharmac Tox. 41, Suppl II, 241-5. 

Douze JMC, van Dijk A, Gimbrere JSF, van Heijst ANP & Maes R (1977b) Intensive 
therapy after paraquat intoxication: clinical aspects of paraquat poisoning. RIV 
Tossicol Sper Clin 5, 333-335. 

Duerden L (1994a) Paraquat dichloride technical concentrate: acute oral toxicity to 
the rat. Zeneca Central Toxicology Laboratory Report No. CTL/P/4424. Submitted 
by: Zeneca Agrochemicals. 30 September 1994 

Duerden L (1994b) Paraquat dichloride technical concentrate: acute dermal toxicity to 
the rat. Zeneca Central Toxicology Laboratory Report No. CTL/P/4412. Submitted 
by: Zeneca Agrochemicals. 30 September 1994 

Page 95 of 123 

SYNG-PQT-ATR-11218556 



Duerden L (1994c) Paraquat dichloride technical concentrate: skin irritation to the 
rabbit. Zeneca Central Toxicology Laboratory Report No. CTL/P/441 l. Submitted 
by: Zeneca Agrochemicals. 30 September 1994 

Duerden L (1994d) Paraquat dichloride technical concentrate: skin sensitisation to the 
guinea pig. Zeneca Central Toxicology Laboratory Report No. CTL/P/4460. 
Submitted by: Zeneca Agrochemicals. 30 September 1994 

Dunbar JR, DeLucia AJ & Bryant LR (1984) Glutathione status of isolated rabbit 
lungs. Effects of nitrofurantoin and paraquat perfusion with normoxic and hyperoxic 
ventilation. Biochem Pharmacol 33, 1343 - 1348 

Dusinska M, Kovacikova Z, Vallova B, Collins A (1998) Responses of alveolar 
macrophages and epithelial type II cells to oxidative DNA damage cause by paraquat. 
Carcinogenesis 19, (5), 809-812 

Dutt A, Priebe TS, Teeter LD, Kuo MT & Nelson JA (1992) Postnatal development of 
organic cation transport and MDR gene expression in mouse kidney. J Pharmacol Exp 
Therap 261, 1222-1230 

Ecker JL, Hook JB & Gibson JE (1975b) Nephrotoxicity of paraquat in mice. Toxicol 
Appl Pharmacacol 34, 178-186 

Eder E, Favre A, Strichtmann C & Deininger C (1989) Induction of sfiA SOS 
function by peroxides using three different E.coli strains. Toxicol Lett 48, 225-234 

Edwards MJ, Hemingway RJ, Kinch DA & Slape P (1974) Paraquat: Residue and 
toxicology trial with cows fed a treated grass. Unpublished report No. AR2465A(R) 
from ICI Plant Protection Ltd. Submitted to WHO by Imperial Chemical Industries 
PLC, Haslemere, Surrey, UK. 

Eisenbeis SJ, Lynch Dl & Hampel AE (1981) The Ames mutagen assay tested against 
herbicides and herbicide combinations. Soil Science 131, 44-47 

Elroy-Stein 0, Bernstei Y & Groner Y (1986) Overproduction of human 
Cu/Zn-superoxide dismutase in transfected cells extenuation of paraquat mediated 
cytotoxicity and enhancement oflipid-peroxidation. EMBO J 5, 615 

Endo T, Hara S, Kano S & Kuriiwa F (1988) Effects of a paraquat-containing 
herbicide, Gramoxone, on the central monoamines and acetylcholine in mice. 
Research Comm. Psychology Psychiatry Behaviour 13, 261-270 

ErnoufD, Boussa N, Legras A & Dutertre-Catella H (1998) Acute paraquat 
poisoning: increased toxicity in one case with high alcohol intake. Human Exp 
Toxicol 17, 182-184 

FAQ/WHO, (1973) Paraquat. In: 1972 Evaluations of some pesticide residues in 
food, Rome, Food and Agricultural Organisation of the United Nations. 

Page 96 of 123 

SYNG-PQT-ATR-11218557 



Farrington JA, Ebert M, Land, EJ & Fletcher K (1973) Bipyridilium quaternary salts 
and related compounds. V. Pulse radiolysis studies on the reaction of paraquat 
radical with oxygen, implications for the mode of action of bipyridilium herbicides. 
Biochim Biophys Acta 314, 372-381 

Fennelly JJ, Gallagher JT & Carroll RJ (1968) Paraquat poisoning in a pregnant 
woman. Br Med J 3, 722-723 

Ferguson DM (1973) Factors influencing renal excretion of paraquat. Toxicol Appl 
Pharmacol 25, 486 

Fisher HK, Clements JA & Wright RR (1973) Enhancement of oxygen toxicity by the 
herbicide paraquat. Ann Rev Respir Dis 107, 246 - 252 

Fisher HK, Clements JA, Tierney DF & Wright RR (1975) Pulmonary effects of 
paraquat in the first day after injection. Am J Physiol 228, 1217 - 1223 

Fisher AB & Reicherter J (1984) Pentose pathway of glucose metabolism in isolated 
granular pneumocytes metabolic regulation and stimulation by paraquat. Biochem 
Pharmacol 33, 1349-1353 

Fitzgerald GR & Barniville G (1978) Poisoning by granular paraquat. J Irish Phys 
Surg 7, 133-136 

Fitzgerald GR, Barniville G, Black J, Silke B, Carmody M & O'Dwyer WF (1978a) 
Paraquat poisoning in agricultural workers. J Irish Med Ass 71, 336-342 

Fitzgerald GR, Carmody M, Barniville G, O'Dwyer WF, Flanagan M & Silke B 
(1978b) The changing pattern of paraquat poisoning: An epidemiologic study. J Irish 
Med Ass 71, 103-108 

Fitzgerald GR, Barniville G, Gibney RTN & Fitzgerald MX (1979b) Clinical, 
radiological and pulmonary function assessment of 13 long-term survivors of paraquat 
poisoning. Thorax 34, 414-429 

Fletcher K, Herring CM & Robinson ~I (1972) Paraquat three-generation 
reproduction study in rats. Unpublished report from ICI Industrial Hygiene Research 
Laboratories. Submitted to WHO by Imperial Chemical Industries PLC, Haslemere, 
Surrey, UK. 

Florkowski CM, Bradberry SM, Ching GWK & Jones AF (1992) Acute renal failure 
in a case of paraquat poisoning with relative absence of pulmonary toxicity 
Postgraduate Med J 68, 660-662 

Fodri Z, Sipos K & Berencsi G (1977) Study of the irritation and allergic effects of 
grmoxone in guinea pig. Egeszsegtudomouny 21, 244-249 (in Hungarian) 

Frank L & Massaro D (1979) The lung and oxygen toxicity. Arch Intern Med 139, 
347-350 

Page 97 of 123 

SYNG-PQT-ATR-11218558 



Frederiksen CM, Clausen J (1999) The effects of oxidative stress in In Vitro cultured 
astroglial cells. ATLA 27, 351-357 

Fredriksson A, Fredriksson M & Eriksson P (1993) Neonatal exposure to paraquat or 
NIPTP induces permanent changes in striatum dopamine and behaviour in adult mice. 
Toxicol Appl Pharmacol 122, 258-264 

Fridovich I & Hassan HM (1979) Paraquat and the exacerbation of oxygen toxicity. 
Trends Biochem Sci 4, 113-115 

Fukushima T, Yamada K, Isobe A, Shimwaku K & Yamane Y (1993) Mechanism of 
cytotoxicity of paraquat I NADH oxidation and paraquat radical formation via 
complex I Exp Toxic Pathol 45, 345-349 

Gage JC (1968) The action of paraquat and diquat on the respiration ofliver cell 
fractions. Biochem J 109, 757-761 

Gage JC (1968a) Toxicity of paraquat and diquat aerosols generated by a size 
selective cyclone: effect of particle size distribution. Br J Ind Med 25, 304-314 

Gage JC (1968b) The action of paraquat and diquat on the respiration of liver cell 
fractions. Biochem J 109, 757-761 

Gaivao I & Comendador MA (1996) The w/w+ somatic mutation and recombination 
test (SMART) of Drosophila melanogaster for detecting reactive oxygen species: 
characterisation of 6 strains. Mutat Res 360, 145-151 

Gaivao I, Sierra LM, Comendador MA (1999). The w/w+ SMART assay of 
Drosophila melanogaster detects the genotoxic effects of reactive oxygen species 
inducing compounds. Mutation Research 440, 139-145 

Garnier R (1995) Paraquat poisoning by inhalation and skin absorption. In: Bismuth, 
C., Hall, A.H. (eds) Paraquat poisoning. pp 211-34. Marcel Dekker Inc, New York. 

Garnier R, Chataigner D, Efthymiou ML, Morallion I & Bramary F (1994) Paraquat 
poisoning by skin absorption: report of two cases. Vet. Human Toxicol 36, 313-315 

George M & Hedworth-Whitty RB (1980) Non-fatal lung-disease due to inhalation of 
nebulised paraquat. Br. Med. J 280, 902 

Giri SN & Krishna GA (1980) The effect of paraquat on guanylate cyclase activity in 
relation to morphological changes in guinea-pig lungs. Lung, 157, 127 - 134 

Glass M, Sutherland MW, Forman HJ & Fisher AB (1985) Selenium deficiency 
potentiates paraquat-induced lipid peroxidation in isolated perfused rat lung. J Appl 
Physiol 59, 619 - 622 

Golbe LJ, Farrell TM & Davis PH (1990) Follow-up study of early-life protective and 
risk factors in Parkinson's disease. Mov Di. 5, 66-70 

Page 98 of 123 

SYNG-PQT-ATR-11218559 



Gopalan HNB & Njagi GDE (1979) Cytogenetic studies in viciafaba with some 
insecticides, fungicides and herbicides. Environ Mutagen 1, 141-142 CA7 

Goundar RP (1984) Paraquat poisoning in Fiji. J Forensic Sci Soc 24, 376. 

Greenberg DB, Lyons A & Last JA (1978) Paraquat-induced changes in the rat of 
collagen biosynthesis by rat lung. J Lab Clin Med 92, 1033 - 1042 

Groves CE, Morales MN, Gandolfi AJ, Dantzler WH & Wright SH (1995) 
Peritubular paraquat transport in isolated renal proximal tubules. J Pharmacol 
ExpTherap 275, 926-932 

Grundemann D, Gorboulev V, Gamabaryan S, Veyhl M & Koepsell H (1994) Drug 
excretion mediated by a new prototype of polyspecific transporter. Nature 372, 549-
552 

Grundies H, Kohmar D & Bennhold I (1971) Paraquat intoxication. Case report with 
special reference to hemodialysis. Dtsch Med Wochensch. 96, 588-589 

Hall AH (1995) Paraquat and diquat exposures reported to US Poison Centers 1983-
1992. In: Bismuth C, Hall AH (eds) Paraquat poisoning. pp53-63, Marcel Dekker Inc, 
New York. 

Halliwell B & Gutteridge JMC (1984) Oxygen toxicity, oxygen radicals, transition 
metals and disease. Biochem J 219, 1-14 

Hara S, Iwata N, Kuriiwa F, Kano S, Kawaguchi N & Endo T (1993) Involvement of 
opioid receptors in shaking behaviour induced by paraquat in rats. Pharmacol Toxicol 
73, 146-149 

Hardwick SJ, Adam A, Smith LL & Cohen GM, (1990) Potentiation of the cell 
specific toxicity of paraquat by l,3-bis(2-chloroethyl)-l-nitrosourea (BCNU): 
Implications for the heterogeneous distribution of glutathione (GSH) in rat lung. 
Biochem Pharmacol 39, 581-589 

Hardy C, Grimshaw P, Cobb LM, Lewis BJ & Prentice DE (1979). Three-week 
inhalation study in rats exposed to an aerosol of paraquat: ICI/254/7949. Unpublished 
study prepared by Huntingdon Research Centre, England. 

Hart TB (1980) Non-fatal lung disease due to inhalation of nebulised paraquat. Br 
Med J 281, 63-64 

Hart TB (1984) Letter to the editor: on percutaneous paraquat intoxication. J Toxicol -
Cut & Ocular Toxicol., 3, 239-240. 

Hart TB Nevitt A & Whitehead A (1984) A new statistical approach to the prognostic 
significance of plasma paraquat concentrations. The Lancet II, 1222-3. 

Hassan HM & Fridovich I (1977) Regulation of synthesis of superoxide dismutase in 
Escherichia coli. J. Biol. Chem., 253: 7667 - 7672. 

Page 99 of 123 

SYNG-PQT-ATR-11218560 



Hassan HM & Fridovich I (1978) Superoxide radical and the enhancement of oxygen 
toxicity of paraquat in Escherichia coli . J. Biol. Chem. , 253: 8143 - 8148 . 

Hassan HM & Fridovich I (1979) Paraquat and Escherichia coli. Mechanism of 
production of extracellular superoxide radical. J. Biol. Chem., 254: 10846 - 10852. 

Hassan HM & Fridovich I (1980) Superoxide dismutases: detoxication by a free 
radical. In : Jakoby, W.B. , ed. Enzymatic basis of detoxication. New York, Academic 
Press, Vol. 1: 311 - 322. 

Hawksworth GM, Bennett PN & Davies DS (1981) Kinetics of paraquat elimination 
in the dog. Toxicol. Appl. Pharmacol., 57: 139-145 . 

Hearn CED & Keir W (1971) Nail damage in spray operators exposed to paraquat. Br. 
Med. J. , 28, 399-403 . 

Hemingway RJ, Leahey JP, Griggs RE & Davis JA (1972) Paraquat metabolism in 
sheep. Unpublished report No. AR2359A from ICI Plant Protection Division. 
Submitted to WHO by Imperial Chemical Industries PLC, Haslemere, Surrey, UK. 

Hemingway RJ, Leahey JP, Griggs RE & Davis JA (1974) Paraquat metabolism in 
ruminants. 3rd International Congress of Pesticide Chemistry, Helsinki . 

Hemingway RJ & Oliver C (1974) Paraquat: a study of the metabolism and residues 
in hens and their eggs. Unpublished report No.AR251A from ICI Plant Protection 
Division. Submitted to WHO by Imperial Chemical Industries PLC, Haslemere, 
Surrey, UK. 

Hendley P, Leahey JP & Spinks CA (1976a) Paraquat: Metabolism and residues in 
hens. Unpublished report No. AR2676A from ICI Plant Protection Division. 
Submitted to WHO by Imperial Chemical Industries PLC, Haslemere, Surrey, UK. 

Hendley P, Leahey JP, Spinks CA, Neale D & Carpenter PK (1976b) Paraquat 
metabolism and residues in goats. Unpublished report No. AR2680A from ICI Plant 
Protection Division . Submitted to WHO by Imperial Chemical Industries PLC, 
Haslemere, Surrey, UK. 

Hertzman C, Wiens M, Bowering D, Snow B & Caine D. (1990) Parkinson ' s disease: 
a case-control study of oocupational and environmental risk factors . Am. J Ind. Med. 
17, 349-355 . 

Hertzman et al (1994) " A case controlled study of Parkinson' s Disease in a 
Horticultural Region of British Columbia" Movement Disorders 9 (1) 69-75 

Hettiarachchi J & Kodithuwakku GC (1989) Pattern of poisoning in Sri Lanka Int. J 
Epid. 18, 418-422. 

Page 100of123 

SYNG-PQT-A TR-11218561 



Hirai K, Witschi H & Cote MG (1985) Mitochondrial injury of pulmonary alveolar 
epithelial cells in acute paraquat intoxication. Exp. Mol. Path. 43, 242-253. 

Ho SC, Woo J & Lee CM (1989) Epidemiologic studies of Parkinson's disease in 
Hong Kong. Neurology 39, 1314-1318. 

Ho YS, Magnenat JL, Gargano M & Cao J (1998) The nature of antioxidant defense 
mechanisms: a lesson from transgenic mice. Environ. Health Perspec. 106, 1219-
1228. 

Hodge MCE, Palmer S, Weight TM & Wilson J (1978a) Paraquat Dichloride: 
Teratogenicity Study in the Mouse: Report No. CTL/P/364. (Unpublished study 
received March 5, 1981under239-2186; submitted by Chevron Chemical Co., 
Richmond, CA; CDL:244499-A) 

Hodge MCE, Palmer S, Weight TM & Wilson J (1978b) Paraquat Dichloride: 
Teratogenicity Study in the Rat: Report No. CTL/P/365. (Unpublished study received 
Jan. 15, 1979 under 239-2186; submitted by Chevron Chemical Co., Richmond, 
CA;CDL:236763-A) 

Hodge MCE (1992) Paraquat: Developmental toxicity study in the rat. Report No. 
CTL/P/3864. (Unpublished study from Central Toxicology Laboratory). 

Hoet PHM, Demedts M & Nemery B (1997) Effects of oxygen pressure and medium 
volume on the toxicity of paraquat in rat and human type II pneumocytes. Human 
Exp. Toxicol. 16, 305-310. 

Roffe E & Taitelmann N (1989) Exposure to paraquat through skin absorption: 
Clinical and laboratory observations of accidental splashing on healthy skin of 
agricultural workers. Human Tox. 8, 483-485. 

Hogarty C (1976) Exposure of spray operators to paraquat. Internal report Institute for 
Industrial Research and Chemical Engineering Department, University College, 
Dublin. 

Howard CA, Wildgoose J, Clay P and Richardson CR (1985). Paraquat dichloride: 
an in vitro sister chromatid exchange study in Chinese hamster lung fibroblasts. ICI 
Central Toxicology Laboratory Report No. CTL/P/1392. 

Howard CA, Richardson CR, Pate I, Sheldon T, Wildgoose J, Beck S and Banham PB 
(1987). Paraquat dichloride (Technical): an acute cytogenetic study in the rat. ICI 
Central Toxicology Laboratory Report No. CTL/P/1560. 

Horton JK, Brigelius R, Mason RP & Bend JR (1986) Paraquat uptake in freshly 
isolated rabbit lung epithelial cells and its reduction to the paraquat radical under 
anaerobic conditions. Mol. Pharmacol. 29, 484-8. 

Howard JK (1979a) Recent experience with paraquat poisoning in Great Britain - A 
review of 68 cases. Vet. Hum. Toxicol. 21Suppl,213-216. 

Page 101of123 

SYNG-PQT-ATR-11218562 



Howard JK (1979b) A clinical survey of paraquat formulation workers. Br. J Ind. 
Med. 36, 220-223. 

Howard Il( (1980) Paraquat: A review of worker exposure in normal usage. J Soc. 
Occup. Med. 30, 6-11. 

Howard JK, SabapathyNN & Whitehead PA (1981) A study of the health ofMalayan 
plantation workers with particular reference to Paraquat spraymen. Br. J lndA1ed 38, 
110-116. 

Howe DJT & Wright N. (1965) The toxicity of paraquat and diquat. In: Proceedings 
of the 18th New Zealand Weed and Pest Control 
Conference, pp. 105 - 114. 

Hudson M, Smith CC, Patel SB, Friend JAR & Ewen SWB. (1991) Paraquat induced 
pulmonary fibrosis in three survivors. Thorax 46, 201-204. 

Hussain MZ & Bhatnagar RS (1979) Involvement of superoxide in the paraquat
induced enhancement of lung collagen synthesis in organ culture. Biochem. Biophys. 
Res. Commun. 89: TL - 76. 

Hutchinson G, Daisley H, Simmons V & Gordon AN (1991) Suicide by poisoning. 
West Ind. Med. J., 40, 69-73. 

ICI Americal, Inc. (1989) Paraquat: Oncogenic Reclassification, Toxicology 
Overview. Unpublished study. 

IffHW, Brewis RAL, Mallick NP, Mawer GE, Orr WMcN & Stern MA (1971) 
Paraquat poisoning. Schweiz Med Wschr. 101, 84-88. 

Ikebuchi J, Proudfoot AT, Matsubara K, Hampson EOGM, Tomita M, Suzuki K., 
Fuke C, Ijiri I, Tsunerari T, Yuasa I & Okada K. (1993) Toxicological index of 
paraquat: A new strategy for assessment of severity of paraquat poisoning in 128 
patients. Forensic Science International 59, 85-87. 

Ingebrigtsen K, Nafstad I & Anderson RA (1984). Distribution and transplacental 
transfer of paraquat in rats and guinea pigs. Gen Pharmacol. 15, 201-204. 

Ilett K, Stripp B, Menard RH, Reid ND, & Gillette JR (1974). Studies on the 
mechanism of the lung toxicity of paraquat. Comparison of tissue distribution and 
some biochemical parameters in rats and rabbits. Toxicol. Appl. Pharmacol, 28: 216 -
226. 

IPCS. (1984) Environmental Health Criteria No 39, Paraquat and Diquat, World 
Health Organisation, Geneva. 

Ishmael J & Godley MJ (1983). Paraquat:. lifetime feeding study in rats. 
Histopathological examination of lungs. Unpublished Report No. CTL/P/738 from 
ICI Central Toxicology Laboratory. Submitted to WHO by imperial Chemical 
Industries PLC, Haslemere, Surrey, UK. 

Page 102of123 

SYNG-PQT-ATR-11218563 



Ishmael J (1987) Paraquat: Lifetime Feeding Study in Rats - A Histopathological 
Review of Slides from the Head Region. ICI CentralToxicology Laboratory, Alderley 
Park. Project No. CTL/P/1894. Submittedby ICI Americas Inc. Agricultural Products, 
Wilmington, Delaware. 

Jaros F, Zuffa LM, Kritinova R, Skakala I & Domsova J (1978) Acute percutaneous 
intoxication by Gramoxone. Pracov. Lek 30, 260-263. 

Jenkinson SG (1982) Pulmonary oxygen toxicity. Clin. Chest Med. 3, 109-119 

Joenje H, Nieuwirt, Taylor AMR and Hamden DG (1987). Oxygen toxicity and 
chromosomal breakage in ataxia telangiectasia. Carcinogenesis 8, 341-344. 

Joyce M (1969) Ocular damage caused by paraquat. Br. J Ophthal., 53, 688-690. 

Kalinowski AE, Doe JE, Chart IS, Gore CW, Godley MJ, Hollis K, Robinson M & 
Woollen BH (1983) Paraquat: One year feeding study in dogs. Unpublished Report 
No. CTL/P/734 from ICI Central Toxicology Laboratory. Submitted to WHO by 
Imperial Chemical Industries PLC, Haslemere, Surrey, UK. 

Katopodis K, Logothetis E, Noussias C & Hadjiconstantinou V (1993) Survival of a 
paraquat poisoned patient despite late (4 days) referral and initiation of conventional 
haemoperfusion treatment. Nephrology Dialysis Transplantation 8, 570-571. 

Kawai M & Yoshida M (1981) Exposure of spray operators to paraquat. Nippon 
Doshu Eisei Zasshi, 28: 353 - 359 (in Japanese). 

Keeling PL, Pratt IS, Aldridge WN & Smith LL (1981) The enhancement of paraquat 
toxicity in rats by 85% oxygen: lethality and cell-specific lung damage. Br. J. Exp. 
Pathol., 62: 643 - 654. 

Keeling PL& Smith LL (1982) Relevance ofNADPH depletion and mixed disulphide 
formation in rat lung to the mechanism of cell damage following paraquat 
administration. Biochem. Pharmacol. 31, 3243-3249. 

Keeling PL, Smith LL & Aldridge WN (1982) The formation of mixed di sulphides in 
rat lung following paraquat administration. Correlation wi.th changes in intermediary 
metabolism. Biochem. Biophys. Acta. 716, 249-257. 

Kehrer JP, Haschek W & Witschi HP (1979) The influence ofhyperoxia on the acute 
toxicity of paraquat and diquat. Drug Chem. Tox. 2, 397-408. 

Kelly SJ, Hertzman C, Wiens M, Snow B & Calne D (1994) "Parkinson's disease: 
Two case control studies of occupational and environmental risk factors" Agricultural 
Health and Safety: Workplace, Environment, Sustainability Supplement. Editors: 
McDuffie HH; Dosman JA; Semchuk KM; Olenchock SA and Senthilselvan A pl23-
13 l. 

Page 103of123 

SYNG-PQT-ATR-11218564 



Kelner MJ & Bagnell RD (1989) Paraquat resistance associated with reduced NADPH 
reductase in an energy- dependent paraquat-accumulating cell line. Arch. Biochem. 
Biophys. 274, 366-374. 

Kimbrough RD & Gaines TB (1970) Toxicity of paraquat in rats and its effect on rat 
lungs. Toxicol. Appl. Pharmacol., 17: 679-690. 

Kitahara J, Yamanaka K, Kato K, Lee Y-W, Klein CB & Costa M (1996) 
Mutagenicity of cobalt and reactive oxygen producers. Mutat Res., 370, 133-140. 

Kohen R & Chevion M (1985) Paraquat toxicity is enhanced by iron and reduced by 
desferrioxamine in laboratory mice. Biochemical. Pharmacol. 34, 1841-1843. 

Koller WC (1986) Paraquat and Parkinsons disease. Neurology, 36, 1147. 

Koller W, Vetere-Overfield B, Gray C, Alexander C, Chin T, Dolezal J, Hassanein R 
& Tanner C (1990) Environmental risk factors in Parkinson's disease. Neurology, 40, 
1218-1221. 

Kopazyk-Locke K (1977) In vitro and in vivo effects of paraquat on rat liver 
mitochondria. In Biochemical mechanisms of paraquat toxicity. Ed. Autor, AP, 
Academic Press, pp 93-115, Academic Press. 

Kornburst DJ & Mavis RD (1980) The effect of paraquat on microsomal lipid 
peroxidation in vitro and in vivo. Toxicol. Appl. Pharmacol., 53: 323 - 332. 

Krall J, Bagley AC, Mullenbach GT, Hallewell RA & Lynch RE (1988) Superoxide 
mediates the toxicity of paraquat for cultured mammalian cells. J Biol. Chem., 263, 
1910-1914. 

KuoTL & Nanikawa R (1990) Effects of ethanol on acute paraquat toxicity in rabbits. 
Jpn. J. Legal. Med., 44, 12-17 

Kurisaki E & Sat H (1979) Toxicological studies on herbicides. Intracorporeal 
distribution of paraquat dichloride and diquat dibromide in rats. Nippon Hoigaki 
Zasshi, 33: 656 (in Japanese). 

La Bella V & Micciche R (1991) "role of Pesticides in the aetiology of Parkinson's 
Disease: An unverified hypothesis." Acta Medica Mediterranea 7 (1) 55-59 

Lambert CE & Bondy SC (1989) Effects ofMPTP, MPP+ and paraquat on 
mitochondrial potential and oxidative stress. Life Sci. 44, 1277-1284. 

Landrigan PJ, Powell,KE, James LE & Taylor PR (1983) Paraquat and marijuana -
epidemiologic risk assessment. Am. J Public Health 73, 784-788. 

Langston JW, Ballard P, Tetrud JW & Irwin I (1983) Chronic Parkinsonism in 
humans due to a product of mereperidine analog. Science 219, 979-980. 

Page 104of123 

SYNG-PQT-ATR-11218565 



Leahey JP, Hendley P& Spinks CA (1976) Paraquat: Metabolism and residues in pigs 
using 14C-methyl labelled paraquat. Unpublished report No. AR2694A from ICI Plant 
Protection Division. Submitted to WHO by Imperial Chemical Industries PLC, 
Haslemere, Surrey, UK. 

Lee SH, Lee KS, Ahn JM, Kim SH & Hong SY (1995) Paraquat poisoning of the 
lung: thin-section CT findings. Radiology 195, 271-274. 

Levin DE, Hollstein M, Christman :MF & Ames BN (1984) Detection of oxidative 
mutagens with a new Salmonella tester strain (TA102). Methods in Enzymol., 105, 
249-254 

Levin PJ, Klaff LJ, Rose AG & Ferguson AD (1979) Pulmonary effects of contact 
exposure to paraquat: a clinical and experimental study. Thorax. 34: 150-160. 

Levitt T (1979) Determinations of paraquat in clinical practice using radio
immunoassay. Proc. Analyt. Div. Chem. Soc. 72-76. 

Lheureux P, Leduc D, Vanbinst R & Askenasi R (1995) Survival in a case of massive 
paraquat ingestion. Chest 107, 285-289. 

Liddle JA, Needham LL, Rollen ZJ, Roark BR & Bayse DD (1980) Characterization 
of the contamination of marijuana with paraquat. Bull. Environ. Contam. Toxicol. 24, 
49-53. 

Lin J-K, Huang I-H, Lee K-W & Lin-Shian S-Y (1989) Mutagenicity of dipyridyls 
and their methylated derivatives in Salmonella typhimurium/rat liver microsome 
system. Proc. Natl. Sci. Cane. A ROC. 13, 56-63 

Lin J-K, Kuo M-I & Hsu L-W (1988) Studies on the genotoxicity of dipyridyl and 
bi phenyl derivatives using Salmonella typhimurium. Toxicity Assess. An. Int. J. 3 (2), 
161-171 

Lin JL, Liu L & Leu :ML (1995) Recovery ofrespiratory function in survivors with 
paraquat intoxication. Arch. Environ. Health 50, 432-439. 

Lin MF, Wu CL and Wang TC (1987). Pesticide clastogenicity in Chinese hamster 
ovary cells. Mutat. Res., 188, 241-250. 

Lindsay S, Banham PB, Godley MJ, Moreland S, Wickramaratne GA & Woollen BH 
(1982) Paraquat: multigeneration reproduction study in rats - three generations. 
Unpublished report No. CTL/P/719 ICI Central Toxicology Laboratory. 

Liou H-H, Chen R-C, Tsai Y-F, Chen, W-P, Chang Y-C & Tsai M-C. (1996) Effects 
of paraquat on the substantia nigra of the Wistar rats: neurochemical, histological and 
behavioural studies. Toxicol. Appl. Pharmacol. 137, 34-41. 

Liou HH, Tsai MC, Chen CJ, Jeng JS, Chang YC, Chen SY & Chen RC (1997) 
Environmental risk factors and Parkinson's disease: a case-control study in Taiwan. 
Neurology 48, 1583-1588. 

Page 105of123 

SYNG-PQT-ATR-11218566 



Litchfield M, Daniel JW, Langshaw S (1973). The tissue distribution of the 
bipyridylium herbicides diquat and paraquat in rats and mice. Toxicology, 1; 155 -
165. 

Liu D, Yang J, Li L & McAdoo DJ (1995) Paraquat - a superoxide generator - kills 
neurons in the rat spinal cord. Free Rad. Biol. Med. 18, 861-867. 

Lock EA (1979) The effect of paraquat and diquat on renal function in the rat. 
Toxicol. Appl. Pharmacol. 48, 327-336. 

Lock EA & Wilks MF (2001) Paraquat. In: Handbook of Pesticide Toxicology; Vol.2, 
Chap.70, pp1559-1603. Academic Press. 

Lythgoe RE & Howard EF (1995 a). Paraquat: Excretion and tissue retention of a 
single oral dose (1 mg/kg) in the rat. Zeneca Central Toxicology Laboratory Report 
No. CTL/P/4683. 

Lythgoe RE & Howard EF (1995 b). Paraquat: Excretion and tissue retention of a 
single oral dose (1 mg/kg) in the rat following repeat dosing. Zeneca Central 
Toxicology Laboratory Report No. CTL/P/4685. 

Lythgoe RE & Howard EF (1995 c). Paraquat: Excretion and tissue retention of a 
single oral dose (50 mg/kg) in the rat. Zeneca Central Toxicology Laboratory Report 
No. CTL/P/4684. 

Malone JDG, Carmody M, Keogh B & O'Dwyer WF (1971) Paraquat poisoning - A 
review of nineteen cases. J Irish Med Ass., 64, 59-68. 

McCord JM & Da ED (1987) Superoxide dependant production of hydroxyl radical 
catalysed by iron-EDTA complex. FEBS Lett, 86, 139-142. 

McElligott TF (1972). The dermal toxicity of paraquat: differences due to techniques 
of application. Toxicol. Appl. Pharmacol. 21, 231-8. 

McGregor DB (1977) Mutagenicity testing of paraquat. Inveresk International Report 
No. 877 

McGregor DB, Brown A, Cattanach P, Edwards I, McBride D, Prach C and Caspary 
WJ (1988). Responses of the L5178Y+/- mouse lymphoma cell forward mutation 
assay. III.72 coded chemicals. Environ and Mol Mutagen 12, 85-154. 

McKean WI (1968) Recovery from Paraquat poisoning. Br. Med. J 3 292. 

McLean Head L, Marsh JR & Millward SW (1985) Paraquat: 4 hour acute inhalation 
toxicity study in the rat. ICI Central Toxicology Laboratory Report No. CTL/P/1325. 
Submitted by: Zeneca Agrochemicals 26 September 1985 

Macpherson D (1995) Paraquat: Biotransformation in the rat. Zeneca Central 
Toxicology Laboratory Report No. CTL/P/4806. 

Page 106of123 

SYNG-PQT-ATR-11218567 



Mahieu P, Hassoun A, Fautsch G, Lauwerijs R & Tremouroux J (1977) Paraquat 
poisoning: Survival without pulmonary insufficiency after early bleomycin treatment. 
Acta Pharmac Tox. 41, Supp 11, 246-248. 

Maita K, Saito T, Tsuda S & Shirasu Y (1980). Report on subacute toxicity of AT-5 
in rats. Institute of Environmental Toxicology Report. Unpublished report number 
CTL/C/1872, submitted by Zeneca Agrochemicals, England. 

Maita K, Saito T, Tsuda S & Shirasu Y (1980a) AT-5: Subacute toxicity study in 
mouse. Unpublished report from the Institute of Environmental Toxicology. 
Submitted to WHO by Imperial Chemical Industries PLC, Haslemere, Surrey, UK. 
Unpublished report number CTL/C/1866 

Makovskii VN (1972) Toxicological and hygiene studies ofbipyridylium herbicides 
diquat and paraquat. Referat, Vinnize, USSR pp 1 - 23 (PhD degree thesis) (in 
Russian). 

Maling HM, Saul W, Williams MA, Brown EAD & Gillette JR (1978) Reduced body 
clearance as the major mechanism of the potentiation by I3-adrenergic agonists of 
paraquat lethality in rats. Toxicol Appl Pharmacol 43, 57 - 72. 

Markey SP, Castagnoli N, Trevor AJ & Kopin IJ (1986) (Eds) MPTP: a neurotoxin 
producing a Parkinson syndrome. Academic Press, New York. 

Martinez A, Urios A, Blanco M (2000) Mutagenicity of 80 chemicals in Escherichia 
coli tester strains IC203, deficient in OxyR and its oxyR parent WP2 uvrA/pKMlOl: 
detection of31 oxidative mutagens. Mutation Research 467, 41-53. 

Mehani S (1972) The toxic effect of paraquat in rabbits and rats. Ain Shams Med J 
23, 599-601 

Melchiorri D, Ortiz GG, Reiter RJ, Sewerynek E, Daniels WMU, Pablos MI, Nistico 
G (1998) Melatonin reduces paraquat-induced genotoxicity in mice. Toxicology 
Letters 95, 103-108. 

Meredith TJ & Vale JA (1987) Treatment of paraquat poisoning in man: methods to 
prevent absorption. Human Toxicol 6, 49-55. 

Michaelis, L & Hill, ES (1933) Potentiometric studies on semiquinones J Am Chem 
Soc 55, 1481-1494. 

Ming FK, Chun CH & Khoo TK (1980) Paraquat poisoning is not always fatal 
Singapore Medical J 21, 703-707. 

Niinisterio de Salud, Division de Saneamiento Ambiental, Depto. Registro y Control 
de Sustancias Toxicas (1997) Reporte Oficial Intoxicaciones con Plaguicidas, Costa 
Rica. 

Page 107of123 

SYNG-PQT-ATR-11218568 



Mirchev N (1977) Acute poisoning with Gramoxone (Paraquat). Vetr. Bol. 16, 
99-101. 

Modee J, Ivemark BI & Robertson B (1972) Ultrastructure of the alveolar wall in 
experimental paraquat poisoning. Acta Path Microbial Scand 80, 54-60. 

Moody CS & Hassan HM (1982) Mutagenicity of oxygen free radicals. Proc Natl 
Acad Sci 79, 2855 - 2859. 

Montgomery MR (1976) Interaction of paraquat with the pulmonary microsomal 
fatty acid desaturase system. Toxicol Appl Pharmacol 36, 543 - 554. 

Montgomery MR (1977) Paraquat toxicity and pulmonary superoxide dismutase; an 
enzymic deficiency of lung microsomes. Res Commun Chem Pathol Pharmacol 16, 
155 - 158. 

Montgomery MR & Niewoehner DE (1979) Oxidant-induced alterations in 
pulmonary microsomal mixed-function oxidation. Acute effects of paraquat and 
ozone. J Environ Sci Health, 13, 205 - 219. 

Morija M, Ohta T, Watanabe K, Miyajawa T, Kato K & Shirasu Y (1983) Further 
mutagenicity studies on pesticides in bacterial reversion assay systems. Mutat Res 
116, 185-216 

Muller J & Tanz S (1992). Assessment of oxidative DNA damage in the oxyR
deficient SOS chromotest strain Escherichia coli PQ300. Environ Mol Mutagen 20, 
297-306. 

Murray RE & Gibson JE (1972) A comparative study of paraquat intoxication in rats, 
guinea-pigs and monkeys. Exp Mol Pathol 17, 317 - 325. 

Murray RE & Gibson JE (1974) Paraquat disposition in rats, guinea-pigs and 
monkeys. Toxicol Appl Pharmacol 27, 283 - 291. 

Musson FA & Porter CA (1982) Effect of ingestion of paraquat on a 20-week 
gestation fetus. Postgrad Med J 58, 731-732. 

NagaoM, Takatori T, WuB, TerazawaK, GetoudaH& AkabaneH(1991) 
Immunohistochemical localisation of paraquat in lung and brain. Med Sci Law 31, 
61-65. 

Nagata T, Kono I, Masaoka T & Akahori F (1992) Acute toxicological studies on 
paraquat pathological findings in beagle dogs following single subcutaneous 
injections. Vet Human Toxicol 34, 105-112. 

Naito H & Yamashita M (1987) Epidemiology of paraquat in Japan and a new safe 
formulation of paraquat. Human Toxicol 6, 87-8. 

Page 108of123 

SYNG-PQT-ATR-11218569 



Nakamura S, Oda Y, Shimada T, Oki I & Sugimoto K (1987) SOS-inducing activity 
of chemical carcinogens and mutagens in Salmonella typhimurium TA1535/pSK1002: 
examination with 151 chemicals. Mutat Res 192, 239-246. 

Naylor J, Widdowson PS, Simpson MG, Ellis MK & Lock EA (1995a) Studies of 
systemically administered paraquat on brain penetration and neurotoxicity. Human 
Exp Toxicol 14, 370. 

Naylor J, Widdowson PS, Simpson MG, Ellis MK & Lock EA (1995b) Further 
evidence that the blood I brain barrier impedes paraquat entry into the brain. Human 
Exp Toxico. 14, 587-594. 

Newhouse M, McEvoy D & Rosenthal D (1978) Percutaneous Paraquat absorption: 
An association with cultaneous lesions and respiratory failure. Arch Dermatol. 114, 
1516-1519. 

Ng LL, Naik RB & Polak A (1982) Paraquat ingestion with methaemoglobinemia 
treated with methylene blue. Br Med J 284, 1445-1446. 

Nicotera TM, Block AW, Gibar Z & Sandberg A A (1985). Induction of superoxide 
dismutase, chromosomal aberrations and sister-chromatid exchanges by paraquat in 
Chinese hamster fibroblasts. Mutat Res 151, 263-268. 

Nishimura N, Nishimura H & Oshima H (1982) Survey on mutagenicity of pesticides 
by the Salmonella-microsome test. J Aichi Med Univ Assoc 10 (4), 305-312 

Oda Y, Nakamura S, Oki I, Kato T & Shinagawa H (1985) Evaluation of the new 
system (umu-test) for the detection of environmental mutagens and carcinogens. 
Mutat Res 147, 219-229. 

Ogata T & Manabe S (1990) Correlation between lipid peroxidation and 
morphological manifestation of paraquat-induced lung injury in rats. Arch. Tox. 64, 
7-13. 

Ohlson CG & Hogstedt C (1981) Parkinson's disease and occupational exposure to 
organic solvents, agricultural chemicals and mercury - a case referent study. Scand J 
Work Environ Health 7, 252-256. 

Okonek S, Baldamus CA, Holmann A, Schister CJ, Bechstein PB & Zoller B (1979) 
Two survivors of severe paraquat intoxication by 'continuous haemoperfusion'. Klin 
Wschr 57, 957-959. 

Okonek S, Baldamus CA & Hofmann A (1980) Survival despite potentially fatal 
plasma paraquat concentrations. The Lancet II, 589. 

Okonek S, Weilemann LS, Majdanzic J, Sethyadarma H & Reinecke HJ (1982/83) 
Successful treatment of paraquat poisoning. Activated charcoal per os and 
'continuous hemoperfusion'. J Toxicol. Clin. Toxicol 19, 807-819. 

Page 109of123 

SYNG-PQT-ATR-11218570 



Okonek S, Wronski R, Niedermeyer W, Okonek M & Lamer A (1983) Near fatal 
percutaneous paraquat poisoning. Klin. Wochenschr. 61, 655. 

Okuda M, Saito M, Urkami Y, Takano M & Inui K (1996) cDNA cloning and 
functional expression of a novel rat kidney organic cation transporter, OCT2. 
Biochem.Biophys. Res Commun 224, 500-507. 

Omaye ST, Reddy KA & Cross CE (1978) Enhanced lung toxicity of paraquat in 
selenium-deficient rats. Toxicol Appl Pharmacol 43: 237 - 247. 

Ongom VI, Owor R & Tomusangi ET (1974) Paraquat (Gramoxone) used as a 
pediculocide. Uses and Abuses of Drugs and Chemicals in Tropical Africa - East 
Africa Lit Bureau, Nairobi. 229-233. 

Onyon LJ & Volans GN (1987) The epidemiology and prevention of paraquat 
poisoning. Hum. Toxicol. 6, 19-29. 

Oreopoulos, D.G., Soyannwo, M.A., Sinniah, R., Fenton, S.S., & Bruce, J.H. (1968) 
Acute renal failure in case of paraquat poisoning. Br. A1ed J 1, 749-750. 

Ortiz G, Reiter R, Zuniga G, Melchiorri D, Sewerynek E, Pablos M, Oh C, Garcia JJ, 
Bitzer-Quintero OK (2000). Genotoxicity of paraquat: micronuclei induced in bone 
marrow and peripheral blood are inhibited by melatonin. Mutation Research 464, 239-
245. 

Paesi-Toresan SO, Maris AF, Brendel M, Henriques JAP (1998). The Saccharomyces 
cerevisiae gene PS05/RAD16 is involved in the regulation of DNA damage-inducible 
genes RNR2 and RNR3. Curr Henet 34, 124-127. 

Palmeira CM, Moreno AJ & Madeira VMC (1995) Mitochondrial bioenergetics is 
affected by the herbicide paraquat. Biochim Biophys Acta 1229, 187-192. 

Palmer K, (1992) Paraquat (technical): oral (gavage) mouse developmental toxicity 
study. Report number CTL/C/2830 (Unpublished study from Central Toxicology 
Laboratory). 

Papiris SA, Maniati MA, Kyriakidis V & Constantopoulos SH (1995) Pulmonary 
damage due to paraquat poisoning through skin absorption. Respiration. 62, 101-103. 

Park J, Proudfoot AT & Prescott LF (1975) Paraquat poisoning - a clinical review of 
31 cases. In Clinical aspects of paraquat poisoning, Proceedings of an International 
Meeting held on J1h October 1975, published by Imperial Chemical Industries 
Limited, London. 

Parry IlvI (1973) The induction of gene conversion in yeast by herbicide preparations. 
Mutat Res 21, 83-91. 

Pasi A, Ambree JW, Eisenlord GH & Hine CH (1974). Assessment of the mutagenic 
properties of diquat and paraquat in the murine dominant lethal test. Mutat Res 26, 
171-175. 

Page 110of123 

SYNG-PQT-A TR-11218571 



Pena LFM, Mesquita S, Syllos Col us IM (1999). Evaluation of the gentoxicity and 
fetal toxicity of the herbicide paraquat. Acta Scientiarum 21, 219-223. 

Perriens T, Van der Stuyft P, Chee H & Benimadhos, S. (1989) The epidemiology of 
paraquat intoxications in Surinam. Tropical and Geographical Medicine 41, 266-69. 

Perry TL, Yong VW, Wall RA & Jones K (1986) Paraquat and two endogenous 
analogues of the neurotoxic substance N-methyl- 4-phenyl-1,2,3,6- tetrahydropyridine 
do not damage dopaminergic nigrostriatal neurons in the mouse. Neurosci. Lett. 69, 
285-289. 

Peter B, Wartena M, Kampinga HH & Konings AWT (1992) Role of lipid 
peroxidation and DNA damage in paraquat toxicity and the interaction of paraquat 
with ionising radiation. Biochem Pharmacol 43, 705-715. 

Petrovska H, Dusinska M (1999). Oxidative DNA Damage in human cells induced by 
paraquat. ATLA 27, 387-395. 

Peyresblanques MJ (1969) Ocular burns caused by Gramoxone. Bull Soc Ophthalmol 
69, 928. 

Prabakaran P, Moorthy MV (1998). Micronucleus induction potential of paraquat 
dichloride at different time points in male mice. Indian J Environ & Toxicol 8 (1), 8-
9. 

Proudfoot AT, Stewart MS, Levitt T & Widdop B (1979) Paraquat poisoning: 
significance of plasma paraquat concentrations. The Lancet II, 330-332. 

Proudfoot AT (1982) Methaemoglobinaemia due to monolinuron - not paraquat. Brit 
Med J 285, 812. 

Purser DA & Rose MS (1979) The toxicity and renal handling of paraquat in 
cynomologus monkeys. Toxicology 15, 31-41. 

Ragoucy-Sengler C, Pileire B & Daijardin JB (1991) Survival from severe paraquat 
intoxication in heavy drinkers. The Lancet 2, 1461. 

Ragoucy-Sengler C & Pileire B (1996a) A biological index to predict patient outcome 
in paraquat poisoning. Human Exp. Toxicol. 15, 265-268. 

Ragoucy-Sengler C & Pileire B (1996b) Survival after paraquat poisoning in a HIV 
positive patient. Human Exp Toxicol. 15, 286-288. 

Rajput AH, Uitti RJ, Stern W, Laverty W, O'Donnell K, O'Donnell D, Yuen WK & 
Dua A (1987) "Geography, Drinking water, Chemistry, Pesticides and Herbicides and 
the etiology of Parkinson's disease" Can J Neurol Sci 14 414-418 

Ramasamy S & Nursiah MTA (1988) A survey of pesticide use and associated 
incidences of poisoning in Peninsular Malaysia. J Pl. Prot. Tropics 5, 1-9. 

Page 111 ofl23 

SYNG-PQT-ATR-11218572 



Ramel C & Magnusson J (1992) Modulation of genotoxicity in drosophila. Mutat Res 
267, 221-227. 

Reddy KA, Litov RE & Omaye ST (1977) Effect of pre-treatment with anti
inflammatory agents on paraquat toxicity in the rat. Res. Commun. Chem. Pathol. 
Pharmacol, 17: 87-100. 

Restuccia A, Foglini A, De Alentis-Nannini D (1974) Paraquat toxicity for rabbits. 
Vent.Ital. 25, 555-565. 

Rhodes ML, Zavala DC & Brown D (1976) Hypoxic protection in paraquat 
poisoning. Lab Invest 35, 496-500. 

Ribas G, Frenzilli G, Barale R & Marcos R (1995) Herbicide-induced DNA damage 
in human lymphocytes evaluated by the single-cell gel electrophoresis (SCGE) assay. 
Mutat Res 344, 41-54. 

Ribas G, Surralles J, Carbonell E, Xamena N, Creus A, Marcos R (1997/98). 
Genotoxic evaluation of the herbicide paraquat in cultured human lymphocytes. 
Teratogenesis, Carcinogenesis and Mutagenesis 17, 339-347. 

Rios ACC, Salvadori DMF, Oliviera SV & Riberio LR (1995). The action of the 
herbicide paraquat an somatic and germ cells of mice. Mutat Res 328, 113-118. 

Rocchi P, Perocco P, Alberghini W, Fini A & Prodi G (1980). Effects of pesticides 
on scheduled and unscheduled DNA synthesis of rat thymocytes and human 
lymphocytes. Arch Toxicil 45, 101-108 

Rose MS, Smith LL & Wyatt I (1974) Evidence of energy-dependent accumulation 
of paraquat in rat lung. Nature (Lond.), 252: 314 - 315. 

Rose MS, Lock EA, Smith LL & Wyatt I (1976a) Paraquat accumulation: tissue and 
species specificity. Biochem Pharmacol, 25: 419 - 423. 

Rose MS, Smith LL & Wyatt I (1976b) The relevance ofpentosephosphate pathway 
stimulation in rat lung to the mechanism of paraquat toxicity. Biochem Pharmacol, 
25: 1763 - 1767. 

Rose MS & Smith LL (1977) The relevance of paraquat accumulation by tissues. In: 
Autor, AP., ed., Biochemical Mechanisms of Paraquat Toxicity. New York, 
Academic Press, pp. 71 - 91. 

Ross WE, Block ER & Chang RY (1979) Paraquat-induced DNA damage in 
mammalian cells. Biochem Biophys Res Commun., 91: 1302 - 1308. 

Rossouw DJ, Chase CC & Engelbrecht FM (1984) The effect of paraquat on the in 
vitro activity of cytosol, mitochondrial, and microsomal enzyme systems. S Afr Med 
J, 65: 555 - 563. 

Page 112 ofl23 

SYNG-PQT-ATR-11218573 



Sabapathy NN (1995) Paraquat formulation and safety management. In: Bismuth C, 
Hall AH (eds) Paraquat poisoning. pp 335-47, Marcel Dekker Inc, New York. 

Saito M, Thomas CE & Aust SD (1985) Paraquat and ferritin-dependant lipid 
peroxidation. J Free Rad. Biol. Med. 1, 179-185. 

Salam AZE-A, Hussein EHA, El-Itriby HA, Anwar W & Mansour SA (1993). The 
mutagenicity of gramoxone (paraquat) on different eukaryotic systems. Mutat Res 
319, 89-101. 

Salazar JJ, Hsie AW (1999). Reactive oxygen species-induced toxicity and mutants 
in chinese hamster ovary cells. Actual Biol 21 (70) 37-45. 

Samman PD & Johnston ENM (1969) Nail damage associated with handling of 
paraquat and diquat. Br. Med. J 1, 818-819. 

Sato M, Apostolova MD, Hamaya M, Yamki J, Choo KHA, Michalaska AE, Kodama 
N & Tohyama C (1996) Susceptibility of metallothionein-null mice to paraquat. Env 
Tox Pharm. 1, 221-225. 

Satoh M, Naganuma A & Imura N (1992) Effect of pre-induction ofmetallothionein 
on paraquat toxicity of mice. Arch Toxicol 66, 145-148. 

Sawada M, Sofuni T & Ishidate M (1988). Induction of chromosomal aberrations in 
active oxygen-generating systems. II. A study with hydrogen peroxide-resistant cells 
in culture. Mutat Res 197, 133-140 

Sawada Y, Yamamoto I, Hirokane T, Nagai Y, Satoh Y & Ueyama M (1988) Severity 
index of paraquat poisoning. The Lancet 1, 1333. 

Scherrmann Ilvl, Houze P, Bismuth C & Bourdon R (1987) Prognostic value of 
plasma and urine paraquat concentration. Human Toxicol. 6, 91-3. 

Scherrmann JM. (1995) Analytical procedures and predictive value oflate plasma and 
urine paraquat concentrations. In: Bismuth, C., Hall, A.H., (eds) Paraquat poisoning. 
pp285-296 Marcel Dekker Inc, New York. 

Scott MD, Meshnik SR & Eaton JW (1987) Superoxide dismutase-rich bacteria: 
paradoxical increase in oxidant toxicity. J Biol Chem 262, 3640-3645. 

Scott MD & Eaton JW (1996) Superoxide is not the proximate cause of paraquat 
toxicity. Redox Report 2, 113-119. 

Scott RC (1992) Evidence for paraquat involvement with the central nervous system. 
Unpublished report CTL/L/4668 (Central Toxicology Laboratory). 

Seidenfield JJ, WycoffD, Zavala DC & Richerson HB (1978) Paraquat lung injury in 
rabbits. Br.J.Ind.Med. 35, 245-57. 

Page 113 of 123 

SYNG-PQT-ATR-11218574 



Selman M, Montano M, Montfort I & Perez-Tamayo R (1985) The duration of the 
pulmonary paraquat toxicity-enhancement of 02 in the rat. Exp Mol Pathol, 43: 388 -
396. 

Selypes A, Nehez M, Paldy A, Nagymajkenyi L & Berencsi G (1978). Study of the in 
vivo cytogenetic effect of paraquat in mice. Hyg Sci 22, 277-280. 

Semchuk KM, Love EJ & Lee RG (1991) Parkinson's disease and exposure to rural 
environmental factors: a population-based case-control study. Can. J Neurol. Sci. 18, 
279-286. 

Semchuk KM & Love EJ (1995) Effects of agricultural work and other proxy-derived 
case-control data on Parkinson's disease risk estimates. Am. J Epidemiol. 141, 747-
754. 

Senawayake N, Gurunathan G, Hart TB, Amerasingne P, Babquille M, Ellapola SB, 
Udupitille M & Basanayake V (1993) An epidemiological study of the health of Sri 
Lankan tea plantation workers associated with long term exposure to paraquat. Br. J 
Ind. Med. 50,257-263. 

Shahar E, Barzilay Z & Aladjem M (1980) Paraquat poisoning in a child: Vitamin E 
in amelioration of lung injury. Arch. Dis. Child 55, 830. 

Sharp CWM, Ottolenghi A & Posner HS (1972) Correlation of paraquat toxicity with 
tissue concentration and weight loss of the rat. Toxicol. Appl. Pharmacol, 22: 241 -
251. 

Sheldon T, Howard CA, Wildgoose J & Richardson CR (1985a). Paraquat dichloride: 
A cytogenetic study in human lymphocytes in vitro. ICI Central Toxicology 
Laboratory Report No. CTL/P/1351. 

Sheldon T, Richardson CR, Shaw J & Barker G (1985b). An evaluation of paraquat 
dichloride (technical) in the mouse micronucleus test. ICI Central Toxicology 
Laboratory Report No. CTL/P/1369. 

Sheppard DB (198la) Paraquat 6 week oral (capsule and dietary administration) 
toxicity study in beagles. Prepared by Hazleton Laboratories Europe Ltd. 
Unpublished report number CTL/C/1073, submitted by Zeneca Agrochemicals, 
England. 

Sheppard DB (198lb) Paraquat thirteen week (dietary administration) toxicity study 
in beagles. Prepared by Hazleton Laboratories Europe Ltd. Unpublished report 
number CTL/C/1027, submitted by Zeneca Agrochemicals, England. 

Shimizu K, Ohtaki K, Matsubara K, Aoyama K, Uezono T, Saito 0, Suno M, Ogawa 
K, Hayase N, Kimura K & Shiono H (2001) Carrier-mediated processes in blood
brain barrier penetration and neural uptake of paraquat. Brain Research 96, 135-142. 

Page 114 ofl23 

SYNG-PQT-ATR-11218575 



Shirasu Y & Takahashi K (1977) Acute toxicity of AT-5 in rat and mouse. 
Unpublished report from the Institute of Environmental Toxicology. Submitted by: 
Imperial Chemical Industries PLC, Haslemere, Surrey, UK. 

Shirasu Y, Morija M & Ohta T (1978) Mutagenicity testing on paraquat in microbial 
systems. ICI Central Toxicology Laboratory Report No. CTL/C/1868 

Shirasu Y, Morija M, Tezuka Teramoto S, Ohta T & Inove T (1982) Mutagenicity 
screening on pesticides. Proc. 3rd Int. Conf. Environ. Mutagen and Carcinogen 331-
335 

Shu H, Talcott RE, Rice SA & Wei ET (1979) Lipid peroxidation and paraquat 
toxicity. Biochem. Pharmacol., 28: 327-331. 

Siebert D & Lemperle E (1974) Genetic effects of herbicides and induction of mitotic 
gene conversion in Sacchyromyces Cerevisiae. Mutat Res 22, 111-120. 

Singmaster JA & Liu LC (1998) Low paraquat inhalation exposure for applicators 
spraying properly with knapsacks. J Agric. Univ. PR 82, 97-107. 

Sinow J & Wei E (1973) Ocular toxicity of paraquat. Bull Environ Contam Toxicol 
9, 163-168 

Smalley HE (1973) Toxicity and hazard of the herbicide paraquat in turkeys. Poultry 
Sci., 52: 1625 - 1629. 

Smith LL (1985) Paraquat toxicity. Phil. Trans. R. Soc. Lond. B., 311: 647 - 657. 

Smith LL (1987) Mechanism of paraquat toxicity in the lung and its relevance to 
treatment. Human Toxicol 6, 31-36. 

Smith LL, Wyatt I & Rose MS (1974) Effective treatment for paraquat poisoning in 
rats and its relevance to the treatment of paraquat poisoning in man. Br Med.I. 4, 
569-71. 

Smith LL, Rose MS & Wyatt I (1979) The pathology and biochemistry of paraquat. 
In: Oxygen Free Radicals and Tissue Damage. Amsterdam, North Holland, Excerpta 
Medica, pp. 321 - 341 (CIBA Foundatin Series 65 - new series). 

Smith LL, Wyatt I & Rose MS (1981) Factors affecting the efflux of paraquat from 
rat lung slices. Toxicology, 19: 197-207. 

Smith LL & Rose MS (1977) A comparison of the effects of paraquat and diquat on 
the water content of rat lung and the incorporation ofthymidine into lung DNA 
Toxicology 8, 223-30. 

Smith P & Heath D (1974a) The ultrastructure and time sequence of the early stages 
of paraquat lung in rats. J Path. 114, 177-84. 

Page 115of123 

SYNG-PQT-ATR-11218576 



Smith P & Heath D (1975) The pathology of the lung in paraquat poisoning 
J.Clin.Path. 28, Suppl 9 81-93. 

Smith P & Heath D (1976) Paraquat. CRC Crit.Rev.Toxicol. 4, 411-45. 

Sofuni T, Hatanaka M & Ishidate M (1985). Chromosomal aberrations and 
superoxide generating systems. II. Effects of paraquat on Chinese hamster cells in 
culture. Mutat Res 147 (5), 273-274 

Sofuni T & Ishidate M (1988). Induction of chromosomal aberrations in active 
oxygen-generating systems. I. Effects of paraquat in Chinese hamster cells in 
culture. Mutat Res 197, 127-132. 

Sokol PP, Holohan PD, Grass SM & Ross CR (1988) Proton-coupled organic cation 
transport in renal brush-border membrane vesicles. Biochem Biophys Acta 940, 209-
218. 

Sorensen M & Loft S (1999). No significant paraquat-induced oxidative DNA 
Damage in Rats. Free Rad Res 32, 423-428. 

Sotheran M, Banham PB, Godley MJ, Lindsay S, Pratt I Taylor K & Woollen BH 
(1981) Paraquat: lifetime feeding study in the mouse. Unpublished report from 
Central Toxicology Laboratory CTL/P/556 

Speit G, Haupter S & Hartmann A (1998). Evaluation of the genotoxic properties of 
paraquat in V79 Chinese hamster cells. Mutation Research 412, 187-193. 

Spinks CA, Hendley P, Leahey JP & Carpenter PK (1976) Paraquat: Metabolism and 
residues in pigs using 14C-ring labelled paraquat. Unpublished report No. 2692A from 
ICI Plant Protection Division. Submitted to WHO by Imperial Chemical Industries 
PLC, Haslemere, Surrey, UK. 

StaiffDC, Comer SW, Armstrong JF & Wolfe HR (1975) Exposure to the herbicide 
paraquat. Bull. Environ. Contam. Toxicol. 14, 334-340. 

Steffen C & Netter KJ (1979) On the mechanism of paraquat action on microsomal 
oxygen reduction and its relation to lipid peroxidation. Toxicol Appl Pharmacol, 47, 
593 - 602. 

Steffen C, Muliawan H & Kappus H (1980) Lack of in vivo lipid peroxidation in 
experimental paraquat poisoning. Arch Pharmacol, 310: 241 - 243. 

Stephens DS, Walker DH, Schaffner W, Kaplovitz LG, Brashear R, Roberts R & 
Spickard WA (1981) Pseudodiptheria: prominent pharygeal membrane associated 
with fatal paraquat ingestion. Ann. Intern. Med. 94, 202-4. 

Stevens JT & Sumner DD (1991) Herbicides. In: Hayes WJ, Laws ER (eds.), 
Handbook of Pesticide Toxicology, pp 1317-1408, Academic Press, San Diego. 

Page 116of123 

SYNG-PQT-ATR-11218577 



Stroev VS (1970) The cytogenetic activity of the herbicides atrazine, chloro-IPC and 
paraquat. Genetika 6, 131-13 7. 

Surralles J, Xamena N, Creus A & Marcos R. (1995) The suitability of the 
micronucleus assay in human lymphocytes as a new biomarker of excision repair. 
Mutat Res 342, 43-59. 

Sutton HC, Vile GF & Winterbourn CC (1987) Radical driven Fenton reactions 
evidence from paraquat radical studies for production of tetravalent iron in the 
presence and absence of ethylenediaminetetraacetic acid. Arch. Biochem. 
Biophys,462-471. 

Suzuki T, Igarashi N & Tamura K (1983) Multiple generation study in rats. 
Unpublished Report No. R-015 from Bozo Research Centre Co. Ltd. Submitted to 
WHO by Otsuka Chemical Co., Osaka, Japan. 

Suzuki K, Takasu N, Arita S, Maenosono A, Ishimatsu S, Nishina N, Tanaka S & 
Kohama A (1989) A new method for predicting the outcome and survival period in 
paraquat poisoning. Human Toxicol. 8, 33-38. 

Swan AAB (1967) Paraquat poisoning. Br. Med. J 4, 551. 

Swan AAB (1969) Exposure of spray operators to paraquat. Br. J Ind. Med. 26, 
322-329. 

Sykes BI, Purchase IFH & Smith LL (1977) Pulmonary ultrastructure after oral and 
intravenous dosage of paraquat to rats. J.Path. 121, 233-41. 

Tabei K, Asano Y & Hosoda S (1982) Efficacy of charcoal hemoperfusion in 
paraquat poisoning. Artif. Organs 6, 37-43. 

Taki K, Hirahara K, Tomita S & Totoki S (1996) Case report: Case ofrecovery from 
paraquat poisoning without pulmonary fibrosis. Therap. Res. 16, 521-529. 

Talbot AR & Barnes MR (1988) Radiotherapy for the treatment of pulmonary 
complications of paraquat poisoning. Human Toxicol. 7, 325-332. 

Talbot AR, Fu CC & Hsieh MF (1988b) Paraquat intoxication during pregnancy: a 
report of9 cases. Vet. Human Toxicol. 30, 12-17. 

Talbot AR, Fu CC & Hsieh NIF (1988b) Paraquat intoxication during pregnancy: a 
report of9 cases. Vet. Human Toxicol. 30, 12-17. 

Talcott RE, Shu H & Wei ET (1979) Dissociation of microsomal oxygen reduction 
and lipid peroxidation with the electron acceptors, paraquat and menadione. Biochem 
Pharmacol, 26: 665 - 671. 

Tanaka R (1992). Decreased frequency of paraquat-induced sister chromatid 
exchange with taurine and hypoytaurine in cultured Chinese hamster lung cells. In 

Page 117of123 

SYNG-PQT-ATR-11218578 



Oxygen Radicals (K Yagi, M Kondo, E Niki and T Yoshikawa eds). Elsevier Science 
Publishers. 

Tanaka R (1995). Effects of pentoxifylline in active oxygen-induced sister-chromatid 
exchange. T Tox Sci 20, 401-406. 

Tanaka R (2000). Protective effects of (-) epigallocatechin gall ate and ( +) catechin on 
paraquat-induced genotoxicity in cultured cells. Journal of Toxicological Sciences 
25, (3), 199-204 

Tanaka R & Amano Y (1989). Genotoxic effects of paraquat and diquat evaluated by 
sister chromatid exchange, chromosomal aberration and cell-cycle rate. Toxic in 
Vitro 3, 53-57. 

Toner PG, Vetters JM, Spilg WGS & Harland WA (1970) Fine structure of the lung 
lesion in a case of paraquat poisoning. J.Pat. 102, 182-185. 

Tanner CM, Chen B, Wang W, Peng M, Liu Z, Liang X, Kao LC, Gilley DW, Goetz 
CG & Schoenberg BS (1989) Environmental factors and Parkinson's disease: a case
control study in China. Neurology 39, 660-604. 

Tanner CM, Grabler P & Goetz CG (1990) Occupation and the risk of Parkinson's 
disease (PD): a case-control study in young-onset patients. Neurology 40 Suppl 1, 
422. 

Thakar JH & Hassan MN (1988) Effects of 1-methyl-4-phenyl-1,2,3,6- tetrahydro 
pyridine (MPTP), cyperquat (MPP+) and paraquat on isolated mitochondria from rat 
striatum, cortex and liver. Life Sci. 43, 143-150. 

Thiruchelvam M, Brockel BJ, Richfield EK, Baggs RB & Cory-Slechta DA (2000a) 
Potentiated and preferential effects of combined paraquat and maneb on nigrostriatal 
dopamine systems: environmental risk factors for Parkinson's disease? Brain 
Research 873, 225-234. 

Thiruchelvam M, Richfield EK, Baggs RB, Tank AW & Cory-Slechta DA (2000b) 
The nigrostriatal dopaminergic system as a preferential target of repeated exposures to 
combined paraquat and maneb: implications for Parkinson's disease. J Neurosci. 20 
(24), 9207-9214. 

Thomas PD, Thomas D, Chan Y-L & Clarkson AR (1977) Paraquat poisoning is not 
necessarily fatal. Med. J Aust. 2, 564-565. 

Thompson, W.D & Patrick, RS., (1978) Collagen propyl hydroxylase levels in 
experimental paraquat poisoning. Br. J. Exp. Pathol., 59: 288 - 291. 

Thornalley PJ & Vasak M (1985) Possible role for metallothionein in protection 
against radiation-induced oxidative stress. Kinetics and mechanism of its reaction 
with superoxide and hydroxyl radicals. Biochim Biophys Acta 827, 36-44. 

Page 118of123 

SYNG-PQT-ATR-11218579 



Tipton KF & Singer TP (1993) Advances in our understanding of the mechanisms of 
the neurotoxicity ofMPTP and related compounds. J Neurochem. 61, 1191-1205. 

Tokunaga I & Takeichi (1996). Experimental studies on oxidative damages of DNA 
and RNA by Paraquat. 

Torres C, Ribas G, Xamena N, Creus A & Marcos, R., (1992) Genotoxicity of four 
herbicides in the Drosophila wing spot test. Mutat Res 280, 291-295. 

Toyoshima S, Sato R, Kashima M, Motoyama M & Ishikawa A (1982a) AT-5: 
chronic toxicity study result - 104 week dosing study in rat. Unpublished report from 
Nippon Experimental Medical Research Co. Ltd. Submitted to WHO by Imperial 
Chemical Industries PLC, Haslemere, Surrey, UK. (CTL/C/1870) 

Toyoshima S, Sato R, Kashima, M & Motoyama M (1982a) AT-5: chronic toxicity 
study result - 104 week dosing study in mouse. Unpublished report from Nippon 
Experimental Medical Research Co. Ltd. Submitted to WHO by Imperial Chemical 
Industries PLC, Haslemere, Surrey, UK. (CTL/C/1871) 

Trueman RW, Ashby J & Burlinson B (1985). Paraquat Dichloride: Assessment for 
the induction of unscheduled DNA synthesis in primary rat hepatocyte cultures. ICI 
Central Toxicology Laboratory Report No. CTL/P/1339. 

Trueman RW & Barber G (1987). Paraquat dichloride (Technical): assessment for 
the induction of unscheduled DNA synthesis in rat hepatocytes in vivo. ICI Central 
Toxicology Laboratory Report No. CTL/P/1550. 

Trush MA, Mimnaught EG, Ginsgurg E & Gram TE (1981) In vitro stimulation by 
paraquat ofreactive oxygen-mediated lipid peroxidation in rat lung microsomes. 
Toxicol. Appl. Pharmacol., 60: 279 - 286. 

Trush MA, Mimnaugh EG, Ginsburg E & Gram TE (1982) Studies on the in vitro 
interaction of mitomycin C, nitrofurantoin, and paraquat with pulmonary microsomes. 
Simulation ofreactive oxygen-dependent lipid peroxidation. Biochem Pharmacol, 31, 
3335 - 3346. 

Tsatsakis AM, Perakis K & Koumantakis, E., (1996) Experience with acute paraquat 
poisoning in Crete. Vet. Hum. Toxicol. 38, 113-117. 

Tungsanga K, Israsena S, Chusilp S & Sitprija V, (1983) Paraquat poisoning: 
evidence of systemic toxicity after dermal exposure. Postgrad. Med. J., 59: 338. 

Turner CE, Elsohly MA, Cheng FP & Torres LM (1978) Marijuana and paraquat 
JAMA 240, 1857. 

Ueno H, Nakamura K, Sayato Y & Okada S (1991) Characteristics of mutagenesis by 
glyoxal in Salmonella typhimurium: contribution of singlet oxygen. Mutat Res 251, 
99-107. 

Page 119 ofl23 

SYNG-PQT-ATR-11218580 



Vaishampayan A (1984a). Powerful mutagenicity of a bipyridilium herbicide in a 
nitrogen-fixing blue-gree alga Nosboe Muscorum. Mutat Res 138, 39-46. 

Vaishampayan A (1984b). Strong mutagenic action of a bipyridilium herbicide in a 
N2-fixing blue-green algae. Experientia 40, 1016-1019. 

Vale JA, Meredith TJ & Buckley BM (1987) Paraquat poisoning: clinical features and 
immediate general management. Human Toxicol. 6, 41-7. 

Vanacore N, Bonifati V, Fabrizio E, Modarelli FT & Meco G (1991) "Epidemiology 
study of geographical correlation between consumption of herbicides and paraquat 
and Parkinson's Disease (PD) mortality rates in Italy period 1969-1987. Neurology 41 
(Suppl. 1) 307. 

Van der Wal NA, Van Oirschot JFLM, Van Dijk A, Verhoef J & van Asbeck BS 
(1990) Mechanism of protection of alveolar type II cells against paraquat-induced 
cytotoxicity by deferoxamine. Biochem Pharmacol 39, 1665-1671. 

Van Wendel de Joode, B.N., De Graaf, I.AM., Wesseling, C., & Kromhout, H. 
(1996) Paraquat exposure of knapsack spray operators on banana plantations in Costa 
Rica. Int. J Occup. Environ. Health 2, 294-304. 

Vargas E & SabapathyNN (1995) An epidemiology study on fatalities from ingestion 
and occupationally-related injuries of agricultural workers in Costa Rica. Report 
Series TMF4620B, Zeneca Agrochemicals, Fernhurst, Haslemere, UK. 

Veseley DL, Watson B & Levey GA (1979) Activation of liver guanylate cyclase by 
paraquat: possible role of superoxide anion. J Pharmacol Exp Ther, 209, 162 - 164. 

Vieregge P, KompfD & Fassl, H., (1988) Environmental toxins in Parkinson's 
Disease. The Lancet 1, 362-3. 

Vijeyaratnam GS & Corrin B (1971) Experimental paraquat poisoning: a histological 
and electron-optical study of the changes in the lung. J.Path. 103, 123-9. 

Vontas JG, Tsakas SC, Loukas M & Hemingway J, (2001). Low-activity allele of 
copper-zinc superoxide dismutase (CuZnSOD) in Drosophila increases paraquat 
genotoxicity but does not affect near UV radiation damage. Genome 44, 597-601 

Vlachos P & Kontoes P (1987) A study of 30 cases of paraquat inhalation. Vet. 
Hum.Toxicol. 29 (Suppl 2), 147. 

Waddel WJ & Marlowe C (1980) Tissue and cellular disposition of paraquat in mice. 
Toxicol. Appl. Pharmacol., 56: 127-140. 

Waight JJ (1979) Fatal percutaneous paraquat poisoning. JAMA, 242, 472. 

Walker M, Dugard PH & Scott RC (1983) Absorption through human and laboratory 
animal skins: in vitro comparison. Acta. Pharm. Sci. 20, 52-53. 

Page 120of123 

SYNG-PQT-A TR-11218581 



Walker M, Dugard PH & Scott RC (1983) Absorption through human and laboratory 
animal skins: in vitro comparison. Acta Pharm. Suec, 20: 207 - 213. 

Wang TC, Lee TC, Lin MF & Lin SY (1987). Induction of sister-chromatid 
exchanges by pesticides on primary rat tracheal epithelial cells and Chinese hamster 
ovary cells. Mutat Res 188, 311-321. 

Wasan SM & McElligott TF (1972) An electron microscopic study of experimentally 
induced interstitial pulmonary fibrosis. Am.Rev.Resp.Dis. 105, 276-82. 

Watanabe T, Sakai K, Toyama K, Ueno M & Watanabe M (1979) On three cases of 
ocular disturbance due to Gramoxone, a herbicide containing 24% paraquat 
dichloride. Ganka. Rinsho. Iho. 73, 1244-1246. 

Watanabe K, Sakamoto K & Sasaki T (1998). Comparisons on chemically-induced 
mutation among four bacterial strains, salmonella typhimurium TA102 and TA2638 
and Escherichia coli WP2/pKM101 and WP2 uvrA/pKMlOl: collaborative study II. 
Mutation Research 412, 17-31. 

Webb DB, (1983) Nephrotoxicity of paraquat in the sheep and the associated 
reduction in paraquat secretion. Toxicol. Appl. Pharmacol. 68, 282-289. 

Wei CI, Allen K & Misra HP (1985) The effect of paraquat on the mutagenicity of 
benzo(a)pyrene. J. Appl. Toxicol. 5, 315-319 

Weinbaum Z, Samuels SJ & Schenker NIB (1995) Risk factors for occupational 
illnesses associated with the use of paraquat (1, l'-dimethyl-4,4'-bipyridylium 
dichloride) in California. Arch. Environ. Health 50, 341-348. 

Wesseling C, Castillo L & Elinder CG (1993) Pesticide poisonings in Costa Rica. 
Scand. J Work Environ. Health 19, 227-35. 

Wesseling C, Hogstedt C, Picado A & Johansson, L., (1997) Unintentional fatal 
paraquat poisonings among agricultural workers in Costa Rica: Report of 15 cases. 
Am. J Ind. Med. 32, 433-41. 

Wester RC, Mailbach HI, Bucks CA & Aufrere NIB (1984) In vivo percutaneous 
absorption of paraquat from hand, leg and forearm of humans. Journal of toxicology 
and environmental health, 14: 759-762 

Wester RC & Maibach HI (1985) In vivo percutaneous absorption and 
decontamination of pesticides in humans. J Toxicol. Environ. Hlth. 16, 25-37. 

Whitaker M (1989a) The handling and use of paraquat by Malaysian rubber and oil 
palm smallholders. J Pl. Prot. Tropics 6, 231-249. 

Whitaker M (1989b) Normas de manipulacion y uso del paraquat por los pequenos 
productores de maiz en Centroamerica. Turrialba 39, 260-274. 

Page 121 ofl23 

SYNG-PQT-ATR-11218582 



Whitaker M, Pitakpaivan C & Daorai A (1993) The use of paraquat by smallholder 
maize, cassava, fruit and rubber farmers in Thailand. Thai. J Agric. Sci. 26, 43-81. 

WHO. (1984) Paraquat and diquat. WHO Environmental Health Criteria, No. 39. 
International programme on chemical safety, World Health Organisation, Geneva. 

Widdowson PS, Farnworth MJ, Simpson MG & Lock EA (1996a) Influence of age on 
the passage of paraquat through the blood-brain barrier in rats: a distribution and 
pathological examination. Human Exp Toxicol 15, 231-336. 

Widdowson PS, Farnworth MJ, Upton R & Simpson MG (1996b) No changes in 
behaviour, nigro-stratial system neurochemistry or neuronal cell death following toxic 
multiple oral paraquat administration to rats. Human Exp Toxicol 15, 583-591. 

Willis GA (1987) Oncogenic Potential of Paraquat - Toxicology Data and 
Overview. ICI Plant Protection Division, Fernhurst, England. Submitted by 
ICI Americas Inc., Agricultural Products, Wilmington, Delaware. 

Winterbourn CC & Sutton HC (1984) Hydroxyl radical production from hydrogen 
peroxide and enzymatically generated paraquat radicals catalytic requirements and 
oxygen dependence. Arch Biochem Biophys 235, 116-126. 

Witschi HP, Kacew S, Hirai K & Cote MG (1977) In vivo oxidation of reduced 
nicotinamide-adenine dinucleotide phosphate by paraquat and diquat in rat lung. 
Chem Biol Interactions, 19, 143 - 160. 

Wohlfahrt DJ (1982) Fatal paraquat poisonings after skin absorption. Med. J. Aust. 1: 
512-513. 

Wojeck GA, Price JF, Nigg HN & Stamper JH (1983) Worker exposure to paraquat 
and diquat. Arch. Environ. Contam. Toxicol. 12, 65-70. 

Woodruff RC, Phillips JP & Irwin D (1983) Pesticide-induced complete and partial 
chromosome loss in screens with repair defective females of drosophila melanogaster. 
Environ Mutag 5, 835-846. 

Wright SH & Wunz TM (1995) Paraquat 2+/H+ exchange in isolated renal 
brush-border membrane vesicles. Biochem Biophys Acta 1240, 18-24. 

Wyatt I, Doss AW, Zavala DC & Smith LL (1981). Intrabronchial instillation of 
paraquat in rats: lung morphology and retention study. Br J Ind Med, 38: 42 - 48. 

Yamada, K., & Fukushima, T., (1993) Mechanism of cytotoxicity of paraquat. II. 
Organ specificity of paraquat-stimulated lipid peroxidation in the inner membrane of 
mitochondria. Exp. Toxic. Pathol. 45, 375-380. 

Yamaguchi, T (1981) Mutagenicity of low molecular substances in various 
superoxide generating systems. Agric Biol Chem 45, 327-330. 

Page 122of123 

SYNG-PQT-ATR-11218583 



Yamaguchi H, Sato S, Watanabe S & Naito H (1990) Pre-embarkment 
prognostication for acute paraquat poisoning. Human Exp. Toxicol. 9, 381-384. 

Yamamoto T, Anno M & Sato T (1987) Effects of paraquat on mitochondria of rat 
skeletal muscle. Comp Biochem Physiol 86, 375-8. 

Yamamoto H & Mohanan PV (2001). Effects of melatonin on paraquat or ultraviolet 
light exposure-induced DNA damage. Journal of Pineal Research 31, 308-313. 

Yasaka T, Okudaira K, Fujito H, Matsumoto J, Ohya I & Miyamoto Y (1986) Further 
studies of lipid peroxidation in human paraquat poisoning. Arch Int Med, 146, 681 -
685. 

Yonei S, Noda A, Tachibana A & Akasaka S (1986) Mutagenic and cytotoxic effects 
of oxygen free radicals generated by methylviologen (paraquat) on Escherichia coli 
with different DNA-repair capacities. Mutat Res 163, 15-22. 

Yoshida A, Maita K, Tsuda S, Saito T & Shirasu Y (1982) Paraquat DC: chronic 
toxicity - rats: 24 month study. Unpublished report from the Institute of 
Environmental Toxicology, Japan. Submitted by Otsuka Chemical Co., Osaka, Japan 
(CTL/C/1239). 

Yoshimura Y, Watanabe Y & Shibuya Y (1993) Inhibitory effects of calcium channel 
antagonists on motor dysfunction induced by intracerebroventricular administration of 
paraquat. Pharmacol. Toxicol. 72, 229-235. 

Younes M, Cornelius S & Seigers CP (1985) Iron-supported in vivo lipid 
peroxidation induced by compounds undergoing redox cycling. Chem-Biol Interact 
54, 97-103. 

Zavala DC & Rhodes ML (1978) An effect of paraquat on the lungs of rabbits. Its 
implications in smoking contaminated marijuana. Chest 74, 418-420. 

Zayed J, Ducic S, Campanella G, Panisset JC, Andre P, Masson H & Roy M (1990) 
Facteurs environnementeaux clans l'etiologie de la maladie de Parkinson. Can. J 
Neurol. Sci. 17, 286-291. 

Zienolddiny S, Ryberg D & Haugen A (2000). Induction of microsatellite mutations 
by oxidative agents in human lung cancer cell lines. Carcinogenesis 21, 1521-1526. 

Zilker T, Fogt F & von Clarmann M (1988) Kein Parkinsonsyndrom nach akuter 
paraquatintoxikation. Klin. Wochenschr. 66, 1138-1141. 

Page 123 of 123 

SYNG-PQT-ATR-11218584 


