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ABSTRACT 

This thesis sets out to examine the problems that have been 

associated with paraquat, both in relation to its occupational 

use as a herbicide and its misuse in cases of accidental or 

deliberate human poisoning. In order to provide a frame of 

reference for the later discussion, the general properties of 

paraquat are reviewed, together with its general toxic effects 

and possible mode of action in mammalian systems. 

The degree of risk associated with paraquat use in normal 

agricultural practice is examined. The available published 

literature is reviewed and the results of studies on both 

formulation workers and spraymen are discussed. It is 

concluded that the use of paraquat does not constitute a 

significant risk to health when sprayed at concentrations of 

up to 0.5% paraquat ion. Studies of situations in which 

low volume/high concentration application methods have been 

used would indicate that they are likel~ to produce an 

unacceptable level of risk and constitute dangerous 

agricultural practice. 

The problem of paraquat misuse is examined, both in regard 

to its extent and the effectiveness of treatment in cases 

of human poisoning. Treatment measures currently advocated 

are reviewed and their effectiveness discussed in relation 

to the series of 108 poisoning cases which is presented. 

On the basis of the data set out it is concluded that the 

treatment of paraquat poisoning is only likely to be 
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ABSTRACT (Continued) 

effective in those cases who have, 

(a) ingested less than 5g of paraquat ion, 

(b) had treatment instituted within 2 hours of ingestion, and 

(c) show plasma paraquat levels in the order of 1-2mg/litre 

2-4 hours after ingestion. 

It is also concluded that the only effective form of treatment 

is the vigorous and rapid removal of paraquat from the gut 

using Fuller's Earth and purgation or gut lavage. There is 

little clinical evidence to suggest that measures designed to 

remove paraquat from the circulation after absorption or block 

its action in the body have any effect on the clinical course 

of poisoning. 

Some general conclusions are drawn and a select bibliography 

is appended. 

vi 
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SECTION I 

GENERAL INTRODUCTION 



1. GENERAL INTRODUCTION 

1.1. THE SCOPE OF THE THESIS 

The herbicide paraquat is a member of a group of compounds known 

as quarternary bipyridyls. It was first synthesised in the 

1 
nineteenth century- and has been known to chemists and 

biochemists for many years on account of its properties as a 

redox indicator dye, used in the determination of the redox 

potentials of biologicai electron carriers 2- 5• In its 

partially reduced form as a free radical, paraquat possesses a 

deep blue colour which·gives the compound its usefulness in such 

determinations (hence also the alternative name for paraquat of 

methyl viologen). It was not, however, until 1959 that its 

herbicidal properties became apparent which led to its connneroial 

6' introduction as a weedkiller in the early 1960s • 

The wide spectrum of herbicidal activity, coupled with a 

remarkable lack of residual effect as a result of the compound's 

rapid inactivation on contact with the soil, led to the very wide 

application of paraquat throughout the world. The output of 

commercial formulations has been in millions of litres and in 

some parts of the world it has been responsible for the 

creation of a situation close to an agricultural revolution. 

When paraquat was first marketed, the manufacturers did not 

apparently anticipate any particular problems with its use, 

although its general level of toxicity was greater than that of 

2 



most herbicides being applied in agriculture (table 1.1. 

provides a comparison of acute oral and dermal LD
50

s for a 

number of standard herbicides). It soon became apparent, 

however, that the compound could be subject to serious misuse by 

accidental or deliberate ingestion which was seen to be associated 

with particularly unpleasant consequences. These were highlighted 

by the first reported cases of human poisoning 1• It is not 

surprising, therefore, that considerable disquiet has been expressed 

about this compound, particularly in view of the high mortality which 

has followed ingestion of the commercial formulations, the distress-

ing form of death following both accidental and deliberate poison-

ing, together with the fact that children have at times been the 

tragic victims of accidental poisoning incidents. Indeed, it was 

the early accidental deaths, occurring soon after the commercial 

introduction of paraquat, that occasioned the greatest reaction, 

especially in the press. The introduction in the United Kingdom of 

governmental regulation of the sale and purchase of the 

agricultural concentrates on the one hand, together with an 

educational programme for the public (more especially farmers. 

and horticulturists) on the other, led to a. shift in the nature 

of the problem. Accidental cases became fewer, as will be 

discussed later, but (possibly as a result of the widespread 

publicity) intentional poisoninga increased in number. 

This thesis is an attempt to set the problems associated with 

paraquat into a realistic context. Two areas of concern will 

be reviewed, the occupational use of the compound as a herbicide 

3 



TABLE 1.1 COMPARATIVE TABLE OF ACUTE ORAL AND DERMAL LD SO 

VALUES FOR A NUMBER OF STANDARD HERBICIDES 

Herbicide LD50 values (mg/kg) 

Oral Denoa.l 

Aminotriazole 1100 10 000 

Atra.zine 1850 7 500 

2,4-D 375 

Dalapon 7570 

Paraquat 160 236 

Oral values are for rat; dermal values for rabbit 

Source: WORTHING C R, (Ed) , The Pesticide Manual, 

Croydon, British Crop Protection Council, 1979 
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and the accidental or deliberate misuse of the compound in cases 

of human poisoning. The approach will be as follows: 

1. The question of whether paraquat poses a signficant risk 

to spray operators in normal agricul tu:ral practice will 

be examined first. The available literature will be 

reviewed and the results of the author's studies on 

formulation workers and on spray workers using both 

standard and low-volume application methods will be 

discussed. 

2. Secondly, there will b~ an attempt to examine the extent 

of the problem of accidental and deliberate human 

poisoning with paraquat. The various approaches to 

treatment will be examined and an attempt made to assess 

the effectiveness of those treatment measures currently 

advocated, based largely on the author's studies of 108 

oases of human poisoning. 



1. 2. TEE PROPERTIES AND MODE OF ACTION OF PARAG.UAT 

In order to provide a framework for.the later consideration 

of those problems associated with both the normal occupational 

use of paraquat in agriculture and the misuse of the compound 

in cases of human poisoning, it is necessary to provide an 

outline of the main properties of this material. This section 

will thus set out to describe briefly the p~sico-chemical 

properties of para.q_uat and then go on to describe those aspects 

of the pharmacokinetics which are relevant to human poisoning, 

together with a short account of the biochemical mechanism of 

action and resultant pathological changes in order to relate 

the toxicity of para.quat to cUXTent modes of treatment of 

poisoning. 

1. 2 .1 GENERAL PROPERTIES 

The physico-chemical properties of para.quat are set out in 

table 1.2. ~ere are several routes of synthesis of the 
. . 8 

compound (~ised by Ha.ley ), of which the most usual for 

commercial preparations leads to the production of the 

iiohloride salt and is in two stages. The first involves the 

coupling of two molecules of pyridine to produce 4,4 1-bipyridyl 

in the presence of sodium in anhydrous ammonia. This is then 

quarternized with methyl chloride to produce the dichloride 

salt of paraquat 9• These reactions are shown graphically 

in fig 1.1. 

The relative insolubility of paraquat in hydrocarbon and other 

6 



TABLE 1. 2: PHYSICO-CHEMICAL PROPERTIES OF PARAQUAT 

Common name: Paraqua t ( dichloride) 

Chemical name: 1,1 1-dimethyl-4,4'-bipyridinium dichloride 

Structural formula: 

Molecular formula: 

Molecular weight: 

C H N Cl 
12 14 2 2 

257 (as dichloride) 

186 (as cation) 

Specific gravity: 1.24-1.26 (20/20) 

Melting point: 175-180°C 

Decomposition point: Approximately 300°C 

Appearance: ~olourless to yellowish crystalline needles 

Solubility: Highly soluble in water with complete 

dissociation into paraquat cations and 

chloride anions. Low solubility in alcohol 

and insoluble in hydrocarbon-based organic 

solvents. 

Stability: Stable in acid and neutral aqueous solution. 

Gradually bydrolizes in alkaline solution. 

Vapour pressure: Below limit of measurement: nonvolatile solid. 

Other properties: Highly corrosive to metals. Non-explosive. 

Non-flammable. 

7 
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FIG 1.1: STEPS TIT TEE SYNTEESIS OF PARAQUAT DICHLORIDE 

I 0 ) 

· pyridine 4-4'-bipy:ridyl 

II No-c; + 2.CH~Cl 
4·4'-bipyridyl methyl paraquat dichloride 

chloride 



commonly used organic solvents has led to its being marketed as 

water based formulations, usually with either 10 or 20 percent 

(w/v) of paraquat ion as the active ingredient. Appendix 1.1 

lists the currently available commercial formulations of 

paraquat marketed by ICI Ltd. In addition to those produced by 

ICI Ltd there are a large number of other formulations produced 

principally in Taiwan, some of which are based on the dichloride salt 

and others on the methyl sulphate. Such commercial preparations are 

usually maintained at pH 1.0 (~ 0.5) to ensure the stability of the 

product, although this is not true of all non-ICI formulations. 

In solution, paraquat cation may be readily reduced by the 

addition of one electron to form a relatively stable, water 

soluble free radical which is blue/purple in colour. This free 

radical has a maximum absorption at 396 nm and this fact forms 

the basis of the spectrophotometric methods of analysis 10 • The 

reduction step to the free radical is pH independent and 

consists in the addition of a single electron to the bivalent 

paraquat ion to produce a partially reduced monovalent cation. 

The formation of the free radical may be achieved electrochemically, 

by chemical reducing agents (including biochemical redox systems) 

and also by a photolytic process in the presence of primary or 

secondary alcohols. The reaction is readily reversible and is 

represented in fig 1.2. 

A feature of this and similar reactions of the class of radicals 

9 
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FIG 1. 2: REDUCTION OF P.ARAQUAT TO TEE FREE RADICAL 



known as 'violenes' is the distribution of an odd number of 

electrons (in this case one) on an even number of atoms and is known 

as resonance delocalisation. It is believed to be responsible 

for the relative stability of the paraquat free radical ll, 
12 

• 

• 
The relative ease of free radical formation by single 

electron reduction is a property of the redox potential of 

the molecUle (in the case of paraquat E = 446 mV) and this 
0 

also is an important determining factor for the phytotoxic 

properties of the bipyridyl series, especially in regard to 

the light dependent reduction reactions. Ledwith has recently 

reviewed .these reduction reactions of pa.raquat 13• Of particular 

importance toxicologically are the rapid reactions of the paraqua t 

free radical with molecular oxygen to reform the cation which will be 

discussed later (see 1.2.2). 

Paraquat also undergoes a virtually irreversible base exchange 

with the cations of the various components of soil, especially 

the clay constituents. It also undergoes similar reactions 

with a variety of ion-exchange resins. Such· reactions explain 

the rapid inactivation of paraquat in soil, as a result of its 

combining with clay particles and as will be discussed later, also 

point to the usefulness of clay suspensions in the treatment of 

t . ni 11, 14,15 . paraqua po~so ng • Paraquat ~s also decomposed by 

direct sunlight and this photochemical degradation plays an 

important part in the fate of the herbicide in the environment9 • 

11 



1.2.2. ASPECTS OF PARAQUAT Pal~COKINETICS 

There are three aspects of the general pharmacokineitAcs of 

paraquat that are of particular relevance to the problem of 

human poisoning and its treatment. These are: the rate of 

absorption from the gut after ingestion, the selective uptake 

of pa:raquat by the lung and the renal clearance of the compound. 

(a) Absorption of paraquat from the gut 

It has been generally accepted that paraquat is poorly absorbed 

.from the mammalian gut, over 80 percent being egested in the 

faeces and only 4 to 11 percent being excreted by the kidneys 

over the first four days after ingestion 
16

, 17• Peak 

concentrations are usually reached in the plasma within six hours 

of ingestion, depending on the animal species used, and uaually 

the amount of circulating paraquat is at or below the limit of 

detection by 24 to 48 hours 
18

• Although there is little 

info:rmation with regard to the absorption of pa.raquat by 

humans, it has been generally assumed that only about 5 percent 

18 of the ingested dose is absorbed 

It is clear, however, that not all animal work can be directly 

extrapolated to man. This applies :particularly to results 

from rats and other rodents, although it is on these species 

that most of the experimental work has been performed. Smith 

and his eo-workers 15 showed an almost linear relationship 

12 



between gut content of paraquat and plasma levels, with the 

plasma concentrations remaining remarkably constant for up to 

30 hours. 'In.contrast, the plasma levels in dogs 19 {also 

L.L. Smith 1980, personal communication) and monkeys (L.L. Smith 

1980, personal communication) show a rapid and very marked rise 

after oral dosing, peaking at about 2 to 3 ho~ after ingestion 

and falling rapidly thereafter (fig 1.3). Potentially lethal 

amounts of pa.raqua.t thus enter the circulation more rapidly than 

in the rat and the pattern of human poisoning in those case.s in 

which serial measurements of plasma paraquat have been made 20 

suggests that the dog and monkey are better models of e"t~nts for the 

human situation than the rat. Fig 1.4 showS serial plasma levels 

in four recent, and hitherto unpublished, cases.of human poisoning. 

In each case plasma levels were beginning to fall by the time the 

first blood samples were taken, indicating a peak plasma level 

within two hours of ingestion and the bulk of absorption taking 

place within four hours. Proudfoot and his collaborators have 

h . "1 fi d. . th . . 20 
s own s~ ar n ~ngs ~ e~r ser~es • Such a time scale, 

with most absorption taking place within four hours of ingestion, 

will clearly have an important bearing on the efficacy of any 

measures taken to reduce the amount of absorption from the gut 

in cases of poisoning. 

(b) Concentration of pa.ra.quat in the lung 

It is generally agreed that paraquat is not significantly 

metabolised in the mammal 16• The tissue distribution after 

absorption has been studied by a number .of workers and it has 

13 



FIG 1. 3: CO:r.IPA..l1ATIVE PA..."tt!Q.UAT PLASMA. CONCENTRATIONS 

IN .THREE ANIMAL SPECIES L~ ORAL ~OSING 
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FIG 1. 4 SERIAL PLASMA PARAQ,UAT CONCENTRATIONS 

IN FOUR PATIENTS FOLLOvliNG :DEL:rnERATE 

INGESTION 
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been effectively demonstrated that paraquat, unlike other 

members of the bipyridyl family, such as diquat and morfamquat, 

is selectively concentrated in the lungs of all species, 

compared with other tissues 21-23 
Rose and his colleagues 

24 
• 

were able to show that both the plasma and renal levels of 

paraquat following an initial rise remained very constant after 

oral dosing in the rat, but that the concentrations in the lung 

increased with time throughout the duration of the study. By 

30 houxs after dosing the lung concentrations had reached levels 

that were some six or seven times higher than those of other 

tissues (fig 1.5). 

The mechanism responsible for this accumulation has not so far been 

identified, but it has been shown to be energy dependent 25 and 

23, 26 unrelated to any binding phenomena A variety of endogenous 

amines and amino acids are able to inhibit paraquat accumulation 

in vitro· as are also a number of exogenous compounds including d-

prop....o""olol 25 ' 26 • Th · t f umul t · t b ·~· e s~ es o ace a ~on appear o e 

predominantly the type I and type II. alveolar cells. Sykes and 

his eo-workers 27 showed that within 4 hours from intravenous 

dosing there was evidence of ul tra-structura.l change in these cells 

which was progressive so that by 16 hours damage was significant. 

Similar accumulation has been shown to occur in human lungs 

in vitro 15 and the kinetics of uptake seem to be very similar 

to those found in the rat. This peculiarity of the lung would 

explain its ability to take up paraquat over a long period of 

time from very low plasma concentrations and it would also account 

for the prominence of lung injury in poisoning cases. 

16 



FIG. 1. 5. P.ARAQ.UAT CONCENTRATIONS IN PLASMA AN]) LUNG 

OF RATS AFTER IOSrnG 1:.'ITE: 680 umoljkg. 

24 
nme (hours) 

(Data provided by L.L. Smith) 
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(c) Renal excretion of paraouat 

A number of clearance studies have been undertaken with paraquat 

. 19 28 29 30 
m dogs ' ' ' ' showing that paraquat clearance was 

normally in excess of creatinine clearance and that it appeared to 

be independent of the plasma concentration over a wide range. It 

seems possible that some passive re-absorption takes place in 

the proximal half of the nephron, together with active 

secretion. The latter is indicated by the rapid excretion of low 

doses at clearance rates above the glomerular filtration rate 30 

It is unlikely, however, that the re-absorption is particularly 

effective 19 and consequently there is little evidence that 

forced diuresis would be an effective means of remov;ng paraquat 

from the circulation. 

The effect of paraquat on the kidney appears to be limited to 

the proximal tubules. Functional damage follows· evidence of 

tubular cell necrosis with induction of both smooth endoplasmic 

reticulum ( SER) and lipidic cytosomes as early changes 3l' 32• 

A similar induction of SER has been noted following administration 

of cephaloridine, a pyridine containing antibiotic. It is 

possible that the renal toxicity of paraquat is related to 

its pyridine-based structure. 

In the dog it has been shown that the plasma and renal 

concentrations closely parallel one another, with the peak being 

reached at about 90 minutes after ingestion, thus demonstrating 

an effective quantitative renal clearance provided that no renal 

18 



d~'l"''\~ge has occu~d 19 ' 30• Wh h d ha tak 1 ~ ........... ere sue amage s en p ace, 

however, the decline in concentrations in plasma and urine do 

not run in parallel once the peak has been passed. The plasma 

concentration lags behind at a higher level, thus allowing the 

lung to accumulate the material selectively over a long period. 

The degree of rena.l damage appears to be dose-related a.nd it has 

been suggested that early renal failure would increase the upt~ke 

in the lung by a factor of five 30• The evidence suggests that 

this situation closely parallels that occurring in human 

19 

poisoning 33• It has been shown in man that the relationship between 

paraquat and creatinine clearance remains constant where the kidney 

. . t da.ma d 34 ~s no ge , but that the clearance of paraquat ·falls rapidly 

once tubular damage has been induced 19• Thus the time of onset 

and the degree of renal damage in such cases must be viewed as an 

important determinant of the ultimate lung concentrations and 

subsequent outcome of poisoning. 

1. 2. 3. · THE MODE OF ACTION OF PARAG,UA'i' 

The phytotoxic actions of paraquat, together with its mammalian 

toxicity, are to a very large extent functions of the ability 

of the free radical to :react readily with molecular· oxygen. 

In the green plant paraquat appears to function as a catalytic 

co-factor in the overall photoreduction of molecular oxygen to 

peroxidic species. The available evidence suggests that it is 

the superoxide (0~) and peroxide(O ~) radicals that a.re 

responsible for the phytotoxicity of the bipyridyl herbicides 35 

The essentials of the reactions in which the free radical (PQ,+•) 



++ is oxidised back to the bivalent paraquat cation (PQ ) are as 

follows 36 

I PQ+. 
02 

kl 
PQ,++ + 0~ + 

PQ+. - k2 
PQ++ +0;-+ o· 2 II 

The energy necessary for this process to proceed in plants is 

derived from photosynthesis, a series of reactions that generates 

a flow of electrons which are, in turn, transported by a 

variety of physiological carriers. The end result of the 

process is the f9rmation of a series of energy-rich compounds 

such as ATP and reduced N.ADP+. . :Because of its redox potential 

paraquat is able to compete with the natural electron 

acceptors in the cell and-it is probably reduced by the same 

mechanisms which reduce NADP+ during photosynthesis, such as 

ferredoxin. 

The free radicals thus formed are very rapidly re-oxidised by 

molecular oxygen_ back to the parent cation which is thus available 

for further reduction. This catalytic type reaction shunts the 

electron flow of photosynthesis or mitochondrial respiration into 

ita own redox cycle, thus depleting cellular energy reserves. At 

the same time, however, it is also generating a constant flow of 

superoxide and peroxide radicals which themselves have an immediate 

toxic action on the plant tissues. These processes have been 

discussed in detail by Calderbank and Slade 9, Calderbank11 

and Akhavein and Linscott 12 

20 



The biochemical mode of action of paraquat in mammals, including 

man, appears to be analagous to its mode of action in plants. 

The detailed mechanisms that have been proposed have been 

reviewed in depth by Raley 8, Pasi 37 and Smith et al 26 • 

It is thus only necessary for an outline to be provided here. 

The intltial biochemical event is the production of the paraquat 

free radical (PQ.+.), a reaction requiring the presence of NADPH 

as an electron donor and which, in vitro at least, proceeds 

until equilibrium has been reached 38 ' 39 NADPH acts 

essentially as a co-factor in this series of reactions, passing 

+ its two electrons to FAD , thus producing FADH. The latter is 

the prosthetic group of an enzyme from which paraquat in turn 

takes an electron to form the free radical 38 • Under no:rmal 

aerobic conditions this process is likely to involve a cyclic 

oxidation and reduction of the paraquat free radical, involving 

. 40 41 
NADPH and the cytochrome system ' • It is, however, the 

stage beyond the formation of the free radical about which.there 

is continuing debate. There are two main hypotheses. One, 

advocated strongly by Bus and his colleagues ~1-45 , considers that 

the major toxic effects are the result of lipid peroxidation, that 

is, the oxidative deterioration of polyunsaturated lipids. It 

is postulated that, as cell membranes contain a high proportion 

of unsaturated lipide and are thus liable to peroxidative damage, 

the process of lipid peroxidation induces loss of membrane integrity 

and u1 timately cell death. The mechanism that _Bus and his eo-workers 

have proposed is shown graphically in tig 1.6. 
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FIG 1. 6: PROPOS.2i.J"") 1·!ECEA:L7I~I FOR P.A..."tU.QUA~ 'l:OXICITY 
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The cyclic reduction and oxidation of paraquat, dependent on 

NADPH, produces the superoxide radical as noted earlier. This 

rapidly dismutates to singlet oxygen which being a highly 

reactive molecule attacks the unsaturated lipids of the cell 

membrane to produce lipid bydroperoxides 46• These decompose 

spontaneously in the presence of trace amounts of metal ions 

to initiate a chain reaction of lipid pe~xidation and 

ultimately cell death, as set out in fig 1.6. 

This view is not universally accepted, however. Smith and 

his eo-workers (L.L. Smith 1981, personal communication) 

believe that a more likely mechanism for lipid peroxidation, 

if in fact it occurs at all, is as a consequence o£ hydroxyl 

(oH•) attack on unsaturated lipide (R-H), rather than as an 

effect of singlet oxygen. The sequence o£ reactions are taken 

from Haber-Weiss cycle and is referred to as Fenton toxicity: 

1. 

2. 

o· + o:-
2 2 

OH• + R-H 
(unsaturated 

lipid) 

dismutates 

spontaneously 

R-OOH 
(lipid hydro­
peroxide) 

The scheme proposed by Bus also suggests three possible 

intracellular defence mechanisms which in theory, might 

prevent the damaging effects of lipid peroxidation on the 

cell membrane. Firstly, it is postulated that there would be 



a rapid conversion of superoxide radicals to molecular oxygen 

and hydrogen peroxide, a reaction ea talysed by the enzyme 

superoxide dismutase 47 • This enzyme is considered to be of 

cardinal importance as a defence mechanism against attack by 

·a di 1 48 
superox~ e ra ea s , effectively lowering the 02 concen-

tration so that the reaction 

2. 

cannot proceed. The hydrogen peroxide is detoxified by 

conversion to water by the action of glutathione peroxidase 

or ea talase. The value of this mechanism in real terms is a 

moot point, however. It has been shown that rats acutely 

dosed with para.quat die more rapidly in high ambient concentra-

tions o~ oxygen than they would in normal atmospheric concentra­

tions 49. Lung microsomes exposed to paraquat show a marked 

stimulation of the formation of both superoxide radicals and 

hydrogen peroxide 50 and, although Crapo and Tierney 51 observed 

an induction of superoxide. dis~tase in rat lungs after exposure 

to high 'oxygen concentrations, Montgomery has demonstrated a 

marked deficiency of the enzyme in lung microsomes after 

exposure to pa.ra.quat 
52 • Such a deficiency might be an 

additional factor in the pulmonary specificity of paraquat 

toxicity. 

Indeed, the picture that is emerging of paraquat poisoning 

is one that closely parallels the mechanism and effects of 

oxygen poisoning. The primary toxic event in this situation 

is thought to be the generation of 0~ from the mi tochond.ria. 
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As the concentration of oxygen increases so is the likelihood 

of 0~ being produced. vlhen paraquat and oxygen act together 

in high concentrations, as in the study of Fisher and his 

colleagues 49 , then more 0~ is produced, firstly by the 

PQ'++ ___. FQ.t 1" ~ _ eye ~g and secondly by mitochondrial generation. 

In a very real sense paraquat poisoning may be considered as 

a chemically-induced form of oxygen toxicity. 

Secondly, it has been proposed that. the various endogenous 

antioxidants within the cell such as tocopherols (vitamin E) 

and ascorbic acid which terminate peroxidative chain reactions 

may well have an important role to play in breaking the cyclic 

f t . f 1· ·a hyd ·d 53-55 · · o:rma ~on o ~P~ roperox~ es • In add~ t~on, the 

enzyme glutathione peroxidase which reduces unstable lipid 

hydroperoxides to stable lipid alcohols would be able to break 

the cyclic production of more free radicals 56• Selenium has 

been shown to play a part in glutathione peroxidase activity 57 

which may, in part at least, account for the antioxidant 

properties of this metal. It has been shown that selenium 

deficient rats are more susceptible to paraquat poisoning than 

normal animals 58 although the animals in this particular study 

died from liver lesions rather than from an. effect on the lung. 

The reducing equivalents for the action of glutathione peroxidase 

in detoxifying the increased levels of tissue lipid hydroper-

oxides are derived from the cyclic reduction and oxidation 

of glutathione and NADPH, reactions mediated by the enzymes 

glutathione reductase and glucose 6-phosphate dehydrogenase 59 • 

This mechanism probably has a wide role in detoxification mechanisms 

25 



60 
as the author has demonstrated in respect of heavy metals 

and recent observations suggest that reduced activity of this enzyme 

is associated with an increased sensitivity to paraquat toxicity 60a. 

These proposed defense mechanisms at the cellular level have led 

to attempts to improve the outcome in poisoning cases by a 

variety of innovations in therapy and management. They will be 

discussed in Section 3 in relation to the problem of human 

poisoning. 

An alternative hypothesis to that of lipid peroxidation has been 

proposed by Smith, Ro~e and their eo-workers and the main 

elements.of their proposed scheme has been set out in an extended 

:rev~ew of the· subJ"ect 26
• · • The essential feature of their view 

is that the basic toxic mechanism of paraquat is a depletion of 

cellular energy :reserves as a result of the oxidation of NADPH 61 •. 

The rate of oxidation is very fast, particularly in those cells 

in which paraquat is accumulated, as in the lung. If the rate 

of oxidation outstrips the rate of formation, then the concen-

tration of N.ADPH will fall below that ·required to maintain vi tal 

processes, resulting in the death of the cell. 

Some recent studies have provided confirmation of this hypothesis. 

The ox.ida tion of N.ADPH is an early and prominent biochemical 

event in the lungs of rats after oral dosing with paraquat and the 

ratio of NADPH to NADP+ is markedly reduced within the cells 
62

' 63• 

In mammalian cells the major biochemical process for the 

reduction or NADP+ to N.ADPH is considered to be the pentose phosphate 

pathway. The activity or this pathway has been shown to be markedly 

stimulated in lung slices incubated with paraquat in vitro and 
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in the lungs of paraquat poisoned rats 6l, 6la 
• Further evidence 

for the 'NADPH-depletion' hypothesis is provided b7 the fact that 

fatty acid synthesis in the lung is inhibited by paraquat. 

The synthesis of fatty acids is dependent on NADPH 64 and may well 

be of particular importance in the type II alveolar epithelial 

cella as they are involved in the synthesis of pulmonary surfactant 65. 

Incubation of lung slices with paraquat inhibited fatty acid 

synthesis, but this inhibition could be abolished by the addition 

of putrescine to the incubation medium, this compound being an 

effective blocker of paraquat accumulation into the lung 61 , 70 

Such a mechanism would also enhance the toxicity of the 

superoxide radicals formed by the reduction/oxidation cycle of 

paraquat since it has been postulated that oxygen toxicity 

itself is mediated through the extreme oxidation of NADPH 

leading to the formation of lipid peroxides 66 • In such a 

situation the cellular concentrations of NADPH would first be 

reduced by the formation of the paraquat free radical and then 

secondly, they would be further depleted by the defense· 

mechanism against lipid hydroperoxides. The lipid peroxidation 

would thus be secondary to cellular depletion of NADPH rather 

than the primary toxic reaction as proposed by Bus and his 

colleagues. It seems reasonable to assume however, that both 

mechanisms may be involved in the overall toxic attack of paraquat 

on the cell. 

It should also be noted that as the phosphate pentose cycle is 

stimulated to regenerate NADPH in response to the action of 
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67-70 
paraquat , this co-factor becomes available, not only for 

the conversion of oxidised glutathione to the reduced form, but 

also for the further production of paraquat free radicals. It 

is postulated that in these circumstances the attempts by the 

cell to replace NADPH in order to enhance the detoxification 

mechanisms serves only to contribute further to the toxic response. 

The cellular damage occurring as a result of such metabolic 

processes is a sufficient cause in itself for the fibroblastic 

response so :prominent in the lung, which has been regarded as 

no more than the standarde:pithelial response to injury. 

Para.quat-induced lung injury thus has two distinct :phases and 

the pathogenesis of the lung effects, together with the effects 

of paraquat on other organ systems will now be discussed 

briefly. 

1.2.4 THE PATHOGENESIS OF PARAQ,UAT LUNG DrJORY AND OTHER EFFECTS 

(a) Lung In.jury 

The two phases of lung damage to which allusion has already been 

made, may be categorised as destructive and proliferative. A 

number of extensive animal studies have been performed, notably 

b V . . t d c . 71 . y l.Jayara nam an orrJ.n • They were able to show that, WJ.th 

dose levels close to the LD , there was evidence of damage to 
50 

the· type I and type II alveolar epithelial cells within the 

first day after dosing. This process continued rapidly, so that 

by the end of four days after dosing there was complete destruction 

·or areas of alveolar epithelium. At the same time there was 

extensive exudation into the alveolar air spaces with 

haemorrhage. Throughout this destructive :phase there was marked 

infiltration by inflammatory cells into the alveolar inter-
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stitial space, the air spaces and the perivascular areas. This 

inflammatory exudative response grossly reduces the alveolar 

gaseous exchange and the great majority of animals dying in the 

early phase as the result of an LD did so from severe anoxia 72 
50 • 

The second, proliferative phase, developed in the survivors of 

the intitial destructive phase. This stage was characterised by 

an extensive fibroblastic proliferation with attempts to regenerate 

and restore the normal architecture of the alveolar epithelium 71• 

The greatest proliferation of fibroblasts, however, was in the 

interstitial spaces, which, together with residual oedema and 

alveolar collapse, resulted in severe anoxia and ultimately death. 

Similar changes in the .lung have been observed post mortem in 

cases of human paraquat po~soning 73, 74• The pr~mary phase has 

been described as an attack on alveolar capillaries leading to 

haemorrhage, oedema, the extrusion of pulmonary phagocytes and 

dilatation of respiratory bronchioles. Deposition of fibrin also 

occurs in the oedema fluid at this early stage. ·The phagocytes 

appear to undertake a sc&venging role and there is some evidence 

that they may be responsible for the removal of surfactant 74• 

It is unlikely that they are fibroblastic precuxgors as suggested 

by Smi~h and Heath 73 ' 75 , particularly in view of their abrupt 

disappearance with time. The proliferative changes of the second 

phase may occur as early as the eighth day after ingestion, but 

76 are more usually found later than 17 days • These changes a.re a 

mixture of a diffuse interstitial fibrosis with resultant com-

pression and obliteration of alveolar spaces, together with a 
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variable degree of intra-alveolar fibrosis derived from the reticulum 

deposition of the first phase. 

The evidence from human poisoning cases supports the view outlined 

previously, that the lung fibrosis, which is such a prominent feature 

of late surviving cases of paraquat poisoning, is no more than an 

exaggerated reparative response. Furthermore, the post mortem 

appearances of the lung, coupled with the evidence for phagocytic 

scavenging of surfactant 74 ' 77 is very much the picture found 

in hyperbaric oxygen poisoning, a condition that has been described 

as 'lung surfactant deficit syndrome' 78 • This lends weight to the 

hypothesis, derived initially from a consideration of the bio-

chemical mechanism of toxicity, that paraquat poisoning is to be 

viewed as essentially a form of chemically induced oxygen poisoning. 

The biphasic lung response has implications for treatment which 

will be discussed in detail later in section 3. 

(b) Other Effects 

Immediately after the ingestion of the concentrated formulations 

79, 80· of para.quat there may be ulceration of the mouth and oesophagus 

as a result of the caustic/irritant properties of the material. 

81 
Large doses may lead to proximal tubular renal necrosis and 

centrilobular hepatocellular necrosis 
82

' 83• Large doses may also 

be associated with adrenal corticonecrosis 84-8
6 and, less commonly 1 

with oedema and haemorrhage of the brain 87 • Such cases have 

usually died in the early acute phase after massive doses, often 
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within 48 hours of poisoning, but the adreno-cortical effects have 

been observed with smaller doses and over a longer period 86• 

The implications of the wider organ involvement will be discussed 

later. 
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APPENDIX 1.1 

Products Containing Paraquat 

Paraquat is sold in 130 countries in various formulations. lt is most 
widely sold under the trade name 'Gramoxone' but may be 
encountered under any of the following names:-

'Dextrone X' (U.K. 200 g/1.) 

'Dexuron' (U.K. 100 g/1. Also contains 
diuron) 

'Duanti' (W. Germany. Granules 25 g/kg. 
Also contains diquat) 

'Esgram' (U.K. 200 g/1.) 

'Gramonol' (1 00 g/1. Also contains mono-
linuron) 

'Gramoxone' {200 g/1.) 

'Gramoxone' Plus (Italy. 100 g/1.) 

'Gramo~one' S {200 g/1.) 

'Gramoxone' ZU {Belgium, Holland. 
200 g/1.) 

'Gramuron' {South Africa, Mauritius. 
1 00 g/1. Also contains diuron) 

'Ortho' paraquat {U.S.A 2 lb/U.S. gal.) 

'Para-Col' {Malaysia, Indonesia. 200 g/1. 
Also contains diuron) 

'Pathclear' (U.K. Granules 25 g/kg. Also 
contains diquat and simazi~e) 

'Prig lone' (France. 120 g/1. Also contains 
diquat) 

'·Spray-seed' (Australia. 1 00 g/1.' Also 
contains diquat) 

'Terraklene' (1 00 g/1. Also contains sima-
zine) · 

'Tota-Col' {1 00 g/1. Also contains diuron) 

'Weedol' (Granules. 25 g/kg Also con-
tains diquat) 

'Weedrite' {Canada. Gr~nules 25 g/kg. 
. Also contains diquat) 

'Weedrite' Aerosol (Canada. 0.44% para­
quat) 

SanrA. t.hi.s table. was to~"tpilcc! Skct\ Chctn\c.~lc Ltc::t ha"e. 'u~ero~d.(19~1):· 

'CI~n~..,eep' (U.K.. \OOg/1. Also c.a"l:aintt c:li'\u~t) 

41 



------ 42 

SECTION 2 

THE OCCUPATIONAL USE OF PARAQUAT 

AND ASSOCIATED RISKS 



2. TEE OCCUPATIONAL USE OF PARAQUAT AND ASSOCIATED RISKS l 

2.1. PATTERNS OF USE AND EXPOSURE 

The bipyridyl herbicides are generally available in two forms of 

commercial preparation, solid (granular) and liquid. The 

* granular formulations are prepared for the retail market 

mainly in the UK and are for use in domestic gardens and similar 

situations. Although of some importance as agents in self­

poisoning (see Section 3), they have not been incriminated as posing 

any hazard in use. The liquid concentrates of para.quat are avail-

able only for agricultural or commercial horticul tura.l use and the 

poisons register should be signed before sale. This is not the case 

in many other countries, however, and such agricultural concentrates 

are often widely available to the general public. In the UK, the 

most widely used is 'Gramoxone' (ICI Ltd), a 2~A aqueous formu­

lation of paraquat ion (200 g/1) with various adjuvants such as 

surfactants. (The equivalent formulation under the trade name 

'Dextrone' is available only to local authorities and other official 

bodies). There is also a variety of other combination formu-

lations (with diuron etc.) in which the paraquat ion is at a strength 

of 100 gjl. Outside the UK, the.ICI Ltd formulations are sold 

under a number of other trade names in addition to 'Gramoxone' 

and there is also a large number of 'pirated' formulations 

made in Taiwan, selling particularly in the Far East. 

* ··Those commercially available in UK are: 'Weedol' (ICI Ltd.) 

formulated in sachets containing 1.5 g paraquat ion and 1.5 g 
diquat ion and 'Pathclear' as sachets containing 1.5 g paraquat 
ion, 1.5 g diquat ion and the residual herbicide simazine. 
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The manufacturers reconnnend ?3. range of dilution for application 

according to the specific task to be undertaken. The highest 

concentration obtainable from this range of dilutions is 0.5% 

paraquat ion in the final spray solution, obtained by diluting 

4 pints of 'Gramoxone' in 20 gallons of water. The normal 

rate of application, however, is considerably less than this, 

usually in the order of 0.1 to 0.15% paraquat ion, and frequently 

it may be as low as 0.05% ion in the final spray. Application is 

either by tractor- mounted boom sprayers (most connnonly in UK) 

or by hand-held spraying lance with hand pump operated knapsack 

containers (figs. 2.1 and 2.2). Hand held lances are fitted 

with a variety of nozzles, usually of the flood-jet or 'polijet' 

type. In some tropical areas (notably Malaysia which has a 

high v:olume usage of paraquat) a number of spraymen will use 

-hand-held spraying lances attached by flexible hoses to a 

tractor mounted feed tank (fig 2.3). This practice allows a 

much greater area to be sprayed without the necessity of 

. frequent recharging of knapsack reservoirs. Because a single 

mix will provide sufficient spray.solution for at least one full 

session.of spraying, this system is intrinsically safer than 

standard knapsack methods, but for a variety of reasons it has 

only a limited application to particular terrains and land usage. 

The diluted paraquat is sprayed downwards directly onto foliage. 

The manufacturers have listed, on the package labels, a series 

of operating instructions and necessary precautions to ensure 

safe handling, of both concentrate and spray solution. In the 

UK these precautions are produced after agreement with the 
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FIG 2.1: TRACTOR-MOUNTED BOOM SPRAYING 

Photo: courtesy ICI Ltd, Plant Protection Division 
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FIG 2.2: HAND SPRAYING WITH KNAPSACK CONTAINERS 

Photo: courtesy ICI Ltd, Plant Protection Division 
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FIG. 2.3: HAND SPRAYING WITH TRACTOR-MOUNTED FEED TANK 

Photo: the author 



Ministry of Agriculture Pesticide Safety Precautions Scheme (PSPS). 

These are set out in table 2.1. Similar controls exist in many other 

countries. The use of mist blowers and the aerial spraying 

of paraquat are not sanctioned in the UK. 

The manufacturer's recommendations for safe use in the UK do not 

include any special protective clothing for the actual spraying 

operation other than a face shield. Rubber gloves and a face 

shield are recommended when handling the concentrate. Most 

spray workers, however, do wear rubber boots when spraying and 

also frequently·rubber gloves in addition. 

In such spraying operations, the problem that has to be quantified 

is not the intrinsic hazard of the material, but the degree of 

risk with which its use may be associated. Considering this on a 

world scale, skin rashes, eye damage and other local effects are not 

uncommon and there is a possibility that systemic absorption could 

occur, either through oral ingestion, percutaneous absorption or 

inhalation. The published literature relating to these matters will 

be reviewed and then an account given of the author's investigations 

of risk in three separate occupational risk·situations. 
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TABTE 2 .1: HA1"IDFACTURER' S IAJ3EL DlSTRUCTIONS FOR SAFE ILf\.l'IDLING 
OF ' GR.!UVIOXON:~' 

Paraquat ca.n kill if svra.llowed. Do not !)1J.t in a food or 

dri~~s container. Keep out of reach of children. 

Directions for use 

Applica.tion: Apply through a field crop sprayer, in good condition; 

using a pressure of at least 2 bars (or 30 psi) or through a low 

pressure spra.ying device. 1·.1hen using hand held sprayers do not use 

in concentrations greater than one volume 'Gramoxone' lOO to forty 

volumes of water. Do not apply 1Gramoxone 1 from the air, or by 

means of a mistblower or fogging machine. 

Avoid spra.y drift: Do not spray in vTindy condi ti ens. 

Precautions 

The Poisons Act 1972, available from HMSO, applies to this product. 

Hear protective gloves and face shielJ. t·rhen handling the concentrate. 

Wear face shield when handling and applying the diluted formulation. 

T~~e off immediately heavily contaminated clothing and wash under-

lying skin. \•Tash clothes before re-use. 

'Hhen using do not eat, drin..'t( or smoke. 

~·!ash splashes from skin or eyes immedia.tely. 

Do not breathe spray mist. 

\>lash hands and exposed skin before meals and a.:ter ~·:ork. 

49 



2.2. LOCAL TOXIC EFFECTS 

A variety of local effects on eyes, mucous membranes, skin and 

nails have been recorded. The degree and extent of these 

lesions depend on the duration of contact with paraquat and 

the extent of the dilution of the material. These reactions 

derive from the delayed caustic effect of paraquat and prompt 

first ~id measures are usually effective in preventing the 

development of any severe tissue response. 

2.2.l.CUTANEOUS EFFECTS 

Paraquat acts as a delayed caustic and the effects are made 

worse both by occlusion and by the surfactants and other 

adjuvants in the commercial formulations. Animal experiments 

have resulted in a range of effects from mild reddening to 

superficial epidermal sloughing 
2

' 3• Reddening is usually 

associated with the development of some hyperkeratosis followed by 

desquamation as the lesion heals. This is the response most 

usually seen in agricultural workers and others who have 

received either concentrate burns or have been exposed to 

spray for long periods. In general the burns are superficial 

and are thus in contrast to concentrated acid and alkali burns. 

Occasionally bullae have developed after skin damage from the 

agricultural concentrate 4 • 

The incidence of skin reactions appears to be relatively high 

with hand held equipment, especially in workers engaged in e:xten-

si ve or long term 
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spraying programmes. One study suggested that up to half 

the population of spray operators could develop skin responses 

to paraquat, chiefly through prolonged contact with spray 

solutions 5• Other workers have reported much lower 

incidences of skin problems 
6

' 7 Apart from the expected 

involvement of hands and arms, the groin and genitals are 

frequently affected, either as a result of spillages 8 or 

through the use of leaking spray apparatus. The spray solution 

may leak under pressure from poorly maintained knapsack 

reservoirs and run down the man's back to set up irritation 

in the groin area as a result of clothing being soaked. 

Such problems may be overcome by improving the maintenance of 

equipment and by the use of simple but efficient protective 

clothing (fig 2.4). In the writer's experience, the use of a 

plastic bag as illustrated has reduced the incidence of groin 

rashes to almost nil on tropical estates. 

The presence of skin abrasions frequently worsens the local 

effects of paraquat. Such effects are more often seen in 

the tropics where spra.yers may work barefooted, although a 

case has been reported from the UK of a man spraying paraqua t 

with no protection.for his legs which·were scratched by goose 

grass (Gallium aparine L) resulting in a vesicular lesion 

developing on them 9• Such dermal effects may be 

avoided altogether by observing the simple precautionary 

measures laid down on the label, including the rapid 

washing of concentrate spills from the hands and the 

appropriate changing and laundering of working clothes. ·The 



J;<:IG. 2.4: PLASTIC BAG HORN AS SIMPLE PROTECTION 

BY MALAYSIAN SPRAY MAN 

Photo: the author 

52 



rapid removal of spillages from the ground would also prevent 

the sort of accident reported by McDonagh and Martin 10 in 

which a child was found playing with a pool of spilled 

1Gramoxone 1 and which resulted in a large first degree burn of 

the thigh and an erythematous rash of the hands taking some four 

weeks to clear with conservative treatment. The relationship 

between dermal contamination and possible systemic intoxication is 

discussed below (Section 2.3.3). 

A phenomenon related to the dermal effects of paraquat is the 

occurxence of delayed healing. This has been observed by the 

author among spray workers, particularly in the tropics where 

legs and arms may be unprotected and superficial lacerations 

from vegetation such as thorns are accordingly common. It 

has also been observed among .formulation workers studied by 

the author, both in the UK and in Malaysia 4• The phenomenon 

manifests itself as a failure of small lacerations and 

abrasions to heal spontaneously in the usual time. Small 

wounds tend to remain open for several days with an increased 

risk of infection. The condition in some cases: appears to 

reflect a lack of personal hygiene, but this is not true of 

all cases. 

2.2.2. EPISTAXIS 

Nose bleeds are a relatively infrequent complication of both 

para.qua.t spraying and formulation. In the author's 

experience, this rarely occurs as frank bleeding and the common 
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complaint is one of spotting of the handkerchief after 

blowing the nose. In formulating plants the problem is 

most frequently encountered among those working with solid 

formulations which inevitably give rise to some fine dust 

which impinges on the nasal mucosa. The phenomenon is 

usually encountered in the first week or so of working and 

thereafter the incidence of epistaxis falls rapidly 4 . The 

effect appears to be the result of the direct irritant/caustic 

action of paraquat on the nasal mucous membrane resulting in 

small superficial erosions with capillary bleeding. 

Epistaxis is re la ti vely uncommon among spray opera tors under 

normal circumstances, ~lthough it may occur when spraying is 

conducted against the wind or when the operator works in the 

spray mist 5• Neither situation is to .be considered good 

spraying practice. The use of mist blowers for applying 

paraqua.t has resulted in severe nose bleeding, although 

11 symptoms have cleared following cessation of exposure • 

Again, it is worth noting that although frequently used, 

particularly in Australia, the manufactilrers do not recommend 

the use of this equipment. 

2.2.3. NAIL DAMAGE 

Nail damage as a result of exposure to pa.ra.quat was first 

12 
reported by Samman and Jobnson in 1969 • They described 

three cases all of which were due to the repeated gross 

contamination of the hands with agricultural concentrate as a 

result of careless handling. Although in one case damage was 

' ! 
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considerable, in all cases there was eventually complete and 

normal re growth of the nail. Similar cases among agricultural 

workers have been reported by others l3, l4 but the most 

extensive study of this problem was by Hearn and Keir 1 on 

the Trinidad sugar estates, who reported 55 cases of nail 

damage as a result of contamination with dilute spray 

material rather than concentrate. 

The workers on the estates all used standard Saval knapsack 

sprayers with 'flood-jet' nozzles and the final spray strength 

solution never exceeded 0.02% (1:100 dilution of the 20% 

concentrate). The earliest lesions to develop consisted of a 

localized white or yellow discolouration at the base of the 

finger nail together with a number of transverse white bands on 

the more commonly affected nails. The nails of the index 1 middle 

and ring fingers of the right hand were those most commonly 

involved, as a result of leakage of dilute paraquat from the 

junction of the flexible hose and the hand-held lance. Nail 

deformity, in some casas, developed to a progressive loss of nail 

surface,. leading to deformation and eventual shedding of the 

nail plate. As in other studies, regrowth of the nails was 

normal in all cases once further contamination had been 

prevented. 

The mechanism by which nail damage is produced is obscure, 

12 although it has been guggested that infection may play a 

major role. Similar lesions ba.ve been observed by the author 

in those working in formulating plants, handling both solid 

and liquid formulations of para.qua.t 4 
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There have been .numerous reports or eye injury following 

splashes or other accidental contamination with paraquat l5-21• 

Although damage may be severe, in general it is only superficial 

and responds well to therapy. Experimental work with rabbits 

has shown that the instillation of paraquat into the 

conjunctival sac is followed after 12 to 14 hours by a severe 

2 
inflammatory response • This effect has been shown to be 

dose-related with a range of effect from severe conjunctivitis 

and occasional slight corneal damage (at strengths from 6.25 

to 12.S0;6) to congestion and swelling of the iris, corneal 

opacification and the delopment of a pannus reaction (at 

2 5 to 50%) 
22

• A typical response showed gross conjunoti val 

injection, with swelling and partially closed lids, a 

mucopurulent discharge.and diffuse corneal o~cification. 

Similar responses are found following human eye contamination 

with·conoentrated paraquat solutions. It is likely that the 

formulating materials play a part in the development of the 

reaction, as they may be irritant in their own right or 

potentiate the effects of paraquat. 

In the major! ty of reported cases, recovery has been complete 

within 24 to 48 hours following injury. Treatment consists 

of prolonged eye irrigation with water or a buffer solution 

followed by the topical use of steroids (hydrocortisone) and 

antibiotics (usually oxytetracycline or neo~cin). It has 

been shown that ad.eqmte control of infection and the 

prevention or adhesions between the denuded bulbar a.nd 
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palpebral surfaces are the mainstays of treatment 23 
• 

Complications have been reported and in one case l5 the onset 

of eye damage was insidious and not fUlly apparent until a 

week after the incident in which a paraquat/diquat mixture 

* bad been splashed into the eye • Damage was extensive with 

severe keratitis in spite of initial irrigation and atropine 

was required to oontrol uveitis. 16 
Joyoe has reported one 

oase in which natural healing was never complete. At four 

weeks after initial damage there remained a large corneal 

opacity surrounded by areas of keratitis. This corneal 

damage was still present five months after exposure and 

required surgical intervention. 

Although with rapid treatment, the evolution of most oases of 

para.quat eye injur.r follows a benign course resulting in full 

healing and a restoration of normal function, it should be 

remembered that delay in treatment may result in pe:rmanent 

damage. That is why the use of a face shield is recommended 

whenever the agricultural concentrates are handled. It is 

unlikely that diluted spray solutions would cause actual eye damage, 

transient irritation being the usual feature after such material 

has got into the eye. Nonetheless, in the UK, the PSPS requires 

the recommendation for the use of a face shield when spraying 

to be added to label precautions (see table 2.1). 

* This mixture (' Preglone' Extra., ICI Ltd.) is now no longer 
on the market. 



SYSTEMIC TOXICITY FROM USE 

2.3.1. GENERAL OBSERVATIONS 

There appear to be no adequately documented oases in the 

world literature of serious systemic absorption of paraquat 

leading to recognisable toxic effects as a result of proper 

occupational use of para.quat and with adherence to the reoonm1ended 

precautions. Nonetheless, there have been a number of claims that 

such poisoning may occur in the course of ordinary usage. 

24 Fi tzgerald and his colleagues for example, made a detailed 

stu~ of 13 oases of paraquat poisoning following agricultural 

use, of whioh six were fatal. Although it seems likely that 

all but one of the fatal! ties in this series arose from inges.tion 

of the concentrate rather than absorption during the course of · 

work, Fi tzgerald makes a valid point that there is a widespread 

tendency among spray workers, and farmers generally, to ignore 

even elementary safety precautions and it is not realistic to 

expect workers to maintain consistently high standards of care 

and avoid carelessness or stupidity without adequate super-

vision. 

An extensive survey of the health hazards associated with 

paraquat spraying was commissioned by the California 

Department of Food and Agriculture in the United States 25 • 

In this document Peoples and his eo-workers concluded· that 

paraqua.t was responsible for between 25 and 40 reported 

occupational illnesses each year in ·.the period 1965-1976. 

58 

,, 
._; 

,I 
·: . 

,, 
I 



...... 

The document, however, relied on poorly investigated 

anecdotal evidence and much of the interpretation of signs and 

symptoms is oonf'used and is misleading to such an extent that 

suicidal deaths are reported as deaths 'from exposure • • None­

theless, in noting the oases of fatal accidental ingestion of 

paraquat formulations, the necessity for adequate gupervision and 

proper storage is underlined once again. The poor quality of the 

anecdotal evidence that prompts support for stricter control of 

pa.raquat, may be illustrated by the following case reports (quoted 

from Peoples et al 25): 

1. A gardener was sprayed on the face and arms with para.quat 
when the hose on a power sprayer separated from the 
nozzle. He experienced fingertip parathesias and light­
headedness. The diagnosis was inhalation of paraquat 
spray. Treatment was provided. 

2. When driving a weed sprayer in almonds, a worker inhaled 
paraquat spray. He experienced a tightness and pain in 
his chest. Some safety equipment was used, but no face 
protection. A training record indicated that this ma.n 
·was knowledgeable of saf'ety procedures. Inbala tion of 
pa.raquat was the diagnosis, ·and 10 cc calcium glucona.te 
I. V was the major treatment provided. 

; • An employee was mixing and loading pa.ra.quat when a line 
developed a leak,· spraying bim in the face with the dilute 
mixture for 10 to 15 seconds. He then went to a stream 
o£ water and washed. The man subsequently became dizzy, 
nauseated and vomited prior to going to a hospital. He 
was hospitalized and given the following tests: X-ray; 
routine blood sampling; EKG; and was treated with 
intravenous fiuids. He missed more than five days of 
work. 

4. While spraying for weeds with a band spra.yer, a worker 
walked back through the sprayed area. He developed 
abdominal cramping, diarrhea, and blurred vision. Gloves 
were the only protective gear worn. He was examined by 
a physician and conducted the following tests: chest 
X-ra.ys; C13C; l3UN; serum creatinine; electrolytes; liver 
tunotion; serum alkaline phosphatase.;- serum bilirnbin; 
and serum trypsin levels. Treatment was administered. 
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In these and the ma.ny others quoted in this report no attempts 

are made to reach an adequate diagnosis and most, apart from 

skin· and eye effects from direct contact, are examples of 

what the writer has referred to elsewhere as the 'pa.raqua.t 

fear s,yndrome' 
4 

on the one hand, associated with a considerable 

degree of ignorance of the toxicity of paraqua.t and its resultant 

clinical effects on the other. The symptoms and signs described 

do not relate to what is known of the effects of paraquat poisoning, 

although it is possible that some of the effects describ~d might 

have been the result of exposure to insecticides. Tha. t the authors 

of this report were unable to distinguish between two very different 

types of symptom pattern is almost inconceivable. 

Other literature ~porta of illness have implicated paraquat 

poisoning in respect of occupational exposure as-the cause, 

but data are clearly insufficient either to·support or deny 

such a causal relationship betwe~n exposure and alleged effect. 

A good e~ple of this is to be seen in the case reported by 

26 
Mourin in which a. peripheral facial palsy was initially 

attributed to pa.ra.quat exposure, although l~ter shown to be· 

muoh more likely the result of previous geniculate herpes 

zoster 27 • Another example where cause and effect bad little 

28 
to do with para.quat was reported from Italy • The history 

was one of chronic hepatitis in a man with heavy wine 

consumption and extensive exposure to the known hepato-toxic 

chlorinated hydrocarbons. Nonetheless, the causative agent 

was considered to be para.qua.t as he bad used this pestici~e 

for spraying (for the first time) a few days before symptoms 

began. 
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Under certain conditions, however, systemic poisoning may occur, 

either by oral ingestion or dermal absorption. 

2.3.2 ORAL INGESTION 

The oral ingestion of pa.ra.quat is only likely to occur in 

occupational use under the following sets of circumstances. 

It ~ occur accidentally, when concentrates such as 

1Gramoxone' have been decanted into unlabelled containers, 

against label instructions and good agricultural practice. 

The great majority of accidental poisonings have resulted from 

such malpractice and it is potentially the greatest risk 

from pa.raquat. Fortunately, an awareness of the dangers 

has markedly reduced this problem in Great :Britain so that in the 

past few years oases ·of accidental poisoning have numbered only 

one or two per annum. 

The following case, investigated by the author, illustrates the 

type ·of cUcumstance which may occur and the tragic results which 

frequently follow: 

A 4 7 -year old male farm worker was engaged in 

spraying paraquat using a tractor-mounted spray. 

In order to facilitate mixing in the field he 

carried two unlabelled containers mounted on the 

tractor bumper, one containing the 200;6 agricultural 

concentrate of pa.ra.qua.t and the other water. 

During the course of his work he became thirsty and 

drank from one of the containers, thinking it held 
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water. Unfortunately it was the one containing 

paraquat. Although he spat out what was in his mouth, he bad 

·already swallowed sufficient to produce toxic effects 

and in spite or early medical treatment he died two weeks 

later from respirator,r complications. 

Accidental ingestion may also occur when operators suck or blow 

out blocked pipes or nozzles of spray apparatus. This 

practice is usually associated with tractor-mounted rather 

than hand held equipment and in most oases results only in the 

ingestion of dilute paraquat which, at recommended application 

rates, is most unlikely to be lethal or even to produce 

serious symptoms. The report of such an occurrence during 

29 spraying operations in Israel however, suggests that even 

with dilute material some systemic toxicity may occur. In 

this ease a 30-year old healthy male was accidentally sprayed 

in the face, as a result of which dilute para.quat went into 

his mouth and was swallowed. The authors reported minor and 

transient changes or renal and pulmonar.r function with an 

uneventful reoove~ following renal dialysis. Such practices, 

however, should be strongly discouraged e~n though it may be 

estimated that the lethal amount of diluted para.quat would be 

in the order or two litres at a standard dilution of 0.1% 

(1:200 dilution or 'Gramoxone•), assuming the fatal adult human. 

;o 
dose to be in the order or 2 to ; g • 

Oral ingestion may also occur as a result or swallowing the 

'run orr• caused by droplets impinging on the face should the 

operator work in the spray mist. Such a practice contravenes 
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the label instructions, but occasionally occurs. At recommended 

spray strengths of not more than 0. 5% para.qua. t ion (1: 40 

dilution of the standard 20% concentrate) it would seem to be 

impossible to ingest sufficient paraquat in this way to produce 

symptoms of poisoning, although this has been claimed by 

31 
Malone and his colleagues , who erroneously refer to the 

inhalation of droplets. At higher concentrations of spray 

solution and under adverse cond.i tions, such as spraying into 

the wind, local caustic effects from oral contamination have 

been reported from Eire 
24

• Even in these circumstances there 

is no clear evidence that systemic effects resulted from these 

conditions alone. Repeated exposure of this nature, 

although likely to produce local skin effects, would still 

not produce systemic intoxication. The. 'no effect' level 

for paraquat on dogs, generally the most sensitive species, is 

. 32 
quoted by the FAO as 50 p:pm in the diet over a two year 

period. This represents a daily intake in the order of 

90 to 100 mg for an adult man, equivalent to 90 m1 of spray 

solution at dilutions of 0.1% paraquat ion. 

2.3.3. DERMAL ABSORPTION 

Skin contamination is always a risk in field operations with 

~ pesticide. The problem is greater in countries where 

high ambient temperatures and humidity preclude the extensive 

use of protective clothing. Para.quat, being a caustic 

material, has local irritant effects, but it is relatively 

poorly absorbed through intact skin, particularly at spray 

strengths 
2
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Mention has already been made in respect of local toxio effects 

seen in the two trials conducted on Malaysian rubber estates 

reported by Swan 5• The operators used spray dilutions of 

0.05% paraquat (equivalent to 1:400 dilution of 'Gramoxone') 

and conditions were such that the spray workers were exposed 

to significant quantities of paraquat ion, demonstrated by the 

fact t~t paraquat could be detected in the urine of all the 

spraymen at some stage of the trial. Under these circumstances, 

although local effects on skin did occur, as noted earlier, 

there were no systemic symptoms nor signs, and chest 

radiographs were normal. Swan was also able to 

demonstrate that attention to personal hygiene was 

sufficient to prevent risk from der.mal absorption. 

These results were largely confirmed by Hearn and Keir 7 who 

demonstrated the development of local skin and nail effects 

in -workers on Trinidad sugar estates, but found no evidence of 

systemic absorption. These workers were using higher spray 

concentrations than those in the Malaysian trial. The 

dilutions of the 2~~ concentrate were from 1:100 to 1:200 

(i.e. from 0.2 to 0.1% paraquat ion in the final spray 

solution). Similar reaul ts have been recorded in the 

author's studies of formulation and long-term spray workers, 

4 6 some of which have been published ' • They will be reported 

in detail under Section 2.4, but at this 'stage it should be recorded 

that these workers showed no evidence of any systemic effects 

from exposure to pa.ra.qua t. 
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3 
McElligott has shown that, to some extent at least, the 

degree of percutaneous absorption of para.quat is a fUnction of 

concentration and with proper use exposure will only be to low 

concentrations in the spray solutions. At the usual spray 

dilution of 0.1% pa.raquat ion, for example, and assuming that 

the lowest published dermal LD
50 

for paraquat of 80 mg,/kg is 

33 
applicable , it would require the absorption of all the 

paraquat contained in 2 litres of spray solution to produce a 

fatal outcome. In fact, Staiff and his colleagues 34 have 

shown that the likely dermal dose for a. spray operator using 

the recommended rates of application would not exceed 3 mg/ 

hour, that is a total dose of 24 mg per day, assuming an eight 

hour working day. Such an exposure represents a dose ·or 

approximately 0.4 mgfAg, or no more than 0.5% of the lowest 

estimate of the deDDS.l LD
50 

per day. This particular study 

was designed to determine the potential exposure, both der.mal 

and respiratory, of field operators using conventional low 

pressure power spray equipment at spray strength of 0.1596 

paraquat ion. 

Further evidence for the low level of risk from skin absorption 

oomes from the work of Hoga.rty and his team 35 as part of a. 

large study to determine the particle size analysis of drops 

produced by normal agricultural spray nozzles, the concen­

rations of pa.ra.quat likely to occur in the air breathed by a 

spray operator and the exposure of spray operators under actual 

working conditions. Exposure pads of lint gauze, approximately 

6.25 cm
2 

in size, were placed on the neck (open to the air) on 

the back of the wrist (beneath clothing) and on the groin 
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(beneath clothing). These operators sprayed a total of 4.84 kg 

paraquat ion over 9 days at dilutions of 1:40 and 1:80 (i.e. 

0. 5% and 0.25% :pa.ra.quat ion). Only two out of 87 analyses 

showed paraqua t (one from a neck pad and the other from the 

wrist of two separate operators on two separate days). 

The amount a were minute ( 5 p.g per pad: detection limit 5 }!g) , 

indicating that the risk associated with skin contamination 

with proper spraying procedures is negligible. It must be 

noted, however, that this trial was carefully supervised and 

a greater level of contamination would be expected under 

normal spraying conditions in the field. This was the case 

in field studies undertaken by a team for which the author was 

responsible and which will be discussed later (Section 2.4.2). 

Although not entirely relevant to the problem of paraquat, it 

is worth noting that a study was undertaken in man of the 

percutaneous absorption of the very closely related bipyridyl, 

;6 14 
diquat • A single dose of 4 g or C-labelled diquat in 

aqueous solution was applied to the ~xterior surface of the 

forearm of six heal thy male volunteers. The material was 

lef't f'or a period of 24 hours and the extent of percutaneous 

absorption in this time was estimated from the amount of diquat 

14 
excreted in the urine (recovered as C) over a period of five 

days, since diquat is rapidly excreted in the urine and not retained 

in the body. The mean value of the total excretion amounted to 

only 0. ~;6 of the origillal radio-act! ve dose, half of that amount 

being recovered in the first 24 hours. This type of study is 

open to criticism, not least in respect of the very small 
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doses used, but is is nonetheless reasonable to accept the 

author's conclusion that diquat is only poorly absorbed 

through intact skin, con£irming the results of ani mal 

experiments on the bipyridyl family 2 ' 3. 

Nonetheless, two well-documented cases have been reported in 

which occupa tiona.l exposure resulted in de a. th from percutaneous 

absorption. The first was reported by Jaros 37 from 

Czechoslovakia., a.nd it is clear that in this case the 

circumstances were very far from normal spraying practice. 

The spray was applied at a dilution of 1:4 (equivalent to 

5.0% pa.ra.quat ion), which is ten times the highest recommended 

rate and at a concentration which will produce caustic burns 

of the skin, facilitating absorption. Furthermore, the 

knapsack sprayer itself leaked a.nd allowed the solution to 

·ran down the man's back throughout the spmying operation. 

In spite of the skin damage the man did not report for any 

medical attention until six days later, by which time 

irreversible pathological changes bad occurred. The 

circumstances of this case could be viewed as an example of 

pa.ra.qua.t gross misuse. 

The other case was reported by Levin and his eo-workers 3S 

and was again associated with the use of high spray 

concentrations. Aoooding to Levin et al the spray 

concentration was 2.9% pa.raqua.t ion, but independent 

info1'm8.tion (E. Bougas, 1979 personal communication) would 

suggest that Levin's figure derives from a miscalculation and 
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the actual spray strength was in the order of 3. 5% para.qua t 

ion. There is also some conflict about the type of spraying 

apparatus used. According to Levin, the sprayer used was a 

'Herbi' type applicator, using gravity and an electrically 

powered spinning disc to distribute the spray. Privately 

obtained information suggests that the 'Herbi' applicator bad 

been modified to take a knapsack reservoir and the junction 

between the reservoir and the applicator had a serious leak. 

In point of fact, the issue is not at stake in either case·, 

since neither are recommended methods of app~ying paraquat, 

although the makeshift type of apparatus the author has been 

given to understand was actually used represented a significantly 

greater risk to the opera tor. Furthermore, additional 

information would indicate that the operator was using a 

mixture of 1 litre of 1Gramoxone 1 , 1 litre of 1Reglone 1 

(diqua.t formulation) in 2 litres of oil and 2 litres of water. 

This represents a 1: 6 dilution ( 3. 3%) of pa.ra.qua t and a 

similar dilution of diquat, so that the total bipyridyl ionic 

strength was above 6 per cent. 

In view of this evidence of gross malpractice, it is not 

altogether surprising that lengthy spraying operations were 

followed by a tragic outcome, and while some of Levin's results 

and conclusions are open to question, the real issue hinges 

upon the proper use of an agricultural spray according to the 

manufaot'Ul:'er' s recommendations. 

Three other oases of possible occupationally related 

fatalities have been recorded, but the details are not 

sufficiently clear to be certain of the route of absorption. 
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Fi tzgerald and his eo-workers 24 report a case in which a 

50-year old farmer died following use of a leaking spray for 

a full day of spraying. There is a possible link in this case 

with the fact that the man apparently suffered from extensive 

dermatitis which could have facilitated the absorption of 

pa.raquat through the damaged skin. There is no information 

on the spray strength used. 39 Newhouse et al reported a case 

in Canada where a woman sprayer allegedly died following the 

spraying of pa.ra.qua t. This case has so many question marks 

over it that reaching a final conclusion is almost impossible. 

It should be noted, however, that the pathological process 

was ve~ prolonged (end of August to middle of October) and 

all other documented cases of fatal dermal absorption 

indicate a relatively short time between exposUN and death. 

Furthermore, the degree of organ involvement described (lung, 

liver and kidney) is not consistent ·either with a lengthy 

absorption of a lethal dose or a short absorption of a 'just 

lethal 1 dose. Such organ involvement is usually 

associated with a single large exposure and in most cases 

following oral ingestion. This case would suggest tba t, while 

there is some circumstantial evidence to suggest that the 

woman's death was related to exposure to pa.raquat, for this to 

have been the result of dermal absorption would indicate a 

degree of massive exposure that does not seem to have been 

present and one is left with the possibility that there may 

have been some (possibly deliberate) oral ingestion. 

The third case is of another woman whose death initially 

appeared to be due to occupational exposure, but which 
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subsequent .investigation suggested was not'directly related to 

the application of tha hericide. A woman who was involved 

in spraying was reported by Weston and Dixon 40 to have bad 

extensive contamination of her arms and hands. Additionally 

she was stated to have 'accidentally' swallowed some material 

while spraying. It was, thus, not initially clear as to 

whether the case was one of oral or dermal absorption. 

However, the author makes the important point that the 

deceased woman was a chronic alcoholic who tasted various 

unknown liquids in order to discover whether they contained 

alcohol. At the time of consuming the herbicide, the 

evidence suggested that she was intoxicated and thus death in 

this case must be viewed as a result of 'accidental ingestion' 

rather than from. any other cause, and certainly it was not 

primarily related to occupational exposure. 

It is worth noting two other oases of fatal skin absorption 

of paraquat, although neither are related to occupational 

exposure. Both 41 ' 42 involved the prolonged applica~ion of 

the 20 per cent agricultural concentrate directly to the skin, 

including the sensitive area of the scrotum, in order to 

'control' body lice. S11ch misguided 'therapeutic' 

applications can in no way be compared to the situations that 

arise in normal agricultural practice. 

In one case 41 the patient presented with extensive genital 

corrosion and ulceration which was initially claimed by the 

patient to have occurred following an accidental spillage of 

pa.ra.quat concentrate at the time of a weed spraying operation 
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three days before. FortUDately, the authors of the report bad 

doubts as to the reliability of this history and further 

questioning elicited the true facts. The patient •revealed 

that he had intentionally applied the chemical to his under-

wear so that it would remain in close contact with the 

genitalia as a treatment against phthirus which he claimed 

to have bad at the time' • He died following the development 

of respiratory complications. 

42 
The other case was· ver:r similar. Here a man applied the 

concentrate to his beard and scalp to rid himself of lice. 

A friend had advised him that 'the medicine (pa.raqua.t) was 

very good for killing insects' • Three days later he was 

admitted to hospital with his face and scalp covered with 

infected sores and blisters. He died six days after he bad 

applied the para.quat to his skin. 

On the other hand, that a fatal outcome following extensive 

skin contamination is not inevitable, is illustrated by a oase 

in which a small child who had played with a pool of spilled 

'Gra.moxone' develol'Sd extensive akin da.ma.ge 
43• Within six 

to eight hours after the incident, an erythematous rash with 

blistering developed on one thigh and both bands, but healing 

took place with no systemic complications. It is likely that 

prompt action prevented any significant percutaneous absorption. 

2. 3 .4. INHALATION 

It is not surprising, in view of the prominence of lung 

pathology in cases of paraqua.t poisoning, that concern has been 



expressed about the possibility of pulmonary damage developing 

in spray operators exposed to paraquat. Some authors have 

claimed this to be a genuine risk in spraying operations, but 

the bard evidence is remarkably slim and, as will be discussed 

in detail later, technical considerations virtually rule it 

out as a practical possibility. Malone and his colleagues 3l 

nonetheless reported a case of a 46-year old man who was 

spraying paraquat in windy weather, oondi tions alleged to 

increase the risk of inhalation. About four hours after the 

spraying he developed symptoms of nausea and vomiting and six 

days la tar there was evidence of minor renal damage with traces 

of pa.ra.qua. t in the urine five and eight days after spraying. 

~erial chest X-rays were normal and recovery was uneventful. 

Malone believed the cause of the symptoms was inhalation of 

paraquat droplets and absorption through the ~spira.tory tract, 

but the clinical details suggest that ingestion would be a · 

more likely cause. 

Similarly, Peoples, Maddy and . Riddle 25 have ·reported a number 

of cases of non-fatal and usually transient illness which 

they associate with 'inhalation experience' • In one case, 

for example, they report tha. t a driver of a spraying rig 

• inhaled' pa.raqua. t spray due to the wind blowing it into the 

cab. Shortly after this incident he began to develop 

shortness of breath and nausea. Re was seen by a physician 

who diagnosed 'paraqua.t poisoning' and was given symptomatic 

treatment only. Symptoms subsided rapidly and he was 

assigned to other work. As had been indicated earlier, most 

or the cases described in this report experience symptoms that 
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bear little relation to the toxicity of paraquat, snch as 

paraesthesia, lightheadedness, abdominal cramps, wheezing etc. 

It is just possible that the various formulation adjuvants 

could have been responsible for these symptoms, but to report 

these cases as 'paraquat poisoning' from inhalation can only 

be viewed as spurious. 

Mention should be made, also, of the reports from France 44' 4 5 

in which cases have. been reported as 'intoxication par voie 

respiratoire'. Conso 45 reported sixteen such cases, but the 

grounds for considering them to be cases of poisoning by 

inhalation are not at all clear. fersonal discussions with 

Mme. F. Conso and her colleagues at the Hopi tal Fernand-Widal 

in Paris failed to elucidate the criteria used for their 

classification. It would appear, however, that the oases 

reported were in fact of respiratory symptoms associated with 

pa.ra.qua t spraying and without a.ey genuine evidence of cause and 

effect. Indeed, the circumstances of some of these oases make . 

respiratory uptake most unlikely, although this group of workers 

oont~ue· to express this possibility in spite of the wealth of 
.. 6 

evidence against it 4 • No~theless, these oases have become 

incorporated into the literature on the subject as poisoning follow• 

ing the inhalation of paraquat. 

In this regard, it is worth reporting a fa. tal ease of pesticide 

poisoning which was claimed to be related to inhalation of 

para.qua.t spray, but for which other explanations are equally, if not 

more, applicable. The writer came to be associated with this 

case after the death of the patient. 

73 



The patient was a middle aged male farmworker who · 

regularly used 'Gramoxone' and an unspecified organo­

phosphate insecticide using a standard knapsack 

sprayer. Such a mi.xtu:re is most unusual and not 

in fact sui table for normal use in agriculture or 

horticulture. The strength of the spray solution 

was not discovered. A few hours after spraying, the 

patient developed severe diarrhoea with abdominal 

cramps and tenesmus. There was also some nausea. 

and vomiting together with dysuria and frequency. 

He was admitted to the local hospital, but no 

investigations were undertaken for two days, by 

which time the patient was markedly dyspnoeic 

with some cyanosis. On examination, orepitations_ 

were heard at both lung bases, and a chest X-ray 

showed extensive pulmonary oedema.. The :pa. tient' s 

course was steadily downhill and he died 30 days 

after admission in cardio-pulmonary failure. At 

no time were urine or blood estimations for paraquat 

undertaken nor estimations of erythrocyte or plasma cholines­

terase in view of the involvement with organo-phosphates. 

The post-mortem examination included no tissue 

para.qua.t estimations, but the lungs showed 1dif'fuse 

fibro-productive interstitial pneumonitis' together 

with 'extensive &l:'eas of' bronchiectasis and infiltration 

compatible with a previous history of chronic bronchitis' • 

The heart showed moderate right sided hypertrophy. The ga.stro­

intestinal tra.c.t showed no evidence of' ulceration and there 
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was only mild renal congestion and fatty infiltration 

or the liver. 

The circumstantial evidence could incriminate pa.raquat as the 

causative agent in this man's fa tal lung disease, but the case 

raises ma.n:y- questions. or these the most important re la tee 

to the symptomatology. The acute gastro-intestinal upset is 

most atypical or paraquat poisoning and would in any case be 

unexpected if the route of entry was via the lung, since 

para.quat only acts on the gut as a direct irritant and there 

was, .f'urthermo:re, no evidence of this at post-mortem. 

Again, no urinary or blood. estimations or paraqU.at were 

undertaken, so that there is no evidence that pa.raquat was 

actually absorbed. Indeed, the clinical pio"t1n'e, with 

abdominal cramps, nausea, vomiting, diarrhoea. and subsequent 

pulmonary oedema. is more akin to organo-phosphate poisoning 

then it is to pa.raqua.t intoxication. This case has been discussed 

in detail as a good example of the danger of jumping to 

conclusions on the basis of insufficient data.. Although 

recorded as a case of occupational pa.raquat poisoning 

following inhalation or spray, the actual evidence to support 

this diagnosis is fiimsy indeed. 

47, 48 Recently, two further reports have appeared suggesting that 

inhalation of nebulised paraquat can occur under nol.'m9.1 working 

oondi tions and give rise to pulmonary symptoms. Eoth reports, 

however, are strictly anecdotal with no supporting data. and, 
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as will now be discussed, the weight of evidence militates against 

the possibility of significant paraquat inhalation in normal 

agricultural practice. 

On the assumption that both systemic poisoning and direct 

lung damage can occur as t~e result of inhalation of pa.raquat 

in occupational use, some animal experimental work has been 

carried out. Several hours' exposure to concentrations of 

pa.raquat in the order of 1.0 mg/m3 in aerosols containing mo:re 

than SO% by weight of droplets between 2. 5 and 5. 0 micron 

diameter produced severe bronchial irritation 4 9. The 

effects, however, were all local and it was not found possible 

to induce a pulmo~ fibrosis by exposure to inhaled paraquat. 

More recently at very high exposure levels (200 mgm in 134 

litre chamber over 2 hours for up to 5 exposures per week) 

localised lung changes were induced in rats 50 , but such 

exposures could not be paralleled by the most extreme working 

conditions. 

The real point at issue, however, is whether there is any 

real possibility or inhaling material in sufficient 

quantities to do damage as the result of normal spraying 

operations. The upper limit of respirable size (i.e. capable 

of penetrating to the alveoli) is now generally put at 

5 microns 51• 

Two trials have shown that standard spraying equipment fails 

to produce significant levels of droplets in this respirable 
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range of less tha.ri 5 micron diameter. The first of these 

trials was a careful characterisation of the droplet spectrum 

of standard knapsack spray jets of the 'swirljet' and 

'polijet' type to which reference has already been made 35. 

The results demonstrated that the respirable fraction 

produced by agricultural sprays of this type is only of the 

order of 0.001% of the total spray volume and even the 

vol~etric amount of sub 16 micron droplets is very small. 

It was also shown tba t the volume of droplets actually reaching 

the operator's breathing area represented an insignificant 

fraction of the total spray volume. It was found that under 

static trial conditions the concentration of paraquat in the 

air was unlikely to exceed 50 mgfm3 and on average would be 

more likely to be of the order of 10 mg/m3• These conditions 

were slightly artificial and results obtained from field 

conditions would give a better picture. Under field 

cond.i tions the maximum concentration. of pa.ra.qua.t to which an 

operator would be exposed at recommended dilution rates was 

found to be in the order of 12 mgfm3• Even if as much a.s 

50% of this amount were in the form of respirable sized 

droplets, ·it would still represent an inhalation dose incapable 

of producing serious effects, particularly when these figures 

are compared with the levels ~sed for animal experiments quoted 

above. Similar results were reported by Staiff et al 34 in 

a trial using spray dilutions of O.l~fo paraquat ion, although 

with different equipment. In neither trial was :paraquat 

detected in· the urine of the spray operators with a detection 
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limit of 0.02 ppm. Staiff in fact calculated that based on 

the demal LD
50 

of 80 mg/kg quoted by Kimbrough and Gains 33, 

the combined potential dermal/respiratory exposure obtained 

would represent only 0. 06% of a 'toxic 1 dose per hour of 

exposure. Furthermore, the maximum recorded air concen­

trations of 12 mg/m3 found by Hogarty 35 under normal field 

conditions are only a fraction of the currently accepted 

Threshold Limit Value for airborne paraquat contamination of 

3 52 100 mg/m • It has been shown by Litchfield et al that 

there is no organ accumulation of paraquat at these low levels 

of absorption. It may be concluded that the inhalation of 

drOplets in normal agricultural spraying practice does not 

represent a significant hazard to health and inhalation of 

toxic chemicals is only likely to be a problem wi. th compounds 

of high vapour pressure, such as organo-phosphates. 
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2. 4. INVESTIGATIONS OF OCCUPATIONAL EXPOSURE 

The foregoing survey of the available evidence in the 

published data would indicate, as already suggested, that 

the degree of risk associated with the use of paraquat in 

normal agricultural practice is negligible. Nonetheless, 

certain gaps exist in available knowledge and this is 

especially true in relation to long te1'tn exposure, either in 

formulation or in agriculture, in which special risks might 

arise through repeated exposure. Furthennore, as the evidence 

of fatalities through percutaneous absorption would indicate, 

there appears to be a relationship between the degree of risk 

and the concentration of paraquat to which an individual is 

exposed. This is of particular importance in view of the 

increasing use, especially in developing countries, of low 

volume-high concentration spray applicators such as the 

Micron 'Herb!' • Accordingly, three studies were undertaken 

to look at: 

1. the possible problems associated with formulation; 

2. the possible problems associated with long term 

spraying, and 

3. the relative risks of high and low volume spraying 

techniques. 

2. 4.1 •. FORMULATION WORKERS 

This study was designed to look specifically at workers with 

significant and continuous exposure to paraquat for several 

years in order to determine whether such workers develope.d 
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chronic clinical problems with particular reference to the 

incidence of chronic skin conditions. This work has already been 

published 4• 

METHODS 

(a) Population 

Two groups of workers involved in the fol3UUla.tion of para.qua.t 

based herbicides were selected for study. It is generally 

agreed that workers involved in the continuous manu£acture and 

formulation of agricultural chemicals are likely to have a 

greater degree of exposure than those using them in the field, 

such as farmers and spray operators, whose exposure in 

temperate climates is usually intermittent, often infrequent 

and who also use many types of pesticides making any effects 

which may occur difficult to interpret. The first group of 

workers consisted of 18 men a. t the ICI Plant Protection 

Division formulation plant at Yald.ing in Kent.· Eight members 

of the group bad worked only with solid fol.'mUl.ations of 

pa.ra.qua.t involving exposure to dust, seven bad handled 

concentrated liquid formulations only and had been faced with 

problems of spillages and splashes, and three workers bad been 

involved with both types of formulation. The mean age of the 

group was 44.7 years (range 22-61 years) and the working week 

was 37~ hours, to which may be added a variable degree of 

overtime, likely to be about 10 percent. The length of time 

from first exposure varied from 1 year, 4 months to 12 years, 

6 months (mean 5 years, SD 3. 0) • 

Partial protective clothing was wor.n which consisted of 

overalls, rubber aprons, rubber gloves, rubber boots and caps 
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-
and face shield or goggles when handling liquid formulations. 

Overalls, rubber gloves, rubber boots, caps, goggles and an 

approved dust mask were used by those handling solid 

formulations. 

The second group of workers a.l.so consisted of 18 males from 

the Chemical Company of Malaysia formulation plant at Kelang, 

Malaysia. This group of workers was of mixed race, mainly 

Malay with some Indian and Chinese, with a mean age of 29 years 

(range 2 3-39 years) • They were involved only with liquid 

formulations of paraquat and put in a working week of 42 hours 

with overtime, which was again estimated at about 10 percent. 

·The length of time from first exposure was from 6 months to 

6 years 6 months (mean 2 years 4 months, SD 1.6). This 

group of workers also wore protective clothing of the type 

outlined above, but with the high ambient temperature and 

humid.i ty of Malaysia, the use of goggles and rubber aprons was 

frequently neglected and gloves also were commonly not worn• 

The details or these two groups is set out in tables 2. 2. and 

2.3. and the pattern of exposure in table 2.4. Unfortunately 

production figures are not available, but it is known tba.t the 

amount of pa.raquat handled in the two plants per year is very 

considerable and may be measured in tonnes of ion. 

Liquid formulations or paraquat contain either 20 or 10 percent 

or paraquat ion, together. with a variety of wetters and 

stabilisers. Some formulations also contain other herbicides, 
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Su'bject Sex Ae;e Eth..'Lic Total PQriod Length of tir::e Fo::-:rulation 
(yea:::-s) group of e:c:po.3U!"e ..fro::n first handled 

to paraquat e:cpOS"..L.""e ~0 

pa.raqU?.t 

1 !1 22 Cauc. 1yrd mths 1 ";t'"r 4 mths s 

2 }I 23 Cauc. 2 yrs 2 yrs s 

3 11 43 Cauc. 2 yrs 6 oths 2 yrs 6 mths s 

4 H. 24 C<>..uc. 3 yrs 3 yrs S,L 

5 M tt9 Cauc .. 3 yrs 3 yrs s 

6 M .:13 Cauc. 3 'J'TS 3 yrs L 

7 11 46 Cauc. 3 jTS 3 yrs L 

e M 51 Cauc. 4 y:::-s 4 yrs s 

9 }1 55 Cauc. 4 yrs 4 yrs L 

10 M 61 Cauc. 4 yrs 4 yrs S,L 

11 M 49 Cauc. 5 ~'""J:S 5 yrs s 

12 11 27 Cauc. 3 yrs 6 mths 5 yrs 6 mt:1s s 

13 M 58 Cauc. 5 yrs 6 yrs L 

14 11 48 Cauo. 7 yrs 7 yrs L 

15 M 55 Cauc. 8 y-rs 8 yrs S,L 

16 M 61 Cauc. 8 yrs 8 yrs L 

17 11 29 Cauc. 10 y-::s 12 yrs L 

18 11 60 Cauc. 12 y-rs 6 mth3 12~ 6 mths s 

S ~ Solid for.rrulations of pa=aQuat 

L a Li~uid fo~uations of paraquat 
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.S1.::~j~ct Sex Age Eth..'"'-.ic Total pa:-iod. Length of time Fo:::::r..lla ticJ) 
(years) group of exposure from fi:::st b.nd1ed 

to :paraq,u.."J. t expo:-:u.re to 
:paraq_uat 

1 M 39 l~lay 6 cths 6 cths L 

2 11 30 Chir!ese 1 ~ ..... .:J.>.. 1yr: L 

"% 1·~ 27 J.!,.'\lay 2 yrs 2 yrs L / 

4 }I 32 Ha.1ay 2 y-r:s 2 yra L 

5 M 30 !ndi:.:!..."l 3 yrs 3 yrs L 

6 .. ~ 
J.. ;;. India.."l 3 y:;::s 3 yrs L 

1 M 24 Indian 7 mths 3 yrs L 

8 M 37 l·:a.lay 3 yrs 3 yrs L 

9 }! 34 Chinese 3 Y=3 3 yrs L 

10 I1 24 M-1.1ay 8 mths 3 y:rs 6 rnths L 

11 M 23 }!?...1<:~-y 3 yrs 6 mths 3 yrs 6 mths L 

12 M 23 Ha lay 4 yrs 4 yrs L 

13 M 23 I·hlay 1yr 3 mths 4 yrs L 

14 M 28 InC.ian 4 yrs 4 yrs L 

15 }~ 27 l1a1ay 8 mths 5 yrs L 

16 11 32 1-!alay 6 !!lths 6 :rrs L 

17 H 31 1~lay 2 yrs 6 yrs L 

18 !1 25 1-!a.l?-y 6 yrs 6 oths 6 yrs 6 mths L· 

. L = Liquid for.:ua1ations of paraa_ua.t 
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l-ength of ti::e YAL"DETG KEL.!.21G TOT!L 
from first 

e.xposure to No. of ~~ of N'o. of %of No. of %of 
para quat workers group workers group workers total 

:-:o~ t~"'l 

10 years 2 11.1 2 5-5 

8-10 years 2 11.1 2 5·5 

5-7 years 4 22.3 4 22.3 8 22.3 

less than 
5 years 10 55·5 14 11·1 24 66.7 

Totals 18 100 ·18 lOO 36 100 



including the other commonly use bipyrid.yl, d.iqua.t •. 

Exposu:re to pa.raqu.at is most likely to occur in charging the 

system or at filling out, ~r when a blockage in the system is 

cleared. The solid fomul.ations of pa.raquat contain ·2. 5 

percent of paraquat ion (plus 2. 5% diquat) and exposu:re was 

highest when freshly produced granules were removed from the 

drying trays. Considerable amounts of dust were produced in 

the dry"ing process and in the early days of formulation the 

level of housekeeping was not always satisfactory. These 

problems have now been overcome by total enclosure of the 

formulation process and the use of extraction ventilation where 

the sachets are automatically filled and sealed. 

(b) Survey 

The medical records of both groups of workers were examined. 

These record all significant episodes of ill health, sickness 

absence and any accidents or injuries. A questionnaire was 

applied by the medical staff of the plant which included 

previous employment history, exposure to other pesticides, past 

medical history, concentrating particularly on any history of 

skin, respiratory tract or gastro-intestina.l condi ~ions, 

together with smoking babi ts and other addictions. The 

clinical examination was directed particularly towards any 

evidence of chronic skin conditions. It was not possible at 

the time this study was undertaken to perform tests of alveolar 

diffusion, although these were carried out in a subsequent 

study or spraymen. 

RESULTS AND DISCUSSION 

The incidence of clinical problems associated with exposure 

85 
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to paraq~t is set out in table 2. 5. The occurrence of 

numerous episodes resultant upon direct contact with 
. . 

paraquat indicates a degree of significant exposure in both 

groups of workers. 

There were a number of acute skin rashes, burns and eye injuries 

at the Kelang plant, and this may reflect the lower level of 

safety consciousness amongst the Malaysian workers. Skin 

contact with paraquat usually produced a delayed caustic effect 

consisting of erythema with occasional formation of bullae. 

In most cases healing was normal, although in one 

case with severe scrotal inflammation through careless spillage 

of paraquat concentrate healing took over two weeks. Eye 

splashes were followed by intense conjunctivitis with 

blepharospasm and la.cryma tion. In none of these cases, 

however, was there any evidence of permanent damage to skin, 

conjunctivae or cornea, nor was vision impaired in any case. 

The particular problem among the workers handling solid 

formulations was the occurrence of occasional epistaxes. In 

the majority of cases the phenomenon was encountered within 

the first week or so of working with the solid formulation 

and thereafter the incidence of epistaxes fell off rapidly. 

In no case was there frank bleeding and the invariable complaint 

was frequent spotting of the handkerchief with blood after 

blowing the nose. 

'l'he only two conditions found in these workers which could be 

called chronic effects of paraquat exposure were the occasional 

complaints of blepharitis and the phenomenon of delayed healing. 

Blepba.ri tie was reported by only three of the thirty six 

8 (j _· 
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workers and in each case it was very mild. Symptoms 

subsided rapidly after removal from work. Delayed healing 

manifested itself as a failure of small lacerations and 

abrasions to heal spontaneously in the usual time. Small 

wounds tended to remain open for several days with the 

increased risk of infection. Only four of the workers 

complained of this problem, three of whom had handled the 

solid formulations. The problem resolved as soon as the 

worker was removed from exposuxe to paraquat and the condition 

appears to be a function of skin contamination and, as such, 

probably reflects lack of hygiene. 

Examination of the skin of all workers provided no evidence of 

the development of chronic skin conditions following exposure 

to paraquat. HYPerkeratosis has been described following 
53 . 

exposure , but none of these two groups of workers showed 

any evidence of this type Qf lesion, ~or did they show any 

eczema.tous lesions. No allergic tYJ?e rashes were found, nor 

was there any history among these workers of allergic 

manifestations to paraquat. Although this stu~ did not isolate 

control groups of workers not exposed to paraquat, the medical 

records of all workers were available and apart from the usual 

distribution of various clinical conditions, ''-hich appeared common 

to all workers, especially upper respiratory tract infections 

at both plants and mild gastro-intestinal upsets at Kelang, 

there was no other clinical evidence of chronic ill health 

amongst these men following prolonged exposure to paraquat. 

Further none of them attributed any illness, apart from the 
' 

acute episodes, to their work. 
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2.4.2. LONG TERM PARAc:>pAT SPRAYniG 

In order to investigate the real degree of risk associated 

with the long tenn spraying of paraquat a group of workers on 

Malaysian plantations was studied. The spra.yworkers in the 

study had used large quantities of paraquat for considerable 

periods of time and the study was designed to estimate the 

degree of genuine exposuxe under normal working conditions, 

and also to determine whether such long-term spraying has any 

measurable effects. To this end the spra.ymen were compared 

with two control groups. . One was a group of general workers, 

some of whom occasionally may work in areas recently sprayed, 

and the other was a group of latex processing factory workers 

who had received no known exposure to paraquat in the course 

of their ~ork. The clinical aspects of this study have been 

6 published • 

METHODS 

(a) Population 

The workers studied were drawn from six rubber and oil palm 

estates in Melaka and Negri Sembilan States of Peninsula 

Malaysia as a result of the ready co-operation of Dunlop 

Estates Sdn. Bhd. From the standpoint of any epidemiological 

studies, Malaysia has the advantage over mallY areas in enjoying 

tropical rainfall conditions which ensure weed growth 

throughout · the year. Consequently, spraying programmes 

continue throughout the year so that spraying continues on 

a daily basis, rather than the intel.'mi ttent seasonal type of 

spraying which is characteristic of temperate climates. 

Fu.rthermore, the rubber and oil palm estates are virtually 

unique in that there is almost no insecticide spraying and 

it was thus possible to isolate a group of spra.yworkers 

·~ 

•· 



who had sprayed only herbicides, of which the 

predominant chemical was paraquat. It is worth noting 

that paraquat is probably the major herbicide used throughout 

South East Asia, and particularly in ~.alaysia. As a result, 

the sprayworkers not only use considerably larger quantities 

of paraquat each year than those in temperate climates, but 

this is used on a continuous basis and the spra.ymen are also 

free from the problem of mixed exposu:re that is usually met in 

Europe a.nd USA where spraymen will handle a. large variety of 

different types of pesticide (herbicides, insecticides, 

fungicides, etc.) in the course of a year. No spra.ymen 

were included in this study who were from those estates _w~ere 

insecticides and other pesticides (such as fungicides) were 

used. This excluded estates which were being developed for -

cocoa bean production on which insecticides are used 

extensively. 

Two control groups were chosen ·and consisted of general 

plantation workers and latex factory workers. The original 

intention had been to use two groups of estate workers as 

controls, one of rubber tappers and oil palm harvesters and 

the other of general manual workers. It was discovered, 

however, that some of the tappers and harvesters had been 

employed in spraying operations a.nd ba.d, therefore, to be 

excluded. Because of this and the small number of general 

workers available, it was decided to consider both tappers and 

harvesters together with the general manual workers as.a 

single control group (called general workers) • The study 
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was limited to male workers as there were very few female spray 

operators and their data contained too little information 

for formal statistical analysis. 

The following criteria were used in selection. Spraymen 

were defined as those who bad sprayed a minimum of 1,000 bra. 

General workers were defined as those plantation workers who 

had no history of spraying and were employed in a variety of 

manual duties such as tilling, weeding, tapping and harvesting. 

Some members of this group bad received minimal exposure to 

paraqua t as a result of working in areas of the plantations 

in which spraying bad recently been completed. 

The factory workers were those employed on the estate 

'factories' whera the raw latex is given initial processing to 

prevent· bacterial decomposition and render it fit for travel. 

Two highly irritant chemicals are used in this process; 

formic acid and ammonia. Ambient concentrations, however, 

rarely reach levels that produce irritation of mu.cuous 

membranes. Occasional spillages occur, but these rarely 

produce problems as workers wear rubber aprons, gloves and 

boots. None of these workers bad any known occupational 

exposure to para.quat. All three groups bad similar social 

backgrounds and resided together in the same estate villages. 

The workers normally worked an eight hour day for six days per 

week, with two weeks leave each year and a.n allowance of two 

weeks sick leave. As a result of this selection, the three 

91 
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groups finally consisted of 27 spraymen, 25 general workers 

and 23 factory workers. An analysis of the age and racial 

structure of the whole group is given in table 2. 6. 

(b) Exposure to Para.guat at \vork 

The spraying history of each sprayworker was obtained at a 

preli m; nary interview which also recorded the extent of any 

protective clothing worn during spraying operations, together 

with any episode of ill health attributable to occupation such 

as skin rashes. These were later cross-checked with individual 

medical records. The total amount of paraquat sprayed per 

year on each estate was obtained from company records, and by 

combining these figures with the spraying record of each man 

it was possible to produce an estimate of the amount of pa.raquat 

each bad usei. Paraquat is normally sprayed on the estates 

at a rate of approximately 0.196 paraquat ion, frequently in a 

tank mix with diuron and mono-sodium methane arsenate and also 

one of the phenoxy alkylates to ensure a wide spectrum of weed 

control. Workers generally did not wear any protective clothing 

during spraying operations. The normal dress consisted of a 

shirt, singlet, underpants and cotton trousers. These were 

usually tucked into the socks when working. Footwear varied 

from rubber boots to canvas or leather shoes or even open 

sandals. Table 2.7 shows the amount of protection used. 

Spraymen regularly showered after work and changed their 

clothes, but rarely bothered to wash off minor splashes and 

only infrequently washed before' eating when in the field. 

Work clothing was only infrequently laundered. 
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TABLE 2. 7 DEGREE OF PERSONAL PROTECTION USED BY SPRA'YMEN 

TYPE OF PROTECTION No. 

Overalls or plastic apron 
with rubber boots 1 3-7 

Rubber gloves with rubber boots 2 7-4 

Rubber boots only 8. 29.6 

Rubber gloves only 1 3·7 

No protection used 15 55.6 

27 lOO 



Conditions varied slightly from estate to estate. However, 

in all cases the terrain consisted of low hill country with 

gentle undulations. Rubber and palm trees were laid out in 

uniform contour planting with secondary growth developing 

between. This consisted of a mixture of grasses, ferns and 

perrenial broadlear weeds, which at times could be as high as 

120 cm, although usually about 45 to 90 cm in height. This 

meant tba t as the spraymen walked forward into the sprayed 

area there was potential de~l contamination from spray 

'run-off' to· waist height. Measurements were made or 

the extent or potential dermal and inhalational exposure in 

a series or environmental monitoring procedures (see below). 

Either Saval or Birohmeier knapsack sprayers were used, with 

standard flowjet, solid cone or 'polijet' nozzles. 

A further source or potential exposure came at the first stage 

or mixing. Mixing procedures varied from estate to estate. 

In some, all mixing ~s done centrally at the chemical store 

in· large tractor drawn tankers and the pa.ra.qua. t concentra. te 

was handled under very well controlled conditions. The dilute 

spray solution was transported around the estate as and when 

required. On other estates, however, the concentrate was 

diluted on the field using water dispensed from a transportable 

tank (fig 2. 5) • Inevitably, even though it was normal 

practice for only one member of the spraying team to be 

responsible for diluting the concentrate, the potential for 

spillages and other accidents was much greater in the field 
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FIG. 2.5: FIELD MIXING OF AGRICULTURAL CONCENTRATE 

Photo: the author 



than under the more easily controlled conditions at a 

central chemical store. 

(c) Clinical Examination* 

All the workers were given a full clinical examination 

with particular attention being paid to respiratory 

system and skin. 

(d) Clinical Measurements 

The workers were all examined at a central site, one of the 

Estate hospitals and at approximately the same time, between 

10.00 and 12.00 hours on several succeeding days. Blood was 

taken for haematological examination, liver and renal function 

tests, using standard venepuncture technique from the ante-

cubital vein. Plain tubes were used for blood for liver 

function, heparinised tubes for renal function tests and 

Sodium EDTA was the anti-coagulant for the baematological 

specimens. All containers were stored in ice and transported 

to the laboratories in Kuala Lumpur (90 miles away) within 

three hours of specimens being taken. f'.easurements were 

completed by 16.00 hours the same day. The following indices 

of normal function were used: 

(i) Respiratory function Ventilator,y function was measured 

by FVC, FEV and FEV% using the standard 1Vitalograph' 
1 1 

Spirometer and digital display meter. Three readings 

were taken on each subject and the highest value 

achieved was used. Transfer factor (DCO) , as an 

* Clinical examinations were undertaken by Dr. N .N. Saba.pathy 
(Chief Medical Office~, Dunlop Estates, Melaka). 
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estimate of alveolar diffusion, was measured by a 

single breath method, using the Hewlett Packard 47404A 

Single :Breath Carbon l1onoxide Diffusion System. The 

higher of two values was used. 

(ii) Liver function* This was determined by estimations of the 

activity of the following enzymes,· using the Hycel Super 

17 Auto analyser : Serum alanine aminotransferase (ALT) 

using L-alanine and ((-ketoglutarate as the substrata 

and acidic 2, 4, dini trophenyl hydra.zine as the colour 

reagent. Serum aspar.ta te aminotransferase ( AST) , 

~ing L-aspa.rtate and ex:- ketoglutarate as the substrata 

and Fast Violet :B as the colour reagent and alkaline 

phosphatase (ALKP) using magnesium thymolphthalein 

monophosphate as the substrata and the addition of alkali 

to induce the colour :reaction. 

(iii) Renal function* An estimate of renal function was made 

by the determina. tion of blood urea nitrogen using the 

dia.cetyl/thiosemicarbazide colorimetric method with the 

HYcel Super 17 auto analyser and the determination of 

serum creatinine using a manual endpoint colorimetric 

method with picric acid. Urine albumen tests were also 

performed simply at the time of the initial clinical 

examination by the semi-quantitative Ames strip method. 

(iv} Raematologr* Haemoglobin estimations were made by the 

calorimetric cyanmethaemoglobin method using the EYcel 

MOdel 700 automated counter which also gave red and white 

* Laboratory investigations were undertaken by Dr. H. Kaur 
(Computer Med Lab, Kuala Lumpur) 
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cell counts, PCV, r1CHC, l1CH and MCV. The differential 

white cell count was performed manually after. staining 

the blood slide with Leisbman's stain. 

(e) Environmental Measurements* 

In order to obtain a measurement of the dermal and respiratory 

exposure of the spray operators, four groups of male spray 

operators were randomly selected and measuxements were under-

taken during a typical working day. 

(i) Dermal Exposure This was measured using a modification 

of the standard ¥/HO protocol 54 • Dennal exposure pads, 

consisting of polythene backed Whatman grade 542 filter 

papers with a surface area of 80 cm2
, were applied to the 

skin (if directly exposed) or clothing at the following 

sites: 

Left arm: mid-forearm 

mid-upper arm . 

Left leg: mid-lower leg (or below knee if boots worn) 

mid-thigh 

Trunk: over sternum 

'V' of neck 

lower back beneath knapsack container 

Head: forehead 

* The aotua.l environmental sampling was carried out by G. Chester 
and pa.raquat analysis of samples was undertaken by J3.H. 'Yloollen, 
both of ICI Ltd., Central Toxicology Laboratory, Alderley 
Park, Cheshire .. 
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The pads were removed at the end of the spraying 

operation and stored individually in polythene 

containers for transpo~ to UK for paraquat estimations. 

, (ii) Respiratory exposure was measured using standard 

Rotheroe-Mitchell L25F personal air samplers, operating 

at a now rate of 2 li tree min -l. The sampling heads 

were in the sprayman' s breathing zone. Paraqua. t aerosol 

was collected onto \ihatman Number 1 or 542 filter paper 

in the sampling head. These filters have collection 

efficiencies·of lOO% for particle sizes down to 2 micron 

diameter. In addition urine samples were collected 

from each spra.yman each day immediately after spraying. 

Samples were stored on ice in individual polythene 

containers with azide preservative pending analysis for 

paraquat. 

(iii) Paraauat analysis The radio-immunoassay method deve~oped 

by Levitt 55 was used for the estima.tion:of pa.raquat in 

the urine samples and on the filters from the personal 

air samplers. The filter papers used for the estimate 

of dermal contamination were analysed using a modification 

of . the method of Calderb~ and Yuen 56 • In this method 

pa.ra.qua. t is extracted from the sample by sha.king in 

saturated ammonium chloride and the extract mixed with 

sodium di thioni te. The amount or paraquat present is 

calculated from the absorbance of this solution at 600 nm. 

(iv) Method of' calculation The de:rmal exposure data were 

adjusted to uniform time and extrapolated from 

2 
mgfparaquat ion per 25 cm filter paper to mg/paraquat 
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ion per body part per hour to calculate the dermal 

exposure of individual body parts. The body part 

surface areas given in the vlHO Standard Protocol were 

used for this extrapolation. As these areas have been 

derived for a 70 kg Caucasian they have been reduced 

proportionally to take into consideration the lower 

mean body weight, height and total surface area of South 

East Asians as indicated from the heights recorded in 

Appendix 2.2. In order to calculate the latter, a 

height-area-weight nomogra.m was used 57• The mean 

bodyweights and·heights employed (males only) were: 

weight: 

height: 

male - 60 kg; 

male - 162.5 cm; 

On this basis, the following body surfac.e area was derived: 

for male·- 1.65 m2 ; 

The respiratory exposure data were adjusteP. to mg paraqua.t 

ion per metre 3 ai.r using the sampling rate and times, and 

hence the total volume o.f air sampled. 

RESULTS 

(a) Amount or paraouat used 

Each estate taking part in this study used between 950 and 2050 

li tree of 'Gramoxone ' (the 20% agricul tura.l concentrate) per 

annum depending on area and size of the spray team. This 

represents an average annual quantity of approximately 336 

li tree of 1 Gramoxone' sprayed by each spra.ymen, equivalent of 

67.2 kg pa.ra.qua. t ion. The mean length or time the spraymen 

in this study had worked vas 5. 3 years, representing a mean of 

8,696 actual spraying hours per man. Some workers, however, 

bad been involved in regular spraying operations with paraquat 

since 1966 (i.e. for 12 or 13 years at the time of the study). 
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(b) Adverse responses to paraquat 

There were 11 spra.ymen out of 27 who complained of one or more incidents f. 

of skin irritation/rashes associated with spraying. These 

were commonest on hand, legs. or groin. In the case of 

groin/buttock rashes these were commonly associated with a 

leakjng knapsack sprayer which bad allowed material to run down 

the back and between the legs and buttocks. 11edical records 

indicated that all cases cleared rapidly, usually in a few days, in 

response to local treatment (usually a steroid cream). Although 12 

of the spraymen admitted to having been involved in spillages or 

splashes or material, only one case of eye injury had been 

reported and this had responded :with no sequelae. 

(c) Clinical measurements* 

To test the effect of occupational exposure to paraquat, 

comparisons were made ·between sprayers, general workers and 

facto~ workers for each of the fifteen clinical measurements. 

The significance of occupation was tested with allowance made 

for difference in the distributions of race, age, height and 

smoking history between the three groups. This was achieved 

by fit~ing multiple regression equations with race, age, height and 

smold.n8 history as the independent variables and then by re­

fitting the equations with occupation added as a further 

independent variable. The decrease in the residual sum of 

squares thus achieved was tested for significance using an 

F-test. Details of the independent variables used and the 

regression equations fitted involving all variables are given 

* The statistical calculations were undertaken by P. Anne Whitehead 
(Statistician, ICI Ltd, Plant Protection Division, Bracknell, Berks) 



in Appendix 2.1, and the full results used in the study are 

set out as Appendices 2.2, 2.3 and 2.4. 

Estimates of the effect of occupation on the clinical measurements can 

be obtained from these regression equations. For example with FVC, 

then if a sprayer, general worker and factory worker had the same 

race, age, height and smoking history, then the sprayer would be 

expected to have an FVC value 0.139 higher than the factory 

worker, 0. 048 lower than the general worker, and the general 

worker 0.187 higher than the factory worker. Tables 2.8, 

2.9 and 2.10 show the estimated values fo~ each of the occup-

ations for Malay, Indian and Chinese males aged 30 years., 

height 162.5 cm and non-smokers. The tables show the 

significance of the differences between the occupa{ions (the 

probability level for the F-test). The standard error 

(person) is a measure of the deviation of an actual observation 

from the regression equation. The tables also show the 

probability level for the test of significance of the 

occupation. The Lowest Significant Diffe~nce (LSD) P • ~ 

is given when differences between occupations are significant at the 

5% probability level. If the estimates for two groups of workers 

differ by more than the LSD then this suggests a significant 

occupational effect. 

No significant differences could be demonstrated for the 

respiratory or haematological indices. However, significant 

differences were found for both liver and renal measurements 

and in each case it was the factory workers who differed from 

both spraymen and general workers. :Both levels of serum 
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creat~e and blood urea nitrogen ~rere significantly higher 

in this group, as was also the level of serum ALK activity. 

The level of serum ALT activity, however, was significantly 

lower in factory workers than the other two groups. All 

group means, however, fell within the levels quoted as normal 

by the laboratory undertaking the estimations. 

Further investigations into the effect of spraying on DCO 

and Hb estimations were carried out by correlating the 

residuals of both DCO a.nd Bb from the regression equations in 

Appendix 2.1 with log total number of spraying hours. In neither 

case was the correlation statistically significant. All values 

relating to erythrocytes were lower than corresponding 

Caucasian values. 

Age and height were significant variables with FEV 
1

, ·and FVC 

measurements and age was a significant variable in respect of 

FEV% and DCO values. A ra.cia.l trend appeared to exist with 
1 

DCO values, Indians showing slightly lower values. The mean 

values and range, however, were comparable with figures 

obtained from 'no:rmal' Caucasians. 

Smoking did not appear as a significant variable in the 

respiratory measurements, which almost certainly is to be 

related to the fact that of the 74 gubjects only 9 smoked more 

than 15 per day, and ~nly 2 more than 25 per day. ;o were 

non-smokers and 22 smoked between 1-10 cigarettes per day. 

(d) Environmental measurements 

(i) Dermal e;poem.-e The calculated dermal exposurer for the 

spray operators are shown in table 2.11. Individual body 



parts have been separated into two categories according 

to whether they '\trere clothed or not. Two estimates of 

total exposure are given. The first is a summation of 

individual exposures of unclothed areas (i.e. those body 

parts such as hands and head not normally covered), which 

is the recommended procedure given in the l:IHO Standard 

Protocol. The second is a summation of unclothed and 

clothed body areas and is recorded as a potential total 

exposure. Similarly, two estimates of dermal dose are 

given. The distinction has been drawn because the 

former in~erpretation assumes that the clothing worn by 

a spray worker affords him a measure of protection from 

dermal contamination with sprayed pesticide, whereas the 

.latter allows estimation of the total potential exposure. 

The second figure is important in view of the ready 

permeability of cotton materials worn in South East Asia 

to water soluble pesticides. 

There were large differences between unclothed total and 

overall total exposures for each spray operator (table 

2.11). The mean unclothed exposure was 2.48 mg paraquat 

ion per hour of spraying with individual variation from 

zero to 12. 3 mg :pa:raqua t ion per hour of spraying. The 

mean value of 2.48 mg/hour is equivalent to a dermal dose 

of 0.04 mg/k:g/hour. The highest individual direct dermal 

exposure of 12.3 mg,/hour is equivalant to 0.2 mg/kg/hour. 

The mean overall total exposure was 72.04 mg pa.raqua t ion 

:per hour, with individual variation from 12.1 mg/hour to 

1 0 8 ;~·~: 
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162.4 mg/hour. The mean value is equivalent to a dermal 

dose of 1.21 mg,/kg/hour. The highest individual "total" 

exposure of 162.4 mg/hour is equivalent to 2.7 mg,/kg/hour. 

(ii) Respiratory exposure The mean paraquat concentration in 

the air of the sprayman' s breathing zone was calculated 

to be 1.03 ug paraquat ion / m3 (table 2.12). This 

figure represents the total air concentration of paraquat 

and not that occurring as respirable sized droplets which 

would be a much lower concentration, although, in view of 

climatic conditions it is likely that the figure would be 

higher than Hogarty' s 35 estimate of 50?1- of droplets in the 

breathing zone as the maximum. 

(iii) Urine analysis Paraquat residues were detected in the 

urine of six -out of fifteen spray operators (table 2.13). 

The levels are remarkably close to those reported by 

Swan ten years earlier 5 

DISCUSSIO~T 

The results of the e~vironmental measurements indicate that the 

spray worker is exposed to compa.ritively large amounts of pa.ra.quat 

in the course of his work. Actual dermal exposure may be 

considered to lie somewhere between the two calculated extremes 

of 2.1 mg and 63.1 mg para.qua.t ion per hour. Such figures are 

significantly higher than those obtained by Staiff 34 in his 

study of sprayer operators using tractor mounted equipment. 

It is apJ?arent from the results recorded in table 2.11 that the 

greatest potential contamination was on the legs. Hands also 

represented a significant source of possible absorption and in 

further studies of this worker population Chester and Woollen 58 

~.: 

\.) 

·~ 

.. _· 

:~ 
\. 

';~ ~ ... 



D
un

lo
p 

I 
E

st
at

e 

1 2 3 4 

M
ea

n 

SD
 

TA
BL

E 
2

.1
2

 
R

ES
PI

R
A

TO
R

Y
 E

X
PO

SU
R

E 
O

F 
SP

R
A

Y
 
O
P
E
R
l
~
.
T
O
R
S
 

W
or

ke
r 

T
o

ta
l 

P
ar

aq
u

at
 I

o
n

 
p

er
 S

am
pl

er
 F

il
te

r 
(g

) 

3 
0

.6
7

 

4 
0

.6
8

 

3 
0

.4
1

 

4 
0

.1
6

 

1 
0

.2
8

 

2 
0

.2
7

 
... 

1 
0

.2
8

 

-
-

-
-
-
-
-
~
-
-
-
-
-
-
-
-
~
-
-
-
·
-
-

S
am

pl
in

g 
T

o
ta

l 
V

ol
um

e 
o

f 
D

u
ra

ti
o

n
 

A
ir

 S
am

pl
ed

 
(m

in
) 

(1
) 

60
 

12
0 

13
5 

24
0 

20
0 

40
0 

20
0 

40
0 

16
0 

32
0 

16
0 

32
0 

22
5 

45
0 

A
ir

 C
o

n
ce

n
tr

at
io

n
 

3 
( 

g/
m

 
) 

0
.6

7
 

2
.8

 

1
.0

 

0
.4

 

0
.8

8
 

0
.8

4
 

0
.6

2
 

1
.0

3
 

0
.8

 

I I 

.....
 

~
 .... 

-
-

• 
1

r 
• 

~ 
6

.
 
-
-

• 
~ 

. 
·
.
-
.
:
 

-
•
•
 

~ ~ •
•
 · 
-
:
 
~-.

--
-

•
•
•
 -~-

;:~
: _

:
 

-
:
-
:
-
·
 

-~·
·.~

 ---
~~.

~ ~
. ,;

-
_

. 
• 
:
:
.
 ~-5

_-.
~~-

--~
~ ~

 :~
 ~~

-~~
-'~

:~·
~-

~~
t~

~:
-.

;,
~;

~:
;,

 ... ;:.~
:.

 



TABLE 2.13 PARAQUAT RESIDUES m URINE 

Pa:raqua t Residues mg/li tre 
· .. 

Dunlop Estate :· 
I' 

Workers 1 2 3 4 

Spray Opera tors 
,, 

I 

1 0.05 0.08 0.05 0.05 

2 0.05 0.19 0.05 0.05 

3 0.05 0.05 0.35 0.09 

4 0.05 o.os 0.05 -

Mean value (all spraymen) 0.05 mg/litre (SD 0.1) 
Mean value of residues detected 0.14 mgjlitre (8D 0.12) 

Lower limit or detection is 0.05 g/ml 



have shown that hand contamination may exceed that of the legs 

due to careless work practices. Spray nozzles are frequently 

handled in order to align them correctly or unblock them, and 

operators were even observed to wash their hands in the diluted 

formulation in the spray tank after oiling the knapsack 

sprayer mechanism. 

The fact that such exposure was associated with dermal 

absorption was reflected in the urinary levels of para.quat. 

Although these data must be treated with caution as the 

results are little more than 'spot checks', they do bear 

comparison with the figu_~s obtained by swan5• His 

measurements were made on 24 hour specimens, but none the less 

the figures from both studies are in the same order. It is 

thus likely that some of the workers studied have been 

excreting pa:raqua.t in their urine for up to 12 years 

continuously in view of their long spraying history since 1966. 

The minor importance of inhalation as a route for absorption 

was confirmed in this study. The total amount of :pa.raquat 

in the breathing area. was very small, even less tha.n in 

35 
Hogarty' s Irish study • Furthennore, studies on the 

droplet size distribution have demonstrated that the 

percentage of droplets within the respirable range is 

35, 56 
normally less than half the total • Even allowing for 

a higher percentage as a result of climatic conditions, the 

total 'inha.lable' paraquat is an insignificant amount. 

The extent of such a degree of potential exposure over many 
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years has led to concern being expressed about the possibility 

of systemic poisoning arising as a result of normal spraying 

operations. This study failed to show any clinical or 

biochemical evidence of organ malfunction, although claims 

have been made that the lung in particular may be affected 

9 10 by such operations ' • The recent study by Levin and his 

7 eo-workers , to which reference was made at an earlier stage 

of this section, reported reduction in :pulmonary- fUnction, 

particularly in the measurement of alveolar diffusion, as 

a result of spraying with paraquat. This present study of 

workers exposed daily for long periods, using large quantities 

of paraquat, gnd with evidence of paraquat absorption, failed 

to show any differences in lung function between sprayworkers 

and the two groups of controls. The range of values for 

ventilatory function did not differ in the three groups a.nd 

the mean values were not significantly different. The values 

were also in close agreement with the 'no:rmal' values obtained 

in other studies of Asian subjects 60- 62 , suggesting that the 

groups under study represented a 'normal' popu.la. tion. In 

none of the three groups of workers did occupation have any 

significant effect on ventilatory function, although, in 

agreement with all previously published work, FEV 1 and FVC 

values were related to both age and height. As expected, the 

values were consistently lower than those for Caucasians of 

equivalent age and height 63. 

The assessment of alveolar diffusing capacity by the use of 

single breath Carbon Monoxide diffusion measurements (DCO) 

also showed no differences between the three working groups. 

This study, it is believed, is the first time that alveolar 
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diffusion has been measured in such an Asian population and no 

comparisons could be made with previously obtained normal 

values. However, the range of values is very close to those 

reported from studies of Caucasian subjects 64-66 

Concern has also been expressed that exposure to paraquat 

may induce blood changes, in that there is a report of 

isolated instances of blood dyacrasias in cases of clinical 
. 67 

pa.ra.quat poisoning • However, there has never been any 

evidence that exposure to paraquat under normal working conditions has 

had any effects on haematological parameters. In the present 

study there were no significant differences in the three working 

groups. Parameters associated ~th the ~d cell series were 

slightly lower than would have been expected in a comparable 

Caucasian group, but this is a general finding and reflects 

dietar.r habits and the effects of helminth infection (Kaur, 1979, 

unpublished observations), wbic~ were indicated by consistently 

high eosinophil counts in a large proportion of the population 

studied. 

The effects of para.quat on both liver and renal function have 

been observed in severe poisoning following ingestion from the 

68 
very first oases reported Raised BUN and raised levels 

of serum ALKP and AST are regular features even in non-fatal 

poisoning cases. No such abnormalities were found in the 

group of spra.yworkers. However, the .factory workers did show 

some variation of both renal and liver function tests. These 

did not fall outside the range of normal values for the 

laboratory. 

The few instances of local dermal lesions from poor spraying 
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techniques and accidents is indicative both of the high levels 

of training and supervision on the Dunlop Estates. No cases 

of nose bleeding were recorded and only one case of eye 

injury which recovered with no sequelae. The evidence of 

this study would 5..ndicate that paraquat spraying does not 

give rise to any serious health problems under conditions 

of proper usage, even with exposure levels considerably 

higher than those likely to pertain to temperate climates. 

2 .4. ;. COMPARATIVE RISKS. ·FROM HIGH AND TJ)W VOLUME SPRAYING ~CHNIQUES 

The studies described,.taken in conjunction with the other 

published data, indicated that at normal spraying strengths 

(below o. 5% pa.raquat ion) there was unlikely to be any 

significant degree of risk for the spray operator, provided 

that proper agricultural practice was followed. Such studies, 

however, do not provide any data for assessing the risk 

associated with the use of higher ionic strength spray 

solutions. The introduction of spinning disc applicators 

such as the 1Herbi 1 (Micron Ltd) which utilise low volume/high 

concentration spray solutions has raised interest in their 

applicability over a wide range of herbicides. Such applicators 

have advantages over conventional spraying methods, especially in 

developing countries. They are frequently more efficient and 

because they use a lower volume of spray ma. terial to cover 

equivalent areas, the amount of water requiring to be trans-

ported and the amount of mixing that is necessary are greatly 

reduced when compared with conventional spraying methods. 

Consequently, there has been widespread (but unauthorised) use 

of paraquat with such equipment. 
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In view of the fact that the few fatalities which have occurred 

through the percutaneous absorption of para.qua t have all been 

related to the use of high strength solutions, together with 

the fact that stronger spray strengths are likely to increase 

the risk of dermal irritation, it was considered necessary 

to investigate the degree of risk which low volume application 

presents to the spray operator. Accordingly, a risk 

assessment was linked with an efficacy trial in Thailand. 

The purpose was to compare the degree of dermal contamination 

produced by normal high volume knapsack spraying with that 

produced by low volume spraying techniques. At the same 

time urinary excretion of pa.ra.quat by the sprayworkers could 

be monitored and any clinical effects noted and comparisons 

made between the two groups of s:praymen. 

METHODS 

Initial work in the UK, measuring the amount of leg and foot 

contamination from the 1Herbi' applicator, had suggested that 

it would be no more than from conventional equipment. 

Accordingly, the trial was mounted in Thailand using the 

following methods: 

(a) Spraying equiment 

Three different types of sprayers were used during the trial: 

(i) The Micron 'Herbi' standard model fitted with the yellow 

feed nozzle and with a guard for the spinning disc. No 

carrying straps were used initially but in due couxse 

the spraymen used strings, wires etc. to facilitate 

spraying. 

( ii) A standard Micron 'Herbi' combined with the 20 litre 

Allman back pack container instead of the 2.5 litre 

standard bottle reservoir. 
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(iii) A Birohmeier Flox 10 knapsack sprayer fitted with the 

blue polijet nozzle. 

In an experiment after the main trial period 3 standard 

'Herbi' were compared with 3 modified machines with a 2 5 cm 

longer extension tube and fitted carrying strap. 

(b) Herbicide 

Commercial 'Gramoxone' (20% w/v pa.raquat ion) was used 

throughout the trial. For low volume spraying the daily 

requirement was prepared the previous evening in two 

200 litre drums fitted with a tap. For knapsack spraying 

1Gramoxone 1 was added to the water in the knapsack, which is 

the usual practice in Southern Thailand. The risks of 

accidental spillage are clearly much higher in this situation 

than in Malaysia, as described above. The appli?ation rates 

were: 

(i) Low volume: 20 litre/ha using 2% solution of 

paraquat ion (i.e. 2 litres 1Gramoxone 1/ha) 

(ii) Knapsack: 250 litre/ha using 0.15~6.solution of 

paraquat ion (i.e. 1.87 litre 'Gramoxone'/ha) 

(c) Spraymen . 

There were 14 spra.ymen at the beginning of the trial; 12 

spraying low volume with the 'Herbi' and 2 spraying with the 

knapsack sprayers. However, one man left because of a death 

in his family and a second one was dismissed because of 

absenteeism, leaving 12 spraymen only, one of whom used a 

knapsack sprayer. All men wore a. shirt and long trousers. 

There were 7 who were bare foot except for cheap rubber slippers 

which gave no protection to the dorsum of the foot. The 

remaining 5 wore plimsolls. 
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(d) Clinical* 

Each man was given a chest X-ray and a thorough clinical 

examination before spraying began. Further clinical 
. 

examinations at the end of each week of spraying and a final 

examination a week after spraying had been completed were 

undertaken. A further cheat X-ray was also taken one week 

after spraying had finished. Urine samples were collected 

into sterile containers containing thymol preservative, for 

paraquat analysis, at the same time as the medical examinations 

and sent to Central Toxicology Laboratory in UK for the 

analysis. Equipment was not available to undertake 

biochemical, haematological or pulmonary function measurements 

and such measurements, although desirable, had to be omitted. 

(e) De:rma.l Contamination · 

Absorbent cellulose pads ( 3M micro dressings) were fitted with 

staples on to an impermeable polythene base and then attached 

to the spraymen's outer clothing according to World Health 

Organisation protocols 54• They were applied as follows: 

Am: upper surface of left forearm, midway between 

elbow and wrist 

Thigh: front of left mid thigh. 

Leg: front of left leg, above the ankle 

Foot: dorsum of left foot, below trouser leg. 

Pads were removed at the end of the first period of spraying 

(at lunchtime after 4 hours' spraying). They were placed in 

* Dr. s. Pra.san of Patta.ya., South Thailand, was responsible for 
the clinical examinations and X-rays. 
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labelled plastic bags and sent to the Environmental Sciences 

Section of Jealott's Hill Research Station in UK for analysis. 

A total of 6 measurements were made in association with the 

standard 'Herbi 1 , 4 with the modified 'Herbi' and 4 with the 

knapsack sprayer. 

(f) Spraying 

The spraying programme was carried out in fields under 

cultivation with cassava (grown principally as an animal 

foodstuff and for the starch content: it is not used as a 

human nutrient in Thailand). At the time of spraying the 

cassava was about 100 cm high with undergrowth between the 

rows varying between 30 and 50 cm high. The terrain was 

hilly and spraying was carried out with the spra.ym;en walking 

forward into the sprayed foliage. On the first spraying day 

the 1Herbi' was briefly explained to the team and demonstrated 

how it shouid be carried, but from then on the spraymen were 

free ~o hold it- in their most convenient position. Spraying 

was done in a team accompanied by one supervisor. Hence 

every member .or the group sprayed the same amount. The 

bottles were. ~lwa.ys filled by the supervisors. There was 

sufficient water available for the spraymen to wash their 

hands or other contaminated parts but it was the supervisors' 

policy not to urge them to do so (except in serious cases of 

contamination). Spraying began between 08.00 to 08.30 hours 

and went on until 17.00 hou:rs with a 1 hour lunch break. 

Occasionally a group had to move to a new field and several 

times rain interrupted spraying, hence the shorter than 

.. , .. 



expected actual periods of spraying. However, each man 

worked for two periods of 5 days in the two week spraying 

programme. 

RESULTS 

The degree of dermal contamination by paraquat is shown in 

table 2.14 .. 2 The amount of pa.raquat is expressed per 25 cm 

of exposed surface as in World Health Organisation protocols. 

It was not considered necessary to extrapolate these figures 

to a time weighed exposure figure as the study was concerned 

only to compare two systems of spraying and not obtain 

absolute figures. The differences between the means of leg 

and foot contamination produced by the 'Herbi' applicator a.nd 

by knapsack spraying were statistically significant using the 

Student 't' test (standard 'Herbi' versus knapsack: leg: - t s 

3.17, df = 8, P 4( 0. 01; foot: - t = 3. 09, df = 8, P < 0. 01; 

modified 'Herbi versus knapsack: leg: - t = 2.00, df == 6, P < 0.05; 

foot: - t = 2.98, df = 6, P ~0.125). 

The mean values of urinary excretion of paraquat are shown in 

table 2.15. There is a highly significant difference between 

the mean value of those using the 1Herbi 1 applicator without 

foot protection and those wearing shoes at the end of 14 days_ 

spraying, but not apparent at the end of the first week 

( t = 5.11, df Cl 9, p ~ 0.001). 

All 14 sp:raymen who began the trial were clinically fit and 

chest X-rays showed no abnorma.li ties. Two spra.ymen dropped 

out during the trial and therefore did not have final clinical 
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examinations • Only one sprayworker remained trouble f:ree 

at the end of the 14 days' spraying, although one of the 

incidents reported (acute diarrhoea) was unlikely to have been 

related to the spraying. The main problem was severe skin 

irritation with burns on the feet. There were 5 workers 

using low volume spra.yers who developed skin lesions on the 

feet, complicated by scratches and other trauma and infection. 

All showed delayed healing responses. The degree of skin 

damage was severe in most of the men. The worker using the 

high volume knapsack sprayer also developed a rash on his feet, 

around areas of skin trauma. It was reported as mild. 

There were three other spraymen who developed severe skin irritation 

all as a result of poor working practice. Two were involved 

in spillages and in one of them there was also splashing of 

concentrate in the eye causing a severe conjunctivitis but no 

other effects. This subsided with no sequelae. This man also 

developed a severe erythematous rash of the trunk and groin 

and later developed what was described as 'weakness' a few days 

after the incident, associated with a lowered blood pressure. 

Recovery was rapid and complete. The third worker was soaked 

with the 2:0% spray and developed a severe groin irritation. 

All cases of skin rashes cleared in about 10-14 days with the 

use of local steroids and antibiotics to combat the supervening 

in:f'ection. 

The final medical examinations at one week after spraying had 

ended showed no abnormalities on routine clinical examination. 

Chest X-rays were normal and urine was negative for albumen 

in all workers. 



At the end of the two week spraying period those using 

'Herbi' applicators had sprayed approximately 12.7 hectares, 

using 25.4 litres of 'Gramoxone'. The knapsack spra.ymen 

covered only 7.3 hectares, using 13.7 litres of 'Gramoxone'. 

Thus while the rate of application/hectare was roughly the 

same in the two groups, the 'Herbi' operators were able to 

cover almost twice the area and therefore use almost twice 

the amount of 'Gra.moxone' at a much higher concentration. 

The economic implications of this form of spraying are thus 

obvious and it is not surprising that pressure has developed 

· for low volume application to be cleared for use with paraquat. 

DISCUSSION 

A number of factors made this trial less satisfactory than 

planned, but sufficient information was.forthcoming to 

enable a preliminary evaluation of the possible hazard in use 

of low volume applications of paraquat to be made. The most 

important consideration is the very high degree of skin 

contamination that occurred using high concentrations. 

Although both knapsack and low volume spraying applied 

equivalent amounts of para.qua.t per hectare, the low volume 

technique allowed a much greater area to be covered each day. 

At the end of the trial, those using the 1Herbi 1 had applied 

almost twice the volume of 1Gramoxone 1 that the knapsack 

sprayer bad used and at a much higher concentration ( 2% pa.ra.quat 

ion against 0.15% para.quat ion). It is not, therefore, 

altogether surprising that there was a statistically significant 

difference between the amount of dermal contamination on 

those using the 'Herbi' applicator, including its modified 

125 



form, and that on the knapsack spra.yman after equivalent periods 

of application. The level of contamination for low volume 

sp:rayers was also much higher than that reported by Hogarty 36 

for knapsack sp~yers 'to~hich did not go above 0.2 mg/25 cm2• 

This would almost certainly account for the rapid rise in the 

level of paraquat excreted in the urine of those using the 

'Herbi' sp:rayer when the feet were unprotected. Although 

it has never been possible, in following cases of human 

pa:raquat poisoning, to show a direct correlation between plasma 

levels of pa:raquat and urinary excretion, it is certainly 

true that the level of urinary excretion among these 

workers matches that obtained after the oral ingestion of the 

equivalent of 1-2 gm pa.raquat ion. The urinary levels of 

paraquat in the 'Herbi' spraye:rs without foot protection were 

much higher than those reported by Swan from knapsack spraying 

or in the author's study :reported above. Unfortunately, it. 

was not possible to obtain plasma paraquat estimations on these 

workers, which might have provided more significant information. 

However, of greater importance is the fact that unlike the 

urinary excretion of pa.raquat of the knapsack spra.yer and those 

using the 1Herbi' with foot protection, there was a clear 

indication of rising urinary levels of pa:raquat among the 

unprotected workers as the trial progressed, the differences 

between the groups being statistically highly significant at 

the end of the second week. This could be interpreted to 

indicate that there was a rising body burden of paraquat and 

that the absorption/excretion equilibrium seen in the other 

workers and noted in other trials with knapsack spraying at 

high dilutions, was being overcome. 
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There seems little doubt that a major contributory factor 

in the increased absorption of paraquat was the marked degree 

of skin damage caused by the 2% pa:raquat solution used. 

Dr. Pra.san noted that 5 of the 6 workers using the 'Herbi' 

applicator ,..,i thout foot protection developed skin damage on 

the dorsum of the foot, complicated by scratches and other 

minor trauma. 

It needs to be remembered that these findings relate to a 

supervised trial. In the unsupervised c~nditions which 

frequently prevail in the developing countr~es, the problems 

with low volume spraying of pa:ra.qua t by hand would certainly be 

much worse. There were two spillages in this trial which 

produced skin problems and it should be noted that the 

supervisors discouraged the spra.ymen from washing themselves. 

In a situation of prolo~d or more intensive spraying, the 

degree of dermal contamination would be greater and 

carelessness, lack of hygiene, poor protection and other 

factors would combine to make the problem even greater. 



2.5. CONCLUSIONS 

The published data reviewed initially in this study, together 

with the evidence of the author's three investigations 

reported here, would indicate that neither the formulation 

of :paraquat as commercial preparations nor high volume 

spraying at concentrations up to 0.5% (1:40 dilution of 

'Gramoxone') are likely to pose any significant risk to worker 

health. Low volume spraying, using high concentrations of 

paraquat does, however, present a number of nroblems which 

will be discussed later. 

The importance of the studies of formulation workers and 

the YAlaysian estate sprayers lies in the fact that both 

groups of workers had experienced a long period of continuous 

occupational exposure. As was pointed out earlier, such 

circumstances are very rare for spraymen in temperate 

climates where spraying is generally seasonal and intermittent. 

The mean length of exposure in both formula tors and spraymen 

was 5 years and in a number of cases was very much longer 

(up to 12 or more years). When this is associated with a 

lower degree of personal protection worn by the ?<!alaysian 

spraymen, it is reasonable to assume that the degree of exposu_~ 

was very much higher for these men than for their British or 

~pean counterparts. It is therefore important to note 

that, in spite of this long. exposure period, there were no 

reports of any symptoms from these two groups of workers 

handling :paraqua.t under very different circumstances that 

would point to significant systemic absorption, nor indeed 

were there any complaints of the natu:re of what has been 
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termed the 'paraqua t-fee.r syndrome' , naively reported by 

Peoples and his associates 
26

• Furthermore, as far as the 

spraymen were concerned, a wide range of clinical measurement 

failed to show any significant variation from the values in 

unexposed control po~llations. 

The studies reported here indicate that the only clinical 

manifestations resulting from paraquat exposure under normal 

use conditions are the local effects on skin and mucuous 

membranes which are well documented and have already been 

discussed in detail. 

The issue of low volume spraying at higher than hitherto 

recommended concentrations, however, raises very different 

problems. Exposure to solutions of paraquat at concentrations 

not much higher than that used in the Thailand trial have since 

been reported as causing fatalities through percutaneous 

absorption 3S, 39, and other cases of death through dermal 

absorption have been reported in the literature as discussed 

earlier 
40

' 
42

' 43 • In this particular trial the rising 

urinary levels of pa.raqua.t as spraying continued could be 

interpreted as evidence of an increasing body burden of 

pa.raquat in the spra.ymen and when this is taken in conjunction 

with the severe skin responses to the higher spray 

concentrations, the suggestion cannot be escaped that there 

was a strong possibility that health could have been 

seriously endangered had the spraying been allowed to continue 

for any length of time. 



In spite of the economic advantages which low volume/high 

concentration spraying would bring, there can be no question 

that the practice would increase the level of risk to the 

sprayman considerably. Indeed, it is the author's opinion 

that the degree of risk is far too high to offset any other 

advantages that the :practice might afford. Conseq_uently, 

low volume/high concentration spraying with para~1at should 

be actively discou_~ged wherever it is discovered, especially 

as the equipment itself has often been modified inexpertly, in-

creasing the level of risk even further. 

In conclusion, it is perhaps pertinent to note that the types 

of study which were set up to investigate the various exposure 

situations have the a.dvantage of being relatively easy ·to set 

up and yet are able to provide valuable information from which 

a realistic assessment of risk may be obtained. It is suggested 

that .such experimental methods could be adapted easily for 

studying the risks allegedly posed by other pesticides which have 

become topics of public concern. 
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APPENTIIX 2.1: REGRESSION EQUATIONS FOR 

CLINICAL MEASUREMENTS 

Regression equations fitted involved eight independent variables denoted by x,, x, .......... x, where; 
x, -" (I for a sprayer x, = (I for a general worker x3 = (I for Indian x, = (I for Malay 

(0 for a general worker or (0 for a spraycr or (0 for :'vlalay or Chinese (0 for Indian or Chinese 
factory worker factory worker 

x, = (I for smoker x. = No of cigarettes smoked x7 = Age (years) x, = Height (cm) 
(0 for non-smoker a day 

Derived regression equations arc set out <IS follow~: 

/~Fit 
FVC -4·448 ·0·139x 1 -· 0·187x, -0·346x 3 -0·1!!5x, :· 0·434x, -0·0115x. - 0·0156x, +0·0507x, 39 
FEV, - 3·!!37 -·0·141:\, -· 0·140x, - 0·413x, -0·.201x, · 0·395x .. -0·0160x. -0·0218x, +0·0461x, 47 
FEV/~ 88·53 ·1·04x, - 0·70x, - 3·78x" - 1·93x, ·-0·23x,, -0·193x. - 0·.254x7 -·-0·062x, 20 
DCO 5·16 - 0·63x, ·-0·22x, -1·44x 3 - 0·03x, - 0·99x~ :·0·030x, -0·105x7 -i-0·063x, 44 
Hb 13·04 -0·34x 1 ·:-0·33x, · 0·38x, · 0·57x, -,-0·36x, - 0·0.29x. -0·003x, !-0·007.x, 10 
PCV 37·61 -1·90x 1 -O·I!!x, -0·24.x, --- 1·15.x, -~ 1·18x, -0·082x, -0·014x, -'-0·032x. 14 
RBC 5·599 -0·262x1 - 0·0.28x, -0·148x 3 -0·044x 1 -0·267x. -,-O·OIOSx. -0·0084x, -i·0·016x, 15 
MCV 69·85 -:-0·43x 1 -:·0·44x, ·-1·59x, -·2·53x, : 6·47x, -0·322x, '-0·109x7 -~O·OIIx 1 .24 
MCH 24·11 -·-0·71x 1 ·-0·71.x, ·'-- 1·.28x, ·-1·09x, -~2·00x, -O·IIOx, -0·039x, -0·0003x, 20 
log 10 WBC 4·2115 -O·OI86x 1 -0·0771x, .:.o·0442x, -0·0065x, -,-0·0533x, - 0·00416x, - 0·00225x, -0·00133x, 27 
log10 AST 1·9974 -0·0300x, - 0·0596x, ,-0·0859x,. ·-0·0390x, -0·0606x, ·-0·00299x 0 - 0·00061 x, -0·00414x, ') 

log10 ALT 0·3417 -·- 0·4302x 1 ~o·3937x, -:-0·2790x3 -· 0·1052x, -0·1726x, -' 0·00679.x, · 0·00344x, +0·00379x, 57 
log 10 ALKP 2·0994 -0·0889x1 -0·1366x, : 0·0336x" ·-0·0568x, - 0·1265x, · 0·00338x 6 -0·00185x, - 0·00308x, 34 
log10 CREAT 0·5176 -0·0383x 1 -0·09'J4x, -,-0·0632x 3 -0·0057x, -:- 0·0479x, -0·00163x. -0·00031x, -0·00294x, 23 
log 10 BUN 0·6444 -0·0757x1 - 0·0839x, -0·0145x3 -'-0·0118x, -i-0·0.279x, -:-0·00180x. -· 0·00133x, +0·00253x, 23 
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APPENniX 2.2: MALAYSIAN SPRAY WORKER STUDY - INDEPENDENT VARIABLES . 

X X X X X x6 X X ~ 1 2 3 4 5 1 8 
OBS SPRAYER GEU_l~ORK IUDIAH . l'lALAY 5~\0KER CIGS AGE HEIGHT t 

1 1 0 0 1 1 10 55 61.5 
2 1 0 0 1 1 5 25 63.5 
3 0 1 1 0 1 7 41 64.5 
4 0 1 0 0 1 25 23 68.5 
5 1 0 0 1 0 0 43 63.0 
6 0 1 1 0 1 10 54 6ft. 0 
7 1 0 1 0 1 10 25 67.5 
8 1 0 1 0 1 10 28 68.0 
9 1 0 1 0 0 0 32 66.0 

10 1 0 1 0 1 3 43 £:1.0 I 

11 1 0 0 1 0 0 19 62.0 

t 
12 1 0 1 0 1 10 2'• 65.0 
13 1 0 1 0 1 lt 0 4l; 64.0 
14 1 0 1 0 0 0 28 66.0 
15 0 1 1 0 0 0 17 65.0 
16 0 l 1 0 1 10 18 62.0 
17 1 0 0 1 0 0 19 62.5 
18 0 1 0 1 1 6 2ft 6-'+. 5 
"19 1 0 0 1 1 10 25 61.0 
20 1 0 0 0 0 0 47 61.0 
21 1 0 0 0 0 0 16 63.5 
22 0 1 1 0 0 0. 29 60.0 
23 0 1 0 1 0 0 53 64.0 
24 1 0 1 0 1 20 30 6 it. 0 
25 1 0 0 0 1 20 51 67.5 
26 1 0 1 0 0 0 38 65.0 
27 0 1 0 0 0 0 39 63.0 
28 0 1 0 0 0 0 38 65.0 
29 0 1 0 1 1 15 37 64.0 
30 0 1 . 1 0 0 0 34 65.0 
31 0 1 1 0 1 10 45 63.0 
32 0 1 0 1 1 15 34 64.0 
33 0 1 0 0 0 0 30 61.5 
34 0 1 1 0 0 0 29 59.5 
35 0 1 0 0 0 0 29 67.5 
36 0 1 1 0 0 0 25 67.0 
37 1 0 0 1 1 15 49 66.0 
38 1 0 0 1 1 12 32 66.0 
39 0 1 0 1 1 15 25 63.0 
40 0 1 0 0 0 0 35 66.5 
41 1 0 1 0 1 s 45 61.5 
42 0 1 0 0 1 2G 32 63.0 
43 1 0 0 1 0 0 41 61.0 
44 0 1 0 1 1 15 28 62.0 
45 1 G 0 1 1 12 24 G8.0 
46 1 0 0 1 1 15 23 66.0 
47 1 0 0 1 0 0 18 60.5 
48 0 1 0 1 0 0 24 68.0 
49 1 0 0 1 1 20 46 62.0 
50 1 0 0 1 1 20 30 63.5 
51 0 1 0 1 0 0 4 3". 63.0 
52 0 0 0 1 0 0 19 67.0 

53 0 0 0 1 1 6 22 61.0 
54 0 0 0 1 1 12 21 6 3. 0 
55 0 0 0 1 1 4 21 60.5 
56 0 0 0 0 1 3 45 62.5 
57 0 0 ,. 0 1 40 53 63.5 
58 0 0 1 0 1 7 4-5 63.0 
59 0 0 1 0 1 10 21 65.5 
60 0 0 0 1 1 18 19 64.0 
61 0 0 0 1 0 0 19 !,6.0 
62 0 0 0 1 1 15 32 62.0 
63 0 0 0 1 1 12 19 62.5 
64 0 0 0 1 0 0 30 62.5 
65 0 0 0 1 1 12 24 64.5 
66 0 0 0 1 0 0 19 64.0 
67 0 0 0 1 0 0 43 6 '•. 0 
68 0 0 0 1 1 8 27 61.0 
69 0 0 0 1 1 6 23. 64.5 
70 0 0 0 1 1 15 28 60.5 
71 0 0 0 1 1 7 41 63.5 
72 0 0 0 1 0 0 18 61.5 
73 0 0 1 0 1 8 40 67.0 
74 0 0 1 0 0 0 28 61.5 
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FUNCTION VALUES 

OB5 FVC FEV1 FEV1 PC - DCO 

1 2.68 2.35 87.6 21.93 .., 
3.84 3.48 90.6 28.68 c. 

3 3.62 3.44 95.0 16.26 
4 3.27 3.12 95.4 32.54 
5 3.11 2.71 87.1 22.57 
6 3.05 2.05 67.2 13.37 
7 3.62 3.46 95.5 2o.56 
8 4.00 3.08 7 7. 0 25.25 
9 3. 14 2.81 89 .ft 32.51 

10 2.64 2.22 8ft. 0 24.79 I 

11 3.76 3.35 89.0 31.09 
12 4.24 3.80 &9.6 33.45 
13 3.17 2.61 82.3 23.90 
14 2.66 2. 4 ., 92.8 37.48 
15 3.41 2.76 80.9 31.13 
16 28.46 
17 3. ft3 3.41 99.4 42.43 
13 3.24 3.05 94.1 45.19 
19 2.65 2.25 84.9 27.77 
20 2.1~ 1.92 S9.7 20.85 
21 3.28 3.20 97.5 32.t9 
22 2.64 2.37 S9. 7 25.52 
23 3.25 2.73 S4.0 26.04 
24 3.94 3.10 78.6 25.03 
25 3.75 2.90 77.3 21.16 
26 2.44 2.27 93.0 29.43 
27 3. 42. 2.74 80.1 38.77 
28 3.39 3.37 99.4 36.69 
29 3.12 2.41 77.2 37.ft3 
30 3.53 2.Sl 79.6 36.60 
31 2.63 2.27 f.6. 3 2'r. 95 
32 2.S9 2.52 S7.1 . 
33 3.21 2.69 83.8 2~L~5 
34 2.38 2.26 7&.4 26.90 
35 4.64 3.84 82.7 3.5.53 
36 3.65 3.27 S9 .5 36.SS 
37 2.64 2. 44 ')2.0 
3S 4.91 4.12 33.9 
39 2.71 2 . ,'i l, 90.0 
c;o 4.72 3.63 76.8 
41 3.80 3.01 7 ... ~ .., 

'J • '- 25.30 
42 3.35 3.63 95.5 39.71 
43 2.Sl 2. 43 36.4 36.50 
44 4.09 3.30 J0.6 33.1;] 
45 4.40 3.80 S6.3 27.33 
46 . 36.61 
47 2.S9 2.70 93.4 34.72 
48 4.30 4.59 95.6 41.18 
49 3.00 2.20 73.3 22.84 
50 3. ]ft 3.15 8ft. 2 32.22 
51 2.56 2.4? 9 ., .., 

t • (.. 23 .ft2 
52 2.S6 2.31 S0.7 43.55 

53 3.45 3.22 93.3 27.65 
54 3.20 3.04 95.0 ~8.91 
55 3.44 3.18 9?.4 31.36 
56 3.23 2.99 97..!} ?.9.80 
57 3.11 2.49 B~.c 34.13 
ss 3.02 2.21 7 3.1 22.44 
59 3.87 3.12 80.6 32.5lt 
60 3.80 3.22 8ft. 7 37.50 
61 3. 4 3 3.36 93.5 't2.68 
62 2.61 1.56 59.7 26.7S 
63 3.54 3.29 92.9 30.29 
64 3.54 3.10 37.5 34.91 
65 4.00 3.83 95.7 28.26 
66 3.51 3.24 92.3 29.76 
67 :.L 01 2.38 79.0 23.51 
68 3.34 2.80 83.8 41.17 
69 3.38 3.18 9ft. 0 36.59 
70 2.80 2.57 91.7 33.46 
71 3.75 3.08 82.1 32.68 
72 2.50 2.36 94.4 33.58 
73 3.51 3.35 95.1 29.80 
74 . 2.26 2.23 93.6 28.23 
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APPENDIX 2.4: MALAYSIAN SPRAY WORKER STUDY - HAEMATOLOGY VAI1UES 

OBS HB PCV RBC ~~~V NCII WBC 

1 15.5 44.7 5.69 78 27.2 5500 
2 14.2 43.2 5.28 81 26.8 7100 
3 14.7 41.4 4.79 8{- 30.6 9000 
4 14.5 41.5 5.12 81 2S.3 8300 
5 14.3 42.2 5.10 S2 23.0 9lt 0 0 
6 . 
7 14.4 42.3 6.05 69 23.8 7200 
8 16.6 45.6 5.56 S2 29.8 12000 
9 14. 0 43.2 5.64 16 24.8 7400 

10 12.7 37.5 4.10 91 30.9 8600 
11 15.0 41.4 5.04 82 29.7 7500 '· 12 13.1 37.6 4.89 76 26.7 9600 
13 13.4 38.0 5.25 72 25.5 5200 
14 16. 1 43.3 5.62 77 26.6 6200 
15 13.8 39 

.., 
5.25 75 26.2 8000 

16 . 
17 14.3 42.1 5.47 76 26.1 14800 
18 13.9 3~.5 4.81 82 28.8 78.00 
19 13.0 38.4 4.55 84 28.5 10900 
20 13.7 38.5 4.81 80 28.4 10000 
21 13.0 36.9 5. 14 71 25.2 7200 
22 16.2 41.9 5.36 78 30.2 . 540 0 
23 16·. 3 43.2 5.74 83 28.3 5400 
24 16.5 45.7 5.51 S2 29.9 10400 
25 12.3 34.8 4.33 so 28.4 7500 
26 13.4 37.7 4.SS 77 27.4 6700 
27 14.0 42.3 5.27 80 26.5 7700 
28 13.8 40.4 4.94 Sl 27.9 5900 
29 15.5 45.0 5. 7 5 7o 25.9 4700 
30 13. 1 37.6 5.10 73 25.6 8100 
31 15.0 40.7 5.29 so 28.3 8700 
32 14.3 40.3 5.54 73 25.3 7800 
33 13.4 41.7 6. 89 6Q 19.4 6900 
34 14.1 40.7 5.24 77 26.9 13300 
35 15.0 45.4 6.08 74 24.6 7000 
36 14.1 40.8 5.55 73 25.4 7600 
37 13.4 42.3 4.97 ss 26.9 6!;00 
38 14.3 46.3 6.39 72 22.3 6200 
39 16.7 ~8.2 6. 0 0 so 27.8 6SOO 
40 14.9 43.3 5.61 7l 26.5 6500 
41 14.0 40.4 5.01 >30 27.9 14900 
42 14.6 43.8 5. 7 3 i ·:. ~.). 4 5800 
43 15.5 40.7 5.31 76 ~~- .1 6400 
44 14.5 't3.0 5.22 82 2/.1 5600 
45 . . . . 
46 12.3 35.8 4.39 81 23.0 8800 
47 13.7 41.8 5.41 77 25.4 8200 
48 16.9 47.8 5.84 81 28.9 890 0 
49 12.7 37.5 4.34 86 29.2 9000 
50 15.6 44.3 5.69 77 27.4 11300 
51 14.2 41.1 4.94 83 28.7 8000 
52 14.0 42.0 5.03 82 27.5 9SOO 

53 14.3 41.8 5.40 77 26.4 7 900 
54 14.5 43.2 5.31 81 27.3 10000 
55 14.2 41.3 5.37 7!J 26.4 10200 
56 17.9 52.5 6.00 S7 29.8 7500 
57 11.6 36.2 5.66 63 20.4 5300 
58 13.6 39.9 4. 7 .:t S4 23.6 1070() 
59 14.9 44.8 5.64 79 26.4 11600 
60 14.3 41.S 5. l; 5 73 25.3 S200 
61 15.6 45.7 5./9 i5 ~6.~ S6fd 
62 15.8 46.7 5.83 SJ 27.1 10:)00 
63 14.3 43.1 5.02 ss .2o .4 7 3l1 0 
64 12.2 39.1 6.41 61 19.0 llGOO 
65 
66 . . 
67 15.0 41.3 5.22 79 28.7 9600 
68 . . . 
69 14.5 42.1 5.19 81 27.9 10500 
70 16.7 51.5 5.90 87 28.3 Stt 0 0 
71 1 (t. 0 40.1 5. 10 78 27.4 7500 
72 14.7 43.7 5.51 79 26.6 9600 
73 13.5 39.5 4.72 83 2S.6 S500 
74 15.3 47.4 5.60 84 27.3 7700 



141 
APPENDIX 2. 5: MALAYSIAN SPRAY WORKER STUDY - LIVER FUNCTION VALUES 

cas AST All ALKP CREAT BUH 

1 20 31 ')') ' . .:... 0. 9 10 
2 22 25 33 0. 9 10 
3 25 31 2J 0.? 11 
(I 13 1 ') ~0 1. 0 1 1 
5 22 36 40 0. 7 s 
6 . . 
7 16 41 20 1. 1 9 
8 20 78 23 1.3 13 
9 1S /2 23 1.2 10 

10 27 16 18 1.2 7 
11 20 35 41 1.2 8 
12 18 53 72 1. 0 10 
13 30 1 (t 1 32 1.2 15 
14 39 1'?6 33 1 .1 11 
15 24 92 1~ ., • 7 11 
16 . . . 
17 23 47 29 2.2 11 
13 17 25 20 1.4 14 
19 21 66 30 1. 1 15 
20 15 23 -? ..)_ 1. 0 15 
21 15 18 ') , 

c..() 0.8 7 
22 37 91 29 1. 0 7 
23 24 35 {tS 1.3 9 
24 32 73 35 1.2 12 
25 15 27 ~3 0.8 13 
26 10 32 26 1. 0 12 
27 21 61 19 1. 0 13 
28 10 23 25 1. 1 13 
29 18 51 31 1. 0 10 
30 16 46 2& 0. 9 15 
31 24 72 23 1.1 13 
32 6 23 31 0.9 12 
33 30 52 25 0.7 c; 
34 24 25 21 0.8 12 
35 36 41 27 0. 9 11 
36 19 25 30 0.9 7 
37 15 33 21 1. 0 15 
38 24 41 21 0.6 10 
39 21 36 27 0.5 15 
40 9 31 25 0.6 11 
41 17 26 16 2.4 19 
42 21 25 22 0.8 9 
43 13 18 31 1.1 10 
44 14 22 211 1.3 11 
45 28 28 20 1.2 19 
46 ~0 . 54 20 1.2 13 
47 15 20 33 1. 0 12 
48 24 41 27 0.7 13 
49 31 92 33 1.2 19 
50 31 41 30 0.6 8 
51 19 36 25 0.6 8 
52 21 13 41 0.9 14 

53 21 6 33 1.3 16 
54 14 7 ~9 1 . 1 20 
55 17 5 30 1.3 13 
56 31 27 39 1.3 14 
57 21 9 26 1.3 18 
58 24 15 33 1.6 11) 
59 21 14 44 1.3 14 
60 19 8 33 0.9 14 
61 19 6 4S 1.4 12 
62 24 10 25 1.1 1 {t 
63 19 13 36 1.1 12 
64 29 16 39 1.3 12 
65 
66 . . . 
67 31 35 31 0.7 14 
68 . . . . 
69 24 13 28 1.2 13 
70 24 12 41 1.1 9 
71 19 26 23 1.4 18 
72 31 19 65 1.1 12 
73 13 . 19 16 1. 0 13 
74 29 30 45 1.2 12 



SECTION 3 

THE MISUSE OF PARAQUAT: THE PROBLE!•I OF 

ACCIDENTAL AND INTENTIO~TAL POISONING 

14~ ' 
·~ 



3 THE MISUSE OF P.ARAQ,UAT: THE PROJ31Erw! OF .ACCIDEl-lTAL &"'D TIITENTIONAL 

POISONING 

3.1 THE EXTENT OF THE PROBLEM 

It is not possible to gain an accurate picture of the size of the 

problem of para~1at poisoning on a world-wide basis. Few countries 

keep sufficiently accurate statistics and even where good record­

ing systems exist they are often not sufficiently detailed to 

allow deaths from paraquat poisoning to be isolated from those 

caused by other agricultural chemicals. The general literature is 

also of little help in this respect as, although there have been 

a large number of reports of single fatal cases or small groups 

of cases, there have been remarkably few attempts to collate data 

from several sources or publish large series. Further, cases 

of survival from paraquat poisoning have been poorl~ documented 

and consequently the overall incidence of poisoning is difficult 

to define accurately. 

Th~ problem is compounded ·by the fact that frequently authors 

fail to make any distinction between accidental and deliberate 

poisoning in their reporting of cases and on other occasions 

purposive self-poisoning is reported as 'accidental', thus 

giving a very distorted picture. The follo~~g discussion, 

although limited by the quantity and quality of the data, will 

endeavour to provide some idea of the situation world-wide and also 

the relative importance of accidental and deliberate poisoning 

with paraqua t. 

1 Park and his colleagues published a series of 31 cases treated in 

,, 

/; 



Edinburgh and more recently Fi tzgerald and his colleagues 2 have 

reviewed 136 cases of poisoning occurring in Ireland, between 1967 
:.l 
j,', 

., 
and 1977 • This is the largest published series so far in the world , .. 

literature and probably accounts for virtually all of the 

paraquat poisoning cases in the Irish Republic in this period. 

He and his colleagues have also published a short series of 1? 

cases of long-term follow-up after recoVery from paraquat poison­

ing3. Carson and Carson have analysed 26 fatal and 7 non-fatal 

cases occurring in Northern Ireland between 1967 and 1975 3a and 

note that the incidence of paraquat poisoning has been proportionately 

higher in Ireland than elsewhere. The present author has published 

a series of 68 c~ses of poisoning occurring in Britain between 

1975 and 1977 4, but these were selected cases and the series 

is certainly incomplete as fa.r as the total number of poisonings 

is concerned in these years. ~·fright and his eo-workers 5 have 

also published a series of seventy cases from the Birmingham 

area relating the severity. of poisoning to urinary pa.:raquat 

excretion. From France }~e Conso has reviewed the experience 

of the French Poison Control Centres between 1970 and 19776, 

but again her series is admittedly incomplete as not all 

1 cases were reported to the Poison Centres. Fletcher attempted 

to record all the published cases to 1974, but while giving some 

evidence of geographical distribution and the relative incidence 

of accidental and deliberate poisonings, such a review does not 

provide any real idea of the actual incidence of poisoning. There 

have been a number of other reports a.nd reviews, but most ~r these 

collected cases have only examined one aspect of the problem, 

namely intentional poisoning, and have not addressed themselves 

to the parallel problem of accidental poisoning. 
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3.1.1 ACCIDE1~AL POISO}TING 

There are very few accurate statistics from which a pictuxe 

can be built up of the world-wide incidence of accidental paraquat 

poisoning. The United Kingdom probably has the most complete 

figures curxently available, derived from both official statistics 

and the record of :pa.raquat 1 incidents' maintained by ICI Ltd. 

The total number of accidental deaths from paraquat is small 

(table 3.1) and it is worth noting that since the introduction 

of better labelling in 1972, together with an eduction ... :programme 

designed to warn farmers and others of the dangers of decanting 

agricultural concentrates into other containers (frequently 

soft drinks bottles) and the restriction of the sale of such 

concentrates to farmers and professional horticulturists, the 

number of deaths from accidental ingestion of paraquat has fallen 

quite dramatically. Further, the problem ·of accidental poison­

ing is restricted to the agricultural concentrates (Gramoxone, 

etc) and there are no records of any fatalities from accidents 

with the granular retail products. The difference between 

the pre-and post-1972 figures are just outside the limits of 

statistical significance (t • 1.86; df • 4; P<O.l), but both 

the total sample and the annual figures are very small. 

It is encouraging, however, to note the relatively small number 

of children involved in such accidents, a. fact to which Fra.ser 

has recently drawn attention 
8

• The four cases of fa.ta.l child­

hood poisonings between 1968 and 1972 represent 2.7 per cent 

of the total of 148 cases of fatal accidental child poisonings 

occurring in that period from all ca.uses. The two cases that 

-~· 
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TAJ3LE 3.1 ACCIDENTAL POISONING DEATHS FROJ.1 

PA..lt!QUAT TIT UK: 1968-1977 

Adults Children* Total }iean/Year 

1968-72 19 4 23 t1.6 

1973-77 12 2 14 2.8 

Totals 31 6 37 3-7 

* Source: Fraser N C, Brit Med J 1980; 280 : 1595-98 



occurred between 1973 and 1977 are 1.9 per cent of the 105 fatal 

accidental poisonings of children in these years. However, the 

problem of distinguishing accidents from attempts at self-har.m 

is difficu.l t even in children and it is highly probable that 

some reported childhood 'accidents' are misrepresentations. 

Evidence of the size of the problem elsewhere is hard to obtain. 

The author has examined the detailed figures for Janan collected 

by ICI (Japan) Ltd for.the years 1975 and 1976 and in this period 

only three cases of paraqua. t poisoning were reported as accidental, 

all others being deliberate. The official Government statistics, 

however, differ from these, being considerably higher. The figures 

are set out in table 3.2. Total pesticide accidents are set alongside 

for comparison. It is possible that these figures represent under-

reporting, but there are factors iri the Japanese situation that, 

while tending to make intentional poisoning easier, mill ta te 

against accidents. Of these undoubtedly the most important is. the 

size of container used for the agricultural concentrate 'Gramoxone'. 

Because the great majority of Japanese farmers cultivate a very small 

area (generally no mo:re than a small holding) there has been little 

demand for large quantities of concentrate, merely sufficient for a 

single application at the beginning of the growing season. 'Gramoxone' 

was thus marketed for commercial use, until very recently, in 100 m1 

plastic bottles and there was ~hus little likelihood of material being 

decanted into smaller unlabelled containers (the main cause of 

accidental poisoning). The small size of pack did, however, make 

ingestion with suicidal intent much easier. The recent change to a 1 

litre container as part of a campaign to reduce suicidal use of 

paraquat may alter the situation. 
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TABLE 3.2 ACCID~~AL PARAQUAT POISONING 

IN JAPAN: 1971-1977 

Accidental All Accidental 
Paraquat Poisoning Pesticide Poisonings 

Fa. tal Non-Fatal Total Fatal Non-Fatal 

1971 6 1 1 28 9 

1972 3 - 3 23 37 

1973 2 1 3 12 8 

1974 1 1 2 10 8 

1975 6 1 7 14 28 

1976 2 2 4 12 19 

1977 6 - 6 22 11 

Source: Annual Report of Japanese Ministry of Ag.ricul ture t 
Food and Fisheries, Tokyo 1978. 
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Total 

37 

60 

20 

18 

42 

31 

33 
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Accidental deaths have been reported from many other countries9' 10, 

but occasional incident reports do not provicte any rea.l ind.ication 

of overall frequency. Furthermore, the looseness of terminology 

in many instances makes it difficult to decide whether a 

:particular incident was genuinely accidental or deliberate. The 

general impression, however, is that accidental :paraquat :poisoning 

does not present a major problem and that on this ground alone, 

there is no reason for banning the product as too dangerous as 

11 some have proposed . • 

3.1.2 DELIBERATE SELF-POISONTITG 

Once again, it is not possible to estimate the size of the 

problem throughout the world. It is known that a number of 

countries, such as the United States, do not have a problem 

with paraquat poisoning even though large amounts may be used 

in agriculture. The reasons for this probably relate to the 

~tterns of. use and general availability of the product as well 

as possible .cultural preferences in suicide methods. On the other 

hand, a number of countries such as the United Kingdom, Eire 

and Japan_ .do have significant numbers of deliberate self-poison-

ings each year. 

The most accurate figures for the annual incidence of deliberate 

para.qua.t deaths probably come from Japan. The incidence of 

suicide f'rom all causes is high in Japan, which refiects the 

fact that suicide has been rooted in Japanese culture from the 

days of ritual se~puku by the samurai as a face-saving and 

honourable form of death. According to Japanese government 

14~ ... 
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statistics, the annual suicide rate in Japan is about 15,000 to 

20,000 in a population of approximately 114 million. 

The great majority of suicides are caused by mechanical means 

(jumping from tall buildings, falling in front of trains ate. ) 

and self-poisoning accounts for a relatively small percentage 

of the total deaths. Table 3.3 indicates the number of deliberate 

self-poisonings with pesticides in Japan between 1970 and 1977, 

the last year for which the author has been able to obtain complete 

figures for all pesticides. Total numbers have shown a steady 

decline, but both the real numbers and the proportion of paraquat 

poisonings show a marked increase. This trend has continued 

beyond. 1977 through the years 1978 and 1979, by which time the number 

of paraquat poisonings had reached 110 per annum • 

. The equivalent figures for two other commonly used pesticides, 

parathion and malathion (both organo-phosphorus insecticides) 

are included to provide a comparison. It is worth noting that 

the dramatic decline in deliberate parathion self-poisoning was 

the direct :result of government action. This insecticide. was re-

classified in 1972 as tokutei dokubutsu, that is 'special poison', 

which resulted in the very stringent regulations associated with 

this class of compounds being applied to parathion. As a result 

the possession and use of this pesticide was so severely restricted 

that it was effectively removed from the market and from general use 

within a ver:r short time. 

The other important point which emerges from these figures is the 

very high mortality associated with pa.raquat poisoning. Table 3·4 
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TABLE 3· 3 DELIBERATE SELF-POISONING vliTH 

PESTICIDES IN JAPAN: 1970-1977 

-

POISONTITG CASES 

Paraquat Parathion Malathion All Pesticides 
Non- Non- Non-

Fatal Fatal Fatal Fatal Fatal Fatal Fatal 

1970 - - 113 4 62 13 725 

1971 40 2 83 3 66 9 574 

1972 50 4 54 1 50 16 545 

1973 36 6 41 3 47 10 423 

l 

1974 48 3 30 5 30 12 396 

1975 82 1 6 - 30 13 423 

1976 82 6 21 1 nr nr 405 

1977 101 8 11 - nr nr 410 

nr not reported separately 

Source: Annual Report of Japanese Ministry of Agricul ttl.re 

F00d and Fisheries, Tokyo 1978. 

Non-
Fatal 

94 

110 

123 

118 

108 

103 

108 

103 
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TABLE 3. 4 r~ORTALITY FR011 DELIBERATE SELF-POISONING 

Year 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

\t!ITR PESTICIDES IN JAPAN: 1971-1977 

!-lorta.1i ty ( %) 

Paraqu.a t 

95.2 

92.6 

85.7 

98.8 

All Other 
Pesticides 

80.6 

76.8 

68.4 

The differences in mortality rates are highly significant 

(t = 6.93; df D 6; P~0.0005) 
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compares the mortality from paraquat ingestion with that for all 

other pesticide poisoning in Japan for the years 1971-1977. All 

pesticide poisonings are associated with a high mortality, no doubt 

to be associated with the large amounts ingested, but the mortality 

from paraquat poisoning is significantly higher than that for all 

other pesticides (t = 6.93; df = 6; P<0.0005). As will be discussed 

later, this high mortality is almost certainly linked to the fact 

that only the 20% agricultural concentrate ( 'Gra.moxone') is available 

in Japan and also that it is relatively easy to obtain. Consequently, 

a. large amount of pa.raquat may be ingested easily with fatal results. 

High mortalities are also to be found in other countries where 

only 'Gramoxone 1 and similar high concentration formulations are 

available a.nd where suicide rates a.re higher. Eastern f!.'.a.laysia 

and vTestern Samoa have shown similar patterns of mortality to 

Japan ( J. K. Howa.rd 1977, unpublished ICI Internal Report). In 

Western Samoa there are about 25 or more cases of paraquat self-

poisoning every year in a po~ulation of only 153,000. The 

mortality approaches 90 per cent and what is particularly tragic 

about many of these cases is that they involve young·people as the 

result of·relatively minor domestic upsets. ~~at set off as a 

mere gesture or a 'ory for help' turns into an irreversible tragedy 

( J. K. Howard, unpublished observations). 

The size of the problem in the United Kingdom in absolute terms 

is much, smaller than Japan, although the total number of both 

fatal and non-fatal poisonings is not known. It is, however, 

possible to provide a reasonable estimate of numbers. It is 

known that the National Poisons Information Service deals with 

I~ 

153 >. 

,. 

·:~: 

r.: 

.:· 
~ ' ,, 

.. , .... 
,.• 

'· 
~ . . , 

'· 



approximately 300 calls per year relating to paraquat poisoning 

( J. A. Vale 1979, personal communication). A large proportion 

of these are 'false alarms', but is is estimated that about 70-80 

of these do represent genuine paraquat self-poisonings. Hany of them 

will be trivial, little more than 'gestures' , using very small amounts 

of retail granular formulations such as 1\·/eedol'. The mortality 

from these attempts may be estimated approximately from the 

Registrar General's statistics, although changes in classification 

make it difficult to compare year with year. In 1979, however, 

there were 31 deaths from self-administration of 'farming and 

gardening preparations, not plant foods or fertilizers' 

(Class E863) and it is likely that most, if not all, these dea.ths 

were due to paraquat. The total suicide deaths for 1979 "trere 

4195, so that paraquat deaths acco,xnt for well under 1 per cent 

of the total. According to ICI Ltd records, the number of 

paraquat fatalities for 1980 was about 37 (L.L. Smith 1981, 

personal communication). 

It will be apparent that the mortality in the United Kingdom, 

appears to be very much lower than in other countries. An 

estimate from the o~bination of the Registrar General's figures 

and the total oases reported both to ICI Ltd and the National 

Poisons Information Service would suggest a mortality of about 

40 to 50 per cent. This is in broad agreement with other estimates 

. f 60 t 1,2,4~9,12 
that put mortality in the regJ.on o per oen • 

There would appear to be two main factors which probably account 

for this lower mortality compared with Japan. The first is that 

the liquid agricultural concentrates containing 20% para.quat ion 
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(e.g. 'Gramoxone') are less easily obtained by the general public· 

in the UK than they are, say, in Japan. They- are properly only 

available to bona fide farmers and horticulturists and the 

'poisons book' should be signed on purchase. Secondly, there 

is an increasing tendency- by would be suicides to use the retail 

granular preparations such as 'Weedol' for deliberate self-poisoning. 

These have a. low concentration of paraquat ion which means that a large 

quantity of a highly unpalatable material must be ingested before it 

would prove fa tal. The past few years ha~~e seen a marked shift .to 

the use of such easily obtained formulations with a consequent 

reduction in mortality (J. A. ~ale 1979,personal communication). 

The problem of deliberate self-poisoning thus does not appear 

to be a major problem in the United Kingdom in terms of total 

numbers. 

Small series of cases from a number of other countries have been 

published. The Swiss Poison Control Centre dealt with 14 cases 

1~ 
of paraquat ingestion in the period 1966-1975 '; the Dutch 

Poison Control Centre ha.s reported on 15 cases of deliberate 

ingestion from 1964 to 1974 14 and the French Poison Control Centre 

on 45 cases of poisoning by ingestion, of which 20 cases were 

6 
deliberate • Suicides in Ma.la.ysia. have only been analysed up to 

197215, but between 1968 and 1972 there had been 82 cases of 

deliberate self-poisoning with herbicides of which 56 were due to 

para.quat. There were 61 deaths, most of which may be :presumed 

to have been from paraquat ingestion although this is not stated. 

It is recorded, however, that mortality was very high. The total 

recorded cases of intentional poisonings using all agrochemicals 

including insecticides was 604, with 395 deaths, in a population 
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of 12.6 million and with 1749 total recorded suicides. Two things 

need to be said about these figures. Firstly, they are obviously 

incomplete as many suicides are not investigated nor even reported 

in f.1alayaia, particularly in ru.ral areas. The problem is thus 

most likely to be larger than reported. Secondly, there appears 

to be some confusion between accidents and suicides, both categories 

being reported together as suicides. Paraquat poisoning 

in~ has been extensively reviewed by Fitzgerald 2 ' 16 • 

The general religious ethos of the country, however, almost 

certainly has led to reporting errors and it is not easy to 

set Fitzgerald's 136 cases into a context of all deaths from 

poisoning, nor of suicides generally. It is likely, however, 

that in terms of total cases per unit of population the Irish 

16 
Republic has the greatest problem; as Fi tzgera.ld remarks , 

it is 'an unenviable record'. 
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3. 2 .APPROACHES TO THERAPY 

A consideration of the pharmacokinetics of para~uat, as 

discussed in Section 1, with especial reference to the rapid 

:peaking of pla.sma le.,els after ingestion, underlines the 

necessity of therapeutic measures to be introduced at the 

earliest possible moment in all cases of significant poisoning 

if there is to be any chance that treatment will be effective. 

As with all cases of poisoning, irrespective of the agent, 

treatment may be directed towards, 

(a) the prevention of significant absorption of the 

material from the gut by rapid removal/elimination 

or neutralisation, 

(b) the rapid removal of absorbed material from the 

circulation and, 

(c) the introduction of specific therapeutic measures 

designed to inhibit or block the action of the poison 

in the body or neutralise its toxic affect on body 

processes. 

All three of these approaches have been tried in cases of 

para.quat poisoning with very varying degrees of success. Before 

going on to discuss the various forms of treatment that have been 

advocated it is necessary to consider briefly the indications for 

starting active treatment in cases of paraquat poisoning. 

157 I 

'/ . 

... 
•. 



3.2.1 INDICATIONS FOR ACTIVE TREA~~ 

The onset of serious symptoms may be delayed in cases of 

:pa.raquat poisoning. Clinical symptoms are therefore not a 

good indication of the severity of poisoning. Treatment 

should be based in the first instance on the histor,y provided 

by the patient or by a relative or friend. This should be 

c·oupled with the simple qualitative test that may be applied to 

the urine to determine whether or not paraquat is being excreted. 

As a stomach wash-out should also be performed as a routine 

emergency measure in all cases of suspected paraquat poisoning, 

the same qualitative test may be applied to the stomach contents 

(or vomitus). It must be emphasized, however, that while such 

~ualitative tests will confirm whether or not ~raquat has been 

ingested, they are of little value in prognosis and may, at times, 
r; 

give misleading results. It has been suggested "' that an urinary 

excretion of paraquat of more tha.n 1 mg per hour after eight hours 

have elapsed from ingestion is indicative of a poor prognosis. ~t 

should be noted, however, that if therapy is to be effective, it is 

essential that it is begun long before eight hours after ingestion. 

The value of the history from the patient is related principally 

to two matters: the time at which the paraquat was ingested and 

158 

the approximate amount taken. In those cases in which one of the 

granular formulations has been used, it is usually possible to obtain 

an accurate estimate of the amount ingested, but in cases in which 

the liquid concentrates have been used, this is often more difficult 

to determine and it may only be possible to make an approximate 

estimate of the quantity taken. The importance of these ·ractors 

will be discussed later. 

'. 



The history, taken in conjunction with the qualitative tests 

of urine or gastric contents for paraquat, may be used as 

indications to start treatment and a good history is likely 

to provide some guidance on the likely outcome and effectiveness 

of that treatment. Further objective guidance may be obtained 

from the results of plasma par.aquat estimations. Relatively 

simple colorimetric 17 or the more recently introduced radio-

18 
immunoassay methods may be used to provide rapid estimations of 

lQ 
the plasma paraquat concentration. Proudfoot and his colleagues ~ , 

in a two centre survey have been able to demonstrate the prognostic 

value of such measuxements, showing that there is a good prognosis 

in those patients whose plasma ~quat concentrations do not exceed 

2.0, 0.6, 0.3, 0.16 and 0.1 mg per litre at 4,6~10,l6 and 24 hours 

respectively after ingestion. This conclusion is borne out by 

hitherto unpublished data from cases for whom plasma paraquat 

estimations were performed at ICI Ltd, Central Toxicology Laboratory 

(fig 3.1). 

The patient's history taken in conjunction with the plasma paraquat 

concentration determined on blood taken at the time of hospital 

admission, will provide a rational basis for the physician to 

decide whether treatment should be vigorously pursued or whether 

it should be merely palliative. 
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FIG. 3. 1: PLASMA PARAQUAT CONCENTRATIONS RELATED TO TIME 
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3.2 .2 TREATHENT 1·iETHODS 

TEE PREvE!l'.LIION OF AJ3SOR...PriON 

The first approach in the :prevention of absorption of any ingested 

material is its removal from the stomach. Eecause of the rapidity 

of absorption, evidenced by early peak plasma paraquat levels, 

it is essential tha.·t vomiting should be induced as a first aid 

measure (one of the few occasions when the induction of vomiting 

should be recommended). The further aspiration of stomach 

contents or gastric lavage should be undertaken as soon as 

the patient arrives at hospital. By themselves, such measuxes 

are unlikely to be life saving and fatalities have followed 

effective gastric lavage even when performed within one hour 

Of . . t• 20-22 
mges ~on • Moreover, since the undiluted commercial 

formulations of paraquat are highly irritant and corrosive, 

great care is necessary in the :passing of stomach tubes to 

10 
prevent perforation of the oesophagus or stomach • 

. 23 
The work of Smith and his colleagues , following on the s-b~dies 

24 .. · 
of Clark , has provided a rational basis for the use of clay-

based absorbent ma. terials in order to bind the -para.qua. t lying in 

the gut a.nd prevent any further absorption into the body. Their 

work demonstrated that the administration of Fuller's Earth to 

paraqua.t-dosed rats dramatically increased their survival and 

it was suggested that the use of this material should form the 

basis of the treatment of human poisoning. 



A variety of other adsorbent materials have been evaluated 25, 

but the naturally occurring aluminium silicate-based minerals 

(Fuller's Earth, bentonite, etc) are undoubtedly the most 

efficient, which accords with what is known of the inactivation 

of paraquat by the soil 
26 

(see also Section 1.2). There are 

differences, ho"rever, in the adsorbent qualities of these minerals 

and Fuller's Earth is the most efficient binder of paraquat. 

Table 3. 5 sets out the diffe~nces in adsorbing capa.ci ty between 

Fuller's Sarth (Surrey finest grade) and another naturally occurring 

aluminium silicate used for therapeutic purposes ('!dsorbin', 

Sankyo Ltd). This latter material will be seen to have about 

10 per cent of the capacity of Fuller's Earth, weight for weight. 

The adsorbent shouln be administered as a 10 per cent suspension, 

the volume required will be discussed later. 

The administration of the adsorbent material should be associated 

with vigorous purgation in order to nush the gut as quickly as 

possible. Hanni tol solution (20%) is probably the best :pu:rgB.tive 

available and a satisfactory faecuresis will usually be obtained 

with doses in the range of 200 to 400 ml, although this may need 

to be repeated for several doses. The dose required, in fact, 

is simply that necessary to produce rapid and as near complete 

as possible purging of the gut,which should be continued until 

there is evidence of the adsorbent material being passed in the 

faeces. This should be achieved as rapidly as possible, certainly 

within four hou...~ or instituting therapy 27 • 



TA13LE 3. 5 .A.l)SORPriON CAPACITIES FOR PARAQUAT OF 

~alO rTATURALL7 OCCURRING ALIDffiiTm~I SILICATES 

Mg paraquat adsorbed/g dry weight clay 

Fuller' s Earth 
(Surrey finest) 

Adsorb in 
(Sankyo Ltd) 

Ha.ximum adsorption 
capacity 

50 

Data fro~ ~shad s, 1979 (personal communication) 

Tightly bound 
ca-pacity 

30 

20 



Two considerations will affect the success of this form of 

therapy. The first is the volume of adsorbent material 

administered. If a dose of 5 g of paraqu.a t ion has been 

ingested (equivalent to only 25 ml of 'Gramoxone') then, on 

the basis of the data in table 3.5, something in the order of 

lOO g of adsorbent clay will be required to bind this pa.ra.qu.at 

in the gut, that is 1 litre of a 10 per cent suspension. In 

cases in which commercial concentrates have been used the amount 

ingested will frequently be in excess of 5 g paraq\tat ion, thus 

requiring the a.dministra tion of very large volumes of Fuller's 

Earth suspension over a very short time span. 

It seems highly probable that in the past there has been serious 

undertrea.tment of :pa.raquat poisoning, both in respect of the amount 

of adsorbent material administered and the period of time over 

which it has been given. There seems little doubt that the 

earlier use of the rat as a model for human poisoning seriously 

misled many workers and it was too readily assumed that :para.quat 

absorption was relatively slow allowing a long time span for 

the administration of a.dsorbents. The early editions of the 

ICI Ltd Trea.tment Booklet issued to hospitals and treating 

physicians in the United Kingdom and elsewhere, for example, 

suggested that Fuller's Earth could be effectively administered 

for a.s long as 48 hours after paraquat ingestion. Such treat-

ment regimes are no longer ter..a.ble and, in the light of present 

knowledge, should be considered virtual malpractice. 
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The clinical problems a.ssociated with the administration of 

such large volumes of fluid over such a short time ~riod are 

considerable. Such suspensions R.re highly unpalatable and 

it is not uncommon for patients to be unable to swallow these 

large quanti ties of unpleasant fluid, particularly if there 

is associated oral or bucco-pharyngeal ulceration. Ri.gher 

concentration suspensions (up to 30 per cent) were previously 

advocated, but these are more unpalatable than the weaker 

suspensions, more difficult to swallow and, in addition, there 

is the likelihood of the material impacting at the pylorus. 

The use of gastric or duodenal intubation may help to overcome 

this problem, but, although not widely used in the United Kingdom, 

the best means of both adniinistering adsorbent and clearing 

the gut is by the use of gut lavage as advocated by Okonek and 

his eo-workers 28 ' 29 • The technique involves the rapid passage 

of a large volume of fluid (14 to 18 litres) ·through the gut at 
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a rate of about 75 m1 per minute using a stomach tube and peristaltic 

pump. The irrigation fluid is normally a. physiologic~l solution 

such as Ringer's solution and 250 to 500 m1 of a lO·per cent 

suspension of a.n adsorbent clay is fed into the gut each hour through 

a by-pass. The whole procedure is completed in less than 4 houxs. 

Such therapy is not without its complications, however. Perfor­

ation of the gut wall may occur (particularly oesophagus or 

stomach) and fluid and ele.ctrolyte balance may be seriously 

disturbed and will require careful maintenance and continuous 

monitoring. 



The second limiting factor that will reduce the effectiveness 

of adsorbent/purgative therapy has already been alluded to 

briefly, namely the speed at which paraquat is absorbed from 

the gut into the circulation. Recent animal work (discussed 

in Section 1.2) together with observations such as those of 

18 
Proudfoot , indicate that most absorption will have taken place 

within four hours from ingestion. Unless vigorous therapy can 

be instituted within this time, it is unlikely to be effective in 

those patients who have taken potentially lethal amounts. The 

importance of the time factor in treatment will be demonstrated 

later in the discussion of the author's series of cases. Delayed 

treatment together with under-treating may be responsible for 

~0 the failure of Fitzgerald and his colleagues,_ to demonstrate any 

improvement in survival after paraquat poisoning when comparing 

mortality before and after the introduction of the 'Fuller's Earth 

regime in an extensive survey of Irish experience. 

THE RE!'!O'V.A.L OF PA .. 11AQUAT FRO!-L TEE CIRCULATI01T 

Paraquat does not bind to plasma macromolecules (Rose M S, 1976, 

unpublished data) and may thus be removed readily from the 

circulation by both haemodialysis and haemoperfusion. The latter, 

using charcoal columns, is much the more efficient and effective 

28, 29, 31-39 
down to very low plasma concentrations of paraquat • 

Clearance values of approximately 90 ml/minute may be obtained 

with some columns at plasma concentrations in the range of 1.0 to 

20.0 mgjlitre. At plasma concentrations below 1.0 mg/litre, 
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although the efficiency is markedly reduced, it is still 

effective (Widdop B, 1978, personal communication). 

It is important to distinguish clearly between two very distinct 

possible indications for the use of haemoperfusion or haemodialysis. 

These measures may be used to remove paraquat from the circulation 

or they may be used to support the kidney through a period of 

transient or incipient failure resulting from the toxic effect 

of paraquat. Both the indications and the likely effectiveness 

in these separate situations are very different, but this is not 

always made clear in the numerous literature references. Kidney 

support in renal failure is of great clinical value, but although 

there is no doubt about the effectiveness of haemoperfusion in 

removing paraquat from the circulation, there is more doubt about 

its real therapeutic value when used for this purpose. 

The most important factor limiting the therapeutic effectiveness 

of these measures as a treatment for paraquat poisoning is, once 

again, that of time from ingestion. Haemoperfusion is only 

indicated in those situations where the plasma paraquat levels 

are approaching or exceeding the critical concentrations at 

18 
given times • In the great majority of cases in ~hich such 

treatment would be of value, the peak plasma levels and the bulk. 

of absorption has taken place before haemoperfusion could be 

started. By that time the target organs will have already 

received a substantial (and possibly lethal) dose of paraquat 

and the reduction of circulating levels will have little 

effect in preventing the vicious cycle of pathological change. 

167 



Even when it has been possible to set up haemoperfusion within 

three hours of poisoning, it has not prevented fatalities 28 ,31 ,32,39 

and, as will be discussed later, these measures failed to show 

any clear evidence of benefit in the author's series. However, 

note should be taken of the two cases reported by Okonek and 

37' 38 . . his colleagues 1n which plasma paraquat levels were greatly 

in excess of the critical values indicated by Proudfoot 18 or 

reported here (fig 3.1). The presumed dose was in the order 

of 15 to 20 g paraquat ion (3 to 4 mouthsfull of 1Gramoxone 1 ), a 

dose at which there have been no survivors in the author's series, 

previously reported 4 or discussed later, nor in the extensive 
2 

survey of Fitzgerald • Haemoperfusion was maintained for two to 

three weeks for 8 hours per day suggesting that if it is begun early 

enough and pursued "Aith Vigour, it may be possible to remove paraquat 

from the circulation at a rate faster than the lung is able to 

accumulate it. Further clinical experience is required before 

Okonek 1s claims for haemoperfusion can be generally substantiated. 

The fact that it is now possible to make quite accurate predictions 

of the likely outcome of poisoning on the basis of plasma paraquat 

estimations makes the evalUation of the actual effectiveness of 

such newer methods of treatment a real possibility. 

40-42 Forced diuresis has been advocated by some workers , but 

it has no real place in the treatment of paraquat poisoning. 

As noted earlier (Section 1.2) paraquat is excreted by glomerular 

filtration coupled with active tubular transport. Neither of 

these excretion mechanisms is affected by forced diuresis and in 

consequence the use of this procedure will not increase the renal 
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excretion of paraquat. Further1 it is a potentially highly 

dangerous technique 1 particularly in para.quat poisoning in which 

there is likely to be early renal damage. Even if this is 

transientf the administration of large volumes of fluid with 

diuretics is likely to be an embarrassment to the kidney ~~d 

will lead to the patient becoming rapidly waterlogged. Such 

a situation will dramatically1 even fatally
1 

increase the 

pulmonary oedema. 

THE USE OF 'ANTI-PARAQ,UAT' THERAPY 

There have been a number of approaches to the treatment of 

paraquat poisoning which have been designed e·ither to prevent or 

to reverse the effects of paraquat on the end organs. Some of 

the more important of these will be discussed briefly. 

(a) Suueroxide dismatase (SOD) and d-nropranolol 

The endogenous enzyme SOD, which dismutates the superoxide 

radical to form hydrogen peroxide (see Section 1. 2. 3) , prev-

ents the formation of other free radical species (especially 

the hydroxyl radical). The fact that the superoxide 

radical is produced as a result of the cyclic reduction 

and oxidation of paraquat in the cell has led a number of 

workers to advocate the use of SOD to 'mop up' the excess 
' 

superoxide ions. The measure was given some support from the 

in vitro effectiveness of SOD in rat liver microsomal systems 43 • 

To this was linked the use of p-adrenergic blocking agents 

such as d-propranolol which were thought to displace either 

or inhibit the uptake of paraquat by the lung as demonstrated 

by in-vitro studies44. Although some success was claimed 



by a nUmber of workers for this approach to treatment 45-49 

these claims have not been borne out by further experience, 

either experimental or clinical S0-52 Furthe • r, 

considerations of the biochemical mechanisms in paraquat 

poisoning (see Section 1.2) make it unlikely that the 

' 

application of exogenous materials would affect sub-cellular 

events. This form of therapy was not used in any of the 

108 cases collected by the author and to be discussed later. 

(b) Anti-inflammatory agents and immunosuppressants 

The use of anti-inflammatory agents, particularly steroids 

and a variety of immunosuppressants, such as bleomycin, 

azathioprine or cyclophosphamide, have been used separately 

or in various combinations in the treatment of paraquat 

poisoning 32 , 47 , 53- 56• The approach is purely empirical. 

Because there is an inflammatory component in the toxic 

response and because fibrosis is the dominant pulmonary 

effect, these agents were used in an attempt to reduce 

inflammation and reverse the fibroblastic response. While 

there may be some palliative value in the use of steroids, 

these agents have no effect on the development of the toxic 

tissue damage and the ultimate fibrosis. 

It haa been argued that steroids have a place in those cases 

in which there has been severe aclreno-cortica.l damage 
57

• 

The use of steroids in such cases, however, while of value 



in reversing the effects of adrenal shock, is unlikely 

to prove of lasting effect since doses sufficiently 

high to cause adrenal insufficiency will be invariably 

fatal. 

(c) liypoxic regimes and PEEP ventilation 

The enhancement of paraquat toxicity by high ambient oxygen 

tension is a direct corollary of the consideration of the 

theoretical aspects of paraquat poisoning and has been 

demonstrated in animal experiments 58- 61 
For this 

reason it is important to withhold the administration of 

oxygen to those suffering from paraquat :poisoning until 

as late a stage as possible. On the other hand, the 

administration of hypoxic breathing mixtures ·is of ·very 

limited value in oases of human poisoning 
32

' 
50

, and has 

not :protected the lung against the toxicity of :paraquat 

62,63 in experimental animals , in spite of some early claims 

to this effect 64 • 

A variant approach to low oxygen therapy has been pursued by 

. 65-67 
Douze and his eo-workers m Holland • The principle of 

the method is to reduce arterial oxygen tension to between 

50 and 70 mm of mercury by the administration of nitrogen, 

together with positive end-expiratory :pressure ventilation 

(PEEP). The patient is sedated with the use of diazepam and 

muscular :paralysis is achieved with tubocurarine. At the same 

time as artificial vent i lation is applied, there is a :programme 

of vigorous ha.emoperfusion. It is very difficult, however, to 
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judge the real effectiveness of this form of therapy. 

It is certain that treating physicians would agree that 

the use of PEEP is valuable in the terminal care of 

paraquat poisoning, allowing easier nursing and preventing 

the gross dysproea which is distressing to patients, :relatives 

and staff (Vale J A, 1978, personal communication). Claims for 

the success of this form of treatment in pa:raquat poisoning 

are much less certain. In theory PEEP ventilation should 

help to prevent atelectasis and reduce pulmonary oedema, but 

clinical evidence for this is sadly wanting and the relatively 

small :reduction of arterial oxygen tension would have no 

effect on tissue concentrations. As an active therapy, 

PEEP ventilation with low oxygen therapy has not been 

satisfactorily demonstrated to have any significant effect on 

the couxse of poisoning. On the other hand, PEEP ventilation 

certainly has a place in general supportive therapy. 

One point should be- added: although low. oxygen therapy has 

not been shown to have any clinical benefit, it is well established 

that the administration of oxygen a.t concentrations greater than 

ambient is contraindicated, except as a last :resort in terminal 

cases. In all cases of paraqua t poisoning, the use of oxygen 

should be delayed for as long a.s possible. 
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3 • 3 THE EFFECTIVENESS OF THERAPY 

There have been a large number of reports of recovery after 

pa.raqua t poisoning, sometimes claimed to be as a result o:f" 

the use of one or another fonn of therapy. Some reports 

frequently fail to provide details of the dose of paraquat 

ingested, or the length of time that had elapsed before therapy 

was started. Any investigation of the effectiveness of therapy 

must take both these basic considerations into account. The 

obvious measure of success is· the number of patients surviving 

after a potentially lethal dose, but an additional measure is the 
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length of survival time in fatal cases indicating whether treatment 

increased the period of survival in fatal cases. Both these 

indicators of effective therapy will be examined in turn. 

3.3.1 LENGTH OF SURVIVAL m FATAL POISONING 

The effectiveness of therapy will be shown primarily in improvements 

of overall survival rates, but the length of survival after 

ingestion of fatal doses will also give some indication of 

whether newer forms of therapy are having an effect on the 

clinical course. In order to determine whether there was · 

any objective evidence for a change in survival time as the 

result of changes in treatment, it was decided to examine the 

data existing in the 'Incident File' of ICI Ltd from 1970 to 

the end of 1978. The records are not complete, but numbers 

are sufficient for comparative purposes. The use of Fuller's 

Earth with purga.tives, together with haemodialysis and 

baemoperfusion became generally established in treatment from 

the beginning of 1975. The cases were therefore divided into 

those occurring up to December 1974 and those occurring 



thereafter. Only those cases for which there was a reasonable 

estimate of dosage were used in the comparison and it was also 

decided to omit those cases in which dosage was sufficiently 

high that the outcome of poisoning was unlikely to have been 

affected by therapy (on the basis of published evidence 52, 

this was set at lOg paraquat ion). A large number of cases 

in the files were excluded on this criterion as doses were 

too high or not recorded. It must be recognised, also, that 

in most cases of poisoning with liquid concentrates, the estimates 

of dosage are likely to be no more than approximations •. 

The results or this comparative study are set out in table 3.5. 

It is apparent that there is a very·marked difference between 

the mean survival times in the two group, although mean doses 

are.ve:ry comparable. A Student's 't' test applied to the two sets 

of survival times indicates a difference between them of such high 

mathematical significance that some factor or factors appear to be 

operating in one group and not the other (t = 3.1; df = 42; B(0.0025). 

While it may reasonably be concluded from this data that the· 

introduction of newer treatment methods has done nothing to 

increase the survival time in fatal cases, it is not so easy 

to account for the highly significant reduction in survival time 

from a mean of nearly 11 days to less than half that time at 

equivalent dose levels. It could be that over-heroic therapy has 

hastened the patient's death in the past by some upset in electrolyte 

and fiuid balance. Further, it is known that a number of cases 

certainly have oocurxed in which there has been fatal perforation 

of a friable oesophagus by a stomach tube and in which there has been 

fatal inhalation of Fuller's Earth. It is difficult however to 
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TA:BLE 3. 5. COMPARISON OF SURVIVAL TIMES IN FATAL 

CASES OF PARAQUAT POISONING AT INGESTED 

DOSES BELOW lOg PARAQUAT ION 1 BEFORE 

AND AFTER DECEMBER 1974 

Period 

Jan 1970 - Dec 1974 

Jan 1975 - Dec 1978 

No. of 
Cases 

17 

27 

Mean dose (g) 
(below lOg) 

Mean SD 

6.0 

(Differences between survival time are highly 

significant : t = 3.1; df = 42; P<b.0025) 

Mean Survival 
time (q.a:ys) 

Mean SD 

10.7 10.8 
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to account for such a marked reduction 1."n · surv1.val time by 

iatrogenic causes alone. 

It is possible, however, that with the increasing recognition 

that intensive supporting therapy is of little value in those 

cases where a downhill course is apparent, there has been less . 

willingness to submit patients to heroic measures which, while 

maintaining life for a period, have no influence on the eventual 

outcome and could very well be uncomfortable or even distressing 

to the patient. The reduction in survival time may thus reflect 

a reduction in the use of life support systems in recognisably 

fatal cases, but this is no more than a surmise. What may be said, 

however, is that the available evidence indicates that newer 

treatment methods have not increased this period of survival from 

ingestion to death in fatal cases. 

3. 3 RECOVERY RELATED TO TEE TTitiE TBEATMIDNT WAS INSTITUTED, 

TREATMENT METHOD AND ~"GESTED DOSE 

A total of 108 cases were followed-up by the author in the period 

1976-1979 as a result of the co-operation of treating physicians. 

The data collected included the age, sex and as far as possible the 

occupations of the patients, together with details of therapy, 

clinical and laborato~ measurements and the eve~tual outcome. 

The time that had lapsed between ingestion and the institution 

of therapy was noted in all but twelve of the cases. Urine and 

plasma levels of pa.raquat were recorded where these were available. 

The actual number of deliberate paraquat poisonings was greater 

than the 108 reviewed, but for the purpose of this study it was 

decided to include only those cases in which there was a clear 

17 s~· 
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statement of the amount ingested. Cases in which the statement 

of dosage was in such terms as 'a mouthful' were rejected as not 

being sufficiently precise. 

The approach to treatment in all cases reviewed comprised the 

standard recommended t~a. tment: the ini tia.l induction of vomiting 

and/or gastric lavage, followed by the oral administration of 

repeated doses of Fuller's Earth suspension and saline purgatives 

or mannitol. Additional therapeutic measures included the use 

of forced diuresis, haemodialysis and haemoperfusion, together 

with corticosteroids and immunosuppressive agents. 

~SULT AND DISCUSSION 

The age and sex distribution of the 108 cases is. shown in Figure 3.2. 

There were 84 males ( 77. SO;b) and 24 females ( 22. 2%). The age 

distribution in both sexes is skewed, but two peaks appear among 

the males (between 20 and 30 years and 50 and 60 years of age) 

whereas only a single peak occurs in the case of females (between 

30 and 40 years of age). 

As will be seen from the figures, these two age groups in males 

(ie from 20 to 30 and 50 to 59 years of age) account for 5~6 

of all the male para.quat poisoning cases. The reasons for these 

age peaks is not clear although unemployment may have been a 

factor in some suicides. Similarly, the female peak between 

30 and 39 years of age accounts for approximately 30% of cases 

and over 500fo fell in the age group 30-49 years. Menopausal 

depression may have been a factor in some of these cases. 

Virtually half the episodes (46.~;b) occurred in the summer months 
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FIG 3.2: 
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FIG 3.3: SEASON INCIDENCE OF PARAQUAT SELF POISONING (A) 
·:. 
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May to August with a peak in June, which co~sponds very largely 

to the period of the year when paraquat would be in use as a 

herbicide in domestic situations (fig.3.3), thus differing from the 

relatively even distribution of self-poisoning throughout the year 

as a whole in the UK. 

It was not possible to elicit psychiatric histories from all the 

cases, but table 3.6 provides evidence that previous mental 

illness is a significant factor·in such poisoning cases. In 

most cases this had been severe endogenous depression. Alcoholism 

was a feature of only four cases. Ten patients had histories of 

previous attempts at suicide. Three cases were known to have been 

suicidal gestures following domestic rows, sadly two of these 

were fatal. 

The social background of the patients reviewed was not easy to 

elicit,· espepially in ·females who were described mainly in case 

notes as housewives. However, job classification suggested that 

at least half of the male case·s came from social classes IV and V 

(unskilled workers). .and very few from the professional and skilled 

social groups. 

Where possible, the souxce of paraquat was noted in cases where 

agricultural concentrates were used for self-poisoning. The 

results are shown in table 3. 7. Approximately half the cases bad 

no ent~tlement to access to agricultural concentrates such as 

'Gramoxone'. In one case a young man admitted to stealing the 

material from a nearby farm. Another 12 cases obtained the 

concentrates from relatives and friends, decanted ~nto other 

containers. In each case it was the farmers who were prepared 
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TABLE 3.6 PSYCHIATRIC BACKGROUND TO PARAQUAT 

POISONING CASES 

Previous history of 
mental illness 

Previous history of 
personality disorder 

History of alcoholism 

History of previous 
suicidal attempts 

No previous history 

Males 

No. % 

18 21.4 

1 1.2 

9 10.7 

of mental illness obtained 3 

Not known 50 59·5 

Total 84 100.0 

Females 

No. 

9 37-5 

0 

1 

1 

0 

13 54.1 

24 100.0 
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Total 

No. % 

27 25.0 

1 0.9 

4 3-7 

-3 2.8 

108 100. 0 



TABLE 3. 7 SOURCE OF PARAOOAT IN SELF-POISCNJNGS USING 
AGRICULTURAL CCNCENrRATES 

Entitled to possess concentrate, 
or easy access through work 

Obtained through relatives , 
friends etc. Stored in 
unauthorised containers 

Bought openly fran merchants, 
stores etc, by unauthorised 
purchasers 

Stolen (adrni tted) 

Source not knCMn 

Male Fenale 

17 1 

10 2 

8 3 

1 

6 2 

42 8 

182 
l, 

% 

36 

24 

22 

2 

16 

lOO 



to undertake such a dangerous and illicit practice who are most 

to blame. In addition, a further 11 cases, according to their 

own stories, bought 'Gramoxone' openly 'across the counter' 

from agricultural merchants or similar stores with ap:parently 

no questions asked and no signing of the poisons register. 

The occupations of these purchasers ranged from ordinary housewives 

to a mechanic, bus driver and a builder, none being even remotely 

concerned with agriculture. Such apparent ease in obtaining 

highly toxic material in an illicit fashion must give cause for 

concern. 

The overall mortality in the series was 50.0 per cent (54 deaths 

in 108 cases). Mortality was much higher in cases of poisoning 

with liquid conc.entrate formulations (mainly 1Gra.moxone') where 

there were 42 deaths from 50 cases (a mortality of 84.~A), but 

there were only 12 deaths from 58 cases of poisoning with the 

retail granular formations (20.~~) (tables 3.8 and 3.9). These 

differences are largely a reflection of the size of dose ingested: 

larger quantities of paraquat are usually taken when liquid 

formulations are used. This cannot be the whole story, however, 

as a com:parison of morta.li ty at equivalent doses (table 3.10) 

indicates a higher mortality following the ingestion of liquid 

concentrates than from the retail formulations. It is possible that 

this variation may be due to the differences in concentration in 

the ingested material. The concentrates are normally ingested 

neat, at a concentration of 2~;6 paraquat ion, but the granular 

material must first be dissolved in water. The stories obtained 

from patients would suggest that the concentration of this material 

is usually well below 10 per cent. The differences in the 
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TAJ3LE 3. 8 DEATHS FROM PARA QUAT POISONING 

Formulation 

Concentrates 
(liquid) 

Granular 
(solid) 

Totals 

No. of 
Deaths 

42 

12 

54 

No. at 
Risk 

50 

108 

Mortality 
% 

84.0 

20.7 

50.0 
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TABLE 3.9 OUTCOME OF PARAQUAT POISONING RELATED 

TO FORMULATION INGESTED 

LIQUID 

Gra.moxone 

Gramono1 

Dextrone 

GRANULAR 

'Yleedo1 

Pathclear 

TOTALS 

Deaths 

No. 

38 

2 

2 

11 

1 

54 

84.4 

66.7 

100.0 

21.6 

14.3 

Recoveries 

No. 

7 

1 

0 

40 

6 

54 

15.6_ 

33.3 

Total 

45 

3 

2 

51 

7 

108 

185 
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TABLE 3.10 COMPARISON OF MORTALITY FROM PARAQUAT 

POISONING WITH DIFFERnTG FORMULATIONS 

AT EQUIVALENT DOSES ( 2-10g PARA QUAT ION) 

Formulation 

Liquid 
concentrates 

Granular 

TOTAL 

No. of 
Cases 

19 

13 

32 

Deaths Mortality 
% 

15 

6 46.2 

21 

186 
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formulations (stabilizers, wetters, etc.) may also play a 

part in accounting for the differing mortality rates. 

The relationship between the dose of paraquat ingested (in grams 

of paraquat ion), the time elapsed between ingestion and the 

institution of treatment and the ultimate outcome is shown in 

table 3.11. There were no survivors in this series among the 

2 3 who had ingested more than 10 gm of pa.raqua. t ion (equivalent 

to 50 ml 'Gramoxone' or 6-7 sachets of 1Weedol') irrespective 

of the time at which treatment was instituted, and there was 

only one survivor from 16 cases who had ingested more than 5. Og 

of paraquat ion (equivalent to 25 m1 1Gramoxone' or 3-4 sachets 

of 1Weedol 1 ) but less than lOg. Such a dose of 1Gramoxone' 

represents no more than a single mouthful. Taking both these 

higher dose groups together, there were 39 patients of whom 13 

were given proper treatment with1n two hours of ingesting paraquat 

and in only 8 cases was the institution of therapy delayed beyond 

10 hours from ingestion. Nonetheless, there was only one survivor 

out of these 39 cases, suggesting strongly that doses in the area 

of 5g represent the maximum treatable ingested amount, particularly 

if there is any delay in instituting treatment beyond 2 hours 

after ingestion. The importance of the time factor in treatment 

is shown in table 3.12 in relation to the •treatable' dose range 

of 2 to lOg paraquat ion. This correlates closely with the data 

on plasma paraquat levels indicating the rapidity of absorption. 

The pattern of major organ damage in this series is shown in 

table 3.13. These figures are based on clinical observations 

and investigations and not on post mort em findings. The two 
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TABLE 3.12 INGESTION/TREATMENT INTERVAL AND 

OUTCOME OF POISONING AT DOSES BETWEEN 

2.0g AND lO.Og PARAQUAT ION 

U:p to 2 hours 

From 2 to 5 hours 

Over 5 hours 

Totals 

No. of 
recoveries 

6 

3 

2 

11 

No. of 
Deaths 

4 

7 

10 

21 

Total 
Cases 

10 

10 

12 

32 

Mortality 
% 

40.0 

70.0 



TABLE 3.13 THE PATTERN OF MAJOR ORGAN DAMAGE 

m PARAQUAT POISONDTG 

Fatal 

Kidneys 5 

Kidneys + Lung 22 

Lung 2 

Liver + Lung 1 

Liver + Kidneys 2 

Kidneys + Lung + Liver 21 

Liver 1 

Totals 54 

Non-Fatal 

7 

3 

4 

2 

1 

1 

2 

20 

· .. ~· 
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fatal cases in which lung damage only was seen, were 

both treated with forced diuxesis, and it is more than probable 

that th~ fatal pulmonary oedema was a result of over-energetic 

treatment rather than the paraquat itself. Hepatic damage · 

alone was seen in only three patients, and there were 3 cases 

in which lung effects were seen in association with hepatic damage. 

The normal pattern, however, was for lung. damage to follow 

evidence of renal failuxe. Renal damage in many cases was 

severe, judged from biochemical indices. The relatively high 

numbers showing renal involvement following 'Weedol' ingestion 

may reflect the additive effect of the diquat also included in 

this formulation. Two of these cases showed marked central 

nervous system involvement with convulsions and another two 

cases showed methaemoglobinaemia,a phenomenon that is difficult 

to explain. It is worth"noting that among the deaths there 

were two who died from the inhalation of Fuller's Earth, both of 

whom had taken less than 2g paraquat ion and three who apparently 

died from myocardial infarction during therapy, although this 

may have been a toxic myocarditis which has been observed in 

a number of cases (Vale, J A, 1978, personal co~cation). · 

There was a ·further case who died with extensive :tntravascular 

clotting. 

The introduction of Fuller's Earth as the basis of therapy, 

designed to prevent the initial absorption of paraqua.t from the 

gut, was widely welcomed with cautious optimism as a possible 

answer to a hitherto insoluble problem. However, as discussed 
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earlier (Section 3.2) the only large scale review of poisoning 

undertaken so far has failed to show any significant improvement 

in mortality following the introduction of Fuller's Earth 30 . 
Fitzgerald's conclusion in that study was that the only patients 

likely to have benefited from therapy were those treated within 

six hours of ingestion and who had taken between 5 and 30 ml of 

'Gra.moxone' (equivalent to 1 to 6 gm of pa.raqua t ion) • The 

French review of poisoning with paraquat would lower the upper 

level of treatable dose to 4 gm paraquat ion 6• T.he indications 

of the present study would put the upper limit of treatable 

ingested dose at just above 5g paraquat ion (table 3.11), .in close 

a~ement with the conclusion of Fitzgerald. 

The mortality pattern in the present seriee of 108 cases is 

very similar to that of Fitzgera1d's series. The overall 

mortality rate is similar and the great majority of survivors 

had taken less than 2 gm of pa~quat ion, a dose level at which 

only mjnimal therapy is probably necessary. On the other hand, 

there were no survivors at doses above 10 gm paraquat ion, 

irrespective of the time at which therapy was instituted or the 

vigour with which it was applied. An important intermediate 

group is thus disclosed who have taken more than 2 gm, but less 

than 10 gm of paraquat ion and in whom treatment may be shown to be 

of value. The critical factor in this group, however, is the 

time at which treatment is started. Table 3.12 shows that 

the chances of survival are very much poorer if the start of 
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treatment is delayed beyond 5 hours, whereas there were 6 

survivors out of 10 cases treated within 2 hours of ingestion in 

the same dose range. Time thus appears to be the critical 

factor and this is to be related to the rapid absorption of 

paraquat demonstrated by the early peaking of plasma paraquat levels 

(section 3.2.1 and fig 3.1). The practical success of therapy 

thus closely mirrors the picture obtained from considerations 

of absorption patterns. !t is thus possible to set out the 

three minimum criteria for possible successful therapy: 

1. an ingest~d dose less than 10 g para.quat ion 

(equivalent to 50 ml 'Gramoxone'; 6 sachets of 

'Weedol'). In reality, as already suggested, it 

is likely that the really •treatable' dose is not 

more than 6 g paraqua t ion, equivalent to 30 ml of 

'Gramoxone' or 4 sachets of •Weedol' (see table 3.11). 

The setting of too rigid a dose criterion could lead 

to the exclusion of cases that might benefit from early 

and vigorous treatment and, accordingly, an upper.limit 

of lOg is suggested. This also allows for variations in 

the amount of para.qua t available for absorption as a 

result of vomiting, existing stomach contents etc. 

2. a.cti ve therapy instituted within 5 hours of ingestion, 

(ideally within 2 hours) 

3. plasma paraquat levels below 2.0 mgjlitre at 4 hours after 

ingestion or 0.6 mg/litre at 6 hours after ingestion. 
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The 'window' for introducing effective the:ra.py is thus very 

small and while small treatable doses are the rule with the 

retail granular formulations ('Weedol' and 'Pathclear'), 

a single mouthful of the agricultural concentrate is 

potentially lethal. 

The problem in assessing the value of treatment is to decide 

which aspect is the most important. Slightly more than half 

the patients in this series vomited spontaneously and frequently 

profusely, but this did not appear to influence the final outcome 

as there were as many who vomited among fatalities as survivors. 

However, there is a variety of factors such as time to vomiting 

and the volume distri'}?ution of paraquat in the ·stomach "'rhich 

would affect this situation. All patients received gastric 

lavage on admission to hospital followed by the administration 

of Fuller's Earth and purgatives. The importance of the time 

factor in trea~ment, related to what is known of gastric emptying, 

would suggest that gastric lavage is equally as important as the 

use of Fuller's ~arth •. This raises the whole question of the oral 

administration of this adsorbent. Two cases in this series died 

through the inhalation of orally administered FullerJs Earth. 

Furthermore, patients are generally intolerant of these suspen­

sions especially when concentrated (eg 30%) and the problem is 

made worse in the presence of inflamed or ulcerated mouth and 

fauces with dysphagia or intractable vomiting. There is also 

some unpublished post-mortem evidence which suggests that the 

passage of Fuller's Earth across the pylorus into the duodenum 

is not as complete or as rapid as usually thought if the 

suspension is concentrated. For these reasons the regime of 
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28 29 
Okonek and Hofmann ' using gut lavage with Fuller's Earth 

in saline is likely to be more effective in ensuring that the 

adsorbent reaches the small gut in sufficient quantities. 

However, unless this regime can be introduced rapidly it is 

not likely to be much more effective than present methods. 

The use of a variety of adjuvant forms of therapy has been 

advocated, both to remove paraquat from circulation and to protect 

the lung. There was no evidence from this study that the use 

of such adjuvant therapy plays any part in increasing survival 

after poisoning. Table 3.14 indicates the apparent effectiveness 

of the most common forms of adjuvant therapy at various dose levels. 

It is not easy to separate the effects of individual forms of 

additional therapy, since all were combined with the basic form of 

treatment using Fuller's Earth and were also frequently used in 

combination together. It will be seen from the table that the 

mortality rates in the dose range 2.0 to lO.Og paraquat ion compare 

ver,y closely with those shown in table 3.12, which sets out the 

overall mortality in this dose range. It would probably be argued 

by Okonek on the basis of his successful use of haemoperfusion 36 , 38 

that this regime was not pursued with sufficient vigour nor for a 

sufficient length of time to produce an effect in the cases in this 

series. The results following forced diuresis are markedly poorer, 

however, than those associated with other forms of therapy. This 

is likely to be related to the secondar,y effects'of pulmonary oedema 

which, according to the case histories, developed in at least half 

the cases treated by this method. Such therapy is likely to be 

hazardous when the patient is developing oliguric renal failure. 
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Furthermore, as noted earlier, it is a form of therapy .,: 

' 

contraindicated on theoretical grounds. None of the patients in \.·• 

this series received d-propranolol, nor was PEEP ventilation 

used. Neither form of therapy will prevent the progress of the 
.1. 

lung lesion, although the latter is certainly of benefit in the 

terminal management of fatal cases. '· 

Perhaps the most important aspect of this analysis of 108 cases 

of paraquat poisoning is the way in which it serves to emphasize 

both the very small dose range for which treatment is likely to 

be effective and the narrow time band available to institute such 

therapy once ingestion has taken place. The author's experience 

would suggest that neither of these issues is sufficiently under-

stood, particularly in accident and emergency units to which the 

majority of patients are taken in the first place. 
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4 CONCLUDING OBSERVATIONS 

It is always easy to. be wise after the event and it seems 

clear that the manufacturers of paraquat as a herbicide 

did not anticipate any exceptional problems with this 

compound when it was first introduced onto the market 

during the mid-1960s. In retrospect, however, it should 

perhapa hava been expected that some serious accid~nts would 

occur·with a herbicide of relatively high toxicity and 

in particular one with the type of toxic properties that 

pre-registration animal studies would have uncovered. It 

has to be remembered that farm workers are notoriously 

careless and often exhibit little safety consciousness. 

In general, however, the incidence of serious accidents 

in occupational use appears to have been very low, as has 

been discussed earlier. On the other hand there have been 

a large number of deaths as a result of accidental or 

deliberate ingestion of paraquat formulations. 

This short section wil~ attempt to draw some conclusions 

from the data provided in the earlier parts of this thesis 

in relation to the two situations of paraquat use in agri-

culture and paraquat misuse in accidental and, more part-

icularly, deliberate poisoning. 
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4.1 PARAQUAT IN USE 

The main conclusions to be drawn from the available 

published data, together with the results of the author's 

three studies of paraquat occupational use situations, have 

been discussed broadly in Section 2.5. The data would 

indicate that neither the formulation of paraquat as 

commercial preparations, nor the standard higher volume 

spraying at concentrations of up to 0.5% paraquat ion 

(1:40 dilution of 'Gramoxone') are likely to pose any 

significant risk to worker health. 

The importance of these studies lies, in part at least, 

in the long period of occupational exposure ~hich the 

formulation workers and Malaysian spray operators had 

experienced. It is thus worth re-emphasising that in 

spite of such long and continuous occupational exposure 

associated with significant dermal contamination, there 

were no reports of any symptoms that would point to 

significant absorption of paraquat. More importantly, 

as far as the group of spray workers was concerned, a wide 

range of clinical measurements failed to show any variation 

from the values tba' were found in the unexposed control 

populations. It may therefore be reasonably affirmed that 

paraquat does not constitute a significant risk to health 

under proper conditions of manufacture and use. 

It: was noted earlier, however, that the use of low volume/ 

high concentration spraying raised very real problems. 

Exposure to concentrations not greatly in excess of those 
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used in the Thailand trial have since been reported as 

causing fatalities through percutaneous absorption 
1

'
2

• 

The results of that particular study would strongly indicate 

that the practice of low volume spraying, using hand-held. 

equipment, is a dangerous practice which increases the 

level of risk to the sprayman to totally unacceptable 

degrees. 

Unfortunately, the label instructions on ICI Ltd formulations 

did not, in the past, make it clear that there was any 

consideration of safety to be taken into account in deciding 

on the dilution for spraying. A range of dilutions was set 

out, but these related to herbicidal efficacy not to matters 

of safety·. Partly as a result of the Thailand work reported 

in this thesis, ICI Ltd have now clarified their label 

instructions and have placed a clear limit for the upper 

spray strength to be used with hand-held sprayers (1:40 

dilution of the 2~/o agricultural concentrate) (see table 2.1, 

p 49). Considerable amounts of the older formulations, 

however, are stil~ likely to be in use around the world. 

210 ·~: 

.~· 

t 

·. 



4. 2 PARAQUAT IN I1ISUSE 

The real problem with regard to paraquat relates to its misuse 

in cases of accidental or deliberate poisoning. The existing 

controls on the sale of the agricultural concentrate in the 

United Kingdom have done much to reduce the incidence of 

accidental poisonings. On the other hand, the evidence for 

'illicit' sales and the apparent ease with which commercial 

formulations were obtained by those not entitled to them, as 

discussed earlier in the thesis (Section 3.3.2), must raise 

considerable concern. It seems likely that the voluntary 

registration scheme devised by the British Agrochemicals 

Association for distributors wilL go a long way towards 

reducing the sale of scheduled materials to the general public 

(Major c s, 1981, personal communication), but clearly if 

such voluntarJ means fail, there will be a need for a tighter 

statutory control and inspection system to ensure the proper 

regulation of the sale of scheduled pesticides. 

The evidence from the author's series of cases reported here 

and from the only published data dealing specifically with 

retail granular formulations 3, would indicate that these 

preparations present no significant risk of fatal accidental 

poisoning, although they are being increasingly used for 

deliberate self-poisoning. The mortality, however, is low 

in such cases and the actual dose of paraquat taken is 

frequently very small indeed. In view of this situation it 

would seem to be a gross over-reaction to ·ban the use of 

paraquat in those garden and retail formulations specifically 

designed for domestic use. On the other hand, in those 
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countries (such as Eire, Japan and Western Samoa) where liquid 

agricultural concentrates are more freely available than they 

are in the United Kingdom and where self-poisoning is a 

significant problem, then there is a strong case for the 

manufacturer to introduce measures which may help in 

reducing fatalities from self-poisoning. In total numbers, 

20 or 30 deaths each year from paraquat self-poisoning in 

Western Samoa may appear small, especially in the world-wide 

terms in which large companies think, but in terms of a 

population only the size of Oxford, the problem changes in 

significance considerably. 

The very small range of dose for which any treatment is likely 

to be effective has not always been sufficiently recognised. 

The great weight of evidence, discussed earlier, would indicate 

that the only cases likely to be saved with any degree of 

probability are those who have: 

(a) ingested less than 5g of paraquat ion, 

(b) had treatment instituted within 2 hours of ingestion, and 

(c) show plasma paraquat levels not exceeding 2mg/litre at 

four hours after ingestion. 

The dose of 5g paraquat ion represents but 25ml of 'Gramoxone', 

literally 'a mouthful'. There are very few other compounds in 

general use where there is such a sharp 'cut off' between 

treatable and fatal doses and any measure which can be 

introduced which will extend that boundary should be given 

careful consideration, especially in view of the 'cry for help' 

cases whose self-poisoning is no more than a suicidal gesture. 

This is an important group of poisoning cases who often take 

~~ 
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what they believe to be a 'small' dose (a mouthful, for 

example), but which in the case of :paraquat turns out to 

be inevitably fatal. One recent estimate suggests that as 

many as three quarters of self-poisonings are 'impulse' 

cases of this ty:pe 4. 

The benefits of paraquat in agricultural practice have been 

demonstrated over the :past twenty years, but in common with 

most benefits there are associated risks and dangers. It 

may be used with safety, but it may also be misused with 

dire results. Good and evil are rarely far apart in this 

world and it requires vigilance and a willingness to act to 

ensure the continuing good. It was, after all, but a league 

between Mount Gerizim and ~Iount Ebal 5• 
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in this thesis. The accompanying bibliography is thus in no ... 
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(ed Autor AP) New York, Academic Press. 1977• 117-136 

Hollinger ~~ Chvapi1 M 
Effect of paraquat on lung propyl hydroxylase 
Res Commun Chem Path Pharm 16 ; 159-92 :-1977 

Hollinger MA, Giri SN,. Freywald M 
Effect of parenterdl zinc on paraquat toxicity in the rat 
Res Commun Chem Path Pharm 18 ; 689-696 : 1977 

Hosli J 
Paraquat poisoning in dogs 
Schwerz Arch Tierhei1kd 119 ; 377-381 : 1977 (Geri'T\~n) 

Jones RW, Garland PB 
Sites and specificity of the reaction of bipyridylium 
compounds with anaerobic respirato~ enzymes of 
escherichia coli. Effects of permeability barriers 
imposed by the cytoplasmi~ membrane 
Biochem J 164 ; 199-211 ~ 1977 

Klaff IJ, Levin PJ. Potgieter PD, Losman JG, Nochomovitz LE 
Ferguson AD 
Treatment of Paraquat poisoning with the membrane oxygenator 
South Afr Med J 51 ; 203-7 : 1977 
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• 1977 (Con t) 

Kopazyk - Locke K 
In vitro and in vivo effects of paraquat on rat liver 
mitochondria 
ln:Biochemica1 Mechanisms of paraquat toxicity 
(ea Autor AP) Ne.w Yo-rk, Academic. 'Pre.ss. 1977. 93-115. 

Kuhara H, Wakabayashi T, Kishimoto H, Hayashi K, Suti T, Matsunga T 
Five autopsy cases of paraquat poisoning 
Nippon Noson Igakka Zasshi 26 : 647-656; 1977 

Larsson B, Oskarsson A, Tja1ve H 
Binding of paraquat and diquat on melanin 
Exp Eye Res 25 ;353-61: 1977 

x:::::= 

Ledwith A 
Electron transfer reactions of paraquat.in~ 
Biochemical Mechanisms of Paraguat Toxicity 
(e~ Autor A P) .Ne.w -York. Ac.2.de.inic. · PTe.Ss. 1977. 2.1- ~S. 

Mahieu P, Hassoun A~ Fautsch G, Lauwerijs R and Tremouroux J 
Paraquat poisoning. Survival without pulmonary insufficiency 
after early bleomycin treatment 
Acta PharmacTox 41 ; Supp TI 246-8 : 1977 

Maling HM, Saul \ol, Williams MA, Brown EAB, Gillette JR 
On the mechanisms of the potentiation by beta adrenergic 
agonists of paraquat toxicity in rats and mice 
in~Biochemical Hechanisms of Paraguat Toxicity 
(edAutorAP) NewYork,Aead~tnic. f'ress.l977. 173-156.-

Maling HM, Saul W, Williams MA, Brown EAB, Gillette JR 
Reduced Body Clearance as the Major Mechanism of the 
Potentiaition by beta 2-Adrenergic. Agonists of Paraquat 
Letha1ity in Rats. 
Toxic app1 Pharmac 43 : 57-72 ; 1977 

Mason RP, Peterson FJ, Callaghan JT, Holzman JL 
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Ascorbic Acid destruction of the o
2 

generated by nitrofurantoin and paraquat 
free radicals 
Pharmacologist 19 ~ 192 : 1977 

McGeown MG 
Clinical Aspe~ts of paraquat poisoning 
In:Clinical Aspects of Paraquat Poisoning (ed KFletc.her) 

l.onclon, lC I Ltd. 1977. 1').- 21. 

Mirchev N 
Acute Poisoning with Gramoxone (paraquat) 
Vetr bol 16 ; 99-101 ~ 1977 

Montgomery MR 
Paraquat toxicity and pulmonary superoxide dismutase: An 
enzymic deficiency· of lung microsomes. 
Res Commun Chem Path Pharm 16 ;155-8:1977 
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• 1977 (cant) 

Montgomery MR & Mortenson GA 
Inhibition of pulmonary mixed function oxidations 
by paraquat and ozone 
Toxic appl Pharmac 41 ; 183-4 : 1977 · 

Natori H 
Paraquat Lung 
Respir Circ 25 ; 409-12 ~ 1977 

Neoral L, Dusek J, Smysl B 
A contribution to the pathogenesy of lethal paraquat poisoning 
Z. Rechtsmed 80 ; 1-7 : 1977 

Okahara T, Boye GL, Michelakis AM, Huang CT 
Effect of paraquat on lung metabolism of PGE2 
Pharmacologist 19; 183: 1977 

Okonek S 

254 

Haemoperfusion with coated activated charcoal for treating acute intoxication 
by drugs, plant protection agents 
Med Klin 72 ; 862-6: 1977 · 

Okonek S & Hofmann A 
Current Aspects of the therapy of paraquat and diquat poisoning: 
Gut lavage, haemodialysis and haemoperfusion 
In: Clinical Aspects of Paraguat Poisoning: (e.c! Fle.tc.her K) 
Londo~" 

7
lCI LtcJ..1~77. 55- Gco • 

O'Neil JJ Engelbrecht FM \-lilson AGE 
Paraquat uptake and distribution by rat lungs 
Am RP.v Resp Dis 115 (4); 234: 1977 

Park J, Proudfoot AT & Prescott LF 
Paraquat Poisoning : A clinical review of 31 cases 
In: Clinical Aspects of Paraguat Poisoning:(ed Fletcher }() 
London

7 
lC[ Ltd. 1977. 46-54 

Prochnicka B, Kwiecien-Glowacka E, Bialka J 
A case of fatal poisoning with Gramoxone 
Przegl Lekar 34 ; 511-2: 1977 (Po1.ish) 

Reddy KA, Litov RE, Omaye ST 
Effect of pretreatment with antiinflammatory agents on paraquat toxicity 
in the rat 
Res Commun Chem Path Pharm 17 ; 87-100 : 1977 

Rhodes ML, Patterson CE 
Effect of exogenous superoxide dismutase on paraquat toxicity· 
Clin Res 25 ; 592A : 1977 
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• 1977 (Cont) 

Rose MS & Smith LL 
The relevance of paraquat accumulation by tissues.!n: 
Biochemical Mechanisms of Paraquat Toxicity : 
(ed Auto!" A P) Ne.'W York, Ac.3de.mic. 'Press. 1977. 71- 9l 
Rose MS & Smith LL 
Tissue uptake of paraquat and diquat 
Gen Pharmacal ~ ; 173-6 : 1977 

Seidenfeld J, Wycoff D, Zaval D, Richerson H 
Paraquat lung injury in rabbits 
Clin Res 25 (3) ~ 423A : 1977 

Smith LL & Rose MS 
A comparison of the effects of paraquat and diquat on the 
water content of rat lung and the incorporation of thymidine into 
lung DNA 
Toxicology 8 ; 223-230: 1977 

Smith LL, Rose MS 
Biochemical changes in lungs exposed to paraquat:in: 
Biochemical Mechanisms of Paraquat Toxicity j 
(ed Au:t:.or A P) New York, Ac.adeM4c. Pr~~. 1977. 1S7- 200 

Smith LL Rose MS & Wyatt'l 
The relevance of free radical formation in the rat . 
llli,g to the mechanism of paraquat toxicity_ 
Proc Europ Soc Toxicol 18 ; 206-8 : 1977 

Solfrank G, Mathes G, Clarmann M & Beyer KH 
Haemoperfusion through activated charcoal in paraquat 
intoxication 
Acta Pharmac Tox 41 Supp 11; 91-101: 1977 

-
Sykes BI, Purchase IFW, Smith LL 
Pulmonary ultrastructure after oral and intravenous dosage 
of paraquat to rats. 
J Path 121 ; 233-41: 1977 

Talcott RE, Shu H, Wei ET 
Lipid peroxidation and paraquat toxicity 
Fed Proc 36 ~ 998 : 1977 

Thomas PD , Thom~s D, Chan Y-L, Clarkson AR 
Paraquat poisoning is not necessarily fatal 
Med J Aus t 2 ; 564-5 : 1977 

Vale JA & Goulding·R 
Paraquat poisoning : The unsuccessful vigorous treatment 
of three patients 
In: Clinical Aspects of Paraquat Poisoning (ed Fletc.her"K.) 

London-, !Cl Ltct. 1~77. ll.- o3. 
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1977 (Cont) 

Vale JA, Crome P, Volans GN, Widdop B and Goulding R 
The treatment of paraquat poisoning using oral sorbents 
and charcoal haemoperfusion 
Acta Pharmac Tox 41 Supp 11; 109-17: 1977 

Widdop B, Medd RK, Braithwaite RA 
Charcoal haemoperfusion in the ~reatment of 
paraquat poisoning 
Proc Europ Soc Toxicol 18 ;156-9: 1977 

Winchester JF, Maini R 
Paraquat removal by sorbents 
In: Clinical Aspects of Paraquat Poisoning Ced F1etcher K) 
Lonoton, lCl L.tol. 1977. 69-73 

Witschi H, Kacew S, Hirai KI, Cote MG 
In vivo oxidation of reduced nicotinamide adenine 
dinucleotide phosphate by paraquat and diquat in rat lung 
Chem Biol Interact 19 ;143-160: 1977 

Witschi H, Hirai KI, Cote MG 
Primary events in the lung following exposure to 
In:Biochemical Mechanisms of paraquat toxicity 
(ed Auto"r AP) Ne.w York,Ac.act<l.~~c. Pre.ss.1977. 1-20.-

1978 
I 

I 
I 

I 
I 

Ackrill P, Hasleton PS, Ralston AJ 
Oesophageal perforation due to paraquat 
Br Med J 1 ;1252-3: 1978 

toxic chemicals 

Adachi H, Yokata T, Fujihara S, Nakamura H, Uchino F. 
Two autopsy cases of paraquat poisoning 
Tohoku J exp Med 125 ; 331-9 : 1978 (J6panese) 

Bassett DJP, Fisher AB 
Alterations of glucose metabolism during perfusion of rat lung with 
paraquat 
Am J Physio1 234 ; E653-E659: 1978 

Bier RK, o·sborne IJT 
Pulmonary changes in paraquat poisoning 
Radiology 127 ; 308 : 1978 

Bignami H et al 
In vitro mutagenicity studies of diquat and paraquat in salmonella, 
streptomyces and aspergillus. . 
Atti Assoc Genet I tal 23 ;43-4; 1978 (lta.'l-ia.n) 

Block ER & Wasserman B 
Potentiation of acute paraquat toxicity by vitamin E deficiency. 
Am Rev Resp Dis 117;313:1978 
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• 1978 (Cont) 

I 
I 

Dearden LC Fairshter RD 
Pulmonary ultrastructure of the late aspects of human paraquat poisoning 
Am J Path 93 ; 667-680 : 1978 

Dearnley DP Martin MFR 
· Plasmapheresis for paraquat poisoning 

Lancet 1 ; 162 ~ 1978 

Evers WD Hook JB & Bond JT 
Increased sensitivity to paraquat in mice fed a purified diet versus a 
closed-formula diet. 
Pharmacologist 20 ; 178 : 1978 

Fairshter RD 
Paraquat and Harihuana. Assessing the hazard 
Chest 74 ; 357-8: 1978 

Fairshter RD 
Paraquat Poisoning -: An update 
Western J Ned 128 ; 56-58: 1978. 

Firlik M 
Changes in the respiratory system in paraquat poisoning 
Medyayna Pracy . 29 ; 325-8 : 1978 

Fitz.ge.r~lcl G R 
Paraquat Poisoning 
J Irish Med .~s 71 326-7 1978 

Fitzgerald GR Barniville G 
Poisoning by granular paraquat 
J Irish Phys Surg 7 ;133-6: 1978 

Fitzgerald GR, Barniville G, Black J, Silke B 
Paraquat poisoning in agricultural workers 
J Irish Med Ass 71 ; 336-342 ~ 1978 

Fitzgerald GR, Carmody M, Barniville G, O'Dwyer WF, Flanagan M, Silke B 
The changing pattern of paraquat poisoning : An epidemiologic study 
J Irish Med Ass 71 ;103-8: 1978 

Ford JE 
Paraquat toxicology and medical management 
Vet & Human Toxicol 20 ; 465: 

Gee BR, Farrow CS, White RJ, Orr J 
Paraquat toxicity resulting in respiratory distress syndrome in a dog 
J Am Anim Hosp Ass 14 ; 256-263: 1978 

George K, George M 
Chromosome uncoiling effect of paraquat 
Ind J exp Biol 16 ; 933-7: 1978 
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• 1978 (cont) 

Giri SN, Curry DL, Hollinger MA, Freywald & Scheidt M 
Effects of paraquat on plasma insulin & prostaglandin levels ~n rats 
Pharmacologist 20 ; 156:. 1978 

Giri SN, Krishna G 
The effects of paraquat on prostaglandin synthesis of guinea pig lungs 
Toxicology 11 ~ 345-351: 1978 

Greenberg DB, Lyons SA, Last JA 
Paraquat-induced changes in the rat of collagen biosynthesis by rat lung 
explants 
J Lab Clin Med 92 ; 1033-1042 : 1978 

Greenberg DB, Reiser KM, Last JA 
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Correlation of biochemical and morphologic manifestations of acute pulmonary 
fibrosis in rats administered paraquat 
Chest '!..!!._; 421-5 ~ 1978 

Greenberg DB, Reiser KM, Lyons SA, Last JA 
Paraquat induced collagen biosynthesis by rat lung explants 
Clin Res 26 ;Al35 : 1978 

Greig D, Streat SJ 
Intentional paraquat poisoning 
NZ Med J 88 ~ 12-13: 1978 

Hassan HM & Fridovich I 

Case report 

Superoxide radical and the oxygen enhancement of the toxicity 
of paraquat in escherichia coli 
J Biol Chem 253 ; 8143-8: 1978 

Hollinger MA, Giri SN 
Binding of radioac:ivity from (14~ paraquat to rat lung protein in vitro 
Res Colli!IlUil Chem Path Pharm 19 ; 32g-335 : 1978 

Bollinger MA, Giri SN, Freywald M 
Effect of paraquat on zinc content of rat lung 
Toxic appl Pharmac 43 ; 259 ·: 1978 

Bollinger ~~' Zuckermann JE, Giri SN 
Effect of acute and chronic paraquat on rat lung collagen content 
Res Commun Chem Path Pharm 21 ; 295-305 : 1978 

Howard JK 
Dermal exposure to paraquat 
Lancet 1;1100~1978 

Howard JK 
Treatment of paraquat poisoning 
Papua New Guinea Med J 1!;217-8:1978 
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• 1978 (cont) 

Jaro~ F 
Acute percutaneous paraquat poisoning 
Lancet 1;275:1978 

Jaros F, Zuffa L, Kratinova R & Skakala I 
Acute percutaneous intoxication by Gramoxone 
Prac Lek 30 260-3 1978 (C~ech) 

Kelly DF, Morgan DG, Darke PGG, Gibbs C, Pearson H, Weaver ~mQ 
Pathology of acute respiratory distress in the dog associated with 
paraquat poisoning 
J Comp Path 88;275~294:1978 

Kozler M 
Paraquat and living environment 
Cesk Hyg 23 ; 106-111: 1978 (C2ech) 

Kozler M 
Paraquat and diquat 
Prac Lek 30 ; 61-64 : 1978 (Cz.ec h) 

Larsson B, Oskarsson A, Tjalve H 
On the binding of the bisquaternaD; ammonium compound paraquat to 
melanin and cartilage in vivo. 
Biochem Pharmacal 27 ; 1721-4: 1978 

Last JA Reiser K Greenberg DB 
Correlation of biochemicaJ and !IlOrphological -manufestation~ of acute 
pulmonary fibrosis in rats administered paraquat 
Clin Res 26 (3);A450: 1978 

-

Lock EA, Ishmael J 
The effects of paraquat and diquat on rat kidney 
Toxic appl Pharmac 45 abstr 2.1 p227 1978 

Lunken C 
Repeated self-poisoning 
Br Me d J ~ ; 1718 : 19 7 8 

Luty S, Cisak E, Latuszynska J & Przylepa E 
Investigations of the influence of paraquat on disturbances in 
embryonic & post-embryonic development of white rats. 
Bromat Chem Toksykol .!.!_; 159-165: 1978 (C:ze.c"h) 

Luty S, Latuszynska J, Cisak E, Przylepa E 
The influence of paraquat on the internal organs of mice 
Brom Chem Toks 11 ; 23-29: 1978 (C2.ec:"h) 

Maling HM, Saul W, Williams MA, Brown EAD, Gillette JR 
Reduced body clearance as the major mechanism of the potentiation by B

2
-

adrenergic agonists of par~quat lethality in rats 
Toxic appl Pharmac 43 ~ 57-72: 1978 
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• 1978 (Cont) 

Halmqvist E & Robertson B 
Biochemical ·changes in the surfactant system of the lung after 
·pRraquat poisoning. _ . _ 
Z Erkr Atmungsorgane 151 ;177-8 :1978 (German) 

Martens MA & Heyndrickx A 
Toxicology and treatment of paraquat intoxication. 
Farm Tijdschr Belg 55 ;61-68: 1978 (Flemish) 

Hatsuura N, Takinarni M, Kurisaki E, Satoo H 
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Distribution of paraquat dichloride and diquat dibromide 1n the living body 
Fukushune Igakkai Zasshi 28 (3-4); 212:1978 (J6~one~e.) 
Pest. Abstr. 12 (6);338-9;1979 

McCorrnack K M, Gibson J E 
The renal handling on paraquat during development 
Proceedings of the First International Congress on Toxicology. Toxicology 
as a Predictive Science. (Ed GL Plaa HAM Duncan) N.'(. Acad Press. 197~. 412-443., 

• '·I 

Meerbach VW, Grabner R 
Lung alterations after paraquat·poisoning 
Exp Path 16 ;168-179: 1978 

Miller J, Sanders E, Hebb. D 
Plasmapheresis for paraquat poisoning 
Lancet l ;875-6: 1978 

Montgomery MR, Casey PJ, Niewoehner DE 
Acute effects of paraquat and ozone on cytochrome-dependant enzyme 
systems in the lung. 
Toxic appl Pharmac 45 ; 299: 1<)7S 

· Mukada T, Sasano N, Sa to K 
Autopsy findings in a case of acute paraquat poisoning with extensive 
cerebral purpura 
Tohoku J exp Hed 125 ; 253-263 ! 1978 (J~pa(\e.se) 

Netter KJ, Steffen CH 
Paraquat induced formation of hyperoxide in mouse liver microsomes 
Br J Pharmacal 63 ; 351P-353P : 1978 

Ne~vhouse M, McEvoy ·n, Rosenthal D 
Percutaneous paraquat absorption An association with cutaneous lesions 
and respiratory failure 
Arch Dermato1, 114 ; 1516-9 : 1978 

Ogata M & Hasegawa T 
The effect of paraquat on the mitochondrial energy transfer action. 
Cell Struct Funct 3;325-330:1978 

Omaye ST, Reddy KA, Cross CE 
Enhanced lung- toxicity in. selenium deficient rats 
Toxic appl Pharrnac 43 ~ 237-24·7: 1978 

· Pasi A -
The toxicology of paraquat, diquat and morfarnguat 
~urkh, Hans Huber 1978 
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• 1978 (Cont) 

Popenoe D & Loosli CG 
The morphological effects of a single exposure of paraquat on the 
mouse lung 
Proc Hest Pharmacal Sac 21 ~ 151-3: 1978 

Powell K.E 

A summary of pertinent medical information about paraquat 1 n marihuana 
J Tennessee Med 71 ; 681-2 : 1978 

~ 

Po\·lell K.E 
The Big Furor : Paraquat on Marijuana 
Vet Human Toxicol 20 • 211-4 • 1978 

=.) • 

Raffin TA, Robin ED, Pickersgill J, et al 
Paraquat ingestion and pulmonary injury 
West J Med 128 • 26-34: 1978 
__;:;....:;.._;.:___:__~ = , 
Raffin TA, Simon LH, Theodore J, Douglas W, Robin ED 
Hypoxia protects type II pneumocytes (T-11-P) from paraquat 
toxicity 
Clin Res 26;A453: 1978 

Rebello G, Mason JK 
Pulmonary histological appearances in fatal paraquat poisoning 
Histopathology _: ; 53-66 : 1978 

Rhodes ML, Patt~rson CE 
Effect of exogenous superoxide dismutase on paraquat toxicity 
Am Rev Resp Dis 117 ; 255!1978 

Rossou\v DJ & Engelbrecht FM 
· The influence of paraquat on the in. vitro oxygen consumption 

of rabbit lung. 
SA Hed J 54;199-201:1978 

Rossou\v DJ &Engelbrecht FH 
The effect of paraquat on the respiration of lung cell fractions. 
SA med J 54;1101-4:1978 

= 

Schmitt SL & Auter AP 
The accumulation of paraquat and diquat by isolated lung cells. 
Pharmacal 20;Abstr 272:1978 

Schmitt S L, Auter A P 
Effect of paraquat on alveolar macrophages and type II pneumocytes 
isolated from rat lungs 
Proceedings of the First International Congress on Toxicology. 
Toxicology as a Predictive Science. (Ed. GL Plaa HAH Duncan) 
New '(or-k, AcadQ('\i.c.. Press. 1978.595-596. 

Seidenfeld JJ, Wycoff D, Zavala DC, Richerson HB 
Paraquat lung injury in rabbits 
Br J ind Med 35 ; 245-257: 1978 
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• 1978 (cent) = 
Smith L L, Rose M·S 
The effect of low oxygen therapy on paraquat tox~c~ty in rats 
Proceedings of the First International Congress on Toxicology. 
Toxicology as a Predictive Science.(Ed. GL Plaa W&~ Duncan) 
New Yo·rk; Academic. Press. 1g7g, 44~. 

Spector D, Whorton D, Zachary J, ·slavin R 
Fatal paraquat poisoning : Tissue concentrations and implications for 
treatment 
John Hopkins Med J 142 ;110-3: 1978 

Steffen CH 
Influence of paraquat in microsomal oxygen up take 
Natmyn-Schmiedberg Arch Pharmacal ~ (5) R20 1978 

Takegawa K, Orita S, Kako K, Shiamura K, Matsumoto N & Miwa S 
A case of .fatal paraquat poisoning. 
Yamaguchi Igaku 27(4);351~1978 

Thompson WD, Patrick RS 
Collagen prolyl hydroxylase levels in experimental paraquat poisoning 
Br J e::ro Path ~; 288-291: 1978 

Verma SP & Bahga HS 
Some Pharmacological Studies on Paraquat 
Indian Vet J 55;385-9:1978 

Vucinovic B 
Four Cases of Paraquat Poisoning treated in the Internal-Medicine 
Department of the General Hospital. at Split • 

. Arh hig Rada l2_j261-5: 1978 (Yugosle:w) 

Waiters KA & Dugard PH 
The Influence. ·of Polyoxyethylene Ether Surfactants on Transport of 
Paraquat across isolated Gastric Mucosa. 
J Phar.m Pharmacal ~ (Suppl)j32P:l978 

Warden JA, Rhodes ML, Patterson CE 
Effect of expectorants on paraquat poisoning in rats 
Am Rev Resp Dis 117 ; 264: 1978 

Warden JA, Rhodes ML 
Failure of hypoxia to protect against paraquat toxicity in rats 
Am Rev Resp Dis 117; 265: 1978 

Wasserman B, Block ER 
Prevention of acute paraquat tox~c~ty in rats by superoxide dismutase 
Aviat Space Environ Med 49 ; 805-9 : 1978 

Wright N, Yeoman WB, Hale KA 
Assessment of seventy cases of paraquat poisoning 
Br }fed J l_;396 :1978 

Zavala DC, Rhodes M L 
An effect of paraquat on the lungs of rabbits 
smoking contaminated marijuana 
~ ~;418-420~1978 
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• 1979 

Anon 
Treatment centres for paraquat poisoning 
Lancet II·375-6•1979 
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