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PARAQUAT POISONING IN THE UNITED KINGDOM

Introduction

Paraquat, a bipyridilium compound, was first put on the U.K. market as a
contact herbicide by I.C.I. in 1962 (fig 1). By the late 1960's there

were a significant number of fatal paraquat poisonings occurring each

year (fig 2).

In ‘the early 1970's a large amownt of publicity was given by the press to
deaths caused by paraquat poisonings, some of which involved very
aggressive journalism (figs 3 & 4). This and the increased use of
paraquat in the U.K. at this time, were probably significant factors in
the number of deaths due to deliberate ingestion of paraquat (fig 5).

The number of accidental deaths remained low, at about one or two a year.

Regulations following from the Poisons Act of 1972 stated'that liquid
formulations of paraquat (greater than 5% of paraquét jon, weight to volume)
should only be used by professionals (that is, farmers, nursery gardeners
and so on). This referred to the liquid concentrates: sucﬁ as Gramoxone
and Dextrone. Granular formulations containing less than 5% of paraquat
jon weight to volume, such as Weedol and Pathclear, were exempt from these

regulations and could be used in domestic gardens.

In 1974, in response to the increasing number of poisoning incidents, I.C.I
published a booklet entitled "The Treatment of Paraquat Poisoning" (fig 6).
This outlined the toxic effects of the herbicide, and advocated the use of
Fuller's Earth, followed by haemodialysis or charcoal haemoperfusion, for
the treatment of paraquat poisoning(fig 7). The booklet distribution was
foliowed by the dispatch of Fuller's Earth, the mainstay of treatment, to

hospitals throughout the United Kingdom. One year later, a stenching

SYNG-PQ-03720007_R



agent was added to liquid formulations of paraguat in an attempt to
prevent the small number of accidental poisonings occurring each year.
Subseguently in 1977 an emetic substance was added to paraquat
formulations (solid and liquid) in an attempt to reduce the acute
toxicity of those formulations, by inducing vomiting before a potentially

lethal dose could be absorbed.

Present Study

Aims

In 1980 a survey of paraquat poisoning in the U.K. was initiated .jointly
by the National Poisons Information Service at Guy's Hospital, London,

and I.C.TI. Piant Protection Division. There were three main aims of this

study (fig 8):

!
(1) To examine in detail the incidence of paragquat poisoning in the
U.K.
©(di) To evaluate treatment methods, especially charcoal haemoperfusion

and any new treatments being used for paragquat poisoning.

'(iii) To evaluate the efficacy of the emetic added to paraquat

formulations in reducing paraquat mortality.

Methods

Information about cases of paragquat poisoning was received from three
sources (fig 9):
(1) The National Poisons Information Service, including the four

regional centres at Belfast, Cardiff, Dublin and Edinburgh.
(ii) I.C.I. Plant Protection Division énd Central Toxicology Laboratory.

(iii) Newspaper articles, via I.C.I. Publicity Departments.
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TI.C.I. and the NPIS were usually contacted in the first instance by
doctors requesting advice on the management of poisoned patients or
measurement of plasma paraquat levels. Requests to I.C.I. for
replenishment of Fuller's Earth stocks also brought several patients
to our attention. In each case a note was made of the caller, the
hospital, name of the patient and any symptoms present, and this

information was filed at the NPIS in London.

Further information on subsequent symptoms, treatment given, results
of laboratory analyses, and outcome for each patient was obtained by
contacting doctors by telephone, usually between two and seven days
after the poisoning incident, if possible. In some cases, for example
those brought to our attention by newspaper articles, several months

had elapsed before we contacted the relevant doctors.

Finally, questionnaires were sent to doctors to obtain a éomplete case
history for each patient, including name, age and sex of the patient,
amount of formulation of paraquat ingested, whether the formulation
contained émetic, symptoms, treatment given, laboratory analyses and

outcome (figs 10, 11 & 12).

Presence or absence of the emetic in the paragquat formulation involvéd

had to be confirmed in each case as there are still significant amounts

of o0ld formulations (not containing the emetic) in stock. This could be

doﬁe by: '

i) examination of the container (the.presence of the emetic is
indicated by a red chévron on the packets of Weedol and Pathclear,

and by two black flashes on the Gramoxone label (fig 13).

Y
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ii) analysis of urine samples for the emetic metabolites. -

181 ) analysis of the original product for emetic parent compoumd.

Ideally, confirmation of the presence or absence of the emetic could be

obtained by more than one of these methods.

ﬁesults and Discussion

i) Recovery of information

About 70% of the questionnaires sent out were returned with complete
information. For a further 15% of patients, complete or almost complete
information was obtained by telephone, leaving 13% about whom incomplete
details were obtained, and 2% where hardly any information could be

obtained at all (fig 14).

There were two main problem areas in the survey. The first was in
estimating the amounts of paraquat taken: doctors could only report
what they had been told by patients, and symptoms and laboratory analyses

did not always confirm their report.

The second, and major difficulty of the study has been ip confirming the
presence or absence of the emetic in paragquat formulations. There .are
several reasons for this. Often the containers are not available for
doctors to examine, and so there can be no positive identification of

emetic formulations from the label or from analysis of the original

- product. For a urine analysis to detect the emetic metabolites a sample

needs to be taken within 48 hours of ingestion of:paraquat; a number of
cases were notified after this time period. When urine samples were
requested from hospitals they were not always éen‘h, and, if sént, did

not always arrive. We were able to confirm either presence or absence

of emetic in only 39‘% of the cases in the survey.

Ve
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ii)  Mortality Statistics .

Between the beginning of January 1980 and the end of February 1982, 262
cases of paraqua{ poisoning were reported. The two main formulations
involved were Weedol (47% of cases) and Gramoxone (32%) (fig 15). The
majority of patients were adults (94%) (fig 16), and male (76%) (fig 17).
83% of the poisonings were deliberate, 11% were accidental, and for 6%
no intent was specified (although for most of the latter deliberate
ingestion was implied at the time of the original call) (fig 18). 94

patients died, 143 survived, and for 25 the outcome was unknown (fig 19).

The commonest sympfoms reported were spontaneous vomiting (in 55% of
patients whose symptoms were specified) — in half of these patients
vomiting occﬁrred within half an hour of paraquat ingestion; irritation
or ulceration of the fauces (47%): nausea (42%); renal damage (32%) and
pulmonary damage (32%) (fig 20). '
.
As would be expected, mortality increased as the reported mmoumt of
paraquat ingested increased. The mortality Sf patients who had ingested
2g to 5g of paraquat ion as Weedol or Pathclear was lower than that of
patients who had taken equivalent amounts of the concentrates Gramoxone
or Dextrone (figs 21 & 22); The reason for this apparent difference in
relative mortalities is unclear. It may be that it is harder for
patients to estimate the dose ingested of .liquid formulations than for

the sacheted solid products. The overall mortality from taking Weedol

or Pathclear was 16%, while that from taking Gramoxone or Dextrone was 78%.

When the cases were analysed according to intent (that is, deliberate or
accidental ingestion of paraquat) it was found that out of 208 patients
about whom these details were known, there were five deaths reported as

being accidental in origin (fig 23). ~ All of these patients were adults.
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No deaths of children under 12 were reported, either accidental or
deliberate.

1

Monthly variation of paraquat poisonings was also studied»(fig 24). It
was thought that there may be a seasonal pattern to poisonings with
Gramoxone and Dextrone, with peak numbers during the months when these
products are most used, that is late August to October. However, no
such pattern could be found during the two years of the study. Weedol
ané Pathclear are used by amateur gardeners most of the year;>and no

seasonal pattern of poisonings was expected or found with these,

Towards the end of 1981 when it became apparent that there were a large
number of poisonings occurring involving Gramoxone, which legally should
only be sold\to professional users, an effort was made to determine the
occupation of patients. The majority of patients taking Gramoxone seemed
to be, or to have some connection with legitimate users, such as farmers,

farm labourers or garden nursery workers.

iii) Treatment

Early treatment of paraquat poisoning is considered essential, because
plasma paraquat concentration may reach a peak relatively quickly from the
time of ingestion (certainly withiﬁ six hours). In this study, this concept
appears to be true for those cases involving 'Weedol' or *Pathclear', but
not for those involving 'Gramoxone' or 'Dextrone' (fig 25). As the

solid formulations tend to be associated with relatively low doses of
paraqﬁat, this observation supports the one made by Dr Keir waafd in a
previous meeting of this association, in which he concluded that early
treatment is of benefit in cases swallowing between 1g and 6g of paraquat

ion,

y-
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For several years now, the mainstay of treatment of paraquat poisoning
has been the use of gastric lavage, followed by oral administration of
Fuller's Earth and a suitable purgative. It is reassuring to see that
69% of the patients considered received Fuller's Earth as a treatment
and 51% of patients received gastric lavage (fig 26). Unfortunately,
due to the small number of patients not treated with Fuller's Earth
and the large number of variables present, such as the time lapse
between ingestion and treatment, the amount of paraquat taken and the

amount of Fuller's Earth given, it is not possible to determine whether

or not either of these methods influence the outcome.

Haemoperfusion through a charcoal column has been used for some time
now for the treatment of paraquat poisoning, but has been received with

a very much mixed response. In this study, 15% of the patients were
haemoperfused. Most cases involved the use of haemoperfusion on one
occasion only and for a period of up to 22 hours. The time lapse
betweeﬁ ingestion of paraquat and the start of haemoperfusion varied
greatly, from about four hours to over sixty hours, All cases were
confirmed, by urine and plasma analysis, as involving paraquat.
Although the number of patients haemoperfused was relatively small, the
figures shown seem to indicate that this method is not associated with

lower mortality, and may, in fact, have an adverse effect (fig 27).

During the period of this study only one significant new treatment
emerged — the use of etﬁacnynic acid. This treatment was used by intra-
venous injection at Ninewells Hospital, Dundee. Although initial success

was claiﬁed, further use of the drug in other patients did not suceceed .

Interest in this form of treatment has now largely subsided.

I

SYNG-PQ-03720013_R



iv) Emetic

Despite the introduction of an emetic to paraquat formulations on the
U.K. market in 1977, old stock not containing the emetic is still being
involved in poisonings. Of‘the 103 cases in the study where emetic was
identified as being present or absent, it was present in 62% and absent
in 38% (fig 28). Of the 39 of these cases which involved Gramoxone, 20
(51%) were not emetic formulations. Weedol, which has a higher rate

of stock turnover, was involved in 45 cases, only 13 (29%) of which

were not emetic formulations (fig 29).

Although it is not possible to reach definite conclusions about the
effecitiveness of the emetic addition in reducing tdxicity of paraquat
formulations, the evidence clearly sﬁows that this addition has

increased the incidence of early spontaneous vomiting folJowing ingestion

of a paraquat formulation (fig 30).

Summary

Between January 1980 and January 1982, the number of fatal paraquat
poisonings has been between 42 and 46 per annum, and has therefore
remained fairly constant over the past six years (fig 2). Also over

the last six years the majority of fatal poisonings have been associated

with suicidal intent (approximately 95% in the last two years).

Statistics published by the Office of Populétion Censuses and Surveys
show that the total mumber of deaths from suicide has remained fairly

constant over the last decade, as have the number of deaths from suicide

-
-—
—
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. associated with chemical poisonings. The latest figures, published for
1980, show that there were 4,321 deaths from suicide by any method and
4572 deaths from suicide associated with chemical poisoning. Suicidal
deaths involving paraguat, therefore account for approximately 1% of
all suicidal deaths and 2.5% of suicide deat#s involving chemical
poisoning. Fatal accidental poisoning with paraduat»accouﬁts for about

0.3% of all accidental fatalities involving chemicals.

The majority of patients involved with paraguat poisoning were male and
adult. No children were involved in any fatal paragquat incidents. There
appears to be no set monthly variation in the number of paraquat
poisonings involving either liquid or solid formulations and most of the
patients invoived with 'Gramoxone' poisoning were reported to have
connection with legitimate use of the product. | )

Early treatment of paraquat poisoning (up to 12 to 24 hours) appears to
have some benefit when the dose of paraquat ingested is relatively low.

We would recommend that although we cannot demonstrate an improveﬁent in
mortality with the use of Fuller's Earth or gastric lavage, these measures
should be employed at the earliest opportunity, and are uplikely to be
effective 24 hours or more after the time of ingestion. The results of
using haemoperfusion through a charcoal columm do not appear to be
encouraging and it is unlikely that this method will be effective if used
for single short periods of time. We would recommend that, if this method
is to be used, it should be done within‘24 hours of ingestion and should

involve a different modus operandi.
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We have not yef been able to evaluate fully the effectiveness of an
emetic formulation in reducing mortality, but addition of the emetic
significantly increases the incidence of early spontaneous vomiting.
We are planning to continue to follow up paraquat poisoning cases,
particularly those involving emeticised formulations. This continued
follow-up will also attempt to study more cases involving early
treatment with Fuller's Earth, and to evaluate any new treatment

methods which may arise.

Finally, it is recommended that measures to prevent accidental paraquat
poisoning are maintained and, if possible, improved upon. Widespread
publicity of paraquat poisonings should be discouraged, because of its

possible stimulus of suicide attempts with the chemical.

Y
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PARAQUAT POISONINGS -U. K. (1964-81)
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point out that the
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_ible for his death. "
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Kirkcudbright
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A COUNTY physicziap last night
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Tmext month’s_ meeting.
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poisonine and he wanted to
warr. the general poblic about .
the effects of vsing it. He sug- |
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should insert “a foul-smelling
substance’ ’into paraquat so that l
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at the bedside of a perfectly
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TREATMENT OF PARAQUAT POISONING
FOLLOWING INGESTION

First Aid

Induce vomiting if not already occurring and send
patient to nearest hospital immediately.

Hospital
Treatment

1 Give stomach washout and at the same time test
both urine and gastric aspirate for the presence of
paraquat (see Appendix 1).

2 Itisimportant to purge the gastro-intestinal tract
immediately; within four hours if possible. Give upto
one litre of 15% Fuller’'s Earth (Surrey Finest Grade),
including 200 ml 20% mannitol in water. Alternatively,
sodium or magnesium sulphate can be used asthe
purgative. Administration should normally be orally
but. if this is not tolerated, stomach or duodenal
intubation can be used. Continue purgation until the
stools are seen to contain adsorbent.

3 CONTACT NEAREST POISONS INFORMATION
CENTRE FOR FURTHER ADVICE ON TREATMENT.

!

4 Maintain and monitor fluid and electrolyte status on
a daily basis.

5 Carry out haemodialysis or haemoperfusion (using a
charcoal column) to remove paraquat from the
plasma (Refs 2, 3). This will only be of use if carried
out within 48 hours of ingestion. In some cases renal
failure may necessitate the use of haemodialysis at a
later stage.

6 Inthe event of respiratory difficulties, delay the use
of oxygen as long as possible as it enhances the
toxicity of paraquat.

7 Insevere cases, particularly where shocky haz
supervened, consider additional supportive therapy
such as the use of steroids.

y1s
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ATMS OF U.K. PARAQUAT POISONING SURVEY (figB)

To examine in detail the incidence of paraquat poisoning in the U.X.
To evaluate treatment methods.

To evaluate the efficacy of the emetic in reducing paraquat mortality.

Sources of information about paraquat poisonings (fig 9)

National Poisons Information Service.

London
Beif ast
Cardiff
Dublin

Edinburgh

I.C.I. - Plant Protection Division

Central Toxicology Laboratory

Newspaper articles via I.C.I. Publicity Departments.

e
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P, JOXICOLOGICAL ARALYSIS

Urine
Qastric aspirate
Sermn/plasma

te &

......O..'..'.I.‘..‘.Q‘l"..
.0.0.....0........"."..."

.............'..'.......0...

.........O.............

.‘......................00........0....l......l...QQO..C.CII..C........

'.......Q........l...O'......l........0..........0.'!"i'.'.'..........

.......................0.-.......l.lO.Q........C...O..'...00...........

.....O...O..‘..............0...’0......D..Q.......0.....00.........0...

Yis

SYNG-PQ-03720027_R



SV FsErwseogwerws= — /T T R AR OTRIT Y
| AL A TR n**wmﬂm, JYEa G e

Dot Gt B Sea e B - S

‘M)‘.ﬂtn‘ﬂ‘_ﬂpﬂd-—-‘

.
-8 Vo
s )4

Light rown granules in 569 sachets.

Light brown granuls in 56g sachets.
(Paraquat 2.5% w/w: Diquat 2.5% w/w: ~ (Paraquat 2.5% w/w: Diquat 2.5% w/w.)
Simazine 5% w/Ww.) |

A e ) | T

A Contar | hettndide lor vee only by Tty faiid i [Gzmetion
protessiuns! fermers end growers ' ' 1 i of it
» i GRAMOX

LS -5 Rk « abisel usietde M wo or -
i, i ! | ! RIS N M‘”
.

f St i NS
Fpoison [ L
Froat kg

SYNG-PQ-03720028_R



OF PATIENTS

%

RECOVERY OF

INFORMATION

75
60
45
!
L)
o
<
=
=
154 2
}—
ﬂ L L
(W}
-3 5 S =
=3 o -
ol 1 |
COMPLETE INCOMPLETE
INFORMAT ION INFORMATION

SYNG-PQ-03720029_R



WEEDOL

TURMULATIONS TNVOLVED IN PARAQUAT

%1/20'
1107
100

90

80

NO. OF PATIENTS
N w o~ U (e
S ° . = . ° =®

-
o

POISONING : U.K. 1980 - 82

GRAMOXONE

PATHCLEAR

|UNKNOWN

DEXTRONE
DEXURON
GRAMONOL

.

o

'PARAQUAT FORMULATION

' SYNG-PQ-03720030_R

-—
—



NO. OF PATIENTS

AGE OF PATIENTS figl6 SEX OF PATIENTS @ fit"7 |

200
2407 i 180
. 1601
' 140
I
16 0- = 1201
— (N <
£ — 100
120 o o ‘ e
: o B
80 — = S 601 ~
| v | | >
401 S = ; = <
:—2 w 21 ;_'( =5 -
O 1

n
m
>

AGE

SYNG-PQ-03720031_R



f'|g.1_9. - .'

. «| ACCIDENTAL
DELIBERATE

NMONY LON

1V1vd

OUTCOME

-
[ ] [ ] L ®

OUTCOME

1V1Vd4 - NON

1507
120

0 0. 0 0
(@8 O m :

SLN3ILvd 40 ON

NMONM LON

1VIN3IQIJIY

INTENT

INTENT

jlvy3igriid

220]
2007
1807
1607
1407

o o o o o o ‘o
O 0O W T N

N
SINIT1IVd 40 ON

SYNG-PQ-03720032_R
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AMOUNT OF PARAQUAT TAKEN V. MORTALITY

@01 /parECLEAR ( 85.‘2|> :

Amount (g. p — ion) Total Fatal Non-Fatal Mortality
<2 82 12 70 15%
2-5 12 1 1" 8%
5« 10 1 1 - —_
10+ 1 1 - =
TOTAL 96 15 81 16%
GRAMOYDNE,/DEXTRONE Q% 22)
)
Amount (3. @3;\;-(%.\0_& 'I‘otal. Fatal Non-Fatal Mortality
< .2 5 - 5 -
2-5 1 1 4 64%
510 14 12 2 86%
10 + 28 26 2 93%
TOTAL 58 45 13 8%
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fig. 23 ®
QUTCOME VERSUS INTENT AND AGE
OUTCO.ME TOTAL SUICIDE ACCIDENTS ADULTS CHILDREN
FATAL 82 77 5 82' —_
NON‘-FATAL 119 | 105 14 109 10.
NOT. KNOWN 7 7 e 7 -
FOTRL 208 189 19 198 10
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MONTHLY VARIATION OF PARAQUAT POISONIgGS
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TIME UNTIL TREATMENT VERSUS MORTALITY

HeedoyPa'thclea.r

Time until treatment (hrs) Fatal Non-Fatal Mortality
0- 6 3 32 16% ‘!
6 - 12 2 13 13% i
12 - 24 1 3 25% y
24 - 48 3 ~ 100%
Gramoxone/Dextrone
!
Time wntil treatment (hrs) Fatal Non-Fatal Mortality
0-6 23 8 14% B
6~ 12 4 3 5T% "
12 = 24 2 2 50%
24 - 48 2 1 6Th
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fig.26
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HAEMOPERFUSION / MORTALITY (fig 27)

. Patients haemoperfused

Amount '(g. paraquat ion) Total Fatal | Non-Fatal Nortality
<2 1 3 8 3%
O B 5 2 3 60%
5-10 6 - . 6 0
10 + , 6 1 5 83%
TOTAL 28 6 22 9%
!

Patients not haemoperfused

Amownt {g. paraquat ion) Total Fatal - Non-Fatal Mortality
<2 67 64 3 5%
2-5 15 1 4 218
5-10 9 2 7 8%

10 + 19 2(?) 17 89%
TOTAL 110 79 . 31 | 28%
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NO. OF PATIENTS

CHETLIL FREDSENT /ABDSEN] I N PARAQUAT
FORMULATIONS TAKEN

fig.28
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o, 29

Tmetlc = _ Present or Absent in Formulations
Total Weedol Pathclear Gramoxone Dextrone Dexuron |Gramonol: Nd=Known
Present + 64 32 12 19 . 1 - - -
Absent = 39 13 2 20 1 1 1 1
TOTAL 193 45 14 39 2 1 1 1
-~
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SPONTANEOUS VOMITING AFTER INGESTION OF DEI’I‘IC/NON—EMETIC

Emetic present

FORMULATIONS OF PARAQUAT

Amount (g. paraquat ion) Early Vomiting Late Vomiting No Vomiting
(& br p.i.)*
<2 16 (55%) 8 5
2-5 - 3 (75%) 1 -
5 - 10 1 (100%) - -
10 + 6 (100%) - - -
TOTAL ' 26 (65%) 9 5
* p.i. = post ingestion o]
Boviic sbaent
Amount (g. paraguat ion) Early Vomiting Late Vomiting No Vomiting
(< #hr p.i.)*
<2 1 (10%) 2 7
2-5 1 (25%) 1 2 0
5«10 - I 1
10 + 2 (a0) - 3 -
TOTAL 4 (19%) 4 13
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