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Discussion

The dermal exposure data obtained during the first
study may be interpreted in two ways. The first takes
into consideration only those body parts not
covered by clothing, and a necessary assumption is
made that the clothing worn afforded complete
protection to the underlying skin. The second method
of interpretation takes into consideration the
contamination of clothing in addition to the direct
exposure of unclothed body parts, and is based on
the assumption that a proportion of the paraquat
on clothing must have penetrated to the underlying
skin. For the purposes of calculation, “worst case”
exposure has been assumed—that is, 1009, pene-
tration. The estimate is, therefore, one of maximum
potential exposure.

Consideration of the dermal exposure data of this
first study indicates that the mean total exposure for
spray operators was influenced by a few, very high
potential exposures of the legs. These resulted from
the accidental self-spraying and spillage of the dilute
spray formulation that was seen. Actual dermal
exposure is considered to be between the two
calculated extremes of 2-2 mg (unclothed) and 66-1
mg (clothed) paraquat/h depending on the degree of
penetration of clothing by paraquat. Although few
directly comparable studies have been reported,
Staiff et al? carried out similar studies on field
tractor applicators and garden pressurised hand
spray applicators. Using a method of interpretation
similar to the first method described above, they
obtained mean dermal exposure of 0-4 (0-01-3-4) mg
and 0-29 (0-01-0-57) mg paraquat/h respectively.
These may be compared to the 2-:2 (0-12-4) mg
paraquat/h in this study. The highest dermal-
respiratory exposure seen by Staiff ez al,2 roughly 3-4
mg/h, represented only 0-06%;, of a toxic dose per
hour of exposure. The highest dermal exposure of
12-4 mg/h during study 1 represents 0-25 %, of a toxic
dose an hour. Hogarty,® in a study of knapsack
spray operator exposure to paraquat, reported only
two paraquat-positive gauze patches in a total of 87
analyses. The gauzes were located on the neck of one
operator and the wrist of another, and both were
close to the limit of detection. Hogarty concluded
that there was little likelihood of dermal con-
tamination when protective clothing is worn.

When actual dermal exposure of the legs was
measured, using Tubigrip bandages placed beneath
clothing from the ankle to the thigh of each spray
operator in the second study, penetration of para-
quat was detected during each of the four surveys
(table 7). If the overall mean leg exposure of 2:8 mg
paraquat/h is related to the mean paraquat con-
tamination of leg exposure pads from the first study

(58:8 mg paraquat/h), it is possible to obtain an
estimate of the ‘‘penetrability ratio”, which indicates
about 5 % penetration through clothing by paraquat.
If the crop type and weed height are considered, the
lowest leg exposure occurred during spot-spraying of
relatively shorter weeds in cocoa (survey 2). The
highest leg exposure occurred during survey 4, in
which there was a combination of spot-spraying in
cocoa and strip-spraying in rubber. The former took
place on flat terrain, whereas the latter took place
mainly on sloped terrain. Thus there appears to be a
difference in the degree of leg exposure according to
the type of ground spraying carried out.

The overall mean exposure of the hands of spray
operators from the second study of 42 mg
paraquat/h, when compared with the mean exposure
of 1-2 mg paraquat/h from the first study, is a more
realistic assessment as the latter used forearm
exposure data extrapolated to hand exposure. In
three of the four surveys of spray operator exposure
in the second study mean hand exposure exceeded
mean leg exposure, and in two of these by a con-
siderable margin. This incidence of hand exposure is
to be expected when work practices are considered.
The operators often handled the spray nozzles in an
attempt to align them correctly or to unblock them.
One operator was even observed to wash her hands
in the spray tank of diluted herbicide formulation
after lubricating the knapsack sprayer mechanism
with oil. It is readily apparent that certain
spray operators were less hygienic in their work
practices than others. Consideration of the data
(table 7) shows that operator number 5 received
consistently higher dermal exposure relative to that of
the remaining four operators. This was primarily the
result of contamination of the hands, as the pattern
of leg exposure was similar for all operators.

Overall, the dermal exposure of spray operators to
paraquat did not represent a toxicological hazard,
and this conclusion is supported by the epidemio-
logical survey carried out by Howard et al,* which
showed that there were no quantifiable harmful
effects on health attributable to paraquat.

The major source of dermal exposure of carriers
(table 4) was contamination when walking through
recently sprayed vegetation and accidental spillage
during carrying and loading, and is insufficient to
cause concern.

The dermal exposure data for tappers (table 4)
indicate that no measurable exposure to paraquat
occurred. The block in which the tappers were
working had been sprayed with paraquat eight days
previously, and residual paraquat was not expected
to be present. Data from the 18 surveys of tapper
dermal exposure conducted during the second study
showed that three tappers were exposed to paraquat
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on three separate occasions. The tapper working
population was thus deemed to be an exposed group
and as such was not included in the epidemiology
study on health being carried out simulianeously
(Howard et al%), despite the fact that their exposure
to paraquat was infrequent and negligible.

The two surveys to determine tapper exposure in
simultaneously sprayed blocks showed that leg
contamination can occur while walking through
recently sprayed vegetation. In only one case was
penetration through clothing to Tubigrip or
Stockinette determined, giving a dermal dose of
7 x 104 mg paraquat/kg/h, which may be con-
sidered negligible.

In relation to the interpretation of the respiratory
exposure data, the following information is of
direct relevance. Knapsack sprayers with fan, cone,
and red polijet nozzles are said to produce droplet
size distributions with volume mean diameters in the
range 200-400 um.!! The droplet size distributions of
standard knapsack spray jets of the swirljet and
polijet type have been characterised by Hogarty,?
who found that the respirable fraction generated by
these spray systems was in the order of 0-001 % of the
total spray volume. He also showed that a spray
operator might be exposed to, on average, 50%
respirable droplets, as only the smaller particles
produced by the sprayer will tend to reach the
breathing zone. The respirable fraction, therefore,
constituted a higher percentage of total spray reach-
ing the breathing zone. It was emphasised that the
total amounts were a very minute fraction of the rotal
spray volume. Droplets smaller than 10 um could be
produced by evaporation, but this is unlikely in the
tropical climate of Malaysia with its very high
humidity. Probably, therefore, the respirable com-
ponent of the total spray emitted by the spray
systems used in these studies was similarly minute.

The American Conference of Governmental
Industrial Hygienists!?2 have published a threshold
limit value—time weighted average (TLV) for
respirable paraquat of 100 ug/m3, and a comparison
is drawn between the respiratory exposure from these
studies and this TLV, while recognising that the lat-
ter may not be strictly appropriate to the agri-
cultural workplace. The mean concentration of rotal
airborne paraquat in the breathing zones of spray
operators in the first study (0-97 (0-41-2-75) ug/m3
(table 8)) was 1% of the TLV for respirable paraquat.
From the second study, if the abnormally high value
is excluded, mean exposure (0-25 (0-1:26) ug/m?3)
represents only 0-259; of the TLV. From Hogarty’s
study,3 the respirable paraquat concentrations would
have been 509, of these fotal airborne paraquat
concentrations.

A mean concentration of 0-24 (0-1-0) ug/m?3 total

Chester and Woollen

airborne paraquat was determined for carriers (table
8). This represents 0-24 % of the TLV. No paraquat
was detected in the breathing zones of tappers work-
ing in blocks being sprayed with a paraquat contain-
ing herbicide formulation. The respiratory exposure
data from these studies indicate that there is unlikely
to be a respiratory toxicity hazard to any of the three
groups of workers during knapsack-spraying of
paraquat.

The extent of systemic absorption was estimated by
measuring paraquat in urine samples taken at the
end of a spraying session, from operators who
sprayed paraquat regularly. The highest concentra-
tions (0-69 and 0-76 mg/l) were found in female
spray operators on Jasin Lallang Estate. This may
reflect the greater risks of accidental contamination
when obtaining urine samples from women. Swan!
determined the urinary excretion pattern of paraquat
for Malaysian spray operators. Over a 12-week
period the highest concentration found was 0-32
mg/l, with most under 0-1 mg/I. In later trials, over a
period of 13-14 weeks, the highest concentration
found was 0-15 mg/Il. Therefore, the urinary paraquat
concentrations determined in study 1 are of the same
order as those determined by Swan.!

Since the permeability of paraquat (a charged
moiety) through intact human skin is extremely slow
compared with many other groups of pesticides,
such as organophosphate insecticides, the concen-
tration of paraquat in urine measured after a
spraying session would be unlikely to reflect expo-
sure during that period. A more realistic assessment
of paraquat absorption could have been made by
collecting the total volume of urine voided during the
first 24 hours after cessation of spraying. This
procedure, however, would have been difficult to
achieve without interfering with normal work
practices.

Conclusions

These studies show that of the three groups of
workers surveyed, spray operators are the most
exposed group. Tappers, while exposed to extremely
low levels of paraquat, cannot be considered an
unexposed group.

A comparison of the published data on dermal and
respiratory exposure to paraquat with the calculated
exposures from these studies shows that there should
be no toxic hazard to the three groups of workers as a
consequence of its use.
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managers, and hospital staff of Dunlop Estates Bhd.
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valuable help in ensuring customs release of equip-
ment. Administrative and technical support were
ably provided by Messrs Lim Jit Kim and Vejai
Debb, respectively. The advice and help of Dr A K
Seth, Dr M S Rose, and Dr S E Jaggers of ICI Ltd
and Dr J K Howard of Chemical Industries Asso-
ciation are also gratefully acknowledged.
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