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ABSTRACT The objective of this study was to determine the prevalence rate and possible aetiological
factors of premalignant skin lesions observed among paraquat manufacturers. A total of 228
workers in 28 factories were interviewed and independently examined by a dermatologist during site
inspection in 1985. Information concerning past working experience, current toxic exposures, other
risk factors of hyperpigmented macules and keratosis, and the past and present manufacturing
processes of each factory was collected. Sixty nine cases of hyperpigmented macules and 17 of
hyperkeratosis were found. Typical macules were irregular in shape, pin head size, hyperpigmented,
with or without hyperkeratosis, and usually distributed symmetrically over the forearms, hands,
neck, and upper chest, where exposure to sunlight was maximal. Six patients with hyperkeratotic
lesions subsequently had biopsies performed and two showed Bowenoid changes. Eighty per cent
(28 cases) and 67% (38 cases) of workers developed hyperpigmented macules if they had ever been
engaged in bipyridine centrifugation and crystallisation, respectively; there were three workers 3%
with such lesions among those who performed packaging or administrative jobs, or both. There was
a significant trend (p < 0-0001) for workers to develop hyperpigmented macules and hyperkeratosis
the longer they had been exposed to centrifugation or crystallisation, or both, independent of age
and the duration of exposure to sunlight. Evidence is presented to suggest that sunlight is a
necessary cofactor and that the aetiological agent was produced during high temperature sodium
process of bipyridine synthesis, and possibly bipyridine isomer(s).

In June 1983 two workers from a paraquat manu- Methods
facturing plant visited a dermatological clinic com-

plaining of numerous hyperpigmented macules with  In spring 1985 we visited all the 28 factories engaged

hyperkeratotic changes on the parts of the hands,
neck, and face exposed to the sun. Specimens showed
increased melanin in the basal layer, hyperkeratoses,
epidermal hyperplasia, and dysplasia. Some speci-
mens also showed Bowenoid changes.! Since malig-
nant and premalignant skin lesions have been
reported among bipyridyl manufacturing workers,?
an occupational cause for the skin lesions was
strongly suspected. In the present study we report the
prevalence rate of hyperpigmented macules and
hyperkeratosis among workers in the paraquat manu-
facturing industry in Taiwan and explore the possible
aetiological factors with epidemiological methods.
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in paraquat manufacturing or packaging, or both, to
review and examine the manufacturing processes and
conditions and interviewed all the workers. Although
we made an effort to examine the workers who had
already left the factory, the attempt was not success-
ful because many factories did not keep their person-
nel records for a sufficiently long time. This is, there-
fore, a prevalence study and we have successfully
examined a total of 226 workers.

EXPOSURE HISTORIES

Each worker was interviewed to provide a detailed
work history including past and present exposures to
pyridine, bipyridine, dimethyl sulphate, methyl chlo-
ride, and paraquat. The workers also provided infor-
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mation about the procedures or processes they were
engaged in, and whether or not they used any skin or
respiratory protective equipment. Since all factories
in Taiwan used only high temperature sodium pro-
cesses to produce bipyridine? (fig), we classified job
categories into 10 different processes and further
reduced these into five distinct groups: bipyridine syn-
thesis with and without crystallisation, methylation of
bipyridine, packaging, and administration. Informa-

tion was also obtained on the duration of normal
exposure to sunlight per week and other potential risk
factors for dermatological lesions such as exposures
to coal tars, pitch, and cutting oils.3

OUTCOME ASSESSMENT

A single dermatologist examined each worker,
recording the location and characteristics of any skin
lesion and the date of their first appearance. Six cases

Table 1 Number of workers with hyperpigmented macules or hyperkeratosis stratified by job categories
No with hyperpigmented
Job categories macules No with hyperkeratosis No of workers checked
All (total) 69 (30-3%) 17* (7-5%) 228
Only working in:
Bipyridine synthesis:

With crystallisation 4 2 14

Without crystallisation 1 0 3
Centrifugation after:

Bipyridine crystallisation 3 2 3
Methylation of bipyridine 0 0 3
Packaging 2 0 82
Administration 1 0 7

Ever working in:
Bipyridine synthesist 38 9 57
Centrifugation after bipyridine synthesist 28 10 35

*All also had hyperpigmented macules.

tMany workers were simultaneously engaged on these two jobs and they are not mutually exclusive.
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Table 2 Latency period for the development of skin lesions (mean + 1SD)

Bipyridine crystallisation or centrifugation or both

Job categories Ever Never Total
No of workers with skin lesions 47 20 67*
Age (year) at examination 43-2 £ 107 454 + 123 438 +11-2
Mean age (year) of first appearance of lesions 379 + 122 41-7 + 136 39-0 + 127
Latency between job entry and the appearance of
lesions (months) 29+ 29 33 + 31 30 + 29
Median 17 19 17
Mode 12 12 12
Range 1-150 1-99 1-150

*Does not include two workers who could not recall the exact date of first appearance.

were biopsied. Microscopically, mild cases showed an
increase of melanin in the basal layer, hyperkeratosis,
epidermal hyperplasia, and dysplasia, whereas two
more severe cases showed Bowen'’s disease. Because
biopsy was not performed on each worker with skin
lesions, we tentatively defined a case as having hyper-
pigmented macules if these macules were 2—10 mm in

size, irregular in shape, and distributed symmetrically
over the forearms and hands, neck, or face or a com-
bination of these. The lesion had also to appear after
the worker started to work in a paraquat factory.
Furthermore, we defined a case as having hyper-
keratosis if workers developed papular lesions (irreg-
ular surface) over the hyperpigmented macules.

Table 3 Number of workers with hyperpigmented macules stratified by duration of exposure to centrifugation and

crystallisation, duration of exposure to sunlight, and age

Duration of exposure to centrifugation and
crystallisation processes (months)

Hyperpigmented
Exposure to sunlight per week (hours) Age macules 0 1-6 >6 Totalt
<4 <31 Yes 0 1 0 1
No 18 0 0 18
31-45 Yes 1 1 10 12
No 21 2 0 23
46-60 Yes 4 1 7 12
No 14 4 1 19
>60 Yes 0 0 1 1
No 1 0 0 1
4-12 <31 Yes 2 0 1 3
No 15 2 0 17
31-45 Yes 3 3 4 10
No 20 0 0 20
46-60 Yes 4 0 3 7
No 24 4 0 28
>60 Yes 2 0 0 2
No 1 0 0 1
>12 <31 Yes 2 2 0 4
No 5 2 0 7
31-45 Yes 1 3 5 9
No 11 0 1 12
46-60 Yes 3 1 2 6
No 9 1 1 11
>60 Yes 0 0 2 2
No 1 0 0 1
Total Yes 22 12 35 69
No 140 15 3 158
%2 (1) (Mantel-Haenszel) 74-32*
12 (1) (Mantel extension for the trend) 61-9*
Odds ratio:
Point estimate (Mantel-Haenszel) 125
95% Confidence interval (test based) 6:7-23-4

*p<0-0001.
+Does not include one worker with unclassified lesion.
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Table 4 Number of workers with hyperkeratosis and hyperpigmented macules stratified by duration of exposures to
centrifugation and crystallisation, duration of exposure to sunlight, and age

Duration of exposure to centrifugation and

Keratoses and crystallisation process (months)
hyperpigi d
Exposure to sunlight per week (hours) Age les 0 1-6 >6 Total
<4 <31 Yes 0 0 0 0
18 1 0 19
31-45 Yes 0 0 5 5
22 3 5 30
46-60 Yes 0 0 1 1
18 5 7 30
>60 Yes 0 0 0 0
1 0 1 2
4-12 <31 Yes 0 0 0 0
17 2 1 20
3145 Yes 0 0 3 3
24 2 1 27
46-60 Yes 0 0 1 1
27 4 2 33
> 60 Yes 0 0 0 0
3 0 0 3
>12 <31 Yes 0 0 0 0
7 4 0 11
31-45 Yes 0 0 2 2
12 3 4 19
46-60 0 1 2 3
No 12 1 1 14
>60 0 0 2 2
No 1 0 0 1
Total Yes 0 1 16 17
162 25 22 209
22 (1) (Mantel-Haenszel) 38-0*
12 (1) (Mantel extension for the trend) 49-7%

*p<0-0001.

STATISTICAL ANALYSIS

Statistical analysis was performed using the Mantel-
Haenszel summary chi square procedure* and the
Mantel extension for the test of trend® using an HP
41CV calculator with program cards written by Roth-
man and Boice.®

Results

Among the 226 workers, 69(34-1%) met our case
definition of hyperpigmented macules. Seventeen
(20-2%) of these 84 workers developed hyperkeratotic
changes (table 1). The lesions occurred most fre-
quently among workers engaged in the bipyridine
crystallisation and centrifugation processes. Hyper-
pigmented macules were usually first noticed about
one month to one to two years after beginning to
work on these processes (table 2). Although three
workers with hyperpigmented macules were among
the 89 engaged in packaging or administrative jobs,
none had hyperkeratotic changes (table 1).There is a
significant trend for workers to develop hyper-
pigmented macules or hyperkeratosis, or both, if they
were exposed longer to the processes of crystallisation

and centrifugation. The trend is even more obvious
when considering the level of exposure at the crys-
tallisation process as half that of the centrifugation
process. The trend was consistently present after
stratifying by age and duration of exposure to sun-
light (tables 3 and 4). Moreover, all the workers with
hyperkeratotic change had a history of working at
the centrifugation or crystallisation processes or both
(table 4).

None of the workers had a history of exposure to
other known skin carcinogens with the exception of
sunlight. Furthermore, there was no significant asso-
ciation between the occurrence of lesions and age or
with normal exposure to sunlight. No worker wore
respiratory protective equipment during his work,
and there was no association between the wearing of
gloves and the occurrence of skin lesions.

Discussion

The occurrence of premalignant skin lesions among
manufacturers of bipyridyl was first reported by
Bowra et al in 1982.2 The clinical picture in our cases
seems similar to theirs, although our cases were gen-
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erally less severe. This may be due to their short
exposure. The first paraquat factory in Taiwan was
established in 1969 so that there has been an inade-
quate induction period. Bowra et al speculated, how-
ever, that the lesions were probably associated with
“magnesium process” because they had only one case
working solely in the ‘“high temperature sodium
process,” and they attributed the lesion to the tarry
products produced during bipyridine synthesis.?

We have observed several important features that
may have aetiological implications. Firstly, all the
factories ever manufacturing paraquat in Taiwan
used only the high temperature sodium process to
synthesise bipyridine, and the cases occurred mainly
in workers engaged in the crystallisation and centri-
fugation of bipyridine; there is a significant dose-
response relation between the duration of exposure
and the development of skin lesions. We postulate
that the aetiological agent was produced in the high
temperature sodium process and that workers were
exposed during their work in the processes of crys-
tallisation and centrifugation. Secondly, the lesions
were all distributed exclusively over those parts of the
body normally exposed to sunlight. They occurred
less frequently over the ventromedial aspect of fore-
arms where exposure to sunlight was less but where
direct contact with vapours and mists of the byprod-
ucts of bipyridine synthesis was most likely. These
phenomena indicate that direct contact alone may not
produce the skin lesions, and that sunlight is probably
a necessary cofactor. Thirdly, the lesions were fre-
quently observed over the face and neck but not over
the legs and feet. This suggests that direct skin contact
with vapour was probably a more important route of
exposure than inhalation. Taken together, these
observations suggest that the aetiological agent may
be a chemical that evaporates easily in the liquid or
solid phase so that workers who were moving rods to
enhance crystallisation, or moving the bipyridine
crystals into or out of the centrifugation tank, were
exposed through direct contact with vapour or mists,
or both. Therefore, the molecular weight of this
chemical is probably not high, and could be pyridine
or any of the isomers of the bipyridines.

The possibility that paraquat is the aetiological
agent is low because previous studies among paraquat
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formulators,” spraymen,® ~1° and packaging workers
has not showed similar hyperkeratotic skin lesions.
Chemical analysis of the dark brown liquid and
vapour taken from the crystallisation tank by our
colleagues and others'! showed the presence of
2,2-bipyridine, 4,4-bipyridine, and other isomers.
Further studies are needed to clarify the mechanism
by which these chemicals induce skin lesions.
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