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Urinary excretion of mercury was determined in 32 workers of
Chemical Plant of No. (1) Pulp and Paper Mill in Sittaung. For
comparison, it was alsc measured in 10 Clerical Staff (nonexposed)
of the said factory and 10 Technician CGrade I students of Health
Department. Signs and symptoms of chronic metallic mercury poison-
ing were looked for in all subjecta., The air concentration of
mercury vapour at different times of the working hours in the
Chlorine Plant was measured. The Mean + 3D urinary mercury
excretion was significantly higher in exposed workers 59.22 + 22.44
ugm/L) than non exposed workers of the factory (29.3 + 8.64) (p <
0.001). Comparison of the mean + SD urinary mercury levels of the
nonexposed workers of the factory and techniclan students (19.4 +
8.59) indicated that the former had significantly higher mercury
excretion (p < 0.001). There was an increaaing trend of mercury
excretion with increased duration of exposure {r = 0.54; p < 0.05),
Signa and symptoms of chronic mercury poisening were not found in

any subject.

during the working hours was found to 0.1 to 0.25 mgm/m

to 5 times TLV).

INTRODUCTION

Since time .iImmemorial man has known
about the industrial mercury poisoning
(1) and yet no proper investigation has
been done on Myanmar waorkers who are
occupationally exposed to  mercury.
Mercury and mercurial compounds are
used in many Industries and manufacture
processes and may, if Improperly used or
If hygienic conditions are not adequate,
give rise to toxic symptoms (2). The
most important uses of metallic mercury
and inorganic compounds incilude the
treatment of gold and silver ores; the
manufacture of dental  amalgams,
incandescent electric bulbs, mercury
vapour tubes etc,, as a catalyst for the
production of chlorine and alkalines,

The concentration of mercury vapour in Chlgrine Flant

of air (2

gold, silver and bronze plating etc (3).
The aim of the present study was to
investigate whether Myanmar workers,
working at the chiorine plant of No.
(1) Pulp and Paper Mill were exposed
to excessive mercury vapour or not and
to assess their health status for early
detection of chronic metallic mercury
poisoning,

MATERIALS AND METHODS

Plant {ayout

There are 24 different sections in the
Mill tneluding Chemical Plant. Chemical
pulps are bleached with chlorine
dioxide which is produced by the
electrolysis of sodium chloride where
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mercury cell is used for the electrolysis
process. Chlorine production section of
the Chemical Plant consists of one big
room with a small anteroom at one
corner which is weil ventilated. The
administrative section is about 2 furlongs
away from the Chemical Plant.

A cross-sectional study was carried out
on the workers of the No. (1) Pulp and
Paper Mill from 11.12.89 to 17.12.89 and
Technician Grade [ students of Health
Department on 1.1.90.

Subjects, chosen by the simple random
sampling method, were allocated into
following five groups

I. Currently exposed workers (Group 1):
those who were working at the
Chlorine Plant at the time of the
survey.

2. Intermittently exposed workers (Group
2): maintenance workers who had to
work at the Chlorine Plant only when
they had to repair or to tend the
disfunctioning parts.

3. Ex-exposed workers (Group  3):
workers who had previously worked at
the Chlorine Plant but at the time of
survey, they had been shifted to other
department at least 6 months ago.

4. Non exposed workers of the factory:
clerical staff of the mill who had
never worked at the Chlorine Plant.

5. Technician grade | students f{rom
Health Department: who had no
known history of exposure to mer-
cury.

Symptoms of metallic mercury poisoning,
occupational history, and other relevant
past medical and surgical histories were
taken. Thorough clinical examination
was also done for signs of chronic
mercury poisoning. End of workshift
urine samples were collected into the
mercury free plastic containers, that did not
absorb mercury, Urine marcury analysis
was done according to the method
described by Sidney WKaye (1968) (5).
Standards Included in each batch of
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analysis were used for calibration, The
concentration of urinary mercury were
adjusted to a mean specific gravity of
1020. Mercury vapour concentration in
the Chiorine Plant was measured at
four different periods of workshift (at
the start, just after the start, in the
middle and just before the end of
shift) using the Drager's Tubes.

Data_analysis

Student's "t" test was employed for
the comparison of the mean urinary
excretion of the exposed and nonex-
posed workers of the factory and
between the non expgsed warkers of
the factory and technician grade |
students. For the comparison of
urinary mercury concentration among

the exposed workers of different
exposure  categories, analysis of
variance was used. Correlation

between the urinary mercury excretion
level and work duration of the cur-
rently exposed group was determined
by using the Least Square Method.
Statistical significance was accepted at
the )5% level for each of the tests (p <
0.05).

RESWLTS
Table (1) shows the mean urinary
concentration of exposed and nonex-
pesed workers of the factory and
technician students. Mercury excre-
tion of exposed workers was found
to be significantly higher than the
nonexposed waorkers of the factory {t
= 6.2]; p < 0.001). It was also found

that those of the nonexposed
workers of the factory was
significantly higher than  thase of

the technicians (t = 6.05; p < 0.001).
in table {2), comparison of the
urinary  mercury  excretion  among
the exposed workers of three
different categories; currently exposed,
intermittently exposed and ex-
exposed s shown. From the analysis
of variance it was found that
mercury excretion of currently exposed



Table 1. Urinary mercury excretion of workers
of No. (1) Pulp and Paper Mill and
technician students

T e 1 e o e e L L i O I e ke

. No. of Mean * 5D
Category of Subjects Subjects (ugafL)
Exposed workers 32 59.22 £ 22 .43
Nonexposed workers 16 29,30 B.b4*

Technician students 10 19,40 £ 8,.59**

e o s T o i T - 0 e e o e e e o T e

* p < 0,007 (Exposed vs nonexposed workers)
s+ p < 0,001 (Nonexposed workers vs techni-
cians)

Table 2. Means and levels of urinary mercury
excretion of exposed workers of
different exposure catagories

e o 7 D L e e e T e e TR o e

Category of

exposure Mean * SD 30 ugm/L 30-300ugm/L
{ugm/L) n ;4 n b4

Currently 69.29+20.96 0 - 21100

exposed(n=21)

Intermitten- 39.20% 4.38 0 - S 100

tly exposed

(ﬂ:S)

£x-exposed 40.67%10.42 1 16,67 5 83.33

(n:ﬁ)

P < 0.001 )

group had significantly different level
than the other groups (F = 43.86, p <

0,001). Those of the intermittently and
ex-exposed groups were almost the same.
All the workers of currently and inter-
mittently exposed groups had urinary
mercury excretion of more than 30
ugm/L.  Only one subject from the
ex-exposed group had urinary mercury
excretion of less than 30 ugm/L. Not a
single subject excreted mercury in the
urine of more than 300 ugm/L.

Correlation between the urinary mercury
excretion level and work duration (range

1-19 years; mean 9.95 = 3.23) of the
currently exposed is shown in figure
(1).  There is a significant trend
towards increasing urinary mercury
level with increase in work duration
was found (r = 0.54; p < 0.05). Levels
of mercury vapour concentration in the
Chlorine Plant are given in table (3).
Mercury vapour level measured at the
start of workshift was zerg, :j’ust after
the shift was 0.1 mgm/m”~ of air
volume, in the middle of and just
before ihe end of the shift was 0,25
mgm/m”.
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Fig. 1. Regression line drawn on scatter
diagram relating work  duration
{years) in Chlorine Plant and vrinary
mercury concentration (ugm/L).
(¥=45.69 + 2.55 x; r=0.54; n=21; p <
0.05)

Table 3. Mercury vapour concertration in the
alr at Chlorine Plant

e e e e ok e B L e B e O 5 TR e O e e o o . e R

Marcury vapour

Time of Measurement cuncentrgtion
(mgm/m”)
At the start of the shift 1]
Just after the start of
the shift 0.1
At the middle of the shift 0.2%
Just before the end of shift 0.25



DISCUSSION

Excretion of mercury Iin the wurine is
believed to be a good index of exposure
to and absorption of metallic mereury. It
probably reflects the care and precau-
tions taken during its use {(4). There is
some dispute about the upper limit of
urinary mercury excretion in nonoccupa-
tionally exposed workers, but a reason-
able figure would seem to be 20-25
ugm/L as suggested by Goldwater (4).
Battistone et al (7) found that the
urinary mercury excretion in nonoccupa-
tionaly exposed worker did not exceed 17
ugm/L and Steward et al (8) found a
median value of 14 ugm/L. Taking an
upper limit of normal 30 ugm/L it is
clear that all the exposed workers
except one from the ex-exposed group
had increased mercury excretion reflect-
ing the exposure to excessive mercury
vapour. Finding of significantly higher
urinary mercury excretion in exposed
workers than the nonexposed workers and
higher than threshold limit  values
(average 3 times) of mercury vapour
concentration In the waorkroom  air
indicated that these workers are facing
the problem of excessive exposure to
mercury vapour. Nevertheless, no worker
showed clinical evidence of mercury
poisoning, and the wurinary mercury
excretion levels of all were still below the
level at which clinical manifestations of
mercurialism become likely. Noe (9)
suggested a danger level of 300 ugm/L;
West and Lim (10) found that, out of 35
cinnabar miners with wurinary mercury
concentration in excess of 300 ugm/L, 23
had symptoms of mercury poisoning.
According to WHO criteria (11), clinical
evidence of mercury poisoning is unlikely
to occur when the urine mercury
concentration is below 300 ugm/L. All
exposed workers in the present study were
safely below this ievel, with maximum
level of only 110 ugm/L. Although the
workers were working in Chlorine Plant
whare mercury vapour concentration
reached 5 times more than TLV at some
times, not a single worker had urinary
mercury concentration of g 300 ugm/L
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and suffered from chronic mercury
poisoning. The possible explanation
may be that the measured concentra-
tions of mercury vapour were just the
spot measurements and thus the time
weighted average during the working
hours could not be known. TLV TWA
is a guide in the control of health
hazards and may be considered as a
demarcation between safe and dan-
gerous concentrations. It can be
obtained by taking measurements on
airborne  concentrations of it at
different time intervals for full shift,
It is the time weighted average
concentration for a norma! 8 hourwork
a day and a 40 hour workweek, to
which nearly all workers may be
considered repeatedly exposed, day
after day, without adverse effect ({2).
Another point is that although the
workers were working at the Chlorine
Plant, the working system was provided
in such a way that they need not to
work there full 8 hours straight a day,
but could stay in an antercom at the
worksite during most of the working
hours.

Workers who were  intermittently
exposed to mercury had only slightly
higher mean urinary mercury concen-
tration than upper limit of normal,
which is significantly lower than those
of currently exposed workers because
they had to work at the Chlorine Plant
only when they had to repair or to
tend the disfunctioning parts. Thus
their exposure tc mercury vapour was
well below the currently exposed
workers.

Workers who had previously exposed to
mercury vapour, but at the time of
survey, were working at the ather
sections were found to have signifi-
cantly lower urinary mercury excretion
than currently exposed workers. This
indicates that change of job area
would reduce
mercury and thus workers with high
mercury excretion should be recom-
mended to change the job so as to
avold from harmful effects of pro-

T
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longed effects of mercury vapour. It is
also a necessity that reqular monitoring of
urinary mercury excretion of the exposed
workers should be done 2 maonthly in
accordance with the half life of mercury 6
weeks, for the early detection of occupa-
tional hazard. Because mercury [s spon-
taneously excreted by the kidney, waorkers
can be sent back to Chlorine Plant when
their urinary mercury levels came down
below the upper limit of normal again.
Clerical staff (nonexposed) of the said
factory had mean value of urinary mercury
excretion below the upper limit of normal
but yet it was significantly higher than
those of technician students, probably
because mercury vapour from the Chiorine
Plant might disperse to surrounding
areas and thus they might also be working
in the site where mercury vapour in the
workroom air was higher than normal
condition. Unfortunately, we had not
measured mercury vapour concentration in
their workroom. There is also a possi-
bility that industrial wastes from the mill
might dispose to the Sittaung river and
thus water might get polluted and they
would be having mercury from food chain or
they might be having mercury ather than
industrial source like indigenous medicines
containing mercury.
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