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Longitudinal study of workers exposed to

mercury vapour at low concentrations: time
course of inorganic and organic mercury

concentrations in urine, blood, and hair

Nobuo Ishihara, Kenji Urushiyama

Abstract
Seven Japanese female workers exposed
to mercury vapour at a concentration of
< 0-02 mg Hg/r3 (8 h/day, 44 h/week)
were examined for inorganic (I-Hg) and
organic (0-Hg) mercury concentrations
in urine, blood, and hair after 0, 4, 8, 17,
and 23 months of exposure. Both I-Hg
and O-Hg concentrations in urine and hair
did not increase significantly even after
23 months of exposure. The concentra-
tion of I-Hg and O-Hg in plasma and 0-

Hg in erythrocytes, however, increased
significantly after four months of expo-
sure, and the high concentrations were

maintained until the end of the study (23
months ofexposure). Absence ofa signifi-
cant increase in the concentration of
O-Hg in hair indicates that changes in
concentrations of I-Hg and O-Hg in
blood could be caused by the occupa-
tional exposure to mercury vapour.
These results show clearly that mercury
concentration in blood indicates the
uptake of mercury compared with data
from before employment with mercury.
Even after 23 months of exposure to mer-
cury vapour, however, urinary mercury
concentration was not affected.

(Occup Environ Med 1994;51:660-662)
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In our previous report it was confirmed that
four months of exposure-to mercury vapour at
low concentrations (0-01-0-019 mg Hg/m,3 8
h/day, 44 h/week) significantly increased con-

centrations of organic mercury (0-Hg) in ery-
throcytes and plasma-and inorganic mercury

(I-Hg) in plasma but not in urine.' Recently
it was reported that in chloralkali workers
also mercury concentrations in blood and
urine were not significantly related to the
duration of employment. These reports indi-
cate that mercury concentrations in urine and
blood might not necessarily increase if
exposure to mercury vapour was low, less
than the threshold limit value (TLV).
Nevertheless clear uptake of mercury due to
occupational exposure to mercury vapour has
occurred.

Recently Barregard et al reported a two

compartment model for urinary mercury
excretion after brief occupational exposure.
The half lives were 28 and 141 days.3
Occupational exposure to mercury vapour,
however, is not brief in most cases, and work-
ers are engaged in mercury work daily for
years. Therefore, the time course of mercury
concentrations in biological samples (urine,
blood, and hair) should be studied for longer
periods than the half lives mentioned above,3
but few data are available.
The uptake of mercury through the diet

(mainly by the consumption of fish and fish
products) should be considered. The chemi-
cal form of mercury in fish and fish products
is taken to be methylmercury. Owing to the
interaction between inhaled mercury vapour
and mercury accumulated in the human body
through the diet,47 the time course of mercury
concentration in biological samples might not
be simple.
The aim of our report is to clarify the time

course of mercury concentration in biological
samples under exposure to mercury vapour at
concentrations less than the TLV.

Subjects and methods
SUBJECTS
The subjects were seven Japanese female
workers in a mercury battery factory. They
were among 14 subjects in the previous
report.' As seven of them retired after eight
months of exposure, we followed up the rest
to 23 months of exposure. They were 22 to 27
years old at the start of this study. They were
examined five times during the 23 months
including the examination before the start of
mercury work-that is at 0, 4, 8, 17, and 23
months of exposure. None of them has had a
history of occupational exposure to mercury
and mercurials before this employment. To
our regret, self administered questionnaires
and psychometric tests shown in the report of
Langworth et al could not be applied owing to
the lack of skilled staff.8 During the course of
the observation the women have not com-
plained of symptoms suggestive of intoxica-
tion by mercury vapour.
The mercury concentrations in the air of

the work places were <002 mg Hg/M3
throughout the study period. During the
course of the study work places and materials
were not changed. The exposure, therefore,
should have been constant.
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METHODS
Samples were collected on each occasion on
the third Friday of the month starting in
October, in the morning before the start of
daily work as described previously.'
The selective determination of I-Hg and

total mercury (T-Hg) was carried out by the
method of Magos.9 The difference between
values of T-Hg and I-Hg was taken as the
value of O-Hg. According to the addition of
pure mercuric chloride or methylmercury
chloride, the detection limits of I-Hg and
T-Hg in our laboratory were 1 67 pmol of
Hg/ml of urine, 2-5 pmol of Hg/ml of plasma
and erythrocytes, and 1-0 pmol of Hg/mg of
hair. All determinations were carried out-in
duplicate. The coefficient of variance was
within 4 0% in all determinations.

STATISTICAL ANALYSIS
Means of concentrations of I-Hg and O-Hg
after 4, 8, 17, and 23 months of exposure
were compared with their respective data at 0
months of exposure by the method of Scheffe
(cited10) after the analysis by Friedman test.

Results
Table 1 shows the means (SEM) of I-Hg and
0-Hg in urine, plasma, erythrocytes, and hair
and the results of the statistical analysis by
Friedman test. The results of the Friedman
test indicated that concentrations of I-Hg and
O-Hg might be changed significantly in
plasma and erythrocytes.

Table 2 shows the results of the statistical
analysis by the method of Scheffe. It is clear
that concentrations of I-Hg and O-Hg in
plasma and concentration of 0-Hg in erythro-
cytes were increased significantly after four
months of exposure. The unchanged concen-
tration of 0-Hg in hair indicated that the
intake of 0-Hg through the consumption of
fish and fish products was almost constant
during the study period, and so the changes of
concentrations of I-Hg and O-Hg found in
plasma and erythrocytes should have been
due to the occupational exposure to mercury
vapour. It is, therefore, clear that the concen-
trations of I-Hg and 0-Hg in plasma and 0-

Hg in erythrocytes increased after four

Table 2 Statistical analysis of means by the method of
Scheffe

Plasma Erythrocytes

I-Hg O-Hg IJHg O-Hg
0 v4, 8, 17, 23 ** ** NS *
0, 4 v 8, 17, 23 NS NS NS NS
0, 4, 8 v 17, 23 NS NS NS NS
0, 4, 8, 17 v23 NS NS NS NS

*p<0-05; **p<0-01.

months of exposure and the high levels of
mercury were maintained until the end of the
study. Concentrations of I-Hg and O-Hg in
urine did not increase despite the clear uptake
of mercury by occupational exposure.

Discussion
In this study O-Hg has been estimated by
subtraction, after the estimation of T-Hg and
I-Hg by the method of Magos.9 Any underesti-
mate of I-Hg would result in an overestima-
tion of O-Hg. The intralaboratory comparison
of mercury measurement by different meth-
ods (AAS (atomic absorbtion selection) by the
method of Magos,9 ECD (electron capture
detection) gas chromatography after extrac-
tion, AAS after acid digestion' 1), however,
showed good agreement, and indicated that
the data for T-Hg, I-Hg, and O-Hg found by
the method of Magos would be applicable in
the study of biotransformation of methylmer-
cury in humans. Any underestimation of I-
Hg, therefore, should be excluded.

In the occupational exposure to mercury
vapour at low concentrations the consump-
tion of fish and fish products is one of the
main routes of mercury uptake. Also, the daily
consumption of fish and fish products differs
between individuals. To minimise this antici-
pated individual difference and to detect
slight changes of I-Hg and O-Hg concentra-
tions due to occupational exposure, therefore,
the longitudinal and repeated study of the
same subjects is ideal.
The results of statistical analysis (table 2)

indicated clearly that the concentrations of I-
Hg and O-Hg in plasma and O-Hg in erythro-

Table 1 Mean (SEM) inorganic and organic mercury concentrations in urine, plasma, erythrocytes, and hair

Time afterjob assignment (months)
Friedman

0 4 8 17 23 test

Urine (pmol Hg/g creatinine):
I-Hg 12-92 (3-76) 14-29 (2 46) 15-39 (3 06) 10-66 (1-28) 15-26 (2 05) NS
O-Hg 0-80 (0 28) 1-95 (0 45) 1 73 (0 73) 1-13 (0 27) 1 35 (0-25) NS

Plasma (pmol Hg/ml plasma):
I-Hg 2-49 (0 42) 8-61 (0 53) 4-24 (0 88) 5 33 (0 56) 2-84 (0 49) **
O-Hg 4-14 (0 74) 10-43 (2-66) 7 17 (2 72) 9-14 (1 46) 8 14 (1-49) **

Erythrocytes (pmol Hg/ml):
I-Hg 8-27 (2-18) 12 43 (4-78) 5-23 (2 53) 27-99 (8 53) 5-15 (2 41) *
O-Hg 54-38 (8 80) 86-61 (19 92) 94-02 (20 57) 95-79 (15-25) 123-27 (11-61) **

Hair (pmol Hg/mg hair):
I-Hg 1-67 (0 20) 2-51 (0-32) 2-29 (0 24) 2-37 (0-59) 2-18 (0-22) NS
0-Hg 8-70 (1 80) 8-60 (1-48) 7-79 (1-15) 10-47 (2-82) 9-23 (0 85) NS

Friedman test: *p<0.05; **p<0-01.
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cytes increased significantly after four months
of exposure, and that these mercury concen-
trations seemed to be in a steady state after
four months of exposure. The increase in the
concentration of I-Hg in plasma should be the
result of uptake of mercury due to the occupa-
tional exposure to mercury vapour. The inter-
action between the inhaled mercury and
mercury accumulated through the diet might
result in the redistribution of O-Hg.4 7 The
increase of O-Hg concentration in plasma and
erythrocytes should be mainly the result of
this redistribution of O-Hg initiated by the
inhaled mercury vapour.
The question might arise why not only I-

Hg but also O-Hg did not increase continu-
ously despite continuous uniform exposure.
This might be the result of the increased
capacity of binding sites that are known to
have a higher affinity to I-Hg than O-Hg,'2
and it might be due to the induction of binding
sites such as metallothionein.
The concentration of I-Hg in plasma and

O-Hg in plasma and erythrocytes, therefore,
increased after four months of exposure and
stayed increased. The concentration of I-Hg in
the critical organs such as kidneys and brain
might continue to increase along with the
continuous exposure to mercury vapour. This
might coincide with the consideration that
there is no suitable biological index of concen-
tration of I-Hg in the critical organs. '3"

Langworth et al reported that the mercury
concentrations in blood and urine in chloral-
kali workers were significantly related to the
type of work but not to the length of employ-
ment. As the minimum length of exposure
was a year in the report,2 it is suggested that
the mercury concentration would have been
already constant in blood and urine at the
time of sampling.
Our present results indicate that concentra-

tions of I-Hg and O-Hg in blood might be
useful indicators of mercury uptake so long as
data from before work with mercury are avail-
able. Subjective symptoms,' tremor,'5 17 and
enzymuria'5 18 19 should be assessed alongside
mercury determination in biological samples
during the assessment of exposure to mercury
vapour.

We are indebted to Dr Sven Langworth (Huddinge Hospital,
Sweden) for reading the manuscript and for his valuable com-
ments.

A part of this work was presented at the 22nd Meeting of
ICOH, Sydney, Australia (27 September-2 October, 1987).
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