
British Journal of Industrial Medicine, 1977, 34, 26-31

Urinary mercury excretion and proteinuria in
pathology laboratory staff
W. K. STEWART, H. A. GUIRGIS, J. SANDERSON, AND W. TAYLOR
University Department of Community and Occupational Medicine, Ninewells Medical School,
University of Dundee, Dundee, Scotland

ABSTRACT The use of mercuric chloride as an histological fixative was associated with high environ-
mental atmospheric concentrations of mercury vapour (up to 0 5 nmol/l) as well as mercury com-
pounds (total Hg up to 10 nmol/l). Technicians exposed to this environment showed increased
urinary mercury (median value 265 nmol/24h) and protein outputs (median value 117 mg protein/24h).
Routine control measures, ventilation and careful handling of mercuric chloride solutions, reduced
the level of atmospheric mercury vapour levels to within acceptable limits (threshold limit values
0-01 mg/m3 (0 05 nmol/l) alkyl compounds and 0 05 mg/m3 (0.25 nmol/l) for all forms except alkyl).
This reduction was associated with the disappearance of trace proteinuria from the technicians'
urine. Contamination of histology laboratories by mercuric chloride should be minimised.

Corrosive sublimate (HgCI2) was one of the first
reagents to be used as a tissue preservative and
fixative in histology (Blanchard, 1847). Braus (1896)
appears to have been the first to use a mixture of
formaldehyde and mercuric chloride. This mixture,
generally known as formol-corrosive solution, was
advocated as a routine fixative by Carleton (1926)
and by Lendrum (1941). Its use is now promoted by
the Association of Clinical Pathologists (1966).
Other fixatives containing mercuric chloride, such
as Zenker's, Susa's and Helly's solutions, are also
in common use.

Since 1947 histopathologists in Dundee have
routinely used formol-corrosive solution (30g HgC12
in 100 ml commercial formalin diluted with water
to 1 litre) for fixing surgical material. The routine
procedure for post-mortem material, however,
includes preliminary fixation in 10% formol-saline
followed by prolonged immersion (secondary
fixation) in 5% mercuric chloride (saturated cor-
rosive).

This investigation was undertaken to assess
whether or not there was mercury absorption in the
laboratory staff.

Methods

POPULATION
Individuals were allocated to one or other of two
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groups depending on whether or not their laboratory
used mercurial fixatives.

Group 1 (exposed)
The laboratory staff of three hospitals used formol-
corrosive solution as a routine fixative. The staff
consisted of 21 persons: 13 men and eight women,
and they all handled, or worked for five to six days
each week in a room where formol-corrosive
solution was present. Their ages ranged from 17 to
50 years and their period of service in these
laboratories varied from seven months to 20 years.

Group 2 (non-exposed)
The control group consisted of 21 histopathology
laboratory workers from another hospital who were
using only formalin for routine fixation. They did
not use mercury or its compounds for any work, and
were selected to match the first group for sex and
by decade for age.

ENVIRONMENTAL ASSESSMENT
The room atmosphere of four laboratories within
one hospital pathology department which tradi-
tionally uses mercuric chloride fixatives was inves-
tigated. These laboratories were:

Histology laboratory A
Mercuric chloride-containing solutions and cor-
rosive-fixed tissue in specimen jars were constantly
present; specimen cutting and fixation had always
been undertaken in this room. No food or beverage

26

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://oem

.bm
j.com

/
B

r J Ind M
ed: first published as 10.1136/oem

.34.1.26 on 1 F
ebruary 1977. D

ow
nloaded from

 

http://oem.bmj.com/


Urinary mercury excretion and proteinuria in pathology laboratory staff

was taken in this crowded working space, which had
no form of controlled ventilation system.

Histology laboratory B
This was used for microscopy; no mercury com-
pounds were stored and corrosive-fixed tissues were
rarely present.
(a) Haematology laboratory H
No mercury was used.
(b) Haematology annex Hx
This was adjacent to haematology laboratory H and
had previous!y been used for manometric analysis
and mercury cleaning. Liquid mercury was found in
floor cracks and under parquet floor-blocks.

PLAN OF INVESTIGATION
During the initial phase, 24-hour urine collections
were made from members of staff and measurements
taken of mercury in air in histology laboratories
(A and B) and in the haematology laboratories (H
and Hx). Control measures were subsequently intro-
duced in histology laboratory A. These consisted of:

1. Educating the staff about the potential hazard.
2. Using surgical gloves for handling fixed tissue

specimens.
3. Improving exhaust ventilation with a minimum

of 3 5 air changes an hour.
Twelve months after these control measures had

been implemented in histology laboratory A,
measurements of mercury in air were again taken
in laboratories A, B, H, and Hx, and 24-hour
collections of urine were obtained from nine members
of staff then working in histology laboratory A.

Mercury in laboratory air
The total mercury present in the laboratory atmos-
phere was estimated by the method of Hanson et al.
(1965). Atmospheric mercury vapour was measured
by an ultraviolet absorption method using a Beck-
man model K 24 meter.

Urine collections
Each subject provided a 24-hour urine specimen in
heavy-metal-free polythene bottles. Five ml of
concentrated hydrochloric acid were added to each
bottle as a preservative and samples were stored at
a temperature of 4°C.

Urinary estimation of mercury
A dithizone colorimetric method was used, modified
from that of Kudsk (1964).

Urinary protein
The method was developed from those ofHenry et al.
(1957) and Kibrick (1958). The proteins were
precipitated from a 20 ml aliquot of urine by

addition of 5 0 ml of 25 % trichloroacetic acid
solution before spectrophotometric estimation using
biuret reagent. A standard curve was made using
crystallised bovine albumin.

Urinary creatinine
The alkaline picrate method of Bonsnes and Taussky
(1945) was used. Creatinine output was calculated
to check that a full 24-hour specimen had been
received. All samples were found to be satisfactory
by this rough check.

Statistics
Since the distribution of urinary output rates were
not gaussian the significance of differences between
the exposed and non-exposed groups in respect of
mercury and protein output rates were calculated
using the U test (Mann and Whitney, 1947).

Results

Levels ofenvironmental mercury are given in Table 1.
Measurements of total atmospheric mercury in
histology laboratory A were up to five times higher
than those in haematology laboratory H. Raised
mercury vapour values, including some of0 5 nmol/l,
were detected in air sampled near the two sinks in
histology laboratory A. One of these sinks is
customarily used for block-taking, involving the
handling of mercuric chloride-fixed specimens and
it is conveniently near the ready-use supplies of
fixative solution. Disused fixed-specimen storage
jars are cleaned out with hot water in the second
sink.

Histology laboratory B, selected as another
control for laboratory A, gave zero readings for
mercury vapour. The finding of traces of mercury
vapour and 0-20 nmol/l of total mercury in labora-
tory H was unexpected in a control environment.
Higher readings in the adjoining annex Hx also
intended as a control led to the discovery of the
source, mercury globules in gaps between and under
the parquet floor-blocks.
The median urinary mercury excretion among 21

non-exposed technicians was 72 nmol/24h, range 0
to 157 (Fig. 1). By contrast, the median mercury
excretion rate was 265 nmol/24h, range 119 to 442,
in 21 similarly employed technicians who were
exposed to mercury-containing fixatives. Thus the
mercury excretion rate in the mercury-exposed
personnel is four times greater than that in the
control subjects. The difference is significant (p <
0-001). Similarly the amount of proteinuria in the
mercury-exposed individuals as a group is at least
twice that in the controls, using as an index either
the output rate of protein expressed per 24 hours
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Table 1. Atmospheric mercury levels in the laboratories

Laboratory Mercury vapour* (nmol/l) Total mercury (nmolll)

Initialphaset Follow-up phase Initialphase Follow-up phase

Histology laboratory A
Specimen area, sink and cork
cutting-board 0-15-0-50 010-025 0-05-0-125 1.0 0-02
Wash-up area and sink 0-05-0-20 0 05-010 0-10-021 0 040 0 07
Solution preparation area 0 05-015 0 05-010 0-05-0-125 - 0 01

Histology laboratory B
(No mercury or mercury compounds
present) <0 025 <0 025 <0 025-0 025 - <0 010

Haematology laboratories
(a) Main laboratory H <0-025 <0 025 <0 025-0 05 0-04 0 010
(b) Annex Hx <0025-05 <0025-50 <0-05-1-75 010 003

*Range ofrepeated meter readings
tAnd on different week-days
Mercury vapour meter detection limit was 0 005 mgHg/m3 (0-025 nmol/l)
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Fig. 1 Urinary mercury excretion rates in mercury- Fig. 2 Urinary protein excretion rates in mercury-
exposed and non-expo.ved technicians. exposed and non-exposed technicians.

Table 2. Urinary mercury andprotein in exposed and non-exposed technicians

Phase Population Mercury output Protein output

nmol/24h mg/24h mgprotein/nmol creatinine

Range Median Range Median Range Median

Initial Group 1
(exposed) 119-443 266 35-1029 117 2-7-576 115
21 subjects

Group 2
(non-exposed) 0-157 72 12-119 48 1*9-17-3 3-8
21 subjects

Follow-up* Group 1
(exposed) 0-70 40 16-59 35 1 8-7 5 40
9 subjects

*12 months after control measures were implemented
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(Fig. 2), or, an indirect measure in which urinary
protein is expressed per gram of accompanying
creatinine output. The difference in the amount of
proteinuria shown by the exposed and non-exposed
groups is also significant (p < 0-01). These results
are summarised in Table 2.

In the follow-up phase, mercury vapour levels
were not changed materially in either of the histology
laboratories but total mercury levels in histology
laboratory A were lower (Table 1). Urinary mercury
and protein outputs of technicians working with
formol-corrosive fixative, but using control measures
(Table 2), were comparable with those of non-
exposed technicians (Group 2).
An attempt was made to remove metallic mercury

found in the floor of the haematology annex (Hx),
and then the parquet-blocks were covered with
linoleum. Spillages were first cleared up by mech-
anical means, that is by vacuum probe, and the
affected areas were then treated with a wash com-
posed of equal parts of slaked lime and flowers of
sulphur mixed with water to form a paste. Twenty-
four hours later the wash was removed with clean
water and the surfaces allowed to dry.

Discussion

ENVIRONMENTAL MERCURY
The demonstration of significant amounts ofmercury
in the atmosphere of one representative laboratory
(A), in which technicians used mercuric fixatives,
raises the question of a potential mercury hazard.
The presence of mercury in the haematology annex
was unexpected and was found to be a legacy from
an earlier use of this room for mercury cleaning and
manometric analysis. Other control work-spaces
gave negligible values for mercury.
There were several sources of contamination

including bench spillage of corrosive sublimate
solution, floor spillage (in this case on to wooden
parquet-blocks), saturated filter papers lying exposed
in the laboratory atmosphere, as well as the possi-
bility of contamination of clothing worn by labora-
tory staff. Local transient high concentrations of
mercury vapour were obtained by warming the
copper handles of test-tube brushes found in sink
areas. When hot water was allowed to run through
the sinks to waste, consistent mercury vapour values
above 0 5 nmol/l were obtained.
The threshold limit value for non-alkyl mercury

absorbed through the skin has been reduced to
0-25 nmol/l from 05 nmol/l and for alkyl com-
pounds to 005 nmol/l (American Conference of
Governmental Industrial Hygienists, 1975; Depart-
ment of Employment, 1973).

It is noteworthy that mercuric chloride has a

vapour pressure of the same order as that of metallic
mercury. The values are 3.1 x 10-4torr' for HgCI2
and 18 x 10-4 torr for Hg at 25°C and under one
atmosphere (extrapolated from data of Johnson,
1911). The maximum concentration of mercuric
chloride in air would occur only in a closed space
and lesser values would be found in open laboratories
depending on air movement, temperature, and
proximity to the mercury source. Formaldehyde
which is commonly associated with mercuric chloride
in fixatives can partly reduce mercuric to mercurous
chloride. Reduction to free mercury has not been
found. Solid mercuric chloride sublimes at room
temperature and a likely source of mercury atmos-
phere contamination in the histology laboratory is
evaporation of spilled solutions.

Several common metals interact with mercuric
chloride releasing mercury or forming amalgams.
These metals include copper, zinc, lead, and alu-
minium which are likely to be present as part of the
plumbing, sinks, and the related metal fittings of
histology laboratories. This effect may in part
account for the higher concentrations of mercury
found in air near the sinks in this investigation.

URINARY MERCURY EXCRETION
The technicians forming the non-exposed group
showed a range of mercury excretion rates in urine
which is similar to the normal range for the method
used: 0 to 141 nmol/24h, median value 52 in 33
normal subjects (Taylor et al., 1969). The detection
limit for this method is 20 nmol/l. Earlier authors
quote comparable normal mercury values: 0 to 150
nmol/l (Nobel and Nobel, 1958; Kudsk, 1964) and
less than 100 to 125 nmol/l (Goldwater, 1964).

Technicians who were exposed to mercury com-
pounds had as a group appreciably higher urinary
mercury output than the paired control subjects or
other normal subjects. In 19 of 21 exposed subjects
the output of mercury exceeded 150 nmol/l with
fairly wide variability. Large day-to-day variability
in and between exposed individuals in the output of
mercury has been noted before (Buckell et al., 1946;
Goldwater, 1964).
URINARY PROTEIN EXCRETION
As a group the exposed workers had an increased
rate of excretion of protein in the urine compared
with the group of matched controls who were all
within the expected upper limit of adult normality
for the method (Taylor et al., 1969). Although
method dependent (Jorgensen, 1967), the upper
limit of normal urinary protein excretion is between
100 and 150 mg/24h, mean value between 40 and
80 mg/24h (Relman and Levinsky, 1971). Para-
proteinuria (globulins rather than albumin) in
11 torr 1 mmHg 133 N/mr
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particular is not readily detected by Albustix-reagent
strips (Rennie and Keen, 1967) but can be measured
colorimetrically.

In nine of the 21 technicians in Group 1 the daily
protein output rate exceeded 180 mg. This finding,
accompanying a raised level of mercury excretion
suggests that the repeated handling and/or inhalation
of mercury and its bichloride salt, may cause an
increase in the rate of protein excretion. There was a
large variation in the protein excretion rate within
the exposed group and a poor correlation between
mercury and protein output rates for individual
subjects, which suggest that a simple dose and effect
relationship does not apply. This variability may
well reflect differences in the extent of exposure
from day to day, as well as underlying differences
between technicians in their susceptibility to the
effects of mercury once absorbed. No attempt was
made to measure the duration of exposure time in
technicians.

Overt clinical evidence of mercury poisoning was
not found in the pathology technicians during the
course of this study. The clinical significance of the
minimal proteinuria found in the histopathology
laboratory staff is not known. Comparative quanti-
tative studies of trace proteinuria present in other
populations exposed to industrial processes with
environmental mercury concentrations at or above
the threshold limit values would be valuable. In
industrial situations proteinuria and urinary mercury
excretion values (West and Lim, 1968) greater by a
factor of 10 than those found in this study are
currently accepted and are assumed to carry minimal
health risk. The possibility remains however that
trace proteinuria is a manifestation of mercury
toxicity, albeit minimal. The occurrence of heavy
proteinuria (more than 2g/24h) would warrant the
removal of the subject from exposure to mercury and
its compounds. In the case of the trace proteinuria
associated with minimally increased urinary excre-
tion of mercury as found here accompanying routine
histopathological work, the long-term clinical
significance is unknown.

MERCURY ABSORPTION CONTROL MEASURES
Mercury vapour from manometric apparatus is a
recognised risk in hospital laboratories (Williams
et al., 1968). The current data indicate that the
mercuric chloride used in histology also represents
a potential hazard. To reduce contamination of
skin and absorption by inhalation, laboratory staff
should avoid spillage, work benches and floors
should have impermeable surfaces without open
joints, efficient ventilation should be provided, and
the wearing of impermeable gloves is advisable.
Simple control measures applied in histology labora-

tory A were effective in reducing the total atmos-
pheric mercury to acceptable levels. Concurrently
with this environmental change the urinary output
rates of mercury and of protein also returned to the
normal range.
The fortuitous observation of high levels of total

mercury and mercury vapour concentration in the
haematology annex led to the discovery of long-
standing contamination of that room by metallic-
mercury. This finding, together with the accompani-
ments of the use of formol-corrosive tissue fixative
already described, re-emphasizes that mercury and
its compounds are an occupational hazard of
laboratory technicians (Rose et al., 1972; Lancet,
1975).
The use of mercury-containing fixatives calls for

special precautions. Not the least of these is the safe,
pollution-avoiding disposal of the waste fixative as
recommended by Porter (1972).
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