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Cadmium in blood and urine related to present and
past exposure. A study of workers in an alkaline
battery factory
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ABSTRACr Blood and urinary cadmium concentrations together with cadmium in air concentra-
tions from the breathing zone of 18 male workers in an alkaline battery factory were determined
at regular intervals for 11 consecutive weeks. Nine of the workers examined were smokers and
nine non-smokers. Smokers and non-smokers did not differ in age or years of employment.
Cadmium in air concentrations varied, but no definite trend was observed. The concentrations of
cadmium in the blood and urine were found to be stable. Exposure to airborne cadmium was
identical for smokers and non-smokers but average cadmium concentrations in the blood and
urine of smokers were approximately twice as high as those in non-smokers. For the whole group,

urinary cadmium was significantly correlated with years of employment, but no correlation was

found between blood cadmium concentrations and exposure. For non-smokers, the correlation
between cadmium in blood and years of employment was statistically significant (p < 0.001). This
finding indicated that blood concentrations of cadmium reflect body burden in non-smokers at
current low exposure levels.

Occupational exposure standards for cadmium are
set to protect workers from its toxic effects, particu-
larly effects on the kidney. In Sweden the threshold
limit value for total cadmium dust is 50 ,ug Cd/m3
air; the concentration of respirable cadmium dust is
limited to 20 ,ug Cd/m3 air. In addition to controlling
the cadmium concentration in workroom air, regular
medical examinations are prescribed for cadmium
workers.
Cadmium in blood is assumed to reflect recent

exposure. According to Swedish regulations issued
in 1978' a thorough medical examination of the
worker should be performed when blood cadmium
concentrations exceed 22-4 ,ug/l (= 200 nmolI1). At
levels exceeding 33-6 Ag/l (= 300 nmoL/1), the
worker is removed from exposure until the blood
cadmium concentration falls below 1 1-2 ,g/l (= 100
nmoL/l).

Since cadmium has an extremely long biological
half life, it is reasonable to assume that blood and
urinary concentrations, at least to a certain extent,
reflect the body burden of cadmium and thus are
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influenced by exposure that took place decades ear-
lier.
A study by Adamsson showed that the average

cadmium concentration in workroom air in a Swed-
ish alkaline battery factory had decreased from
about 5000 ,ug Cd/m3 air in 1946 to about 10 ,ug
Cd/m3 air in 1976.2
The aims of the present study were twofold:
(1) To determine the magnitude of variation over

time of cadmium in the blood and urine of workers
in a factory where continuous exposure to cadmium
dust had occurred.

(2) To investigate to what degree exposure to cur-
rent low atmospheric concentrations of cadmium
affect the balance of cadmium concentrations in the
blood and urine of workers who have already been
exposed for several years.

Material and methods

Eighteen male volunteers participated in the study.
Cases 1-15 are the same subjects as described by
Adamsson et al.3 At the time of the investigation the
subjects did not wear protective masks. Table 1
gives personal data for each case.
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Cadmium in blood and urine related to present and past exposure

Table 1 Personal data ofsubjects studied

Case Age (years) Smoking habits Years of employment

1 28 Smoker 2
2 30 Smoker 2
3 43 Smoker 3
4 57 Smoker 3
5 58 Smoker 5
6 48 Smoker 9
7 58 Smoker 20
8 31 Non-smoker 4
9 42 Non-smoker 4

10 53 Non-smoker 4
1 1 56 Non-smoker 4
12 34 Non-smoker 7
13 60 Non-smoker 12
14 46 Non-smoker 13
15 58 Non-smoker 26
16 53 Smoker 17
17 58 Smoker 20
18 56 Non-smoker 29

Average 48 10

The study was performed during the first quarter
of 1977. Samples of cadmium in air, blood, and
urine were collected over a period of 11 weeks.

Case 15 was transferred to a non-exposed area
during the second week of the study since his
beta-2-microglobulin excretion was found to be
above the acceptable limit.'
To measure the cadmium concentrations in

ambient air, each worker wore a personal sampler
equipped with a cyclone for one shift a week. Sampl-
ing time was about three hours. The detection limit
was 0-4 pug Cd/m3 air. For details on sampling and
treatment of filters see Adamsson.2
One blood sample was taken from each subject on

alternate Fridays. Samples were stored at -20°C
and analysed once for each subject with a modified
Delves's cup technique. A set of five cups each con-
taining 10 ,ul of the sample was used for every sam-
ple according to the method described by Ulander
and Axelson.4 Standards were prepared by spiking
blood with a low cadmium content with cadmium
metal. The mean sensitivity of the method was 0-096
absorbance seconds for a blood sample containing
10 ,ug Cd/l. The average detection limit was 0*3 ,ug
Cd/l blood. To check the precision of the method,
three internal standards were prepared from sam-
ples analysed previously. Pools of blood containing
< 2 ng Cd/g, 2-5 ng Cd/g, and 5-10 ng Cd/g were
collected. These internal standards were divided
into a large number of small aliquots and stored
frozen. Subsequently one internal standard of each
concentration was run together with the samples.
Fifteen analyses for each concentration gave arith-
metic means + one standard deviation of 1-5 + 0-8,
4-3 + 0-7, and 8.6 + 1-3 ng Cd/g blood, respectively.
To check the accuracy of the method, internal
standards were also analysed by neutron activation

analysis. The results were 1*2, 4-7, and 8-8 ng Cd/g
blood, respectively.
Samples of urine were collected before work

every Monday morning during the entire period of
investigation and stored at -20°C. Cadmium anal-
yses were performed using a method described by
Elinder et al.S Mean sensitivity was 0-126 absor-
bance seconds for a solution of methylisobutyl-
ketone (MIBK) containing 4 ng Cd/ml which will
give 3*5 ng Cd/ml MIBK for 1% absorbance sec-
onds. The detection limit was, on average, 1*25 ng
Cd/ml MIBK, which corresponded to 0-05 ug Cd/l
urine. Precision, expressed as the mean coefficient
of variation, was 6% for duplicates. Creatinine was
determined according to Hare.6
The individual biological data were found to fit

the requirements of normality,7 but the atmospheric
data were log-normally distributed. The cadmium in
air results were therefore log-transformed for statis-
tical treatment and the confidence limits were com-
puted according to Coenen.8 Since the relationship
between different parameters may be curved and a
single point at the extreme range may give gross
distortion, both linear and rank correlation
coefficients were considered.

Results

Case 15, who had been employed for 26 years and
had previously worked under far worse conditions,2
displayed gradually decreasing concentrations of
cadmium in his blood and urine. These changes were
not significant. Because of the possible influence of a
changing metabolic pattern due to subclinical renal
dysfunction, case 15 was excluded from the com-
parison of different parameters.
The arithmetic mean of cadmium in the work-

room atmosphere based on 181 observations was
7*6 ,Ag Cd/m3 air with 95% confidence limits of 7-1
/ig Cd/m3 air and 8-8 Ag Cd/m3 air.
The arithmetic mean of cadmium in blood for the

whole group was 14-1 ,g Cd/l blood and the average
level of cadmium in urine was 6-8 ,ug Cd/l urine or
4.9 ug Cd/g creatinine. Table 2 shows individual
cadmium concentrations in air, blood, and urine.
Individual variations of cadmium concentration in
blood and urine are described by applying the
coefficients of variation.
The average cadmium concentrations in blood

and urine samples from smokers and non-smokers
were significantly different. The cadmium concent-
rations in the blood and urine of smokers were
approximately twice those for non-smokers. Table
III gives arithmetic and geometric means for differ-
ent parameters for smokers and non-smokers,
respectively.
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Table 2 Cadmium concentrations in air, blood, and urine. Arithmetic means (AM) and coefficients of variation (C*)

Cd in aira Cd in bloodb Cd in urinec
(Uglm3) (pg/l) (pglg creat) (pg/l)

Case AMd AM C* AM C* AM C*

1 7-8 6-3-11-0) 12-7 27 1.8e 59 2.0e 57
2 10-3 7-6-196) 85 3 0-8 24 1-2 47
3 8-1 6-0-162) 18-1 13 1-6 15 1.9 24
4 6.9 56- 9.4) 59.9 3 21-1 23 32-4 17
5 10-2 7 7-184) 162 3 1.9e 35
6 5 8 (4-3-1) 14-2 12 6-9 28 11-1 44
7 6-6g 49-110 259 32 85 18 12-6 24
8 7-3 5-5-13-2 5-6 12 1.4e 13 2.7e 31
9 9 0 7-1-13-4 6-7 24 2-3 48 55 32
10 7-4f 5 9-10-8) 7.1h 35 1-8 30 3-1 41
11 6-5g 4-8-115) 5-0 18 0.4g 28 0-89 27
12 4-8 3-8- 7-3 6-1 15 1-4 25 2-9 29
13 7-2 5.1-18.8) 12-7 20 7-1 15 12-3 19
14 90( 6.7-16-4) 8-4 34 3-0 58 3-7 58
15 - 11-8 11 9-2 22 15-2 21
16 6-3 (5-1- 8.9) 12-0 20 10-8 27 6-2 58
17 8.5- (6.0-23.4) 6-7 15 4-6 21 5-9 34
18 6-7 (5.7- 8.3) 13-4 16 7-7 16 8-2 18

Average 7-6 (7-1- 8.8) 14-1 17 6-8 28 49 35

aEleven observations if not otherwise stated.
bFive observations if not otherwise stated.
CTwelve observations if not otherwise stated.
dConfidence limits based on log-normal distribution withini brackets; 95%.
CEleven observations.
fTen observations.
gNine observations.
hFour observations.

Table 3 Personal data and cadmium concentrations in
smokers and non-smokers. Arithmetic means with
geometric means within parentheses for different parameters

Parameter

No of cases
Age (years)
Years of employment
Cd in air, ,ug/m3
Cd in blood, ug/l
Cd in urine, Ag/g creatinine
Cd in urine, ,g/l

20

Smokers Non-smokers

9 8
48 (47) 47 (46t l

9 (6, 10 (7, .c 15

7-8 (7-7) 7-2 (7-1
19-4 (15.6) 8-1 ( 7-6
6-5 (40) 3-1 (2-2
8-5 ( 5-2) 4-9 (3-8) -a

10

cz E
No definite trend of cadmium concentrations in

the workroom atmosphere was observed and com-
parisons between weekly geometric means of cad-
mium in air for smokers and non-smokers showed
no significant differences. Nor could any definite
trend be shown for blood concentrations or for uri-
nary concentrations of cadmium and there was no
covariance between concentrations of cadmium in
blood and cadmium in urine over time (fig 1).
Geometric means were chosen in the graphic
description because of the skewed distributions of
the data.

C-admium in blood and urine correlated well (fig
2). The linear correlation coefficient was +0*84 (p <
0-001) and Spearman's rank correlation coefficient
was +0-60 (p < 0.01). When the value for case 4
was excluded, however, the correlation coefficients

E c3
t)E
0

0

0 5.-

0

Blood
__ Urine

*Smokers
ONon-smokers

_. ".

0--.~-. - .- .o *z

1 2 3 4 5 6' 7 8 9 10 11
Weeks

I I I
I 11 III IV V
Time Observations

Fig 1 Variation ofcadmium in blood (B-Cd, ,ul) and
urine (U-Cd, ulg creatinine) with time. Geometric means of
samples from smokers and non-smokers.
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Cadmium in blood and urine related to present and past exposure
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Fig 2 Arithmetic means ofcadmium in blood (B-Cd, ,ugll)
v arithmetic means ofcadmium in urine (U-Cd, ,uglg
creatinine).
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Fig 3 Arithmetic means ofcadmium in blood (B-Cd, ,gll)
v years ofemployment for non-smokers.

decreased to rl,, = +0*50 (p < 0.05) and rs = +0-52
(p < 0-05). For non-smokers only, the correlation
between cadmium in blood and cadmium in urine
was excellent: r1in = +0*99 and rs = +0 97 (p <
(-001).
Cadmium in blood did not correlate with years of

employment for the whole group. For non-smokers,
however, the correlation between cadmium in blood
and years of employment was statistically significant
(fig 3). The linear correlation coefficient was +0-85

(p < 0-001) and the rank correlation coefficient was
+0*80 (p < 0.05). The equation of the regression
line was: cadmium in blood (,ugll) = 5.1 + 0.31 x
years of employment.
The rank correlation coefficient between cad-

mium in urine and years of employment was +0 58
(p < 0.05) for the whole group. The linear correla-
tion coefficient was non-significant (= +0.30).
When case 4 was excluded, the linear correlation
increased to +0-78 (p < 0-001) and the equation of
the regression line became: cadmium in urine (,ug/g
creatinine) = 0.83 + 0-32 x years of employment
(fig 4).

Discussion

In the present study case 4 had cadmium concentra-
tions in blood and urine two or three times as high as
those of the other workers due to inadequate per-
sonal hygiene.39 The high cadmium concentrations
in the blood and urine of case 15 as well as the
insignificant decrease after cessation of exposure
may be explained by the high body burden of cad-
mium and its long biological half life.
The concentrations of cadmium in blood and

urine were found to be stable during the entire
period of investigation. Therefore, it can be assumed
that once certain concentrations of cadmium in
blood and urine have been reached, additional
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exposure to low concentrations of airborne cad-
mium does not influence the cadmium concentra-
tions in human fluids over a short time. This obser-
vation is in agreement with that of Kjellstrom,'° who
studied newly employed workers in the same factory
as that investigated in the present study.

Atmospheric cadmium concentrations were gen-
erally low and were of the same order as those for
some of the controls used in the study by Lauwerys
et al. " As in the present study, these authors found a
significant correlation between the cadmium con-
centrations in blood and urine. They did not
observe, however, any correlation between blood
cadmium and years of employment. This was also
the case for the whole group in the present study.
The correlation was significant in non-smokers only.
Cadmium in blood is supposed mainly to reflect

recent exposure.'0 In the eight compartment model
of cadmium metabolism proposed by Nordberg and
Kjellstr6m,'2 however, it was stated that a fraction
of cadmium in blood was related to body burden. It
thus seems reasonable to assume that, particularly
for workers who had previously been heavily
exposed to cadmium, this fraction may be larger
than the blood cadmium content due to actual
exposure at current low exposure levels.
By contrast with the conclusions drawn by Lauw-

erys et al ", the present measurements showed a cor-
relation between cadmium in urine and years of
employment. The intercept of the regression line
(0-83 p.g Cd/g creatinine) fits well with.the urinary
excretion of cadmium found among non-
occupationally exposed men in Sweden.5 '3 It should
be pointed out that even if the number of cases
studied was small the repeated analyses of cadmium
in blood and urine ensure very reliable estimates.

The higher cadmium concentrations in the blood
and urine of smokers indicate a higher degree of
cadmium exposure, probably caused by contamina-
tion of cigarettes or pipes. Smokers often carried
cigarettes or pipes in their overall pockets and
started to smoke before they had left the assembly
hall. Contamination of cigarettes and pipe tobacco
by a thin layer of cadmium oxide was reported by
Piscator et al'4; this adds to the contamination in the
tobacco itself. It is also possible that cadmium dust
becomes fume-like during smoking. Absorption of
cadmium fume in the lung is considered to be higher
than the absorption of particles.'3

Urinary excretion of cadmium in different indi-
viduals varied more with time than did the concent-
ration of cadmium in blood (see table 2). This is not
surprising since urine is a more variable medium
than blood. Urine can be more or less diluted and
dilution increases the analytical error. If diluted
urines (specific gravity S 1-010) were excluded the

Hassler, Lind, and Piscator

arithmetic means of urinary cadmium generally
decreased and the coefficients of variation became
lower. For example, the arithmetic mean of 12
observations was 3-0 ,ug Cd/g creatinine and the
coefficient of variation was 58%. When diluted
samples were excluded, the arithmetic mean of the
remaining 10 samples was 2-3 ,ug Cd/g creatinine
and the coefficient of variation was 24%. To stabil-
ise cadmium concentrations in urine, adjustment to
creatinine excretion is generally used. Creatinine
excretion, however, varies by approximately 25%
between individuals.'5 Variations in urinary cad-
mium excretion, expressed as ,uglg creatinine, thus
can be assumed to be caused partly by variation in
creatinine excretion.

Conclusions

The concentrations of cadmium in blood and urine
were found to be stable during a period when
atmospheric levels of cadmium were low. The aver-
age coefficient of variation of cadmium was 17% in
blood and 28% in urine (expressed as Ag Cd/g
creatinine). The latter variation is assumed to
depend to a certain extent on variations in creatinine
excretion.

Despite the low current level of atmospheric cad-
mium in the factory, workers who smoke may attain
substantial exposure concentrations. The most likely
explanation for this is that cadmium dust may con-
taminate cigarettes and pipe tobacco. Individual dif-
sferences regarding personal hygiene appear to be of
great importance. Cadmium dust can easily con-
taminate fingers and face, thereby giving rise to gas-
trointestinal exposure to cadmium as shown by
Adamsson et a13 and Roels et al.9

Supported by grant 76/227 from the Swedish Work-
ers' Protection Fund.
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