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Evolution of cadmium-induced
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ROELS H, DJUBGANG J, BUCHET J-P, BERNARD A, LAUWERYS R. Evolution of
cadmium-induced renal dysfunction in workers removed from exposure. Scand j work
environ health 8 (1982) 191-200. A retrospective examination of the medical records
gathered during several surveys carried out among cadmium workers has permitted
the identification of a group of 19 workers who had been examined before and after
removal from cadmium exposure. All the workers had been exposed for more than 15 a
!range 15.6-41.7 a). Their last examination took place from 0.3 to 7.9 a after the
date of removal from cadmium exposure. At that time, all the workers exhibited
sign(s) of cadmium-induced renal dysfunction. Comparison of the renal function para­
meters (serum creatinine, total proteinuria, aminoaciduria, albuminuria, P2-micro­
globuIinuria, and the urinary excretion of retinol-binding protein) before and after
the cessation of exposure indicated that cadmium-induced renal lesions, albeit of slow
progression, are not reversible when exposure ceases.

Key terms: P2-microglobuIinuria, cadmium exposure, irreversible kidney lesions,
retinol-binding protein.

Cadmium (Cd) is a naturally occurring
element. Every human is exposed to it via
food, air, water, and, eventually, via to­
bacco consumption. Cadmium is produced
as a by-product of the refinery of zinc
ores. It is used in the fabrication of alloy:>
and solders, in the plating of metals, in
pigments and stabilizers in plastic mate­
rials, and in alkaline batteries. Its produc­
tion has increased strikingly since the
Second World War.

Cadmium is a cumulative toxic with a
biological half-time of more than 10 a in
man (14). Chronic exposure to cadmium
results in it:> progressive accumulation in
the organism, mainly in the liver and
kidneys. In the tissues, cadmium is bound
principally to a metal-binding protein of
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low molecular weight, metallothionein (25).
The kidneys and lungs are the main

target organs in cases of excess exposure
to cadmium (19, 20, 36). Lung dysfunction
ha3 only been found in workers exposed to
cadmium fumes or dust, whereas kidney
dysfunction has been detected both in oc­
cupationally exposed persons and in the
general population (32, 39). Usually the
kidney is the organ which exhibits the
first adverse effects following long-term
excess exposure to cadmium by inhalation
or ingestion (24).

Friberg (12) first showed that prolonged
exposure to cadmium dust causes kidney
damage. Since then, this toxic action has
been found by many investigators survey­
ing workers exposed to cadmium dust or
fumes (1, 2, 3, 7, 9, 17, 19, 23, 26, 3D, 34,
37, 38).

The classical kidney lesion involves the
proximal tubules and a tubular type pro­
teinuria with predominance of low-mole­
cular-weight proteins like {32-micro­
globulin, lysozyme, ribonuclease, and
retionl-binding protein (2, 8, 26). It has
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been shown however that cadmium-ex­
posed workers with cadmium-induced
renal lesions may not only excrete low­
molecular-weight proteins (82-microglobu­
lin) in larger amounts but also high-mole­
cular-weight proteins like albumin, _im­
munoglobulin-G, and transferrin {3, 7, 19).
These observations suggest that cadmium
cannot only affect the reabsorption of low­
molecular-weight proteins by the proximal
tubule, but also the mechanisms regu­
lating the excretion of high-molecular­
weight proteins in the glomerulus and the
tubule. In man, the level of cadmium in
renal cortex, at which signs of kidney
dysfunction occur, has been estimated to
be between 215-385 fAg of cadmium/g of
wet weight (33).

The evolution of early renal distur­
bances after removal from cadmium expo­
-sure has not yet been clearly established.
Opposite opinions have been formulated.
Bonnell et al (8) stated that "when signs
or symptoms of poisoning are present, the
disease progresses in severity with time
and this deterioration occurs in the ab­
sence of further exposure to cadmium
[p 143]." Adams et al (2) stated that "with
cessation of exposure proteinuria has per­
sisted, but there is no evidence that renal
function has then continued to deteriorate
[p 442]." In a later study Adams (1) stated
that "the proteinuria which occurs, is
generally progressive once initiated, ever.
after exposure to cadmium is subsequently
stopped [p 230]." But Tsuchiya (38) pre­
sented evidence that proteinuria may be
reversible in workers whose exposure to
cadmium has ceased or diminished con­
siderably. In a case study conducted by
Lauwerys et al (22), of a cadmium worker
who had been removed from cadmium ex­
posure because of cadmium-induced renal
lesions, no improvement in the intensity of
the kidney dysfunction was observed. Pis­
cator & Petterson (28) hardly observed any
change in total proteinuria for several
decades after exposure had ceased. Cad­
mium-induced proteinuria, particularly
p2-microglobulinuria, may also appear af­
ter exposure has ceased (8, 28). It is,
however, not yet known if a very slight
proteinuria, as determined by an increased
urinary excretion of ,s2-microglobulin, may
be reversible (27).

In view of the apparently contradictory
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observations and lack of epidemiologic
data on the progressiveness of cadmium­
induced renal damage, we have initiated a
study to estimate the outcome of early
cadmium-induced renal lesions in workers
after they have been removed from cad­
mium exposure. Two approaches were
selected. The first one is a true prospec­
tive study of workers who have been re­
moved from cadmium exposure because of
signs of renal dysfunction and who are
being reexamined once a year for several
years. This study is still under way. The
second one is based on a retrospective
examination of the data collected by our
laboratory on cadmium-exposed workers
from 1972 to 1980. The results of this
analysis are reported in the present paper.

Subjects and methods

Study population

From 1972 to 1980 six cross-sectional sur­
veys were carried out among approx­
imately 200 workers from cadmium-pro­
ducing plants in Belgium to evaluate the
workers' cadmium exposure (cadmium in
blood and in urine), and the status of
their renal function. These surveys started
in May 1972, October 1973, December
1975, April 1976, February 1978, and De­
cember 1980; each of them lasted several
months.

A retrospective examination of the bio­
logical data gathered during these surveys
permitted us to identify a group of 19
workers who, by 1980, had been removed
from cadmium exposure and had been
examined by us at least once when they
were still exposed to cadmium. The fol­
lowing seven biological parameters were
considered: cadmium in blood, cadmium in
urine, total proteinuria, aminoaciduria,
,s2-microglobulinuria, albuminuria, and
serum creatinine. Not all of these para­
meters could be determined for all 19
workers.

Kidney function was considered abnor­
mal when the urinary concentration of
,s2-microglobulin exceeded 0.2 mg/g of
creatinine or when urinary albumin ex­
ceeded 12 mg/g of creatinine or when total
proteinuria exceeded 250 mg/g of cre­
atinine (0.2 mg ,s2-microglobulin = 0.017
,umol, 12 mg albumin = 0.173 ,umol, 1 g
creatinine = 8.84 mmol).



Collection of samples

Samples of urine were collected in metal­
free polyethylene bottles, and 10 ml was
immediately transferred to a tube con­
taining 1 ml of 0.4 molll phosphate buffer,
pH 7.6. This sample was then stored at
-20°C for the subsequent determination
of fJ2-microglobulin and albumin. Portions
of the urine were taken for the determi­
nation of creatinine, total proteinuria, and
aminoaciduria. Blood was taken by veni­
puncture for the determination of cad­
mium and for the separation of serum and
the determination of its creatinine level.

Analytical methods

The same analytical techniques were
applied to both the samples collected be­
fore and those collected after removal
from cadmium exposure. The cadmium
concentration in blood and urine was mea­
sured by atomic absorption spectrometry
as described by Roels et al (31). Creatinine
in urine was measured by Jaffe's method
(16), and creatinine in serum by the
method of Heinegard & Tiderstrom (15),
slightly modified for automated analysis.
The concentration of a-N-amino acids in
urine was determined as described by
Bernard et al (7). The total protein con­
centration in urine was measured by the
Folin reagent method (19) after the over­
night dialysis of urine at 4°C against
running tap water with the use of 1.8/32
inch Visking dialysis tubing {Medicell In­
ternational, London) boiled before use for
20 min in distilled water to avoid the loss
of low-molecular-weight proteins. After
dialysis, the proteins were precipitated
with phosphotungstic acid; bovine serum
albumin {Fluka, AG, Buchs, Switzerland)
was used a;;; the reference protein. The

fJ2-microglobulin concentration in urine
was measured by radioimmunoassay (11)
with the Phadebas fJ2-microtest developed
by Pharmacia Diagnostics AB (Uppsala,
Sweden). The concentration of albumin in
urine was determined by nephelometric
immunoassay with an automated immuno­
precipitation system from the Technicon
Instrument Corporation (Tarrytown, NY,
United States) (29).

Results

The characteristics of the population are
summarized in table 1. All of the workers
had been exposed for more than 15 a to
cadmium (range 15.6 to 41.7 a), and their
last examination took place from 0.3 to
7.9 a after the date of removal from cad­
mium exposure.

The mean and range values of each
parameter, before and after removal from
exposure, are given in table 2. For each
parameter, pairs of results (before and
after removal) were not available for all
19 workers. The evolution of the individ­
ual values is illustrated in fig 1-7.

Cadmium in blood and urine

All of the 19 workers had a cadmium
blood level that was higher than
1 ,ug/l00 ml (8.9 nmol/l00 ml) of whole
blood during exposure. The mean cad­
mium blood level measured on the average
1.2 a before removal was 3.99 ,ug/l00 ml
(35.5 nmol/l00 ml), and it dropped to 1.41
,ug/l00 ml (12.5 nmol/l00 ml) 4.2 a (aver­
age) after removal. Fig 1 shows the
significant decrease in the cadmium level
of the blood (paired t-test, p < 0.01) after
removal from cadmium exposure, as could
be expected since this parameter reflects

Table 1. Characteristics of the workers (N = 19) examined before and after removal from cad­
mium exposure.

Before removal After removal

Mean SO Range Mean SO Range

Age (a) 54.4 5.3 40.3-60.6 59.8 5.5 48.9--67.2
Years of cadmium exposure at
the time of removal 27.2 8.2 15.6-41.7
Time interval a 1.2 0.9 0.1-3.2 4.2 2.3 0.3-7.9

a Time interval refers to the number of years between the date of removal and the dates of the
examinations before or after removal.

193



Table 2. Biological parameters before and after removal from cadmium exposure.

Before removal After removal
Parameter a

Number
of

subjects Mean b so Range Mean b so Range

Cadmium in blood
(fl9/100 ml)
Cadmium in urine
(fl9/9 creatinine)
Serum creatinine
(mg/100 ml)
Total proteinuria
(mg/g creatinine)
Aminoaciduria .
(mg a-N/g creatinine)
Albuminuria
(mg/g creatinine)
82-microglobulinuria
(mg/g creatinine)

19

19

11

19

18

14

11

3.99 (3.19) 3.71 1.10-17.9

39.4 (31.6) 28.1 10.8-117.0

1.23 0.31 0.89-2.03

364 (264) 292 44-1,061

150 57 89--310

33.2 (12.1) 44.6 2.3-121.4

1.70 (0.57) 2.35 0.03-6.53

1.41 (1.31) 0.56 0.57-2.74

16.4 (14.7) 9.0 8.0-42.3

1.46 0.64 1.01-3.29

325 (236) 289 59--1,240

160 41 93-262

34.2 (17.0) 10.5 3.5-133.3

11.94 (2.82) 25.13 0.34--84.65

a Cadmium: 1 fl9 = 8.9 nmol, creatinine: 1 mg = 8.84 ,umol. a-N = 1 mg = 0.0714 mmol, albumin:
1 mg = 0.0144 flmol, pJJ-microglobulin : 1 mg = 0.0847 !lmol.

b Geometric mean in parentheses.

Fig 2. Cadmium (Cd) level in urine before and
after removal from cadmium exposure (open
circles: none of the biological parameters of
renal function abnormal; closed circles: at least
one of the renal biological parameters abnormal).
Paired t-test (N = 19) : p < 0.001. (Cd: 1 fl9 =
8.9 nmol)

6

I

-+~~.:::::::!,....
I

o '~3 -2 -1 b 1 2 3 4 5 6 7 8
t YI!QJ'S

REMOVAL

Fig 1. Cadmium (Cd) level in blood before and
after removal from cadmium-exposure (open
circles: none ·of the biological parameters of
renal function abnormal; closed circles: at least
one of the renal biological parameters abnormal).
Paired t-test (N = 19) : p < 0.01. (Cd: 1 fl9 = 8.9
nmol)

mainly the last few months of exposure
(18, 21).

The mean urinary cadmium level mea­
sured on the average 1.2 a before removal
was 39.4 jkg/g of creatinine (351 nmol/g
creatinine), and it dropped to 16.4 p..g/g of
creatinine {146 nmol/g creatinine) 4.2 a
(average) after removal {paired t-test,
p < 0.001) (fig 2). Since all the workers
had developed signs of renal disturbance,
the decrease in urinary cadmium not only
reflects the marked decline in exposure
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intensity, but also the reduction of the 3.4
cadmium body burden (especially cad-
mium in kidney), which is accelerated af-
ter the occurrence of renal damage (4, 33).
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Ag 3. Creatinine in serum before and after re­
moval from cadmium exposure (open circles:
none of the biological parameters of renal func­
tion abnormal; closed circles: at least one of
the renal biological parameters abnormal). Paired
t-test (N = 11) : p~ 0.05. (Creatinine: 1 mg =
8.84 pmol)

Serum creatinine

Serum creatinine was measured in only
11 workers before and after their removal
from cadmium exposure. Their average
serum creatinine level, which was 1.23
mg/IOO ml (10.9 ,umoi/IOO ml) [range 0.89­
2.03 mg/lOO ml (7.9-17.9 ,umoi/IOO ml)]
1.6 a (average) before removal, became
1.46 mg/IOO ml (12.9 ,umol/100 ml [range
1.01-3.29 mg/IOO ml (8.9-29.1 ,umoi/IOO
ml)] 4.1 a (average) after removal. The
paired t-test on the individual values
(fig 3) almost reached the level of a sta­
tistically significant difference, and it
showed a trend towards increasing serum
creatinine values after removal from cad­
mium exposure. This result may indicate
a slight exacerbation of the glomerular
dysfunction after removal from exposure
to cadmium for persons who developed
renal dysfunction during their occupa­
tional cadmium exposure. It seems un­
likely that the observed trend towards in­
creasing serum creatinine after removal
from cadmium exposure is related to the
increase in age (on the average about 6 a),
since 'serum creatinine does not normally
show a significant difference between the
age group 50-59 a and 60-69 a (10, 35).
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Total proteinuria

Total proteinuria was measured for all
the workers before and after their re­
moval from cadmium exposure. No sig­
nificant trend towards a decrease or in­
crease in total proteinuria was detected
after removal from cadmium exposure
(paired t-test, p > 0.05) (fig 4).

Fig 4. Proteinuria before and after removal from
cadmium exposure (open circles: none of the
biological parameters of renal function abnormal;
closed circles: at least one of the renal bio­
logical parameters abnormal). Paired t-test
(N = 14) : p > 0.05.

Aminoaciduria

About 1.6 a (average) before removal from
cadmium exposure, the aminoaciduria lev­
els of 18 workers ranged from 89 mg
(6.4 mmol) to 310 mg (22.1 mmol) of a-N/g
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Albuminuria values were available for
14 workers. The geometric means (table 2)
tended to indicate a slight increase in al­
buminuria after removal from exposure,
namely, from 12.1 mg (0.174 pmol) to 17.0
mg (0.245 J.tmol)/g of creatinine before and
after removal, respectively. The individual
values of the 14 workers are presented in
fig 6; the paired t-test between the values
measured before and after removal from
cadmium exposure nearly reached the
level of statistical significance. These
results suggest either a slightly increased
permeability. of the glomeruli or a de­
creased reabsorption of albumin by the
tubules with time.

Albuminuria

of creatinine with a mean of 150 mg
(10.7 mmol) of a-N/g of creatinine, and
4.4 a (average) after removal the values
ranged from 93 mg (6.6 mmol) to 262 mg
(lB.7 mmol) of a-N/g of creatinine, with
a mean of 160 mg (11.4 mmol) of a-N/g
of creatinine. There was no difference
between the values measured in the work­
ers before and after removal from cad­
mium exposure (fig 5).
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fJ:rmicroglobulinuria

Table 2 presents the mean fJ2-microglo­
bulinuria of the 11 workers for whom
fJ2-microglobulinuria was measured before
and after removal from cadmium expo­
sure. The arithmetic mean of fJ2-micro­
globulin in the urine, which was 1.70 mg
('0.144 J.tmol)/g of creatinine about 0.8 a
(average) before removal, was increased
by about sevenfold [11.94 mg (1.01
pmol)/g creatinine] 2.8 a (average) after
removal; the geometric mean values were
0.57 mg (0.048 Jlmol) and 2.82 mg (0.239
,umol)/g of creatinine, respectively. Fig 7
illustrates the evolution of fJ2-micro­
globulinuria in these 11 workers, of whom
three with normal fJcmicroglobulinuria
before removal from cadmium exposure
developed abnormal fJ2-microglobulinuria

, ':'2" 0 , 2 3 4 5 6 7

t Years
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Fig 6. Albuminuria before and after removal from
cadmium exposure (open circles: none of the bio­
logical parameters of renal function abnormal;
closed circles: at least one of the renal biological
parameters abnormal). Paired t-test (N = 14) :
p ~ 0.05. (Albumin: 1 mg = 0.0144 .umol)
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when renal dysfunction develops (18, 19,
20, 33). It was therefore not relevant in
this study to calculate the biological half­
time of cadmium in blood and urine after
cessation of exposure because of the fact
that all the workers showed signs of renal
dysfunction and it is known that the onset
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Discussion and conclusion

after they were removed. At the last
survey, these 11 workers all had abnormal
,82-microglobulinuria. All the workers
exhibited a higher ,82-microglobulinuria
level after removal from cadmium ex­
posure in comparison to the level when
they were still exposed. This increase was
statistically significant (paired t-test: p <
0.005). It cannot be explained by an age
effect since all the subjects were below
70 a of age and no increase in ,82-micro­
globulin excretion with age has been
found in control subjects less than 70 a
old (9).

Bernard et al (6) have recently devel­
oped a very sensitive latex immunoassay
for the analysis of retinol-binding protein
in urine. This protein is also excreted in
greater amounts in cases of tubular dys­
function {upper normal value 0.14 mg
(0.0065 pmol)/g of creatinine) and has the
advantage over ,82-microglobulin of being
stable at normal urine pH. Since the
urine samples on which ,82-microglobulin
was measured had been kept frozen, we
have recently reanalyzed them for their
retinol-binding protein content. The
arithmetic mean of the retinol-binding
protein (in mg/g of creatinine) was 7.93
(0.370 Ilmol/g creatinine) for these 11
workers before removal from cadmium
exposure, whereas after removal it had
increased to 9.81 (0.458 ,u,mol/g creatinine);
the geometric means were 0.58 mg (0.027
p.mol) and 1.94 mg (0.091 ,u.mol)/g of
creatinine, respectively. The evolution of
retinol-binding protein excretion is there­
fore in agreement with that of ,82-micro­
globulinuria.

2 3 i. 5
Years

This study was an attempt to evaluate the
evolution of cadmium levels in blood and
in urine and of cadmium-induced kidney
lesions in workers removed from cadmium
exposure.

As could be expected, a decrease of the
cadmium concentration in blood and urine
was observed. This decrease was mainly
due to the cessation of the exposure to
cadmium and also to the decrease of the
cadmium body burden, since it is known
that cadmium is lost from the kidney and
is excreted in larger amounts in urine

-1 6
I

REMOVAL

Fig 7. 82-microglobulinuria before and after re­
moval from cadmium exposure (open circles:
none of the biological parameters of renal func­
tion abnormal; closed circles: at least one of the
renal biological parameters abnormal). Paired
t-test (N = 11) : p < 0.005. (,8t-microglobulin:
1 mg =0.0847 ,umol)
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of renal lesions disturbs the kinetics of
cadmium in vivo.

Some parameters, such as serum crea­
tinine and albuminuria, showed a trend
towards an increase after removal from
cadmium exposure and therefore sug­
gested a slight exacerbation of the glo­
merular dysfunction. This exacerbation of
renal lesions seems to be more evidenced
by the evolution of the urinary excretion
of .B2-microglobulin and retinol-binding
protein, which continued to increase after
the cessation of exposure to cadmium.
Similarly, Tsuchiya (38) reported sugges­
tive evidence for two cadmium workers
with persistent proteinuria, that .B2-micro­
globulinuria moderately increased after
removal from cadmium exposure. This
progressive evolution suggests that even at
an early stage of cadmium-induced
nephropathy, the cessation of exposure
does not necessarily prevent the aggrava­
tion of the renal tubular lesion. It is in­
teresting to point out that the occurrence
of signs of chronic cadmium intoxication
after a latent interval following the ces­
sation of exposure to cadmium had also
been observed by Friberg & Nystrom (13)
and Bonnell et al (8).

No significant increase or decrease in
total proteinuria and aminoaciduria was
observed in our group of workers after re­
moval from cadmium exposure. However,
the fact that their mean values remained
above the normal range indicates the per­
sistence of renal dysfunction. This finding
is in agreement with the observation of
Adams and his co-workers (1, 2) that, once
proteinuria is established, it persists or
progresses even after retirement or change
of employment. Studies recently carried
out with animals have shown that the
nature and the progression of proteinuria
induced by cadmium depend on its mode
of administration. Whereas the proteinuria
induced by the intraperitoneal injection of
cadmium is usually of a mixed or tubular
type, and is frequently reversible, that in­
duced by a chronic oral administration of
cadmium is not reversible and seems to
have, in addition to a slight tubular dys­
function, an important glomerular com­
ponent (5).

The results of the present study suggest
that the progressiveness of renal dysfunc­
tion after the cessation of exposure is low

198

and probably clinically not significant.
However, the persistence of signs of cad­
mium-induced renal lesions in workers
removed from chronic cadmium exposure
and even the appearance of these lesions
after the cessation of exposure suggest that
these renal dysfunctions are not reversible.
Furthermore, taking into consideration the
fact that our study was not scheduled to
follow-up all the subjects removed from
cadmium exposure, we do not have to
conclude hastily that cadmium-induced
renal lesions are always of slow progres­
sion after the cessation of exposure. An
appropriate follow-up is necessary to esti­
mate better the clinical outcome of cad­
mium-induced renal disturbances after the
cessation of exposure. Such a study is
being carried out.
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