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A nine year follow up study of renal effects in
workers exposed to cadmium in a zinc ore refinery

N J van Sittert, P H Ribbens, B Huisman, D Lugtenburg

Abstract
Renal changes with time have been studied in
14 workers engaged in the production of cad-
mium (Cd) in a zinc ore refinery. These work-
ers were examined once a year in the period
1980 to 1985 and 13 of them also in 1989. Four
of the workers (group A) had been employed
in an old Cd plant before 1973 and had
received higher exposures to Cd than the
other workers (group B). Average urinary Cd
concentrations over the whole study period in
workers of group A ranged from 6-9 to 9-2 uglg
creatinine (median 8-4 jug/g) and in workers of
group B from 064 to 7-1 ,ug/g creatinine
(median 19 .uglg). Renal effects were assessed
by the determination of urinary N-acetyl-pI-D-
glucosaminidase (NAG), fh-microglobulin (fl2-
M), retinol binding protein, albumin, total
protein, and serum creatinine concentrations
and activity. Urinary f8-M concentrations in
three of four workers of group A were close to
or marginally above the upper normal limit
during the study period. The /h-microglobin-
uria was not, however, progressive. No values
outside normal limits were detected for any of
the other renal tests in workers of groups A
and B, related to exposure to Cd. Dose-
response relations showed that urinary Cd
correlated significantly with urinary NAG
activity and total protein and 8h-M. The earli-
est change induced by Cd was seen for urinary
NAG activity within normal limits of NAG
excretion. The regression lines were similar in
the surveys between 1981 and 1989, indicative
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of no progression to higher values for any of
the renal tests. The current biological expo-
sure index (BEI) of 10 Pg/g creatinine for
workers exposed to Cd, set by the American
Conference of Governmental Industrial
Hygienists (ACGIH), therefore seems justi-
fied, although the safety margin is small. The
World Health Organisation recommended
limit and ACGIH (1992-3) proposed limit of 5
uglg creatinine would provide a much larger
safety margin, and could be regarded as an
action point for increased health surveillance.

(British Journal ofIndustrial Medicine 1950;50:603-612)

It is well established that occupational exposure to
cadmium (Cd) may produce renal changes, as
shown by increased urinary excretion of low molec-
ular weight proteins such as fl-microglobulin (fl2-
M) and retinol binding protein (RBP) and of high
molecular weight proteins such as albumin.'X The
first tests may be used to detect impairment of
proximal tubular function whereas the assay of uri-
nary albumin is used to study the integrity of the
glomerulus. Recent investigations have also shown
that exposure to Cd may produce increased
amounts of urinary enzymes such as N-acetyl-f,-D-
glucosaminidase (NAG), a lysosomal enzyme used
for the assessment of proximal tubular injury.5-7
The irreversibility of Cd proteinuria has been
shown in several studies on workers with previous
high exposure to Cd.2 38'10 Also a progressive reduc-
tion of the glomerular filtration rate was found
despite removal from exposure.'0 In these studies
average urinary Cd concentrations (a reflection of
Cd body burden) were above 10 ,ug/g creatinine,
the value which is currently considered as the tenta-
tive biological exposure limit below which no pro-
teinuria induced by Cd develops." 12 The validity of
this limit should preferably be verified in longitudi-
nal studies on workers with urinary Cd concentra-
tions below 10 ug/g creatinine. Few studies have
been published on the possible long term renal
effects of low exposure to Cd. In cross sectional
studies no abnormalities were reported in renal
parameters of workers with average urinary Cd
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concentrations below 5 ug/g creatinine.5' In two
recent studies, however, a clear correlation was
found between urinary Cd concentrations below 10
,ug/g creatinine and urinary NAG excretion.'4 15 The
study reported here is a nine year follow up of a
previously reported study on Cd workers in a zinc
ore refinery, who at the beginning of the study, had
urinary Cd concentrations ranging from 0-4 to 9-6
ug/g creatinine. At that time, in two of 15 workers
urinary f,-M excretions were close to or marginally
above the upper normal limit.'3 The aim of this fol-
low up study was to investigate whether any renal
changes with time occurred in these workers.

Methods
FACTORY AND EXPOSURES
Our study was conducted in a zinc ore refinery in
the southern part of The Netherlands. Until 1973
high temperature furnaces were used for the recov-
ery of Zn and Cd. In 1973 the process changed
from the original thermal into an electrolytic
process. After leaching and purification, the Cd is
deposited from the solution on to aluminum elec-
trodes in electrolysis cells. The Cd is removed from
the electrodes and then melted into balls or sticks
in the Cd unit. In this unit the highest potential
exposures to Cd take place.
No air measurements of Cd were carried out

before 1977, but it can be assumed that exposures
to Cd during the thermal process were much higher
than during the electrolytic process. Since 1977
periodic stationary air sampling was carried out at
different locations in the leaching section (about
seven samples a year), the purification section
(about 25 samples a year), and the Cd section
(about 70 samples a year) of the zinc refinery (sam-
pling times 10 minutes). The airborne Cd concen-
trations were highest in the purification and the Cd
sections and much lower in the leaching section.
The average airborne Cd concentration in the Cd
section decreased from about 19 ,ug/m3 in 1977 to
about 8 ug/m3 in 1982 and thereafter concentra-
tions fluctuated between 4 ,ug/m3 and 25 ug/m3.

Airborne Cd concentrations (eight hour time
weighted average) from personal samplers were
measured for 25 workers in 1984, 26 workers in
1986, and 37 workers in 1990. Concentrations
showed a decreasing trend with time ranging from
5 to 91 ,pg/m3 (average 29 ug/m3) in 1984, from 4
to 74 ug/m3 (average 20 pg/m3) in 1986, and from 3
to 38 4ug/m' (average 11 jug/m3) in 1990. These con-
centrations, however, overestimate the average
daily exposures of the workers because they were
measured when workers were engaged in selected
activities in the Cd section with the highest poten-
tial exposure to Cd.

STUDY POPULATIONS
At the beginning of the survey in 1980, 15 male
workers of the Cd plant participated in the study.
These workers were divided into two groups.
Group A comprised four workers who had worked
for more than one year in the old plant with the
thermal process. One employee in this group was
removed from the plant in 1983 and retired in
1986. He remained in the cohort and received fol-
low up health assessments until the end of this
study. Group B comprised the remaining 11 work-
ers who had exclusively worked in the new Cd
plant with the electrolytic process. Two employees
in this group left the company during the survey
period; one had his last health assessment in 1983
and one in 1985. Four other employees in group B
were transferred during the survey to another part
of the zinc refinery without exposure to Cd, but
had health assessments until the end of the study.
Two groups of age matched control male subjects
were also examined, one during the first survey
(group C) and one at the end of the study (group
D). Group C comprised 14 men who were
employed in the zinc refinery but who had never
worked in the Cd section. Group D comprised 14
male employees from the occupational health
department of the Shell refinery, Rotterdam.
Subjects in groups A, B, and C may have had some
occupational exposure to lead, but average concen-
trations in blood over the period 1980 to 1989 were
below 300 ug/1. Subjects in group D had never had
occupational exposure to heavy metals. Table 1
summarises the characteristics of the four popula-
tions.

HEALTH ASSESSMENT AND COLLECTION OF SAMPLES
Health assessments were carried out once a year
during the period 1980 to 1985 inclusive and in
1989. Two workers in group B did not attend in
1981. In 1984 one worker in group A and one in
group B did not attend. Concentrations of Cd were
determined in blood and urine since 1980. Due to
technical problems all results for urinary Cd and
some results for Cd in blood were discarded for
1980. The renal tests carried out were measure-
ment of I,h-M (1980-89), total protein (1980-89),
NAG (1981-89), albumin (1985 and 89), and
retinol binding protein (1989) in urine, and creati-
nine (1980, 85, and 89) and f,-M (1980) in serum.
Urinary excretion of Cd and proteins were adjusted
for urinary creatinine concentrations. Spot urine
samples were collected in Cd free polyethylene con-
tainers. Two hours before urine collection each
worker was asked to ingest 3 g of sodium bicarbon-
ate tablets to produce a pH above 5-7 in the urine
sample. At lower pH f,-M is degraded in the blad-
der.'6 Samples collected from persons with urine
samples that were too acid were discarded. Urine
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Table 1 Characteristics ofCd exposed groupsA and B and of control groups C and D

Group A Group B Group C Group D

No of subjects in study groups
(employed in Cd plant in parentheses):

Survey October 1980
Survey June 1985
Survey November 1989

Age (mean (SD)):
Survey October 1980
Survey June 1985
Survey November 1989

No of cigarette smokers:
Survey October 1980
Survey June 1985
Survey November 1989

Lead in blood (ug/l) (mean (range)):
Survey October 1980
Survey June 1985
Survey November 1989

Years of employment in the old Cd plant
(mean (range))

Total years ofemployment in the Cd plant
(mean (range)):
Survey October 1980
Survey June 1985
Survey November 1989

Years since removal from Cd exposure
(mean, range, and No of persons)

Survey October 1980
Survey June 1985

Survey November 1989

4 (4)
4 (3)
4 (3)

43 2 (7-1)
47-8 (7-4)
522 (71)

4
4
4

11 (11)
10* (6)
9t (5)

352 (91)
38 7 (9-2)
43-1 (9-4)

7
6
7

14 (0)

14 (0)

40 5 (11-0) -

- 43-2 (11-3)

11

2

223 (178-253) 174 (101-276) 259 (144-471) -
211 (154-260) 174 (105-274) -
- - - < 100

8-2 (3-2-19)

15-0 (10-25-8)
19 1 (15-28)
22-3 (19-28)

0
2-5 (n = 1)

6-8 (n = 1)

0 0

5-1 (0-8-7-1) 0
9-0 (3-0-13-5) -

12-0 (3-0-15-8) - 0

0
2-4(1-5-3-0)

(n = 4)
5-9(4-2-6-8)

(n = 4)

*One subject left company in 1984; tOne subject left company in 1987.

samples were stored at - 20°C until analysis. Blood
was collected by venepuncture in Cd free tubes and
stored at - 20°C.

ANALYTICAL METHODS
Concentrations of Cd in blood and urine were
determined in duplicate with electrothermal atomi-
sation atomic absorption spectrometry (Perkin-
Elmer model 4000). Blood samples (300 pl) were
deproteinated with 1750 pl 1-5 M nitric acid and
urine samples (0-5 ml) were acidified with 10 pl
65% nitric acid and diluted with 1 ml of water.'7
Commercial blood samples (Kontrollblut,
Behringwerke AG and Seronorm, Nyegaard) were
used as calibration standards for Cd concentrations
in blood. The accuracy of the test was assessed by
participation (since 1982) in an external quality
assessment scheme.'8 Concentrations of Cd in
blood were within 10% of the mean value of all
participating laboratories. The average precision of
the test during 1982 to 1989, txpressed as the coef-
ficient of variation (CV) of duplicate routine analy-
ses, was 5% (number of duplicate analyses varied
between 10 and 27). Concentrations of Cd in urine
were determined with the standard addition tech-
nique. The accuracy was checked from commercial
control urine samples with known Cd concentra-
tions (Lanonorm-Metalle, Behringwerke AG). The
average precision of the test was 7%. Urinary and

serum f2-M were measured by a radioimmunoassay
(Phadebas, Pharmacia Diagnostics).
The coefficient of variation of duplicate analyses

for both tests averaged 7%. The activity of urinary
NAG was determined with a spectrophotometric
assay. 9 The average precision of the test was 5%.
Urinary protein was measured by precipitation of
proteins with a mixture of phosphotungstic acid,
hydrochloric acid, and ethanol and determination
of the amount of protein with the biuret method.20
The average precision of the test was 8%. Urinary
albumin was determined in the survey of 1985 with
an electroimmunoassay. The precision of this
method was 2-5%.21 A latex immunoassay was
used for the determinations of urinary albumin and
of urinary retinol binding protein in the survey of
1989.2223 The precision of these assays was between
4% and 10%. Serum and urinary creatinine con-
centrations were determined on a Hitachi 705 auto-
analyser by the standard Jaffe method. The average
precision of these assays was 3%.

REFERENCE GROUPS
Several control groups were used to establish refer-
ence values for the parameters measured. These
comprised male employees of the Shell refinery in
Rotterdam not exposed to known nephrotoxic
agents. For each parameter the same methods were
used as for the groups exposed to Cd. Table 2
shows the reference values. Values of a parameter
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Table 2 Reference groups and reference values ofparameters investigated during the survey period 1980-89

Percentile
Reference No of Year of

Parameter group subjects examination minimum 2-5 50 975 maximum Deterninant

Cd in blood Shell Rotterdam 92 1982 0-25 0-28 0-68 2-5 3-6 (1) Cigarette smoking (increase)
(pg/l) (0-20 cig./day) (2) Age (increase)

Shell Rotterdam 13 1983 0 97 1-4 4 0
(> 20 cig./day)

Urinary Cd Shell Rotterdam 102 1982 0 04 0-12 0-50 1-4 1-6 (1) Age (increase)
(ug/g creatinine) (0-20 cig./day) (2) Cigarette smoking (increase)

Shell Pemis 30 1983 0-29 0-87 1-6
(>20 cig./day)

Urinary fl,2-M
(ug/g creatinine) Shell Rotterdam 76 1982 7 10 48 200 388
Urinary retinol
binding protein
(ug/g creatinine) Belgiumt 57 1988 14-5 71-3* 240 727
Urinary
total protein Shell Rotterdam 57 1984 31 31 61 170 190 Cigarette smoking (increase)
(mg/g creatinine)
Urinary albumin Shell Rotterdam 85 1985 0-81 0-92 5-5 28 65
(mg/g creatinine)

Belgiumt 57 1988 2-4 6.4* 14-8 58
Urinary NAG
(U/g creatinine) Shell Rotterdam 88 1983 0-5 0-6 2-8 15 28 (1) Cigarette smoking (decrease)

(2) Age (increase)
Serum creatinine Shell Rotterdam 1292 1985 53 75 93 116 393 Age (increase)
(umol/1)
Serum fl,2-M Swedent
(ag/l) 20-39 years 63 unknown 1565* 2000 Age (increase)

40-59 years 62 unknown 1894* 2600

*Mean values; tfrom Bernard et a) and Bernard.23; :Pharmacia Diagnostics AB, Uppsala, Sweden.

Table 3 Cd concentration in blood and urine and renalfunction parameters: summary of a nine yearfollow up (A and B Cd exposed
groups; C and D control groups)

October 1980 October 1981 May 1982 February 1983

Variable Group No Median (range) No Median (range) No Median (range) No Median (range)

Cd in blood A 3 7 4 (7 1-10 0)* 4 7-5 (6-8-9-1) 4 9 0 (7-1-9-2) 4 7-6 (7 1-8 0)
(ag/l) B 9 4-7 (0-9-11-6) 9 4-8 (0-7-10-7) 11 2 9 (1 0-8 8) 11 2-6 (0-9-8 1)

C 8 24 (02-73)
D

Urinary Cd A 4 7-4 (5-8-9-6) 4 9 3 (8-0-10-3) 4 7 2 (6-0-10 0)
(ug/gcreatinine B 9 2-8 (0 4-7 5) 11 1 9 (0 4-8 8) 11 1-8 (0-5-5-9)

C
D

Urinary fl,2-M A 4 150 (100-400)** 4 201 (70-312) 4 217 (77-410) 4 316 (91-473)
(uglgcreatinine) B 11 58 (34-75) 9 53 (42-119) 10 70 (49-162) 11 75 (56-120)

C 12 53 (15-125)
D

Urinary retinol A
binding protein B
(ug/g creatinine C

D
Urinary total protein A 4 51 (38-81) 4 75 (40-111) 4 76 (61-96) 4 78 (37-85)
(ug/gcreatinine B 11 52 (31-247) 9 39 (15-337) 11 45 (34-210) 11 54 (24-419)

C 13 48 (19-65)
D

Urinary albumin A
(mg/g creatinine B

C
D

UrinaryNAG A 4 4-4 (2 0-7-7) 4 5-1 (3-7-11-2) 4 4-5 (2 8-8-6)
(U/g creatinine) B 9 2-6 (1-6-5-4) 10 2-9 (1-4-6-0) 11 3-6 (0 5-7 7)

C
D

Serum creatinine A 3 103 (95-109)
(amul) B 11 91 (88-109)

C 14 97 (52-120)
D

Serum,l2-M A 4 1785 (1580-2540)
(tg/l) B 11 1760 (1440-1900)

C 14 1690 (1060-1980)
D

*p < 0.05 (against control group); **p < 0-01 (against control group)
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above the 97-5 percentile were considered abnor-
mal. Th'e table also shows the influence of age and
of cigarette smoking on the tests.

STATISTICS
The Wilcoxon or Mann-Whimey test was used to
compare the results for the groups exposed to Cd
and the controls. A paired t test was used to com-
pare the results of the first and the last survey. The
prevalences of abnormal test results from groups A,
B, C, and D and in the controls were analysed by a
standard one tailed binomial test with a null proba-
bility of 0-025.
Time trends in individual persons over the peri-

od 1980 to 1989 were analysed with the Spearman
rank test24 if four or more observations were avail-
able. On a group basis individual results were
pooled, with a binomial test with a null-probability
of 0 05. Time trends of urinary albumin and serum
creatinine on a group basis were investigated with a
binomial test (null-probability 0 50). Associations
between urinary Cd concentrations and renal para-
meters were tested by Spearman rank correlation
analyses. In all tests, p values below 0-05 were con-
sidered to be statistically significant.

November 1984 J7une 1985 November 1989

No Median (range) No Median (range) No Median (range)

3 6-8 (6-5-7-5) 4 5-5 (5-3-6-0) 4 5-5 (4-2-5-7)**
9 2-8 (1-4-5-1) 10 2-1 (0-9-4-0) 9 2-0 (0-7-4-3)**

14 0-8 (0-5-1-4)
3 9-1 (7-9-10-8) 4 9-3 (7-6-10-1) 4 8 0 (4-5-8-9)**

9 1-8 (0-6-7-5)**

9 2-4 (0-5-6-2) 14 0-5 (0-1-0-8)
3 137 (95-397) 4 386 (73-413) 4 184 (150-506)**
7 64 (35-88) 8 73 (34-104)

9 83 (53-152)
12 83 (56-139)
4 77 (14-122)
9 54 (31-86)

14 56 (28-131)
3 44 (34-80) 4 43 (28-67)
7 48 (31-71) 4 65 (20-93) 9 46(23-334)

9 42 (28-384)
14 31 (10-65)
4 4-9 (2-4-7-3)

4 6-8 (4-2-11) 9 6-4 (3-4-297)
9 8-3 (4-1-261)

14 4-9 (2-8-9-2)
3 6-2 (4-4-8-4) 4 6-2 (2-7-9-6) 4 6-7 (3-9-8-2)*
7 2-3 (1-3-3-2) 9 2-4 (0-6-6-3) 9 3-8 (1-5-6-3)

14 2-9 (1-8-6-2)
4 99 (88-109) 4 97 (88-108)
7 92 (81-106) 9 89 (81-103)

14 93 (76-104)

Results
CD WORKERS AND CONTROLS
Table 3 summarises the results of the exposure and
renal parameters measured in the period 1980 to
1989. In the survey of 1980, Cd workers in group
A had significantly higher concentrations of Cd in
blood and #2-M in urine compared with the control
group C. No significant differences were found for
urinary total protein, serum creatinine, and serum
f,-M concentration. Urinary retinol binding pro-
tein, NAG, and albumin were not analysed in 1980
and the results of urinary Cd were unreliable due to
technical problems and were discarded from the
analyses. Workers in the low exposure group B had
a higher median Cd concentration in blood than
the controls, but this difference was not significant.
Neither were significant differences found for any
of the other parameters. Workers in group A had
significantly higher concentrations of urinary f,-M
compared with group B, but no significant differ-
ences were found for any other parameters.

In the survey of 1989, workers in group A had
significantly higher concentrations of Cd in blood
and urine and of urinary fl,-M and NAG compared
with the control group D. The values for urinary
retinol binding protein, total protein, albumin, and
serum creatinine did not differ between these
groups. Workers in group B also had significantly
higher Cd concentrations in blood and urine com-
pared with the control group, but no other signifi-
cant differences were found. In comparison with
workers in group B, workers in group A had signifi-
cantly higher concentrations of Cd in blood and
urine and of urinary /,B-M. Other values did not dif-
fer between the groups.

Table 4 shows the prevalences of abnormal test
results in the groups exposed to Cd and in the con-
trols at the first and the last survey. These preva-
lences were established by taking as cut off values
the 97-5 percentile of each test from the reference
groups in table 2. For urinary albumin 15 mg/g cre-
atinine was taken as the cut off level, however,
because higher values are considered to indicate
microalbuminuria.P025

During the first survey (1980), prevalences of
abnormal Cd concentrations in blood were signifi-
cantly raised in workers of groups A and B and,
surprisingly, in the local control group C. The last
might have been due to a combination of environ-
mental exposure to Cd and a high smoking rate of
the workers. Prevalences of abnormal urinary Cd
values (in 1981) were also significantly increased in
workers of groups A and B. For urinary f,-M the
cut off value of 200 pg/g creatinine was only
exceeded by one worker of group A. All other tests
of renal function were within normal limits for
workers in both groups A and B, except for total
protein in one worker of group B. This worker had
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Table 4 Prevalence of concentrations outside 97 5percentile of the reference groups ofparameters in the Cd exposed and control
groups

Group A Group B
Group C GroupD

Survey 1980 Survey 1989 Survey 1980 Survey 1989 Survey 1980 Survey 1989
Variable No (%) No (%) No (%/.) No (%/.) No (%) No (3/')
Cd in blood 3/3 (100)** 4/4 (100)** 6/9 (6.7)** 3/9 (33)** 4/8 (50)** 0/14 (0)
Urinary Cd 4/4 (100)**t 4/4 (100)** 6/9 (67)**t 6/9 (67)** nd 0/14 (0)
Urinary,82M 1/4 (25) 1/4 (25) 0/11 (0) 0/8 (0) 0/12 (0) 0/14 (0)
Urinary retinol binding protein nd 0/4 (0) nd 0/9 (0) nd 0/14 (0)
Urinary total protein 0/4 (0) 0/4 (0) 1/11 (9) 1/9 (11) 0/13 (0) 0/14 (0)
Urinary NAG 0/4 (0) 0/4 (0) 0/9 (0) 0/9 (0) nd 0/14 (0)
Urinary albumin§ 0/4 (0)* 0/4 (0) 2/9 (22)t 1/9 (11) nd 0/14 (0)
Serum creatinine 0/4 (0) 0/4 (0) 0/11 (0) 0/9 (0) 0/14 (0) 0/14 (0)
Serum,82M 0/4 (0) nd 0/11 (0) nd 0/14 (0) nd

*p <0-05; **p < 001.
tSurvey 1981; *Survey 1985; Scut off level 15 mg/g creatinine; ND = not determined.

clinical proteinuria (>200 mg/g creatinine), unlikely
to be associated with exposure to Cd because he
had only worked in the Cd section for 10 months
when the health assessment took place. This clini-
cal proteinuria remained unchanged during the peri-
od 1980-9 and was confirmed by increased urinary
albumin values in the surveys of 1985 and 1989.

During the last survey (1989), significantly
increased prevalences of abnormal Cd concentra-
tions in blood and urine were found in workers of
groups A and B. In workers of group B, the preva-
lence of raised Cd in blood was lower than in 1980,
reflecting a decrease in Cd concentrations in blood
over the period 1980-9. Results of the renal func-
tion tests were all within normal values, except for
urinary 8,-M in the same worker of group A who
had an abnormal concentration in 1980, and for
ulnary total protein and albumin in the worker of
group B who had clinical proteinuria. None of the
subjects in the control group D had any values out-
side normal limits.

COMPARISONS OF 1989 AND 1980-81
Concentrations of Cd in the blood of workers of
groups A and B were significantly lower at the last
survey compared with the first. No significant

differences were seen in urinary Cd concentrations
of workers of groups A and B between the two sur-
veys. Urinary fl,-M concentrations for workers of
group A were not significantly different at the 1989
survey compared with 1980, but were significantly
increased in 1989 for workers in group B. By con-
trast, in group B serum creatinine concentrations
were significantly lower in 1989 compared with
1980. No significant differences were seen in serum
creatinine of workers in group A between the two
surveys. Neither were significant changes found in
total protein concentrations between the surveys in
1989 and 1980 and in urinary NAG activity
between the surveys in 1989 and 1981 for workers
in both groups A and B.

TRENDS OVER TIME 1980-9
Table 5 shows the number of persons with a signifi-
cant increase or decrease in exposure and renal
function over the period 1980-9. The parameter
that showed a significant change in the largest
number of workers of both groups A and B was Cd
concentration in blood. Concentrations were signif-
icantly decreased in six out of 14 workers. This
decrease occurred particularly between 1980 and
1985, both in workers who were transferred to

Table S Number of workers who showed a significant increase or decrease in Cd in blood and in urinary Cd, IhM, total protein,
andNAG over the period 1980-9.

No of Change on a
No of measurements group basis
workers per worker Increase Decrease No change (a0-05)

Group A:
Cd in blood 4 5-7 0 2 2 Decrease (p= 0-014)
Urinary Cd 4 5-6 0 0 4 None
UrinaryflM 4 6-7 0 0 4 None
UrinaryNAG 4 5-6 1 0 3 None
Urinary total protein 4 6-7 0 0 4 None
Group B:*
Cd in blood 10 6-7 0 4 6 Decrse (p< 001)
Urinary Cd 10 4-6 1 0 9 None
Urinary,8,M 10 5-7 3 0 7 Increase (p < 0*01)
Urinary NAG 10 5-6 0 0 10 None
Urinary total protein 10 6-7 0 1 9 None
* One subject left the company in 1984 and too few data were available for statistical analysis.
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0-0

948

Year

Figure Blood cadmium concentrations in eight workers

between 1980 and 1990 (group A: Nos 1, 2, 3 and 4; group

B: Nos S, 6, 10, 14.) Concentrations in Nos 2, 3, 5, 6, and

10 decreased significanly with time.

another plant without exposure to Gd (fig 1; num-

bers 3,5,10,14) and in workers who remained

employed in the Gd section (fig 1 numbers 2 and

6). Figure 2 shows urinary fh-M concentrations for

four workers in group A over the period 1980-9.

The within person variation was large and the coef-

ficients of variation ranged from 18 to 63%. No sig-

nificant time trend was detected for urinary6fl-Min
any worker of group A. Surprisingly, urinary fl2-M
was significantly increased with time in three work-
ers of group B. This time trend was unlikely to be

due to exposure to Gd because in two of the three

workers who showed a significant increase, urinary
Gd concentrations were within the normal limits of
the reference group (table 2). None of the other

renal tests showed a trend in concentrations over
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Figure 2 Urinary ,82-microglobulin concentrations inzfour
workers ofgroupA between 1980 and 1990.

the period 1980-9 in workers of groups A and B.
On a group basis no trends were found for serum

creatinine concentrations in workers of groups A
and B over the period 1980-9 or for urinary albu-
min over the period 1985-9.

DOSE-RESPONSE RELATIONS
Dose-response relations were investigated between
urinary Cd concentrations, (as a measure of inter-
nal dose of Cd) and renal function. Dose-response
relations were investigated with the average values
of each parameter measured in each worker during
the period 1980-9, provided that the parameters
did not show a time trend (table 6). In the exposed
groups Cd concentrations in blood showed such a
trend and were not included in the analyses. Also,
dose-response relations were investigated in the
combined data of exposed workers and controls in
the survey of 1989.

Table 6 Renalfunction variable as a function of urinary Cd in the workers exposed to Cd

Urine Serum
Worker Cd 8,2-M RBP Total protein Albumin NAG creatinine

(n = 4-6)t (n =57)* (n = 1) (n = 5-7) * (n = 2)f (n =5-6)t (n = 3);t
pg/g creatiine pg/g creatinine uglg creatnine uglg creatinine uglg creatinine ,iglg creatinine (/lmolll)

8 0-64 83 86 48 7-3 2-6 90
13 0 75 46 48 36 3-4 2-4 103
9 1-04 69 81 43 8-7 2-3 85

12 1-48 87 50 60 8-0 4-4 86
6 1-63 75 31 45 8-9 1-7 90

Median 1-04 75 50 45 8-0 2-4 90
11 2-10 47 54 41 13-2 2-6 91
14 3-02 67 - 60 7-7 4-4 87
7 3-63 67 77 39 5-8 5-5 99
10 3-89 101 50 322 279 4-1 105
Median 3-33 67 54 40 10-5 4-2 95
1 6-95 272 113 72 6-3 4-0 88
5 7-11 65 66 49 7-2 1 9 89
3 8-41 215 41 59 3-3 50 106
2 8-42 97 14 49 6-1 5-0 92
4 9-18 398 122 72 8-5 8-8 109
Median 8-41 215 66 59 6-3 5-0 92

* Average values over the period 1980-9; t average values over the period 1981-9; taverage values for the years 1980, 1985, and 1989;
5 average values for the years 1985 and 1989; n = number of measurements per worker (range)
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Figure 3 Urinary NAG activity in relation to urinary
cadmium concentration. Average values over the period
1980-9 were usedfrom each worker.
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Figure 5 Urinary /,-microglobulin concentration in relation
to urinary cadmium concentration. Average values over the
period 1980-9 were usedfrom each worker.

Lr the period 1980-9 for was to investigate whether any renal changes relat-
I f,B-M and total protein ed to exposure to Cd could be detected since 1980
tificantly correlated with by a battery of renal tests, and to assess dose-
IS (p < 0 05; figs 3,4,5). response relations. This is important in view of the
was found between uri- findings of Piscator and Roels et al that proteinuria
Ad concentrations (coeffi- induced by Cd is irreversible and progressive.2810
p = 0 02). For the survey With regard to exposure, there was a significant
significant correlations decrease in Cd concentrations in blood during the

ntration and NAG activi- period 1980 to 1985, probably reflecting the declin-
y Cd concentration and ing exposures to Cd. No further significant
n (p = 0-05) were con- decrease in Cd concentrations in blood was found
ant relation was found in samples collected in 1989, neither in the four
2-M concentrations. workers who were transferred to another part of the

zinc refinery without exposure to Cd nor in the
workers who remained employed in the Cd section.
This indicates that Cd concentrations in blood in

is a prospective nine year 1989 probably reflect the body burden of past
Ip of 15 workers of a Cd exposures to Cd and may decrease in accordance
;ed in 1980. Two workers with the half life of Cd in blood, which is in the
he follow up, so 13 work- range of 10 to 20 years.26 On the other hand Cd
ssment in 1989. The aim concentrations in blood may also reflect the settling

of a new equilibrium related to low Cd intake.
Urinary Cd concentrations did not change signifi-
cantly during the follow up period. This may indi-

* * cate that the Cd body burden measured in 1989
did result from exposures to Cd before 1981 and
that later exposures did not contribute much to the

* present body burden. The unchanged concentra-
tions also confirm the long biological half life of Cd

* in humans. The average individual urinary Cd val-
ues over the whole survey period varied from 6-9 to
9-2 ,g/g creatinine (median 8 4,ug/g) for workers in
group A and from 0-64 to 7<1 pg/g creatinine

5-0 6-0 7-0 8-0 9-0 10-0 (median 19 1ug/g) for workers in group B.
e (pg/g creatinine) For the renal parameters, urinary fh-M concen-

trations close to or marginally above the upper nor-
mal limit of 200 pug/g creatinine were found during

in reatlon to urinary the follow up period in three of four workers of the
ge values over the period
rker. The data point of the high exposure group A. The highest concentration
is excluded. in an individual worker was 506 pg/g creatinine and
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was measured during the last survey. In 1980, this
worker's 4,-M concentration was 400 ,ug/g creati-
nine. Statistical analysis of his f,-M values between
1980 and 1989 showed that there was no signifi-
cant time trend. This was also the case for the other
three workers in group A. The conclusion is that no
significant changes in urinary 42-M concentrations
occurred after the initial measurements in 1980.
Retinol binding protein, the other low molecular
weight protein used to detect impairment of proxi-
mal tubular function, was only measured in 1989.
A significant correlation was found in the 1989 sur-
vey between the urinary f,-M and retinol binding
protein concentrations (coefficients of correlation
0-676; n=13). The retinol binding protein values of
all workers in groups A and B were within normal
limits. This may mean that urinary 42-M is a more
sensitive indicator to detect Cd induced impair-
ment of proximal tubular function than urinary
retinol binding protein. The results for urinary f2-
M and retinol binding protein excretions suggest
that tubular dysfunction in workers of group A, if
present, was mild and not progressive. This was
corroborated by the fact that urinary NAG activity
was within normal limits for all workers at all
times.
The values for urinary total protein and albumin

were within normal limits during the follow up
period, except for one case of clinical proteinuria in
a worker in group B, as discussed previously. No
time trends were found, which shows that no
increase in glomerular permeability occurred in any
worker.

Serum creatinine and serum f2-M concentrations
were within normal limits during the first survey
(1980), indicative of a normal glomerular filtration
rate. Serum creatinine concentration decreased sig-
nificantly during the follow up period, which was
unexpected because serum creatinine concentra-
tions increase with age. Nevertheless, the absence
of any abnormal results and of a time trend to high-
er values shows that there was no Cd induced
reduction of glomerular filtration rate over time in
any of the workers.

In summary, in the present study no signs of Cd
induced low or high molecular weight proteinuria
or enzymuria were found in subgroup B, compris-
ing nine workers (initially 11) who had been
employed on average for 12 years in the Cd plant
and who had urinary Cd concentrations ranging
from 064-7- 1 pg/g creatinine (median 19,ug/g cre-
atinine). In subgroup A, comprising four workers
who had worked in the Cd plant on average for
22-3 years and who had urinary Cd concentrations
ranging from 6-9-9-2 ,ug/g creatinine (median 8-4
,ug/g), there were signs of a slight, non-progressive,
fl2-microglobinuria in three or four workers, but
high molecular weight proteinuria, enzymuria, or a

change in glomerular filtration rate could not be
detected.
The findings in our study contrast with the

results of follow up studies by other authors. In a
retrospective study, Roels et al showed a trend
towards increasing serum creatinine and urinary fl,2-
M values in 19 workers who were removed from
exposure to Cd. The mean urinary Cd concentra-
tion in the last year of examination was 16-4 ,ug/g
creatinine and urinary f,-M concentrations ranged
from 340 to 84 650 pg/g creatinine.8 In another
study, the same group carried out a five year follow
up study on 23 workers with previous high expo-
sure to Cd. It was confirmed that proteinuria
induced by Cd is not reversible. The most impor-
tant finding was a significant increase of serum cre-
atinine and serum fl2-M concentrations with time,
indicating a progressive reduction of glomerular fil-
tration rate. The average urinary Cd concentration
at the end of the study was 18 ,ug/l. Urinary fl2-M
concentrations ranged from 66 to 123 000 jug/l and
urinary retinol binding protein from 59 to 100 000
,ug/1.'0 Elinder et al reported urinary fh-M concen-
trations in the range of 70-20 100 ,ug/l in 19 work-
ers who had had no occupational exposure to Cd
for five years and who had urinary Cd concentra-
tions ranging from 2-2 to 44,ug/g creatinine (medi-
an 13-2 pug/g).9 There was a trend towards higher
values of urinary f4-M with time. These studies
show that Cd induced progressive low molecular
weight proteinuria and progressive reduction of
glomerular filtration rate occurred. Urinary Cd
concentrations were much higher, however, than in
our study reported here.

Studies carried out so far indicate that Cd
induced proteinuria mainly occurs at urinary Cd
concentrations above 10 ,ug/g creatinine."3469
Occasionally, however, either a slight low or high
molecular weight proteinuria was also found at
lower concentrations.256 In the study reported here,
significant correlations between values for urinary
Cd and urinary NAG, fi2-M, and total protein
(average values 1980-9) were found, indicating
possible Cd induced effects at urinary Cd concen-
trations below 10 ,ug/g creatinine. The strongest
correlation was found with urinary NAG activity
and a rise in NAG values could already be seen in
the subgroup with a median urinary Cd concentra-
tion of 3-3 ,ug/g creatinine (table 6). This finding is
in accordance with the previous work of Kawada et
al and Chia et al who reported significant correla-
tions below a urinary Cd concentration of 10 pg/g
creatinine.'415 Urinary NAG values in our study
were all within normal limits of the reference
group, however, and do not indicate renal tubular
damage. The significant correlation more likely
reflects a response of urinary NAG on the renal
store of Cd.'7
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The significant correlation between urinaryCd
and total protein also occurred within the normal
limits of total protein excretion. A small rise in total
protein excretion was only seen in the subgroup
with a median urinary Cd concentration of 8-4 pug/g
creatinine (table 6). An increase of urinary f,-M
excretion was also seen in this subgroup. The aver-
ageI82-M value (1980-9) in three of five workers in
this subgroqap was slightly above the upper normal
limit of urinary fl2-M excretion. The dose-response
seemed to be of the hockey stick type, with a rise in
urinary f,2-M excretions occurring between 4 and 7
,ug/g creatinine. This is in accordance with earlier
work.2
Thus increased amounts of urinary NAG, total

protein and fl2-M were seen in relation to increased
urinary Cd concentrations. Only for urinary fl2-M
were changes seen close to or marginally above the
upper normal limit. The dose-response relations
between urinary Cd and these renal variables were
similar during the health assessments between 1980
and 1989, indicating no progression to higher
values in any of the renal tests.
From the data in this study a biological limit

value of Cd in urine of 10 ,ug/g creatinine for work-
ers exposed to Cd, set by the American Conference
of Governmental Industrial Hygienists" and pro-
posed by Bernard and Lauwerys,"2 therefore seems
justified although the safety margin seems to be
small. The World Health Organisation limit recom-
mended and ACGIH (1992-3) proposed limit of
5 ,ug/g creatinine for workers exposed to Cd
exposed workers"128 would provide a much larger
safety margin, and could be regarded as an action
point for increased health surveillance.
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