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Effects of cadmium on cadmium smelter workers

by Liu Yin-zeng,! Huang Jin-xiang,' Luo Cheng-mo,2 Xu Bo-hong,® Zhang Cui-juan’

LIU YZ, HUANG JX, LUO CM, XU BH, ZHANG ClJ. Effects of cadmium on cadmium smelter work-
ers. Scand J Work Environ Health 11 (1985): suppl 4, 29—32. The effects of cadmium on 65 workers
in a cadmium-refining plant in the People’s Republic of China were investigated. The average airborne
cadmium oxide concentrations ranged from 0.004 to 0.187 mg/m? at most worksites. Except for some
vague symptoms and reports of anosmia, no significant abnormalities were found in the clinical examina-
tions. The level of cadmium in the blood and urine was increased in the majority of the cadmium-exposed
subjects. Nine cases (13.8 %) with suspected or mild renal tubular damage were found in this study.
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urinary cadmium.

Cadmium refining is one of the important sources of
occupational exposure to cadmium, but relatively few
data about the effects of cadmium due to this kind of
exposure are available in the People’s Republic of
China. The purpose of the present paper was to re-
port the findings of a study on the effects of cadmium
on workers in a metal-smelting factory.

Subjects and methods

The survey of occupational cadmium hazards was
carried out in March 1982 on workers from the
cadmium-refining plant in a metal-smelting factory in
Hunan Province, the People’s Republic of China. The
plant produces about 300 t of metallic cadmium yearly
as a by-product of zinc refining. The cadmium-con-
taining materials are dissolved in sulfuric acid and then
purified and filtered. The solution containing cadmium
is then pumped to the electrolytic tank house, and the
cadmium plates are transferred to the foundry where
they are melted and cast into bricks of highly purified
cadmium (99.99 %).

The air from the breathing zones of workers at most
worksites in the plant was sampled with personal sam-
pling pumps and membrane filters. The cadmium con-
centrations were measured by atomic absorption spec-
trophotometry (9).

Sixty-five cadmium-exposed subjects (47 men and
18 women) were examined. Their ages ranged from 16
to 48 years with a mean of 35.3 years. The subjects
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had been working as cadmium smelters for 0.4 to 21.8
years with a mean of 7.8 years. Their job categories
included dissolving (30 persons), purification and elec-
trolysis (19 persons), foundry (8 persons), and others
(eg, foremen, maintenance workers, etc — 8 persons).

Apart from questionnaires (on job history, past
illnesses, present symptoms, etc) physical examina-
tions, chest radiography, «nd laboratory tests were per-
formed which included (i) blood hemoglobin, (ii) the
determination of the blood cadmium content sampled
from earlobe capillary blood and measured with an
anodic stripping voltametric method (5), and (iii) tests
for urinary protein determined by the trichloroacetic
acid method (7) and for creatinine by quantitative
analysis (Folin-wu method), urinary cadmium content
measured by the anodic stripping voltametric method,
and protein measured by a modified biuret method (3)
in morning urine collected before breakfast. Protein
electrophoresis was carried out on the prebreakfast
urine sample by modified sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) (1).
Urinary beta-2-microglobulin was determined, after
adjustment of the pH to 5.6 or more, by enzyme
immunoassay with the Phadezym $,-micro test (Phar-
macia Diagnostics, Uppsala, Sweden).

Results

Exposure

The production procedures took place indoors and
were semimechanized. The steps from dissolving to
electrolysis were operated under wet conditions, but
there was some cadmium oxide dust eliminated while
the raw materials were fed. The casting was handled
manually, but mechanical ventilation was available in
the room. A layer of 2—3 cm of sodium hydroxide
covered the surface of the liquid metallic cadmium to
prevent the dispersion of cadmium fumes.
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The airborne cadmium oxide concentrations in the
plant are shown in table 1. The average cadmium oxide
concentration in the breathing zone of the operators
ranged from 0.004 to 0.187 mg/m* at most worksites;
these values ranged below and above the maximal
allowable concentration of 0.1 mg/m? for fumes and
dusts used in the People’s Republic of China.

However the airborne cadmium oxide concentra-
tions were even higher in some places of the plant when
they were measured in 1973 and 1978. For example,
the concentration in the foundry was 0.074 mg/m? in
1973 and 0.13 mg/m? in 1978, and the concentration
over the mouth of the precipitating tank ranged from
0.21 to 0.95 mg/m? in 1978 while wet cadmium-con-
taining materials were being fed.

Symptoms and signs

The symptoms and signs of the cadmium smelter work-
ers (table 2) were usually very mild and showed no sig-
nificant relationship with the length of exposure. A his-
tory of renal calculi was found in one case. Yellow dis-
coloration was seen on incisor teeth in a few cases, but
the typical so-called ‘‘cadmium-ring’’ was not detected.

Table 1. Airborne cadmium oxide concentrations in the plant.

Concentration (mg/m?)

Site

Range Mean
Beside the smelting furnace
(operating) 0.025—0.043 0.034
Over the mouth of the precipitating
tank (feeding wet cadmium-
containing materials) 0.005—0.075 0.027
Over the electrolytic tank
(covered) 0.005
Over the electrolytic tank
(uncovered) 0.159—0.178 0.168
Over the mouth of the dissolving tank
(feeding raw materials) 0.165—0.209 0.187
Over the mouth of the dissolving tank
(operating) 0.003—0.006 0.004

Hypertension and hypotension was found in two cases
and one case, respectively. The liver was palpable in
35.4 % of the group. Because of frequent changes in
jobs and little difference in the airborne cadmium oxide
concentration in various places, no significant dif-
ferences in the frequency of symptoms and signs were
noted between different job groups.

Cadmium content in blood and urine

The results of the determination of cadmium in the
blood and urine of the workers are shown in table 3.
When determined by the same analytical methods, the
geometric means and upper limits of normal subjects
in Beijing were 0.35 and 1.00 ug/g of creatinine,
respectively, for the urinary cadmium concentration
and 0.50 and 1.6 ug/1 (4.5 and 14.2 nmol/1), respec-
tively, for the blood cadmium level (4). As shown in
table 3, all the blood and urinary values of cadmium
were higher than the limits, except for three workers
in the case of urinary cadmium and one worker in the
case of the blood cadmium. There were 13 cases with
urinary cadmium levels between 5 and 10 pg/g of
creatinine and 20 cases with corresponding values
higher than 10 ug/g of creatinine (the highest being
42.6 pug/g of creatinine). The level of cadmium in the
blood was between 5 and 10 pg/l (44.5 and 89.0
nmol/l) in seven cases, and 52 cases showed blood
levels higher than 10 pg/1 (89.0 nmol/1), the highest
being 92.5 ug/1(823.0 nmol/1). The differences in the
urinary and blood levels of cadmium were not signifi-
cant for the subjects with different kinds of jobs. The
excretion of cadmium seemed to increase with the
length of exposure, but there was no significant cor-
relation between the cadmium blood content and ex-
posure duration. It was suggested by these findings that
the urinary cadmium level may reflect the body burden
of cadmium and that the level of cadmium in the blood
may be an indicator of recent exposure.

Among the 65 subjects the mean urinary and blood
level of cadmium was 5.61 (range 0.90—25.56) ug/g

Table 2. Symptoms and signs of the cadmium-exposed workers.

Exposure <5 years
(25 persons)

Total
(65 persons)

Exposure =5 years
(40 persons)

Symptom or sign
Number

Number Number

of cases Percentage of cases Percentage 4t ‘tases Percentage

Headache 7 28.0 1 275 18 27.7
Dizziness 6 240 23 57.5 29 446
Fatigue 5 20.0 8 20.0 13 20.0
Sleep disturbance 2 8.0 7 17.5 9 13.8
Cough 4 16.0 7 175 11 16.9
Breathlessness — 0.0 3 75 3 46
Lumbago 5 20.0 10 25.0 15 23.1
Pain in extremities 8 32.0 16 40.0 24 36.9
Hepatomegaly 6 24.0 17 425 23 35.4
Yellow discoloration

on the teeth 1 4.0 4 10.0 5 7.7
Anosmia 3 12.0 1" 275 14 215
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of creatinine and 22.44 (range 5.00—79.00) pg/1[199.7
(range 44.5—702) nmol/l], respectively, for the 36
smokers and 4.30 (range 0.51—42.60) ug/g of creati-
nine and 17.75 (range 1.00—92.50) ug/1 [157.9
(8.9—823.0) nmol/l], respectively, for the 29 nonsmok-
ers. The somewhat higher levels of the smokers did not
differ statistically significantly from those of the non-
smokers.

Other findings

All the hemoglobin values of the examined subjects
were in the normal range, and no significant abnor-
malities related to cadmium exposure were found in
the radiographic examination.

Nine workers had proteinuria, and one had gly-
cosuria, as determined in a routine urinalysis. The
mean value of the total protein in the urine of the 65
cadmium-exposed subjects was 106.3 (range
36.5—777.6) mg/g of creatinine; this value was higher
than that of normal subjects in Beijing (83.0 mg/g of
creatinine). Two workers had a total protein level in
their urine (340.8 and 777.6 mg/g of creatinine) that
was higher than the normal level. The first had worked
with cadmium for 16 years and had a blood cadmium
level of 26.25 ug/1 (233.6 nmol/1), a positive (+ +) pro-
tein qualitative analysis of the urine, and an increased
beta-2-microglobulin level, but the SDS-PAGE pattern
was normal. This case was diagnosed as cadmium-
induced renal tubular damage. The second worker had
suffered from hypertension for years, and, although
his blood and urinary levels of cadmium were much
higher than normal, his renal lesion was not a tubular
type because he had a positive (+ + +) urinary pro-
tein reaction, middle-molecular weight proteinuria in
the SDS-PAGE pattern, and a normal beta-2-micro-
globulin level.

In this study the SDS-PAGE patterns showed high-
molecular weight proteinuria in one case in which the
total protein and beta-2-microglobulin values in the
urine were normal; middle-molecular weight protein-
uria in one case, as has already been mentioned; low-
molecular weight proteinuria in one case with an in-
creased beta-2-microglobulin level but a normal total
urinary protein value; and marginal low-molecular
weight proteinuria in six cases, three of which also
showed an increased beta-2-microglobulin level.

The range of beta-2-microglobulin was between 58
and 1 444 pg/g of creatinine, with a mean value of
224.1 pg/g of creatinine, which was significantly higher
than that of normal subjects in Beijing (128 ug/g of
creatinine, p < 0.01). There were eight cases with
values (481—1 444 ug/g of creatinine) which exceeded
the upper normal limit in Beijing (420 ug/g of creati-
nine) (6), but in only one of these cases was the total
urinary protein level high. Five of the eight cases had
an SDS-PAGE pattern that was of the low- or mar-
ginal low-molecular weight type.

Discussion

Cadmium occurs naturally in association with zinc.
The ratio of cadmium to zinc is about 1:100—1:1 000
in ore and soil. Cadmium is not mined directly, but
generally metallic cadmium is the by-product of zinc,
copper, and lead smelting. The cadmium-refining pro-
cedures reported in this paper are the same as those
used in other plants in the People’s Republic of China.

Because cadmium is an element with a long-term
biological half-time in the body, its hazardous effects
in the work environment cannot be evaluated by the
present hygienic conditions only. Though the airborne
cadmium concentrations in this plant were not very
high, they were higher than the health-based occupa-
tional exposure limit for long-term exposure (10 ug/m?)
recommended by the World Health Organization
(WHO) (8), and they had been much higher earlier.

WHO (8) has recommended a blood (whole) cad-
mium level of 10 ug/1 (89.0 nmol/1) and a urinary cad-
mium concentration of 10 ug/g of creatinine as the
individual critical level if the exposure is regular and
long-term. Since the aforementioned blood and urinary
values of cadmium are levels at which renal effects have
been observed, and in view of the long biological half-
time of cadmium, WHO recommends that control
measures be applied as soon as the individual concen-
trations of cadmium in the urine and/or blood exceed
5 pg/g of creatinine and 5 ug/1 (44.5 nmol/1), respec-
tively. In our study 80 and 31 % of the workers had
blood and urinary levels of cadmium of more than 10
#g/1 (89.0 nmol) and 10 pg/g of creatinine, respec-
tively, and 91 and 51 % had corresponding values of
more than 5 pg/1 (44.5 nmol/l) and 5 ug/g of creati-
nine, respectively. According to the results of the uri-
nary and blood determinations used as indicators for
biological monitoring, the possibility of a potential
cadmium hazard in this plant is apparent. It is gen-
erally believed that the systemic chronic effects of
cadmium are better evaluated by complementary de-
terminations of the blood and urinary cadmium levels,
which mainly reflect exposure and body burden, re-
spectively.

Pulmonary emphysema and renal tubular proteinu-
ria are the main clinical manifestations of chronic oc-
cupational cadmium poisoning. Epidemiologic studies
have shown that pulmonary changes are usually mini-
mal in long-term low-level exposure to cadmium (2,
8). No significant changes were found in the lungs of
the workers in the present study.

Friberg et al (2) pointed out that the best way to
evaluate individual renal damage accurately may be
to determine the total amount and electrophoretic
pattern of protein, as well as the beta-2-microglobulin
level in the urine, simultaneously. In our study there
were nine cases (13 % of the total) with low- or mar-
ginally low-molecular weight patterns in the SDS-
PAGE and/or high beta-2-microglobulin values which
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suggested mild tubular damage. These nine cases had
been exposed to cadmium for 2.5—17.2 years with a
mean exposure duration of 11.6 years. The blood and
urinary cadmium levels ranged from 15.75 to 70.00
ug/1 (140.1 to 622.8 nmol/1) and from 4.92 to 13.50
ug/g of creatinine, respectively. Urinary cadmium
values of < 10 ug/g of creatinine were seen in four
cases. According to this study in medical monitoring,
the level of 5 pug/g of creatinine should be regarded
as a critical value for cadmium in urine.
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