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Biological monitoring of cadmium exposure
- an Italian experience
by Lorenzo Alessio , MD,' Pietro Apostoli , MD,l Alessandra Forni, MD,2 Franco Toffoletto, MD3
ALESSIO L, APOSTOLI P, FORNI A, TOFFOLETTO F. Biological monitoring of cadmium exposure - an Italian experience. Scand J Work Environ Health 1993;19 suppl 1:27-33. Studies carried
out over the last 12 years in northern Italy on a case list of 105 cadmium (Cd) workers showed that
blood levels (B-Cd) were influenced not only by current exposure but also by body burden, while
urinary levels (U-Cd) were influenced predominantly by body burden. Moreover, no advantages were
gained by adjusting U-Cd for creatinine or specific gravity. The urinary betafmicroglobulin levels
were within the reference values when B-Cd and U-Cd were below the current mreshold values. However, some indicators of early renal effect appeared to be altered. An increase in chromosome-type
aberrations in lymphocytes occurred in workers with a heavy cadmium burden. Studies carried out on
more than 600 subjects from the general population showed higher B-Cd levels in smokers than in
nonsmokers. B-Cd levels were higher in men and in higher age groups. Identifying reference values
for B-Cd through meta-analysis studies seems useful.
Key terms: blood cadmium, chromosome aberration, reference value, renal effect, urinary cadmium.

Th is paper summarizes the results of studies carried
out on the biological monitoring of cadmium (Cd)
in occupationally expo sed person s and a reference
population in northern Ital y over the last 12 years.

Studies on occupationally exposed
subjects
The case list of cadmium workers consis ted of 83
men and 22 women employed in a factory producing cadmium allo ys . Figure 1 shows the cadmium
concentrations in the amb ient ai r (A-Cd) of the factory, as mea sured over the yea rs in different departments of the factory.

Adjus tment of urinary cadmium f or creatinine and
spec ific gravity
Since the urinary cadmium concentration (V-Cd) is
widely used for the biological monitorin g of workers, we wanted to verify whether the adjustment of
V -Cd values for urinary creatinine offered any particul ar advantage ( 1). In fact , re sult s of earlier stud-
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ies had raised doubts as to the reliability of creatinine as an adjustment parameter becau se of the wide
inter- and intrai ndivi dual variation of its levels (2) .
In this study V-Cd, determined from 24-h urine,
was con sidered the most reliable ind ex of cadmium
exposure. We therefore investigated the relationship
between V-Cd in 24-h urine and V-Cd in spot sa mple s, considering both uncorrected valu es (ug . I-I)
and values adjusted for creatinine (pg . g creatinine" )
(figure 2). The following two comments can be made
about the result s: (i ) the correlation between V-Cd
in 24-h urine and V -Cd in spot samples was fairly
clo se whether the values are uncorrected or adj usted for creatinine and (ii) the ran ge of the corrected
values was not as wide as that of the uncorrected values. Howe ver, thi s latter statement should not be accepted uncritically since the ranges were probably
reduced, apparently as the result of a mathematical
artifact. In fact , when the value of a urin ary indicator is adjusted , it is usually divided by a number
greater than one. Th is interpretation is con firm ed by
the fact that the rel ati ve variability showed no improvement. In fact , not only did the correlation coeffic ient not increase after adju stment, but the coefficient of variation (CY) of the V-Cd values was even
higher for the adj usted values than for the unco rrected one s: V-Cd ug . g creatinine: ' = 6.2 (SD 6.7),
CY 108%; V-Cd llg' I-I =9.6 (SD 7.8), CY 81 %.
Identical result s were also obt ained when den sity
was used as a parameter for the adju stment of V-Cd ,
and the two parameters appeared to be clo se ly correlated. Thus these data seem to indic ate that no practical advantage would have been gained by adjusting
the V -Cd values either for creatinine or for den sit y
in our case list.
27
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Figure 1. Concentra tions of cadmium in the ambient air (A-Cd) in the period 1975-1990, as measured with air samplers
(before 1982) and with personal samplers (after 1982). (TLV =threshold limit value, TWA =time-weighted average)
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Figure 2. Relationsh ip between the urinary cadmium concent ration (U-Cd) for 24-h urine and the U-Cd for spot samples,

Cadmium in blood and urine in relation
to exposure
With the same case list, we atte mpted to check
whether the meaning genera lly assig ned to the two
cadmium indicators of dose can be as clearly differentiated as is generalIy reported (3). In fact, the cadmium concentration in blood (B-Cd) is generalIy
considered useful in evaluating current exposure, and
U-Cd, in low-level exposure, is considered to reflect
body burden, while under high-absorption conditions
it is considered to be an indicator of current exposure (4).

28

For this reason, the biological indicators of cadmium in 83 male cadmi um workers were studied in
relation to current exposure, length of service, and
cumulative exposure, computed as mean yearly concentrations of cadmiu m at the workplace multiplied
by years of exposure. (See tables I , 2, and 3.)
The B-Cd values were significantly higher in the
subgroups of subjects with higher current cadmium
exposure and in those with greater cumulative exposure, but the test levels were not influenced by
duration of exposure. The U-Cd levels were signifi cantly higher in the groups of subjects with greater
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Table 1. Geometric means and standard deviations of bioloqical indicators of cadmium in 83 male workers divided into four
groups according to current exposure.
Cadmium
concentration Subjects
in ambient air
(N)
(~g ' m-3)

0-1
1-10
10-50
> 50

Table 2. Geometric means and standard deviations of bioloqical indicators of cadmium in 83 male workers div ided into
three groups according to length of exposure. (NS = not sig ·
nificant)

Cadmium concentration (~g . 1-')

Cadmium concentration

(~g

. 1-')

27
31
16
g

F

P

cumulative exposure, but were less influenced by
current exposure or duration of exposure. When the
entire group of subjects was considered, a fairly good
correlation was found between B-Cd and V-Cd (r =
0.69, P<O.OOI, B-Cd = 1.29 + 0.30 V-Cd). These
two biological indicators were also correlated in four
groups of subjects with varying degrees of current
exposure. Nevertheless, for identical V-Cd values,
the B-Cd levels were higher in the subjects with
heavier current exposure (figure 3).
The overall data showed that the two indicators at
least partially reflect identical phenomena. In fact,
the B-Cd values did not depend solely on current exposure , but also increased with body burden , which
however, had a greater influence on V-Cd.
Indicators of early cadmium renal effect
The indicators of early cadmium renal effect were
considered in three studies, in the first of which (3)
urinary beta.-micrcglobulin was determined in sam-

Table 3. Geometric means and standard deviations of bioloqleal indicators of cadmium in 83 male workers divided into five
groups according to cumulative exposure.
Cadmium concentration

Cumulative
exposure
(~g ' m-3 .
years)

Subjects
(N)

< 50
51-250
251-500
501-3000
> 3000

23
18
17
14
11

F

. 1-')

Urine

Blood
Mean

SO

Mean

SO

1.52
2.26
5.12
4.54
6.84

1.9
1.9
2.2
2.3
1.9

2.53
5.19
8.92
11.78
20.59

2.2
2.2
2.0
1.9
1.4

12.01
<0.001

P

(~g

19.98
< 0.001

ples not rendered alkaline, while in the other two
studies (5, 6) urine samples were adjusted to pH 7
with sodium hydroxide.
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3

Figure 3. Relationship between the cadmium concentration in the blood (S-Cd) and
urine (U-Cd) of 83 male workers divided into
four groups according to current exposure.
(A-Cd = cadmium in the ambient air)
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Rela tionship between urinary cadmium and urinary
beta-microglobulin in a cross-sectional study. In all
of the 83 male workers studied the urinary beta-rnicroglobulin levels were belo w the upper limit of our
reference group (260 ILg' I-I). Howe ver, there was
a clear trend for beta.emi croglobulin to increase as
both the length of exposure and cumulative exposure
increased. If the subjects treated were divided into
three groups according to increasing V-Cd levels, the
cumulative frequency distributions of the urina ry
beta-microglobulin values showed that the highest
values of microproteinuri a occurred more frequently in subj ects with V-Cd> I0 ILg . I- I (figure 4).
These findings led us to hypothesize that the behavior of urinary beta-micro globulin could be the
expression of an initial effect indu ced by cadmium
in the kidney (3).

Ten-year f ollow-up of urinary beta c-microglobulin.
After a 10-year follow -up, the case list was divided
into groups according to wheth er the B-Cd and
V-Cd values exceed ed 10 ILg . I-I and 10 ILg . g ereatinine" , respecti vely, values which have been generall y adopted as biol ogical threshold values (5).
Among workers with B-Cd and V -Cd levels alwa ys
below the threshold, the proportion exceed ing the
upper "normal" limit of urinary bet~ -micr oglobulin
was less than 3% (ie, a percentage compa rable to that
of the reference population). When B-Cd exceeded
IO ILg . I-I and V-Cd was over IO ILg . g-I creatinine
on one or more occasions, the frequency of subjects
with an increased urinary excretion of bera.-microglobulin was considerably higher, namely, 8.4 and
7.5 %, respecti vely.

%

U-Cd <3
(N -18)
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These results seem to indicate that, when B-Cd and
V-Cd are alwa ys below the propo sed thre shold levels, they are "safe" from the point of view of tubu lar function, at least as indicated by urinary beta 2microglobulin levels. One should however raise the
question of whether this test is sufficiently sensitive
to detect early tubular alterations.
We therefore verified the urinary beta.cmicro globulin levels, as well as the level s of N-acetyl-glucos aminidase , retinol binding protein, and album in,
in 42 subje cts included in our case list (6).

Validity of different urina ry tests in the study of
early renal effects
The 42 cadmium workers were subdivided into two
groups on the basis of the median values of V-Cd
over the last 10 years: <10 and> 10 ug . I-I. For all
four of the renal indicators, the highest level s with
respect to the upper limit of the general popul ation
were documented in the group of subjects with the
highest exp osure to cadmium; however, altered levels were noted in the other group, in particul ar for
N-acetyl-glucosaminida se (figure 5).
Moreover, the result s of this study led us to believe that, when the renal effects of cadmium are
monitored, it is advisa ble to use several indicator s
simultaneously. In fact the number of tests that were
simultaneously altered differed in relation to the exposure levels. In the first group there were two duplicates, and in the most heavily exposed group there
were four duplic ates, two triplic ates, and three quadruplicates.
Moreover, the results cast some doubts on whether
the current threshold for V-Cd is reall y "safe" from
the point of view of tubular fun ction.
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Figure 4. Cumulative frequency dist ributions
of urinary beta,,-microglobulin (Jj2MG) in three
groups of workers with increasing urinary cadmium (U-Cd) levels
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Figure 5. Beta£microglobulin (~2MG), retinol binding protein (RBI"'), N-acetyl-glucosaminidase (NAG) ,
and album in (ALb) in the urine of two groups of
cadmium workers with different degrees of exposure .
(U-Cd =concentration of cadm ium in urine)

Table 4. Rates of abnormal metaphases (excluding gaps)" and
of cells with chromosome-type aberrations in cadmium workers, subdivided according to a cumulat ive exposure index (CEI),
and in their matched referents .
Number
of
exposed
worke rs
Total

40

Abnormal
metaphases ('!o)
Ex

d

wgr~:;s

10
13
9
8

••
••
••
••

••••
••

• ••
•••

•• ••
••
•• ••
••
• ••

Il,MG

RBP

NAG

ALb

Men
(N)

2.60
1.70
P=0.0125'

1.15
0.45
P=0.0075'

1.80
1.60
2.61
1.54
2.44
2.33
3.75
1.37
P < 0.005'

0.80
0.70
0.76
0.15
1.00
0.55
2.37"
0.50
P < 0.005'

LIMIT

UPPER NORMAL
LIMIT

Table 5. Geometric means and standard deviations of the cadmium concent rations in the blood of 404 men from Brescia according to the ir smoking habits .

Referents

CEI '

100
101-500
501- 1000
> 1000

....
..
••
... ...
••• ••
••
• ••

d

:gr~:;s

•

••
•••
•••
•••
•••
•••

Chromosome-type
aberrat ions ('!o)
E

Referents

.... ..
•••

UPPER NORMAL

Nonsmokers and
exsmokers
Smokers

< 10 cigar ettes ' d- 1
10-20 ci garett es ' d- 1
> 20 cigarettes ' d- 1

Cadmium
conc ent ration
in blood
(~ g ' 1- ' )
Mean

SD

275

0.36

2.06

63
50

0.59
1.11

16

1.58

1.67

1.40
1.32

100 metaphases scored for each sample.
Wi lcoxon matc hed pair test.
CE I determi ned as micrograms per cubi c meter mul tiplied by years of
exposure.
o Diff erent from t he ot her subg roup s (x' 13.2, P < O.OOl).
a

b

c

Chromosome effec ts in cadm ium workers
The chromosome effects of cadmium exposure in
humans is a controversial issue (7). Our experience
with the relati onship between cytogeneti c findings
and cadmium exposure concerns 40 healthy male
workers belonging to our case list (8).
In lymphocytes cultured for 2 d, the rates of total
abnormal metaphases (including gaps) did not significantly differ between the exposed subjec ts and
the referents, matched for gender, age, and smoking
habits (3.50 versus 3.07%), while the total number
of abnormal metaphases excluding gaps was significantl y higher for the exposed subjects than for the
referents. The difference was due solely to chromosome-type aberrations (table 4). When the group
was divided into four subgroups with different cumulati ve exposures, only the subgro up with the
highest cumulative exposure had a rate of abnormal
metaphases and chromosome-type aberrations significantly higher than that of the referents and the
three subgroups with lower cumul ative exposure
(table 4).

Moreover, the 22 workers with a mean U-Cd of
> 10 ug . I-I had significantly higher rates of chromosome-type aberrations (1.55%) than the matched referents (004 1%) and the 18 workers with a mean UCd <10 ug . I-I (0.67%), who did not differ from their
matched referents (0.50 %).
In conclusion, increased chromo some-type aberrations in cultured lymphocytes were demonstrated
in cadmium workers only when a high body burden
of cadmium existed. It must be pointed out, however, that the significance of these findings in relation
to the occurrence of cancer at the individual level is
not known.
Identification of reference values for
cadmium in blood in general population
groups
The studies on reference values were aimed at identifying values based on the consideration that, in industrialized countries, the widespread use of preventive measures has led to a gradual decrease in occu31
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pational exposure to toxic metals. In this situation it
seems more important to use biological indicators for
a group of subjects than for individual workers. To
do so, it is necessary to establish reference values
for the biological indicators used (9). A reference
value can be defined as a "concentration interval of
an element in samples from a defined part of a human soft or hard tissue or from a body fluid randomly
selected from a sufficient number of healthy individuals living in a defined geographical area with defined life-style and eating, drinking and smoking habits, with defined age and sex, not being professionally exposed to the appropriate element [p 235]" (0).
Reference values for cadmium concentrations
in blood in the Brescia area
Between 1990 and 1991 we studied a group of blood
donors living in the province of Brescia. The results
of the study, carried out to determine the influence
of variables such as gender, age, type of work, and
drinking and smoking habits on B-Cd levels, were
as follows (11). Smoking proved to be the most important of all the variables examined. Not only were
the B-Cd levels clearly higher in smokers, but they
also increased in direct proportion to the number of
cigarettes smoked (table 5, on page 31). In contrast,
no significant differences were found between drinkers of alcoholic beverages and nondrinkers. Moreover, the B-Cd levels were significantly higher
among the men than among the women, even when
the two groups were subdivided into smokers and
nonsmokers. Division of the subjects into three age
groups revealed statistical differences in the B-Cd
levels due to age. The differences between these
groups (men versus women, different age groups)
were less marked, however, than those between smokers and nonsmokers.
In addition, a study of our case list showed that,
in the selection of reference groups, it is important
to exclude subjects working in the same factory, even
if they are not directly exposed to cadmium and have
been selected from white-collar workers.
Identification of reference values for cadmium in
blood through meta-analysis studies
Articles published from 1976 to 1990 were reviewed
for this project. Quality grading was carried out tak-

ing into account the sampling conditions, the analytical treatment, and the statistical treatment (2).
The majority of the studies were not focused on
the definition of reference values, but rather on the
formation of reference groups for toxicologic and
epidemiologic investigations. Sometimes the subjects
making up the reference group were white-collar
workers employed in the same factory. After 18 publications (approximately 16400 subjects) had been
graded, only four (approximately 4300 subjects) were
taken into consideration.
The case list was then divided into groups with
smoking and area of origin as the main variables. In
particular, the subjects living in Japan were separated
from the general case list (table 6). The B-Cd values of subjects in the general case list were clearly
lower than those of subjects living in Japan. In both
case lists the B-Cd levels were higher for smokers,
but in the Japanese group the influence of smoking
on the B-Cd levels was less well marked than that
documented for cases from the general case list.
These preliminary results show that it is possible,
from the methodological viewpoint, to formulate tentative reference values for B-Cd when the statistical
and the analytical treatments are checked for correctness and the case list is selected with smoking as the
main interfering factor.
This conclusion, in our opinion, is of practical importance because reference values obtained through
meta-analysis studies can be particularly useful even
for determining whether sources of environmental
pollution are present or in the event of a high dietary intake of cadmium, as confirmed by the Japanese case list.
This study is being done in the framework of the
Tracy Project (0) and is still in progress. In fact,
we asked the authors of the papers in which the analytical treatment was considered to be satisfactory
to supply the original data together with detailed information on the sampling conditions. We will reanalyze any additional data which can subsequently
be included in the studies considered to date. We
nevertheless think it necessary to emphasize that, in
spite of the possibility of using reference values derived from meta-analysis studies, laboratories should
produce their own reference values, since they are
indispensable for field investigations.

Table 6. Results of the statistical treatment of data on cadmium blood concentrations (119 . 1-') from the literature.
Geometric
mean

Geometric
standard
deviation

75th percentile

90th percentile

0.52
1.47

1.76
2.10

0.79
2.58

1.12
4.12

(N=1319)
(N=665)

3.42
4.19

1.50
1.48

4.43
5.67

5.87
7.28

(N = 1539)
(N = 470)

General case list (N = 2385)
Nonsmokers
Smokers
Japanese case list (N = 2009)
Nonsmokers
Smokers
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