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T he goal of the study was to evaluate the usefulness of metallothionein mRNA, anti-5-
hydroxymethyl-2’-deoxyuridine antibodies titres (anti-HMdU Ab), and 8-hydroxy-
deoxyguanosine (8OHdG) in urine as markers of the biologically active dose after
exposure to airborne cadmium and nickel in human studies. Exposed persons (n = 38)
were chosen from workers involved in the production and assembly, chemistry, and
maintenance departments of a nickel–cadmium battery factory in Poland. Controls
(n = 52) were chosen from administration personnel at the factory. Biological samples from
workers were collected twice: once in the summer, after a month of vacation, and again in
the winter, after 3 months of regular working activity within the plant. Controls were
recruited during the second phase of the study. When exposure groups were de�ned on
the basis of ambient air cadmium measurements, we found a two-fold increase in mean
metallothionein mRNA values in the highest exposure group (air cadmium above
1000 m g m –3) and a positive correlation of metallothionein mRNA with blood cadmium
levels (r = 0·46, p < 0·008). Future studies can be designed to investigate further the inter-
and intra-subject component of the variability and the possibility of the existence of M T
gene polymorphisms, determining different responses and susceptibilities to cadmium
exposure. We did not �nd any difference in the mean values of anti-HMdU Ab titres and
8OHdG in urine in any of the exposure groups analysed. Nickel exposure appeared to
have greater impact on anti-HMdU Ab titres than cadmium.

Keywords: carcinogenic metals, metallothionein, 5-hydroxymethyl-2’-deoxyuridine, 
8-hydroxydeoxyguanosine, biomarkers.

Abbreviations: Ab, antibodies; Cd, cadmium ; HIS, homologous internal standard; HMU,
5-hydroxymethyl uracil; HMdU, 5-hydroxymethyl-2’-deoxyuridine; HM dU-BSA, 
5-hydroxymethyl-2’-deoxyuridine coupled to bovine serum albumin; HPLC, high
performance liquid chromatography; HRPO, horseradish peroxidase; M-BSA, mock-
coupled BSA; MT, metallothionein; Ni, nickel; Pb, lead; PBL, peripheral blood
lymphocytes; RT-PCR, reverse transcriptase polymerase chain reaction; TLV, threshold
limit values; 8OHdG, 8-hydroxydeoxyguanosine.
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Introduction
Cadmium (Cd) and nickel (Ni) are very potent metallic toxicants of persisting

environmental and occupational concern . The metals and their compounds are
classi�ed by IARC as Group 1 – carcinogenic to humans, (IARC 1993).
Metallothioneins (MT) are low molecular- weight proteins that form complexes
with toxic metals, the syntheses of which are induced by exposure to heavy metals
such as cadmium, nickel, mercury, or zinc. In vitro studies have shown that
peripheral blood lymphocytes are capable of induction of MT gene expression in
response to cadmium exposure (Enger et al. 1983, Harley et al. 1989, Cosma et al.
1991). A study on workers exposed to high cadmium levels suggested that MT gene
induction measured by a new quantitative reverse transcription polymerase chain
reaction (RT-PCR) technique is a promising biomarker of biologically  effective
dose in small samples of frozen tissues or cells (Ganguly et al. 1996).

T he ability of cadmium and nickel to induce DNA damage and inhibit its
repair capacity has been established  (Klein et al. 1991, Waalkes et al. 1992).
Derivatives of cadmium and nickel were shown to induce oxidative stress, which is
known to cause oxidation of various macromolecules, including DNA (Zhong et al.
1990, Frenkel 1992). Production of high titres of antioxidized DNA antibodies
(Ab) as a result of exposure to metals was detected in humans (Frenkel et al. 1992,
1993, Sasson et al. 1993). In those studies, the oxidized thymidine 5-hydroxym ethyl-
2’-deoxyuridine (HMdU) coupled to bovine serum album in (HMdU–BSA) was
utilized as an antigen. The Ab that bind to HMdU–BSA were exclusively of the
IgM isotype (Frenkel et al. 1994). Another established oxidative stress marker is 
8-hydroxydeoxygu anosine (8OHdG) (Tagesson et al. 1992, 1995). Damaged DNA
is repaired in vivo by exonu cleases and the resulting free water-soluble 8OHdG is
excreted without further metabolism in urine (Tagesson et al. 1996) . Thus the
urinary excretion of 8OHdG may be considered to re�ect the current state of
oxidative DNA damage and repair (Ames 1989, Fraga et al. 1990).

We report the results of a cross-sectional �eld study addressing the issue of the
interrelationship between markers of external nickel and cadmium exposure, the
internal dose, and the biologically active dose of the toxicants.  The main goal of the
study was to evaluate the relative ef� cacy of MT mRNA, anti-HMdU Ab titres, and
8OHdG in urine as markers of the biologically active dose after exposure to airborne
cadmium and nickel in human studies.  The study has the long-term goal of
identifying sub-sets of the population at higher risk of cancer because they are more
sensitive to the biological effects of cadmium and nickel from environmental exposure.

Materials and methods

Study population
Study subjects were recruited among the employees of the Centra Battery  Factory in Poznan,

Poland. Exposed persons (n = 38) were chosen from workers involved in the production and assembly of
nickel–cadmium batteries, as well as from the chemistry and maintenance departments. Controls
(n = 52) were chosen from administration personnel at the factory, not known to be directly exposed to
cadmium and/or nickel. After obtaining informed consent, a brief standardized questionnaire was
administered to each participant to collect demographic data and self-reported height and weight,
occupational history, second jobs or hobbies, and current use of medications, vitam ins, mineral
supplements, tobacco, and alcohol.

Sample collection
Biological samples from workers were collected twice: once in the summer, after a month of vacation,

and again in the winter, after 3 months of regular working activity within the plant. All subjects enrolled
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in the �rst phase of the study participated in the second one. Controls were recruited during the second
phase of the study (winter) when measurements of air concentrations of cadmium, nickel and lead were
conducted.

After an 8 h work-shift the study subjects were instructed to collect a small amount of midstream
urine and peripheral venous blood was drawn into metal-free glass Vacutainer tubes containing EDTA
as an anticoagulant. All specimens were coded and shipped to the Institute of Occupational Medicine in
Lodz within 3 h of sampling and quickly frozen to –80oC. Frozen samples were subsequently shipped to
New York University Medical Center for storage until assayed.

Quantitative RT-PCR
Titration and optimization of the HIS RT-PCR (homologous internal standard) assay were

performed as described earlier (Ganguly et al. 1996). Total RNA from whole blood (1 m g) was mixed with
35 ng of Chinese hamster ovary RNA, and cDNA synthesis was initiated by addition of 1 m g of the
antisense primer 5’ TCAGGCGCAGCTGCACTT 3’. The reaction mixture, also containing 400 m g of
all four dNTPs, 10 units AMV reverse transcriptase (United States Biochemical Corp.), and the RNase
inhibitor RNAsin (United States Biochemical Corp.), was incubated for 2 h at 42oC.  The sense primer 
5’ TGCAAATGCAAAGAGTGCAAA 3’ was end-labelled by reaction with T4 polynucleotide kinase
and [32P]ATP and puri�ed over Sephadex G-50 spin column. The PCR was initiated by adding 500 ng of
the above end-labelled sense primer, 400 m g of dN TP s, and 2 units of Amplitaq (Perkin-Elmer Cetus) to
the cDNA product. The PCR conditions were: denaturation at 94oC for 1 min, annealing at 62oC for 
1 min, and extensions at 72oC for 1 min. After 30 cycles, there was a �nal extension at 72oC for 10 min.
Because the human and hamster genes share exact homology in the primer sequences, both genes are
simultaneously ampli�ed with equivalent ef�ciency.  The PCR product was digested with the restriction
enzyme HgiA1 at 60oC for 2 h. Both human and hamster PCR products are 130 bp, but only the hamster
sequence contains an HgiA1 site, allowing for cleavage of the product in half. Digested product was
electrophoresed in a 7 % urea acrylamide gel. Radioactive bands at 130 (human) and 75 (hamster) bp were
cut out and counted by liquid scintillation. Every experiment also included RNA from the cell line
HEPG2 as a normalization standard. Quantitation of human MT message was calculated by dividing the
ratio of the human to hamster band for each sample by the ratio for the HEPG2 standard .

In total, 58 samples from the workers (26 recruited in the summer and 32 in the winter phase of the
study) and 36 samples from controls were analysed by quantitative RT-PCR. Sixteen samples from
workers and 16 from controls were not included in the analysis because of poor RNA yield (21 samples),
insuf�cient biological sample (5) or because the samples were lost (6) . T wo of the workers refused to
donate blood during the second part of the study.

Enzyme-linked immunosorbent assay
Preparation of antigens, consisting of the riboside of 5-hydroxymethyl uracil (HMU) coupled to

bovine serum albumin (HMdU–BSA) and mock-coupled BSA (M-BSA), were prepared as previously
described, (Frenkel et al. 1994). Assays were carried out in microtitre 96-well plates, which were coated
with either HMdU–BSA or M-BSA (10 m g ml–1). This allowed determination of speci� c and non-
speci� c binding on the same plate. In addition to the sample sera and buffer (negative) control, a serum
with a known high titre of anti-HMdU Ab was used as a positive control on all of the plates (at least
three in HMdU–BSA- and three in M-BSA-coated wells). The presence of a positive control eliminates
batch to batch variability of antigens and of the goat antihuman secondary Ab. Sera were diluted
2 ·5 ´ 103 to 1 ´ 105 times and incubated in the antigen-coated wells at 37oC for 2 h. Wells were washed
three times with PBS containing 0·05 % Tween-20, followed by incubation with goat antihuman 
IgM Ab (Sigma, St Louis, MO) labelled with horseradish peroxide (HRPO) for 1 h, and washed three
times. Addition of H 2O2 and the substrate (o-phenylenediam ine) to the wells for HRPO-mediated
oxidation during the 0·5-h incubation allows development of colour.  The colour measured at 492 nm in
the microplate reader (Anthos Labtec Instruments, Model 2001, Frederick, MD) is proportional to the
amount of antihuman IgM Ab bound to the human serum that interacted with the antigen. Each serum
was analysed four to eight times at different concentrations and the results are presented as mean values
of A492 per m l undiluted  serum. The reproducibility of this assay is 5·4 ±0 ·5 % (Sasson et al. 1993).

In total, 74 samples from the workers (38 recruited in the summer and 36 in the winter phase of the
study) and 51 samples from controls were analysed by ELISA for anti-HMdU Ab. One control sample
was lost.

Determination of urinary 8-hydroxydeoxyguanosine
T he 8OHdG was synthesized and handled as described earlier (Simic et al. 1989). All chemicals were

of reagent grade quality and methanol was of H PLC quality.  The pH of the urine samples was adjusted
to 6–7, then centrifuged, and the clear supernatant used for analysis.  The samples were then further
processed by a Gilson ASPEC sample processor (Gilson Medical Electronics, Middleton, Wisconsin,
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USA) and analysed by coupled-column HPLC as described in detail earlier (Tagesson et al. 1995) The
mobile phase in dimension I was phosphoric acid, 20 mmol l–1, EDTA, 0·2 mmol l–1, and
heptanesulphonic acid sodium salt, 5 mmol l–1, adjusted to pH 4·0 by the addition of sodium hydroxide,
5 mol l–1. In dimension II, the mobile phase was a mixture of phosphate, 50 mmol l–1, ED TA, 0·2 mmol
l–1, pH 7·0, and methanol 19:1 (v/v). The solutions were prepared in 5 l batches and used within 14 days.
T he �ow was 0·75 ml min–1 in dimension I and 1 ml min–1 in dimension II. Washing solutions for the
columns were prepared by addition of methanol to the solutions above to make a concentration of
methanol of 50 % (v/v). At the beginning of every working session, a 1000 nmol l–1 standard was injected
al least twice to check the retention time of the 8OHdG on the dimension I column. The valve station
was programmed to inject the 2 ml fraction from column I appearing up to 1 min after the 8OHdG
retention time on the dimension I column. To avoid appearance of ‘ghost’ peaks both columns were
washed with the solutions with 50 % methanol after each run. Standard curves were linear up to at least
500 nmol l–1 and calibration was carried out using a 32 nmol l–1 standard. A quality control programme
was made up of three control samples (high, medium, and low levels) analysed at the start, middle, and
end of each series.  These control samples were prepared by addition of 8OHdG to a 24 h urine
collection from a healthy individual. Based on this quality control programme, no corrections for drift in
the method was found to be necessary. Each value was adjusted by the degree of dilution of the urine.

T he levels of urinary 8OHdG were measured in samples from all subjects recruited in the �rst and
second phase of the study – 76 from the workers (38 sampled in the summer and repeated in the winter)
and 52 from controls.

Analysis of cadmium, nickel and lead in ambient air
Ambient exposures to cadmium, nickel and lead were measured for 36 of the workers and in a sample

of controls (9 workers). Two of the workers did not have ambient air cadmium, nickel and lead
measurements because of technical reasons (not enough pumps available). For the duration of an 8 h
work shift, workers from all job categories were �tted with a closed-face polystyrene battery-charged
personal breathing air sampling pump (Casella BGI Inc. AFC123), set at a sampling �ow of 2 l min–1,
and equipped with 37 mm (inlet diameter: 4 mm) millipore AA cellulose ester membrane � lters
(Millipore Corp., Bedford, MA). The pore size was 0·8 m m . Flow rates were checked at the beginning and
end of each of the sampling periods. Total airborne dust was sampled. The sampling cassettes were
replaced when visual inspection revealed that the �lters were heavily loaded. Experimental �lters as well
as �lter and control samples (spikes, blanks, and standards of the National Institute of Standards and
Technology) were wet ashed, the solutions �ltered, and the metal content measured by atomic absorption
spectrometry. Residues contained negligible amounts of nickel, cadmium and lead as determined by 
X-ray �uorescence spectrometry.  The lower limit of detection, calculated as three times the standard
deviation of the blanks, was 2·5 m m for nickel, 2·8 m m for cadmium, and 0·3 micrograms for lead. 

Analysis of cadmium in whole blood samples
Whole blood cadmium levels were measured by electrothermal atomic absorption spectrometry

using Zeeman background correction. All samples were run at least two times, and the average of all
runs was used as the �nal value.  The coef�cient of variation between runs was 15 % on average. A
standard curve was run each day using control samples from Kaulson Laboratories (West Caldwell, NJ),
or UTAK Laboratories (Valencia, CA). The cadmium concentrations (in blood or serum) of the
standard controls ranged from 0·4 to 15 m g l–1. The lower limit of detection was 0·5 m g l–1. A sample
blank and a standard reference control were re-run after every �ve samples to ensure machine accuracy.

Measurements of cadmium in whole blood were performed on 73 samples from the workers 
(38 recruited in the summer and 35 in the winter) and on 50 samples from the controls.  Three blood
samples (one from a worker and two from controls) were not analysed for cadmium levels because
insuf�cient amounts of blood were obtained from these subjects.  Two workers refused to donate blood
during the second phase of the study.

Statistical analysis
Differences in means between groups in normally distributed data were evaluated by Student’s 

t-test; the Mann–Whitney test was used to evaluate differences in medians between groups in non-
normally distributed data (such as MT mRNA and 8 OHdG), and Wilcoxon signed ranks test was used
for paired data. Analysis of variance with Duncan’s multiple-range test was applied to investigate
differences in MT mRNA levels among categories of air cadmium exposure. Chi square and Fisher’s
exact test were utilized to compare proportions. Linear association between variables were evaluated
with correlation analysis (Spearman). The level of sign i�cance for each test was set at p< 0·05.

Cadmium and nickel measurements in the air samples of four workers were compared with those
performed 2 years ago on the same subjects.  The intraclass correlations yielded were very strong for
both metals–R = 0·99 for Cd and R = 0·82 for Ni (table 1A). Four samples of those for MT mRNA
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analysis were split and assigned different codes.  The intraclass correlation between MT mRNA values
of the split samples was very strong – R = 0·99, p < 0·0001 (table 1B).

Results
Selected characteristics of the study population are summarized in table 2. The

workers and control groups were very similar in age, Quetelet Index, number of
smokers, and duration of employment. The subjects from both groups had
comparable sex distribution, and daily tobacco use; exposed persons were more
likely to be drinkers of hard liquor and less likely to drink wine than controls.

Measurements of ambient air and internal dose of exposure
T he ambient air measurements of cadmium, nickel and lead of workers (n = 36)

and controls (n = 9) are reported in table  3. The range of the air exposure, as
measured by the personal monitors, was very broad, with some of the ambient
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Table 1A. Reliability of cadmium and nickel measurements in ambient air.

Subject Air Cd Air Cd Air Ni Air Ni
number (m g m–3) (2 years later) (m g m–3) (2 years later)

1 9·5 0·0 31·7 0·0
2 27·2 53·9 104·6 24·9
3 881·7 748·1 35·5 44·9
4 1302· 1 2174·9 310·1 204·1

ICC R = 0·99 R = 0·82

Key: ICC, intraclass correlation coef�cient; R, estimator of ICC.

Table 1B. Reliability of MT mRNA measurements.

Subject F irst measurement Second measurement

1 0·25 0·63
2 0·36 0·41
3 5·32 5·58
4 0·69 0·46

ICC R = 0·99

ICC, intraclass correlation coef�cient; R, estimator of ICC.

Table 2. Selected characteristics of the study population (mean ±sd).

Characteristic Controls (n = 52) Workers (n = 38)

Age 40 ±8 41 ±8
Gender – males 27 (53 %) 15 (40 %)
Quetelet Indexa 25·6 ±4·4 25·3 ±3·9
Months of employment 125 ±116 121 ±80
Current smokers (%) 32 (63 %) 24 (63 %)
Number of cigarettes per day 15 ±7 17 ±9
Current drinkers 43 (83 %) 33 (87 %)
Beer 24 (46 %) 18 (47 %)
Wine 20 (38 %) 11 (29 %)
Hard liquor 30 (58 %) 28 (74 %)

a Weight (kg) divided by height (m2).
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levels of cadmium being much higher (over 100-fold) than that recommended by
the WHO threshold limit value (TLV) (20 m g m–3). (IARC 1993). Cadmium and
nickel concentrations in ambient air samples of the workers were orders of
magnitude higher than corresponding values in controls.  The ambient air
measurements of cadmium showed positive correlations with those of nickel and
lead (r = 0·64, p < 0·0001 and r = 0·54, p < 0·0001, respectively). There was a weak
positive correlation between ambient air levels of nickel and lead (r = 0·25, p < 0·09).
Mean blood cadmium levels were eight times higher in the winter measurements 
of the workers (p < 0·0001) and seven-fold in the summer ones (p < 0·0001) 
as compared with controls (Table 3). No statistically signi� cant difference 
was observed between the mean blood cadmium levels of workers sampled in 
the summer and winter. We observed a strong positive correlation between 
the summer and winter measurements of workers’ blood cadmium levels  (r = 0·72, 
p < 0·0001). As shown in Figure 1, cadmium in ambient air was weakly 
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Table 3. Ambient air measurements of cadmium, nickel, and blood cadmium levels among controls
and workers – winter and summer (mean ± sd, median, and range; for blood cadmium
measurements geometric mean ±gsd and range, [N ].)

Marker of exposure Controls Workers (winter) Workers (summer)

Air Cd ( m g m–3) 1·74 ±1·97, 0·70 678·2 ±873·8, 468·7 ––
(0–4·8) [9] (2·3–3562·4) [36]

Air Ni ( m g m–3) 1·38 ±2·14, 0 309·5 ±517·6, 133·3
(0–6·3) [9] (8·5–2811·7) [36] ––

Blood Cd ( m g L–1) 2·8 ±3·2, 2·5 22·0 ±1·9, 20·5 19·5 ±2·5, 22·0
(0–28·6) [50] (3·4–85·2) [35] (0·3–80·0) [38]

Key: N , number of subjects.
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F igure 1. Spearman correlation between air and blood cadmium in the study population – among
workers (r = 0·36, p < 0·03) and among controls (r = -0·43, p < 0·25). © – controls, © – workers.
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positively correlated with blood cadmium (r = 0·36, p < 0·03) in exposed workers,
but not among the controls (r = –0·43, p < 0·25). 

Molecular markers of exposure
In table 4 are presented the results from the three assays tested as markers of the

biologically  effective dose of cadmium and nickel exposure in the control and
workers (winter and summer) groups.

Quantitative RT-PCR
T he mean values of MT mRNA as determined by the quantitative HIS 

R T-PCR procedure did not show any signi� cant differences between controls and
workers or when comparing the summer and winter measurements from the
workers.  The frequency distribution of MT mRNA in controls and workers
(summer) followed a trimodal pattern with cut off points at 2·0 and 6·0. No
correlation was found between the summer and winter values of MT mRNA
measurements from the workers. Among workers, MT mRNA levels were
positively correlated with blood cadmium levels (r = 0·46, p < 0·008, �gure 2), but
not with cadmium in ambient air (r = 0·31, p < 0·09, �gure 3). No association was
observed between MT mRNA and nickel ambient air measurements.

To investigate further the effect of cadmium, all the subjects (exposed and
controls) were classi�ed on the basis of external exposure (air) and internal dose
(blood) measurements of the metal. We observed more than a two fold elevation of
MT mRNA values (R2 = 0·31, p < 0·001) in the group with the highest air cadmium
exposure (air Cd > 1000 m g m–3) in comparison with the low (up to TLV) and
medium exposure groups as measured by the personal monitors (3·78, 1·38, and
0·99 respectively) (�gure 4). No signi�cant differences in MT mRNA levels
between exposure groups based on blood cadmium levels (up to TLV, up to
50 m g l–1 and above 50 m g l–1) were observed.

Enzyme-linked immunosorbent assay
T he values of anti-HMdU Ab titres did not show any signi�cant difference

between controls and workers or when comparing the summer and winter
measurements from the workers. We observed extremely strong positive
correlation between the summer and winter measurements of anti-HMdU Ab
titres (r = 0·98, p < 0·0001), from the workers.  From the ambient air measurements
performed, neither cadmium nor nickel showed any signi�cant correlation with
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Table 4. Molecular markers of inner exposure among controls and workers – winter and summer
(mean ±sd, median, [N ]).

Molecular marker Controls Workers (winter) Workers (summer)

mRNA (RT-PCR), (%) 1·98 ±2·35, 0·74 [36] 1 ·34 ±1·30, 0·68  [32 ] 1·77 ±2·22, 0·59 [26]
Anti HMdU Ab (A492 per m l) 29·0 ±22·4, 21·3 [51] 27·0 ±20.7, 18·6 [36] 28·8 ±21·2, 21·8 [38]
Urinary 8OHdG(nmol l–1) 28·9 ±17·6, 24·0 [52]* 22·0 ±12·3, 17·1 [38] 36·4 ±52·1, 23·4 [38]**

* p < 0·01 [controls vs workers using Mann–Whitney test];
** p < 0·04 (Wilcoxon rank test for paired data); N , number of subjects.
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anti-HMdU Ab titres. Blood cadmium levels from the winter samples of the
workers showed no association with this oxidative stress marker. No signi� cant
differences between mean anti-HMdU Ab titres in exposure groups de� ned on the
basis of ambient air and blood cadmium measurements were found.

Urinary 8-hydroxydeoxyguanosine
T he 8OHdG excretion among workers was higher in the summer

measurements (p < 0·04) as compared with the winter values.  The 8OHdG levels in
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urine were elevated in the control group when compared with the winter
measurements of workers (p < 0·01). We observed a positive correlation between
the summer and winter measurements of 8OHdG levels in urine from workers
(r = 0·39, p < 0·02). Air and blood cadmium levels from the winter samples did not
show an association with the 8OHdG levels in urine. No signi�cant differences
between mean 8OHdG levels in urine in exposed groups de�ned on the basis of
ambient air and blood cadmium measurements were found.

No correlation was found between the three markers: MT mRNA, anti-HMdU
Ab titres, and 8OHdG levels in urine.

Discussion
T his study reports the results of measurement of several biomarkers of

biologically  effective dose in a population of workers exposed to carcinogenic
metals (Ni and Cd). Biomarker measurements were done both in winter, after a 
3 month period of occupational exposure, and in summer, after a mandatory 
1-month vacation. We observed a strong correlation between anti-HMdU Ab titres
in each individual measured in the summer and winter, consistent with other studies
(Frenkel et al., 1998). Similarly, among the workers the urinary 8OHdG measured
in the winter was correlated with the measurement taken in the summer.

I f a particular biomarker is to be considered a good measure of the biological
effect of a certain exposure, then changing the level of exposure should result in a
corresponding change in the biomarker level, after taking into account
pharmacodynamic factors such as half life or induction period. If instead the
biomarker value remains stable regardless of exposure conditions, other factors,
such as the individual  genetic pro�le, may play a more signi�cant role for that
biomarker.
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analysis of variance with Duncan’s multiple range test.

B
io

m
ar

ke
rs

 D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

C
ha

ng
hu

a 
C

hr
is

tia
n 

H
os

pi
ta

l o
n 

11
/1

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



Preliminary studies have shown that anti-HMdU Ab titres are markers of
future development of certain cancers and are particularly high in subjects with a
positive family history of cancer (Frenkel et al. 1998). Given this fact and the data
presented here, it is therefore likely that this marker re�ects more the individual
genetic ability to respond to oxidative stress than the in�uence of heavy metal
exposure. 

Urinary 8OHdG did not correlate signi�cantly with any of the other markers
investigated, neither was there any difference in mean values among the exposure
groups analysed. Although a number of previous investigations have suggested that
8OHdG is formed as a result of free radical reactions, it does not appear to be
sensitive to the oxidative effect of cadmium and nickel in the population studied
here.

In this study, the ambient air cadmium measurements in workers (a marker of
external exposure) showed a positive correlation with the index of internal dose –
blood levels of the metal (0·36, p < 0·03). These two markers re�ect different
aspects of exposure.  The air measurements represent a snap shot and do not
quantify the day-to-day exposure variation, nor the actual amount of the xenobiotic
absorbed by the organism. In contrast, blood cadmium levels are in� uenced by the
accumulated exposure at least over the previous few months, since the decline of
cadmium concentrations in blood has a half-time of 3 months (Shaikh et al. 1990,
Alessio et al. 1993, Lauwerys et al. 1994). A portion of the blood cadmium levels
re�ects the body burden in view of the known transport of the metal via blood from
the liver to the kidneys and other tissues (WHO 1992).

Although blood cadmium levels of the workers were more than seven-fold
higher than those of controls, there was no statistically signi�cant difference
between the summer (after 1 month of vacation) and winter (after 3 months of
normal working activity within the plant) measurements (correlation coef� cient:
r = 0·72, p < 0·0001). Considering the half time of 3 months for clearance of blood
cadmium, we would expect that blood cadmium levels would be reduced to
approximately 80 % of winter values after a 1 month vacation.We observed in our
study that the mean summer value for blood cadmium was 86 % of the winter mean
value.

We found a signi�cant correlation between blood cadmium levels and MT mRNA
in the winter measurements of the workers (r = 0·46, p < 0·008), but not among the
summer measurements.  This is consistent with the idea that MT mRNA levels (as
opposed to blood cadmium) are sensitive to a 1 month cessation of exposure
(summer). After 3 months of exposure (winter) the steady state MT mRNA
re�ects and correlates both with the ongoing exposure and blood cadmium. 

When all the subjects (exposed and controls) were reclassi�ed on the basis of
ambient air cadmium measurements rather than on job classi�cation, we found a
two fold increase in mean MT mRNA values in the highest exposure group (air
cadmium above 1000 m g m–3) as compared with the medium and low exposure
groups. No differences in MT mRNA levels between exposure groups based on
blood cadmium levels were observe d. This observation suggests that MT mRNA is
sensitive to daily changes of air cadmium exposure, independently from the
classical job exposure classi�cation. Previous studies conducted in the same plant
have yielded similar results (Ganguly et al. 1996).

T he mean levels of anti-HMdU Ab titres did not differ when exposure groups
were formed on the basis of cadmium exposure. An increased resistance to
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oxidative stress following induced MT synthesis by metals has been observed in
vitro (Klaassen and Lehman-McKeeman 1989). There was a weak correlation
between the ambient air measurements of nickel and anti-HMdU Ab titres
(r = 0·32, p < 0·06). Nickel exposure appeared to have greater impact on anti-
HMdU Ab titres than cadmium, and may be a more potent inducer of oxidative
stress. Previous investigatio ns in the same plant have also yielded stronger
correlations between anti-HMdU Ab titres and air nickel measurements as
compared with air cadmium (Frenkel et al. 1994).

Among the limitations of our study, we cannot rule out that the control group,
constituted of employees of the cadmium–nickel battery factory, may have
experienced some secondary cadmium exposure (Lauwerys et al. 1976) . In
addition, the workers were exposed to several metals, including lead. Little is
known about the complex mechanisms of interaction between these metals in vivo.
It is not uncommon to �nd saturation of molecular markers at high occupational
exposure because of toxicity and changes in basic cell activities such as in the anion
transport system (Hulka and Margolin  1992, Waalkes et al. 1992).
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