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Blood Cadmium and Cigarette Smoking in Non-occupationally Exposed People
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Introduction

Cadmium (Cd) is one of the most important
heavy metals when the adverse health effects of
cigarette smoking are considered. Each cigarette
contained 1-2 g of cadmium."™ The analysis of
the Cd content in 26 brands of cigarette found
that the amount of Cd inhaled from one cigarette
(containing about 1.7 Mg of Cd) smoking was
approximately 0.14 to 0.19 g, corresponding to
about 10% of the total Cd content in the cigarette.3
Long-term exposure 0 Cd that originated from
tobacco smoke can cause the development of

chronic diseases since Cd is known to accumulate

in the human body over a lifetime and the biological
half-life of Cd is estimated to be about 10-20
years."” With regard to the toxicity of chronic
exposure to Cd, the kidney is the target organ and
the lung, liver, bone and reproductive organ may
also be affected. Moreover, Cd is a lung carcinogen
in occupationally exposed populations according
to the International Agency for Research on Cancer
(group 1).°

Blood Cd level is cxtensively used as
biomarker of occupational and environmental

exposures.“‘5 In most studies, blood Cd
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Abstract

Cadmium (Cd) is one of the harmful chemicals in the cigarette. The aim of this study was to
determine blood cadmium (Cd) in relation to cigarette smoking and other variables. The blood cadmium
concentrations of 229 non-occupationally exposed male, inhabitants of Bangkok and metropolitan area
(mean age 43.9 years; range 35-54), were measured by graphite furnace atomic absorption spectrometer.
Geometric mean of this subjects was 1.14 [g/L. Blood Cd levels were statistically associated with age
and smoking status but had no relation to alcohol consumption and body mass index. Current smokers
had significantly higher blood Cd (1.40 Wg/L) than nonsmokers (0.95 [g/L, p<0.01), passive smokers
(1.03 pg/L, p<0.05) and former smokers (1.10 Hg/L, p<0.05). In addition, blood Cd levels were
statistically correlated with the number of daily cigarette smoking, but found to have no correlation with

years of smoking. It is clearly demonstrated that cigarette smoking has a more pronounced and significant

effect on blood Cd levels.
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concentrations were found to rise with increasing
cigarette smoking.”® Omo et al. reported that blood
cadmium levels were 2 folds increased in smokers
when compared to non-smokers, with median values
of 1.1 lg/L and 0.5 pg/L., respectively.” Another
report from Canada found that the unusually high
blood Cd levels of current cigarette smokers were
10-20 times higher than nonsmokers.'® Assessment
of Cd released from cigarette smoke in Japan from
7 Japanese brands showed that one cigarette
contained about 1 Ug of Cd and about 50 ng of
which were released to the mainstream and 250
ng to the sidestream by smoking.'' For smokers,
an analysis of smoking history exhibited significant
correlations between the number of daily cigarettes

smoked, years of smoking and the blood Cd

concentration.”” The influences of body mass index
(BMI), hematocrit, age. dietary habits, and alcohol
consumption appeared to relate with Cd level,
according to previous results multiple regression
analysis.'>'* Moreover, many experimental animal
and human studies showed that chronic exposure
to Cd could increase systolic and/or diastolic blood
pressure.'®"®

To our knowledge, there are no data available
concerning the blood Cd concentration and smoking
cigarette in Thai men. This study attempted to
evaluate blood Cd concentration in relation to
cigarette smoking in non-occupationally exposed
male subjects, including other possible factors that
might affect Cd level.

! Division of Clinical Pharmacology and Toxicology, Department of Medicine

* Research Center, Faculty of Medicine, Ramathibodi Hospital, Mahidol University
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Materials and Methods

The study was carried out in 240 male blood
donors from Pramongkulklao College of Medicine,
who were non-occupationally exposed to Cd and
lived in Bangkok and metropolitan area. During
the study period, 11 subjects were excluded on
the basis of probably occupational Cd exposure.
Their mean age was 43.9 (SD 6.2) years, range
35-54 years. Data about age, smoking habit, alcohol
consumption, occupation and medical history of
the subjects were collected by the medical staff.
Exclusion criterior were age under 20 or over 60
year, occupational exposure to Cd, and current
disease, e.g. liver, kidney, haematological,
cardiovascular or metabolic diseases.

Individuals having an occupation associated
with exposure to Cd for more than 1 year were
classified as occupationally exposed to the metal.
The occupations considered to be associated with
exposure to Cd such as Cd plating, ceramics pottery,
copper-cadmium alloy, battery production, glass
making, pigment production, soldering, plastic
production, zinc mining and smelting, and welding
(Cd alloy and plated)."®*

Questions on smoking status were included in
the questionnaire. Individuals who had not smoked
within the last 3 years were designed as
nonsmokers. Former smokers were individuals who
had stopped smoking more than 1 month but less
than 3 years ago, and current smokers were present
smokers. Alcohol consumption used the categories:
current drinker were classified as drinking daily/
most day or more than 6 drinks once or twice a
week (a drink being a single measure of spirits, a
glass of wine or small beer). Nondrinkers were
defined as those had not drinked within the last 3
years. Former drinkers were individuals who had
stopped drinking at least 1 month but less than 3

years ago, and individuals who had drunk once or

twice a month or less were designed as occasional
drinkers.

Samples of venous blood (3 mL) were
collected from the cubital vein using heparinized
test tubes that contained no detected amounts of
heavy metals. The concentration of Cd in whole
blood was determined by using graphite furnace
atomic absorption spectrometer (Spectra AA 30,
Varian Techtron, Victoria, Australia), equipped with
a Zeeman background correction system at wave-
length 228.8 nm . Blood samples were diluted 10
folds in a 0.05% diammonium hydrogen phosphate
solution containing 0.1% Triton X-100 (Merck,
Darmstadt, Germany). Ten UL were injected into
the graphite furnace. Calibribation was pertormed
by standard addition method. Other analytical
conditions and procedures were as previous
described.'” The detection limit was 0.1 pg/L.

Within-run precision was assessed by 10 assays
of Cd levels in two blood samples (mean values
0.6 and 2.3 ug/L). The coefficients of variation
were 9.65 and 7.42%, respectively. Between-run
precision by the same concentrations of blood Cd
samples presented the coefficients of variation were
8.95 and 5.79%. respectively. In addition, two
external reference control samples (Seronorm Trace
Elements. Whole Blood No. 404107, No. 404108,
Nycomed Pharma, Oslo) were analyzed for Cd.
Results from the analysis for Cd were 0.75 and
6.56 |Lg/L (reference values 0.7. range 0.67-0.76
ug/L, and 6.40, range 6.30-7.90 Lg/L).

Blood Cd values with a skewed distribution
were log transformed (log 10) to achieve normal
distribution; geometric mean (GM) and 95%
confidence interval (95%CI) were reported. Other
data such as age, BMI, and blood pressure were
expressed as mean T SD and range (minimum
and maximium value). Analysis of variance
(ANOVA) was applied to the effects of some
variables on blood Cd levels.
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Results

The geometric mean (GM) and geometric
standard deviation (GSD) of blood Cd concentration
from this study (reported in Table 1) was
1.1440.96 Lg/L. The highest value observed was
4.26 lg/L, which was from a 52-year-old smoker.
Mean BMI, systolic and diastolic blood pressure

were within normal ranges."® For smoking habit

categories, it was found that 39.7% were current
smokers, 25.8% former smokers, 22.3%
nonsmokers and 12.2% passive smokers. Alcohol
consumption of subjects were presented
approximately 47.2% for current drinkers, 23.1%
for former drinkers, 15.7% for nondrinkers and

14% for occasional drinkers.

Table 1  General characteristic of the subjects. (N=229)

Characteristics

Mean t SD (range)’

Age, years

43.916.2 (35-54)

Body mass index, kg/m®

24.2+3.7 (16.8-37.2)

Systolic blood pressure, mmHg

126.4F20.0 (104-150)

Diastolic blood pressure, mmHg

80.7+13.3 (52-130)

Blood cadmium™’, pg/L

1.14£0.96 (0.15-4.26)

Smoking habit %
- Non-smoker 223
- Passive smoker 12.2
- Former smoker 25.8
- Current smoker 39.7

Alcohol consumption %
- Non-drinker 15.7
- Former drinker 23.1
- Occasional drinker 14.0
- Current drinker 472

Range was minimium and maximium value from each measured parameter.

Geometric mean

The GM of blood Cd concentrations were
classified by age, BMI, alcohol consumption and
smoking habit (data presented in Table 2). There
were positive correlation between blood Cd and
age. The influence of age on blood Cd was more
pronounced in the older group (50-55 years) than
the younger group (35-40 years) (1.52 Ug/L vs
0.87 ug/L, p<0.01). Blood Cd concentrations were

not associated with BMI and alcohol consumption

J Med Tech Phy Ther e Vol.15 No.1 « JANUARY-APRIL 2003

characteristics of participants. Furthermore, the
results showed that the GM of Cd level in current
smokers was statistically higher (1.40 pg/L ) than
in nonsmokers (0.95 Ug/L, p<0.01), passive
smokers and former smokers (1.03 [g/L and 1.10
Ug/L. respectively, p<0.05). The mean Cd level
in passive smokers was closed to that of former

smokers.
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Table 2 Geometric mean of blood cadmium in relation to age. BMI. alcohol consumption and smoking
habit

Blood Cadmium, pg/L 95%CI

- 35-40
- 41-45

0.78-0.98

0.99-1.41

1.31-1.76

2

Body mass index, kg/m

0.89-1.44
1.00-1.28
0.73-1.50

W
3

0.79-1.41
0.85-1.15
1.04-1.68
1.05-1.33

- Former drinker

- Qccasional drinker

o
I

- Current drinker

0.81-1.09

- Passive smoker

- Former smoker 0.97-1.28

1.17-1.67

HH
—_

* significantly different from group of aged 35-40 years
b significantly different from current smoker
“ p<0.01, " p<0.05

Among current smokers. we also found blood  significantly higher blood Cd level than that of
Cd concentration increased with the number of  1-B cigarettes/day, 6-10 cigarettes/day and 11-15
cigarette smoking daily but no relationship with  cigarettes/day. respectively (1.03 ug/L. 1.29 ug/
the length of time of smoking (Table 3). Men L and 1.17 ug/L, respectively).
with smoking, 16-20 cigarettes/day had
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Table 3 Blood cadmium in relation to cigarette exposure

Number Blood Cadmium, [ig/L 95%Cl
Number of cigarette/day
- 15 18 1.08™ 0.48-2.17
- 6-10 35 1.29™ 1.02-1.62
- 11-15 15 117 0.62-2.23
- 16-20 23 2.11 1.60-2.79
Length of time of
cigarette smoking, years
- 1-10 19 1.77 1.23-2.53
- 11-20 28 1.22 0.92-1.62
- 21-30 29 1.39 0.95-2.03
- >30 15 1.52 0.59-2.44

* significantly different from the group of smoking 16-20 cigarettc/day

" p< 0.01, " p<0.05
Conclusion and Discussion

Critical evaluation of studics on blood Cd in
general populations emphasis on the quality of
analytical method. In our study we took care of
pre-analytical and analytical factors which might
interfere with blood Cd measurement, ¢.g. by using
Cd free materials for blood sample collection and
analysis. Furthermore, our results of blood cadmium
analytical method showed that the procedures were
simple and accurate, as well as the detection limit
and precision were satisfactory.

In this study, all subjects had blood Cd
concentrations lower than 5 Ug/L, the
by World Health
Organization.” The GM of blood Cd in our studied
men subjects (1.14 Wg/L) was in the range of the

recommended value

values reported for the general population of
Sweden (range 0.05-6.8 pg/L)' Traly (range
0.1-3.4 ng/L)° and Taiwan (range 0.13-3.35 pg/
L).* Higher exposure has been reported in England
and Japan.*"** Another study in Thailand by Zhang,
et al. showed that the GM for blood Cd of 52

J Med Tech Phy Ther « Vol.15 No.1 « JANUARY-APRIL 2003

non-smoking adult women was 0.41 pg/L* which
was lower than our value of male subjects. It might
be the effect of cigarette smoking as known in
previous issue.” "

Several factors can influence blood Cd
concentration such as smoking cigarette, diet,
age. sex, occupation, area of residence and
medication.** We ensured that no participant had
been exposed to Cd through his job or affected by
renal, cardiovascular, respiratory diseases as well
as requiring pharmacological treatment. In our
subjects, blood Cd slightly increased with age. GM
showed that the blood Cd levels increased from
0.87 Ug/L for younger individuals to 1.52 Hg/L
for the oldest individuals. A similar increase has
been previous reported.”™ since Cd is a highly
accumulative metal and preferentially concentrated
in the kidney and liver. We observed that high Cd
level in the older subjects had no correlation with
cigarette smoking. It might be the effect of the

lesser smoking in some older individual subjects.
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Cigarette is considered as a burden factor for
human health. Inhalation of cigarette smoke is the
largest source of Cd exposure for general
populationl4 Cd levels in blood for normal
population are between 0.1-1.0 ug/L for
nonsmokers and 1.0-4.0 pg/L for smokers.” Our
studied subjects seemed to have the blood Cd levels
(0.95 pg/L for nonsmokers and 1.40 ug/L for
current smokers) similar to the study in Morocco
(0.9+0.6 pg/L for nonsmokers and 1.310.9 ng/
L for smokers)?®, but might have slighty higher
than the study of Omo et al.® This study also found
that blood Cd levels were significantly higher in
current smokers than in nonsmokers, passive
smokers and former smokers. Two major reasons,
for higher blood Cd level in smokers than
nonsmokers were the relatively high Cd content
in cigarette (range of 0.5-2.0 Llg/g) and the higher
pulmonary absorption rate (25 to 50%) of inhaled
Cd than the gastrointestinal absorption rate (1 to
10%)."""

The blood Cd of our current smokers was
1.47 times higher than that of nonsmokers which
was less than the report of Rey et al. (5.5 times In
smokers compared with nonsmokers).”" The
increases might be depended mostly on current
consumption, brands of cigarette and possibly on
a lesser extent, the cumulative amount of cadmium.
According to the study of Shaham et al.”®, exposure
to cigarette smoked via passive smoking could
increase blood Cd level by an average of 0.01
g% but from our result, blood Cd level in
nonsmoker was close to that of passive smokers.
In addition, we also found that blood Cd level in
current smokers was increased with the number of
cigarettes smoked per day but was not associated
with the length of time of cigarette smoking.
The results were silmilar to the study of Staessen

et al.®

Other variables that were reported to have
effect on the blood Cd levels like alcohol
consumption and BMI were not seen in our study,
similar to the previous rcports.%"30

In conclusion, our results indicated that two
factors involving in the elevation of blood Cd
concentration in non-occupationally exposed
subjects were age and smoking cigarette. Cd
measurement was necessary and useful for
evaluation of individual internal Cd dose. The blood
Cd concentrations observed in the present study
were fairly low. However, prohibition of smoking
at the workplace and public area will help eliminate

another source of exposure to Cd.
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