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Relation between lead and cadmium in blood and the involuntary
smoking of children
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WILLERS S, SCHUTZ A, ATTEWELL R, SKERFVING S. Relation betweenlead and cadmium in blood
and the involuntary smoking of children. Scand J Work Environ Health 14 (1988) 385-389. The blood
lead (PbB)and blood cadmium (CdB) levels, as well as the parental smoking habits, of 133 children aged
4 to 11 years were studied. The children were from a town with a lead smeltery and a surrounding rural
area. There was a significant association between the higher PbB levels of the children and involuntary
(parental) smoking in the home. The CdB levels of the children were not affected by parental smoking
habits. The children whose parents did not smoke at home had lower PbB values than those with one
smoking parent. These children, in turn, had lower levels than children with two smoking parents. Mothers
who smoked had a greater impact than fathers who smoked. There was also a dose-response relationship
between the amount of tobacco smoked by the mother and the PbB level of the child. The PbB value
was higher for the children living near industrial lead emissions than for children from the rural area.
The association between PbB level and involuntary smoking is probably not due to inhalation of lead
originating from tobacco smoke. A small airways disease affecting the absorption of inhaled lead par­
ticles is proposed as an explanation.
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Well-known factors associa ted with an elevated blood
lead (PbS) level in child ren are industri al lead em is­
sions, automobile exhaust , peeling lead paint, lead
pipes in drinking wa ter systems, lead-exposing hob­
bies, lead-exposing occupations of parents, lead-sol­
dered ca ns, and lead-gla zed ea rthenwar e (2, 3, 4, 19,
21).

In an earli er study of environmental exposure to lead
and ar seni c amo ng childre n between the ages of 8 and
II years and living near a glas sworks in a rural ar ea ,
we found that parental smoking habits had a co nsider ­
able effect on PbS and urinary arsenic levels (I). Chil­
dr en of par ent s who smo ked had higher levels th an
childr en of nonsmoking parents. In addition there was
a relation sh ip between th e PbS level and the number
of smokers in the household, and for children with one
smoking parent the effect of the mother' s smoking was
lar ger than tha t of the fa ther's .

It is well know n th at tobacco contain s heavy met­
al s such as lead , cad mium, and arsenic (13, 15, 25).
Moreover, in active smokers, the mean PbB level is
higher than in nonsmokers (6, 7, 8, 18,23). However,
the relative incremental effect of the cadmium concen­
trat ion in th e blood of smokers is far greate r th an th at
of the PbS concentration (6, 8, 10, 23, 26) .
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In th e present study, we have further investigated
the effect of involuntar y smoking upon PbB and blood
cadmium (CdB) levels.

Subjects and methods

Subjects
In the beginning of June 1986 venous blood samples
were obtained from children living in the to wn of
Landskrona or the surr ounding rural district. In five
kindergartens in Landskrona, 75 out of 79 children
four to six years of age agreed to participate. For six
children the blood sa mpling was unsuccessful. A not her
gro up (N = 64) was sa mpled at random from a larger
group of children (aged 8-11 years) from two scho ols
in Landskrona and one school in the rural di strict.
Thus a total of 133 children were studied . Sixty -six
were bo ys, and 67 were girls.

Lead and cadmium exposure
Since 1944, Landskrona has housed a secondary lead
smeltery, mainly handling automobile batteries. In late
1984, close to the first smeltery, another lead emitting
sme ltery , which processes metal dusts from ferrous
smelteries located elsewhere, was bu ilt. The other
major so urce of lead emission in Landskrona is auto­
mobile exhaust. The lead levels of vegetables have been
measured yearly sin ce 1981, and they were somewhat
higher in Landskrona than in other Swedish towns.

The location of the children' s homes was cla ssified
into three gro ups, ie, within I km of the smelteries,
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in other urban areas, and in rural areas (ie, outside
the town of Landskrona).

There is no major industrial emission of cadmium
in Landskrona.

Interview

One parent of each child was questioned on the tele­
phone by an interviewer not knowing the results of the
metal analyses. The interviewer asked about hobbies
with potential lead exposure (yes/no), lead-exposing
parental occupations (yes/no), and the child's weekly
intake of canned foods (yes/no). The parent was also
asked about the traffic situation around the home
(light/heavy). Heavy traffic was defined as a main road
just outside the home (within 10 m). Furthermore, the
parent was asked about both parents' smoking habits.
These were scored in four groups as follows: 0 = never
smoker or ex-smoker who had stopped smoking more
than 0.5 years ago; 1= smoker of one to seven
cigarettes a day or ex-smoker who had stopped smok­
ing less than 0.5 years ago; 2=smoker of 8 to 15
cigarettes daily; and 3 = smoker of more than 15
cigarettes daily (l g of pipe tobacco was approximated
to equal one cigarette). The smokers were asked if they
smoked indoors at home (yes/no).

The project was approved by the Ethics Committee
of the Lund University. Informed written consent was
obtained from both the children and their parents.

Lead analyses

The blood samples were wet-ashed with nitric acid,
whereafter lead was complexed with dithizone, ex­
tracted, and determined by flame atomic absorption
spectrometry (22). The detection limit was 10 ug/l (0.05
umol/l).

All samples were analyzed in one campaign. Each
analytical series contained six samples from both areas,
two blanks containing reagents only and four contain­
ing "normal" blood samples, two of which were spiked
with a known amount of lead. The coefficient of var­
iation, as calculated from duplicate analyses, of differ­
ent series (of 80 of the present samples) was 5.3 % of
the mean (42 ug/I or 0.20 umol/l).

The accuracy has been tested twice each year in an
inter-Nordic laboratory calibration program with 14
to 20 laboratories participating on each occasion. At
a PbB of 80 ug/I (0.39 umol /I) or less, our results for
23 samples averaged 94 (range 84-103) 010 of the
mean. Furthermore we participated in the United King­
dom External Quality Assessment Scheme. In the nine
quality control samples analyzed during the period of
analysis of the samples in the present study, our results
averaged 99 % (range 91-107 ug/l or 0.44-0.52
urnol /I) of about 80 participating laboratories.

Cadmium analyses

In 0.5-ml blood samples the proteins were precipitat­
ed by the addition of 0.5 ml of deionized water and
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0.5 ml of ultrapure nitric acid (Merck, Federal Repub­
lic of Germany). The samples were centrifuged and
analyzed by electrothermal atomic absorption spec­
trometry (6). An autosampler and a deuterium back­
ground corrector were employed. Each series of nine
blood samples included three reagent blanks. The tech­
nique of standard addition was used and included the
addition of two different concentrations to each sam­
ple. Two atomizations of each sample were made. The
detection limit was 0.05 ug/I (0.45 nmol/I). The pre­
cision was 18 % (coefficient of variation), as calcu­
lated from duplicate analyses of 30 samples (mean 0.17
ug/I or 1.51 nmol/I), and 15 %, as calculated from
11 analyses of a standard blood sample on different
days (mean 0.14 ug/I or 1.25 nrnol /I) . The accuracy
was checked from a lyophilized reference sample (Sero­
norm TM Trace Elements, Batch No 901, Nycomed
AS, Oslo, Norway) included in the sample series on
different days. The reference samples were diluted 10
times before the analyses. Our results averaged 0.78
(SD 0.03) ug/I [ie, 6.94 (SD 0.267) nmol/I], whereas
the "preliminary recommended value" was 0.74 (7.4
undiluted) ug/l [ie, 6.584 (65.84 undiluted) nmol/I].
Furthermore, for 12 samples in an international qual­
ity control scheme , our results averaged 107 (range
89-130) % of the certified values [mean 1.88 ug/I
(16.73 nmol/I), range 0.40-3.15 ug/I (3.56-28.03
nmol/I)] .

Statistics

The PbB and CdB levels had skewed distributions, and
logarithmic transformation was therefore employed.
The geometric means and standard deviations [exp(SD
log x)] have been quoted as descriptive statistics. An
analysis of variance was used, with simultaneous ad­
justment for age, sex, parental smoking habits, area
of residence, and traffic intensity in area of residence.

Results

Blood lead levels

For the total unadjusted material, the geometric mean
of the PbB concentration was 40.2 ug/I (0.19 umol/I)
(table I). There was a significant increase in the PbB
level according to the number of parents who smoked
(P = 0.004, test for trend). The effect was even stronger
for the number of parents who actually smoked at
home (P < 0.001). For children with neither parent
smoking at home, the mean PbB level was 34.5 ug/l
(0.17 umol/I), This value included 38 children whose
parents never smoked (mean 35.3 ug/l or 0.17 umol /l)
and 13 children whose parents only smoked outside
their homes (mean 32.1 ug/l or 0.16 umol /l) . For chil­
dren with one smoking parent, the mean was 42.4 ug/I
(0.21 umol/I), and for those with two smoking par­
ents it was 47.2 ug/I (0.23 urnol/I). For children with
a father who smoked and a nonsmoking mother, the
level was 39.8 ug/l, and for those with a mother who



Table 1. Unadjusted geometric means, geometric standard deviations (GSD), and range of the lead concen trat ion in blood (PbB)
and the cadm ium con cent rat ion in blood (CdS) for 133 children in relat ion to the ir sex, their parental smok ing habits, industrial
lead emissions (living area), and traffic situation in their area of residence.

PbB ("gila) CdS ("glib)

Number Geometric GSD Range Number Geometric GSD Rangeof children mean of child ren mean

Tot al 133 40.2 1.4 14-84 105c 0.14 1.7 0.05-0.61

Sex

Boys 66 40.7 1.4 22-84 55 0.13 1.8 0.05-0.42
Girls 67 39.8 1.4 14-80 50 0.14 1.6 0.06-0.61

Smoking

Parental smoki ng

None 38 35.2 1.4 14-84 30 0.13 1.6 0.06-0.32
One 54 41.3 1.3 24-80 42 0.14 1.7 0.05-0.61

Father 17 38.5 1.3 24-73 13 0.11 1.5 0.05-0.22
Mother 37 43.0 1.3 26-80 29 0.16 1.8 0.06-0.61

Both 41 43.4 1.5 21- 80 33 0.14 1.8 0.05-0.40

At home

None 51 34.5 1.4 14-84 37 0.13 1.6 0.06-0.34
Nonsmokers 38 35.3 1.4 14-84 30 0.13 1.6 0.06-0.32
Smokers 13 32.1 1.3 22-43 7 0.13 1.6 0.08-0.34

One 49 42.4 1.3 24- 80 41 0.14 1.6 0.05-0.61
Father 14 39.8 1.3 24-73 12 0.11 1.5 0.05-0.22
Mot her 35 43.4 1.3 26- 80 29 0.16 1.8 0.06-0.61

Both 33 47.2 1.4 21- 80 27 0.14 1.B 0.05-0.40
Cigarettes smoked per day by mother

0 55 35.2 1.4 14-84 43 0.12 1.6 0.05-0.32
1-7 21 41.7 1.4 27-80 19 0.15 1.7 0.05-0.36
8-15 24 41.7 1.4 22-68 17 0.15 1.B 0.06-0.42
> 15 33 45.6 1.4 21-78 26 0.14 1.8 0.06-0.61

Area of resid ence

Near smeltery
(wi thin 1 km) 14 45.9 1.4 24-78 13 0.16 1.6 0.09-0.42
Urban 67 43.2 1.4 20-84 53 0.13 1.8 0.05-0.61
Rural 52 35.4 1.4 14-73 39 0.14 1.6 0.06-0.34

Traffi c in area of residence

Light 103 39.3 1.4 14-80 79 0.13 1.7 0.05-0.61
Heavy 30 42.3 1.4 21-84 26 0.15 1.7 0.06-0.42

a 1 I1g11 =0.004826 urnoln.
b 1 " gil =8.897 nmoill .
c For 28 ch ild ren the blood sampl es were too small to permit cadmium analysis.

smoked and a nonsmoking father , it was 43.4 ug/l
(0.19 umol /l), When the level of smoking by the par­
ents was taken into account, a significant positive rela­
tionship was observed for the moth er' s cigarette con­
sumption (P =0.01) (table I) but not for the father's
(P =0.2).

The PbB value also depended upon the location of
the home. Those children living near the smelteries had
the highest levels, other urban children had intermedi­
ate values, and those living in rural areas had the lowest
values (table 1). The pattern was similar when the other
factors were tak en into account. Statis tically signifi­
cant differences were observed between the thr ee
regions when the number of parent s who smoked was
included in the model (P = 0.02). However, when this
factor was replaced by the number of parents smok­
ing at home, only the difference between the two ur­
ban regions and the rural area remained statis tically
significant (P = 0.05).

There was no significant effect of the heaviness of
tra ffic in the area of residence (tab le I).

Blood cadmium levels
In the total group, the geometric mean of the CdB con­
centration was 0.14 ug/ I (1.25 nmol/I ) (range 0.05­
0.61 ug/I or 0.45-5.43 nmol/I). There were no sig­
nificant differences with respect to age, sex, parental
smoking hab its, area of residence, or traffic intensity
in the area of residence (table 1). There was no sig­
nificant correlation between the PbB and CdB values.

Discussion

The PbB levels measured in our study are low when
compared with those of many other countries (2, 3,
9), but they are similar to levels in other areas of
Sweden (1, 10, 22).
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There was an association between the PbB levels of
the children and parental smoking, and this finding
is in accordance with the results of our earlier report
(1). It is also in agreement with scattered earlier ob­
servations. Sherlock et al (19) showed, in 1985, that
children with one or more parents who smoked tend­
ed to have a higher PbB value than children with non­
smoking parents, although the difference was not
statistically significant. Furthermore, in a study of the
association between traffic and PbB, there were indi­
cations that passive smoking increased the uptake of
ambient lead in children (4). It is interesting that the
present absolute effect of passive smoking is similar
to that reported for active smoking (in adults) (6, 8,
18,23), the relative effect being even greater. We have
no reason to believe that some of the children were
deceivers (ie, active smokers) because of the low mean
age of the study group .

Smoking habits of parents is, of course, a rough in­
dex of the smoke exposure of the child . It is interest­
ing to note, however, that there was an association with
the level of smoking among the mothers. We have no
information about other factors which may have in­
fluenced the children's exposure, such as room volume
and ventilation, places indoors where smoking has oc­
curred, or proximity to the smoker. There is a need
for an objective classification of involuntary tobacco
smoke exposure. A dose-response relationship with
passive exposure to tobacco smoke has earlier been
shown for cotinine, the major metabolite of nicotine
(12, 20). This finding may offer a possibility for fur­
ther research.

The CdB levelsof the children in our study were low
when compared with those of children in the Federal
Republic of Germany (2), but they are in agreement
with determinations for other Swedish children (10).
The levels of the children in our study were lower than
those of nonsmoking Swedishteachers (0.5 ug/l or 4.45
nmol/I) (8), who, in turn, had lower levels than
teachers from other countries (8, 26). In spite of the
much larger impact of active smoking upon CdB than
on PbB (6,8,23,26), the CdB values of our children
were not associated with parental smoking habits. This
finding is in accordance with observations by Wata­
nabe et al (26), who studied adult passive smokers
(farmers).

The inhalation of particles containing lead from
tobacco smoke could be an explanation of the effect
on the PbB level. However, cigarettes contain almost
as much cadmium as lead (13, 25). A similar effect of
involuntary smoking on CdS should thus be expected.
Furthermore the majority of the cadmium in a ciga­
rette is released in the sidestream smoke (16), and it
is thus available for passive smoking. Only 22-50 070
of the cadmium has been found in the ashes and
stumps of cigarettes (15). The lead content of side­
stream smoke is not known. However, almost all lead
has been found to remain in the remnants of the
smoked cigarette (15). Thus the lead content of the en-
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vironmental tobacco smoke is a less likely explanation
of the increased PbB of involuntary smokers. A rough
calculation shows that the amount of lead inhaled
through involuntary smoking is small when compared
to that of background exposure, mainly from water,
food, and air.

Thus other possible explanations must be consid­
ered. Involuntary smoking might be associated with
other lead exposures, eg, a general contamination of
the home with tobacco ash. Another possible expla­
nation is an association between parental smoking and
family life-style factors, eg, poorer hygiene (ie, hand­
washing habits, dustier homes) and /or differences in
food habits between families with smokers and non­
smokers. Furthermore smoking alters the metabolism
of different drugs (14). Thus the distribution and /or
elimination of lead may possibly be affected in pas­
sive smokers.

There are, however, other possibilities. It is well
known that children exposed to tobacco smoke suffer
from bronchitis and pneumonia more frequently than
children of nonsmokers (17). Moreover, tobacco
smoke can inactivate alveolar macrophage tissue trans­
glutaminase, which may, hypothetically, decrease the
phagocytosis of lead particles in the alveoli (Stenberg,
personal communication). Smokers have an impaired
dust clearance from the lung (5, 27). A less efficient
pulmonary clearance in the children of smokers may
thus cause an increased retention of particles in the al­
veoli. In addition the damage of the mucosa by the
tobacco smoke exposure increases the permeability of
the airway epithelium (11), and this increase may result
in an increased absorption of lead from environmen­
tal air due to traffic or other sources .

Because of the low background PbB level and the
relationship between exposure and PbB at this level
(3), even a small increase in exposure may produce a
noticeable increase in the PbS value. Due to a lower
impact of exposure on PbS at higher exposure levels,
the same increase in exposure would not cause such
a noticeable increase in PbB. The effect of involun­
tary smoking on PbB might, therefore, be undetect­
able in groups with a higher background exposure .

We found that the effect of the mother 's smoking
on PbB was particularly great. This phenomenon may
be due to the fact that mothers smoke closer to their
children than fathers do. Alternatively, maternal smok­
ing during pregnancy may be of importance, as it has
been shown to increase the risk for lower respiratory
illness (24). The maternal smoking habits at the time
of our study were probably associated with the smok­
ing habits during pregnancy.

The lack of any association between involuntary
smoking and CdB levels may indicate that the relative
exposure to cadmium by inhalation (as compared to
other routes) is lower than it is for lead. Thus , the im­
pact of a small airways disease on CdB would be less.

If the higher PbS values of the children with par­
ents who smoke are an indicator of small airways dis-



ease, exposure to other irritant air pollutants, such as
sulfur dioxides and nitrogen oxides, might also increase
the PbB level. Therefore, in the present study, the
smeltery, as well as other irritant-emitting industries
in the area, may be, at least partially, the cause of the
higher PbB levels in the area near the lead smeltery,
and the differences may not be entirely due to lead
emission levels . There was a gradient in the PbB level
from the lead smeltery area outwards, even when ad­
justment was made for area differences in the preva­
lence of passive smoking. Earlier we found that the
PbB levels of children had decreased during the last
10 years (22), the decrease averaging 7 0J0 per year.
During this period, the prevalence of smoking had also
decreased. However, the decrease in PbB cannot be
explained by a decrease of passive smoking only. The
main reason is probably a decrease in environmental
lead pollution from traffic and industries.

The considerable effect of involuntary smoking of
children and/or the fetus on the amount of lead ab­
sorbed may also act as a confounder of the reported
associations between lead exposure and central nervous
system effects (9) . Thus effects claimed to be due to
lead might, to some extent, be due to other factors as­
sociated with involuntary smoking.
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