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know of took place more than 20 years ago [3]. For chil-
dren, one single recent study, which also included three 
non-European cities, indicated very small differences be-
tween six European cities [4].
In this study, the levels of cadmium (B-Cd), lead (B-Pb) 
and mercury (B-Hg) in blood samples of women from 
six European and three non-European cities, and from 
a  mixed urban/rural population in the northern part of 
Sweden were assessed. All determinations were made in 
one single laboratory, and under strict QC/QA. Data on 
children’s B-Cd, B-Pb and B-Hg in the same or nearby 
cities have been reported previously [4]. 

INTRODUCTION 

Knowledge about geographical variations in exposures to 
toxic metals has great importance for risk assessment and 
management. On the one hand, there is a  wealth of in-
formation on metal levels in biological media in different 
countries [1,2], on the other, because the analyses almost 
always have been made in different laboratories, and the 
analytical performance varies between these, firm conclu-
sions on geographical differences can seldom be drawn. 
Strict analytical quality control/quality assurance (QC/
QA) measures have been undertaken only in few interna-
tional studies. For adults, the most recent comparison we 
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Abstract
Objectives: The aim of the study was to make an international comparison of blood levels of cadmium (B-Cd), lead (B-
Pb) and mercury (B-Hg) of women in seven European, and three non-European cities, and to identify determinants. 
Materials and Methods: About 50 women (age: 46–62) from each city were recruited (totally 480) in 2006–2009. Interview 
and questionnaire data were obtained. Blood samples were analysed in one laboratory to avoid interlaboratory variation. 
Results: Between the European cities, the B-Pb and B-Cd results vary little (range of geometric means: 13.5–27.0 μg/l and 
0.25–0.65 μg/l, respectively); the variation of B-Hg was larger (0.40–1.38 μg/l). Between the non-European cities the results 
for B-Pb, B-Cd and B-Hg were 19.2–68.0, 0.39–0.99 and 1.01–2.73 μg/l, respectively. Smoking was a statistically significant 
determinant for B-Cd, while fish and shellfish intakes contributed to B-Hg and B-Pb, amalgam fillings also contributed 
to B-Hg. Conclusions: The present results confirm the previous results from children; the exposure to lead and cadmium 
varies only little between different European cities suggesting that other factors than the living area are more important. 
The study also confirms the previous findings of higher cadmium and lead levels in some non-European cities. The geo-
graphical variation for mercury is significant.
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Cadmium, Mercury, Lead, Blood, Urban Women, European cities, Non-European Cities 



O R I G I N A L  P A P E R S         N. Pawlas ET AL.

IJOMEH 2013;26(1)60

METHODS

Study area and subjects
In each country, women from one urban area were re-
cruited. In addition, samples from women participating 
in a  population-based study in northern Sweden, with 
women from both urban and rural areas, were included, to 
increase the north-south coverage in that country. In each 
country we aimed at recruiting 50 women 55–59 of age. 
Participation rates are given in Table 1. 
Different methods were used for the selection/recruitment 
of women: Koprivnica, Croatia, recruitment was done 
by several public lectures and presentations and a  call to 
women in the city. Prague, the Czech Republic, women 
were recruited among the staff of three governmental or-
ganisations (the National Institute of Public Health, the 
Third Faculty of Medicine and the State Institute for Drug 
Control). Wroclaw, Poland, women invited for mammog-
raphy screening were asked, in consecutive order, to par-
ticipate. Banska Bystrica, Slovakia, a  random sample was 
drawn from the population register of the city. Ljubljana, 
Slovenia, women were recruited through two workplaces 
(The Jožef Stefan Institute and University Medical Cen-
tre, Ljubljana). Female employers were recruited, as well 
as wives of male employees, mothers and other family 
members and their friends. Northern Sweden, blood was 
sampled among randomly selected women from the coun-
ties of Norrbotten and Västerbotten within a population-
based survey [5]. Lund, and southern Sweden, subjects were 
recruited in a mammography-screening programme in the 
city and its surroundings. Guiyang, China, primary school 
teachers’ mothers were asked to participate. Camilo Ponce 
Enríquez, Ecuador, were recruited by public announce-
ment, all women between 55–59 years old living in this city 
were invited to participate. Fez, Morocco, female patients 
of a laboratory for medical analyses were recruited.
Local ethics committees in each participating region ap-
proved the study and written consent was obtained from 
each woman. Ta
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whole blood (Lot. MR4206, 503109, SERO AS, Billingstad, 
Norway) the results obtained were for Cd: 0.70±0.08 μg/l 
(mean±SD; N = 30) and 6.3±0.26 μg/l (N= 27)  (recom-
mended  0.68–0.80 and  5.6–6.4  μg/l), respectively, and for 
Pb: 29.4±3.1 μg/l (N = 27) and 408±13 μg/l (N = 27)  (rec-
ommended 26.2–29.0 and 372–414 μg/l), respectively. For 
human blood reference samples from Centre de Toxicolo-
gie du Quebec, Canada, obtained values for Cd (Lots C0515 
and C0912) were 0.79±0.03, and 5.32±0.14 μg/l (N = 28)  
(recommended  0.79±0.23 and  5.33±0.43  μg/l), respec-
tively and for Pb (Lots L0909, and L0807) 24.7±1.02 μg/l 
and  118±2.9 μg/l (N  =  28)   (recommended:  22.8±1.1 
and  110±9.9  μg/l), respectively. B-Hg was determined in 
acid-digested samples by cold vapour atomic fluorescence 
spectrophotometry [7]. The detection limit was  0.09  μg/l. 
The analytical accuracy was assessed by Seronorm blood 
reference samples (Lots MR4206 and 0512627), the results 
obtained were 2.2±0.17 μg/l (N = 106) and 15.2±1.1 μg/l 
(N = 103)  (recommended: 2.0–2.4 and 16.1–19.7 μg/l), re-
spectively, and in samples from Centre de Toxicologie du 
Quebec, Canada (Lot M0408) 2.0±0.16 μg/l (N = 28) (rec-
ommended: 2.2±0.68 μg/l). All analyzed samples were pre-
pared in duplicate and the method inaccuracies (calculated 
as the coefficients of variation in measurements of dupli-
cate preparations) were 5.4%, 5.8%, and 5.8%, for B-Cd, 
B-Pb and B-Hg, respectively.

Statistical analyses
Due to skewed distributions of metal data, geometric means 
(GMs) were employed for describing average levels. A few 
B-Hgs (N = 14) were negative (lower than the blank), and 
therefore not possible to log-transform; these were then set 
to 0.1 μg/l in the statistical computations. We had to exclude 
women from Northern and Southern Sweden in some of the 
statistical modeling (because they had not used an identical 
questionnaire; see above). Effects of the country on blood-
metal concentration were examined by the general linear 
model procedure. Each potentially influential variable 

Questionnaire
A questionnaire for the study was agreed upon by all par-
ticipating parties and translated into their respective local 
languages. In most countries, information was obtained 
through a self-administered questionnaire completed in an 
interview (Table  1). The two Swedish investigations used 
somewhat different questionnaires; southern Sweden dif-
fered because it carried out a pilot study prior to the others 
and the northern Sweden study because its sampling was 
made in connection with an existing monitoring program. 
Information on individual factors of potential importance 
for exposure to metals was obtained (see Statistical analy-
ses). Most of the questions had predefined answers (cate
gorical), while some were numerical (number of meals, 
cigarettes, etc.). Anthropometric data was also collected.

Blood sampling
After skin cleaning with an ethanol swab, the nurse col-
lected a  cubital vein sample of blood into an evacuated 
tube (Vacuette 4 mL Lithium Heparin; Greiner-Bio One 
GmbH, Frickhausen, Germany). Tubes from the same 
batch were used in all areas. The levels of Cd, Pb and Hg 
were < 0.03 μg/l at leaching tests of tubes with 4 ml of 2% 
nitric acid. Blood samples were stored at –20°C until analy-
ses. Dry ice conditions were used for shipment of samples.

Chemical analyses
To certify quality and comparability, and to avoid interlabo-
ratory variations, all analyses were made in one laboratory 
(Division of Occupational and Environmental Medicine, 
University Hospital, Lund, Sweden) and the sample order 
was randomized prior to analysis. B-Cd and B-Pb were de-
termined by inductively coupled plasma-mass spectrometry 
(ICP-MS; Thermo X7, Thermo Elemental, Winsford, UK) 
[6]. The detection limits, calculated as three times the stan-
dard deviation of the blank, were 0.06 and 0.09 μg/l for Cd 
and Pb, respectively. The analytical accuracy was checked 
against reference material: For Seronorm Trace elements 



CADMIUM, MERCURY AND LEAD IN the BLOOD OF URBAN WOMEN        O R I G I N A L  P A P E R S

IJOMEH 2013;26(1) 65

(educational level, fish, shellfish and offal intake, amal-
gam fillings, smoking habits, traffic density close to home, 
source of water and heating, occupational metal exposure, 
and chewing gum use) was analyzed in models together 
with country as a random effect factor. The final model was 
obtained using backward selection procedure and for each 
metal included the influential variables that stayed signifi-
cant (p < 0.05) in the multivariate model. Interactions be-
tween country and each significant influential variable were 
evaluated. The statistical analyses were performed using 
STATISTICA 9.1 PL software (StatSoft, Inc, 2010). 

RESULTS

Cadmium
The GM for B-Cd across the European cities ranged 
from  0.25  μg/l in northern Sweden to  0.65  μg/l in 
Wrocław, Poland (Table  2, Figure  1). B-Cd in women 

Table 2. Cadmium, lead and mercury in blood in 480 women from different cities

City, country

B-Cd (μg/l) B-Pb (μg/l) B-Hg (μg/l)

all never-smokers all all

n GM range n GM range n GM range n GM range

Koprivnica, Croatia 59 0.56 0.15–4.4 8 0.32 0.17–0.62 59 21.4 8.5–48 60 0.40 (9)a < 0.1–7.6

Prague, Czech Republic 50 0.41 0.11–2.1 25 0.30 0.11–0.67 50 25.3 10.8–92 51 0.85 (1) < 0.1–8.0

Wrocław, Poland 51 0.65 0.21–3.8 10 0.36 0.23–0.61 51 23.2 10.0–69 51 0.67 0.15–2.9

Banska Bystrica, Slovakia 52 0.40 0.17–2.1 34 0.38 0.17–0.84 52 20.4 8.9–74 52 0.58 0.12–3.3

Ljubjana, Slovenia 50 0.49 0.21–2.2 18 0.33 0.21–0.76 50 26.9 12.8–110 50 0.68 (4) < 0.1–13

Sweden (north) 35 0.25 0.08–1.8 12 0.17 0.07–0.32 35 13.5 5.5–61 35 1.38 0.64–6.4

Sweden (south) 55 0.35 0.11–2.6 18 0.27 0.15–0.61 55 18.5 5.9–49 54 1.37 0.21–9.8

Guiyang, China 50 0.99 0.23–2.6 33 0.98 0.23–2.5 50 68.0 32.1–230 49 2.24 0.30–35

Camilo Ponce Enriques, 
Ecuador

25 0.61 0.25–2.1 18 0.61 0.25–2.1 25 19.2 8.4–42 25 2.73 0.26–9.8

Fez, Morocco 49 0.39 0.15–1.8 49 0.39 0.15–1.8 49 40.0 10.6–130 50 1.01 0.11–9.1

B-Cd, B-Pb and B-Pb – cadmium, lead and mercury concentration in the blood of women from six European and three non-European countries. 
GM – geometric mean.
a Values < 0.1 μg/l were given 0.1 (No. within bracket).

Fig. 1. Concentrations of cadmium (B-Cd) in women from six 
European and three non-European urban areas
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from Camilo Ponce Enríquez, Ecuador and Fez, Moro
cco, were within the same range, while Guiyang, China 
had 0.99 μg/l (all never-smokers). Individual levels within 
each city varied considerably; the highest concentrations 
in single samples were found in Koprivnica, Croatia 
(up to 4.38 μg/l) and in Wrocław, Poland (up to 3.85 μg/l). 
The differences between the European cities were small-
er when only women who never smoked were analyzed 
(from 0.17 μg/l in Northern Sweden to 0.38 μg/l in Ban-
ska Bystrica, Slovakia). 

Lead
The GM for B-Pb across European cities varied 
from 13.4 μg/l in northern Sweden to 26.9 μg/l in Ljublja-
na, Slovenia (Table 2, Figure 2). Individual levels within 
cities varied substantially. Both Guiyang (China) and Fez 
(Morocco) had higher B-Pbs – 68.0 and 40.0 μg/l, respec-
tively; in Guiyang, the highest individual measurement 
reached 230 μg/l.

Mercury
The GM for B-Hg across the European cities ranged 
from  0.40  μg/l in Koprivnica, Croatia to  1.38  μg/l in 
Northern Sweden (Table 2, Figure 3). Individual levels 
varied considerably within each city. Women from Gui-
yang, China, and Camilo Ponce Enriquez, Ecuador, had 
higher B-Hgs  –  2.24 and  2.73  μg/l, respectively, while 
the GM in Fez, Morocco, was in the range of the Euro-
pean cities.

Determinants
Country/city was an important determining factor; it ex-
plained 45% of the variance for B-Pb and 26% for B-Hg, 
but only 17% for B-Cd (Table 3–5). We found no effect of 
age on blood levels of metals. However, there was a highly 
significant effect of smoking on B-Cd; together with city 
it explained as much as 47% of the variance, with a highly 
significant country/smoking interaction (Table  3). Ko-
privnica, Croatia mainly drove this effect, where smoking 
explained as much as 66% of the variance. No significant 
effect of traffic density was found on B-Cd, B-Pb or B-Hg 
in all women, including non-smokers. We found marked 

Fig. 2. Concentrations of lead (B-Pb) in women from six 
European and three non-European urban areas

Fig. 3. Concentrations of mercury (B-Hg) in women from six 
European and three non-European urban areas
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DISCUSSION

The present study of women, which is the first large inter-
national study in adults with comparable data for over 20 
years, confirms the results of a  previous study done on 
children [4], and shows that the variations of lead and cad-
mium levels in blood between the six cities in six European 
countries (the same cities as in a study of children) are very 
small [4]. For the individual exposure, factors other than 
nationality are more important. The study also confirms 

effects of amalgam fillings and fish and shellfish intakes 
on B-Hg (Table 5). Two models for B-Hg were taken into 
consideration: The first, including amalgam fillings, fish 
intake and education level, explained  38% of the varia
nce, while the second, with shellfish intake instead of edu-
cational level (shellfish and education were correlated), 
explained 37%. There was significant interaction between 
amalgam fillings and country, mostly driven by Koprivi-
nica, Croatia, and Banska Bystrica, Slovakia.

Table 3. Associations between cadmium concentrations in blood in women and potential determinants

Model including 
country only

Variable
Model with country and other influential variable included

R2 adj multipl. effect
(relative change) 95% CI P for trend R2 adj interaction 

variable country

17% current smoking:

no 1.00 Ref. < 0.001 47% p < 0.001 (driven 
by Croatia)*

sometimes 2.22 1.71–2.88

regularly 3.54 2.97–4.21

R2 – explained variance. 95% CI – 95% confidence interval. The difference between countries was statistically significant (p < 0.001).
* Smoking and B-Cd for Croatia: No 1.00; sometimes: 1.68 (1.20–2.36); regularly: 1.93 (1.41–2.66); p < 0.001; R2 = 66%.

Table 4. Associations between lead concentrations in blood in women and potential determinants

Model including 
country only

Variable
Model with country and other influential variable included

R2 adj multipl. effect
(relative change) 95% CI P for trend R2 adj interaction 

variable country

45% fish intake

< 1 meals/month 1.00 Ref. 0.02 41% p = 0.5

1–3 0.85 0.73–0.98

> 3 0.81 0.70–0.94

shellfish intake:

never 1.00 Ref. 0.004 p = 0.5

< 1 meal/month 1.17 1.04–1.31

>1 1.24 1.03–1.49

R2 – explained variance. 95 CI – 95% confidence interval. The difference between countries was statistically significant (p < 0.001).
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Table 5. Associations between mercury concentrations in blood in women and potential determinants

Model including 
country only

Variable
Model with country and other influential variable included

R2 adj multipl. effect
(relative change) 95% CI P for trend R2 adj interaction 

variable country

26% education

university 1.00 Ref. 0.01 38% p = 0.37

secondary 0.71 0.57–0.88

apprenticeship 0.84 0.61–1.15

primary 0.73 0.51–1.04

amalgam (No.):

0 1.00 Ref. 0.001 p = 0.052

1–2 1.24 0.95–1.62

3–4 1.11 0.85–1.46

> 5 1.66 1.28–2.16

fish intake

< 1 meal/month 1.00 Ref. < 0.001 p = 0.09

1–3 1.75 1.30–2.35

> 3 2.39 1.76–3.23

26% amalgam (No.)

0 1.00 Ref. 0.0026 37% p = 0.025*

1–2 1.21 0.92–1.57

3–4 1.09 0.83–1.43

> 5 1.62 1.25–2.10

fish intake:

< 1 meal/month 1.00 Ref. 0.001 p = 0.08

1–3 1.70 1.26–2.29

> 3 2.27 1.67–3.10

shellfish intake:

never 1.00 Ref. 0.04 p = 0.07

< 1 meal/month 1.18 0.94–1.49

> 1 1.50 1.06–2.12

R2 – explained variance. 95% CI – 95% confidence interval. The difference between countries was statistically significant (p < 0.001). 

* Amalgam fillings and B-Hg relative change – Croatia: 0 amalgam fillings: 1.00 (ref.); 1–2: 1.10 (0.72–1.69); 3–4: 1.03 (0.63–1.69); > 5: 1.80  
(1.18–2.74); p = 0.02; R2 = 15%; Slovakia: 0 fillings: 1.00; 1–2: 1.07 (0.76–1.50); 3–4: 0.82 (0.56–1.22); > 5: 1.67 (1.29–2.16); p < 0.001; R2 = 27%.
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Geographical variations
The present results most likely reflect the situation for 
women in the cities studied. It should be stressed that the 
relevance is much larger for a small country like Slovenia, 
than for China, where life conditions vary significantly. 
A sample size of 50 gives very limited information on the 
exposure in the studied Chinese city, which has 3 million 
inhabitants. Nevertheless, cadmium and lead exposures 
appear to be quite similar to Europe. One could argue 
that the density of heavy industry, e.g. in Poland, the Czech 
Republic and Slovakia during the second half of the 20th 
century, gives reasons to expect elevated exposures. Both 
the previous study of children [4] and the intake estimates 
presented by European Food Safety Authority (EFSA) 
[9,10] indicate small differences within Europe, though 
there are contaminated areas, e.g. in Poland and Slovakia, 
with exposures that are of definite health concern.
For mercury, the international variation is considerable and 
may be explained by differences in amalgam tooth restoration 
practice, and in consumption and contamination of fish.
When comparing the geometric means of the present study 
with those of the children from the same cities that were ana-
lysed in the same laboratory [4], B-Cd shows a quite similar 
pattern for non-smoking women and children (Figure 4a, b). 
Unexpectedly, in the European countries, B-Pbs in chil-
dren displayed a negative association with those in women 
(Figure 4c). A partial explanation is most likely the decay 
of B-Pb throughout the years [11,12]. Thus, the levels in 
women will, to a considerable extent, reflect endogenous 
exposure, which is a result of previous years´ higher intake 
retained in bone. In non-Europeans, the change in expo-
sure over time may be smaller. For B-Hg, the lack of an as-
sociation (Figure 4d) with a country is easy to understand, 
since amalgam fillings and fish intake, the two most im-
portant sources of mercury, are more prevalent in women 
than in children, and at the same time, vary between areas. 
Northern Sweden was the lowest for both B-Cd and B-Pb, 
showing a  lower exposure in the most peripheral part of 

that higher cadmium and lead levels were present in the 
three studied non-European cities and the geographical 
variation for blood mercury is significant.

Design issues
Earlier comparisons of metal exposure between different 
countries have almost always been hampered by analyses 
being made in different laboratories. All blood samples 
being analysed in one single laboratory, with samples from 
different countries mixed in the analytical runs, and under 
careful quality control, to ascertain comparability is a main 
strength of this study. In addition, samples were analysed 
locally in most of the participating countries (with larger 
variations; data not reported here), to facilitate future lo-
cal follow-ups of time trends. A  common questionnaire 
was used in all countries, except for the two sites in Swe-
den, where some information is lacking, e.g. on amalgam 
fillings. Therefore, data from Sweden had to be excluded 
from some of the multivariate analyses.
Samples women living in the same cities (or nearby) as 
in the previous study of urban children were chosen [4]. 
For the recruitment of women, at least two appealing 
strategies were applied, as suggested previously: One is 
the sampling of a defined occupational group in differ-
ent countries (e.g.  teachers) [3], another is recruitment 
of school children mothers [8]. Unfortunately, we had 
no possibility to use a  uniform strategy throughout the 
countries. The varying recruitment strategies are the 
most likely explanation of the differences in participation 
rates. The difference between the different countries’ 
recruitment strategies may have affected the results to 
an extent: For B-Hg, international differences may stem 
from confounding factors, e.g.,  by socioeconomics (B-
Hg was associated with education). In contrast, for B-Cd 
and B-Pb, differences in recruitment strategies could 
not have introduced many false differences between the 
European countries, as the international differences ob-
served were very small.
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a, b) cadmium (B-Cd), c) lead (B-Pb), and d) mercury (B-Hg) in women (present data) and 433 children (age: 6–14; Hruba et al. [3]) from six Euro-
pean and three non-European cities. For China, only data on B-Hg are available. 
CZE – Czech Republic, HRV – Croatia, POL – Poland, SVK – Slovakia, SVN – Slovenia, SWE – Southern Sweden, ECU – Ecuador, CHN – China, 
MAR – Morocco.

Fig. 4. Concentrations of cadmium, lead and mercury in women and children from European and non-European cities
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those assumed to be potentially toxic [9,10]. For the non-
European populations studied here, the margins of safety 
are even lower. The present mercury exposure is only in 
a few cases at levels for which toxic effects have been ob-
served [17].
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