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Aim. To determine cadmium content in the most frequently consumed foods of plant origin grown in different regions
of Slovenia, assess cadmium content in the biological materials (blood and hair) from Slovenian young men, and verify
the hypothesis that the cadmium pollution of the environment varies across regions in Slovenia.

Methods. We analyzed cadmium concentration in 982 composite samples of foods of plant origin, and determined the
cadmium burden in the population by analyzing cadmium content in whole blood and hair samples from 742 ran-
domly selected healthy men aged 18-26 years.

Results. There were significant differences in cadmium content in the analyzed foods with respect to the regions in
Slovenia where were the foods of plant origin were produced (p <0.001). The median cadmium content in 463 blood
specimens was 0.5 pg/L, and 4 ng/g in 245 hair specimens. Cadmium content in the blood and hair samples from study
participants varied significantly across regions in Slovenia (p <0.001 and p < 0.003, respectively). Cadmium content in
foods of plant origin and cadmium burden in the blood showed only a weak correlation (Spearman’s r=0.13), whereas
the correlation between cadmium content in the foods and hair was much stronger (Spearman’s r=0.55).

Conclusion. Our research confirmed the hypothesis of regionally different environmental pollution with cadmium,

and clearly showed the connection between cadmium burden in foods and in population in Slovenia.
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The most important way of intake of harmful sub-
stances in the occupationally unexposed population
groups is dietary intake (1). If the characteristics of ab-
sorption, distribution, and excretion of a substance
are known, biological monitoring can be used for the
exposure assessment of individuals.

The concentration of harmful substances in hu-
man biological material depends on the extent of per-
son’s exposure as well as on his or her genetic charac-
teristics and individual habits, because these factors
affect body intake, absorption, and concentration of
such substances in the body (2,3). The long-term in-
take of harmful substances, even in relatively low
concentrations, represents a substantial health risk
(4). This particularly applies to substances that tend to
accumulate in the body (5). One of these harmful sub-
stances that raise a special health concern is cadmium
(5,6). Since biological accessibility of cadmium varies
in different foods, exposure assessments can be unre-
liable because they concentrate on the exposure of
population to substances in food (7). For the evalua-
tion of recent exposure to cadmium, whole blood
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samples are considered the most appropriate material
(8). Cadmium concentration in occupationally unex-
posed people mostly depends on the cadmium intake
with food. Local environmental conditions have a sig-
nificant impact on the amount of cadmium ingested,
especially where food of plant origin is concerned. It
is very easy for cadmium to transgress from the soil
into plants (9). Thus, some plant types can absorb
considerable quantities of cadmium even when its
concentration in the soil is relatively low. An in-
creased cadmium pollution of the soil increases plant
cadmium uptake, which means increased cadmium
ingestion with food of plant origin (7).

The cadmium uptake from the soil depends on
the type of plant and the acidity of the soil — higher
acidity of the soil increases cadmium intake (9). In
acid rain areas, the pollution of plants with cadmium
is greater than in alkaline or neutral rain areas (10).
Thus, the presence of cadmium in plants can be an in-
dicator of the degree of environmental pollution.

Since the food of plant origin represents the most
important source of cadmium in human diet, we
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wanted to establish the correlation between the aver-
age cadmium content in plant origin foods from vari-
ous Slovene regions, and the cadmium content in the
blood and hair of the local population. Slovenia
(21,000 km? is a central European country, with 2
million population, bordered by lItaly, Austria, Hun-
gary, and Croatia. We had no data available on cad-
mium concentrations in Slovene population until re-
search conducted in 2001 among 64 blood donors,
occupationally unexposed to cadmium intake (11).
The study showed a low medium cadmium concen-
tration of 0.3 ug/L in the blood of non-smokers and as
high as 0.9 pg/L in the blood of smokers.

The aim of our study was to determine the cad-
mium content in the most frequently consumed foods
of plant origin and assess the cadmium content in bio-
logical material, ie, blood and hair from the Slovenian
young men. Furthermore, by showing different cad-
mium content in the biological material from men
from nine different regions, we would confirm the hy-
pothesis that the cadmium pollution of the environ-
ment varies regionally.

Participants and Methods

Participants

The study focused on the population of military recruits
called up for military service between August and November
2001. All recruits have to undergo an obligatory vaccination
against tick-borne meningoencephalitis, which is performed at
the Public Health Institute in the region of their permanent resi-
dence. The recruits, who came for vaccination successively upon
receiving call-ups, were invited to participate in our research of
the cadmium content in blood and hair. They were informed on
the purpose and course of our research, and asked to fill out a
questionnaire about their age, profession, hobbies, eating habits,
and the quantity of alcohol and cigarettes consumed per week.

Taking into account the expected number of recruits and
data on the prevalence of smoking among the young population,
we determined that study’s enrollment period should last at least
4 months before each regional group of occupationally unex-
posed nonsmokers would consist of at least 40 participants. Due
to a very high response rate of 93.7% (742 out of 792 recruits
agreed to co-operate), the number of non-smoking participants in
each regional group was higher than the minimum of 40.

To assess the intake of cadmium with food as accurately as
possible, we excluded anyone who declared themselves as
smokers, drank more than 20 g of alcohol per day, had special
eating habits (vegetarians or vegans), or could be occupationally
exposed to increased cadmium intake (12). Thus, miners, paint-
ers, and metal (especially color-metal) industry workers were ex-
cluded due to their possible professional exposure to cadmium.
Eventually, the analysis of blood cadmium concentrations in-
cluded samples from 464 participants aged 18-27 years from
nine different regions in Slovenia (Table 1). There was no statisti-
cally significant difference in the median age of the recruits from
different regions.

The call-up of recruits takes place randomly, depending on
the space capacities of the military barracks and the age of re-
cruits, so we considered the participants in our study a randomly
selected sample. Therefore, the information gathered by our re-
search could be used to describe the characteristics of the Slo-
vene male population corresponding by sex, age, eating habits,
and smoking status to the population segment included into our
research.

Food Samples

The samples of foods of plant origin were collected from
1999 until 2000. To obtain a nationally representative data, ran-
dom samples of foods were taken from both regional farmers and
shops in all major cities, taking into account the seasonal varia-
tion of food consumption. The sampled food originating from

Table 1. Number of participants and their age by regions in
Slovenia

Region No. of participants Median age (range, years)
Ravne 59 20 (18-25)
Murska Sobota 59 20 (18-26)
Nova Gorica 51 20 (19-27)
Celje 44 20 (19-27)
Kranj 57 20 (18-27)
Novo mesto 57 20 (18-27)
Koper 40 20.5 (18-26)
Ljubljana 48 21 (18-26)
Maribor 49 21 (18-26)
Slovenia 464 20 (18-27)

nine regions of Slovenia (ordered geographically from the west to
the east): Nova Gorica, Koper, Kranj, Ljubljana, Ravne, Novo
mesto, Celje, Maribor, and Murska Sobota. From each region, at
least six random composite samples of individual foods were ob-
tained. A composite sample was obtained by taking three to six
(depending on the size of a region) separate foods samples and
compounding them into a single one. A considerable quantity of
the composite samples was reduced in the laboratory as pre-
scribed, and then treated in the manner customary for food prep-
aration before cooking. The analysis included foods of plant ori-
gin consumed by adult Slovenes in quantities of at least 2 kg a
year.

Blood Samples

Blood samples of up to 2 mL were drawn into a 5-mL sy-
ringe (with added ethylene diamine tetracetat acid) from the
cubital vein. Prior to the sample taking, the skin was thoroughly
cleansed with a disinfectant (70% alcohol or Cetavlon). Every
blood sample carried an identification number, identical to the
number of the questionnaire completed by the participant before
the blood sample taking. The samples were stored in a refrigera-
tor until analysis. If the analysis did not taking place within 48 h,
they were frozen and stored at -20°C.

Hair Samples

A bundle of 50-100 hairs was cut from the nape of the neck
as close to the scalp as possible. Every hair sample was allocated
an identification number, identical to the number of the question-
naire completed by the participant. After being washed in n-hex-
ane-ethanol, the hair was fixed between two pieces of adhesive
tape, and a 2-3 mm segment on the proximal end of the bundle
was cut off for cadmium content determination.

Analysis of Food Samples of Plant Origin

The cadmium concentration was determined with the use
of electro-thermal atomic absorption spectroscopy (SpectrAA-20,
Varian, Mulgrave, Australia). The digestion was carried out in a
laboratory microwave oven under pressure, and concentrated
HNO; and 30% H,O, were added. The results were reported in
ug/kg of fresh sample. The quantification limit for cadmium in
food samples of plant origin was 5 mg/L.

Analysis of Blood Samples

Blood samples were diluted before analysis with the solu-
tion of 0.25% ascorbic acid and 1% Triton X-100, applied ratio
1:5. The prepared samples were analyzed directly with electro-
thermal atomic absorption spectroscopy (SpectrAA-20, Varian,
Mulgrave, Australia). Argon gas was used for blowing of graphite
tube atomizers.

During the ashing stage, air was introduced into the graph-
ite furnace instead of argon to burn the organic matrix. Cadmium
absorbance spectrum was detected at 228.8 nm, and the back-
ground correction was performed by using the deuterium bulb.
The quantification limit for blood cadmium concentration was
0.5 mg/L (13,14).

Analysis of Hair Samples

The concentration of cadmium in hair sample (ng/g) was
measured with solid-sample electrothermal atomic absorption
spectroscopy on the laboratory-assembled electrothermal atomic
absorption spectrometer (Biotechnical Faculty, Ljubljana, Slo-
venia). The quantification limit for hair cadmium concentration
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depended on the amount of hair in the bundle, and was between
2 and 7 ng/g (15).

Analytical Quality Assurance and Control

The calibration with the method of standard addition took
place before sample measurement and afterwards every ten sam-
ples. In this way, it was possible to ensure that all the samples and
standards were prepared in the same way and with the same
chemicals. The blank probe was prepared in the same manner.

Each sample was prepared and analyzed in pairs, so the fi-
nal value represented the mean value of both measurements.
Standard deviation was calculated from ten measurements of dif-
ferent paired samples. The reliability of measurements was con-
sidered satisfactory if the difference between parallel determina-
tions did not exceed two standard deviations; the measuring was
repeated if the difference was greater.

The accuracy of the method was verified by an analysis of
the certified reference material produced by CEC (Brussels, Bel-
gium): CL-1 (cabbage leaves), BCR 189 (wholemeal), and BCR
184 (bovine muscle). The resulting coefficient of variation for the
analysis of cadmium was 6.5%.

BCR-CRM 194 (CEC) certified reference material was used
in monitoring the correctness of the blood analysis method. The
analysis results for the reference material were satisfactory (ob-
served values 94-103% of certified value, coefficient of variation
4.7%).

To check the accuracy of the hair analysis, the GBW 09101
certified reference material (Peking, China) was used. The analy-
sis results for the reference material were satisfactory: observed
values were 96-108% of certified value, coefficient of variation
7.1%.

Statistical Analysis

The cadmium blood, hair, and food concentrations are ei-
ther quantitative or semi-quantitative, depending on how the val-
ues beyond the quantification limits are treated. In our study, we
used the following procedure for the imputation of data beyond
the quantification limits: to the values lower than that of the quan-
tification limit, the value of half of the quantification limit was as-
signed.

Box-and-whisker plots — summary plots based on the me-
dian, quartiles, and extreme values — were used for statistical de-
scription of cadmium values in foods, blood, and hair.

We used Spearman’s method of correlation to assess the re-
lation between cadmium in foods and blood and cadmium in
foods and hair. For assessing the differences in cadmium values
among nine Slovene geographical regions, we used Kruskal-
Wallis H test, a nonparametric equivalent to one-way ANOVA
(16).

P-value of less than 0.05 was considered significant. SPSS
for Windows (Version 11, SPSS Inc., Chicago, IL, USA) was used
for statistical analysis.

Results

Cadmium in Foods of Plant Origin

The contents of cadmium in foods of plant origin
were determined in 982 samples collected in the
1999-2000 period (Table 2). The highest median cad-
mium concentrations were found in the spinach/man-
gel samples, followed by flour, potatoes, and lettuce
(Table 2).

In other kinds of foods, the median cadmium
concentration varied between 3 and 12 mg/kg; in the
fruit samples it was even lower. The cadmium content
in individual samples varied widely, especially in the
food groups prone to contain a greater concentration
of cadmium.

Assessment of Environment Pollution with

Cadmium in Individual Slovene Regions

The state of environment pollution with cad-
mium was assessed on the basis of average cadmium
content in plant origin foods produced in individual
regions. The differences in the cadmium burden be-
tween the regions where the foods were produced
were statistically significant (p <0.001).

The highest cadmium concentrations in foods of
plant origin were those in Kranj (median, 10 ug/ksg;
inter-quartile range, 5-16; 10th-90th percentile, 2-49)
and Celje (median, 10 pg/kg; inter-quartile range,
6-17; 10th-90th percentile, 3-40). The lowest median
cadmium content in foods of plant origin was found
in the Nova Gorica (median, 8 ug/kg; inter-quartile
range, 4-11; 10th-90th percentile, 2-16) and Koper re-
gion (median, 9 pg/kg; inter-quartile range, 4-10;
10th-90th percentile, 2-25), followed by in Ljubljana
and Murska Sobota regions (Fig. 1).

Cadmium in Blood

Cadmium concentrations determined in 463
blood samples (one sample was lost due to laboratory
manipulation) were relatively low, ranging from 0.25
to 24 pg/L. As many as 38.2% of the participants had a
blood cadmium concentration lower than 0.5 ug/L,
whereas in 28.2% it was up to 1 pg/L. The median con-
centration of blood cadmium was 0.5 ug/L (inter-
quartile range, 0.25-1; 10th-90th percentile, 0.25-2).

Table 2. Median concentrations on cadmium in 982 food samples of plant origin in Slovenia, 1999-2000

Cadmium concentrations (ug/kg of fresh food)

Sample No. of samples median Qi-Qs 10th-90th percentile %LOQ*
Spinach/mangel 60 25 16-65 12-121 0
Flour 52 17 12-23 5-34 11.5
Potatoes 60 15 9-34 6-43 0
Lettuce 68 14 8-27 6-58 0
Red beet 59 12 6-21 5-26 0
Turnip 50 11 6-16 4-20 0
Rise 17 11 9-20 6-22 11.8
Paprika 60 10 6-14 4-17 1.7
Carrots 64 9 4-22 2-51 1.6
Onion 60 8 4-15 1-33 0
Tomato 55 6 4-10 3-12 0
Cabbage 54 4 2-7 1-9 0
Legumes 81 3 2-7 1-12 29.6
Pears 48 3 2-4 1-8 12.5
Cucumber 64 3 2-5 2-8 4.7
Pumpkin 67 3 2-5 1-8 20.9
Apples 63 2 1-2 1-8 55.6

*LOQ - percentage of samples where the cadmium concentration was below the limit of quantification.
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Figure 1. The median, interquartile range, and extreme val-
ues of cadmium concentrations in foods in different geo-
graphical regions of Slovenia (from west to east). The box
represents the interquartile range, which contains the 50%
of values. The box length represents the interquartile range.
The whiskers represent the highest and lowest values, ex-
cluding outliers (cases with values between 1.5 and 3 box
lengths from the upper or lower edge of the box) and ex-
treme values (cases with values more than 3 box lengths
from the upper or lower edge of the box). A line across the
box indicates the median.

The median concentrations of blood cadmium var-
ied across the regions (Fig. 2). The highest median
concentration of blood cadmium was observed in the
residents of the Nova Gorica region, where the me-
dian concentration of blood cadmium was 1 pg/L
(inter-quartile range, 0.24-1.86; 10th-90th percentile,
0.25-2.5), and only a bit lower in residents of the
Ravne and Murska Sobota regions. The lowest me-
dian blood cadmium concentration of 0.25 pg/L was
found in the population of the Ljubljana and Koper re-
gions (inter-quartile range, 0.25-0.5; 10th-90th per-
centile, 0.25-0.5; and inter-quartile range: 0.25-0.5;
10th-90th percentile, 0.25-2.5, respectively). The dif-
ferences in blood cadmium concentration among the
regions were statistically significant (p <0.001).

Cadmium in Hair

Cadmium content was determined in 245 hair
samples. Hair samples could not be taken from all
participants because many had a very short haircut.
The cadmium concentration was determined in the
proximal part of the hair, which means that the estab-
lished cadmium content was primarily a reflection of
the organism’s contamination with cadmium, and not
of external contamination. The median concentration
of cadmium in hair samples was very low, 4 ng/g
(inter-quartile range: 3-19; 10th-90th percentile, 3-41).

The number of the participants who gave hair
samples varied per region between 23 (Nova Gorica)
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Figure 2. The median, interquartile range, and extreme val-
ues of cadmium concentrations in blood of Slovene military
recruits by regions of their permanent residence (from west
to east). The box represents the interquartile range, which
contains the 50% of values. The box length represents the
interquartile range. The whiskers represent the highest and
lowest values, excluding outliers (cases with values be-
tween 1.5 and 3 box lengths from the upper or lower edge
of the box) and extreme values (cases with values more than
3 box lengths from the upper or lower edge of the box). A
line across the box indicates the median.

and 30 (Kranj). In the large number of samples, the
cadmium content was below the quantification level
allowed by our method. In as many as 53.7% of hair
samples, the cadmium content in the proximal part of
the hair was below 5 ng/g, whereas in 11% it was up
to 10 ng/g.

The median cadmium content in the hair varied
greatly across regions (p=0.003). The lowest median
content was found in the participants from the Nova
Gorica region. It was also relatively low in partici-
pants from Ljubljana, Celje, and Kranj. The highest
median cadmium content was found in the hair of
participants from the Murska Sobota and Ravne
regions (Fig. 3).

Correlation Analysis

The non-parametric Spearman correlation test
between the cadmium content in the blood and hair
showed that the correlation was not statistically signif-
icant (correlation coefficient, 0.126). The correlation
between the level of environmental pollution with
cadmium, ie, the median cadmium content in foods
of plant origin from individual regions, and cadmium
concentration in the blood of the study participants,
was weak (Spearman’s rho=0.133, p=0.732). The
correlation between the cadmium content in foods of
plant origin and that in the hair was much stronger,
but still not significant (Spearman’s rho=0.546, p=
0.128).
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Figure 3. The median, interquartile range, and extreme val-
ues of cadmium concentrations in the proximal part of hair
of Slovene military recruits by regions of their permanent
residence (from west to east). The box represents the
interquartile range, which contains the 50% of values. The
box length represents the interquartile range. The whiskers
represent the highest and lowest values, excluding outliers
(cases with values between 1.5 and 3 box lengths from the
upper or lower edge of the box) and extreme values (cases
with values more than 3 box lengths from the upper or
lower edge of the box). A line across the box indicates the
median.

Discussion

Cadmium Concentration in Blood and Hair

The median blood cadmium concentration in
our study was slightly higher than that observed by
other researchers investigating unexposed popula-
tion. Moderately exposed persons usually have the
blood cadmium concentration of up to 4 pg/L, mostly
around 1 pg/L or less, depending on whether they are
smokers, non-smokers, or passives smokers, respec-
tively (Table 3).The mean concentration of cadmium
in the blood of smokers is usually twice as high as that
in non-smokers (22,27). In our research, we did not
have any information regarding passive smoking,
which could increase the average cadmium content
in the blood. In a study of the influence of active and
passive smoking on the blood cadmium concentra-
tion conducted in Germany, the mean cadmium con-
centration observed in non-smokers was 0.85 pg/L,
and in passive smokers it was 0.93 pg/L (22).

There are considerable differences in the mean
blood cadmium concentrations among regions in
Slovenia, which follow two patterns. The difference
between west and east versus central part of Slovenia
without Ravne region shows one pattern, and the dif-
ference between the Ravne, Murska Sobota, and
Nova Gorica regions versus all others shows another.
The burden of cadmium contamination in regions
with the highest blood concentration of cadmium, as
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Table 3. Reference concentrations of cadmium in blood and
hair in different studies

Ref. Cadmium concentration*

Population Country No. M GM AM
Values in blood (ug/L):
women Japan, 1980 18 3.6
women Japan, 1990 18 1.98
men China 19 1.31
men and women Korea 20 1.27
men and women Sweden 21 0.9
men and women Israel 22 0.85
children Germany 23 0.3 0.36 0.69
men and women Spain 24 0.26
men and women Finland 25 0.1
men Singapore 26 0.21
women Singapore 26 0.26
men and women London, UK 27 0.7
young men (our study)  Slovenia 0.5
Values in hair (ng/g):
women France 28 380
men USA 29 240
men and women Japan 30 280
women Russia 31 290
women Poland 33 710
children USA 32 270 410
children 2-6 years of age Albania 34 87 95
children Germany 23 50 48 96
young men (our study)  Slovenia 4

*Abbreviations: M — median; GM — geometric mean; AM — arithmetic mean.

found in recruits, could be explained by the fact that
lead smelter plant is located in the Ravne region,
whereas the Murska Sobota and Nova Gorica regions
are viniferous and rural regions. Staessen et al (27)
studied the cadmium burden of the population in
London and found a similar mean concentration of
blood cadmium as we did: the median concentration
in investigated London population was 0.7 pg/L, rang-
ing from 0.4 pg/L to 8.5 ug/L. Interestingly, they found
higher mean cadmium concentration in women than
in men. Considering that we eliminated interference
factors in our study, such as smoking and alcohol con-
sumption, the reasons for a higher mean blood cad-
mium concentration in our population could lie in a
larger share of vegetables in the nutrition. Watanabe
et al (23) concluded that the decrease in the mean
cadmium concentration in the blood of Japan women
over the 1980-1990 period was a consequence of
considerably lower cadmium content in rice pro-
duced in 1990 than that produced in 1980, due to the
implementation of environmental measures.

The cadmium concentration in the hair samples
in our study was very low. A comparison with results
reported by other authors was difficult because the
studies varied in the hair-taking methodology, prepa-
ration of samples for analysis, and the procedure and
methodology of the analysis. Also, the higher cad-
mium content in hair found by other researchers was
probably influenced by the fact that electrothermal
atomic absorption spectrometry analyses usually em-
ploy hair samples of 1-3 cm in length. Consequently,
in addition to the internal cadmium burden, they also
measure the one resulting from external contamina-
tion. Hair analysis by the method we employed, how-
ever, allows the use of very short hair samples (2 mm
in length), which makes it the only method so far that
also allows measuring of the concentration gradient
of metal in hair. It also provides more reliable data on
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the actual metabolic trace element incorporation than
the conventionally used methods, which determine
average trace element content in the entire hair length
(1-3 cm). A great advantage of this method lies in the
fact that the risk of sample contamination during the
preparation and performance of the analysis is
essentially reduced. Furthermore, it also has a lower
limit of quantification of the substance analyzed (15).

Assessment of Environment Pollution with
Cadmium in Individual Regions

The differences in the cadmium burden in foods
of plant origin across regions in Slovenia were statisti-
cally significant. The cadmium content in these foods
largely reflects the level of cadmium burden in the
soil, and depends on other soil characteristics, espe-
cially acidity. This makes cadmium a sensitive indica-
tor of the degree of environmental pollution (9).

Cadmium content in foods of plant origin, how-
ever, cannot be the only criterion for the assessment
of the degree of exposure to harmful substances
through food. Inhabitants of a certain area or region
also eat foods grown elsewhere, which can differ in
content of harmful substances. There are also varia-
tions in the quantity of non-local foods consumed in a
particular environment; they depend on the quantity
of foods of plant origin produced in a certain region,
the size of the region, social and economic condi-
tions, and migration rate. In areas where the share of
farm production is high and accompanied by bad so-
cial and economic status, the share of at-home grown
foods in one’s diet is larger. In Slovenia, the only re-
gion that meets these criteria is that of Murska Sobota.

The correlation between the level of environ-
mental pollution with cadmium and cadmium con-
tent in blood and hair is weakened by the fact that
many young men who participated in our research
were students. This means that many lived in one re-
gion and studied in another, e.g., Ljubljana or
Maribor, which belong to less polluted Slovene re-
gions at least as far as cadmium is concerned.

Influence of Cadmium Content in
Environment on Its Concentration in
Biological Samples

We also performed the cross-sectional ecologi-
cal epidemiological analysis (a correlation epidemio-
logical study). The bias characterizing this epidemio-
logical method of work has been partly reduced by
use of the questionnaire, which supplied us with sev-
eral important pieces of information. For example, we
were able to exclude smokers, who are more exposed
to cadmium intake. However, the important draw-
backs of the study still remain: we studied the cad-
mium content in the foods that had not been con-
sumed by our participants, and we did not have any
information on the kinds and quantities of foods they
consumed.

The analysis of the correlation between the envi-
ronmental pollution with cadmium (determined on
the basis of the average cadmium content in foods of
plant origin) and the cadmium content in the blood
and hair showed that it was not statistically signifi-
cant. However; this is primarily due to the fact that the

number of the geographical units studied (9) was ex-
tremely small. Had it been possible to assess the de-
gree of environmental pollution, e.g., in Slovene ad-
ministration units (with the analysis of biological sam-
ples from their population), the chances of establish-
ing a statistical significance would have been much
higher as the number of the units studied would be
65. The results obtained, however, support the hy-
pothesis that there is an actual correlation between
the degree of environmental pollution and the cadmi-
um content in the blood and especially in hair of the
population.

Acknowledgment

The authors thank Prof Janez Stupar, Dr Franc Dolinek,
Ksenja Bosnjak, JoZica Zibret, and Mateja Sraml for their contri-
bution to this research. Also, helpful comments by Prof Drazigost
Pokorn and his support are acknowledged with gratitude. The re-
search was financially supported by Ministry of Health of
Slovenia (MZ-522-03/99) and Institute of Public Health Celje
(A3-1275).

References

1 International Programme on Chemical Safety. Princi-
ples of the safety assessment of food aditives and con-
taminants in food. Environmental health criteria No.
70.Geneva: WHO; 1987.

2 World Health Organization. Human exposure assess-
ment. Geneva: WHO; 2000.

3 Hoffmann K, Krause C, Seifert B. The German Environ-
mental Survey 1990/92 (GerES Il): primary predictors of
blood cadmium levels in adults. Arch Environ Health
2001;56:374-9.

4 Nordberg G, Nordberg M. Biological monitoring of
cadmium. In: Clarkson TW, editor. Biological monitor-
ing of toxic metals. New York (NY): Plenum Press;
1988. p. 151-68.

5 International Programme on Chemical Safety. Cad-
mium. Environmental health criteria No. 134. Geneva:
WHO; 1992.

6 Brockhaus A, Collet W, Dolgner R, Engelke R, Ewers U,
Freier |, etal. Exposure to lead and cadmium of children
living in different areas of north-west Germany: results
of biological monitoring studies 1982-1986. Int Arch
Occup Environ Health 1988;60:211-22.

7 Alegria A, Barbera R, Farre R. Influence of environmen-
tal contamination on Cd, Co, Cr, Cu, Ni, Pb and Zn con-
tent of edible vegetables: safety and nutritional aspects.
Journal of Micronutrient Analysis 1990;8:91-104.

8 Elinder CG. Biological monitoring of cadmium. In:
Dillon HK, Ho MH, editors. Biological monitoring of
exposure to chemicals: metals. New York (NY): Wiley
Publishers; 1991. p. 197-207.

9 Schwartz C, Fetzer KD, Morel JL. Factors influencing
heavy metals burden of garden soil [in German]. Ergo
Med 1996;20:14-7.

10 Svensson BG, Bjornham A, Schutz A, Lettevall U,
Nilsson A, Skerfving S. Acidic deposition and human
exposure to toxic metals. Sci Total Environ 1987;67:
101-15.

11 Erzen I, Skapin K, Stupar J. Cadmium and lead levels in
blood and hair samples of blood-donor population [in
Slovenian]. Hiti Macarol M, editor. Proceedings of Pre-
ventive medicine meeting; 2001 Dec 6-7; Portoroz,
Slovenija. Ljubljana: National Institute of Public Health;
2001. p. 29-34.

543



Erzen and Zaletel Kragelj: Cadmium in Plant Food and Biological Samples

Croat Med J 2003;44:538-544

12 Weyermann M, Brenner H. Alcohol consumption and
smoking habits as determinants of blood lead levels in a
national population sample from Germany. Arch Envi-
ron Health 1997;52:233-9.

13 Hoenig M. Direct determination of cadmium in blood
by electrothermal atomization. Varian instruments at
work AA-49 1985. Available from: http://www.variani
nc.com/image/vimage/docs/products/spectr/aa/atwork
s/laa049.pdf. Accessed: July 5, 2003.

14 Minoia C. Analytical and extra-analytical problems con-
nected with the determination of lead and cadmium in
the blood [in Italian]. Ann Ist Super Sanita 1985;21:
61-71.

15 StuparJ, Dolinsek F. Determination of chromium, man-
ganese, lead and cadmium in biological samples in-
cluding hair using direct electrothermal atomic absorp-
tion spectrometry. Spectrochimica Acta Part B: Atomic
Spectroscopy 1996;51:665-83.

16 Altman DG. Practical statistics for medical research.
London: Chapman and Hall; 1993.

17 Moore MR, Robertson SJ, Gilmour WH, Murray GD,
Britton A, Low RA, et al. Decline of maternal blood lead
concentrations in Glasgow. J Epidemiol Community
Health 1998;52:672-3.

18 Watanabe T, Nakatsuka H, Shimbo S, lwami O, Imai Y,
Moon CS, et al. Reduced cadmium and lead burden in
Japan in the past 10 years. Int Arch Occup Environ
Health 1996;68:305-14.

19 Xu B, Chia SE, Ong CN. Concentrations of cadmium,
lead, selenium and zinc in human blood and seminal
plasma. Biol Trace Elem Res 1994;40:49-57.

20 Moon CS, Zhang ZW, Shimbo S, Watanabe T, Moon
DH, Lee CU, et al. Dietary intake of cadmium and lead
among the general population in Korea. Environ Res
1995;71:46-54.

21 Hallien IP, Jorhem L, Lagerkvist BJ, Oskarsson A. Lead
and cadmium levels in human milk and blood. Sci Total
Environ 1995;166:149-55.

22 Shaham ], Meltzer A, Ashkenazi R, Ribak J. Biological
monitoring of exposure to cadmium, a human carcino-
gen, as a result of active and passive smoking. ] Occup
Environ Med 1996;38:1220-8.

23 Seifert B, Becker K, Helm D, Krause C, Schulz C,
Seiwert M. The German Environmental Survey 1990/
1992 (GerES II): reference concentrations of selected
environmental pollutants in blood, urine, hair, house
dust, drinking water and indoor air. ) Expo Anal Environ
Epidemiol 2000;10(6 Pt 1):552-65.

24 Alonso E, Cambra K, Martinez T. Lead and cadmium
exposure from contaminated soil among residents of a

544

farm area near an industrial site. Arch Environ Health
2001,56:278-82.

25 Louekari K, Valkonen S, Pousi S, Virtanen L. Estimated
dietary intake of lead and cadmium and their concen-
tration in blood. Sci Total Environ 1991;105:87-99.

26 Chia SE, Chan OY, Sam CT, Heng BH. Blood cadmium
levels in non-occupationally exposed adult subjects in
Singapore. Sci Total Environ 1994;145:119-23.

27 Staessen J, Yeoman WB, Fletcher AE, Markowe HL,
Marmont MG, Rose G, et al. Blood cadmium in London
civil servants. Int ] Epidemiol 1990;19:362-6.

28 Huel G, Boudene C, Ibrahim MA. Cadmium and lead
content of maternal and newborn hair: relationship to
parity, birth weight, and hypertension. Arch Environ
Health 1981;36:221-7.

29 Struempler RE, Larson GE, Rimland B. Hair mineral
analysis and disruptive behavior in clinically normal
young men. J Learn Disabil 1985;18:609-12.

30 Takagi Y, Matsuda S, Imai S, Ohmori Y, Masuda T, Vin-
son JA, et al. Trace elements in human hair: an interna-
tional comparison. Bull Environ Contam Toxicol 1986;
36:793-800.

31 Bustueva KA, Revich BA, Bezpalko LE. Cadmium in the
environment of three Russian cities and in human hair
and urine. Arch Environ Health 1994;49:284-8.

32 Baker EL Jr, Hayes CG, Landrigan PJ, Handke JL, Leger
RT, Housworth WJ, et al. A nationwide survey of heavy
metal absorption in children living near primary cop-
per, lead, and zinc smelters. Am ] Epidemiol 1977;106:
261-73.

33 Popko J, Olszewksi S, Hukalowicz K, Markiewicz R,
Borawska MH, Szeparowicz P. Lead, cadmium, copper
and zinc concentrations in blood and hair of mothers of
children with locomotor system malformations. Polish
Journal of Environmental Studies 2003;12:375-80.

34 Tabaku A, Cullaj A. Trace elements in hair of preschool
children. In: Anke M, editor. Macro and Trace Elements
[in German]. Proceedings of the 20th Macro and Trace
Elements Workshop; 2000 Oct 18-19; Jena, Germany.
Leipzig: Schubert-Verlag; 2000. p. 1055-8.

Received: July 15, 2003
Accepted: September 11, 2003

Correspondence to:

Ivan Erzen

Celje Institute of Public Health
Ipavc¢eva 18

3000 Celje, Slovenia
ivan@zzv-ce.si



