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Abstract

The objectives of this study were to determine the concentrations of arsenic, copper, molybdenum, and

selenium in drinking water and biological tissues (serum, urine, hair) in the populations of three rural com-

munities in eastern Croatia, and to determine whether the concentrations of these elements in drinking water

can be related to their concentrations in biological tissues. Arsenic, copper, molybdenum, and selenium

concentrations were determined using inductively coupled plasma mass spectrometry in the samples of

water, urine, and serum of the subjects from all three communities, while hair samples were taken from the

subjects from Celije and Draz. The highest arsenic concentrations in drinking water and biological tissues

were found in the participants from Celije. In all three communities, concentrations of copper, molybdenum,

and selenium did not exceed maximum permissible concentrations in drinking water or in biological tissues.
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Introduction

Arsenic is an eclement that is widely distributed
throughout the world. People can be exposed to arsenic
from a variety of sources, which may be natural or a
consequence of human activities [1]. Arsenic exposure
of humans mainly occurs from the ingestion of water and

*e-mail: mcurkov@yahoo.com

food contaminated with arsenic [2]. The occurrence of
arsenic in drinking water can be a result of its geological
presence in local bedrock [1, 3]. Throughout the world
groundwater is an important source of drinking water,
but it is also a well-known source of arsenic exposure in
humans. Exposure to drinking water contaminated with
arsenic is a global environmental problem that affects
millions of people in different parts of the world [4-9].
Chronic ingestion of drinking water contaminated with
arsenic can lead to serious health problems in humans [5,
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10]. The International Agency for Research on Cancer
considers arsenic to be a Class | human carcinogen because
of'its increased risk for skin, lung, and bladder cancer [11].
Arsenic-contaminated water even at a high concentration
is translucent, tasteless and odorless which makes it more
dangerous for human populations [12].

In contrast to arsenic, which is a well-known toxic
agent, copper, molybdenum, and selenium are trace
elements that are essential for life [13, 14], but they may
be toxic when present in excess — especially copper and
selenium [14-19]. Ingestion of food and water are the main
sources of exposure to copper. Potable drinking water
contains low levels of copper, but in private wells high
concentrations of copper have been found, or when water
or beverages with low pH have been conducted through
the copper piping [20]. The estimate is that the daily intake
of copper for the EU population ranges from 0.8 to 1.8
mg per day. Drinking water contributes marginally to
the total copper intake, except in the areas of poor water
quality and/or corroded distribution systems [21]. The
copper content of foods and drinking water could be quite
variable [22]. Food is the main source of selenium in the
general population [23, 24]. Moreover, selenium intake
can be increased by the consumption of drinking water
containing high concentrations of selenium [25]. Surface
and groundwaters contain very variable concentrations of
selenium. In some areas, the concentration of selenium in
groundwater can reach very high levels (up to 6,000 pg/L),
while the public water systems in developed countries are
generally within the reference value of 10 pg/L [23].

For the human population, food is a major source of
molybdenum while the concentrations in the water are
negligible. Molybdenum is an element that has a relatively
low toxicity [18]. In animals, especially ruminants and in
humans molybdenum toxicity is more pronounced than its
deficit [19]. One case describes an acute poisoning with
molybdenum from a dietary molybdenum supplement in
a male patient [26]. Concentrations of molybdenum are
different depending on the type of water and they range
from 0.01 mg/L in the ocean up to 30 mg/L in some
American rivers. Molybdenum concentrations in drinking
water are generally low (up to 6 pg/L). In the vicinity of the
areas where molybdenum ore is mined, contamination of
drinking water may occur, leading to daily intakes of more
than 1,000 pg [23]. The objectives of this study were to
determine concentrations of arsenic, copper, molybdenum,
and selenium in drinking water and biological tissues
(serum, urine, hair) in the population of three rural
communities in eastern Croatia, and to determine whether
the concentrations of these elements in drinking water can
be related to their concentrations in biological tissues.

Materials and Methods
Participants

The subjects of the study were 30 people 35 to 75
years old, male and female, living in three communities

of eastern Slavonia and Baranja in eastern Croatia: Celije,
Draz, and Potnjani. We chose those three communities
because they are situated in the Pannonian Basin, where
groundwater resources are loaded with arsenic, and it is
an area where agriculture is the main part of economic
activity. In these three communities, people use drinking
water from wells (tube well and dug well). The study was
performed in accordance with Croatian regulations for the
safety of drinking water. The research was conducted as a
cross-section of the current state of the population in these
communities. The study was approved by the Ethics Com-
mittee of the School of Medicine, Josip Juraj Strossmayer
University of Osijek, Croatia. The purpose of the study
was explained to each participant, after which they vol-
untarily provided written informed consent. The map of
Croatia and the study sites selected in this research are
shown in Fig. 1.

Sample Collection, Treatment, and Analysis

Venous blood and spot urine samples were taken from
30 subjects in May and June (2005 and 2006). During
the same period, 56 samples of drinking well water were
taken from all three communities. During two consecutive
months (May and June) in the third year (2007), 34
samples of well water and 36 blood, spot urine, and hair
samples were taken from 17 subjects from the Celije and
Draz communities. Wells were selected randomly within
this region.

Drinking Well Water Sample Collection
and Sample Treatment

During sampling of the well water, the water was
allowed to leak from the tap for about 60 seconds or it
was taken from the container, and then it was sampled
in 100-mL polyethylene bottles. After that, 1 mL of 33%
nitric acid was added in each and then the bottles were
shaken vigorously. The samples of well water were placed
in a freezer at -20°C [27]. The same procedure was done
within a week in all three local communities, and after
that all drinking well water samples were transported in a
portable freezer to the laboratory for analyses.

Biological Sample Collection
and Sample Treatment

Sampling of blood and urine tests was done by a
laboratory technician. A blood sample of at least 3 mL
was obtained from each subject using a Vacuette Blood
Collection Needle (38%0.9 mm), and Vacuette Serum
Gel Tube 3.5 mL (Greiner Bio-One, Kremsmiinster,
Austria). Serum was separated from the blood on the same
day (Microtubes 3810X, 1.5 mL, Eppendorf Geratebau,
Hamburg, Germany). Spot urine samples were also
collected from each subject by a laboratory technician,
and placed in urine collection containers (55 mL, Plastika
Mocan, Samobor, Croatia). A hair sample approximately
0.1 cm wide and 3 cm long was taken from the occipital
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Fig. 1. Map of Croatia with study sites Draz, Celije, and
Potnjani marked with dark arrows.

part of the head of each subject, adjacent to the scalp,
using stainless steel scissors and placed into polyethylene
bags. If the hair was short, several samples from the
same part of the head were taken. After completing the
collection, biological samples (serum and urine) were
stored in a freezer at -70°C [27]. The same procedure was
done within a week in all three local communities, and
then all biological samples were transported in a portable
freezer to the laboratory for analysis.

Trace Analysis by Inductively Coupled Plasma
Mass Spectrometry

Complete analysis of the drinking water and biological
samples was performed using inductively coupled plasma
mass spectrometry (Perkin Elmer, ELAN DRC-e) in the
Laboratory of General and Inorganic Chemistry, Faculty
of Chemical Engineering and Technology, University of
Zagreb. Approximately 10 mL of thawed water samples
(conditioned 24 hours at laboratory temperature) were
taken for the analysis. The serum and urine samples were
thawed, acidified with 60% nitric acid (0.1 mL/10 mL of
sample), well mixed, and then 0.5 mL of them diluted to
10 mL with 1% (v/v) nitric acid before analysis [28]. The
hair samples were washed with acetone and air dried 24
hours. Approximately 0.1 g of it was weighed, dissolved
in 1 mL of nitric acid, and diluted to 12 mL for analysis.
High purity nitric acid (“Suprapure,” Merck) was used
throughout. Determination of the elements investigated
was performed according to U.S. EPA method 200.8 [29].
The instrument was calibrated after every 12" sample
using external standard “71-Element Group Multi Element
Standard Solution” (Inorganic Ventures, USA) and internal
standards with the elements yttrium (Y), indium (In),
terbium (Tb), and bismuth (Bi) (Inorganic Ventures, USA).
The analytical methods were validated using standard
reference materials: “ICP Multi Element Standard Solution
X CertiPUR for Surface Water Testing” (Merck, Germany)
and standard samples “Trace Elements Urine Blank” and
“Trace Elements Urine” (SERO AS, Norway).

Statistics

Normality of distribution was tested by Kolmogorov-
Smirnov test. Median and interquartile ranges were given
for variables that were not normally distributed. Since the
data were not normally distributed, Kruskal-Wallis test
and Mann-Whitney U-test were used to determine the
differences in the measured parameters among the three
communities. The significance was set at o = 0.05.

Results

The levels of arsenic, copper, molybdenum, and
selenium in the samples of drinking well water, urine,
serum, and hair from the local communities in Eastern
Croatia are shown in Table 1, and Figs 2, 3, 4, and 5.

The arsenic concentration differed significantly
(Kruskal-Wallis test) in the samples of urine (p<0.001),
serum (p = 0.001), water (p<0.001), and hair (Mann-
Whitney test, p<0.001) taken from three localities (Table
1, Fig. 2). The arsenic concentration was significantly
(Mann-Whitney test) higher in urine samples of subjects
from Celije compared to the samples taken from Draz
and Potnjani (p<0.001), and from Draz compared to
Potnjani (p<0.001). In serum samples, concentration
was higher (Mann-Whitney test, p<0.001) in subjects of
Celije compared to Draz. In the samples of drinking water,
higher concentration (Mann-Whitney test, p<0.001) was
in the Draz community compared to Celije and Potnjani.
The higher concentration of arsenic in the hair (Mann-
Whitney test, p<0.001) was in subjects of Celije compared
to Draz (Fig. 2).

The copper concentration differed significantly
(Kruskal-Wallis test) in the samples of urine (p<0.001),
serum (p = 0.004), water (p<0.001), and hair (Mann-
Whitney test, p=0.004) taken from three localities (Table
1, Fig. 3). The copper concentrations were significantly
(Mann-Whitney test) higher in urine samples of subjects
from Draz compared to the samples taken from Celije
(p<0.001) and Potnjani (p = 0.036). In serum samples,
concentration was higher (Mann-Whitney test, p<0.001)
in subjects of Draz compared to Celije. In the samples of
drinking water, higher concentration (Mann-Whitney test,
p<0.001) was in Draz and Potnjani compared to Celije.
The higher concentration of copper in the hair (Mann-
Whitney test, p = 0.004) was in subjects of Draz compared
to Celije (Fig. 3).

The concentration of molybdenum differed
significantly (Kruskal-Wallis test) in the samples of urine
and water (p<0.001) taken from three localities (Table 1,
Fig. 4). The molybdenum concentration was significantly
(Mann-Whitney test) higher in urine samples of subjects
from DraZ compared to Celije (p = 0.009) and Potnjani
(p<0.001). In the samples of drinking water, higher
concentration (Mann-Whitney test, p<0.001) was in Draz
compared to Celije and Potnjani (Fig. 4).

The concentration of selenium differed significantly
(Kruskal-Wallis test) in the samples of urine, serum,
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Table 1. Basic measures and dispersions of parameters: biological tissues and drinking water in the local community.

Local community
Parameters Celije Draz Potnjani p
M (25-75%)* M (25-75%)* M (25-75%)*
Arsenic
Urine (pg/L) 65.7 (39.5-112.6) 11.6 (25.79) 0.05 (0.05-12.5) <0.001
Serum (pg/L) 21.1 (8.4-28.5) 13.11 (2.75-18.9) 14.69 (10.47-22.77) 0.001
Water (ng/L) 93.8 (62.1-134.8) 0.464 (0.257-0.862) 0.51 (0.288-1.06) <0.001
Hair (pg/g) 1.72 (1.22-3.27) 0.136 (0.095-0.176) - <0.001*
Copper
Urine (ng/L) 16.12 (9.57-19.16) 20.50 (15.5-26.9) 15.86 (12.4-24.74) <0.001
Serum (ug/L) 937.4 (771.7-1114.16) 1058.8 (943.4-1157.8) 988.6 (859.7-1223.6) 0.004
Water (ng/L) 0.63 (0.34-1.41) 5.42 (1.40-15.23) 5.58 (1.23-25.86) <0.001
Hair (ug/g) 8.64 (8.1-9.74) 11.69 (9.72-12.85) - 0.004*
Selenium
Urine (pg/L) 7.61 (0.05-23.31) 25.79 (11.68-37.42) 3.47 (0.05-16.36) <0.001
Serum (pg/L) 84.9 (60.7-108.3) 97.4 (69.56-126.77) 72.11 (48.4-90.88) <0.001
Water (pg/L) 0.237 (0.001-0.51) 0.761 (0.334-2.68) 0.001 (0.001-0.99) <0.001
Hair (png/g) 0.33 (0.274-0.39) 0.406 (0.307-0.445) - 0.146*
Molybdenum
Urine (pg/L) 35.57 (21,8-55,4) 55.40 (35.6-80.8) 26.90 (13.9-49.8) <0.001
Serum (pg/L) 1.28 (1-1.65) 1.38 (1.17-1.75) 1.30 (1.05-1.54) 0.294
Water (ng/L) 0.012 (0.001-0.39) 0.24 (0.11-0.59) 0.001 (0.001-0.012) <0.001
Hair (ng/g) 0.05 (0.037-0.08) 0.05 (0.04-0.07) - 0.868*

*Median (interquartile range), 'Kruskal Wallis test, *Mann Whitney test

and water (p<0.001) taken from three localities (Table
1, Fig. 5). The selenium concentration was significantly
(Mann-Whitney test) higher in urine samples of subjects
from Draz compared to Celije and Potnjani (p<0.001). In
serum samples, concentration was higher (Mann-Whitney
test) in subjects of Draz compared to Celije (p = 0.005)
and Potnjani (p<0.001), and from Potnjani compared to
Celije (p=0.012). In the samples of drinking water, higher
concentration (Mann-Whitney test) was in Draz compared
to Celije (p<0.001) and Potnjani (p = 0.004). All the data
are presented in Fig. 5.

Discussion
Arsenic

Determining arsenic in drinking water and biological
tissues is very important because of the insight into the
level of human exposure to this element. Population in
the rural areas is particularly sensitive because of their
low socio-economic and educational status [8, 30]. The

concentrations of arsenic in groundwater vary considerably
among different countries [4, 31, 32]. Even in the same
district, arsenic concentrations may vary significantly
[33]. In the Pannonian Basin (Hungary, Romania, Croatia,
and Serbia), groundwater resources have naturally high
levels of arsenic, which makes it the largest region in
Europe that is affected by high concentrations of this
element in drinking water. Roughly 1 million people are
exposed to concentrations of arsenic in their drinking
water that are above the EU maximum admissible level
of 10 pg/L [34]. In eastern Croatia, which is also part of
the Pannonian Basin, groundwater is contaminated with
arsenic. In the study of Ujevicet et al. [35], arsenic was
detected in 46 out of 56 groundwater samples, with the
highest arsenic concentration up to 461 pg/L. In another
study, which was conducted in eastern Croatia by Romi¢
et al. [36], groundwater samples taken from the water
wells that supply the town of Osijek with drinking water
showed a mean arsenic concentration of 240 pg/L. Cavar
et al. [37] conducted a study at four locations in eastern
Croatia, and recorded various mean concentrations of
arsenic in drinking water of 0.14 to 611.89 ng/L, while in
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Fig. 2. Arsenic concentrations (median) in: a) urine, b) serum, c) drinking water (ug/L), and d) hair samples (ug/g) from Celije, Draz,

and Potnjani.

another study by Habuda-Stani¢ et al. [38] (also in eastern
Croatia) the concentrations of arsenic in drinking water
were in the range 10 to 610 pg/L.

In our study, exposure to arsenic in drinking
water varied. The highest mean arsenic concentration
in drinking water was found in Celije (93.8 pg/L),
significantly exceeding the EU, WHO, and Croatian
maximum admissible level of 10 pg/L, while in the other
two communities mean arsenic concentrations in drinking
water were far below that level [39-41].

For biomonitoring it is necessary to analyze arsenic in
biological tissues. Arsenic levels in blood and urine have
a short biological half-life and reflect recent exposure,
and in the case of arsenic in blood, it lasts only for a few
hours. Speciation of the arsenic species is mandatory for
correct interpretation of the data. Arsenic concentration
in urine mainly reflects recent exposure. In Europe the

arsenic concentration in urine of non-exposed individuals
is about 10 pg/L, whereas in Japan it is 50 pg/L or higher
[42]. In Vietnam, where the population has been exposed
to arsenic in groundwater (arsenic levels ranged from
<1.8 to 486 pg/L) and rice had a positive correlation
between the arsenic concentration in urine and the
estimated arsenic intake [43]. In a population with skin
disorders (melanosis and keratosis) there is a good
correlation between the concentration of arsenic in
drinking water and its concentration in biological tissues
and hair. Arsenic concentration in drinking water was in
the range from 35.2 pg/L to 152 pg/L, and concentrations
in scalp hair and blood were above the permissible
values 0.034-0.319 ng/g for hair and <0.5-4.2 pg/L for
blood [44]. In a study conducted by Gault et al. [45] on
a small population demonstrated a positive correlation
between the concentration of arsenic in drinking water
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(0.21-943 pg/L) and its concentrations in hair and nails. In
these subjects, arsenic concentrations in hair ranged from
0.10 to 7.95 pg/g, and in many it exceeded baseline levels
[45].

Mandal et al. [46] showed that there is a positive
correlation between the consumption of drinking water
contaminated with arsenic and the concentrations of
arsenic in urine, hair, and nails, indicating that any of
these measurements could be a biomarker of exposure.
While the concentrations of arsenic in urine and hair
require speciation of arsenic, total arsenic concentrations
in fingernails do not require its speciation. In the study
of Samanta et al. [47] mean arsenic concentrations in the
hair collected in populations from arsenic-affected areas
in India was 2.29 pg/g. Reference values for arsenic are in
the whole blood 5 pg/L, serum 3.5 pg/L, hair 0.26 pg/g,
and urine 20 pg/L [48]. Reference levels for arsenic in the
urine of a healthy Italian (European Union) population are

in the range 2.3-31.1 pg/l and in blood 0.4-11.9 pg/L [49].

Another study conducted in eastern Croatia also
showed a significant correlation between the amount
of arsenic in the hair and its elevated concentrations in
drinking water, where higher concentrations of arsenic
in drinking water led to higher concentrations in the hair
[38]. Our results showed that in Celije, arsenic content
in the groundwater for drinking purposes (93.8 ng/L)
was positively correlated with arsenic concentrations in
serum (21.1 pg/L, p=0.001), urine (65.7 png/L, p<0.001),
and hair (1.72pg/g, p<0.001). In all three biological
samples (serum, urine, hair) from the Celije population,
concentrations of arsenic were above the reference values
for the EU population and the values determined by
Iyengar and Woittiez [48], and Minoia et al. [49].

Hair canbea very good indicator for long-term exposure
to arsenic in drinking water. Elevated concentrations of
arsenic in the hair can be found for months after the arsenic



Arsenic, Copper, Molybdenum... 987
a) Urine b) Serum
150 3]
120
jar jary
3 - £
E E
=] 3
c c
O [
h-J o
£ oo £
o [}
= =
N | . | J_ |
1 1 1
o 1
T T T T T T
Celije DraZ Potnjani Celije DraZ Potnjani
*p=0.009 vs. *p<0.001 vs.
urine sample urine sample
in Draz in Potnjani
Drinking water Hair
) d)
0.100=
0.800=
= > -
S 0.600= \; 0.075;
=2 =2
€ €
=) >
c c
3 3 0.050=
£ 0.400- 20
° °
= =
0.200= 0.025=
0.000= ﬁ —_— 0.000=
o T T o T
Celije Draz Potrjani Celije Draz
*p<0.001 vs . *p<0.001 vs .
drinking drinking
water sample water sample
in Draz in Potnjani

Fig. 4. Molybdenum concentrations (median) in: a) urine,b) serum,c) drinking water (ug/L), and d) hair samples (ug/g) from Celije, Draz,

and Potnjani.

concentration in urine normalizes, but these results should
be interpreted very cautiously because of the possibility of
external contamination [50]. It is also worth mentioning
that the concentration of arsenic in the serum and urine
samples of Draz and Potnjani were significantly higher
than in the drinking water. This means that arsenic found
in the samples of serum and urine comes in small part
from the water, and mostly from food and other sources.

Copper

Copper is an essential element for all living beings.
Exposure to copper results almost exclusively from
the ingestion of food and water [20]. Copper is very
frequently found in groundwater or it can be introduced

to tap water by corroding infrastructure [51]. Highly
variable values of copper can be found in well water,
which depends on the type of soil and the underlying
water table. The concentration of copper in water of more
than 5 mg/L leads to discoloration and a bitter taste [52].
Giriet et al. [53] showed that groundwater concentrations
near two mining areas in India were 0.78-20.0 and
1.24-18.7 pg/L. There are differences in the concentration
of copper in drinking water between urban and non-
urban areas (peripheral and rural). Higher concentrations
of copper in drinking water have been reported in non-
urban areas (peripheral 20 pg/L and rural 12 pg/L), while
in the urban areas lower concentrations (8 pg/L) have
been reported. Contamination of water with copper after
standing overnight in household pipes was similar in all
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three sites, with an average increase of about 20 pg/L [54].
One of the first cases of poisoning with copper from the
public water system occurred in one family in the eastern
U.S. state of Vermont. The concentration of copper in the
drinking water was 7.8 mg/L. It was suspected that the
copper levels were elevated due to stagnation of water at
the end of a copper main [55].

Various studies have shown that consumption of
drinking water with a concentration of copper up to 2 mg/L
does not cause gastrointestinal problems in infants, whereas
in women only copper concentrations greater than 3 mg/L
lead to an increase in gastrointestinal symptoms [20].
Drinking tap water with a concentration of copper of
5 and 6 mg/L leads to significantly more gastrointestinal
symptoms compared to persons who consume water
with a copper concentration of <0.01 mg/L. Both soluble
(copper sulphate) and insoluble (copper oxide) copper
can cause gastrointestinal symptoms [22, 56]. Trace
amounts of copper in drinking water, less than one-tenth
of that allowed in human drinking water by the U.S.
Environmental Protection Agency, greatly enhanced an

Alzheimer’s-like disease in an animal model. Healthy
adults in the highest quintile of copper intake who also ate
a high-fat diet lost cognition at over three times the normal
rate [57, 58].

Median values for copper in drinking water in Draz
and Potnjani were well below the maximal allowed
concentration for copper of 2,000 and 1,300 pg/L,
according to Croatian regulations for the safety of
drinking water or the WHO guideline value for copper,
and the U.S. EPA [40, 41, 59]. In Celije median copper
concentrations in drinking water were less than 1 pg/L.
Copper metabolism is homeostatically well controlled.
Physiological (pregnancy) or pathological conditions (e.g.,
in some liver diseases) can influence the level of copper
in the body. There seem to be no major methodological
problems of evident contamination hazards associated
with the measurement of copper in biological fluids.
The copper concentration in serum or plasma of healthy
individuals covers a range from 0.8 to 1.4 mg/L.
In urine the mean urinary concentration ranges from
15-36 ng/24 h [42]. Because of the lack of sensitive
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and specific indicators, serum copper concentration and
ceruloplasmin are the most frequent indicators, but they
only detect intense changes of copper status [60]. Despite
limited data, serum copper appears to be a useful biomarker
of copper status at the population level [61]. In the study
of V. Iyengar, reference values in the whole-blood for
copper ranged from 800-1,300 pg/L, in serum from
800-1,750 pg/L, in hair from 6.8-39 mg/kg, and in urine
from 12-80 pg/L [48]. Reference values for copper in
urine in healthy Italians (EU) were 4.2-50 ug/L, for blood
807-1,643 pg/L, and for serum (plasma) 601-1,373 ug/L
[49]. In our study, the concentrations of copper in serum,
urine, and hair in all three communities were within the
reference range for the EU population and other published
data [48, 49].

We are aware that in our study we did not examine the
amount of copper that subjects intake through food and
supplements containing copper. Higher values of copper
in the serum and urine of all the subjects in relation to
its value in drinking water in all three communities
are probably caused in large part by copper intake
through food and supplements containing copper or
some other source of copper. However, we consider the
significantly higher values of copper in urine, serum, and
hair of the subjects in Draz compared to Celije to be partly
caused by higher levels of copper in drinking water in
Draz.

Molybdenum

The concentration of molybdenum in drinking water
is usually less than 0.01mg/L, although concentrations
as high as 200 pg/L have been reported near mining
sites. A formal guideline value has not been set for
molybdenum because it occurs in very low concentrations
in drinking water. For guidance purposes, a health-based
level is rounded to 0.07 mg/L [40]. Concentrations of
molybdenum in surface water are more variable than in
groundwater, but there is no evidence of notable seasonal
effects. Molybdenum data for 1,398 groundwater samples
from the British Geological Survey (BGS) groundwater
database have a range of <0.1-120 pg/L, but with a
10-90 percentile range of 0.1-1.5 pg/L and a median of
0.12 pg/L [62]. In a study of drinking water from U.S.
public systems noted concentrations of molybdenum
in the range of 1-4 ng/L, while in another U.S. study
molybdenum was detected in 30% of 3,676 analyzed
samples in the range <1-53 pg/L [62]. The Croatian
regulations for the safety of drinking water did not set a
maximum permissible concentration of molybdenum in
drinking water [41]. Our results showed that the values
of molybdenum in drinking water were well below the
health-based level set by WHO [40].

Molybdenum can be measured in whole blood and
serum. Concentrations in whole blood vary widely,
although the mean concentration is 0.5 pg/L [24]. Plasma
molybdenum reflects its low and high dietary intakes
within 14 days and may be a useful indicator of low and
high dietary intakes [63]. Molybdenum is very efficiently

absorbed at all dietary molybdenum intakes [64]. In
people, absorption of molybdenum after oral intake is in
the range of 28-77% and urinary excretion is 17-80% of
the total dose [65]. Molybdenum retention is regulated by
urinary excretion. It is conserved at low intakes and excess
molybdenum is rapidly excreted in the urine when intake
is high [64, 66]. Urinary levels of molybdenum can be
affected by its levels in drinking water. Chappel et al. [67]
showed that when the concentration of molybdenum in
drinking water in individuals ranged 1-50 pg/L, its mean
urinary level was 87 pg/d, but when the concentration
in drinking water was equal to or greater than 200 ug/L,
the mean urinary level of molybdenum was 187 pg/d. In
workers in smelters who were exposed to molybdenum in
dust, high levels of molybdenum were present in the blood
(up to 300 ug/L) and urine (up to 11 mg/L) [67].

Molybdenum concentration in the urine samples
of subjects in Celije and Potnjani were very close to
the reference value, while in Draz they were above the
reference value [48]. Significantly higher median values
of molybdenum in drinking water were measured in Draz
compared to the other two communities. In Potnjani,
molybdenum concentrations in drinking water were the
lowest. Median values for molybdenum in serum samples
from all three sites were not statistically significant. Higher
median values for molybdenum in urine samples from the
subjects in Draz rather than in the other two communities
can be linked to the higher levels of molybdenum in
drinking water in Draz. Molybdenum concentrations in
hair did not show any statistically significant difference
between the subjects in Celije and Draz.

Selenium

Selenium levels in seawater range from 0.06-0.12 pg/L
and in the surface and groundwater they vary widely from
0.06-400 pg/L. Levels of selenium in tap water samples
from the public water supplies in the U.S., Canada, and
Australia rarely exceed 10 ug/L [23]. In a study of 634
water wells in the U.S. state of Texas, only 4% of selenium
observations exceeded the maximum contaminant
level (MCL) for drinking water, and 19% exceeded the
recommended limit for irrigation water. Concentrations
were considerably higher in relatively deep public supply
and irrigation wells. Although human activity can affect
selenium levels in drinking water, natural sources largely
account for them [68]. Appreciable amounts of selenium
in spring and well waters can be found due to geological
occurrence. Concentrations of as much as 400-9,000 pg/L
have been reported in U.S. waters [69]. In a study of
water samples from 129 wells in Mongolia, concentration
of selenium was 0.7 (<0.1-1.8 pg/L) [70], while toxic
concentrations (45-341 pg/L) were found in groundwater
in northwest India [71].

The provisional guideline value for selenium is
40 pg/L. It is provisional because of the uncertainties
inherent in the scientific database. Most drinking water
contains concentrations of selenium that are significantly
lower than 10 pug/L, except in certain seleniferous areas
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[40]. Chronic ingestion of 850 pg/day has been associated
with toxicity [50]. In our study, for all three communities
the concentration of selenium in drinking water did not
exceed 10 pg/L, which is the maximum permissible
concentration for selenium in drinking water set by
Croatian regulation for safety on drinking water [41].
Selenium can be measured in the blood, hair, and urine
[50]. There is considerable geographical variation in the
concentration of selenium in the whole blood; the range
for the United Kingdom (UK) is 0.091 to 0.120 pg/mL
[24]. Whole blood levels remain elevated longer than
serum levels (which are typically 40-60% lower) and may
reflect long-term exposure. In a normal diet, whole blood
selenium levels range from 0.1 to 0.2 mg/L. Average
hair levels are up to 0.5 ppm. The utility of hair testing
is complicated by the widespread use of selenium in
shampoos. Both whole blood and urinary concentrations
reflect dietary intake. Overexposure should be considered
when blood selenium levels exceed 0.4 mg/L or
urinary excretion exceeds 600-1,000 pg/day [50]. In
adolescent girls in Iceland, mean whole blood selenium
was 11712 ug/L (range 90-208); nearly 90% of subjects
were above the optimal level of 100 pg/L [72].

Our results showed that the values of selenium in
the samples of serum and urine in all three communities
were within reference values except for a lower value of
selenium in urine samples in Potnjani [48]. Significantly
higher concentrations of selenium in drinking water
were measured in Draz compared to Celije and Potnjani.
Higher concentrations of selenium in serum and urine
samples were measured in Draz compared to Celije and
Potnjani. The higher concentrations of selenium in the
samples of serum and urine of subjects in Draz compared
to Celije and Potnjani can be partially linked to the higher
concentration of selenium in drinking water in Draz. There
was no statistically significant difference in the selenium
concentrations in hair samples.

Conclusion

In our study, significantly higher concentrations
of arsenic (median 93 pg/L) in drinking water was
measured in Celije, while in the other two communities
the concentrations of arsenic in drinking water were
negligible. A significantly higher concentration of arsenic
in biological tissues was also measured in the participants
from the community of Celije, compared to the other
two communities, which can be linked to higher arsenic
concentrations in drinking water in that community. For
more accurate information, arsenic speciation should
be done. The concentrations of copper, molybdenum,
and selenium in drinking water at all three studied sites
were below the values that are prescribed by the WHO
Guidelines for drinking-water quality (2011) and Croatian
regulations for the safety of drinking water. Significantly
higher values of selenium in the serum and urine in Draz
compared to Celije and Potnjani are partly caused by higher
levels of selenium in drinking water in that community.

Higher median values for molybdenum in the urine
samples from the Draz population than in the other
two communities can be linked to the higher levels of
molybdenum in Draz drinking water. Significantly higher
levels of copper in all three biological specimens in the
Draz participants may be partially attributed to the higher
levels of copper in its drinking water compared to Celije.
Physiological parameters were not taken into account and
had no role in the interpretation of research results.
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