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ABSTRACT

The main purpose of the present study is to assess human dietary exposure to essential and non-essential trace
elements via consumption of selected homegrown foodstuffs. Twelve essential and non-essential trace elements
(Cd, Co, Cu, Cr, Hg, Mo, Ni, Pb, Sb, Se, Zn and As) were detected in various homegrown foodstuffs. Detailed ques-
tionnaires were also applied among a sample of the local population to collect information on sociodemographic
characteristics. The results of the present study clearly indicate that the majority of the trace elements are at high-
ly elevated levels in the studied foodstuffs, in comparison to international recommendations. The maximum
measured levels of ETE and NETE are as follows [ug kg™ !]: Cd 873, Co 1370, Cu 21700, Cr 59633, Hg 26, Mo
6460, Ni14.5, Pb 11100, Sb 181, Se 0.30, Zn 102 and As 693. Additionally, age, body mass index and gender
were significantly associated with levels of dietary exposure. Further research is warranted on the potential
health implication of this exposure.

Capsule abstract: The study merges the accumulation of ETE and NETE in home-grown foodstuffs and reflects con-
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siderably high health risks for inhabitants.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

Vegetables are important components of the human diet, as rich
sources of vitamins, minerals, fibre as well as their beneficial antiox-
idant effects (Ali and Al-Qahtani, 2012). The uptake and bioaccumu-
lation of metals and metalloids in plant species are influenced by a
number of different factors such as climate, atmospheric depositions,
background geology and soil composition, the vicinity of roads and
industry, as well as the degree of maturity of the plants at the time
of harvest (Lake et al., 1984; Votusa et al., 1996). Certain trace

* Corresponding author.
E-mail address: petra.vrhovnik@gmail.com (P. Vrhovnik).

http://dx.doi.org/10.1016/j.scitotenv.2016.03.197
0048-9697/© 2016 Elsevier B.V. All rights reserved.

elements have known long half-lives and the majority are not easily
biodegradable, so when they accumulate in different parts of the
body, where they can remain for long periods and exert harmful ef-
fects, especially at certain critical stages of life, such as pregnancy
or childhood (Swaddiwudhipong et al., 2014; Hu et al., 2015;
Thomas et al., 2015). This might probably be a result of the lack of
proper mechanisms for their removal from the body (Amin et al., 2013).

Even though some trace elements are essential for normal body
function, they can be extremely toxic in high concentrations. The con-
sumption of vegetables rich in trace elements can cause various clinical
and physiological conditions in all living organisms; for example, expo-
sure to high doses of trace elements like Pb, Cd and Cu is related to an
increased prevalence of upper gastrointestinal cancer (Turkdogan
et al., 2002). Furthermore, all trace elements (essential or nonessential)
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at exceedingly high concentrations can have adverse effects on human
health, as well as on animal and plant health. In addition, this issue be-
comes even more complex if we take into account that humans are typ-
ically exposed to complex mixtures of trace elements and other
pollutants on a daily basis, which can even produce biological effects
at concentrations that would have negligible effects on their own
(Orton et al., 2013).

The nature of soils and consequently of the background geology are
the most important factors in determining the content of trace elements
in foodstuffs (Itanna, 2002; Madyiwa et al., 2002). While the present re-
search area is the metal-rich region in the Osogovo Mountains in
Eastern FYR Macedonia, the concentrations of trace elements in sur-
rounding soils are expected to be enriched. The two main regions
discussed in this paper are the Makedonska Kamenica region and
Kocani agricultural valley, and both are irrigated with water from Lake
Kalimanci. According to Mapanda et al. (2005) and Chung et al.
(2011), irrigation with contaminated water may not only result in soil
contamination but also affect food quality and safety for end-users.
The aforementioned accumulation reservoir (Lake Kalimanci) is being
supplied with water from River Kamenica which flows beneath the
Sasa tailings dam. This dam stores waste material and waste waters
from the nearby lead-zinc Sasa mine. Ten years ago, the aforemen-
tioned Sasa tailings dam collapsed and caused an intensive flow of
waste material all the way through Kamenica river valley that was de-
posited in Lake Kalimanci. An evaluation of Lake Kalimanci's contamina-
tion status was published in our earlier papers (Vrhovnik et al,, 2013a-
d). In summary, the applied enrichment factor (EF) and index of
geoaccumulation (Ige,) showed that the most crucial trace elements in
surficial Lake Kalimanci sediments are Pb, Zn, Cd, Bi and Ag. Meanwhile
the sequential extraction procedure revealed that Cu, Pb, Zn, Ni, Cd, Bi
and Hg, as well as Co and Sb, are highly mobile in the exchangeable frac-
tion, which undoubtedly represents an increased environmental risk.
This means that the lake's surficial sediments comprise a great number
of potentially toxic trace elements which are easily available to nearby
living species, and which thus present a great threat to the inhabitants.
On the other hand, Lake Kalimanci water was found to be strongly con-
taminated with Pb, Cd and Se, while other trace elements seem not to
have such alarming values. However, it is important to note that when
lake water is compared to waters from the Sasa Mine, an interesting pat-
tern is noticed. All the trace elements were expected to be higher in the
Sasa Mine waters, but the results revealed that Cr, As, Ag and Se had
higher values in the lake water. Furthermore, according to Dolenec
et al. (2007), very high concentrations of Ag, As, Cd, Cu, Mo, Ni, Pb, Sb
and Zn were found in the paddy soil samples in the vicinity of the
Zletovska River (western part of Kocani Field).

According to Horvath and Gruiz (1996), lead/zinc mining and
smelting activities are some of the primary sources of trace element
pollution in the environment. From the 18th to the 20th century, in-
dustrialization and intensive mining in Europe and elsewhere caused
serious environmental pollution. This consequently forced govern-
ments and other environmental agencies to establish regulations
specifying maximum allowable contents of pollutants such as trace
elements in different media, especially in foodstuffs. This study is
very important because the FYR Macedonia has not set up any legis-
lation to control the expansion of trace elements in foodstuffs or
other media (soil, water, etc.). In addition, according to El Sebae
(1993), people living in developing countries are at special risk of
toxic exposure mainly due to inadequate regulations and a lack of
trained personnel or equipment.

The objective of the present study is (1) to quantify the levels of es-
sential trace elements (ETE) as well as non-essential trace elements
(NETE): Cd, Co, Cu, Cr, Hg, Mo, Ni, Pb, Sb, Se, Zn and As in selected edible
crops from a highly polluted area in FYR Macedonia, (2) to evaluate a
bioaccumulation of ETE and NETE in edible crops from the environment
(soil and water), (3) to estimate the dietary exposure levels in a sample
of population of this region using a previously-validated trace element

pollution index, and (4) to assess the influence of some socio-
demographic predictors on the estimated exposure.

2. Materials & methods
2.1. Study area and geological setting

The Former Yugoslav Republic of Macedonia (FYRM) lies in
south-eastern Europe (between 41°36’ N and 21.7’ E) and covers
25,713 km? of the European surface (Fig. 1a). The FYRM borders
Serbia to the north, Bulgaria to the east, Greece to the south and
Albania to the west. The city of Makedonska Kamenica is located ap-
proximately 12 km south of the Pb—Zn Sasa mine in the Osogovo
Mountain chain. Approximately 5000 people live in the city centre
and another 3000 in the surrounding villages. The domestic sewage
system in this area is still not well developed, and therefore many
households located directly along the lakeside release waste waters
into Lake Kalimanci. Meanwhile, Kocani valley lies at the foot of the
Osogovo Mountains and is approximately 30 km south-east from
Makedonska Kamenica. The Kocani valley spreads over an area of
around 20 km? and has around 28,000 inhabitants.

In Osogovo Mountains there are two main ore deposits: Sasa-
Toranica and Zletovo, which are connected by the same geology catch-
ment. Important Pb and Zn deposits were formed, always accompanied
by variable amounts of Cu, Au, Ag, Mo and Sb (Vrhovnik et al., 2013b).
The ore in the studied area can be found in quartz-muscovite-
graphitic schists and also in greenschists and marbles (Vrhovnik et al.,
2013b).

Samples of home-grown foodstuffs were taken from a wide area
around Makedonska Kamenica city and from Kocani valley in early
November 2013. The names of the cities/villages where samples were
obtained are the following: Ciflik, Sazlak, Podlog, Spancevo, Oblesevo,
Trkanje, Sasa, Sasa 1, Sasa 2, Orizari, Sokolarci, Ko¢ani and Makedonska
Kamenica (Fig. 1b). In each place several gardens were selected to form
a composite pattern. Afterwards, the same foodstuff species were taken
from all the selected gardens and used for further analysis as a compos-
ite sample. The selection of the foodstuffs was based on an initial survey
in the local markets, where the most commonly consumed crops in the
region were identified. Based on three different markets, we decided
which products were most commonly on sale and could be still avail-
able in local gardens. Finally, the following foodstuffs were collected:
cabbage, leek, pepper, hot pepper, carrot, lettuce, tomato, onion,
wheat, parsley, quince, maize, black maize, pumpkin seed, poppy seed,
propolis and pollen.

2.2. Study population and questionnaire data

The population study took place in the two municipalities of
Kocani and Makedonska Kamenica, which together cover about
24 km? of Macedonian territory. Both municipalities are located
near several Pb—Zn ore deposits. We included inhabitants of all
ages, living all the way from the city of Ko€ani through the agricul-
tural areas up to the Bregalnica River, Lake Kalimanci and Kamenica
River, and to the Osogovo Mountains where the biggest Pb—Zn ac-
tive mine is located.

The study population was randomly recruited in 2012 from the adult
population living in the study area. Out of 180 subjects who were
contacted, 87 (48%) agreed to participate, 23 of whom were excluded
from the analysis and therefore 64 were finally used. The main reported
causes of rejection included: being afraid of losing their job (35%), feel-
ing that the questions were too personal (15%), and not having enough
time to complete the interview (2%).

Information on possible predictors of trace element exposure was
derived from an ad hoc questionnaire completed by each participant
during a personal interview, which was conducted by four trained inter-
viewers at the time of recruitment.
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Fig. 1. a. Geographical setting of studied area. b. Topographic map of study area with marked sampling sites.

Socio-demographic characteristics included information on sex, age,
body weight, residence, occupation and diet. Subjects were classified
into four occupational categories: farmers, other manual workers,

students and unemployed. Consumption of different foodstuffs (e.g.
vegetables, fruits) was gathered as the number of portions consumed

per week.
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2.3. Chemical analyses

All foodstuffs were washed with tap water just as the inhabitants do
before consumption. This procedure lessens the trace element concen-
trations in foodstuffs, because it removes those which were deposited
from dust. The only crop that was not washed was propolis, because it
was collected from the locals and it was ready to use.

All samples were analysed for the following elements: Cd, Co, Cu, Cr,
Hg, Mo, Ni, Pb, Sb, Se, Zn and As, at an accredited commercial laboratory,
ActLabs (Activation Laboratories Ltd., Ancaster, Ontario, Canada), using
inductively coupled plasma mass spectrometry (ICP/MS) and micro-
wave digestion. Dry, unwashed samples were digested in Aqua Regia
solution 3/1 (v/v) (HNO3 + 3HCI) at 95 °C for 2 h. The resultant sample
solutions were then diluted and analysed on a Finnegan Mat Element 2
High Resolution ICP/MS (HR-ICP/MS). The quality of the analysis was
monitored by comparison with the standard materials NIST 1575a,
NIST 1643e and SLRS-5 provided by ActLabs, and the measurements of
four samples were repeated. Results of element concentrations in the
studied samples refer to kg of sample. The results indicated a good
agreement between the certified and observed values. For reaching
the best control, measurements were repeated on 6 different samples
and three standards (MP-STD-011, IAEA-407, DORM-3) using X-ray
fluorescence (XRF) and inductively coupled plasma atomic emission
spectroscopy (ICP-AES). The standard deviations of the means observed
for the above-mentioned certified materials were between 1-5%.

All other data used for interpretation (trace element content in sed-
iment, soil and water) were collected from our previous researches
(Vrhovnik et al.,, 20134, 2013b, 2013c, 2013d; Dolenec et al., 2007).

2.4. Estimated daily/weekly intake (EDI/EWI) & health risk index (HRI)

The WHO (1996) recommendations include the need to eat either at
least five portions of fruit and vegetables a day, or 400 g of fruit and
vegetables a day, and it is often assumed that a standard portion weighs
about 80 g. According to the applied questionnaire, inhabitants con-
sume at least 2 portions of vegetables or fruits per day. For the calcula-
tion of EDI/EWI, the direct data of portion size and body weight were
used from questionnaires for each person.

EDI was calculated as described by Oyoo-Okoth et al. (2010): EDI =
(CHM * erge) / Bw [mg]

HRI was calculated by using EDI and Reference Oral Dose (R¢D)
adopted by USEPA (2002), with the following equation: HRI = EDI /
R¢D.

Total EDI was calculated as the sum of individual EDI values for each
trace element.

2.5. Statistical analyses

Descriptions of the study variables were performed using means,
standard deviations and percentiles (quantitative variables), and fre-
quencies (categorical variables).

Associations between socio-demographic variables and EDI values
were assessed by using multivariable linear regression models. We
created one model for each ED], in which the variables age (years), sex
(male/female), ethnic group (Macedonian/other), occupation (farmer/
industry or mining/other), and BMI (kg/m?) were all entered.

Diagnosis of the models was performed in order to ensure the good-
ness of fit and the fulfilment of implementation conditions. Generalized
standard-error inflation factors were used to verify the absence of
collinearity between independent variables, while homoscedasticity
was tested by plotting residual against fitted values. The linearity of
quantitative independent variables was checked with partial regression
plots, and the normality of errors was verified by normal QQ plots with
95% confidence intervals (Fox, 2008).

The significance level was set at p < 0.05. Data were stored in a data-
base managed by SPSS v20.0 (SPSS, Chicago, IL, USA).

3. Results and discussion
3.1. Population characteristics

According to the CIA (Central Intelligence Agency, 2001), the unem-
ployment rate in FYR Macedonia in 2011 was 31.4%, of which 55% were
between 15 and 24 years old; in addition, in 2010, approximately 31% of
the population in FYR Macedonia were below the poverty line, which
may also be one of the main reasons for having the same diet every
day. The living status of inhabitants is presumably low; therefore,
their major sources of food are either caught in nearby waters (e.g.
fish) or grown in their gardens, where they use water from Lake
Kalimanci for irrigation. The Macedonian Public Health Institution
Skopje (Simovska-Jarevska et al,, 2012) applied a general questionnaire
about dietary habits, where only a brief presentation about the
Macedonian diet is presented, such as (1) 82% regularly or occasionally
consumed vegetables, (2) 82% of respondents regularly consumed milk
and/or yogurt, (3) 19% of all consumed fish in accordance with recom-
mendations, (4) 96% of the population consume bread every day, etc.
According to the Macedonian Public Health Institution Skopje
(Simovska-Jarevska et al., 2012) the presence of non-communicable
diseases (NCD) mortality was 75%, while cardiovascular disease mor-
bidity amounted to 57% of the total morbidity.

While the aforementioned data are brief and do not present a de-
tailed picture of our study area, we applied a detailed questionnaire
among inhabitants from the researched area, between the two towns
of Makedonska Kamenica and Kocani and all the way to Sasa village,
near to the Sasa mine.

The main characteristics of the study population and dietary habits
are summarized in Table 1. The population was predominantly male
(64%) and Macedonian (90.9%). The median age was 39.5 years and
the median BMI was borderline between normal weights and obese,
according to the WHO recommendations (Table 1). The age range
among the questioned inhabitants was from 20 to 76 years. All of the

Table 1
Characteristics of the study population.
n %

Sex

Male 41 64.1

Female 23 359
Ethnic group

Macedonian 60 90.9

Others 6 9.1
Occupation

Unemployed 16 24.2

Industry/mining 13 19.7

School teacher 10 15.2

Farmer 16 24.2

Others 11 16.7

Percentiles
Mean  Standard deviation  25th  50th  75th

Age (years) 40.6 16.6 250 395 540
Body mass index (Kg/m?)  24.7 4.0 215 248 271
Fish consumption 1.6 0.9 1.0 1.0 2.0
Legumes consumption 1.8 13 1.0 1.0 2.0
Rice consumption 2.6 15 2.0 2.0 3.0
Potato consumption 32 14 2.0 3.0 4.0
Tomato consumption 6.3 1.6 7.0 7.0 7.0
Pepper consumption 5.8 1.9 5.0 7.0 7.0
Onion consumption 5.7 2.0 4.0 7.0 7.0
Salad consumption 3.0 1.2 2.0 3.0 4.0
Cabbage consumption 33 14 2.0 3.0 4.0
Egg consumption 38 1.8 3.0 3.0 5.0
Fruit consumption 6.3 14 7.0 7.0 7.0
Bread consumption 6.8 0.7 7.0 7.0 7.0
pasta consumption 24 14 1.0 2.0 3.0

Food consumption was measured as portions / week.
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respondents lived near an agricultural area (<5 km) and near industry
(<5 km). The majority of males (all ages) worked in the mining indus-
try, the rest and females were either farmers or unemployed. Young
people who stayed home helped their parents, while others moved to
the capital to study. 47% of all questioned inhabitants smoke >20 ciga-
rettes per day, and almost half of the questioned adults consume alcohol
(spirits, beer or wine) every day. 91% of inhabitants in the research area
drink well water or tap water and 9% buy bottled water. Among dairy
products, inhabitants consume 5 to 7 times per week home-produced
milk (42%), yogurt (53%) and homemade young cheese (44%). Meat
products (chicken, pork, beef, goat, sheep) are consumed 5 to 7 times
per week (44%), while fish is included in the diet up to 2 times per
week (80%). According to the locals, fish and frogs are caught in nearby
lakes or rivers. Some locals also revealed that they also consumed frozen
(cod fish) or canned fish.

3.2. ETE and NETE levels in home grown products

Concentrations of ETE and NETE in the edible crops are presented
in Table 2, together with existing regulations from different coun-
tries. Each value corresponds to the average for the selected species
from different localities. In FYR Macedonia the authorities have not
yet established any such regulations or safe limits for food despite
the rich metal industry in the country. As FYR Macedonia geograph-
ically belongs to Europe, we compare the measured values with
those settled by the European Union Commission (EC, 2001) but
only a few trace elements are included, so other regulations were
considered here. Furthermore, the determined concentrations in
vegetables from the present study were compared to some of the
concentrations in vegetables from some other localities worldwide
(Alam et al., 2003; Xilong et al., 2005; Nabulo et al., 2010;
Ramirez-Andreotta et al., 2013; Ning et al., 2015), and they are
much higher compared to those. Thus, the present study is of great
importance for the health of local inhabitants.

According to the evaluated concentrations of the studied trace ele-
ments in different foodstulffs, it can be assumed that the majority of
trace elements are present in high concentrations in comparison to
the current international recommendations. If these values are com-
pared with the allowable limits adopted by different organisations,
there are five elements among the majority samples that greatly exceed
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the safe limits; these are Cd, Co, Cu, Pb and Zn (Table 2, bolded). These
are closely followed by Cr and As. Meanwhile, others (Hg, Mo, Ni, Sb
and Se) either do not exceed the safe limits or still do not have
established upper allowable levels.

Cd has the highest detected concentration measured in tomato
(873 pg kg™ '), closely followed by onion (816 pg kg~!), carrot
(557 pg kg~ ') and leek (500 pg kg~ !). The measured Cd exceeded the
maximum allowable limits also in the majority of other samples, such
as (hot) pepper, lettuce, parsley, quince, pumpkin and poppy seed,
propolis and pollen. Co was well above the allowable limits in all sam-
ples, with the highest values detected in lettuce (1370 pg kg™ ). Much
the same is with Cu, which also exceeds the recommended concentra-
tions in all samples, with maximum values in pumpkin
(21,700 ug kg~ ') and poppy (20,900 pg kg~ ') seeds. Pb was detected
from very high contents to very low concentrations in the studied sam-
ples. Propolis has the highest content of Pb (11,100 ug kg~ '), while
other foodstuffs have measured values from 10 ug kg~' in black
maize, 1833 pg kg~ ! in lettuce, 1437 pg kg~ ! in leek, and up to
3310 pg kg™ ' in quince. Zn is well known as an essential element for
normal human function, but it can also become poisonous, when its in-
take is on a daily basis and exceeds recommended safe limits. The upper
allowable level for Zn is 0.2 mg kg~ ! and this limit was exceeded among
all the studied samples. The highest concentration of Zn was detected in
propolis (102 mg kg~ 1), closely followed by poppy and pumpkin seeds,
onion, parsley, lettuce and others. Lettuce samples contained
59,633 g kg~ ! of Cr, and also pumpkin seed, parsley, quince and leek
comprise over 10,000 ug kg~ of Cr, which is over safe limits. As also ex-
ceeds allowable upper limits in three sample groups, with its maximum
concentration detected in lettuce (693 pg kg~ ') followed by parsley
(529 pg kg™ 1) and leek (440 pg kg™ ).

Our results confirmed that all the edible crops analysed showed a
detectable concentration of at least one of the studied chemicals. How-
ever, despite global pollution, there was no unique main dietary source
of exposure for ETEs and NETEs, since the main sources of exposure of
each chemical were different.

3.3. Transfer Factor (TF) relation vegetable to water/soil

To evaluate the accumulation of ETE and NETE in edible crops in re-
lation with water and soils the transfer factor (TF) was calculated

Table 2
The measured contents of ETE and NETE in edible crops.

Mean Ccd Co Cu Cr Hg Mo Ni Pb Sb Se Zn As
DL 0.1 0.5 20 10 5 1 0.1 10 0.2 0.2 0.2 5
Unit pgkg™' pgkg™' pgkg' pgkg™! pgkg™' ugkg™' pgkg™! pgkg™'  pgkg™' pgkgT' ugkg™! pgkg™!
Cabbage (leaf) 432 138 2450 1140 115 885 1100 255 10.9 202 23,500 535
Leek 500 473 5980 13,080 12.3 823 4700 1437 23.0 140 46,400 440
Pepper 200 193 10380 1432 4.03 415 1220 192 12.5 140 28200 702
Hot pepper 208 492 7260 1330 3.54% 410 1000 650 12.2 140 42,100  15.0
Carrot (root) 557 190 9430 4070 11.0 185 2800 390 12.7 140 37,600 144
Lettuce 333 1370 12280 59,633 21.0 1191 14,500 1833 73.0 140 63,500 693
Tomato 873 535 9100 1145 427 377 600 455 8.95 140 34900  20.0
Onion 816 113 8660 3370 8.00 1650 1300 600 10.9 140 72200 203
Wheat 422 458 6840 3120 3.54% 617 1700 40.0 0.20 200 57,000  12.0
Parsley (leaf) 118 843 13,300 22,100 26.0 6460 7300 1220 486 140 65800 529
Quince 173 177 7470 14,700 3.54° 218 5100 3310 12.3 140 24300  76.0
Maize 11.7 443 3420 3550 3.54% 319 1700 70.0 1.50 140 30,500  3.54°
Black maize 5.40 13.0 2000 820 3.54% 266 1000 10.0 4.90 140 36,600  3.54°
Pumpkin seed 211 433 21,700 25,800 3.54% 575 10,600 40.0 2.30 300 62,100  42.0
Poppy seed 158 98.4 20,900 170 5.00 955 2200 20.0 0.14* 140 78,700 150
Propolis 64.4 658 4570 4880 3.54% 407 3100 11,100 181 140 102,000 183
Pollen 129 68.9 10,590 1233 3.54% 162 2000 933 463 140 55600  29.0
PMax allowable limit (depends

on vegetable type) 50-200 2-20 100 10,000-20,000 30 / Toxic at any level 100-300 / / 200-300 500

Underlined values indicate maximum measured values.

2 Values under DL were replaced with LODV?2.
> Maximum allowable limit of heavy metals in fish adopted by different health organisations.



Table 3

ETE and NETE contents in waters from the research area (Vrhovnik, 2013).

Sb Se Zn As pH

Pb

Co Cu Cr Hg Mo

cd

Unit

Sample

0.01
2.63

0.02
0.39

0.01
32.7

0.001 0.02 0.2
411

0.06

1

0.0
5

0.002 0.01

282

0.001

Detection limit

7.4

629

90.7

137

1.4

14,035

73-75
7.4

1.77-3.65

3.47

24.3-2271
428.06

6.80-179
148.53

0.12-0.59

0.32

0.79-98.5
53.92

0.49-915
2.82

1.06-147
1.48

0.01-0.18
0.02

0.69-4.45

0.86

1934-96,849

6.94

0.14-1925

0.67

0.25-8.25

73-74

3.29-3.65
6.1

133

27.83-828.3

0.11-0.53  118.18-178.89
676

9.31-98.53

0.49-5.16
17

1.06-1.9

0.01-0.04

1.93-11.95 0.77-0.94

0.14-1.2

0.24-5.42

5.3-6.9

1.50-25.0

0.53

101-1250

67

/

10.0-24.0

2.4

/

6.00-10.0

/

0.50-5.00
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Mean

Lake Kalimanci

Min-Max
Mean

Kamenica River

Min-Max
Mean

Zletovska River

Min-Max
Mean

Rogan et al. (2010)

Bregalnica River

Serafimovski et al. (2004)

WHO (2008)?

10

70 10 20 10

70

2000

pgl!

2 WHO - World Health Organisation, 2008. Guidelines for Drinking-water quality, 3rd Ed., vol. 1, recommendations.

(Kalfakakour and Akrida-Demertzi, 2000; Rashed, 2001). This provided
information of element content in edible crops The TF was given as:

. ETE . .
_— concentrationof NETE inediblecrop

. ETE . .
concentrationof NETE necosystem (waterorsoil)

Kalfakakour and Akrida-Demertzi (2000) and Rashed (2001) report-
ed that fauna and flora undergo the bioaccumulation of trace elements
from the environment in cases when TF is higher than 1.

To calculate TF relations also ETE and NETE concentrations in water
were added to present study. Some of those were previously published
in Vrhovnik et al., 2013a, 2013b, 2013c, 2013d, the rest were added. A
summary of the levels of ETE and NETE found in water is presented in
Table 3. Values detected in waters from the Makedonska Kamenica area
(Lake Kalimanci and River Kamenica), compared to those from Kocani
Field (River Bregalnica and Zletovska River) show that the former possess
higher levels of ETE and NETE than those from Kocani region. Further-
more, if the measured contents of ETE and NETE are correlated with the
Drinking Water Quality Guidelines adopted by WHO (2008), there are
three elements which stand out from the others. These are Pb, Cd and
Se, which greatly exceed maximum allowable levels. Information about
the ETE and NETE contents in water from surrounding rivers and lakes in-
dicates that home-grown foodstuffs can contain elevated concentrations
due to irrigation with contaminated water.

The calculated TF values in the relation of vegetables to water
showed that the majority of the studied vegetables have much
higher TF than 1, with exception of Hg, Ni, Se and Zn which have TF
below 1. The calculated TF sequence follows in the order:
Cr > Mo > Cu > Co > Sb > As > Cd > Pb > Hg, Ni > Se, Zn. Much the
same results were obtained after applying TF in relation to vegeta-
bles in Kocani soils, where Ni and Zn again had values below 1, and
the TF sequence was as follows: Mo > Cr > Cd > Cu > Hg >
Sb > Pb > Co > As (Se was excluded because it was not measured in
the soil samples).

Table 4
EDI and EWI values in the study population.

Mean Median  Std. 25th
deviation

Percentiles

50th 75th

EDI[mg] Cd 0.00087 0.00082 0.00029  0.00073 0.00082 0.00097
Co 0.00063 0.00057 0.00031 0.00046 0.00057 0.00079
Cu 0.01450 0.01374 0.00579 0.01164 0.01374 0.01623
Cr 0.02030 0.01716 0.01146 0.01331 0.01716 0.02512
Hg 0.00030 0.00002 0.00229  0.00002 0.00002 0.00002
Mo 0.00159 0.00156 0.00060 0.00134 0.00156 0.00189
Ni 0.00615 0.00545 0.00312  0.00441 0.00545 0.00751
Pb 0.00139 0.00124 0.00076  0.00107 0.00124 0.00161
Sb 0.00006 0.00004 0.00016 0.00003 0.00004 0.00005
Se 0.00032 0.00031 0.00011  0.00026 0.00031 0.00036
Zn 0.07778 0.07591 0.02967  0.06357 0.07591 0.09024
As 0.00158 0.00034 0.00980  0.00029 0.00034 0.00046
Total 0.12547 0.11820 0.04801 0.10239 0.11820 0.14377

EWI[mg] Cd 0.00612 0.00537 0.00342  0.00351 0.00537 0.00826
Co 0.00350 0.00287 0.00263  0.00192 0.00287 0.00434
Cu 0.09464 0.08655 0.05427  0.05802 0.08655 0.12165
Cr 0.10924 0.07973 0.09842  0.05520 0.07973 0.13003
Hg 0.00088 0.00010 0.00627  0.00006 0.00010 0.00014
Mo 0.00931 0.00841 0.00565 0.00554 0.00841 0.01173
Ni 0.03398 0.02800 0.02692  0.01850 0.02800 0.04238
Pb 0.00817 0.00747 0.00502  0.00468 0.00747 0.01024
Sb 0.00032 0.00020 0.00075  0.00013 0.00020 0.00030
Se 0.00190 0.00172 0.00110 0.00112 0.00172 0.00242
Zn 0.48615 0.42806 0.28135  0.28432 0.42806 0.61906
As 0.00829 0.00197 0.05008  0.00126 0.00197 0.00253
Total 0.76251 0.67408 0.44869 0.46143 0.67408 0.95947
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3.4. Levels and predictors of EDI/EWI in the study population

A description of the estimated EDI and EWI values for the
study population is shown in Table 4. The highest median EDIs
were found for Zn (0.07591 mg) followed by Cr (0.01716 mg),
while Hg showed the lowest values (0.00002 mg) followed by Sb
(0.00004 mg).

The results of the multivariable linear regression models for the
predictors of EDI values in the study population are shown in
Table 5. We found a borderline-significant positive association be-
tween age and EDIs for Cd (p = 0.064), and a negative association
for Hg (p = 0.053) and Sb (p = 0.054). The lower intake of Hg and
Sb for older individuals could be correlated with only a minor intake
of certain foodstuffs containing Hg and Sb. Furthermore, BMI was
negatively associated with total EDI (p = 0.026), which was also sta-
tistically significant for individual EDIs of Cd, Cu, Mo, Ni, Se, Zn; and
borderline-significant for Co and Cr. Given that trace element expo-
sure was calculated using dietary habits, this inverse association
might be due to a reversed-causality, given that obese people
might be on weight-reducing regimes, and therefore have a lower in-
take of trace elements at the moment of recruitment. In comparison
to women, men showed statistically significant lower total EDI levels
(p = 0.023), and a similar significant association was also found for
most individual EDIs (Cd, Co, Cu, Cr, Mo, Ni, Se, and Zn). We did not
find any statistically significant association of EDIs with ethnicity or
occupation.

4. Conclusions

The greatest direct benefit of different earth materials to public
health is that surficial soils provide a unique source for food produc-
tion, either directly consumed by humans or indirectly consumed via
livestock. Thus, in both cases, plant nutrition is the result of soil char-
acteristics (e.g. ETE, NETE contents) that ultimately affect human, as
well as animal, health and welfare. Both ETE and NETE are naturally
present in soils; however, in the present study we show increased
concentrations of these elements as a result of anthropogenic inputs,
especially related with mining activity and related industry. Not only
the background geological composition but also the closeness of un-
protected tailing dams additionally increase the atmospheric deposi-
tion of trace elements on widespread agricultural areas. In addition,
regular irrigation with contaminated waters should not be neglected
when evaluating possible reasons for such heavily contaminated
foodstulffs.

The present study represents one of the very first attempts to es-
timate human dietary exposure to ETE and NETE and its predictors in
the study region. We identified a set of specific food items that might
be important contributors to the exposure to each chemical, as well
as certain population subgroups that might be particularly exposed
(e.g., women, young people). Exposure assessment to environmental
pollutants in developing countries is crucial, given that they might
show different patterns of exposure because of specific dietary/life-
style patterns or inadequate regulations (EI Sebae, 1993; Arrebola

Table 5
Predictors of trace element EDIs. Multivariable linear regression analyses.
Age (years) Sex (=male) Ethnic group (=Macedonian) Farmer Industry/mining BMI (Kg/m?)

Beta 0.48 —16.91 —4.49 —0.58 3.96 —3.08

cd SE 0.25 7.94 12.04 8.98 10.89 1.05
p 0.064 0.037 0.710 0.949 0.717 <0.001

Beta —0.13 —17.64 2.51 —0.03 —0.16 —1.92

Co SE 0.27 8.31 12.59 9.39 11.40 1.10
p 0.617 0.038 0.843 0.997 0.989 0.087

Beta 5.61 —365.00 —45.17 —70.54 29.41 —57.00

Cu SE 491 153.82 233.17 173.87 211.02 20.36
p 0.258 0.021 0.847 0.686 0.890 0.007

Beta —3.87 —650.53 17.99 —175.05 8.44 —75.26

Cr SE 9.83 308.24 467.26 348.42 422.86 40.81
p 0.696 0.039 0.969 0.617 0.984 0.070

Beta —4.21 37.29 64.87 126.15 —10.23 11.40

Hg SE 2.13 66.63 101.00 75.31 91.40 8.82
p 0.053 0.578 0.523 0.099 0.911 0.201

Beta 0.83 —40.09 —3.63 —3.59 2.95 —5.65

Mo SE 0.52 16.30 2471 1843 2237 2.16
p 0.116 0.017 0.884 0.846 0.896 0.011

Beta 0.26 —191.08 —2.74 —54.58 4,04 —23.65

Ni SE 24,139 83.29 126.25 94.14 114.26 11.03
p 0.923 0.025 0.983 0.564 0.972 0.036

Beta —0.77 —22.74 17.69 29.40 —0.94 —1.24

Pb SE 0.71 2224 33.71 25.14 30.51 294
p 0.282 0.311 0.602 0.247 0.975 0.675

Beta —0.29 1.53 453 8.72 —0.67 0.66

Sb SE 0.15 4.68 7.09 529 6.42 0.62
p 0.054 0.744 0.525 0.105 0.917 0.290

Beta 0.14 —7.77 —1.81 0.87 1.15 —1.22

Se SE 0.09 291 4.42 3.29 4.00 0.39
p 0.142 0.010 0.683 0.792 0.775 <0.001

Beta 39.89 —1915.67 —190.16 —361.46 153.37 —284.47

Zn SE 25.46 798.15 1209.89 902.19 1094.94 105.66
p 0.123 0.020 0.876 0.690 0.889 0.009

Beta —17.94 151.40 279.12 536.85 —44.25 47.88

As SE 9.09 284.96 431.97 322.11 390.93 37.72
p 0.053 0.597 0.521 0.101 0.910 0.209

Beta 2.00 —303.72 13.87 3.62 14.71 —39.35

Total SE 4.15 130.14 197.28 147.11 178.53 17.23
p 0.632 0.023 0.944 0.980 0.935 0.026

SE: Standard deviation; in order to assess the interpretation of the coefficients, dependent variables were entered multiplied by 10,000.
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et al., 2012). Further studies are warranted on the assessment of po-
tential health implications of this exposure.
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