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Momum Hayuno Behe Mncturyra 3a dusuky y beorpany ma mokpeHe Moj
u300p y 3Bame MCTPAKUBAY CAPAJHUK, a HA OCHOBY IIPHIIOKEHE
JOKyMEHTalHje:

1. Munubeme pykoBOAHOLIA [IPOjeKTa HA KOME je MOAHOCHJIAL] 3aXTEBa
3aII0CJIEH M MPEJUIOT YJIaHOBAa KOMUCH]E 3a U300p Y 3BambeE.

2. Crpyuna 6uorpacduja;

3. Cnucak M xomuje 00jaBJbeHHUX PajoBa M CAOMNIITEHa 10 MOMEHTA
IIOJIHOIICHA 3aXTEBA;

4. IloxBpaa 1a je KaHIUAAT YNIUCAH Ha JOKTOPCKUM CTyIHjama

5. JlumiomMa O Hay4HOM CTEleHy IUIUIOMHPAaHH XeMH4Yap M Macrep-
xemu4ap (kKomnuje);

6. Kpatkor mperiena Hay4YHUX aKTUBHOCTH KaHIU/1aTa

VY beorpany, [lognocunan 3axTeBa
22.12.2016. ron. .

Tujana Munuheuh



Hayuno Behe
HNucturyT 3a pusuky y beorpan

Hatym:
beorpan, 22. neuem6ap 2016. rox.

IIpeamer:
Munbeme pykoBoauona npojexra 3a uzoop Tujane MunuheBuh y 3Bame
HUCTPAKUBAY CAPATHUK

Tujana MunuheBuh je 3anocinena y JlaGopartopuju 3a (u3MKYy >KMBOTHE CpeauHe
WucturyTa 3a ¢pusuky y beorpany on 1. jyna 2015. ronune. Konerniuua je anraxoBaHa
Ha TPOJEKTY MHTErPAIHUX HWHTEPAUCUMIUIMHAPHUX HCTpaxKuBama MUHHCTApCTBa
npoceete, Hayke M TexHojowkor pasBoja MMM43007 non nHasuBoMm ,HcTpaxuBame
KJIMMaTCKUX TMPOMEHa M HUXOBOI YTHIaja Ha )KUBOTHY CpeiuHy — npaheme yTHlaja,
ajantaudja M ybnaxaawe”, motnpojekar 3 ,MHTerpagHa WCTpakMBama KBaJIHUTETA
Bazayxa y ypOaHoj CpeTuHu.

Jloktopcke crynuje Ha XemujckoMm dakyatety YHuBep3uteta y beorpamy je ymucana
2014. roauHe.

PesynTatu nocanaiimer UCTpaXUBayKor paja Kojaerunuie Mununhesuh cy mybaukoBanu
y naBa Bojaeha MehyHapoaHa uyaconmuca, Kao M HEKOJMKO pajoBa IITaMIaHHUX Y
30opHuIMMa MehyHapoaHuX ¥ 1omahux KoHdepeHuja.

Jlo caga mocTurHyTH pesyaTtatd KojeruHuue MunuheBuh mnoka3yjy nga mnoceayje
KBaJIUTETE HEONXOHE 3a OABJbEHE HAyYHO-UCTPAKUBAUYKUM PAZIOM U U3paay JOKTOPCKE
aucepraumje. C 003MpOM Ja KOJETMHMIIA MCIyHaBa CBE KPUTEpUjyMe NpONHCcaHe
[IpaBUAHHKOM O MOCTYNKY M HAYMHY BpEJHOBamba, U KBAHTUTATUBHOM HCKa3MBaby
Hay4yHUX pe3yJTata MHUHUCTapCTBa NMPOCBETE, HAyKe M TEXHOJOMIKOT pa3Boja carjacaH
caM ca MOKpeTaweM noctynka 3a u3bop Tujane MunuheBuh y 3Bame HcTpakuBay
capa/iHuK.

3a cacraB Komucuje 3a u3bop Tujane MwuinheBuh y 3Bame UCTpakuBay capajHHK
npeaiakeM KoJjere:

1. ap Mupa Aunuuh Ypowesuh, BUILIM Hay4YHU capaaHUK, UHCTUTYT 3a QU3UKY Y
beorpany;

2. np I'opnana BykoBuh, Hayunu capaanuk, MHcTutyT 3a pusuky y beorpany

3. np Anexcanpap IlonoBuh, penoBuu mnpodecop, XeMujcku dakyaTeT,
VYuuep3urert y beorpany

PykoBoaunail notnpojekra
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Hay4YHH CapajHHK,
WuctutyT 32 pusuky y beorpany
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A different single extraction procedures (CH;COOH, Na,EDTA, CaCl,, NH,NO;, deionized water), and pseudo-total di-
gestion (aqua regia) were applied to determine major (Al, Fe, K, Mn, Na, P, S, and Si) and trace (Cd, Co, Cr, Cu, Mo, Ni,
Pb, V, and Zn) element bioavailability in a topsoil from the experimental vineyard (Radmilovac, Belgrade, Serbia). For
the first time, the extraction with deionized water during 16 h was tested as an alternative method for isolating bioavail-
able major and trace elements from the soil. Concentrations of the elements were determined by inductively coupled
plasma — optical emission spectroscopy (ICP-OES). The extraction of Cu and S from the soil by deionized water dur-
ing 16 h extracting, NH,;NO;, and CaCl, indicated that these elements could originate from the anthropogenic sources,
such as fungicide. In addition according to the soil — plant experiment, performed as a preliminary experiment for fu-
ture studies in vineyards, deionized water was recommended for isolation of bioavailable elements from grape seed and
grape pulp; CH;COOH, Na,EDTA, CaCl, and NH,NOj for grape skin, while for assessment of leaf bioavailable elements
from soil fraction, aqua regia was recommended. In addition, identification of similarities between the plant parts and
the plant species were performed. Applying environmental risk assessment formulas, the most polluted vineyard parcel
in the vineyard region “Radmilovac” was determined. The leaves of some grapevine species showed the high ability for

accumulation some of the potentially toxic trace elements from the soil.

© 2016 Published by Elsevier Ltd.

1. Introduction

Soil could be contaminated by pollutants originating from differ-
ent natural or anthropogenic sources, such as toxic elements released
from wastewater, sewage sludge, chemical fertilizers, pesticides, solid
waste disposal, vehicular exhaust, etc. (Khan et al., 2008; Islam et al.,
2015). In the vineyard soils, the major impact of the soil pollution
could be caused by the potentially toxic elements (especially Cu and
Zn) from the chemical fertilizers and pesticides (Kabata — Pendias and
Mukherjee, 2007; Tiecher et al., 2016). The presence in increase con-
centration of trace elements in soils can cause a potential risk to human
health because of their subsequent involvement into the food chain by
plant uptake (Radha et al., 1997; Alonso Castillo et al., 2011; Sakan
et al., 2011; Islam et al., 2015). Translocation of major and trace ele-
ments from soil to plant has a major impact on the plant growing and
quality of its products. Human activities can increase the content of
pollutants, up to phytotoxic. Trace and other elements in soils may af-
fect human health through the inhalation of dust, ingestion of soil, or
by dermal contact (Morel, 1997; Kabata - Pendias and Kabata, 2001;
Hazrat et al., 2013; Sylvain et al., 2016).

Research on element bioavailability of contaminated agricultural
soil, monitoring and management attracted attention at international
level and it has been ongoing for more than 20 years (Ruby et al.,
1996; Pelfréne et al., 2012). With an aim of determination of element
bioavailability to plant and metal availability in the environment from

* Corresponding author.
Email address: tijana.milicevic@ipb.ac.rs (T. Mili¢evic)

http://dx.doi.org/10.1016/j.chemosphere.2016.12.090
0045-6535/© 2016 Published by Elsevier Ltd.

the 1980s to now, there are many publications based on develop-
ing and applying procedures of single and sequential extraction pro-
cedures (Quevauviller, 2002). Nowadays many procedures are in-
cluded in national and international regulations or they have been con-
sidered in the framework of normalization bodies as CEN or ISO
(Quevauviller et al., 1996). In German protocol, 0.1 mol L™’ NH,NO;
is the standard used to estimate mobile and potentially hazardous
forms of trace elements (DIN 19730) (Hall et al., 1998). In Dutch leg-
islation, 0.01 mol L™ CaCl, is the standard used for the assessment of
nutrients and heavy metals in soils (Pueyo et al., 2004).

Many single extraction procedures are recommended for isola-
tion of major and trace elements from agricultural soils. For exam-
ple, aqua regia and Na,EDTA procedures were useful for determi-
nation environmental risk assessment while 0.05 mol L' Na,EDTA
procedure was usually useful for agricultural and environmental stud-
ies. The weak extractants such as 0.01 mol L™ CaCl, and 0.1 mol L
NH4NO; or deionized H,O were usually applied for soil — plant up-
take studies. In addition, aqua regia and 0.01 mol L' CaCl, were used
to determine soil fertility (McGrath, 1996; Quevauviller et al., 1996;
Pueyo et al., 2004). These single extractions are a simple and cost —
effective way to extract elements, and they give detailed information
on the assessment of the labile elements in soils (Meers et al., 2007,
Rao et al., 2008; Santos et al., 2010).

Because of its stringent safety precautions, usually used HF pro-
cedure is not recommended for routine analyses (Sastre et al., 2002;
Sandroni et al., 2003). In addition, the hardly available soil fraction
of the elements is unavailable to plants. Moreover, HF could react
with Ca, and it could form Ca—F complexes which could trap trace
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elements (Marina et al., 2008). An alternative to this procedure is
pseudo-total digestion by aqua regia (US EPA, 1996). The European
Community Bureau of Reference has certified several soil and sedi-
ment samples based on it (Quevauviller et al., 1993; Chen and Ma,
2001; Reli¢ et al., 2011).

According to the available literature, there is no a comprehen-
sive study comparing performances of these five above — mentioned
extraction procedures. For the first time, the extraction using deion-
ized water during 16 h was performing as an alternative single ex-
traction procedure. In this study, five single extractions (CH;COOH,
Na,EDTA, CaCl,, NH4NO;, deionized water) and pseudo-total diges-
tion procedures were used for extraction of major and trace elements
from the vineyard soil. In addition, for the first time, it was tested
which extraction procedure should be the best option for determining
bioavailability elements soil fractions which have an influence on dif-
ferent grapevine parts. The aims of the study were to assess:

1) a suitability of using deionized water for 16 h as an alternative pro-
cedure to the other single extraction procedures;

2) which single extraction procedure is the best for extraction of ma-
jor and trace elements from the vineyard soil;

3) whether concentrations of major and trace elements in the soil are
in relationship with their content in the grapevine (leaf, seed, pulp,
and skin); and

4) environmental risk assessment of major and trace elements in the
agricultural area such as a vineyard.

2. Materials and methods
2.1. Study area

In this study, soil samples were collected from the vineyard “Rad-
milovac”, Serbia during the grapevine season of 2013. “Radmilovac”
is a suburban settlement of Belgrade, (44° 45' 24" N; 20° 34’ 54" E),
the capital of Serbia. The experimental agricultural area of “Radmilo-
vac” is the original core of the neighborhood and it covers an area of
88 ha. The vineyard parcels are located between the Institute of nu-
clear research “Vinca”, the hazardous waste landfills and the main
road. The institute landfill is oriented towards the vineyard parcels of
agricultural area “Radmilovac” (Fig. 1).

Europe
Serbia

2.2. Sampling

Surface soil layer (0-30 cm), was collected from nine different
vineyard parcels, marked as tables T1, T2, T3, T4, T5, T6, T10, P and
K. In each parcel, the soil samples were taken as the composite sam-
ples of 10 subsamples sampled along the diagonal. The samples T2
and T4 were collected from the central part of vineyard area. The P
table is situated close to the local stream. Tables T1, T5, and K are
without grapevine plants. Table K was used as a control sample and to
determination of the initial values of the measured elements (Fig. 1).

In the vineyard, seven different grapevines (Vitis vinifera L.)
species are planted. They were located by the order: T2 — Riesling
Rain and Burgundac, T3 — Cabernet Sauvignon and Riesling Italian,
T4 — Prokupac and Cabernet Sauvignon, T6 — Cabernet Franc, T10 —
Cabernet Franc and Merlot, P — Cabernet Franc. For need of the pilot
study, the grape leaf and grape were sampled from each table (parcel).

2.3. Chemical analyses

The experiment was designed to determine behavior of the content
of 17 major and trace elements in the vineyard soil, grapevine (seed,
pulp, and skin) and grape leaves samples. All chemicals used in the
experiment were of analytical grade and produced by Sigma — Aldrich.

2.3.1. Soil sample preparation

Soil samples were stored at the room temperature in the laboratory.
Each soil sample was air-dried, sieved through 2 mm stainless sieve
and ground to a fine powder with a pestle in an agate mortar with a
pestle. The samples were packed in polyethylene bags and kept under
stable laboratory conditions until the chemical analysis.

The hygroscopic moisture of each soil sample was determined at
105 °C until the dry weight. In addition, the pH of soil samples was
determined in a mixture (1:5) of soil-distilled H,O and soil — 1 M KCl.
Acidity (pH) of the soil samples was determined using a glass elec-
trode.

Different extraction solutions were used (Table 1) for the assess-
ment of element bioavailability from the soil: 0.11 mol L™’

Fig. 1. Location of vineyard “Radmilovac”.
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Table 1
Procedures for extraction of major and trace element from the soil samples.

Extractant Procedure References
0.11 mol L™ 1 g of each soil sample was measured and Pueyo et al.,
CH;COOH 40 mL of extractant was added. The 2004;
extraction was performed for 16 h on a Quevauviller,
rotary shaker. 1998.

Distilled water 2 g of each soil sample was measured and a
20 mL of distilled water was added. The
extraction was performed for 16 h on a
rotary shaker.

Distilled water 2 g of each soil sample was measured and Pueyo et al.,
20 mL of distilled water was added. The 2004;
extraction was performed for 2 hon a Quevauviller,
rotary shaker. 1998.

0.05 mol L™ 2 g of each soil sample was measured and Pueyo et al.,

Na,EDTA 20 mL of extractant was added. The 2004;
extraction was performed for 1 hon a Quevauviller,
rotary shaker. 1998.

0.01 mol L™ CaCl, 2 gof each soil sample was measured and Pueyo et al.,
20 mL of extractant was added. The 2004,
extraction was performed for 3 h on a Quevauviller,
rotary shaker. 1998.

0.1 mol LleH4NO3 4 g of each soil sample was measured and Quevauviller,
10 mL of extractant was added. The 1998.

extraction was performed for 2 hon a
rotary shaker.

Aqua regia (HNO;: 0.5 g of each soil sample was digested using US EPA
HCI) 9 mL HCl and 3 mL HNO; 3050b
Method

* The major and trace element extraction from soil by distilled water during 16 h was
performed for comparison with soil extraction by distilled water during 2 h and other
one step extraction procedures.

CH;COOH, 0.05 mol L' Na,EDTA, 0.01 mol L' CaCl,, 0.1 mol L™
NH,4NO; and deionized water extraction during 2 h and during 16 h as
an alternative extraction procedure.

After extraction, all samples were centrifuged at 3000 rpm for
10 min. The supernatants were separated from precipitate through a
filter. The pseudo-total digestions were performed by aqua regia so-
lution in a microwave oven (ETHOS 1, Advanced Microwave Diges-
tion System, Milestone, Italy) in sealed PTFE vessels using 9 mL of
HCl and 3 mL of HNO; for 0.5 g per each soil sample (US EPA 3050b
Method).

2.3.2. Grapevine and grape leave samples preparation

The plant — soil experiment was performed as a previous experi-
ment (pilot study) to future studies. The leaf samples were dried in an
oven at 45 °C during 24 h, powdered in an agate mortar. Fresh grape
samples were separated into seed, pulp, and skin; all portioned sam-
ples of grape were blended. Approximately 0.5 g of each leaf sam-
ples (6 samples) and 1 g of each part of grape sample (6 seed sam-
ples, 2 pulp samples and 7 skin samples) were digested for 45 min
in a microwave digester (ETHOS 1, Advanced Microwave Diges-
tion System, Milestone, Italy) at 200 °C with 1 mL of 30% H,0,
(Sigma-Aldrich, puriss. p.a.) and 7 mL of 65% HNOj; (Sigma-Aldrich,
puriss. p.a., distilled by the apparatus for acid distillation —
BERGHOF, Products + Instruments GmbH, Germany). The digested
leaf samples were diluted with double-distilled water to a total vol-
ume of 50 mL and digested grape parts samples were diluted with dou-
ble-distilled water to a total volume of 25 mL.

2.3.3. Sample analysis

Concentrations of 17 bioavailable major (Al, Fe, K, Mn, Na, P, S
and Si), and trace (Cd, Co, Cr, Cu, Mo, Ni, Pb, V and Zn) elements
were determined in all samples using inductively coupled plasma op-

tical emission spectroscopy, ICP-OES (Thermo Scientific iCAP 6500
Duo, Thermo Scientific, UK). For calibration, a Multi — Element
Plasma Standard Solution 4, Specpure (Alfa Aesar GmbH & Co KG,
Germany) was used. To determine the quality of the element mea-
surements, the analytical blanks and certified reference material were
analyzed once every 10 samples. Certified reference material BCR
483 (Sewage sludge amended soil) and ERM — CC135a (Contam-
inated Brickworks Soil) was used to validate the single extractions
(CaCl,, NH,NO;, and Na,EDTA) and pseudo-total digestion proto-
cols, respectively. The recovery of elements using BCR 483 ranged
from 72% to 130%. The recoveries for Cr and Cu extracted with CaCl,
were 139%, and 140%, respectively. Using ERM — CC135a the recov-
ery ranged from 82% to 106%, with exception of Pb (76%), and V
(51%). For validation, the plant sample protocols, the moss Pleuroz-
ium schreberi, M2, and M3 were used as the certified reference ma-
terials (Steinnes et al., 1997). The recovery of elements from the ref-
erence material M2 ranged from 71% to 106%. However, recovery of
Cr was 60%. For the reference material M3 recoveries are ranged from
73% to 117%. Recovery of Cr was 42%.

2.4. Data processing

For data analysis, SPSS software version 21 for Windows and
Statistic8 (StatSoft Inc., Tulsa, OK, USA) were used. The normality
(p < 0.05) of the data was tested by the Kolmogorov — Smirnov test.
Chemometrics of the obtained results were based on correlation, prin-
cipal component and cluster analyses. Principal component analysis
(PCA) and cluster analysis (CA) were used to identify a correlation
between the elements concentrations in the soil samples and used ex-
tractants. Varimax normalized was used as the rotation method in the
analysis following standardization of the data (Kaiser, 1958).

For the pilot part of the study, PCA, and CA analyses were used
aiming to assume a connection between the element content in dif-
ferent grapevine parts, and also of major and trace elements extracted
from soil by various extractants. For identification, the similarities
among plant parts, plant species, and soil samples, the Q mode of PCA
was applied.

2.4.1. Ecological risk assessment

Contamination factor (CF), pollution load index (PLI), geo-accu-
mulation index (lg,), enrichment factor (EF) and bioaccumulation
factor (BF) among plant parts, species and soil samples were calcu-
lated for each sample to investigate the level of pollution of the vine-
yard soil by from the potentially pollution sources around the study
area “Radmilovac”. To investigate the level of contamination of soils
by the trace elements in the study area, contamination factor was cal-
culated according to the following equation.

CF=C,/B,

where C, is a pollutant's (element's) concentration and B, is the initial
concentration (K parcel) of that metal in the soil.

To assess quality of the soil, an integrated approach of PLI of trace
elements was calculated. The PLI is defined as the nth root of the mul-
tiplications of CF of trace elements.

PLI = (CF1 x CF2 x CF3 ... x CF,)""

where n is the number of pollutant (element) assessed and PLI is the
single factor pollution index of each element (Likuku et al., 2013).
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A geo-accumulation index (l,,) was applied to determine and de-
fine metal contamination in soils by comparing measured metal con-
centrations with local background levels. I, was calculated for all de-
termined major and trace elements in soil samples.

Teeo = logy [(C/1.5 % B,)]

where, C, is the measured concentration of the metal n, B, is the lo-
cal background concentration of metal n. The constant factor 1.5 is
the background value correlation factor (Likuku et al., 2013). I, was
classified into seven grades: I, < 0 (grade 0), unpolluted; 0 <I,., <1

(grade 1), slightly polluted; 1<1I,,<2 (grade 2), moderately pol-

o —
luted; 2< I, <3 (grade 3), modergtely severely polluted; 3 <l,., <4
(grade 4), severely polluted; 4< I, <5 (grade 5), severely extremely
polluted; I, > 5 (grade 6), extremely polluted (; Yaquin et al., 2008).

Enrichment factor (EF) was applied to distinguish among elements
originating from human activities and those from natural ancestry, and
to assess the degree of anthropogenic influence (Lu et al., 2014; Chen

et al., 2015).

EF = (Cn/C /(Cn/C

rcf)samplc rcf)background
where Cn is the concentration of a metal element in soil (mg/kg)
and C, is the concentration of reference element (mg/kg). Usually
used elements for background are Al, Fe (Sakan et al., 2014) and Mn
(Tasdemir and Kural, 2005; Chen et al., 2015). According to EF soils
could be classified: deficiency to minimal enrichment (EF <2), mod-
erate enrichment (2 < EF <5), significant enrichment (5 < EF < 20),
very high enrichment (20 < EF <40) or extremely high enrichment
(EF >40). In addition, the EF values among 0.05 and 1.5 indicate
that the metal originates from the crustal materials or some natural
source, and for EF values higher than 1.5 originate from anthro-
pogenic sources (Zhang and Liu, 2000; Chen et al., 2015).

The ratios of concentrations between the plant parts and soil were
estimated applying calculation of bioaccumulation factor (BF):

BF = C,/C,

where Cp is the major or trace element concentration in different
grapevine parts and Cs is the concentration of same element in the soil
sample collected from the same parcel as the grapevine samples. If
the values BF > 1 then the plants could be accumulators; when BF = 1
there are no influences of the soil and if the BF <1 means that the
plant can be an excluder (Radulescu et al., 2013).

3. Results and discussion

The acidity of the soil samples was determined in range pH H,O
(4.84-8.05) and pH KCI (3.85-7.07). Based on this soil acidity re-
sult, it could be concluded that the vineyard's soil samples varied from
weak acidic to weak alkaline. The obtained pH values influence the
bioavailability of the elements from the soil and play an important role
in their toxicity for plants (Kabata — Pendias and Mukherjee, 2007;
Bravo et al., 2015).

3.1. Single extraction procedures and pseudo-total digestion for
assessment of element bioavailable fractions from vineyard's soil

Aqua regia has been shown as the most aggressive agent for ex-
traction of the major and trace elements from the soil samples (Fig.

S1). In addition, CH;COOH and Na,EDTA were also proven to be
aggressive extractants, which could be applied for isolation of higher
concentrations of the major and trace elements from the soil rather
than deionized water, CaCl, and NH,NO; (Table 2, Fig. S1). The acid-
ity of CH;COOH could enhance destruction of carbonates associated
with trace elements, and thus, the extraction of bioavailable element
fraction.

For determination of the total extractable S, pseudo-total digestion
with aqua regia was not proven as the best isolating method, probably
due to conditions of high pressure and acidity, which may influence
the loss of organic S. The S concentrations (12-18 ug g ') extracted
by CaCl, in this study are comparable with data obtained in the other
studies (e.g., Hu et al., 2005). As not aggressive extractant CaCl, iso-
lated 42% S comparing to concentration obtained by pseudo-total di-
gestion, which proves this weak salt to be suitable for extracting S.

Based on the results of this study (Fig. S1), the similarity was ob-
served of the major elements by CaCl,, and deionized H,O (during
16 h and 2 h), in comparison with the concentrations of these elements
isolated by the pseudo-total digestion procedure. In addition, there was
a similarity in capacity to extract the trace element by deionized water
extraction during 16 h and 2 h. However, there is no unique extractant
appropriate for the extraction the most available fraction for all stud-
ied elements from the soil (Fig. S1).

The highest concentrations of all major and trace elements in soil
(except S) were isolated by the pseudo-total digestion with aqua regia.
The concentrations of Cu (93-118 pgg ') and Cd (3.6-4.3 pgg )
from this study were comparable with data obtained for similarly
treated soils by fertilizers and pesticides (Pueyo et al., 2004; Meers
et al., 2007; Kelepertzis et al., 2015). The pseudo-total concentrations
of Cu isolated from the soil samples were higher than maximum pre-
scribed values (100 pg gfl) by the national and international regula-
tive (National Regulation, Republic of Serbia 88/2010; EU Council
Directive 86/278/EEC) (Table 2). In addition, the concentration of
Pb at the parcel T6 was higher than the concentrations prescribed
in the national and international regulative. Higher concentrations of
Cu could originate from Cu — based fungicides used for the treating
grapevine whereas a high concentration of Pb could be explained by
the proximity of the main road (Fig. 1).

Among the single extractants, the lowest element concentrations
were obtained applying NH4;NO;, and CaCl,, in comparison to the
pseudo-total digestion (Table 2, Fig. S1). The concentrations of Ni
(0.02-0.27 ug g ) and Pb (0.7-9.4 ng g ') isolated by NH,NO; are
comparable with the results reported by Pinto et al. (2015) (Table 2).
Higher concentrations of K and Mn were isolated by NH,NO; than
by CacCl, as also reported in some other studies (Pueyo et al., 2004).
These two unbuffered salt solutions simulate natural soil solutions,
and therefore they are included in regulations and are useful for eval-
uation the ecological relevance of elements (Kabata — Pendias and
Kabata, 2001). The concentrations of Ni (0.02-0.27 ug g ') extracted
by CaCl, are comparable with the corresponding results reported by
Bakircioglu et al. (2011). Thus, NH,NO; and CaCl,, as weak diluted
salt solutions, could only be used as extractants for the elements pre-
sented in the exchangeable phase as well as in water — soluble phase
(Pinto et al., 2015). There were also some other values with similar
research results. There were similarities between the concentrations
of Cu (0.9-1.8 pgg !, 4.1-27 pg g") extracted with deionized wa-
ter during 2 h mixing (Table 2) reported in a study by Bakircioglu et
al. (2011). In addition, the concentrations of Zn (0.2-0.9 pg g ') ex-
tracted with deionized water during 2 h from soil samples (Table 2)
were comparable with results in the study reported by Niesiobedzka
(2016).



Table 2

Descriptive statistics (mean, standard deviation, minimum and maximum) of the element concentrations (pggfl, *nggfl) extracted from soil samples.
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Al Fe K Mn Na P S Si Cd Co Cr Cu Mo Ni Pb \% Zn
Single extraction
CH;COOH M 45 16 66 24 41 77 36 220 0.06 0.05 0.08 1.9 0.1 0.8 51.2% 0.02 1.0
SD 11 14 15 5 7.2 70 19 28 0.02 0.04  0.02 1.2 0.2 0.3 0.6* 0.02 1.2
MIN 27 5.6 49 20 30 14 14 170 0.04 0.01 0.06 04 0.0 0.5 49.9* 0.01 0.0
MAX 59 49 88 35 50 200 74 260 0.08 0.11 0.11 43 0.4 1.2 51.6* 0.05 3.7
16 h H,O M 25 22 7.7 0.3 13 38 27 58 3.9* 4.0*  0.03 1.1 16* 0.1 0.1 0.06 0.6
SD 5.8 53 2 0.2 4.5 1.8 84 12 1.0* 24% 0.02 09 7.9% 0.2 0.2 0.02 0.5
MIN 15 14 5.9 0.2 9.2 2.1 20 37 2.3% 0.9% 0.01 0.3 3.5% 0.0 0.0 0.04 0.0
MAX 33 31 11 0.6 22 7.2 46 73 5.6% 7.7* 0.04 2.6 26* 0.4 0.4 0.07 1.6
2hH,0 M 35 20 7.14 0.06 15 5.1 10 88 0.253* 6.7*  0.04 1.3 17* 0.3 0.04 0.10 0.4
SD 20 12 2.6 003 4 19 55 46 0.003* 4.5% 0.03 03 6.8* 0.1 0.03 0.06 0.3
MIN 16 6.2 35 0.02 11 32 25 17 0.249* 1.7+ 0.02 09 3.6* 0.2 0.02 0.06 0.2
MAX 79 44 11 0.1 23 8.9 19 140 0.256* 15% 0.11 1.8 29%* 0.6 0.09 0.22 0.9
Na,EDTA M 16 100 89 78 a 20 43 167 0.08 0.6 0.04 16 19%* 1.3 2.6 0.1 2.0
SD 12 54 25 55 a 14 1.7 128 0.04 0.6 0.04 8.0 9.9* 0.8 1.1 0.2 1.5
MIN 2.3 39 52 14 a 1.9 1.4 44 0.03 0.0 0.00 4.1 2.6* 0.3 1.3 0.0 0.8
MAX 42 190 132 190 a 36 74 463 0.16 1.8 0.09 27 37%* 3.0 44 0.4 53
CaCl, M 1.1 1.1 13 002 72 04 15 21 0.7* 1.4*  44* 015 0.02 0.13  6.8*% 3.4* 0.0
SD 1.6 1 52 005 12 03 2.1 22 0.5*% 0.8* 3.6* 0.03 0.02 0.07  8.1* 1.5% 0.2
MIN 0.1 0.2 8.6 0 5.7 0 12 8.7 0.2% 0.4%* 0.3% 0.10  0.00 0.02 2.6* 0.9% 0.0
MAX 52 3.6 23 0.13 8.8 0.8 18 77 1.3% 2.6% 12* 0.20  0.06 0.27 28* 5.7*% 0.3
NH,NO; M 0.6 0.7 57 0.1 11 06 28 21 1.6* 1.1*  4.8* 013 0.513* 0.04  52% 3.8* 0.00
SD 0.4 0.4 13 0.3 1.7 02 09 22 1.1* 0.6* 12* 0.04 0.003* 0.02  2.6* 1.4* 0.02
MIN 0.2 0.3 44 0 72 03 1.7 87 1.0* 03* 29* 0.06 0511* 0.00 0.7 1.2% 0.00
MAX 1.3 1.3 83 0.6 12 08 43 77 4.3* 23* 6.3* 019 0517* 0.06  9.4* 6.0* 0.03
Pseudo-total
Aqua regia M 4160 4380 2920 66 220 190 35 295 4.0 13 11 106 1.2 17 29 19 8.2
SD 686 777 376 12 92 60 19 200 0.3 0.9 0.9 8.2 0.2 5.5 74 1.2 1.4
MIN 3090 3500 2400 53 92 87 14 152 3.6 12 9.0 93 1.0 8.8 0.9 17 6.6
MAX 5020 5720 3520 82 380 270 68 541 43 14 12 118 1.4 23 230 20.54 11

* The values were not taken into consideration because of the type of used extractant Na,EDTA.

Considering other single extraction procedures, the highest con-
centrations of Al, Mo, Na, P, S and Si were extracted by CH;COOH,
as an aggressive extractant which could isolate elements from the rhi-
zosphere of many plants. Chelating agent Na,EDTA isolated the high-
est concentrations of potentially mobile soil fraction (Cd, Co, Cu, Fe,
K, Mn, Ni, Pb, V, Zn). The concentrations of Cd (0.03-0.16 ug gfl),
Cr (0.00-0.09 pg g "), Ni (0.3-3.0pgg "), Pb (1.3-4.4ugg ") and
Zn (0.8-5.3 pgg ') extracted by Na,EDTA were comparable with
the data obtained in study of McGrath (1996). In addition, similar
ranges of Pb concentrations (0.02-0.09 pgg ', 1.3-4.4 pg g ") were
extracted with Na,EDTA in the study of Bakircioglu et al. (2011)
(Table 2, Fig. S1).

3.1.1. PCA and CA analysis for assessment of element mobile/
bioavailable phases in vineyard's soil

Multiple correlations obtained among elements by PCA could in-
dicate their common agro-chemical origin, but also similar plant up-
take mechanism from the soil (Kabata — Pendias and Kabata, 2001;
Buccolier et al., 2010; Vystavna et al., 2015). The most significant
correlations (p < 0.05) were determined between Cu, S and Zn con-
centrations extracted using deionized water during 16 h (Fig. 2C).
Using Na,EDTA, and CH;COOH as a single extraction procedure
the significant correlation (p < 0.05) between Cu and Zn were ob-
tained (Fig. 2A, F). A significant correlation (p < 0.05) between con-
centrations of Cu and S, extracted with deionized water during 16 h,
NH4NO;, and CaCl,, were established (Fig. 2C-E). These elements
could have entered only through the soil surface layer, while
grapevines were primarily treated with foliar by fungicide, copper
(II)-sulphate. In addition, the concentration of S, extracted with deion-
ized water during 16 h, was correlated with the concentrations of Mn
and Na. It can be assumed that the correlation between these ele-
ments points to their origin from the fertilizers or pesticides used in
agriculture production (Kabata — Pendias and Kabata, 2001). Con-

trary, no correlation was observed between Cu and the other element
concentrations after 2 h water extraction. The 2 h extraction was not
long enough for obtaining the balance between solubility and sorption
on the substrate matrix.

3.2. Plant — soil experiment: selection of best procedure for
extraction of plant bioavailable major and trace elements from
agricultural soil

Considering the analyzed grapevine parts (leaf, skin, pulp, and
seed), the highest concentrations of Cd, Cr, Cu, Ni, Pb, and Zn were
determined in the leaf samples. Potassium, as one of the most impor-
tant nutrients essential for plant growth, was determined in the high-
est concentrations in all grapevine parts. The highest concentration
of Ni (52 pg g ") was determined in the skin of Prokupac species,
planted on the parcel T4 located 1.5 km away from the Institute of
Nuclear Science “Vinca”. Contrary, much lower concentration of Ni
(0.12 pg g ") was determined in the skin samples of species Caber-
net Sauvignon planted at the same parcel. The concentrations of Ni in
all grapevine parts and species varied from 0.41 to 1.44 pg g71 with
the exception of the concentration in Prokupac skin (52 pg g_l). In
all these samples, Ni concentrations were below the range of exces-
sive or toxic amounts, which in the most plant species vary from 10 to
1000 pg g71 (Kabata — Pendias and Mukherjee, 2007). The high con-
centration of Cu was determined in the leaf samples of all grapevine
species (29-170 pg g ). Therefore, pH value (3.85-7.07) plays an im-
portant role in bioavailability of Cu in soils. Concentrations of Pb in
the grapevine parts were low. Low concentrations were especially de-
termined in the leaf (0.02 pg g ') and the seed (0.02 ug g ') of Caber-
net Franc, planted on the parcel T6 (the obtained concentration in soil
was 226 ug g ). Lead is only passively adsorbed by the plant roots
(Kabata — Pendias and Mukherjee, 2007), and thus, plant uptake of Pb
from soil is generally very low (Table 3).
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Fig. 2. The overview of PCA for all obtained major and trace elements extracted applying CH;COOH (A), 2 h H,O (B), 16 h H,0 (C), CaCl, (D), NH,NO; (E) and Na,EDTA (F)
single-extraction procedures.

Similarities among the element concentrations determined in the ments (Al, Fe, and K) extracted applying CH;COOH, CaCl,,
skin, seed and pulp samples were observed by PCA. In addition, the NH4NOs, Na,EDTA, 2 h and 16 h deionized water procedures were

leaf samples of all species were grouped (Fig. 3). Plot scores 1 and 2 grouped as the separated cluster (Fig. 4a). However, according to the
were isolated. The exception was the Prokupac species. The skin and obtained dendrogram (Fig. 4b), the aqua regia was efficiently in the
leaf samples of Prokupac species were distanced from the other skin extraction of trace elements from the soil which were bioavailable for
and leaf samples which indicate the different behavior of Prokupac the grapevine leaves. Deionized water procedure enabled extraction
from other plant species (Fig. 3). of bioavailable trace elements which were in relation with trace ele-

Different extractant took place in the extraction process of either ments isolated from the grape seed and the grape pulp. Finally, the
major or trace elements. Bioavailable soil fraction of the major ele- weak salts CaCl, and NH;NO; as well as Na,EDTA and CH;COOH
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ements content in the grape seed and pulp, but not in leaves because in
the leaves trace elements could originate from either air or soil.

3.3. Environmental risk assessment

3.3.1. Soil samples

Calculated values of CF showed that the concentrations of Zn
(Table S1) in the soil samples from parcels T4 and T5 were higher
than 1 (refers to moderate contamination), and for T6 parcel only CF
for Pb (27.3) was higher than 1. Calculated CF higher than 6 indicates
very high contamination (Matong et al., 2016). The higher CF could
be explained by the pollution influence of traffic from the nearby main
road. In addition increased values of CF (Table S1) calculated for the
soil samples collected from parcels T4 (Cd, Co, Cu, Zn) and T5 (Cd,
Co, Cr, Cu, Mo, V, Zn), could be a result of the influence of the pol-
lution originating from the waste disposal area of Institute of nuclear
research “Vinc¢a”. Finally, the PLI values higher than 1 were only cal-
culated for the parcel T6 (1.16).

The calculated I, for soil samples in parcel T6 for Pb was in grade
5 (4.2), which indicate that the T6 parcel is severely extremely pol-
luted. The calculations for EF (background Al) shown the most values
among range 1 <EF <2. Base on the calculation it could be noticed
that for the most parcels enrichment was minimal to moderate, expect
of EF for Pb in the T6 parcel (Table S2). According to EF values, it
could be noticed that there were the anthropogenic influences of Pb,
and Ni in parcel T6, and Zn in parcel T4 (Table S2).

All the above environmental calculations indicate that just for the
parcel T6 there were high environmental implications of the pollution
by the studied elements, and for parcels T4, TS, T10, and P there were
some moderate environmental implications (Tables S1-S2).

3.3.2. Grapevine samples

The bioaccumulation factors (BF) of Al, Cd, Cr, Cu, Fe, K, Ni,
Pb and Zn for all grapevine parts were calculated (Table S3). Observ-
ing the results, it could be noticed that the leaves of Riesling Rain
(1.77), Riesling Italian (1.66), Cabernet Sauvignon (1.36), and Caber-
net Franc (1.38; 1.82) could be considered as accumulators of Zn
from the soil. In addition, the leaves of Riesling Rain (1.19), Burgundy
(1.02), and Riesling Italian (1.66) could be an accumulator of Cu from
the soil. The skin of species Prokupac (4.89) has only shown as a
markedly plant accumulator of Ni from the soil (Table S3).

4. Conclusion

Obtaining the results of applied single extraction procedures, and
pseudo-total digestion on the vineyard soil samples and grapevine
parts, it could be noticed that grapevine leaves and different parts of
grapevine barriers could contain major and trace elements originating
from the soil and from the agricultural activities in the vineyards. Con-
centrations of Cu and Pb (at location T6) obtained by pseudo-total di-
gestion procedure were higher than the concentrations prescribed in
the national and international .

The single extraction procedures, such as CaCl,, NH,NO; and
deionized water extracting during 16 h could be recommended as suit-
able single extractions for obtaining the concentrations of Cu and S
which could originate from the same source. In addition, single ex-
tractions of grapevine soil with Na,EDTA, CH;COOH and deionized
water extracting during 16 h could be appropriate procedures for de-
termining correlated concentrations of Cu and Zn. Contrary to 2 h, a
longer water extraction time (16 h) enable to take out the soluble el-
ements which could be associated with complexing compounds pre-
sented in soil.

Bioavailable trace elements soil fraction for the grape seed and
grape pulp could be extracted by deionized water. Trace elements
from the soil which were bioavailable to the grape skin could be ex-
tracted by CH;COOH, Na,EDTA, CaCl, and NH,;NO;. However, due
to a different way of element uptake into grapevine leaves, bioavail-
able soil fractions have an influence on trace elements content in the
seed and the pulp, but not in the leaves, probably because of the addi-
tional influence. Aqua regia could be recommended for extraction of
the leaf bioavailable fraction of the elements. All plant species except
Prokupac have shown similarities between each other.

Environmental risk formulas (CF, PLL I,,, and EF) enable to iden-
tify moderate (T4, and T5) to extremely (T6) polluted parcels of the
vineyard influenced by surrounding sources of pollution. According to
BF, the leaves of Riesling Rain, Riesling Italian, Cabernet Sauvignon
and Cabernet Franc could be good accumulators of Zn from vineyard
soils and the leaves of species Riesling Rain, Burgundy and Riesling
Italian could be accumulators of mobile Cu from vineyard soil.
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ABSTRACT

A database of potentially hazardous substances, necessary for estimating the exposure of humans to air pollut-
ants, may be deficient because of a limited number of regulatory monitoring stations. This study was inspired
by undeniably harmful effects of human long-term exposure to intense traffic emissions in urban area. Moss
bag biomonitors were used to characterize spatial variation of airborne toxic elements near crossroads and
two- and one-lane streets. The Sphagnum girgensohnii and Hypnum cupressiforme moss bags were exposed for
10 weeks to 48 sampling sites across Belgrade (Serbia) during the summer of 2014. In addition, oven-drying pre-
treatment of the moss bags was tested. During the experimental period, traffic flows were estimated at each site
by counting the number of vehicles during the rush hours. The concentrations of 39 elements were determined in
the moss samples. There was no significant difference between the results obtained for nontreated and oven-
dried moss bags. For the majority of elements, the moss bags identified a common pattern of decrease in the con-
centration from crossroads to two- and one-lane streets. The exposed moss bags were enriched with Sb, Cu and
Cr. The correlation coefficients (r = 0.65-0.70) between the moss concentrations of Cr, Cu, Fe and Sb and the site-
counted traffic flows also confirmed a dependence of the airborne element content on traffic emissions. A strong
correlation with traffic flows makes Sb, Cu and Cr reliable traffic tracers.

© 2015 Elsevier B.V. All rights reserved.
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1. Introduction

The transport sector represents the dominant source of air pollution
in urban areas. Traffic-related air pollutants, including particulate mat-
ter (PM) associated with toxic elements, are widespread. These pollut-
ants are often found in higher concentrations in areas near urban
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micro-environments such as major roads, crossroads, junctions and bus
stations. Increase of air pollutants beyond the limit values has been as-
sociated with many hazardous health effects (European Environment
Agency, 2013; United States Environmental Protection Agency, 2013).

Epidemiological studies commonly use data from one or few stations
of regulatory monitoring network to estimate personal exposure to PM
(Brauer, 2010). However, the results of recent studies have indicated
that monitoring stations may not accurately characterize complexities
of the spatial dispersion of PMs in an urban area (Wilson et al., 2005;
Brauer, 2010). Concentrations of traffic-related air pollutants show dra-
matic temporal and spatial variations from on-road to near-road micro-
environments. For example, particles with size <2.5 pm (<PM2.5), vol-
atile organic compounds (VOCs), NO and polycyclic aromatic hydrocar-
bons (PAHs) have demonstrated steep gradients in concentrations that
attain elevated levels near- and on-road, and a return to background
level at distances of approximately 150-200 m (Hagler et al., 2009;
Karner et al., 2010).

Regulatory network of air quality monitoring has been typically de-
signed to assess regional and temporal variations of air pollution. For
micro-scale setting, sampling sites should be placed at a distance of at
least 25 m from the edge of crossroads and not on the carriageways of
roads (Directive 2004/104/EC; Directive 2008/50/EC). Because of this,
examination of long-term on-road exposure of pedestrians, commuters,
cyclists and workers (e.g. drivers and policemen) to traffic-related toxic
elements requires alternative approaches (Brauer, 2010).

Biomonitoring represents a simple and cost-effective alternative
to regulatory monitoring of air quality. Moss is the most efficient bio-
monitor available to entrap air pollutants. It lacks a developed root
system and thus obtains nutrients from air. Moreover, the high cat-
ion exchange capacity of moss increases its adsorbent efficiency
(Brown and Bates, 1990). ‘Moss bag technique’ was introduced by
Goodman and Roberts (1971), and it has been developing over the
last several decades as an efficient method of active moss biomoni-
toring of hazardous air pollutants such as heavy metals, non-metals
and PAHs (Vasconcelos and Tavares, 1998; Adamo et al., 2003; Ares
et al., 2009; Cao et al., 2009; Salo and Mdkinen, 2014; Calabrese
et al., 2015; Kosior et al., 2015). This method has been particularly
useful for conducting a detailed survey of diversely polluted micro-
environments within urban areas, where native mosses are usually
absent because of predominantly paved and landscaped surfaces. In
contrast to instrumental measurements, moss bags do not require
power supply and maintenance. Thus, the moss bag technique
could be applied to obtain a satisfactory spatial resolution of moni-
toring sampling sites, and consequently a detailed database. Another
important difference between the moss bag technique and instru-
mental measurements is sampling time. Instrumental measure-
ments are usually restricted to short time periods, providing daily
concentration of pollutants, whereas moss bags act as a long-term
integrator of air pollutants providing average concentration. Long-
term sampling is prerequisite for the assessment of cumulative ex-
posure to a certain pollutant that has hazardous effect on human
health.

The purpose of this study was to assess the level of airborne toxic
elements near highly traffic-burdened crossroads and two- and one-
lane streets, using the moss bag technique. It is hypothesized that
distance decline of toxic element concentrations exists from cross-
roads to two- and one-lane streets depending on the traffic burden.
The aim was also to assess if the moss bags could reflect this phe-
nomenon. The specific objectives were related to the methodological
aspects of the application of moss bag technique. The main reason for
selecting a particular moss species is its abundance in the study re-
gion. Thus, we studied whether (1) two moss species could be inter-
changeably used for biomonitoring purpose and (2) recommended
oven-drying pretreatment of moss bags (Giordano et al., 2009; Ares
et al., 2012) is necessary before moss exposure in active biomonitor-
ing studies.

2. Materials and methods
2.1. Study area

The study was conducted in the urban area of Belgrade (44°50’-
44°44'N and 20°22'-20°32’ E at 70-250 m altitude). The city is the cap-
ital of Serbia, situated at the confluence of the rivers Sava and Danube,
with approximately 1.7 million inhabitants.

The biomonitoring survey was conducted from June 15 to August 15,
2014. During the experimental period, the average daily air temperature
was 22.5 °C, the prevailing wind direction was WNW, the average daily
wind speed was 2 m s~ ! and the average relative air humidity and
total rainfall were 68% and 225 mm, respectively (Republic
Hydrometeorological Service of Serbia, 2014).

2.2. Traffic flow estimation

During the experimental period, traffic is considered to be the major
source of air pollution, particularly toxic elements, because of the ab-
sence of heating systems. To estimate the contribution of traffic inten-
sity to the toxic element concentrations in air, traffic flows were
counted. For each study site, traffic flows were recorded by video cam-
eras for later off-site counting. The vehicle fleet was classified into cate-
gories of passenger cars, buses, trams, trolleys, motorcycles and light-
and heavy-duty vehicles. Traffic flows of each vehicle category were
counted for 15 min during the rush hours (7:00-9:00 am and
4:00-6:00 pm) on Wednesdays and Sundays of June and July. The aver-
age traffic flows during the experimental period were estimated from
these counts (Table 1), using a procedure recommended by the Secre-
tariat for Transport of Belgrade (personal communication).

2.3. Moss bags — sampling, bag preparation and pre- and post-exposure
treatments

Two moss species were chosen for moss bag biomonitoring: the
most recommended biomonitor species obtained from abroad and the
other one, common for the study area. Thus, at the end of May 2014,
the moss Sphagnum girgensohnii Russow (S.g.) was collected from a pris-
tine wetland area located near Dubna, Russia. This area is considered to
be an appropriate background site in the previous research (Anicic et al.,
20093, 2009b). The moss Hypnum cupressiforme Hedw. (H.c.) was ob-
tained from the protected area ‘Vrsacke planine’, Serbia, which is also
selected in the previous study (Vukovic et al., 2015a). In the laboratory,
the green apical parts of the mosses were separated from the brown tis-
sue and manually cleaned of soil particles, plant remains and epiphytes
with care. Subsequently, moss material was rinsed thrice with double-
distilled water (~10 L of water per 100 g of moss dry weight and
10 min of shaking). Such prepared mosses were air-dried and gently
hand-mixed to obtain a homogeneous material. Approximately 1.5 g
of the homogeneous moss was packed loosely in 7 x 7 cm nylon net
bags with mesh size of 2 mm. The net was previously washed in 0.1 M
HNO; to eliminate any contamination. The bag dimensions were se-
lected to obtain a moss weight/surface area ratio of approximately
30 mg cm ™2 for each square centimetre of bag surface, which was sug-
gested by Ares et al. (2012). Simultaneously, the researchers indicated
that a higher moss entrapment capacity for particles could be reached
if the ratio of moss weight to surface area of the bag is lower (Ares
etal., 2014).

To minimize the influence of possible moss growth on element up-
take during the experimental period, Giordano et al. (2009) and Ares
et al. (2012) recommended an oven-drying devitalizing pretreatment
of moss before its exposure in the field. However, in the previous survey
(Anicic et al., 2009b), a poor vitality of moss was evident after exposure,
because of dry continental climate conditions in the study area. To test
the recommended devitalizing moss pretreatment, one half of the pre-
pared moss bags were oven-dried (dry moss, DMsg and DMy.) at 120
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°C for 24 h, whereas no devitalizing treatment was applied to another
half of the bags (live moss, LMsg and LM).

The entire process of the moss sampling and bag preparation was
conducted wearing polyethylene powder-free gloves to avoid contami-
nation of the moss material. Several moss bags of both species were
stored in the laboratory conditions, at room temperature, as control
samples for determination of the initial moss element concentrations.

Although it is recommended to expose three moss bags per sam-
pling site, for the majority of the elements, it is sufficient to expose
one moss bag to achieve an error of <10% (Ares et al., 2012). Because
of the practical constraints, it was decided to expose only one moss
bag of each type (DMsg, DMy, LMsg and LMy ) per sampling site. Par-
ticularly, four bags were exposed for 10 weeks using plasticized alumin-
ium holders, specially designed for this purpose. The holders were
mounted perpendicular to the lamp posts, at open space, at a represen-
tative height of 3-4 m (Vukovic et al., 2013). The holders with moss
bags were positioned over the Belgrade urban area at 48 sampling
sites burdened with different traffic flows - crossroads and two- and

Table 1

one-lane streets (Fig. 1). Three pedestrian zones were chosen to repre-
sent urban background sites, which were selected from three different
parts of the city: urban-central zone, peri-urban zone and within an
urban forest.

After the exposure period, the moss bags from one sampling site
were missing, which is indicated by an asterisk in Table 1.

24. Chemical analyses

The moss samples were air-dried and homogenized. Approximately
0.3 g of each moss sample (three subsamples per exposure site) was
digested for 45 min in a microwave digester (ETHOS 1, Advanced Micro-
wave Digestion System, Milestone, Italy) at 200 °C with 1 mL of 30%
H,0, (Sigma-Aldrich, puriss. p.a.) and 7 mL of 65% HNO5 (Sigma-Al-
drich, puriss. p.a., distilled by the apparatus for acid distillation —
BERGHOF, Products + Instruments GmbH, Germany). The digested
samples were diluted with double-distilled water to a total volume of
50 mL.

Characteristics of the biomonitoring sampling sites and traffic flows by vehicle categories (vehicles h~!); LDV — light-duty vehicles; HDV — heavy-duty vehicles.

Sampling site Type of sampling site  Geographic coordinates Car Bus Tram  Trolley LDV ~ HDV  Motorcycle  Total traffic flow [vehicles h™!]
1 Crossroad 44°48'30" N20°27'22"E 1716 260 44 124 76 24 2244
2? Two-lane street 44°48'23" N 20°27'18"E  / / / / / / / /

3 Two-lane street 44°48'29" N 20°27'30"E 536 32 / / 16 / 8 592
4 Two-lane street 44°48'42" N 20°27'33" E 708 20 / / 16 / 12 756
5 Crossroad 44°48'30" N 20°27'49"E 3604 108 / 64 124 4 60 3964
6 Two-lane street 44°48'37"N20°27'44"E 1128 28 / 32 24 / 36 1248
7 Two-lane street 44°48'20" N 20°27'47" E 504 8 20 / 28 / 4 564
8 Crossroad 44°48'38" N 20°27'59"E 4456 128 / 24 148 / 64 4820
9 Two-lane street 44°48'42" N 20°28'09"E 2264 28 / 28 112 / 8 2440
10 One-lane street 44°48'45" N 20°27'58"E 300 0 / / 8 / / 308
11 Two-lane street 44°48'50” N 20°27'06" E 588 12 24 / 68 24 8 724
12 Two-lane street 44°48'51" N20°27'18"E 32 68 / / / / / 100
13 One-lane street 44°48'46" N 20°27'04"E 32 0 / / / / / 32
14 Crossroad 44°48'52"N20°27'28"E 3596 120 / / 68 / 64 3848
15 Crossroad 44°48'52" N 20°27'46"E 3012 88 / / 88 4 68 3260
16 One-lane street 44°48'54" N 20°27'50"E 596 20 / / 28 / 32 676
17 Two-lane street 44°48'45" N20°27'49"E 1592 32 / / 44 / 48 1716
18 Pedestrian zone 44°49'06” N 20°27'21"E  / / / / / / / /

19 Two-lane street 44°49'00" N 20°28'12"E 1032 120 / / 60 12 16 1240
20 Crossroad 44°49'02" N 20°28'37"E 2668 152 / / 152 4 48 3024
21 Crossroad 44°49'03” N 20°30'06" E 1760 68 / / 80 20 32 1960
22 Two-lane street 44°48'51" N 20°30'25"E 124 0 / / 4 / 4 132
23 One-lane street 44°48'48" N 20°30'26" E 296 60 / / 20 / 12 388
24 Crossroad 44°48'18" N 20°28'37"E 2568 28 32 / 52 4 60 2744
25 Two-lane street 44°48'06"” N 20°20'06" E 2020 O 28 / 32 / 44 2124
26 One-lane street 44°48'08" N 20°28'43"E 416 16 / / 16 / 12 460
27 Crossroad 44°46'60" N 20°30'05” E 3140 112/ 28 116 28 20 3444
28 Two-lane street 44°46'59" N20°30'16"E 1124 92 / 4 40 4 8 1272
29 Two-lane street 44°47'24"N20°29'54"E 1672 0 / 28 72 8 20 1800
30 Crossroad 44°47'31" N20°28'00"E 5788 184 / / 176 / 52 6200
31 One-lane street 44°47'11" N20°28'13"E 360 16 / / 20 / / 396
32 Crossroad 44°47'50" N 20°27'08"E 1024 60 / / 20 24 4 1132
33 Crossroad 44°47'58" N 20°27'53"E 1104 84 / / 64 12 12 1276
34 Crossroad 44°47'21" N 20°26'40" E 348 4 / / 4 / 20 376
35 Pedestrian zone 44°47'20" N 20°26'55"E  / / / / / / / /

36 Crossroad 44°46'55" N 20°25'05"E 1232 144 16 / 60 8 16 1476
37 Two-lane street 44°46'48" N 20°24'60" E 1488 144 12 / 52 / 8 1704
38 One-lane street 44°46'46" N 20°24'53"E 140 / / / / / / 140
39 Crossroad 44°48'53" N20°26'06" E 4476 144 20 / 176 / 48 4864
40 Two-lane street 44°49'00" N 20°25'48"E 2496 120 / 88 4 28 2736
41 Crossroad 44°48'12" N20°23'17"E 4472 80 40 / 224 12 20 4848
42 Two-lane street 44°48'08" N 20°22'59"E 3616 72 40 / 144 / 16 3888
43 Crossroad 44°49'36" N20°23'52"E 2596 84 / / 112 / 16 2808
44 Two-lane street 44°49'32" N 20°24'01"E 872 68 / / 40 / / 980
45 Crossroad 44°50'26" N 20°24'52"E 1392 160 / / 32 / 32 1616
46 Two-lane street 44°50'34" N 20°24'45"E 1036 112/ / 16 4 16 1184
47 Pedestrian zone 44°50'41" N 20°24'48"E  / / / / / / / /

48 One-lane street 44°50'55" N 20°24'06” E 88 16 / / / / / 104

2 The moss bags were missing after the exposure period.
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The concentrations of Al, B, Ba, Cu, Fe and Zn were determined using
inductively coupled plasma-optical emission spectroscopy (ICP-OES,
Thermo Scientific iCAP 6500 Duo, Thermo Scientific, UK). For calibra-
tion, a Multi-Element Plasma Standard Solution 4, Specpure (Alfa
Aesar GmbH & Co KG, Germany) was used. The concentrations of As,
Cd, Ce, Co, Cr, Dy, Er, Eu, Ga, Gd, Ho, La, Li, Lu, Nd, Ni, Pb, Pr, Pt, Rb, Sb,
Sc, Sm, Sn, Sr, Tb, Th, Ti, Tl, Tm, V, Y and Yb were determined using in-
ductively coupled plasma-mass spectrometry (ICP-MS, Thermo Scien-
tific iCAP Q, Thermo Scientific, UK). A low-level Elements Calibration
Stock, EPA Method Standard (VHG Labs, Manchester) was used for
calibration.

To determine the quality of the element analysis, the control sam-
ples, certified reference materials and analytical blanks were analyzed
once every 10 samples. The moss Pleurozium schreberi, M2 and M3
(Steinnes et al., 1997) were used as the certified reference materials.

2.5. Data processing

To assess the element accumulation of the studied moss species, rel-
ative accumulation factor (RAF) was calculated as on the moss content
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of each element after exposure (Cexposed) Subtracted and then divided
by the element content before exposure (Cipigial):

RAF = (Cexposed _Cinitial)/ Cinitial -

The abundances of the rare earth elements were graphically repre-
sented by normalizing the concentrations of the elements observed in
the moss samples to those in different standards such as North
American Shale Composite (NASC) and Post-Archean Australian Shales
(PAAS) (Dotegowska and Migaszewski, 2013).

The data were processed using STATISTICA 8.0 (StatSoft Inc., Tulsa,
OK, USA) and the free software R (R Development Core Team, 2014).
The normality of the data was tested by Shapiro-Wilk test (p < 0.05).
Wilcoxon signed-rank test (p < 0.05) was used to determine significant
differences in the elemental concentrations between DM and LM of
both species. Spearman's rank correlation was used (p < 0.05) to deter-
mine the correlation between moss elemental concentrations and traf-
fic flows.

g
S Zverdara

s tanicka g5 21 28

Fig. 1. Map of the Belgrade urban area (Serbia) with 48 sampling sites; the zoom view: an example of experimental set-up of three sampling sites — crossroad and two- and one-lane street.
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For comparing the element concentrations between two mosses, a
type Il regression model was applied by calculating the regression as a
standardized major axis regression (Legendre, 2014).

3. Results
3.1. Quality control

The recovery of elements from the reference material M2 ranged
from 75% to 111% for the majority of the determined elements; how-
ever, recoveries of Ni and Ce were 126% and 56%, respectively. For the
reference material M3, the recovery of elements ranged from 80% to
112%, whereas those of Sm, Th, Sc, Cu and Ce were 76%, 69%, 67%, 63%
and 57%, respectively. It is important to note that if the element concen-
trations differed by >20% of the reference value, the results should be
considered only as indicative.

The analytical limit of quantification (LOQ) of elements determined
in the moss samples by ICP-OES varied from 0.04 to 1.30 ug g~ for Ba to
Al, respectively. For the elements determined by ICP-MS, the LOQ values
varied from 0.0002 to 0.1518 ug g~ ! for Tb to Li, respectively. All the
data obtained were higher than the corresponding LOQ values, except
the concentrations of Li and Pt. However, in 20% of the sampling sites,
at the highly traffic-burdened crossroads, the concentrations of Pt
were higher than the LOQ values, showing their significant enrichment
in the moss samples.

3.2. On-road concentrations of airborne elements

The RAF values of 39 elements determined in the S.g. and H.c. moss
samples are shown in Table 2. The concentrations of most elements in
the exposed moss bags of both species were higher than the initial ele-
ment concentrations in the mosses. For all elements, significantly higher
(p < 0.05) RAF values were obtained for S.g. than H.c.

Fig. 2 represents a spatial decline of element concentrations in the S.
g.and H.c. moss samples. The S.g. and H.c. concentrations of As, Ba, Co, Cr,
Fe, Ni, Sb and V decreased from the crossroad to the two- and one-lane
streets, except for Pb and Zn. The shale-normalized concentrations of
the rare earth elements showed a common pattern of decline across
the sampling sites (Fig. 3).

In the S.g. moss samples, the Spearman'’s rank correlation coefficients
(p<0.05) among the elements were >0.80 for the following pairs of the
elements: As-Cu, As-Sb, As-V, Cr-Cu, Cr-Ni, Cr-V, Cu-Fe, Cu-Sb and
Ni-V, and >0.90 for the following pairs: As-Cr, As-Fe, Cr-Fe, Cr-Sb
and Fe-Sb (Table 1, Supplementary material). In the H.c. moss samples,

Table 2
Relative accumulation factor (RAF) in the S.g. and H.c. moss bags exposed for 10 weeks at
sites with different traffic intensity: crossroad and two- and one-lane street.

RAF Element

Sphagnum girgensohnii

<0 Rb

0-5 Al, B, Ba, Co, Dy, Mg, Sr, TI, Y

5-10  As, Cd, Ce, Er, Eu, Fe, Ga, Gd, Ho, La, Lu, Nd, Ni, Pb, Pr, Pt?, Sc, Tb, Ti, Tm, Yb
10-20 Th,V

20-30 Cr,Zn

30-40 Cu

>40 Sb, Sm, Sn

Hypnum cupressiforme

<0 Rb

0-5 Al As, Ba, Fe, Cd, Ce, Co, Dy, Er, Eu, Ga, Gd, Ho, La, Lu, Nd, Ni, Pb, Pr, Sc, Sm,
Tm, Ti, TL, V, Y, Yb

5-10 B, Cr, Cu, Pt*, Th

10-20 /

20-30 Zn

30-40 /

>40 Sb, Sn

2 Pt was only detected at the crossroads, thus RAF values were calculated only for the
data from crossroads.

the correlation coefficients were >0.80 between As-Cr, Ba-Co, Ba-Cr,
Ba-Cu, Ba-Fe, Ba-Sb, Cr-Cu, Cr-Sb, Cr-V and Fe-V, and >0.90 between
As-Co, As-Fe, Co-Cr and Co-Fe (Table 2, Supplementary material). For
both moss species, the correlation coefficients between concentrations
of Cr, Cu, Fe and Sb and the total traffic flows were significant and
ranged from 0.60 to 0.70.

The results of type Il linear regression model are presented for the el-
ements among which significant correlation (r > 0.80) was observed
(Fig. 4). The obtained regressions were significant (p < 0.05) for As, Ba,
Cr, Cu, Fe, Sb and V, but the highest determination coefficients were ob-
served for Sb, followed by Cu and Cr.

The element concentrations in the moss bags exposed in the pedes-
trian zones were significantly lower than those in the moss bags ex-
posed at the nearest traffic-burdened sampling sites (Table 3).
However, the pedestrian zone in the very central area of the city was
characterized with markedly increased level of the measured elements,
especially Cu. On the contrary, the low content of all elements was ob-
tained in the moss bags exposed at the urban forest sampling site.

Comparison of the element concentrations between DMs, and LMs
¢» and DMy and LMy, indicated no significant difference (p < 0.05).
Similar patterns of abundance and spatial decline of the element con-
centrations were observed for DM and LM of both species. Thus, the re-
sults obtained for both DM, and DMy were not considered in the
further discussion.

4. Discussion

4.1. Spatial variability of the moss element content: crossroads and two-
and one-lane streets

Moss bag technique enables a longer sampling period of airborne
pollutants, such as toxic elements, and better spatio-temporal resolu-
tion of sampling sites. These advantages provide accurate characteriza-
tion of long-term human exposure to toxic elements, which is more
important for the assessment of chronic health effects than daily instru-
mental measurements. In this study, markedly high RAF values of Sb, Sn,
Sm, Cu, Cr and Zn (Table 2) in the moss samples of both study species, S.
g and H.c., imply significantly elevated concentrations of these elements
in on-road micro-environments. Moreover, at the crossroads, Pt, which
is naturally present in very low concentrations in mosses, was markedly
enriched. Thus far, concerning the moss bag technique application, Pt
has only been observed in the moss bags exposed within a road tunnel
(Zechmeister et al., 2006a) and very scarcely in outdoor air in the prox-
imity of bus lines (Rivera et al., 2011).

Both moss species indicated spatial variability for the majority of de-
termined element concentrations within sets of three sampling sites
with different traffic flows. Particularly, concentration gradients of As,
Ba, Co, Cu, Cr, Ni, Sb and V in the moss samples (Fig. 2) clearly indicate
crossroads as pollution hotspots where pedestrians and commuters
are exposed to increased levels of toxic elements. At crossroads, a pat-
tern of braking and accelerating driving mode, the so-called ‘stop-and-
g0’ mode, is increased. In comparison with constant free flowing traffic
mode, which characterized two- and one-lane streets, ‘stop-and-go’
mode leads to increased emission of pollutants from both exhaust and
non-exhaust traffic sources (Tsai et al., 2003).

The decrease in the moss shale-normalized concentration of the rare
earth elements (Fig. 3) confirms spatial dependence of these elements
on anthropogenic activities, that is, vehicle movements. Both the moss
species, S.g. and H.c., identified similar order of abundance of the rare
earth elements, in agreement with the results of the previous study
(Vukovic et al., 2015b), which confirms consistent signature of rare
earth elements in the urban area under study.

Because of practical constraints, an interchangeable use of the stud-
ied moss species was examined. S.g. is a species of the most recom-
mended biomonitoring moss genera, whereas H.c. is a common moss
in Serbia. Although an interchangeable use of the studied moss species
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coefficients (r? > 0.65, Fig. 4) obtained for Sb, Cu and Cr suggest the in-
terchangeable use of S.g. and H.c. in biomonitoring of these elements. In
the previous study (Vukovic et al., 2015a), the interchangeable use of S.
g. and H.c. was recommended for Cu only based on the determination

could be helpful, only few studies of bag-based active moss biomonitor-
ing have elaborated the comparison of S.g. and H.c. (Culicov and
Yurukova, 2006; Vukovi¢ et al., 2015a). In this study, the moss bags
were exposed close to the traffic emission sources. High determination
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regression method; * coefficients of determination that are significant (p < 0.05).
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Table 3
Average concentrations (Ug g~
sampling sites.

1

401

,n = 3) of pronounced traffic-related elements (r = 0.65-0.70) in the S.g. and H.c. moss bags exposed in the pedestrian zones and the nearest on-road

Sampling site Sphagnum girgensohnii

Cr Cu Fe Sb
Crossroad 456 + 0.85 228 +£3.7 1852 + 384 1.672 + 0.094
Central pedestrian zone 2.55 + 0.46 90.6 + 11.2 1374 + 157 0.531 + 0.095
Crossroad 244 + 043 16.0 + 1.9 998 + 109 1.497 4+ 0.101
Peri-urban pedestrian zone 0.90 + 0.04 56 +£0.7 645 £+ 75 1.512 + 0.130
Crossroad 2.01 +£0.13 135+ 09 910 + 93 0.540 £ 0.074
Urban forest 0.73 £ 0.11 58 +0.8 584 4 88 0.201 + 0.049
Sampling site Hypnum cupressiforme

Cr Cu Fe Sb
Crossroad 3.76 £ 0.78 271+71 1672 + 342 1.420 £ 0.106
Central pedestrian zone 2.01 +£0.53 199 £33 1129 4+ 126 0.285 + 0.014
Crossroad 2.65 + 0.76 157 + 24 1214 £ 253 1.862 + 0.131
Peri-urban pedestrian zone 0.90 + 0.08 9.6+ 1.1 528 + 89 0.072 + 0.005
Crossroad 1.92 £ 0.19 152 + 2.1 1072 + 238 0.297 + 0.019
Urban forest 1.10 + 0.11 9.1+0.9 756 + 98 0.075 £ 0.007

coefficient (* = 0.50). However, in that study, sampling sites were cho-
sen to be representative for the wider areas and not only the on-road
micro-environment. Finally, the results of this study indicate that the
S.g. and H.c. moss bags could not be interchangeably used for studies re-
lated to on-road micro-environments, except for the biomonitoring of
Sb, Cu and Cr.

These results draw attention for better spatial resolution of regula-
tory monitoring sites from which data are used in epidemiological stud-
ies. Moreover, it is important to note that the permitted levels of
emission of Cu, Sb, Cr, Pt and rare earth elements, such as Sm, in the
air have not been regulated yet by legislation (Directive 2004/107/EC),
although these elements are recognized as toxic by the World Health
Organization (World Health Organisation, 2013).

4.2. Correlation between the moss element concentrations and traffic flows

A relationship among the element concentrations in the samples of
S.g. and H.c. can be used as a possible indicator of the traffic-related air
pollutants. On the basis of the high correlation coefficients (r > 0.80)
among Ba, Cr, Cu, Fe, Ni, Sb and V (Tables 1 and 2, Supplementary mate-
rial) in the moss samples of both species, the common sources of these
elements can be assumed. The vehicle movements cause: (1) exhaust
emissions from the tailpipe; (2) non-exhaust emissions due to wear
and tear of vehicle parts, such as brake, tyre and clutch; and (3) resus-
pension of road dust. Non-exhaust emissions mainly contribute to in-
creased concentrations of Ba, Fe, Cu and Sb (Thorpe and Harrison,
2008; Gietl et al., 2010), whereas fuel combustion is the major source
of Cr, Ni, V and Cu emissions (Song and Gao, 2011; EMEP/EEA, 2013).

Given the moderate, but significant correlation coefficient (r =
0.65-0.70, p < 0.05) (Tables 1 and 2, Supplementary material) between
the total traffic flows and the concentrations of Cr, Cu, Fe and Sb in the S.
g. and H.c. samples, these elements could be considered as reliable
tracers of traffic-related emissions. The results of this study are in
good agreement with those of the previous road traffic studies using
both terrestrial mosses and moss bag biomonitors (Zechmeister et al.,
2005; Zechmeister et al., 2006b), in which Cr, Cu, Fe and Sb have been
identified to be traffic-originated. Regarding the categories of vehicles,
the significant correlation coefficient (r > 0.60, p < 0.05) implies a
close relation between the flows of passenger cars and light-duty vehi-
cles and the moss element concentrations of Cr, Cu, Fe and Sb (Tables 1
and 2, Supplementary material), which is in agreement with the previ-
ous results obtained for the correlation between the flow of light-duty
vehicles and concentrations of Cu and Fe in the moss samples (Adamo
etal., 2011).

Zinc has often been reported as one of the tracers for non-exhaust
traffic emissions, for example, tyre-wear emissions of Zn are shown to
be approximately 1000 and 500 times higher than those of Pb and Cu,
respectively (Napier et al., 2008). However, in this study, very low cor-
relation coefficients (r < 0.20) were obtained between the moss concen-
trations of Zn and traffic flows (Tables 1 and 2, Supplementary
material). A distinct spatial variability, which is dependent on traffic
flow, was not observed (Fig. 2). In addition, no regularity was observed
in the Zn spatial distribution related to traffic flow at the study sites in
the previous studies (Vukovic et al., 2013; Vukovic et al., 2015a). The
high RAF values obtained for Zn in this study, together with the absence
of any other pollution source except traffic is assumed to be due to
traffic-related origin of Zn. However, Zn could not be considered as a re-
liable tracer of traffic flow variability within urban area.

4.3. Could pedestrian zones be considered as an urban background?

It was hypothesized that significantly lower moss element content
would be obtained at the control sites in comparison with the remaining
on-road sampling sites. However, the markedly elevated concentrations
of the majority of elements were determined in the moss bags exposed
in the central pedestrian zone (Table 3). Particularly, a higher concen-
tration of Cu was found in this pedestrian zone, which is in accordance
with the results of the previous studies (Vukovic et al., 2015a; Anicic¢
et al., 2009c¢). Elevated Cu concentrations were also obtained for the
same pedestrian zone in the previous studies related to the use of tree
leaf biomonitors (Anicic et al., 2011) and bulk deposition collectors
(Mijic et al., 2010). Thus, the enrichment of Cu in the moss could not
be considered as an accidental case.

The moss element content indicated that the second pedestrian
zone, situated in peri-urban area, was less polluted than the central pe-
destrian zone. Finally, the third control site was within the biggest urban
forest zone. Because the lowest element content was obtained in the
moss bags exposed there, it proved to be the cleanest ambient within
the city (Table 3).

According to the results of this study, control sites should be care-
fully chosen in experimental set-up in urban areas with regard to its po-
sition. The sampling sites situated in green urban niches could be
recommended as appropriate for the assessment of the urban back-
ground levels of air pollutants.

5. Conclusion

The S.g. and H.c. moss bags have indicated distinct spatial decline in
the airborne toxic element content along crossroads and two- and one-



402 G. Vukovic et al. / Science of the Total Environment 542 (2016) 394-403

lane streets. This result necessitates a better characterization of micro-
scale setting for monitoring toxic element distribution. Moss bag tech-
nique represents a suitable approach to achieve this goal, because of
its simplicity and cost-effectiveness.

According to the results of linear regression analysis, it is concluded
that the studied moss species could only be interchangeably used for the
assessment of Cr, Cu and Sb within on-road micro-environments. In ad-
dition, high moss RAF values were also obtained for these elements: >20
and >5 for S.g. and H.c., respectively. Both these moss species indicated
Sb, Cu and Cr as reliable traffic tracers regarding their high correlation
coefficients (r > 0.65) between the moss element concentrations and
counted traffic flows. Because moss bags provide information about
long-term pollutant concentrations, the results could be indicative for
the assessment of exposure of pedestrians, commuters, cyclists and
workers to traffic-related Cr, Cu and Sb emissions.

In this study, oven-drying devitalizing pretreatment of moss bags
before exposure, one of the recommended methodological steps, was
also examined for standardizing the moss bag technique. The live and
dry moss bags of S.g. and H.c. showed no significant differences in abun-
dance and spatial pattern of the majority of 39 determined elements.
Under the conditions of the continental climate zone, which is charac-
teristic of the study area, the entrapment of elements is mainly via pas-
sive uptake. Thus, concerning the study period from June to August, that
is, the summer season, devitalizing pretreatment should not be consid-
ered as a necessary step for further application of moss bag biomonitor-
ing in areas characterized by high air temperatures and low relative air
humidity. However, devitalized moss bags should be appropriate if the
objective is to compare results from biomonitoring surveys performed
in regions with diverse climate conditions.

Acknowledgements

The authors are grateful to the City of Belgrade, the company NIS
(Serbia) and the Ministry of Education and Science of the Republic of
Serbia (Project No. [1143007) for financial support, and to the bilateral
cooperation with Joint Institute for Nuclear Research, Dubna, Russia.

Appendix A. Supplementary data

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.scitotenv.2015.10.091.

References

Adamo, P., Giordano, S., Vingiani, S., Cobianchi, R.C,, Violante, P., 2003. Trace element accu-
mulation by moss and lichen exposed in bags in the city of Naples (Italy). Environ.
Pollut. 122, 91-103.

Adamo, P, Giordano, S,, Sforza, A., Bargagli, R, 2011. Implementation of airborne trace ele-
ment monitoring with devitalised transplants of Hypnum cupressiforme Hedw.: assess-
ment of temporal trends and element contribution by vehicular traffic in Naples city.
Environ. Pollut. 159, 1620-1628.

Anici¢, M,, Tasi¢, M., Frontasyeva, M.V., TomaSevi¢, M., Rajsic, S., Strelkova, L.P., Popovig, A.,
Steinnes, E., 2009b. Active biomonitoring with wet and dry moss: a case study in an
urban area. Environ. Chem. Lett. 7, 55-60.

AniCi¢, M., Tomasevi¢, M., Tasi¢, M., Rajsi¢, S., Popovi¢, A., Frontasyeva, M.V., Lierhagen, S.,
Steinnes, E., 2009c. Monitoring of trace element atmospheric deposition using dry and
wet moss bags: accumulation capacity versus exposure time. J. Hazard. Mater. 171,
182-188.

AniCi¢, M.,. Tasi¢, M, Frontasyeva, M.V., TomaSevi¢, M., Rajsi¢, S., Miji¢, Z., Popovi, A., 2009a.
Active moss biomonitoring of trace elements with Sphagnum girgensohnii moss bags in
relation to atmospheric bulk deposition in Belgrade, Serbia. Environ. Pollut. 157,
673-679.

Anici¢, M., Spasi¢, T., TomaSevi¢, M., Rajsic, S., Tasi¢, M., 2011. Trace elements accumulation
and temporal trends in leaves of urban deciduous trees (Aesculus hippocastanum &
Tilia spp.). Ecol. Ind. 11, 824-830.

Ares, A, Aboal, JR, Fernindez, J.A, Real, C,, Carballeira, A, 2009. Use of the terrestrial moss
Pseudoscleropodium purum to detect sources of small scale contamination by PAHs.
Atmos. Environ. 43, 5501-5509.

Ares, A., Aboal, | R., Carballeira, A., Giordano, S., Adamo, P., Fernandez, ].A., 2012. Moss bag
biomonitoring: a methodological review. Sci. Total Environ. 432, 143-158.

Ares, A, Fernandez, ].A, Carballeira, A, Aboal, JR., 2014. Towards the methodological op-
timization of the moss bag technique in terms of contaminants concentrations and
replicability values. Atmos. Environ. 94, 496-507.

Brauer, M., 2010. How much, how long, what, and where, air pollution exposure assessment
for epidemiologic studies of respiratory disease. Proc. Am. Thorac. Soc. 7, 111-115.
Brown, D.H,, Bates, JW., 1990. Bryophytes and nutrient cycling. J. Linn. Soc. Bot. 104,

129-147.

Calabrese, S., D'Alessandro, W., Bellomo, S., Brusca, L., Martin, R.S,, Saiano, F., Parello, F., 2015.
Characterization of the Etna volcanic emissions through an active biomonitoring tech-
nique (moss-bags): part 1 — major and trace element composition. Chemosphere
119, 1447-1455.

Cao, T., Wang, M, An, L, Yu, Y., Lou, Y., Guo, S., Zuo, B., 2009. Air quality for metals and sulfur
in Shanghai, China, determined with moss bags. Environ. Pollut. 157, 1270-1278.
Culicov, O.A,, Yurukova, L., 2006. Comparison of element accumulation of different moss

and lichen-bags, exposed in the city of Sofia (Bulgaria). . Atmos. Chem. 55, 1-12.

Directive 2004/107/EC of the European parliament and of the council of 15 December
2004 relating to arsenic, cadmium, mercury, nickel and polycyclic aromatic hydrocar-
bons in ambient air, Official Journal of the European Union, 23, 1-16, (26/01/2005).

Directive 2008/50/EC of the European parliament and of the council of 21 May 2008 on
ambient air and cleaner air for Europe, Official Journal of the European Union,
1-44, (11/06/2008).

Dotegowska, S., Migaszewski, Z.M., 2013. Anomalous concentrations of rare earth ele-
ments in the moss-soil system from south-central Poland. Environ. Pollut. 178,
33-40.

EMEP/EEA air pollutant emission inventory guidebook, 2013. Passenger cars, light com-
mercial trucks, heavy-duty vehicles including buses and motor cycles 2013, update
September, 2014 http://www.eea.europa.eu/publications/emep-eea-guidebook-
2013/.

European Environment Agency, 2013. The Contribution of the Transport Sector to Total
Emissions of the Main Air Pollutants in 2009 (EEA-32). Retrieved March 16, 2013,
from. http://www.eea.europa.eu/data-and-maps/figures/thecontribution-of-the-
transport-1.

Gietl, KJ., Lawrence, R, Thorpe, J.A., Harrison, M., 2010. Identification of brake wear particles
and derivation of a quantitative tracer for brake dust at a major road. Atmos. Environ.
44, 141-146.

Giordano, S., Adamo, P., Monaci, F,, Pittao, E., Tretiach, M., Bargagli, R., 2009. Bags with oven-
dried moss for the active monitoring of airborne trace elements in urban areas. Environ.
Pollut. 157, 2798-2805.

Goodman, T.G., Roberts, T.M., 1971. Plants and soils as indicators of metals in the air. Na-
ture 231, 287-292.

Hagler, G.S.W., Baldauf, RW., Thoma, E.D., Long, T.R., Snow, R.F,, Kinsey, |.S., Oudejans, L.,
Gullett, B.K,, 2009. Ultrafine particles near a major roadway in Raleigh, north Caro-
lina: downwind attenuation and correlation with traffic-related pollutants. Atmos.
Environ. 43, 1229-1234.

Karner, A.A, Eisinger, D.S., Niemeier, D.A., 2010. Near-roadway air quality: synthesizing
the findings from real-world data. Environ. Sci. Technol. 44, 5334-5344.

Kosior, G., Ciezka, M., Gérka, M., Samecka-Cymerman, A., Kolon, K., Kempers, AJ., Jedrysek,
M.-0., 2015. 634S values and S concentrations in native and transplanted Pleurozium
schreberi in a heavily industrialised area. Ecotoxicol. Environ. Saf, 118, 112-117.

Legendre P. Package “Imodel 2", R package version 1.7-2, 2014, http://cran.rproject.org/
web/packages/Imodel2/Imodel2.pdf.

Miji¢, Z., Stojic, A., Perisic, M., Rajsic, S., Tasi¢, M., Radenkovi¢, M., Joksig, ., 2010. Seasonal
variability and source apportionment of metals in the atmospheric deposition in
Belgrade. Atmos. Environ. 44, 3630-3637.

Napier, F., D'Arcy, B, Jefferies, C., 2008. A review of vehicle related metals and polycyclic
aromatic hydrocarbons in the UK environment. Desalination 226, 143-150.

Republic Hydrometeorological Service of Serbia (RHMSS), 2014 http://www.hidmet.gov.
rs/index_eng.php.

Rivera, M., Zechmeister, H., Medina-Ramén, M., Basagaiia, X., Foraster, M., Bouso, L.,
Moreno, T., 2011. Monitoring of heavy metal concentrations in home outdoor air
using moss bags. Environ. Pollut. 159 (4), 954-962.

Salo, H., Mdkinen, J., 2014. Magnetic biomonitoring by moss bags for industry-derived air
pollution in SW Finland. Atmos. Environ. 97, 19-27.

Song, F., Gao, Y., 2011. Size distributions of trace elements associated with ambient partic-
ular matter in the affinity of a major highway in the New Jersey New York metropol-
itan area. Atmos. Environ. 45 (37), 6714-6723.

Steinnes, E., Riihling, A., Lippo, H., Mdkinen, A., 1997. Reference materials for large scale
metal deposition surveys. Accred. Qual. Assur. 2, 243-249.

Thorpe, A., Harrison, R., 2008. Sources and properties of non-exhaust particulate matter
from road traffic: a review. Sci. Total Environ. 400, 270-282.

Tsai, J.H., Chiang, H.L,, Hsu, Y.C, Weng, H.C,, Yang, C.Y., 2003. The speciation of volatile or-
ganic compounds (VOCs) from motorcycle engine exhaust at different driving modes.
Atmos. Environ. 37, 2485-2496.

United States Environmental Protection Agency, 2013. National Summary of Nitrogen Ox-
ides emissions, NEI 2008. Retrieved April 1 6, 2013, from. http://www.epa.gov/cgi-
bin/broker?polchoice’s.0NOX&_debug40&_serviceladata&_programYidataprog.

Vasconcelos, M.T.S.D., Tavares, H.M.F., 1998. Atmospheric metal pollution (Cr, Cu, Fe, Mn,
Ni, Pb and Zn) in Oporto city derived from results for low-volume aerosol samplers
and for the moss Sphagnum auriculatum bioindicator. Sci. Total Environ. 212, 11-20.

Vukovi¢, G., AniCi¢ UroSevi¢, M., Razumenic, ., Goryainova, Z., Frontasyeva, M., Tomasevic,
M., Popovic, A., 2013. Active moss biomonitoring of small-scale spatial distribution of
airborne major and trace elements in the Belgrade urban area. Environ. Pollut. Res. 20,
5461-5470.

Vukovi¢, G., Anici¢ Uro3evi¢, M., Goryainova, Z., Pergal, M., Skrivanj, S., Samson, R.,
Popovi¢, A., 2015a. Active moss biomonitoring for extensive screening of urban air
pollution: magnetic and chemical analyses. Sci. Total Environ. 521-522, 200-210.


http://dx.doi.org/10.1016/j.scitotenv.2015.10.091
http://dx.doi.org/10.1016/j.scitotenv.2015.10.091
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0005
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0005
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0005
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0010
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0010
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0010
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0010
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0015
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0015
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0020
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0020
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0020
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0025
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0025
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0025
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0030
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0030
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0030
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0035
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0035
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0040
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0040
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0040
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0045
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0045
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0050
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0050
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0055
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0055
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0055
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0060
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0060
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0065
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0065
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0070
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0070
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0070
http://www.eea.europa.eu/publications/emepeauidebook-
http://www.eea.europa.eu/publications/emepeauidebook-
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0075
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0075
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0075
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0080
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0080
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0080
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0085
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0085
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0090
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0090
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0090
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0095
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0095
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0100
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0100
http://cran.rproject.org/web/packages/lmodel2/lmodel2.pdf
http://cran.rproject.org/web/packages/lmodel2/lmodel2.pdf
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0105
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0105
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0105
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0110
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0110
http://www.hidmet.gov.rs/index_eng.php
http://www.hidmet.gov.rs/index_eng.php
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0115
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0115
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0120
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0120
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0125
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0125
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0125
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0130
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0130
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0135
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0135
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0140
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0140
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0140
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0145
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0145
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0145
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0150
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0150
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0150
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0155
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0155

G. Vukovic et al. / Science of the Total Environment 542 (2016) 394-403

Vukovi¢, G., AniCi¢ UroSevi¢, M., Pergal, M., Jankovi¢, M., Goryainova, Z., Tomasevi¢, M.,
Popovi, A., 2015b. Residential heating contribution to persistent air pollutants (PAHs,
trace and rare earth elements): a moss bag case study. Environ. Sci. Pollut. Res. http://
dx.doi.org/10.1007/s11356-015-5096-0.

World Health Organisation, 2013. Review of Evidence on Health Aspects of Air Pollution
REVIHAAP Project. Technical Report. World Health Organization, Regional Office for
Europe, Copenhagen, Denmark.

Wilson, J.G., Kingham, S., Pearce, J., Sturman, A.P., 2005. A review of intraurban variations

in particulate air pollution: implications for epidemiological research. Atmos. Envi-
ron. 39, 6444-6462.

403

Zechmeister, H.G., Hohenwallner, D., Riss, A., Hanus-Illnar, A., 2005. Estimation of
element deposition derived from road traffic sources by using mosses. Environ.
Pollut. 138, 238-249.

Zechmeister, H.G., Hagendorfer, H., Hohenwallner, D., Hanus-Illnar, A., Riss, A., 2006a.

Analyses of platinum group elements in mosses as indicators of road traffic emissions
in Austria. Atmos. Environ. 40, 7720-7732.

Zechmeister, H.G., Dullinger, S., Hohenwallner, D., Riss, A., Hanus-IlInar, A., Scharf, S.,
2006b. Pilot study on road traffic emissions (PAHs, heavy metals) measured by

using mosses in a tunnel experiment in Vienna, Austria. Environ. Sci. Pollut. Res. 13
(6), 398-405.


http://dx.doi.org/10.1007/s11356-015-5096-0
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0165
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0165
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0165
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0170
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0170
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0170
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0175
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0175
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0180
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0180
http://refhub.elsevier.com/S0048-9697(15)30907-4/rf0180

@

PHYSICAL CHEMISTRY 2016

13" I nternational Conference on
Fundamental and Applied Aspects of
Physical Chemistry

Proceedings
Volumell

BELGRADE
September 26-30, 2016



ISBN 978-86-82475-33-0

Title: Physical Chemistry 2016 (Proceedings)

Editors: Zeljko Cupi¢ and Slobodan Anié

Published by: Society of Physical Chemists of Serbia, Studentski trg 12-16,

11158, Belgrade, Serbia.

Publisher: Society of Physical Chemists of Serbia

For Publisher: Slobodan Ani¢, President of Society of Physical Chemists of
Serbia

Printed by: "Jovan", Printing and Publishing Company; 200 Copies

Number of pages: 3+434; Format B5; printing finished in September 2016

Text and Layout: "Jovan™

Neither this book nor any part may be reproduced or transmitted in any form or by any means, including
photocopying, or by any information storage and retrieval system, without permission in writing from the
publisher.

200 - Copy printing



CONTENT

Volume Il
Material Science
Macromolecular Physical Chemistry

Environmental Protection, Forensic Sciences, Geophysical

Chemistry

Phase Boundaries, Colloids, Liquid Crystals, Surface-Active

Substances

Complex Compounds

General Physical Chemistry
Pharmaceutical Physical Chemistry
Education, History

Food Physical Chemistry
Physico-Chemical Analysis

Index

505
621

691

747

761
777
795
853
883
913
919



PHYSICAL CHEMISTRY 2016 K-13-P

SURVEY OF POTENTIALLY TOXIC ELEMENT
POLLUTION OF THE VINEYARD SOIL

T. Miliéevi¢!, D. Reli¢?, G. Vukovi¢!, M. Perigié¢?, D. Majstorovic¢?,
M. Ani¢i¢ Urosevi¢! and A. Popovié?

YUniversity of Belgrade, Institut of Physics Belgrade, Pregrevica 118, Belgrade,
Serbia (tijana.milicevic@ipb.ac.rs)
2University of Belgrade,Faculty of Chemistry, Studentski trg 12-16, Belgrade,
Serbia
® University of Belgrade, Institut of General and Physical Chemistry, Studentski trg
12/5,Belgrade, Serbia

ABSTRACT

In this paper we presented assessment of the potentially toxic elements in the
vineyard topsoil (0-5 cm) near the main route in region “Oplenacko
vinogorje”. We presented concentrations of potentially toxic elements (Cd,
Co, Cr, Cu, Ni, Pb, Sb, V and Zn) and pH values determined in deionized
H,0, 1 M KCl and 0.01 M CaCl,. Concentrations of Cr (89-280 pg g*) and
Ni (59-220 pg g?) were determined in values higher than maximum
prescribed concentration by regulative. In addition, the high concentration of
other elements (Co, Cu, Sb and Zn)points to the necessity of performing more
frequently monitoring of potentially toxic elements in the vineyard soil.
Significant correlations were obtained between concentrations of Cr—Ni—Sb,
but also significant dependence of Zn concentration on pH values was
determined.

INTRODUCTION

Vineyard soil has influences on human health via agricultural production.
Foodborne diseases have a significant impact on human health [1]. The
increasing release of agrochemicals into the environment has led to growing
public concern over the potential accumulation of pollutants (e.g. heavy
metals) within agricultural soil.

One of the most important steps in monitoring content of potentially toxic
elements in soil is to determine whether the total contents of potentially toxic
elements are within the range or over the concentration prescribed by national
and international legislation. Therefore, there is a clear interest for monitoring
of major and trace elements in agricultural soil, especially those recognized
as toxic or carcinogenic.
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Soil acidity (key phisico-chemical parameter for determine soil
bioavailability and mobility fractions) was measured to determine potentially
toxic element concentration relation to soil acidity.

The aims of this study were to determine concentrations of potentially toxic
elements, their positive correlations and the topsoil acidity (pH).

EXPERIMENTAL

The “Oplenac” Wine Route is well known region for vine growing and
production, 80 km away from Belgrade, a capital of Serbia. The topsoil (0-5
cm) samples were collected during grapevine season of 2015. Twenty-three
sampling sites from the vineyard parcels along main route (1% parcel x 5 sites,
2" parcel x 2 sites, 3" parcel x 2 sites, 4" parcel x 5 sites, 5" parcel x 4 sites,
6'" parcel x 4 sites), and one control sample on the meadow in the vicinity of
vineyard parcels.

The soil samples were air dried, grinded in a mortar with a pestleand, and
sieved through 2 mm stainless sieve. The hygroscopic moisture of each soil
sample was determined at 105°C.The aqua regia digestions were performed
in microwave oven (ETHOS 1, Start E Microwave Extraction System,
Milestone, Italy) in sealed PTFE vessels using 9 mL HCI and 3 mL HNOs for
0.5 g of each soil sample [2,3].

Using inductively coupled plasma optical emission spectrometry (ICP—OES),
25 elements in the soil samples were determined. In this paper we only pay
attention to potentially toxic elements (Cd, Co, Cr, Cu, Ni, Pb, Sh, V and Zn)
which could have negative consequences for humans and environment.

The pH of soil samples was determined in mixture of (1:5) soil—distilled H20,
soil-1M KCI, and soil-0.01M CaCl. Acidity (pH) of soil samples were
determined using glass electrode.

For data analysis SPSS software version 21 for Windows and Statistic8 (Stat
Soft Inc., Tulsa, OK, USA) were used. Correlation analysis andprincipal
component analysis (PCA) were used to identify specific
correlations.Normality of the data was tested by the Kolmogorov—-Smirnov
test for each element test. Distributions of all determined elements were
normal.

RESULTS AND DISCUSSION

In the vineyard soil samples, determined concentrations of Cr and Ni (Table
1)were above the maximum allowed concentrations proscribed by national
Serbian regulative (100 pg g?, 50 pg g, respectively) [4,5].The highest
correlation coefficients were determining between Cr, Ni and Sb (Cr—Ni:
R=0.951, p<0.01; Cr-Sh: R=0.935, p<0.01; Ni-Sh: R=0.887, p<0.01). This
indicates that these toxic heavy metals could originate from same
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source,probably the nearness traffic route. These elements in the found
concentrations could contaminate grapevine and human health in this
environment.

Table 1. Descriptive statistic for the element content (ug g*) and pH in soil
samples (N=23):

Mean Min. Max. SD

Cd 2.1 1.9 2.3 0.2
Co 26 21 34 3.4
Cr 150 89 280 40
Cu 51 36 110 15
Ni 110 59 220 37
Pb 21 17 27 3.0
Sh 3.3 2.4 4.7 0.6
V 64 58 71 2.9
Zn 93 69 157 17
pH H.O 7.3 6.7 7.9 0.4
pH KCI 6.5 5.2 6.9 0.4
pH CaCl; 6.7 5.5 7.1 0.4

Mobility and bioavailability of the elements in soil largely depends on soil
acidity. The pH values measured in the soil sample was 5.48-7.06 in 1M KCl,
6.7-7.9 in H20, and 5.5-7.1 in CaCl,. According to pH values, these soil
samples were moderately acid to neutral, in the soil solution (the most
bioavailable fraction) they were neutral to alkaline, and in mineral fraction
sampleswere moderately acid to neutral (Fig 1).

pH CaCl2

1

——pHH20 ~=pH KCI
/*\\
« T~
/‘-L—-\-___\‘
Ly w ‘_-\-‘I\

~—

m

-

-

5
05 1 15 2 3 35

Figure 1. Determined soil pH values in 6 parcels and control location
According to PCA analysis the most correlated concentrations of Cr—Ni—Sb

weregrouped in the same quadrant. In addition, determined concentrations of
Zn were in significant relationship with determined pH values (Fig 2).
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Projection ofthe variables on the factor-plane { 1x 2)

Foactor2: 27.02%

Factor 1:3095%

Figure 2. PCA of the determined elements, and pH values

CONCLUSION

In addition, according to national regulations and proscribed maximum allow
concentrations in soils it could be concluded that beside concentrations of Cr
and Ni, monitoring of Co, Cu, Sb and Zn concentrations should be
implemented frequently in this vineyard region. In addition, it could be
concluded that determined concentration of Zn in these vineyard soil samples
widely depends of pH value.
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Introduction

Nowadays, foodborne diseases have a major impact on human health. Xenobiotics are a significant
cause of foodborne illness, although effects are often difficult to link with a particular food or agricultural
area. Contaminants in agricultural soil and plants usually include fertilizers and pesticides (WHO). One of
the most important steps in preventing contamination of agricultural products is monitoring of major and
trace element content, which present in excess could be toxic. Variations of the physico-chemical conditions
of major and trace elements as well as soil can influence the release of these elements (Filgueiras et al.,
2002). Trace metals and other elements in soils and plants may affect human health through the inhalation
of dust, ingestion of soil, dermal contact, or consuming products from agricultural field contaminated by
trace element (Morel et al., 1997; Kabata - Pendias and Pendias, 2001). This experiment was performed to
investigate bioavailability fractions from vineyard soil, and accumulation in different parts of grapevine
(seed, skin, pulp and leaf).
Methods

The “Oplenac” Wine Route is well known region for vine growing, in the vicinity of “Topola” city,
80 kilometers away from Belgrade, the capital of Serbia. The topsoil (0-30 cm), grape leaves and grapevine
samples were collected from 26 sampling sites in the vineyard, during grapevine season of 2015.
Bioavailable elements from the soil samples were extracted with four different single extraction procedures:
0.11 mol L"! CH;COOH during 16 h extraction, 0.01 mol L' CaCl, during 3 h extraction, 1 mol L"! NHsNOs
during 2 h extraction and distilled water during 2 h (Quevauviller, 1998) and 16 h. Distilled water extraction
of 16 h was tested as an alternative single extraction process for toxic elements from vineyard soils. Leaf
and grape samples were digested in a microwave digester, with 1 mL of 30 % H>O; and 7 mL of 65 %
HNOs. Eight potentially toxic elements (Al, B, Cu, Fe, Mn, Ni, Sr and Zn) were determined using
inductively coupled plasma optical emission spectrometry, ICP-OES.
Results

For all extractants the most significant correlations between concentrations of Fe and Al, were

established. These two elements originate from soil clay minerals, i.e., Fe and Al oxides. The most significant

correlations were determined between concentrations of Ni and Mn extracted with CaCl, (R=0.965, p<0.01)
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and NH4NOs (R=0.964, p<0.01). Significant correlation between concentration of Sr and Mn (R=0.896,
p<0.01) were determined during extraction with CH3COOH. However, the most pairs of significant
correlations between the pairs of elements, e.g., Zn-Mn (R=0.776, p<0.01) or Zn-Ni (R=0.0826, p<0.01) were
investigated during extraction procedure with NH4sNOs. This weak salt extracted many pairs of element, which
could be connected with metal containing agro-chemicals used in a conventional vineyard treatment.
Considering all positive correlations, significantly positive correlations could be pointed out between
concentrations of Cu-Mn, Cu-Ni and Cu-Zn just in case of the soil extraction with distilled water during 16
h. Thus, this single procedure could be a good alternative for investigation of Cu content in vineyard soils.

A unique extractant could not be best solution for determination of all bioavailable elements, and
for determination of major and trace element transport in soil-plant. However, judging by correlation and
PCA analysis, concentrations of Mn and Sr extracted from soil samples with CaCl, and NH4sNO; showed
significant correlation with the same element concentrations isolated from the grape leaves (Mncaciz-Mnjear:
R=0.663, p<0.01; Srcace-Stiar: R=0.798, p<0.01; Mnnuinos-Mniear: R=0.664, p<0.01; Srnmnos-Sticaf:
R=0.642, p<0.01). Furthermore, concentration of Sr extracted from the soil with CaCl,, NH4sNOs and
distilled water during 2 h were in correlation with concentration of Sr isolated from the grape skin (Srcaci-
Srain: R=0.863, p<0.01; Srnmnos-Stskin: R=0.646, p<0.01; Ston mo-Stsin: R=0.544, p<0.01). The highest
significant correlation was determined between concentration of Sr extracted with CH;COOH and Sr
isolated from the grape pulp (R=0.940, p<0.01), also CH3COOH extracted concentration of Zn which was
in correlation with Zn isolated from the grape skin (R=0.528, p<0.01). On the other hand, concentrations of
Cu, Fe and Sr isolated from the grape skin were in correlation with Cu, Fe and Sr isolated from the grape
leaves.
Conclusion

It could be concluded that NH4sNO; extractant was shown ability to isolate a pairs of potentially
toxic elements, which could originate from the fertilizers or pesticides used in agriculture production.
Extraction with distilled water during 16 h could be investigated as an alternative procedure for extracting
some potentially toxic elements from vineyard soils. There was not unique extractant which could be best
solution for determination all bioavailable elements, and for determination of accumulation of major and
trace elements.
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MOSS BAG BIOMONITORING OF AIRBORNE TOXIC ELEMENT DECREASE ON A
SMALL SCALE: CROSSROAD AND TWO- AND ONE-LANE STREET STUDY
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Tomasevié¢ M.}, Popovié A2
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The use of "moss bag technique" has been developing in last several decades as a method
of active monitoring of air pollutants. This method has been particularly useful for conducting a
detailed survey of diversely polluted microenvironments within urban areas, where native mosses
are usually absent because of predominantly paved and landscaped surfaces. In this study,
Sphagnum girgensohnii moss bags were exposed at 48 crossroads, two- and one-lane streets
across the city of Belgrade (Serbia) for 10 weeks during the summer of 2014. During the
experimental period, traffic flows were estimated at each site by vehicles counting during the rush
hours. The concentrations of 39 elements were determined in the moss samples by inductively
coupled plasma — mass spectrometry (ICP-MS). For the majority of elements, the moss bags
identified a common pattern of decrease in the element concentration from the crossroad to the
one-lane street, especially for the most enriched elements — Sb, Cu, and Cr (Figure). A significant
correlation (r = 0.65 — 0.70) between the moss concentration of Sb, Cu, and Cr, and traffic flows
makes these elements reliable traffic tracers [1].
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Figure. Element concentrations (ug g) in the S. girgensohnii moss bags;
* Pt was only detected at the crossroads

1. Vukovi¢ G., Ani¢i¢ Urosevi¢ M., Skrivanj S., Mili¢evi¢ T., Dimitrijevi¢ D., Tomasevié M. and Popovi¢ A.: Moss bag
biomonitoring of airborne toxic element decrease on a small scale: A street study in Belgrade, Serbia, Science of the
Total Environment 542 (2016) 394-403.
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2.8 UPGRADE OF MICRO-SCALE SITING OF AIRBORNE TOXIC ELEMENTS BY MOSS BAG
TECHNIQUE: CROSSROAD, TWO- AND ONE-LANE STREET STUDY

G. Vukovié (1), M. Ani¢ié¢ UroSevié¢ (1), S. Skrivanj (2), T.Mili¢evi¢ (1), D. Dimitrijevié¢ (1),
M. Tomasevié (1), A. Popovié¢ (2)
(1) Institute of Physics, University of Belgrade, Pregrevica 118, 11080 Belgrade, Serbia;
(2) The Faculty of Chemistry, University of Belgrade, Studentski trg 12-16, 11000 Belgrade, Serbia
gordana.vukovic@ipb.ac.rs

ABSTRACT

Database of potentially hazardous substances, necessary for estimation of human exposure to air pollutants, is principally
deficient because of a limited number of regulatory monitoring stations. In this study, the moss bags were exposed at 48
crossroads, two- and one-lane streets across the city of Belgrade (Serbia) for 10 weeks during the summer of 2014. During the
experimental period, traffic flows were estimated at each site by vehicles counting during the rush hours. The concentrations
of 39 elements were determined in the moss samples. The most enriched elements were Sb, Cu, and Cr. For the majority of
elements, the moss bags identified a common pattern of decrease in the concentration from the crossroad to the one-lane
street. A significant correlation (r = 0.65 — 0.70) between the moss concentration of Sh, Cu, and Cr, and traffic flows makes
these elements reliable traffic tracers.

INTRODUCTION

Transport sector represents dominant source of air pollution in urban areas. Traffic-related air pollutants, that
include particulate matter (PM) associated with toxic elements, are widespread. These pollutants can often be
locally-elevated close to urban microenvironments such as major roads, crossroads, junctions, and bus stations.
Exceedances in the limit values of the air pollutants have been associated with many hazardous health effects
(e.g., EEA, 2013). Epidemiological studies commonly utilise data from one or few stations of regulatory
monitoring network to estimate personal exposure to PM air pollution (Brauer, 2010). However, recent research
has indicated that monitoring stations may not accurately characterize complexities of the PM spatial dispersion
across an urban area (Brauer, 2010). Regulatory network of air quality monitoring have been typically designed
to assess regional and temporal air pollution variability. Specifically, for micro-scale siting, sampling sites should
be placed at least 25 m from the edge of crossroads and not on the carriageways of roads (Directive 2004/104/EC,
Directive 2008/50/EC). Thus, testing of long-term on-road exposure of pedestrians, commuters, cyclists, and
workers (e.g., drivers, policemen) to traffic-related toxic elements requires alternative approaches (Brauer, 2010).

Over the past several decades, biomonitoring has been developed as a valuable tool for assessing environmental
pollution. Biomonitoring represents usage of living organisms (plants, animals) as a measure of environmental
quality. Among the terrestrial organisms employed as plant biomonitors, mosses have been proven as reliable
biomonitors of air quality due to their morpho-physiological characteristic. Moss lacks a developed root system
and thus obtains nutrients from air. In addition, a high cation-exchange capacity of moss increases adsorbent
efficiency (Brown and Bates, 1990). Between the two types of moss biomonitoring, passive (using naturally
growing mosses in a certain area) and active (using moss transplants), the active approach has been applied for
studies in anthropogenically devastated areas, such as industrial and urban, where naturally growing mosses are
scarce or even absent. Since the early work of Goodman and Roberts (1971), the “moss bag technique” was
introduced as a method of active moss biomonitoring. The technique involves exposure of anthropogenically
unpolluted moss material within mesh bags for monitoring of the presence of pollutants in ambient air, and has
been tested in different environments (Anici¢ et al, 2009a; Ares et al, 2012; Vukovi¢ et al, 2013). The moss bag
technique gives a reliable picture of pollution patterns in a much more cost-effective way than regulatory
monitoring devices, which could not provide dense monitoring network, and also require power supply and
maintenance. It also integrates air pollutant levels over longer period than most of instrumental measurements do.
Long-period sampling is prerequisite for assessment of cumulative exposure to a certain pollutant, which has
hazardous impact on human health.

The purpose of this study was to assess a level of airborne toxic elements close to highly traffic-burdened
crossroads, two- and one-lane streets using the moss bag technique. We hypothesized that distance-decline of the
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toxic element concentrations exists from crossroads to two- and one-lane streets depending on the traffic burden.
The aim was also to assess if the moss bags could reflect this phenomenon.

METHODOLOGY
Moss Bag Preparation

The moss Sphagnum girgensohnii Russow was collected from a pristine wetland area located near Dubna,
Russia. This area is pronounced to be an appropriate background site in our previous research (Ani¢i¢ et al,
2009a; 2009b). In the laboratory, the green apical parts of the moss was separated from the rest brown tissue and
carefully manually cleaned of soil particles, plant remains, and epiphytes. Subsequently, it was rinsed three times
with double-distilled water. Such prepared moss was air-dried and gently hand-mixed to obtain homogeneous
material. Approximately 1.5 g of the moss was packed loosely in 7 x 7 cm nylon net bags with 2-mm mesh size.
For determination of the moss element content before the bag exposure (initial concentrations), several moss bags
were stored at room temperature in the laboratory conditions.

Experimental Set-up and Traffic Flow Estimation

The moss bags were exposed for 10 weeks using plasticized aluminium holders, specifically designed for this
purpose. The holders were mounted perpendicular to the lampposts, at open space, at the representative height of
3 — 4 m (Vukovi¢ et al, 2013). The holders with moss bags were exposed at 48 sampling sites across the city of
Belgrade urban area (44° 50°- 44°44'N, and 20°22' - 20°32'E at 70 - 250 m altitude) from June 15" to August
15" 2014. The sets of 3 sampling sites — crossroad, two- and one-lane street, away from each other
approximately 300 m, were selected. Three pedestrian zones were chosen to represent urban background sites.
The sites were selected in different parts of the city: urban-central and peri-urban zone, and within an urban
forest. In addition, for each study site, traffic flows were recorded by video cameras for later off-site counting.
The vehicle fleet were classified into categories of passenger cars, buses, trams, trolleys, motorcycles, light and
heavy duty vehicles. Traffic flows of each vehicle category were counted for 15 minutes during the rush hours
(7:00 — 9:00 am and 4:00 — 6:00 pm) on Wednesday and Sunday in June and July. The average traffic flows
during the experimental period were estimated from these counts, using a recommended procedure by the
Secretariat for Transport of Belgrade (personal communication).

Chemical Analyses

After exposure period, the moss samples were air-dried and homogenised. Approximately 0.3 g of each moss
sample (3 subsamples per exposure site) was digested for 45 min in a microwave digester (ETHOS 1, Advanced
Microwave Digestion System, Milestone, Italy), at 200°C, with 1 mL of 30% H,O, (Sigma Aldrich, puriss. p.a.)
and 7 mL of 65% HNO; (Sigma Aldrich, puriss. p.a., distilled by the apparatus for acid distillation - BERGHOF,
Products+ Instruments GmbH, Germany). Digested samples were diluted with double-distilled water to a total
volume of 50 mL. The concentrations of Al, B, Ba, Cu, Fe, and Zn were determined using inductively coupled
plasma-optical emission spectroscopy, ICP-OES (Thermo Scientific iCAP 6500 Duo, Thermo Scientific, UK).
The concentrations of As, Cd, Ce, Co, Cr, Dy, Er, Eu, Ga, Gd, Ho, La, Li, Lu, Nd, Ni, Pb, Pr, Pt, Rb, Sh, Sc, Sm,
Sn, Sr, Th, Th, Ti, TI, Tm, V, Y, and Yb were determined using inductively coupled plasma-mass spectrometry,
ICP-MS (Thermo Scientific iCAP Q, Thermo Scientific, UK). To control the quality of the element analysis, the
control samples, certified reference materials and analytical blanks, were analysed once every 10 samples. As the
certified reference materials, the moss Pleurozium schreberi, M2 and M3 (Steinnes et al, 1997) was used.

Data Processing

To assess the element enrichment of the studied moss species, relative accumulation factor (RAF) was calculated
based on the moss content of each element after exposure (Cexposeq) reduced and then divided by the element
content before moss exposure (Cinitia):

RAF = (Cexposed - Cinitial)/cinitial
The data were processed using STATISTICA 8.0 (StatSoft, Inc., Tulsa, OK, USA). The normality of the data was
tested by Shapiro-Wilk test (p < 0.05). Spearman’s correlation was applied (p < 0.05) to determine the correlation

between the moss elemental concentrations and the traffic flows. To represent graphically abundances of the rare
earth elements (REE), concentrations of the REE observed in the moss samples were normalised to those in
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different standards North American Shale Composite (NASC) and Post-Archean Australian Shales (PAAS)
(Dotegowska and Migaszewski, 2013).

RESULTS AND DISCUSSION

Spatial Gradient of Moss Element Content: Crossroad, Two- and One-Lane Street

Moss bag technique enables a longer sampling period of airborne pollutants such as toxic elements and better
spatio-temporal resolution of sampling sites. These advantages could provide characterization of long-term
human exposure to toxic elements, which is more accurate and relevant in the assessment of chronic health
effects than daily instrumental measurements. In this study, the concentrations of the most elements in the
exposed moss bags of S. girgensohnii were above the initial element concentrations in the moss. Markedly high
RAF values of Sb, Sn, Sm, Cu, Cr, and Zn (Table 1) in the moss samples imply significantly elevated
concentrations of these elements within on-road microenvironments. Moreover, at the crossroads, Pt, which
naturally occurs in very low concentrations in mosses, was markedly enriched. Thus far, concerning the moss bag
technique application, Pt has only been observed in the moss bags exposed within a road tunnel (Zechmeister et
al, 2006) and very scarcely in ambient air in the proximity of bus lines (Rivera et al, 2011).

Table 1. RAF values in the S. girgensohnii moss bags exposed at sites with different traffic intensity: crossroad,
two- and one-lane street, for 10 weeks

RAF Element

0-5 Al, B, Ba, Co, Dy, Mg, Sr, Tl, Y

5-10 As, Cd, Ce, Er, Eu, Fe, Ga, Gd, Ho, La, Lu, Nd, Ni, Pb, Pr, Pt, Sc, Th, Ti, Tm, Yb
10-30 Th, V, Cr, Zn

> 30 Cu, Sh, Sm, Sn

The S. girgensohnii moss bags indicated spatial variability in the concentrations of the majority of determined
elements. Particularly, concentration gradient of As, Ba, Co, Cu, Cr, Ni, Sb, and V in the moss samples (Fig 1)
clearly emphasizes the crossroads as pollution hotspots where pedestrians and commuters are likely to be
exposed to highly increased level of toxic elements. At crossroads, a pattern of braking and accelerating driving
mode, so called “stop and go”, is especially conspicuous. In comparison to constant free-flowing traffic mode,
which characterised two- and one-lane streets, “stop and go” mode leads to elevated pollutant emissions from
both, exhaust and non-exhaust traffic source (Tsai et al, 2003).
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Figure 1. Concentrations (ug g'*) of Ba, Cr, Cu, Fe, Pt, and Sb in the S. girgensohnii moss bags; * Pt was only
detected at the crossroads
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The decrease in the moss shale-normalized concentration of the REE (Figure 2) confirms spatial dependence of
these elements on anthropogenic activities, i.e., vehicle movements. Similar order of abundance of the REE was
identified, just as it has been pointed out in our previous study (Vukovi¢ et al, 2015b). This confirms consistent
signature of REE in urban area.
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Figure 2. The median concentrations (ug g') of the REE normalized to NASC and PAAS in the S. girgensohnii
moss bags exposed at sites with different traffic flows: crossroad, two- and one-lane street; initial — element
concentrations in the unexposed moss; the REE order on the x-axis is chosen according to their abundances in
the NASC and PAAS.

The results draw attention for better spatial resolution of regulatory monitoring sites from which data are usually
used in epidemiological studies. Note that permitted levels of emission of Cu, Sb, Cr, Pt and rare earth elements
such as Sm, in the air has not been regulated yet by legislation (Directive 2004/107/EC), although these elements
are recognized as toxic by WHO (2013).

Correlation between Moss Element Concentration and Traffic Flow

Based on the high correlation coefficients (r > 0.80) among Ba, Cr, Cu, Fe, Ni, Sh, and V in the moss samples,
the common sources of these elements can be assumed. The vehicle movements cause: (i) exhaust emissions
from the tailpipe; (ii) non-exhaust emissions due to wear and tear of vehicle parts such as brake, tyre and clutch;
and (iii) re-suspension of road dust. Non-exhaust emissions mainly contribute to increased concentrations of Ba,
Fe, Cu, and Sb (Gietl et al, 2010) while fuel combustion is the major source of Cr, Ni, V, and Cu (EMEP/EEA,
2013). Given the moderate, but significant correlation coefficient (r = 0.65 — 0.70, p < 0.05) between the total
traffic flows and the concentrations of Cr, Cu, Fe, and Sb in the moss bag samples, these elements could be
considered as reliable tracers of traffic-related emissions. Our results support previous findings from the road
traffic studies using both terrestrial mosses and moss bags biomonitors (Zechmeister et al, 2005) in which Cr, Cu,
Fe, and Sb have been identified to be traffic-originated. Regarding the categories of vehicles, the significant
correlation coefficient (r > 0.60, p < 0.05) implies tight relation between the flows of passenger cars and light
duty vehicles, and the moss element concentrations of Cr, Cu, Fe, and Sh. This is in agreement with the results
previously pronounced for the correlation between the flows of light duty vehicles and concentrations of Cu and
Fe in the moss samples (Adamo et al, 2011). Zinc has often been reported as one of the tracers for non-exhaust
traffic emissions, e.g., tire-wear emissions of Zn are shown to be approximately 1000 and 500 times higher than
those of Pb and Cu, respectively (Napier et al, 2008). Nevertheless, in this study, very low correlation coefficients
(r < 0.20) were obtained between the moss concentrations of Zn and traffic flows. A distinct spatial variability,
which is dependent on traffic flow, was not observed. In addition, in our previous studies (Vukovi¢ et al, 2013;
Vukovi¢ et al, 2015a), there was no regularity in the Zn spatial distribution, related to traffic flow at the study
sites. Considering the high RAF values obtained for Zn in this study along with the absence of any other pollution
source except traffic, the Zn origin could be assumed as traffic-related. However, Zn could not be considered as
reliable tracer of traffic flow variability within urban area.

Could Pedestrian Zones Be Considered as an Urban Background?

It was hypothesized that significantly lower moss element content would be obtained at the control sites in
comparison with the remaining on-road sampling sites. However, the markedly elevated concentrations of the
majority of elements were determined in the moss bags exposed in the central pedestrian zone. Specifically,
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markedly high concentration of Cu was found in this pedestrian zone, which is in accordance with the results of
our previous studies (Vukovi¢ et al, 2015a; Anici¢ et al, 2009c). Elevated Cu concentrations was also previously
pronounced for the same pedestrian zone in the research related to the usage of the tree leaf biomonitors (Anici¢
et al, 2011) and the bulk deposition collectors (Miji¢ et al, 2010). Thus, the marked Cu moss enrichment in this
study could not be considered as an accidental case. The moss element content indicated that the second
pedestrian zone, situated in peri-urban area, was less polluted than the central pedestrian zone. Finally, the third
control site was in the biggest urban forest zone, and since the lowest element content was obtained in the moss
bags exposed there, it proved to be the cleanest ambient within the city. According to our findings, control sites
should be chosen with caution in experimental set-up in urban areas in regards with its position. The sampling
sites situated in green urban niches could be recommended as appropriate for the assessment of the urban
background levels of air pollutants.

CONCLUSIONS

The S. girgensohnii moss bag biomonitoring has outlined distinct spatial decline in the airborne toxic element
content along crossroads, two- and one-lane streets. This result points to a need for monitoring and better
characterization of micro-scale siting of toxic element distribution. Moss bag technique represents a suitable
approach to achieve this goal given by simplicity and cost-effectiveness of its performing. Combined use of moss
bag technique and regulatory instrumental measurements could enable dense spatial coverage and consequently,
larger database of air pollutant concentrations. In addition, the results marked Sh, Cu, and Cr as reliable traffic
tracers regarding the high correlation coefficients (r > 0.65) between the moss element concentrations and the
counted traffic flows. Since moss bags provide information about long-term pollutant concentrations, the results
could be indicative for assessment of the pedestrians, commuters, cyclists and workers exposure to traffic-related
Cr, Cu, and Sb emissions.
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Moss-bag biomonitoring of small-scale decline in toxic element content:
crossroad, two- and one-lane street study

Gordana Vukovi¢!, Mira Ani¢i¢ Urosevi¢?, Tijana Milicevi¢?, Milica Tomasevi¢!, Sandra
Skrivanj?, Aleksandar Popovi¢?

YInstitute of Physics, University of Belgrade, Pregrevica 118, 11080 Belgrade, Serbia
(gordana.vukovic@ipb.ac.rs)
2The Faculty of Chemistry, University of Belgrade, Studentski trg 12-16, 11000 Belgrade, Serbia

Exceeding in air pollutant limit values has been associated with many adverse health
effects [1]. Transport sector represents one of the most important air pollution sources in urban
areas. Traffic-related air pollutants, including particulate matter (PM) associated with toxic
elements, are widespread, and can be often locally-elevated near major roads, crossroads and
junctions, etc. For example, steep gradient in concentrations of fine particles (< PM2.5) was
demonstrated attaining elevated levels near and on roads, and a return to background levels at
distances of roughly 150 to 200 m [2].

In most urban areas, regulatory monitoring networks are designed to routinely provide
continuous information on the concentrations of a small number of pollutants at limited number
of locations. Thus, characterization of small-scale air pollution differences is lacked. However,
biomonitoring as an easy-performed and cost-effective approach for air quality assessment could
be useful for detailed surveys in urban microenvironments diversified by air pollution. Namely,
the use of moss-bag technique has been developing in last several decades as a method of active
monitoring of toxic air pollutants (e.g. heavy metals, PAHs) and has been tested in different
environments [3, 4, 5, 6].

The goal of this study was to test possibility of Sphagnum girgensohnii moss bags to detect
small-distance decline of toxic element concentrations, dependent on traffic flow. In the summer
of 2014, the moss bags were exposed at 48 sampling sites in total. The sets of 3 sampling sites —
crossroad, two- and one-lane road, away from each other approximately 300 m, were selected.
Three pedestrian zones were chosen as urban background areas. In addition, traffic flows, total
and per vehicle category, were counted at the sampling sites.

After 10-week exposure period, concentration of 41 elements was determined in the moss
samples by inductively coupled plasma mass spectrometry (ICP-MS). Special attention was paid
to Ba, Cd, Co, Cr, Cu, Fe, Ni, Pb, Pt, Sb, V and Zn which are recognized as toxic [1]. To assess
the moss element enrichment, the moss concentration of each element after exposure was reduced
and divided by the element baseline concentration before exposure.

The most of measured element concentrations were significantly increased in the exposed
moss in comparison to their baseline level in the moss tissue. This indicates that the studied sites
are polluted by the elements in question. The highest enrichment of the moss was obtained for the
elements: Sb > Cu > Cr > Zn which is probably related to traffic emissions. Moreover, significant
moss enrichment with some rare earth elements, such as Pt, were observed at heavy traffic sites
which implies the elements as a possible new tracer of traffic-related air pollution.

In particular, at each pair of the sampling sites, a noticeable decline of the most element
concentrations was observed from the crossroad to the one-lane road. In addition, high correlation
coefficients (R > 0.80) were obtained between the traffic flow and concentration of certain
elements such as Ba, Cr, Cu, Fe and Sbh. All of this indicates the traffic-related origin of the
elements in the exposed moss.
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Finally, the results indicate that S. girgensohnii moss bag is sensitive to small-scale
variations of air pollutant concentrations. This implies its usage for extensive screening of highly
diversified urban air pollution. Moreover, combined use of moss-bag technique and regulatory
measurements could enable detailed spatial coverage and consequently, larger database for air
pollutants.
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Assesment of CHsCOOH, Na2EDTA, CaClz, NHsNOs and distilled water
extraction procedures and microwave digestion for leaching of macro- and
microelements from vineyard soil
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The bioavailability, mobility and distribution of macro- and microelements in soil depend
on their total concentrations, as well as on the characteristics of the particle soil surface, kind of
the bonds they are attached to the substrate and on the properties of the soil solution that is in
contact with the solid material. Variations of the chemical or physical conditions can influence
the release of these elements [1]. Translocation of elements from soil has a major impact on the
growing plants and on their quality in any agricultural area.

In this study, soil samples were collected from Radmilovac vineyard (Serbia) during
grapevine season in 2013. The samples were air-dried and homogenized in the laboratory
conditions. Bioavailability of elements were tested by five different extractants: 0.11 mol L*
CH3COOH during 16 h extraction [2], 0.05 mol L Na,EDTA during 1 h extraction [2], 0.01 mol
L CaCl during 3 h extraction [2], 1 mol L NHsNOs during 2 h extraction [2] and distilled water
during 2 h [3] and 16 h extractions [2]. Microwave digestion of the soil samples with aqua regia
(HNOs: HCl in 3:1) was also performed. The concentrations of extracted macroelements: Al, Ca,
Fe, K, Mg, Mn, Na, P, S, Si and microelements: B, Be, Cd, Co, Cr, Cu, Mo, Ni, Pb, Sb, V, Zn
were determined by, inductively coupled plasma-optical emission spectroscopy (ICP-OES).

The highest concentrations of Al, B, Be, Mg, Mo, Si and Zn have been extracted by
CH3COOH. Extraction with Na,EDTA yielded the highest concentrations of Ca, Cd, Co, Cu, Fe,
K, Mn, Ni, P, Pb and V. Distilled water has shown to be good extraction medium for Na and S.
Acetic acid has been proven to be an aggressive extractant and it can be used for isolation of
higher concentrations of elements, rather than distilled water, CaCl, and NHsNO3s. The acidity of
CH3COOH enhances the extraction of bioavailable fraction of microelements from various
substrates and destruction of carbonates as well.

Agua regia, as a mixture of concentrated acids, reacts very aggressively on the matrix and
destroys it. After microwave digestion of soil samples by aqua regia, only silicate fraction
remains partially non-destroyed. Determined element concentrations (macroelements: Al, Ca, Fe,
K, Mg, Mn, Na, P, S, Si and microelements: B, Be, Cd, Co, Cr, Cu, Mo, Ni, Pb, Sb, V, Zn)
isolated by aqua regia were considerably higher than determined element concentrations that have
been isolated by the other extractants.

Copper (106 pg g*1) and Cd (3.98 pg gt) concentrations digested by aqua regia, were
higher than the concentration limits prescribed by the legislation for these elements which amount
to 0.8 pg g* for Cd and 36 g g* for Cu. However, the concentration of these two elements did
not exceed the remediation values prescribed by the legislation of the Republic of Serbia (12 pg
g*for Cd and 190 pg g™ for Cu).

The concentrations of Co (13 pg g*) and Sb (3.68 ug g*) were also slightly elevated, i.e.,
above the limit values prescribed by the legislation (9 pug g and 3 pg g, respectively). However,
the concentrations of these elements were significantly lower than the remediation values
prescribed by the legislation (240 pg g* for Co and 15 pg g™* for Sh).
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Correlation between macro- and microelements isolated from the vineyard
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It is well known that distribution, mobility and bioavailability of macro- and microelements
in the soils depend not only on their total concentration but also on the association form in the
solid phase to which they are bound. Even slight changes of the chemical or physical conditions
(pH, temperature, redox potential, organic matter composition, leaching and ion-exchange
processes and microbial activity) in the soil can accelerate or prevent the release of these
elements. Therefore, these changes have a major impact on the growing plants and on their
quality in every agricultural area [1]. In this study, soil samples collected from Radmilovac
vineyard (Serbia) during grapevine season of 2013. were investigated.

Bioavailability of elements were tested by five different extractants: 0.11 mol L*
CH3COOH during 16 h extraction [2], 0.05 mol L™ Na,EDTA during 1 h extraction [2], 0.01 mol
L CaCl,during 3 h extraction [2], 1 mol L't NHsNOsduring 2 h extraction [2] and distilled water
during 2 h [3] and 16 h extractions [2]. Concentrations of bioavailable macroelements: Al, Ca, Fe,
K, Mg, Mn, Na, P, S, Si and microelements: B, Be, Cd, Co, Cr, Cu, Mo, Ni, Pb, Sb, V, Zn were
determined by ICP-OES. The (Pearson’s) correlation was applied in order to test the correlation
between the element concentrations isolated by different extractants. The positive correlations
were obtained between:

. The pairs of element concentrations isolated by 0.11 mol Lt CH;COOH: Cd-B, Co-Be,
Cu-B, Cu-Be, Cu-Co, Fe-Al, Mg-Ca, Mn-B, Mn-Co, Mn-Cu, Mo-Ca, Mo-Mg, Ni-Co, Ni-Mn, P-
Be, P-Co, P-Cu, P-Mn, P-Ni, Si-Al, Si-Be, Si-P, V-Cd, Zn-B, Zn-Be, Zn-Co, Zn-Cu, Zn-Mn, Zn-
N and Zn-P.

. The pairs of element concentrations isolated by distilled water during 16 h extraction:
Cd-B, Co-Al, Co-Cd, Cr-Al, Cu-B, Cu-Cd, Cu-Co, Fe-Al, Fe-Be, Fe-Cr, K-Cr, Mg-Fe, Mn-B,
Mn-Cd, Mn-Co, Mn-Cu, Na-B, Na-Cd, Na-Co, Na-Cu, Na-Mn, P-B, P-Cr, P-Cu, P-K, Pb-Co,
Pb-Cu, Pb-Mn, Pb-Mn, Pb-Na, S-B, S-Cd, S-Co, S-Cu, S-Mn, S-Na, S-Pb, Si-Al, Si-Co, Si-Cr,
Si-Fe, V-Al, V-Co, V-Si, Zn-B, Zn-Cd, Zn-Cu, Zn-Mn, Zn-Na, Zn-P and Zn-S.

. The pairs of element concentrations isolated by distilled water during 2 h extraction: Cr-
Al, Fe- Al, Fe-Cr, Mg-Ca, Mn-Al, Mn-Be, Mn-Cr, Mn-Fe, Na-Cd, Na-Cu, P-B, Pb-Al, Pb-Cr,
Pb-Mn, Pb-Ni, Sb-Cu, Si-Fe, V-Al, V-Cr, V-Fe, V-Mn, Zn-Cd.

. The pairs of element concentrations isolated by 0.05 mol L Na,EDTA: Co-Cd, Fe-Co,
K-Be, Mn-Cd, Mn-Co, Mn-Fe, Ni-Cd, Ni-Co, Ni-Fe, Ni-Mn, P-Be, P-K, Pb-Al, Pb-Cd, Pb-Co,
Pb-Fe, Pb-Mn, Pb-Ni, Si-S, V-Al, Zn-Be, Zn-Cd, Zn-Co, Zn-Fe, Zn-Mn and Zn-Ni.

. The pairs of element concentrations isolated by 0.01 mol L CaCl,: Fe-Al, Mn-Co, Mn-
Mg, Mo-Cr, Na-Cu, Ni-Al, Ni-Fe, P-K, Sb-Na, Si-K, Si-Mn, V-Be, V-Sb, Zn-Al, Zn-Fe and Zn-
Ni.

. The pairs of element concentrations isolated by 1 mol L™ NHsNOs: Be-Al, Cd-Al, Cd-Be,
Co-Be, Co-Cd, Fe-Al, Fe-Cd, Fe-Co, K-Be, K-Cd, K-Co, K-Fe, Mn-Be, Mn-Cd, Mn-Co, Mn-K,
Na-Ca, Sh-Ca, Sb-Cr, Sh-Na, Si-Al, Si-Be, Si-Cd, Si-Co, Si-Fe, Si-K and Si-Mn.
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It can be assumed that the pairs of element concentrations, which show positive correlation,
in a certain percentage, originate from the same source in the vineyard soil.

It is interesting to note significant correlations of concentrations of Ca and Mg extracted
from the soil samples using CHsCOOH (R = 0.8856, p = 0.0015) and distilled water during 2 h (R
= 0.7425, p = 0.0219), but also that concentrations of neither of these macroelements is
significantly correlated with the concentration of microelements isolated with the same extractant.

The concentration of S is in positive correlation with the concentrations of Cu, Mn, P and
Na, probably witnessing their common source from the agents for treating vineyards. The
concentrations of Cu and S, isolated from the soil samples by distilled water during 16 h, have
significant correlation (R = 0.9294, p = 0.0003). These elements could have entered to
environment while grapevines were treated by fungicide CuSO4 [4].

Finally, it can be concluded that there is no uniform method and unique extractant for
isolation of the most bioavailable fraction for all elements from the vineyard soil. The most
common concentrations of macroelements K and Mn, are in correlation with concentrations of
microelements Cd, Co, Ni and Zn. This indicates that the most of their concentrations in soils are
followed by microelements, whose concentrations are much lower than concentrations of
macroelements. However, the pairs of macro- and microelements have the same origin in soil and
can be isolated by the same extractant.
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Determination of bioavailable macro- and microelements from
agricultural soil using different extractants
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Translocation of elements from soil to plant has a major impact on the growing plants and on their quality in
any agricultural field. In this study, soil samples were collected from agricultural area Radmilovac, Serbia during
grapevine season in 2013. Bioavailable elements from soil to plant (grapevine) were isolated by five different
extractants: 0.11 mol L=! CH3COOH, 0.05 mol L~! Na-EDTA, 0.01 mol L~! CaCls, 1 mol L~! NH4NO3 and
distilled water during 2 and 16 h. Concentrations of 22 bioavailable macroelements: Al, Ca, Fe, K, Mg, Mn, Na,
P, S, Si and microelements: B, Be, Cd, Co, Cr, Cu, Mo, Ni, Pb, Sb, V, Zn were determined by ICP-OES. The
best extractant for Al, B, Be, Mg, Mo, Si and Zn was CH3COOH, Na-EDTA for Ca, Cd, Co, Cu, Fe, K, Mn, Ni,
P, Pb, V, and distilled water for Na and S. Acetic acid has been proven to be an aggressive extractant and it can
be used for isolation of higher concentrations of plant bioavailable elements from soil, rather than distilled water,
CaCl, and NH4NOs. The acidity of CH3COOH enhances the extraction of bioavailable fraction of microelements
from various substrates and destruction of carbonates as well. However, it can be concluded that there is no unique
extractant for isolation of the most bioavailable fraction for all elements from the soil. It can be noticed that the most
common concentrations of macroelements, K and Mn, are in correlation with concentrations of microelements, Cd,
Co, Ni and Zn. This indicates that the most of their concentrations in soils are followed by microelements, whose
concentrations are much lower than concentrations of macroelements. However, as these correlations are the most
common, it can be concluded that the pairs of macro- and microelements (e.g. Mn-Cd, Mn-Co, Ni-Cd, Ni-Co,
Ni-Mn, Zn-Cd, Zn-Co, Zn-Mn, Zn-Ni) have the same source in soil and can be isolated by the same extractant. It
is interesting to note that the concentrations of Ca and Mg extracted from soil using CH3COOH are in correlation
and that neither of these macroelements is in correlation with the concentration of microelements isolated with
the same extractant. The concentrations of Cu and S extracted from soil by distilled water during 16 h are in
correlation. These elements could have entered only through the soil surface layer while grapevines were primarily
treated by fungicide copper(Il)-sulphate. In addition, the concentration of S is correlated with the concentrations
of Mn, P and Na. It can be assumed that the correlation between these elements points to their origin from the
pesticides used in agriculture production.
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¥ beorpagy, 25. 10. 2016. roguHe

Ha ocHoBy unaHa 161. 3akoHa o onwTem ynpaeBHoM nocTynky u cnyxbeHe eenaeHuvje M3gaje ce

YBEPEWBE

Tujana (Aparomup) Munuhesuh, pohera 23. 1. 1989. roguHe y Mecty Kpywesau, onwtuHa Kpywesau, Peny6nuka Cp6uja, 6poj
nHoekca AX01/2014, ynucaHa je wkoncke 2016/2017. roguHe Ha CTYAWJCKW NpOrpam AOKTOPCKUX akafeMCK1X cTyavja Xemuja, Kao cTyaeHT
Koju ce huHaHcupa u3 Gyyera.

CTyReHT je Npeu nyT ynucaH Ha HaBegeHu CTyAMjcku Nparpam wikoncke 2014/2015. roauHe. Mo cTaTyTy BUCOKOLLKONCKE YCTaHOBe
cTyauje Tpajy 6 cemecrapa, ogHocHO 3 roguHe. Pok 3a 3aBplueTak CTyAuja jecTe ABOCTPYKO Tpajare cTyauja.

YBepere ce u3naje Ha NWYHK 3axTeB CTyAeHTa.

BMCOKOLLKOICKE YCTaHOBE
7
-7

Padomup Anhenkoeuk




Peniyonuxa Cpduja

Yuusepsuiueis vy beoipagy
YYb Xemujcku axynieil, beoipag

Ochusay: Petiydnuxa Cpduja
[Hossony 3a pag dpoj 612-00-02666/2010-04 og 10. geyemdpa 2010.

iogune je usgano MuHuc@apciiso ipocseitie u Hayke Peityonuxe Cpouje

TujaHa, [Jpaiomup, Munuhesuh

pohiena 23. jarnyapa 1989. iogure y Kpywesuy, Peiiydnuxa Cpduja, yiiucana
wikoncke 2012/2013. iogute, a gana 8. okinodpa 2013. ioguHe 3aspuiunia je Mactiep
akagemcke cittyguje, gpyioi citietiend, Ha ciiygujckom apoipamy Xemuja, oSuma

60 (wesgeceinr) bogosa ECTIB ca apoceurom oyenom 9,75 (geseiti u 75/100).

Ha ocHoBy Woia usgaje joj ce oBa guiioma o cilie1eHoM BUCOKOM 00pa3oBarby U aKageMcKoM HA3UBY

Macuiep xemu4ap

Bpoj: 1838500
M Y Beoipagy, 19. Hosemdpa 2013. iogiiHe

Hexan Pexitiop
Ipodh. gp Bpanumup Josanuuhesuh Tpodp. gp Bragumup Bymdawupesuh

Y

00018506



Peityonuxa Cpduja

“‘-::é‘

v

2
%,
£

Yuusepsuitieii y Beoipagy
Xemujcku paxyniieiti, Beoipag

03
5

s s
A

R, i‘%‘
AOCEK
q,vﬁ"'c%

;-..
k

B
P

Ocnusay: Peaydnuka CpSuja
Hossony 3a pag dpoj 612-00-02666/2010-04 og 10. geyemdpa 2010.
logume je usgano Munuciiapcitiso ipocseiie u Hayke PeiiySnuxe Cpéuje

Tujana, Jpaiomup, Munuhesuk

pohera 23. janyapa 1989. iogume y Kpywiesyy, Peiydnuxa CpSuja, yiiucana wikoncke
2008/2009. iogune, a gaxa 24. ceitiiemdpa 2012, loguHe 3aBPULUIA je OCHOBHE AKAJeMCKe
cillyguje, UpBoi cilieiiena, Ha CllygujcKom upoipamy Xemuyap 3a #UBOHHY cpequHy, oSumd

240 (gsecinia veimipgecein) Sogosa ECIIB ca upoceyHom oyerom 7,81 (cegam u 81/100).

Ha ochosy iiola usgaje joj ce 0Ba guilioma o cilieyeHoM BUcokom 00pasoBary u Clpy4HOM HA3UBY

GUUTOMUPAHUY XeMU4ap

bpoj: 991800
Y Beoipagy, 7. geyemdpa 2012. iogune

= Hexan Pexitiop
TIpod. gp Bparumup Josanyuhesuhi : Ilpodh. gp Bragumup Bymdawupesuhi

| 00009975



Kparak nperJieq Hay4YHUX AaKTUBHOCTH KaHAUIATA

Tujana MunuheBuh, ucTpakuBau npurpaBHUK y JlabopaTtopuju 3a GU3NKY KMBOTHE
cpenune Muctutyra 3a ¢usuky y beorpany, je om 1. jyna 2015. roawHe ykJbydeHa Yy
aKTUBHOCTH Ha HAIIMOHAJIHOM MpPOjeKTy MHHHCTapCTBa MPOCBETE, HAYKE W TEXHOJIOIIKOT
pa3Boja MMIN43007 — ,McTtpakuBame KIMMATCKUX MPOMEHA M HHbUXOB YTHIA] HA KUBOTHY
cpeauny — mpaheme yTHIaja, amantaudja u yOnaxaBame lcTpakuBame KIMMATCKHX
POMEHAa W HUXOBOT yTUIAja HA XUBOTHY CpeauHy — mpaheme yTuiaja, ajganrtangja u
yOnaxkaBame”, nornpojekar 3 ,JIHTerpajiHa HCTpakuBama KBAJIUTETa Ba3dyXxa y ypOaHO]
cpeauHu’.

VY OKBHpY NOTNPOjEeKTa KaHAUIAT ce 0aBU HAYyYHO-UCTPAXXMBAYKUM PAJOM 3a 10Tpede
u3paze JOKTopcke Te3e. L{ubeBM HaydHO-UCTPaXMBAuKUX aKTUBHOCTH KaHAWZATa Cy
npoy4yaBame OHMOAOCTYMHOCTH 3aral)yjyhux cyncraHmu ¥ BHUXOB TPAHCIOPT y CHCTEMY
3eMJbUIITe—ONIbKa—Ba3AyX. 3eMJBUIITE TPEACTaB/ba TJIABHU MEIAMjyM y KOM Ce€ JETOHY]jy
3aralyyjyhe cymncranme w3 Ba3ayxa, a UCTOBPEMEHO j€ M H3BOpP €MHCHja HCTHX Yy Ba3qyX
pecycniensujom. McrpakuBama KaHAMIATa C€ 3aCHHWBAjy Ha WCIHTUBABY TPAHCIOPTA
saraljyjyhux cymncrannu w3 3emJpuInTa y OWJBKY, ajll M FHHXOBO yCBajalbe M3 Bazayxa.
VYcBajame 3aral)yjyhux CyncTaHuM HpONOPLUUOHAIHO HUXOBOM IPUCYCTBY Y OKOJHOM
aMOMjeHTy je CBOJCTBO KOje HEKYy OHMJBKY OIlpejebyje Kao MOTEHIHUjaTHy OHOMOHHTOPCKY
Bpctry. Ilocnenwux aeueHnja GMOMOHUTOPHHT j€ IPENO3HAT KA0 KOMIUIEMEHTapHa METO0Ja
KOHBEHIIMOHAJTHUM MHCTPYMEHTAJIHUM MepemuMa 3aralema Ba3iyxa OAHOCHO 3eMJBHILTA.

AKTHBHOCTH KaHauaara y nepuoay ox 1. jyna 2015. mo cana:

1. Ilpukymbame pa3IMUUTUX TUIIOBA y30paka (3€MJbUIITE, JIUCT, IJIOA) Y HOJbONPUBPEIHO]
oOnactu (KoMeplLrjaaTH! BUHOTPau, orjieiHa 1o0pa U OpraHCKU BUHOTPan).

VY30puu 3emspuIITa (MOBPIIMHCKU U TyOUHCKH), JIUCT U MU0 (KOXHUIIA, IyJIla, CEMe) BUHOBE
J103€ Cy NMPUKYIJbEHU TOKOM Beretanrone ce3one 2015. u 2016. rogune.

2. AxTHBHM OWOMOHHMTOpPWHT 3aralema Ba3gyxa KopuIIhemeM MaxOBHHE Kao aKTHBHOT
OMOMOHUTOPA y MOJHOIPUBPEIHO] 00TIACTH.

ExcriepiMeHTalTHE TIOCTAaBKE Cy CIPOBEICHE y pa3iHuuTUM mnepuomuma (2, 4 u 6 mecenn
u3jarakba MaXOBHMHE) Yy pa3IMYUTHM BHHOTpaguMa (KOMEpIMjaJHH BHHOTPAIM, OTJICHA
n00pa ¥ OPraHCKU BUHOTPAM), a Y30pLHU Cy aHAIM3UPAHU Ha Ca/ip’kaj oAa0paHuX TOKCUYHUX
eJIeMEHaTa.

3. TecroBu OmomocTynHOCTH 3aral)yjyhux cyrncraHIy u3 3eMJBUIITA

W3BpiieHo je TecTHpame MIeCT pa3IMYUTHX EKCTPAaKIMOHUX METoJla 3a H30JI0Bambe
OonomocTynmHuX (pakirja MaKpo- ¥ MUKpoeaemMeHaTa u3 3emspuinTa. OapehuBan je ykynmHu u
TICeyI0-YKYITHH CaJpKaj eleMEeHaTa y y30plUMa 3€MJBbUINTA, Ka0 U JIMCTA | Tuioja (ceMeHa,
MyJiIe, KOKUIE) BUHOBE JI03€.

4. Ananuza n00WjeHHX TIOAaTakKa, MPOIEHA EKOJIOIMIKOT PHU3MKa M PH3UKA IO JbYACKO
3npassbe. [lyOonukoBame panoBa y MhyHaApOAHUM YaCOMUCHUMA.

W3BpiiieHO je mpolemuBame yTHIlaja TOKCHYHUX eJIeMeHaTa Ha KBAIUTET )KHBOTHE CPEAHHE,
MpoIeHa pPHU3MKA W3JIOKEHOCTH paJHUKA Y BHUHOTPAJWMA TOKCHYHUM €JIEMEHTHMA W3
3eMJBHIIITA, KA0 U TPOIeHa YTHIIaja TOKCUYHUX eJIeMEeHaTa U3 IJ10/ja BUHOBE JI03€ Ha 3/IpaBJbe
Jbyau (TpolieHa JHEBHE 7103€). Y TOKY je 3paja U MyOJIMKOBakhe HAyYHUX PaoBa.



