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Million tons of steels per year is produced by ArcelorMittal in Zenica, Bosnia and Herzegovina.
The levels of dust in air are 30 fold higher than in central London.
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Giant thermal power plant in Tuzla, Boshia and Herzegovina,
consuming from 3 to 4 million tons of lignite anually, is surprisingly
not equipped by desulphurisation filters.
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1. INTRODUCTION

F ree range chicken eggs were used for monitoring levels of contamination by POPs at certain places in
many previous studies (Pless-Mulloli, Schilling et al. 2001, Pirard, Focant et al. 2004, DiGangi and Petrlik
2005, Shelepchikov, Revich et al. 2006, Aslan, Kemal Korucu et al. 2010, Arkenbout 2014). Eggs have been
found to be sensitive indicators of POP contamination in soils or dust and are an important exposure path-
way from soil pollution to humans, and eggs from contaminated areas can readily lead to exposures which
exceed thresholds for the protection of human health (Van Eijkeren, Zeilmaker et al. 2006, Hoogenboom,
ten Dam et al. 2014, Piskorska-Pliszczynska, Mikolajczyk et al. 2014). Chickens and eggs might therefore be
ideal “active samplers” and indicator species for evaluation of the level of contamination of sampled areas
by POPs, particularly by dioxins (PCDD/Fs) and PCBs. Based on this assumption, we have chosen sampling
of free range chicken eggs and their analyses for selected POPs as one of the monitoring tools within the
projects “Legal Protection of Environmental Pollution Victims and Transfer of Experience from the Czech Re-
public’ and “Arnika Regional & International Support for a Toxic Free Future” in three Balkan states.

The data and analyses of free range chicken eggs discussed in this report were obtained during a two-year
joint project of Bosnian and Czech NGOs, and a yearlong joint monitoring project by Bosnian, Montenegrin,
Serbian and Czech NGOs. They were obtained during field visits in 2014 and 2015, as in cases of the reports by
Dvorska (2015) or Sir (2015). The sampled localities were chosen as those where selected sources of pollution
by POPs were expected such as metallurgical plants, coal-fired power plants, and waste disposal sites.



2. SAMPLINGAND ANALYTICALMETHODS

s amples of free range chicken eggs were collected at two locations in Bosnia and Herzegovina, two loca-
tions in Montenegro — of which one was expected to be clean —and finally one location in Serbia.
Pooled samples of more individual egg samples were collected at each of the selected sampling sites in order
to get more representative samples. Table 1 summarizes basic data about the size of samples and measured
levels of fat content in each of the pool samples. Thirteen pool samples of free range chicken eggs were taken
in total. One sample was taken in 2014 and twelve samples in 2015. A sample of cheese was taken in addition
to the free range chicken eggs in Pljevlja, Montenegro in 2015.

Free range chicken eggs determined for analysis of PCDD/Fs and dioxin-like PCBs using the DR CALUX®
method were sent to a Dutch ISO 17025 certified laboratory (BioDetection Systems BV., Amsterdam). The
procedure for the BDS DR CALUX bioassay has previously been described in detail (Besselink H 2004) but,
briefly, H411E cells stably transfected with an AhR-controlled luciferase reporter gene construct were cul-
tured in o-MEM culture medium supplemented with 10% (v/v) FCS under standard conditions (37°C, 5%
C0O2, 100 % humidity). Cells were exposed in triplicate on 96-well microtiter plates containing the stand-
ard 2,3,7,8-TCDD calibration range, a DMSO blank. Following a 24 hour incubation period, cells were lysed.
A solution containing luciferin (Glow Mix) was added and the luminescence was measured using a lumi-
nometer (Berthold Centro XS3).

The DR CALUX bioassay method is proven for screening analyses which can give a good picture about
the level of pollution’; however, for confirmation it is necessary to go for more specific PCDD/Fs and DL PCBs
congener analyses, which also allows examination of finger prints of dioxins (PCDD/F congener patterns),
specific for different sources of pollution. Most of the samples were analyzed for content of individual PCDD/
Fs and an extended list of PCB congeners by HRGC-HRMS at the accredited laboratories Axys Varilab and of
the State Veterinary Institute in Prague, Czech Republic.

The egg samples were also analyzed for content of non-dioxin-like PCBs and OCPs in Czech certified lab-
oratories (University of Chemistry and Technology, Department of Food Chemistry and Analysis and Axys
Varilab). The analytes were extracted by a mixture of organic solvents hexane: dichloromethane (1:1). The
extracts were cleaned by means of gel permeation chromatography (GPC). The identification and quanti-
fication of the analyte was conducted by gas chromatography coupled with tandem mass spectrometry
detection in electron ionization mode.

The mercury content in the samples was analyzed with atomic absorption spectrometry in an Advanced
Mercury Analyser (AMA 254, Altec) using standard operating procedure SOP 70.4 (AAS-AMA) at the State
Veterinary Institute, Prague.

1 “Bioanalytical methods“ means methods based on the use of biological principles like cell-based assays, receptorassays or
immunoassays. They do not give results at the congener level but merely an indication of the TEQ level, expressed in Bioanalytical
Equivalents (BEQ) to acknowledge the fact that not all compounds present in a sample extract that produce a response in the test may
obey all requirements of the TEQ-principle. European Commission (2012). Commission Regulation (EU) No 252/2012 of 21 March 2012
laying down methods of sampling and analysis for the official control of levels of dioxins, dioxin-like PCBs and non-dioxin-like PCBs in
certain foodstuffs and repealing Regulation (EC) No 1883/2006 Text with EEA relevance European Commission. Official Journal of the
European Communities: L 84, 23.83.2012, p. 2011—2022.



In the village of Tetovo, Bosnhia
and Herzegovina, people keep
chicken in their yards distant
just few hundred meters
from huge steelworhs of
ArcelorMittal.
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Table 1: Overview of free range chicken egg samples from selected sites in three Western Balkan states.

Number
Monthof | ofeggs
Locality sampling | inpooled
samples

ZEN-1 PodbreZje (Zenica) Bosnia and Herzegovina  01/2014 10 11.15
2 ZEN-15/1 Gracanica (Zenica) Bosnia and Herzegovina  04/2015 5 15.7
3 ZEN15/2and15/4  Tetovo (Zenica) Bosnia and Herzegovina  04/2015 11 14.1
4 ZEN15/3 Donja Gracanica (Zenica) Bosnia and Herzegovina  04/2015 6 11.5
5 ZEN15/5 Donja Vraca (Zenica) Bosnia and Herzegovina  04/2015 6 15.6
[3 BiH-E-01 Divkovici | (Tuzla) Bosnia and Herzegovina  04/2015 6 12.3
7 BiH-E-02 Divkovici Il (Tuzla) Bosnia and Herzegovina  04/2015 5 15.6
8 PLZ-E1+E2+E3 PluZine—Orah Montenegro 04/2015 3 12.5
9 PLZ-E4+E5+E6 PluZine—Seoce Montenegro 04/2015 3 10.6
10  PLJ-EGGS-01 Pljevlja Montenegro 04/2015 2 10.2
1 SRB-EGG-01 Grabovac | (Obrenovac) Serbia 04/2015 2 13.6
12 2EB—EGG—OZ and Grabovac Il (Obrenovac) Serbia 04/2015 4 12.6
- SRB-EGG-04, 05 Usée—Gorjaca—Gola bara Serbia AL 3 —

and 06 (Obrenovac)

14  MN17 (cheese) Pljevlja Montenegro 04/2015 - 32.2
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Figure1: Location of the chosen hot spots on a map of Bosnia and Herzegovina, Montenegro, and Serbia. The hot spots
Obrenovac (Serbia), Pljevlja (Montengero), Tuzla, and Zenica (both Bosnia and Herzegovina) are marked by red flags together
with the chosen bachkground location PluZine (Montenegro).

3. DESCRIPTION OF HOT SPOTS

he four locations chosen for sampling (Obrenovac, Pljevlja, Tuzla and Zenica) are located in different

parts of three Western Balkan states — Bosnia and Herzegovina, Montenegro and Serbia. Three of these
locations were chosen as there was larger sampling of soil, sediments, vegetable and fish in relation to coal
burning power plants in Obrenovac, Pljevlja and Tuzla. The Stockholm Convention has identified coal burn-
ing power plants as a sector “for comparatively high formation and release” of persistent organic pollutants such
as dioxins, furans, PCBs, hexachlorobenzene, and pentachlorobenzene.? More information about these ther-
mal power plants can be found e.g. in Sir (2015). There are more industrial facilities potentially releasing
POPs in Tuzla in addition to the power plant, such as for example chlorine chemical industry and others. The
fourth location, Zenica, was chosen as there is large steel mill, whose majority owner is the ArcelorMittal
corporation. All hot spots were chosen as potential sources of POPs releases.

3.1. Obrenovac

Obrenovac is a town and municipality in northern Serbia. In 2011 the town had a population of 24,568, and
the municipality had 71,419 inhabitants. Obrenovac is one of 177 municipalities that make up the greater Bel-
grade area. The largest Serbian thermal power plant is located on the outskirts of the town. Obrenovac was
submerged and completely evacuated during the 2014 Southeast Europe floods (Wikipedia 2015).

2 Stockholm Convention Annex C, Part ||



The samples in the Obrenovac area were collected in the surroundings of the Nikola Tesla B power plant
and its ash landfill (see map in Figure 2). The Nikola Tesla power plants are located on the right bank of the
river Sava, approximately 40 km upstream from Belgrade, near the town of Obrenovac. Nikola Tesla A is by
far the largest one in Serbia: it has six blocks with a total installed capacity of 1,650 MW while Nikola Tesla
B has two units with a total of 1,240 MW. The ash landfill contains a suspension of ash and water, which
sometimes overflows and drains into the river Sava. In addition to the impact on water pollution, landfills
represent a surface source of air pollution particles of ash. Due to the unfavourable physical and chemical
characteristics of ash and of the way that ash disposal is carried out in open dumps, in dry and windy weath-
er wind erosion of ash occurs. These power plants use lignite mined from the Kolubara mine basin as fuel.

Figure 2: Location of samples taken in the surroundings of Obrenovac, Serbia, on a Google Earth map with a wind rose for
this region (on the bottom part of the figure).
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In rural areas of Western Balkan, many people consume own chicken eggs daily ; surpluses are often sold at
local marhkets. Photo: Adéla Turkova / Arnika

3.2. Pljevlja

Pljevlja is a town and the centre of Pljevlja Municipality located in the north of Montenegro. The town lies
at an altitude of 770 m. In 2011, the municipality of Pljevlja had a population of 30,786, while the town itself
had a population of about 19,489. The municipality borders with the republics of Serbia and Bosnia and Her-
zegovina. With a total area of 1,346 km?, it is the third largest municipality in Montenegro. Pljevlja is also one
of the main economic centres of Montenegro. The only thermal power plant in Montenegro, which provides
45% of the electric power supply for Montenegro, is situated just outside Pljevlja as well as a coal mine with
100 % of the coal production in Montenegro (Wikipedia 2015). The sample in Pljevlja was taken 100 m from
the ash deposit of the thermal power plant, which is 3 km southwest from the town of Pljevlja. After a re-
construction carried out 2009, the new power of the thermal power plant is 218.5 MW. Pljevlja | is fuelled by
coal strip mines. The plant annually consumes an average of 1.35 million tonnes of coal, 3,500 tons of fuel oil
and 660 tonnes of chemicals (lime, hydrochloric acid, alkali, etc.). Power plant flue gas is separated into the
atmosphere through a 252 m high chimney. Its outlet exceeds 1,000 m above sea level. The power plant is
supplied from the Coal Mine A.D. Pljevlja.

3.3. Tuzla

Tuzla city, the seat of the Tuzla Canton, is the third largest city in Bosnia and Herzegovina after Sarajevo and
Banja Luka. The city is home to more than 80,000 inhabitants and represents the economic and scientific
centre of north-eastern Bosnia.
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Figure 3: Location of samples taken in the surroundings of Tuzla, Bosnia and Herzegovina on a Google Earth map with
awind rose for this region (on the upper part of the figure).

Samples were taken close to one of the ash ponds on the edge of Tuzla as is visible on the map (see map
at Figure 3). The ash pond serves Tuzla Power station which is the largest coal-fired power plants in Bosnia
and Herzegovina. The power station has an installed electric capacity of 715 MW (without two 32 MW units
that do not operate) and it produces around 3.1 TWh of electricity per year. In addition, it supplies heat for
Tuzla and Lukavac. The plant burns 330,000 tonnes of coal annually. Units 1-6 are supplied from the Kreka
and Banoviéi mines.

]

3.4. Zenica

Zenica is the fourth biggest city in Bosnia and Herzegovina. It lies in Zenica-Doboj Canton, 70 km from
Sarajevo on the river Bosna. Zenica is home to around 73,000 inhabitants. The steelworks in Zenica was
a state-owned factory built by the Socialist government. The steelworks, which extends over almost 30 km?,
employs around 3,000 people (before the war the production provided 22,000 working places for people
from a wider area). The production capacity is 1 million tonnes annually. The direct negative impact of whole
the industrial complex in Zenica affects the health and life of more than 130,000 people (Arnika — Citizens
Support Centre 2015).

Samples were taken in the surroundings of the steelworks (see maps at Figures 5 and 6, page 15).



4. THEWESTERN BALKAN STATES, EU,AND
OTHERLIMITS FORPOPS IN EGGS

hicken eggs are a quite common part of the diet in many countries including the Western Balkan states.

Itis also common that people raise their own chicken and partly sell surplus chicken eggs at markets as
raw eggs or as food in public restaurants. Limits for POPs in chicken eggs applied in Bosnia and Herzegovina
are summarized in Table 2. There is same limit value for PCDD/Fs and PCBs in Bosnia and Herzegovina as
in the EU (Bosnia and Herzegovina 2014)(see Table 2). This applies also to limit values for OCPs like DDT
or HCHs. For mercury we found for example the limit value used in Kazakhstan. There is no limit set up for
mercury content in eggs within the EU or in the three Western Balkan countries in which the egg samples
presented in this study were collected.

Table 2: Limit concentration values for OCPs, mercury, PCBs and PCDD/Fs TEQs in chicken eggs

_

WHO-PCDD/Fs TEQ

WHO-PCDD/Fs-dI-PCB TEQ 5.0

PCBs® 40

DDT total® 50

v-HCH (lindane) 10

o-, B-HCH 20,10

HCB 20

Mercury 20

2 EURegulation (EC) N®1259/2011

Regulation (EC) N°149/2008. Maximum residue level (MRL) means the upper legal level of a concentration for a pesticide residue in or
on food or feed set in accordance with the Regulation, based on good agricultural practice and the lowest consumer exposure necessary
to protect vulnerable consumers.

sum of PCB28, PCB52, PCB101, PCB138, PCB153 and PCB180

sum of p,p”-DDT, o,p"-DDT, p,p"-DDE and p,p’-DDD

Kazakhstan SanPin Hygienic safety requirement and nutrition value for food from11.06.2003 .

not clear whether calculated for fat content or not

for each congener is MRL set separately

*N O 0

3
*



5. RESULTS

he results of the analyses by using DR CALUX are summarized in Table 3. The results of the analyses for

other POPs and congener analyses by using HRGC-HRMS are summarized in Table 4. There are also few
results for analyses of mercury content in selected samples of eggs in Table 4. The graph in Figure 7 com-
pares the results of the analyses for 6 PCB indicator congeners. The graph also shows a comparison with the
EU limit value for PCB content in chicken eggs. Free range chicken eggs from Belarus, China and Kazakhstan
were also analyzed using the same methods (Petrlik, Kalmykov et al. 2015). So we can compare data from
the hot spots in three Balkan states with similar locations in other countries as well. The results for DDT on
a fresh weight basis are summarized in Table 6 and compared with the respective EU limit value.

5.1. Dioxins (PCDD/Fs) and dioxin-like
PCBs measured by DR CALUX

Some samples of chicken eggs collected at hot spots in Western Balkan states during field visits in 2015 were
screened for dioxins and dioxin-like PCBs by using the DR CALUX method in the BDS laboratory, Amster-
dam. The results are summarized in Table 3.

Table 3: Results of DR CALUX bioassay analyses for both PCDD/Fs and DL PCBs for samples from Bosnia and Herzegovina,
Montenegro and Serbia. Data arein pg BEQg™ fat.

PCDD/Fsand DL PCDD/Fs (DR
mm

ZEN-15/1 Gracanica (Zenica) Bosnia and Herzegovina

BiH-E-01 Divkovici | (Tuzla) Bosnia and Herzegovina 7.7 5.6
BiH-E-02 Divkovici Il (Tuzla) Bosnia and Herzegovina 6.5 4.3
PLZ-E1+E2+E3 PluZine—Orah Montenegro 0.98 0.34
SRB-EGG-02and 03 féi?:ﬁiﬁl'o Serbia 7.0 5.2

Usc¢e—Gorjaca—Gola

ARG e Bara (Obrenovac)

Serbia 4.4 2.2

When PCDD/Fs levels determined by the DR CALUX method are discussed, the following has to be con-
sidered. This cell based reporter gene assay is a validated method for screening for PCDD/Fs and DL PCB
contents in food according to EU Commission Regulation EC/252/2012 (European Commission 2012). Screen-
ing methodologies are usually used to exempt those samples that are below the maximum permitted limit
(i.e. that are compliant with the limit) and that can, therefore, be released to the market. In addition, one
needs to select those samples that require confirmation (i.e. are suspected to be non-compliant) of their
PCDD/Fs TEQ level. When bioassays are used as screening tools, the interpretation of the obtained results
should consider the higher variability associated with them (van Overmeire, van Loco et al. 2004, Gasparini
M 20m).

Six pool egg samples were analyzed using the DR CALUX method for determination of dioxin activity in
total. Among those only two samples, one from PluZine and one pooled sample from Usée — Gorjaca — Gola
Bara in Obrenovac region were below limits set up by the EU also used for consideration of results obtained
by DR CALUX analyses. All other four samples were above 5 pg BEQ g fat level for total PCDD/Fs and DL
PCBs content. The highest level of 12 was measured in chicken eggs from Gracanica near Zenica, east of the
metallurgical plant. The level observed in these eggs is comparable with some samples from Balkhash,



Kazakhstan, however in some pooled samples of chicken eggs collected there were also much higher levels
of PCDD/Fs and DL PCBs measured by DR CALUX method at some sites in Balkhash (Petrlik, Kalmykov et al.
2015).

5.2. Dioxins (PCDD/Fs), PCBs and other POPs
measured by gas chromatography methods

GCMS-HRMS analyses were chosen for bigger number of pooled chicken egg samples. All samples were also
analyzed for other POPs, group of OCPs: hexachlorobenzene (HCB), hexychlorocyclohexanes (HCHs) and
DDT and its metabolites. HCB is also considered to be unintentionally produced POP (U-POP) in the same
processes as dioxins and DL PCBs (Stockholm Convention on POPs 2008), although it is commonly measured
together with other OCPs. Nine pooled samples of eggs were analyzed for PCDD/Fs and DL PCBs in total and
twelve samples of eggs and one cheese sample for other POPs. Nine samples, including cheese were also
measured for mercury content. The results are summarized in Table 4.

Table 4: Summarized results of analyses for POPs and mercury for thirteen pooled free range chicken eggs samples and one
cheese sample. There are also EU limit values for comparison. (Table continues on page13.)
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ZEN15/2
Sample ZEN  ZEN  oeN ZEN - ZEN - piiEor BiHEoz X PLZ-
1 151 - 15/3 15/5 E1+E2+E3  E4+E5+E¢
Fat content 115 157 141 1.5 15.6 12.3 15.6 12.5 10.6
PCDD/Fs (pg WHOTEQ 1.93 2.40 5.57 4.73 3.86 2.51 NA NA NA
g’ fat)
DL PCBs (pg WHOTEQ 5.15 155  3.09 3.56 3.75 1.56 NA NA NA
g’ fat)
Total PCDD/F + DL PCBs
(pg WHO TEQ ¢ fat) 7.08 395 8.66 8.29 7.61 4.07 NA NA NA
PCDD/Fs and DL PCB (DR
CALUX); (pg BEQ g fat) NA NA 12 NA NA NA 6.5 0.98 NA
PCDD/Fs (DR CALUX);
NA NA 8.8 NA NA NA 4.3 0.34 NA
(pg BEQg™ fat)
HCB (ng g" fat) <1.00 113 118 1.06 2.65 1.55 1.52 2.27 1.36
7 PCB (ng g" fat) NA 2.97 12.78 14.69  14.45 NA 16.67 0.73 5.21
6 PCB (ng g fat) NA 231  10.03 12.97 12.62  19.38 15.06 0.59 3.01
sum HCH (ng g™ fat) NA 035 2.51 0.27 0.12 o 3.23 0.54 o
sum DDT (ng g fat) NA 3.81 341 144.6  172.73  6.85 933.48 1.83 0

Hg(ngg") NA NA NA NA NA 14 3 1 1



Free range eggs have
been found to be
sensitive indicators of
contamination in soils and
are an important exposure
pathway from soil pollution
to humans.
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Sample PLLECCS.01 SRB-  SRBECG-02+ SRBEGG-04+ MN

ECG-01 SRB-EGG-03 05+ 06 cheese
Fat content 10.2 13.6 12.6 17.2 32.2
PCDDY/Fs (pg WHOTEQ 0.20 11.14 3.31 NA NA 2.50
g-1fat)
DLPCBs (pgWHOTEQ 238 158 NA NA
g-1fat)
Total PCDD/F + DL PCBs
(pg WHO TEQ g1 fat) 0.26 13.51 4.89 NA NA 5.00
PCDD/Fs and DL PCB (DR
CALUX); (pg BEQ g-1 fat) NA NA 7.0 4.4 NA 5.00
PCDD/Fs (DR CALUX);
(pg BEQ g-1 fat) NA NA 5.2 2.2 NA 2.50
HCB (ng g-1fat) 0.43 5.39 212 1.73 4.4 20.00
7 PCB (ng g-1 fat) o 5.22 1.64 5.45 o -
6 PCB (ng g-1 fat) 0 2.06 1.13 2.9 0 40.00
sum HCH (ng g-1 fat) 0.24 0.55 0.57 0.68 0.26 -
sum DDT (ng g-1 fat) 5.14 84.2 106.95 119.2 6.91 -

Hg (ng g-1) 2 1 2 3 1 -



5.3. Dioxins (PCDD/Fs) and dioxin-like PCBs (DL PCBs)

Dioxins belong to a group of 75 polychlorinated dibenzo-p-dioxin (PCDD) congeners and 135 polychlorinated
dibenzofuran (PCDF) congeners, of which 17 are of toxicological concern. Polychlorinated biphenyls (PCBs)
are a group of 209 different congeners which can be divided into two groups according to their toxicological
properties: 12 congeners exhibit toxicological properties similar to dioxins and are therefore often referred
to as ‘dioxin-like PCBs’ (DL PCBs). The other PCBs do not exhibit dioxin-like toxicity but have a different toxi-
cological profile and are referred to as ‘non dioxin-like PCB’ (NDL PCBs) (European Commission 2011). Levels
of PCDD/Fs and DL PCBs are expressed in total WHO-TEQ calculated according toxic equivalency factors
(TEFs) set by WHO experts panel in 2005 (Van den Berg, Birnbaum et al. 2006). These new TEFs were used to
evaluate dioxin-like toxicity in nine pooled samples of chicken eggs from three Balkan states.
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Figure 4: Graph showing comparison of total PCDD/Fs + DL PCBs, and PCDD/Fs only in pg WHO-TEQ g" of fat for different
pooled chicken eggs samples from Zenica (Bosnia and Herzegovina), Tuzla (Bosnia and Herzegovina), Pluzine (Montenegro,
background location) and Obrenovac (Serbia), measured by GCMS—-HRMS.

Six out of nine samples from Western Balkan states exceeded the EU ML of PCDD/Fs congeners in chicken
eggs, (compare Tables 4 and 2 and see graph at Figure 4) and five samples exceeded the EU limit value for
both PCDD/Fs and DL PCBs in chicken eggs (European Commission 2011). The background levels for PCDD/
Fs and DL PCBs measured in chicken eggs from Pljevlja were 0.20 and 0.06 pg WHO-TEQ g" fat, respec-
tively (see also the discussion about background levels further in chapter 4.1). The highest level of dioxins
(11.14 pg WHO-TEQ g fat) was measured in the sample from the Grabovac | site, near Obrenovac, and the
second highest level (5.57 pg WHO-TEQ g fat) was measured in the sample from Tetovo (ZEN 15/2 + ZEN
15/4), near the steelworks of ArcelorMittal in Zenica. In both samples the toxicity of PCDD/Fs exceeded the
total WHO-TEQ value for PCB congeners. Most of the egg samples showing high levels of total WHO-TEQ
had a prevalence of PCDD/Fs share over DL PCBs on total WHO-TEQ, as shown by the graph in Figure 3. This
doesn't apply to two samples from Zenica (ZEN 1 and ZEN 15/5).

We tried also to answer the question: How many free range chicken eggs can be eaten by an adult man or
woman with an approximate body weight of 70 kg and how many of them can be eaten by a 10-year-old child



with an approximate body weight of 35 kg? We stick to the lower bound of TDI of 1 pg WHO-TEQ/kg of body
weight per day (van Leeuwen, Feeley et al. 2000) in our calculation, bearing in mind that dioxin and DL PCBs
occur not only in eggs but also in other food according to data available for the region (Petrovi¢, Jovanovic et
al. 2008, Aslan, Kemal Korucu et al. 2010). The calculation was made by using the following formula: N adult
=70g WHO-TEQ / (pg WHO-TEQ g™ fresh weightx50 g); N 10years = 35g WHO-TEQ / (pg WHO-TEQ g™ fresh
weightx50 g). The results are summarized in Table 5. The calculations are based on the precondition that one
chicken egg weight is on average 50 g and the TDI for PCDD/Fs and DL PCBs is within the range of 1—4 pg
WHO-TEQ/kg of body weight per day (van Leeuwen, Feeley et al. 2000).

Table 5: Calculation of suggested maximum consumption of free range chicken eggs from pool samples by adults and/or
10-year-old children per day in order to meet the TDI lower bound level for PCDD/Fs and DL PCBs, which is1pg WHO-TEQ/kg
body weight/day.

ZEN15/2 SRB SRB-EGG-02
+ZEN EGC-01 +SRB-
15/4 EGG-03

Fat content 1.2 157 14.1 1.5 15.6 12.3 10.2 13.6 12.6

pg TEQg of fat 7.08  3.95 8.66 8.29 7.61 4.07 0.26 13.51 4.89

TEQg™ fresh

P Qg fres 079 0.62 1.22 0.95 1.19 0.50 0.03 1.84 0.62

weight

pg TEQin1egg 39.45 30.99 61.07 47.68  59.38 25.03 1.32 91.89 30.80

Number of eggs

per adult / day 1.8 23 1.2 1.5 1.2 2.8 53 0.76 2.3

Number of eggs

per1oyearold 0.89 1.1 0.57 0.73 059 1.4 27 0.38 1.1

child /day

Figures 5 and 6: Locations of samples taken in the surroundings of Zenica on Google Earth map with marked levels of PCDD/
Fs and DL PCBs measured in pooled chicken egg samples (on the left Figure 5) and maximum amount of eggs consumed
perday in order to meet the WHO's TDI for adults and for 10-year- old children in brackets (on the right, Figure 6). For the
explanation of the calculation see the text and Table 5.



Appart the eggs collected in Pljevlja, where the PCDD/Fs and DL PCBs were at a level considered as a back-
ground level in general (DiGangi and Petrlik 2005, Petrlik, Kalmykov et al. 2015), all other locatios showed
considerably high levels of dioxins and dioxin-like PCBs and their consumption should be minimized. The
most critical situation is in Grabovac I, where the calculation suggested that three quarters of an egg can
be consumed per day by adults. The contamination of eggs from Zenica is also quite serious. Evaluation of
levels of dioxin-like compounds in eggs from that area is shown on maps at Figures 5 and 6. It is clear that
contamination of eggs is higher in the valley where the steelworks are located while the side of the valley
has a slightly lower level of dioxin like compounds in free range chicken eggs.

The total WHO-TEQ levels of PCDD/Fs and DL PCBs in samples from selected hot spots in three West-
ern Balkan states varies. The total WHO-TEQ level in the pooled egg sample from Pljevlja is comparable to
those generally considered as background levels, as mentioned already above. The levels of PCDD/Fs and
DL PCBs in one sample from Zenica (ZEN 15/1), one sample from Grabovac Il in the Obrenovac area (SRB-
EGG-02 + SRB-EGG-03) as well as in a sample from Tuzla — Divkovici | (BiH-E-01) were below the EU MAC and
are not considered as high, however the level of PCDD/Fs expressed in the WHO-TEQ from Tuzla exceeded
very slightly the EU MAC set just for PCDD/Fs. The samples from Zenica and Obrenovac belong to those with
quite elevated levels of PCDD/Fs and DL PCBs in comparison with the collection of samples from IPEN”s The
Egg Report from 2005, and comparable with samples from Bolshoy Trostenec, Belarus (waste dumpsite),
Barangay Aguado, Philippines (medical waste incinerator), Santos, Mozambique (cement kiln) or Mossville,
USA (petrochemical complex) (DiGangi and Petrlik 2005, IPEN Dioxin PCBs and Waste Working Group, Cav-
ite Green Coalition et al. 2005, IPEN Dioxin PCBs and Waste Working Group, Foundation for Realizaiton of
Ideas et al. 2005, IPEN Dioxin PCBs and Waste Working Group, JA! Justica Ambiental et al. 2005, IPEN Dioxin
PCBs and Waste Working Group, Mossville for Environmental Action Now et al. 2005). Putative sources of
dioxin and dioxin-like PCBs contamination at selected Balkan hot spots are considered in the discussion sec-
tion below.

5.4. Polychlorinated biphenyls (PCBs)

None of the thirteen free range chicken eggs samples from the hot spots in the three Balkan states exceeded
the EU limit for 6 PCB indicator congeners in hen eggs. Elevated levels above 10 ng g” fat were observed in
samples of eggs from Tuzla and Zenica. 6 PCB congeners in sample BiH-E-01 from Tuzla reached half of the
EU limit (see the graph in Figure 7).

Figure 7: Graph comparing 6 PCB congener levels in different pooled chicken eggs samples from three Balkan states (full set
of results is in Table 4).



5.5. Organochlorinated pesticides (OCPs)
EU limits for pesticide residues, including OCPs in chicken eggs, are set per fresh weight of egg. A compar-
ison of DDT metabolites in twelve samples of chicken eggs and one cheese sample from Western Balkan
states is in Table 6. The highest observed level of 4 DDT metabolites (145.44 ng g" fw.) in eggs from Tuzla
(BiH-E-02) was three times higher than the EU limit. DDT in eggs collected close to the steelworks in Zenica,
Bosnia and Herzegovina was also very close to the limit value (47.71 ng g" fw.). Significantly elevated levels
of DDT were observed also in samples from the Obrenovac area, Serbia as well as from Zenica, Bosnia and
Herzegovina (see Table 6).

The sum of o-HCH, y-HCH, and -HCH was within the range of 0.02 — 0.45 ng g fresh weight. None of
the samples exceeded EU limit values for individual congeners (10—20 ng g" fresh weight). The highest level
of HCHs was measured in free range chicken eggs BiH-E-02 from Tuzla.

Table 6: Summarized results of analyses for DDT and its metabolites for twelve pooled free range chicken egg samples and
one cheese sample from three Balkan states. There are also EU limit values (European Commission 2008) for comparison.
These results are expressed in ng g-1 fresh weight because EU limits are set for fresh weight for OCPs.

SRB-EGG-01
SRB-ECG-02 +
SRB-ECG-03
SRB-EGG-04 + 05
+06

= 0
N u
+ ]
8 &
e u
=

i N
N -}

Sum of

DDT 0.63 48.09 16.65 26.95 110 145.62 0.32 0.05 0.83 13.16  16.71 18.62 1.1

Sum of

0.61 71 16.6 26.8 1.08 145. 0.31 0.0 0.82 13.1 16.6 18.60 1.0
DDT (EU) 47.7 3 3 45.44 3 3 3.14 9 9

5.6. Mercury

The highest level of mercury (14 ng g* fw.) was measured in the pooled eggs sample from Tuzla (BiH-E-01).
This result complements findings by Sir (2015), that: “Higher concentrations of heavy metals (nickel, chromium,
cadmium, arsenic and mercury) in soils and sediments were found in the closer distance from the ash depositions ...".
14 ng g" is higher than the level of mercury measured in eggs from Rostovka close to the Nura river which is
contaminated with mercury. Levels of mercury in other egg samples from Western Balkan states were much
lower (see Table 4). The source of mercury contamination could be e.g. the chlor alkali plant in Tuzla or the
coal-fired power plant.



6. DISCUSSION
6.1. Background levels of POPs in eggs

e did not analyse levels of unintentionally produced POPs in free range chicken eggs sample from

PluZine, considered as a background location with regards to POPs, by using the GCMS — HRMS
method® but there were low levels of dioxin, PCBs and HCB in eggs from the Pljevlja hot spot located in Mon-
tenegro. The levels of POPs in this sample were lower for PCDD/Fs and DL PCBs as well as for HCB, and NDL
PCBs (DiGangi and Petrlik 2005), compared to those observed in the background samples from other studies
of POPs in chicken eggs, although it does not come from a non-industrialized remote area. A comparable
low level of PCDD/Fs + DL PCBs was measured for example in commercial eggs from Turkey (Aslan, Kemal
Korucu et al. 2010), while a higher level of 0.90 pg WHO-TEQ g of fat was observed in eggs from a supermar-
ket obtained in Karaganda, Kazakhstan (Petrlik, Kalmykov et al. 2015). So we suggest considering levels of
U-POPs observed in free range chicken eggs in Pljevlja as background levels for the region, while considering
the levels of DDT 0; 1.83 ng g of fat) and HCHs (0; 0.53 ng g™ of fat) observed in two free range chicken eggs
samples from Pluzine as background levels for the region. HCB concentrations (1.36; 2.27 ng g" of fat) in the
eggs from Pluzine — Orah were higher, in comparison with sample from Pljevlja (0.43 ng g” of fat). Levels
of PCDD/Fs and DL PCBs in eggs from PluZine (see chapter 3.1.) which were analysed only by using the DR
CALUX method were comparable to the egg sample from the supermarket in Karaganda mentioned above.

3 PCDD/Fsand DL PCBs were measured by DR CALUX bisoassay method in eggs from PluZine (see chapter3.1).

PEEEEER AN

Figure 8: Share of PCDD and PCDF congeners on total WHO-TEQ values in different free range chicken eggs (in darker
colours) and two other matrix samples (bars in less intense colour). Sources of information: for data on eggs (IPEN Dioxin
PCBs and Waste Working Group, Eco-SPES et al. 2005, IPEN Dioxin PCBs and Waste Working Group, Envilead et al. 2005,
IPEN Dioxin PCBs and Waste Working Group, Foundation for Realizaiton of Ideas et al. 2005, IPEN Dioxin PCBs and Waste
Working Group, Periyar Malineekarana Virudha Samithi— PMVS et al. 2005); for other than egg samples data (Sam-Cwan
2003, Winkler 2015).



6.2. Dioxin congener patterns and
putative sources of pollution

We can compare dioxin congener patterns in free range chicken eggs with their typical patterns for certain
types of pollution sources in order to get closer to discovery of their sources at the studied sites. The graph
in Figure 8 shows the share of PCDD and PCDF congeners against total WHO-TEQ levels of PCDD/Fs in egg
samples and two non-egg samples (air emissions from a lead smelter or the content of PCDD/Fs in asbestos
cement fibre plates). There are egg samples from a previous IPEN report where the most likely dioxin sourc-
es were identified. The division between PCDD and PCDF congeners in toxic equivalents is used as one of the
criteria for a basic classification of potential sources (Sam-Cwan 2003, Yoon-Seok 2003). However, it can be
only used as basic information; further analysis of the dioxin congener pattern is needed.
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Figures 9—13: Dioxin congener patterns for free range chicken samples from the broader Zenica area.
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ArcelorMittal is one of the major polluters in Bosnia and Herzegovina. While the steelworhs is located in
the deep valley, villages occupy hills all around smoking chimneys. Photo: Adéla Turkovd / Arnika

6.2.1. Zenica

The even balance between PCDD/Fs and PCBs congeners against total WHO-TEQ levels within samples from
Zenica show that putative sources of pollution can vary in different parts of the valley/households. It is clear
that there is not only one single source of contamination of free range chicken eggs in Zenica area when we
compare dioxin congener patterns for these samples (see graphs in Pictures 9—13). Only three of them, ZEN
15/2 + 4, ZEN 15/3, and ZEN 15/5 are closer each to other and show similarities to some extent. OCDD dom-
inates those patterns. This congener is dominant also in sample ZEN 15/1, however that sample has a very
different share of PCDD and PCDF against total WHO-TEQ level in comparison with other samples from the
Zenica area (see Figure 8). The prevalence of PCDFs shows some combustion sources of pollution by dioxins
(Everaert and Baeyens 2002). They can vary from open burning of waste to metallurgy. Most likely there will
be multiple sources of pollution by PCDD/Fs however the decreasing level of WHO-TEQ in free range chicken
eggs in a side valley could mean that the steelworks are a significant source of dioxin contamination, al-
though they are probably not the only source of dioxin pollution.
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6.2.2. Obrenovac

Dioxin congener patterns for two samples from Obrenovac (see Figures 14 —15) are specific and differ even
more than the samples from Zenica. A higher level of total WHO-TEQ was observed in sample SRB-EGG-o01,
from the localition on south east of the Nikola Tesla power plant and its ash pond (see map at Figure 2). It
is in the opposite direction of the prevailing winds. Also the prevalence of PCDD congeners over PCDF con-
geners in sample rather points to chemical production as a potential source of contamination of eggs (see
graph on Figure 8) like for example in eggs from Mbeeubeus, Senegal (IPEN Dioxin PCBs and Waste Working
Group, Pesticide Action Network (PAN) Africa et al. 2005) or Mossville, USA (IPEN Dioxin PCBs and Waste
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Figures 14 -15: Dioxin congener pattern for two pooled free range chicken eggs samples from the Obrenovac area, Serbia.



Working Group, Mossville for Environmental Action Now et al. 2005). We didn't find a specific dioxin pattern
close to that one for sample from Grabovac (SRB-EGG-01) and we are not aware of any location with obsolete
chemicals close to this place. The chicken owner doesn't buy additional food for the chickens and the chicken
house is not painted. We can exclude these pathways as potential source of contamination of eggs. One of
the options might be residual contamination in soil after floods brought from other distant place and/or
residual contamination after the Kosovo conflict (UNEP and UNCHS 1999). The other sample from nearby
(SRB-EGG-02 + 03) has a prevalence of PCDFs, which rather points to combustion sources of dioxin pollution
(Everaert and Baeyens 2002) and also the level of PCDD/Fs in the egg sample was lower (see chapter 3.1).
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Figure 16: Dioxin congener pattern for free range chicken eggs sample from Tuzla.

6.2.3. Tuzla

The dioxin congener pattern in egg samples from Tuzla (see Figure 16) is similar to those from Balkhash —
Rembaza (Petrlik, Kalmykov et al. 2015) (see Figures 17 —18) to some extent, however they are not identical.
The prevalence of PCDF congeners and OCDD points to large combustion sources of potential pollution by
dioxins in these cases (Everaert and Baeyens 2002, Petrlik, Kalmykov et al. 2015), however most likely there
are multiple sources of pollution by dioxins in Tuzla, including large combustion plants, and potential burn-
ing of wastes in households. Also the nearby chlorine chemical plant cannot be excluded.



6.3. Large coal combustion plants as potential
sources of dioxin pollution

Both the metallurgic industry and coal fired power plants are signicant sources of dioxin, and other unin-
tentionally produced POPs, and are listed as such also in Annex C to the Stockholm Convention # (Stockholm
Convention 2010). They are also listed in the Dioxin Toolkit (UNEP and Stockholm Convention 2013) as such,
and accompanied with specific emission factors for PCDD/Fs released to all environment compartments.

Fernandez-Martinez et al. Fernandez-Martinez, Lopez-Vilarifio et al. 2004) studied PCDD/Fs releases
from power plants in Spain with the following result: “A total of five plants were selected for the study located at
different provinces in Spain. In all the cases, the results revealed very low levels, in the range of 0.41 pg I-TEQ m*. The pro-
file indicated in the majority of the cases predominance of highly chlorinated congeners being OCDD the most important
contributor. The findings were also used to estimate contribution of PCDDs/PCDFs emitted from coal-fired power plants
in Spain. Individual plant results revealed values below 0.02 g I-TEQ per year and plant. Nevertheless, considering the
total coal consumption in Spain in 1997, the values are comparable to those reported in other countries in the range of
0.6-0.74 I-TEQ per year. Data in Czech PRTR system reported for 2014 show values up to 0.55 g I-TEQ per year
per one coal-fired power plant (IRZ 2015).

Another report from Poland
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Figure 17: Graph showing development of PCDD/Fs emissions from combustion

sources in Montenegro for the period 2006 -2010, calculated by using CLRTAP ured in UK plant tests showed that
emission factors. Source: (Ministry of Sustainable Development and Tourism well-controlled modern combustion
2013).Graphisindicatedin g I-TEQ per year. plants with comprehensive pollution

controls gave low emissions, typically
about 5-10% of the toxic equivalent of the emissions of polychlorinated dibenzodioxins and dibenzofurans at the same
plants and below the widely used standard of 0.1 ng TEQ m>.“ (Dyke, Foan et al. 2003).

Specific measurements of PCDD/Fs releases from coal burning power plants in any of the three studied
Western Balkan states are virtually non-existent. The Serbian National Implementation Plan for the Stock-
holm Convention (Ministry of Environment and Spatial Planning of the Republic of Serbia 2010) doesn't
mention coal-fired power plants in its dioxin releases inventory despite the fact that it is listed among signif-
icant sources of pollution by PCDD/Fs. Cudié¢, Kisi¢ et al (2007) looked at levels of different contaminants in
fly ash from the Obrenovac (Nikola Tesla) power plant and found content of PCDD/Fs less than 5 pg TEQ g”
of dry mass. The analysis of the deposited fly ash done for this study didn't find level of PCDD/Fs above LOQ

(LOQ=0.9pg TEQg).

4 Stockholm Convention Annex C, Part Il and Part 11



The National Implemen-
tation Plan for Stockholm
Convention for Montenegro
calculates total emissions of
PCDD/Fs from combustion
sources as is shown on graph
in Figure 19. This calculation
is based on default emission
factors developed within the
framework of the Convention
on Long Range Transboundary
Air Pollution (CLRTAP).

In the light of the above
mentioned reports we come

to the conclusion that also in
Dumpsite of the power plant in Plevlja, Montenegro, looks like the cases of free range chicken

moonscape and stretches for kilometers. eggs from both the Obrenovac

Photo: Jitka Strakovd, Arnika and Tuzla broader areas which

contained significant levels of

PCDD/Fs and DL PCBs, the local coal fired power plants and their ash deposits should be considered as one

of contributing sources to this contamination, however further investigation is needed to discover all major
dioxin pollution sources in these areas.

Formation of polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs) can be accompanied by
formation of polybrominated dibenzo-p-dioxins and dibenzofurans (PBDD/Fs) or polyhalogenated diben-
zo-p-dioxins and dibenzofurans,
depending on the presence and
balance of chlorine and bromine
in the coal or the combustion
process (Lemieux and Ryan 1998,
Lemieux, Stewart et al. 2002).
While chlorine or bromine content
in the coal enhances formation
of dioxins, sulfur inhibits it (Pan-
delova, Lenoir et al. 2005), so the
content of different elements in
coal is important information with
regards to the evaluation of the
potential of burning certain coal
typed for leading to halogenated
dioxin formation. We did not have
the information about the full set
of elements contained in coals
burned in power plants in Pljevlja,
Obrenovac and Tuzla.

A huge fly ash dumpsite in the vicinity of the Nikola Tesla thermal
power plant in Obrenovac, Serbia. Photo: Jitka Strakovd, Arnika




“Resettle us or the power plant” - citizens of Tuzla,
Bosnia and Herzegovina, demanded in 2013 in
reaction to the catastrophic air pollution.

Photo: Centar za Ekologiju i Energiju Tuzla (www.ekologija.ba)

7. CONCLUSIONS AND RECOMMENDATIONS

OPs contamination in some free range chicken eggs from Bosnian and Serbian hot spots shows that

there are significant sources of pollution by dioxins and dioxin like PCBs as well as significant levels of
DDT in the environment at some places in Tuzla, Zenica, and the Obrenovac area in particular. High levels of
PCDD/Fs and DL PCBs were found in free range chicken egg samples from the Obrenvac and Zenica areas.
More than half of the samples exceeded the EU MAC for PCDD/Fs and DL PCBs in chicken eggs. More regular
monitoring of dioxins and DL PCBs in food samples should be undertaken by the national authorities.

Identical Bosnian and EU MAC for PCDD/Fs and DL PCBs for chicken eggs used in this study were exceed-
ed more often than those for OCPs. None of the egg samples exceeded MAC for 6 PCB congeners. High levels
of dioxins and dioxin-like PCBs in free range chicken eggs from Tuzla confirm serious contamination of the
city by these pollutants at least in some areas.

Apart the eggs collected in Pljevlja, where the value of PCDD/Fs and DL PCBs was at a concentration con-
sidered as background level in general (DiGangi and Petrlik 2005, Petrlik, Kalmykov et al. 2015), all other
locations showed considerably high levels of dioxins and dioxin-like PCBs and their consumption should be
minimized. Most critical is the situation in Grabovac and Zenica. Dioxin-like compounds in free range chick-
en eggs in the sample from Grabovac allow consumption of only three quarters of an egg per day for adults
and one third of an egg per day for 10-year-old children.



It is clear that contamina-
tion of eggs in Zenica by PCDD/
Fs and DL PCB:s is higher in the
valley where the steelworks
are located while the side
of the valley has somewhat
lower levels of dioxin like com-
pounds in free range chicken
eggs; however there may be
several sources of pollution by
dioxins.

In the light of the studies
mentioned in the discussion
part of this study we come to
the conclusion that also in the
cases of free range chicken
eggs from both the Obrenovac
and Tuzla broader areas which
contained significant levels of
PCDD/Fs, local coal fired power
plants and their ash deposits
should be considered as one of
the contributing sources to this
contamination, however fur-
ther investigation is needed to
discover all major dioxin pollu-
tion sources in these areas.

Inhabitants at all selected
hot spots should be warned
before burning wastes in their
household stoves and/or its
open burning as it can be a se-
rious source of pollution of the
environment by POPs.

National plans for address-
ing sources PCDD/Fs and DL
PCBs releases should be devel-
oped. The BAT/BEP Guidelines
of the Stockholm Convention
(Stockholm Convention on
POPs 2008) should be applied
when permitting potential

People are usually not aware of possible contamination of their
food. Chicken fancier from Pljevija, Montenegro, is raising his
chicken just behind the edge of the fly ash dumpsite.

Photo: Jitka Strakovd, Arnika

Because chicken are generally kept in the gardens or yards, their
eggs can contaminate from the soil polluted by the industry. Tuzla,
Bosnia and Hercegovina. Photo: Jitka Strakovd, Arnika

sources of pollution by U-POPs such as metallurgical, chemical, and large coal combustion plants in all three
countries. Special attention should be paid to waste management.

The National Implementation Plan for the Stockholm Convention in Bosnia and Herzegovina has not
yet been submitted to the Stockholm Convention Secretariat (Stockholm Convention 2015). Preparing a NIP
with the cooperation of all stakeholders, and civil society in particular, is a crucial step to addressing POPs

contamination in the country.
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