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1. Introduction

In this study, we present the results of the monitoring of the free-range chicken eggs from selected sites in Kazakhstan contamination by
persistent organic pollutants (POPs). Free 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).

1. BeegeHue

B HacToAweMm nccnegoBaHMM Mbl NpeAcTaBAfAeM pe3y/ibTaTbl MOHUTOPUHIA AWL, Kyp cBOBOAHOro coaepKaHuA, CObpaHHbIX B BbIBPAHHbIX HAMM
mecTax KasaxcTaHa, 3arpsisHeHHbIX CTOMKMMW opraHuyeckmmm 3arpasHutenamm (CO3). Aiua Kyp cBoboaHOro cogepKaHnsa UCNoNb30BasUCh
AN MOHUTOPUHTA ypoBHel 3arpasHeHns CO3 BO MHOTMX NpeallecTByowmx nccnegosanusx (Aslan, Kemal Korucu et al. , Pless-Mulloli, Schilling
et al. 2001, Pirard, Focant et al. 2004, DiGangi and Petrlik 2005, Shelepchikov, Revich et al. 2006, Arkenbout 2014).

Eggs have been found to be sensitive indicators of POP contamination in soils or dust and are an important exposure pathway 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.

PaHee 6b110 06HapYKEHO, YTO ANLA ABNAKOTCA YYBCTBUTE/IbHbIMU MHAMKATOPaMu 3arpasHeHna CO3 B MoYBax UM MNbiAKU, U NPeaCcTaBAsaOT
coboi BaXKHbIN NyTb BO34ENCTBMS OT 3arpA3HEHHOMN NOYBbl HA YE/I0BEKA, M YTO AL U3 3arpA3HEHHbIX Y4AaCTKOB MOTYT 1IerKO MPUBECTU K
npeBbIEHMI0 Nopora BpeaHOro BO3AencTema Ha 340poBbe YyesioBeKa (Van Eijkeren, Zeilmaker et al. 2006, Hoogenboom, ten Dam et al. 2014,
Piskorska-Pliszczynska, Mikolajczyk et al. 2014). Takum o6pasom, Kypbl 1 AL MOTYT ObITb NUCNO/Ib30BaHbI B KAYECTBE NAEa/IbHbIX KAKTUBHbIX
Npob00TOOPHUKOBY U BUONOrMYECKNX BULOB-MHAMKATOPOB A/1A OLLEHKM YPOBHA 3arpasHeHHoCcTH CO3 onpobyembix y4aCTKOB, B YaCTHOCTH,
3arpsasHeHHOCTU AnokcmHamm (NXO4/P) n NMXA.

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 “Empowering the civil society in Kazakhstan in improvement of chemical safety’ and ““Enforcing citizens’ rights and
public participation in decision making on environmental issues — practical implementation of Aarhus Convention in Mangystau’ (further
information about the project can be found at http://english.arnika.org/kazakhstan).

Mcxopa M3 aToro npegnosioxKeHus, Mbl Bbibpann npobooTbop AuL, Kyp CBOBOAHOIO COAEP}KAHMA U UX aHANU3 HA NPEAMET Ha/IMYMUA HEKOTOPbIX
CO3, B KayecTBe 04HOrO U3 UHCTPYMEHTOB MOHUTOPUHIA B pamKax NpoekKTa «PaclwmpeHune npas 1 BO3MOXKHOCTEW rpaxKaaHCKOro obuiectsa no
YAy4LLIEeHNI0 XuMmndeckoi 6esonacHocTu B Pecnybanke KasaxctaH» n «ObecnedyeHne npas rpaxgaH 1 yyactme obLecTBeHHOCTM B MPUHATUN
peLeHni No 3KOIOTMYECKMM BOMPOCAM - MPaKTMYecKoe BHeapeHne OpXycCKOM KOHBEHLMM B MaHrucTay» (40noaHUTeNbHYO MHGOPMaLMIO O
NPOEeKTe MOXKHO HaWTK Ha caiTe http://english.arnika.org/kazakhstan).

The data and analyses of free range chicken eggs discussed in this report were obtained during the period of the two above mentioned joint
projects of Kazakhstani and Czech NGOs. They were obtained during several field visits in 2013 — 2016. The sampled localities are the same or

similar as in some previous reports by Dvorska (2015), Sir (2015) and Petrlik et al. (2016). A general description of samples and sampled
localities can be found in chapter 2.

[aHHble 1 pe3ynbTaTbl aHAM30B ANL, Kyp CBOBOAHOro coaepikaHua, 0bCyKaaemble B HAaCTOALLEM oTYyeTe, HbiNM NOyYEHbI B XO4€e ABYX
BbllUEYKa3aHHbIX MPOEKTOB COBMECTHO Ka3axXxCTaHCKMMM U Yewlckumm HIMO. OHKM Bbinn NolyYEHbI B XO4E HECKOJIbKMX MO/IEBbIX Bbl€34,0B B
nepuog c 2013 no 2016 rr. BbibpaHHble HaceNeHHbIe NYHKTbI ABMAKTCA TEMU Ke, UM NOXOXKUMMU, KaK 1 B HEKOTOPbIX NpeablAyLmX oT4eTax
Dvorska (2015), Sir (2015) u Petrlik et al. (2016). O6miee onucanue Ipod U UCCIEAyeMbIX y4aCTKOB IIpejcTaBIeHo B [nase 2.
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1.1. brarogapHocTH

Monesble nccnenoBaHma, onpoboBaHMe, aHaNU3, HanMcaHWe, co3aaHne 1M neyvaTb 3Ton Ny6AMKaLMM NPOBOANINCE B PAMKax NPOEKTa
«ObecneyeHure NpaB rpaxaaH 1 yyactme obL,ecTBEHHOCTU B NPUHATUM PELLEHNUIN NO 3KOJ0TMYECKMM BONPOCaAM - NPAKTUYecKoe
ocyuiecTsieHmMe OpxyccKon KoHBeHUUK B MaHrucray», puHaHcupyemom EU AID (EuropeAid 2013/331-117). HacToAwmiA NpoOeKT TaKKe
¢uHaHcmpoBaH Transition Promotion Programme MuHucTepcTBa MHOCTPaHHbIX Aen Yewckor Pecnybankm 1 oTaeNbHbIMU TNLAMU KaXKaon U3
OpraHu3aumii, yyacTeytowmx B npoekTe. Mbl TakKe 61arogapHbl 38 COTPYAHMYECTBO TabopaTopmam 3a UX PaboTy N0 XMMUYECKOMY aHaNn3y, B
X0/Ae KOTOPOW OT UX COTPYAHMKOB 3a4acTyto TpeboBancb A0MNONHUTENbHbIE CBEPXHOPMATUBHbIE TPYA03aTPATbl, @ TAKMKE 33 UX IKCNEepPTHbIe
pekoMeHaaunmn. KonnekTne aBTOPOB TaKKe BbICOKO LLEHUT BHELHE He3aMEeTHYH NOAAEPHKKY MHOTMX Nt0AeN, NOMOTLNX HaM cobpaTb 3Ty
nyb6anKkaumio, u xoten 66l nobnarogapuTtb XoTa 6bl HEKOTOPbLIX U3 HUX: MapTuHa CKaNbCKKM - KOOPAMHATOPA NPOEKTOB OT UMEHU APHUKK, AneHy
MaHKoBY M AHHY AHApPEeIYYK - KoopaMHaTopoB NpoekTa oT UMeHn CINEST n 9koMysen, MapTuHy bnaaskosy, accucTeHTa nporpammsl Arnika -
Toxics and Waste Programme n Mapka Cukcmuta, B.Sc. - anpektopa Environmental English, koTopbiii nomor Ham obecrneuynTs A71a 3TOM
ny6/IMKaLMM NOHATHbLIN aHITMNCKNI A3bIK.

1.2. Abbreviations

CokpaweHuna

AAC — Approximately allowed concentrations Op1MeHTMPOBOYHO-A0MYCTUMbIE KOHLEHTPAL MK



AMA — Advanced Mercury Analyser MpoaBUHYTbIN aHaNM3aTOP PTYTU

BDS — BioDetection Systems (laboratory in Netherlands) BioDetection System (nabopaTtopusa B HugepnaHaax)

BGMK — Balkhash Non-Ferrous Metals Processing Plant banxalckuii 3aBog no 06paboTKe LBETHbIX MeTaN108

BEQ — bioanalytical toxic equivalent BuoaHanUTUYECKNIN TOKCUYECKIUIA SKBMBAIEHT

CALUX — chemically activated luciferase gene expression Xumunyeckn akTMBMPOBAHHAA IKCNpPeccus reHa nroundepasbl

CAS — chemical abstracts service registry number (a unique numerical identifier asigned to every chemical substance described in the open
scientific literature) Homep CAS, Xumunyeckoi pedpepaTtmBHOM cnykbi (YHUKANbHbIM YUCN0BOM MAEHTUGUKATOP, MPUCBOEHHDIV KaxKa0My
XMMUNYECKOMY BELLLECTBY, ONMMCAHHOMY B OTKPbITOIN Hay4yHOM nnuTepaTtype)

BTBPE — 1,2-bis(2,4,6-tribromo-fenoxy)ethane 1,2-6uc (2,4,6-Tpubpom-dpeHoKcK) 3TaH

DDD - dichlorodiphenyldichloroethane (a metabolite of DDT) 444, - OuxnopandeHnnanxnopataHd (metabonunt A4T)

DDE — dichlorodiphenyldichloroethylene (a chemical compound formed by the loss of hydrogen chloride from DDT) 443 -
OnxnopandeHnnanxnopaTuaeH (Xmummnyeckoe coeguHeHme, obpasoBaHHOE B pe3y/ibTaTe NOTepu MOJIEKY bl X10pmaa Bogopoaa m3 AA4T)
DDT — dichlorodiphenyltricholoroethane (pesticide) AAT - AuxnopandeHnNTpuxnopoaTaH (nectmuma)

DI —dietary intake noctynneHue c gueton

DL PCBs — dioxin-like PCBs AN MX/A, - anokcmHonogobHble MXA,

d.w. — dry weight cyxaa macca

EFSA — European Food Safety Agency EBponelickoe AreHTCTBO no 6e30nacHoOCTM NPOAOBO/IbCTBUSA

EU — European Union Esponelickuii Coto3

f.w. — fresh weight cbipaa macca

GC — gas chromatography rasosasa xpomatorpadwus

GEF — Global Environment Facility Tno6anbHbi 9Konormyeckmin ®oHg,

GoK — Government of Kazakhstan Mpasutensctso Pecnybamku KasaxctaH

GPC - gel permeation chromatography renb-npoHuKatowas xpomoTtorpadums

GPS - global positioning system GPS - rnobanbHaa HaBUrauMOHHaA CNYTHUKOBaA CUCTEMA

HBCD — Hexabromocyclododecane IbLLL, - rekcabpomumnKknogonekax

HBB - hexabromobenzene b6 - rekcabpombeHson

HCB — hexachlorobenzene 'Xb - rekcaxnopbeHson

HCBD — hexachlorobutadiene 'XB/1 - rekcaxnopbytaguneH

HCHs — hexachlorocyclohexanes (pesticides and their metabolites) XL - rekcaxnopumnKnorekcaH (nectuumabl n X MeTabonunTbl)
HpCDD — heptachlorodibenzo-p-dioxin 'nXA4/4 - lrentaxnopambeH3o-n-AM0oKCUH



HpCDF — heptachlorodibenzo-p-furan rX4® - lrentaxnopgmbeHso-n-dpypaH

HRGC-HRMS — high resolution gas chromatography — high resolution mass spectroscopy Naszosaa xpomaTtorpadua BbICOKOro paspeLleHums -
MaCC-CMeKTPOCKOMNMSA BbICOKOTO paspeLleHuns

HxCDD — hexachlorodibenzo-p-dioxin X4/ - NekcaxnopanbeH3o-n-guoKCcuH

HxCDF — hexachlorodibenzo-p-furan NX4® - NekcaxnopanbeHso-n-dypaH

IPEN — International POPs Elimination Network IPEN MexayHapogHas ceTb no avksmngaumm CO3

IARC - International Agency for Research on Cancer MexgyHapoaHoe areHTCTBO No MUcCief0BaHUIO paka

INC — Intergovernmental Negotiating Committee (normaly set up for negotiations of new international convention) MenpaBuUTeNbCTBEHHbIN
KOMUTET A5 BeAeHUs nNeperoBopos (06bI4HO co3aaBaemMblin A8 MEPErOBOPOB O HOBOW MEXAYHapOAHOM KOHBEHLNM)

LOD — limit of detection MNpegen obHapyKeHuA

LOQ - limit of quantification MNpeaen KonnyecTBEHHOro onpeaeneHua

MAC — maximum acceptable (allowable) concentration MNpeaenbHo AonycTUMas KOHLEHTpaLUMS

ML — maximum level MaKkcrmasnbHbIl YpOBEHb

MRL — maximum residue level MakcMmanbHbIN ypOBEHb OCTAaTKOB

NA — not analyzed He aHanu3supoBanca

NGO — non-governmental organization (civil society organization) HenpasutensctseHHasa opraHusaums (opraHmM3auma rpaxaaHcKoro
obuecrsa)

NIP — National Implementation Plan of the Stockholm Convention HIMB - HauyoHanbHbIM NAaH No BbINOJHEHMIO 06A3aTENbCTB MO
CTOKroNbMCKOWM KOHBEHLUM

OBIND — octabromotrimethylfenylindane OktabpomTtpumeTtnndeHnnMHaaH

OCPs — organochlorinated pesticides XOI1 - XnopopraHnyeckune nectmumnabl

OCDD - octachlorodibenzo-p-dioxin OXA/[, - OkTtaxnopAnbeH30-n-4AN0OKCUH

OCDF - octachlorodibenzo-p-furan OX® - OktaxnopambeHso-n-dpypaH

PBDD/Fs — polyfrominated dibenzo-p-dioxins and furans M6A44/® - NoanbpomuposaHHble AN6EH30-M-AUOKCUHBI U dypaHbl

PBEB — pentabromoethylbenzene MNeHTabpomatnnbeHson

PBT — pentabromotoluen MNeHTabpomTonyon

PCBs — polychlorinated biphenyls MX/ - NMonuxnopupoBaHHbie ANbEHUbI

PCDD/Fs — polychlorinated dibenzo-p-dioxins and furans NXA/4/® — MoauxnopupoBaHHble AUH6eH30-N-ANOKCUHbI U dypaHbl

PCDDs — polychlorinated dibenzo-p-dioxins NXAA, - MoanxnopupoBaHHble AMOEH30-N-AMOKCUHbI

PCDFs — polychlorinated furans NMXA® - MoanxnopunpoBaHHble AMbeH30-N-pypaHbl


http://en.wikipedia.org/wiki/International_Agency_for_Research_on_Cancer

PeCB — pentachlorobenzene MeXE - MeHTaxnopbeH3on

PeCDD — pentachlorodibenzo-p-dioxin MeX4/A - NeHTaxnopambeH30-N-4UOKCUH

PeCDF — pentachlorodibenzo-p-furan NMeXA® - MeHTaxnopanbeHso-n-dypaH

POPs — persistent organic pollutants CO3 - CToiKne opraHuyeckue 3arpsasHUTenu

SC — Stockholm Convention on Persistent Organic Pollutants CToKrofibMCcKaa KOHBEHLMA O CTOMKUX OPraHUYeCcKMX 3arpAsHUTEeNAX

TEQ — toxic equivalent T3 - ToKcMyecknit sKkBMBaNEHT

TCDD — tetrachlorodibenzo-p-dioxin TXAA, - TeTpaxnopanbeH3o-n-gMOKCHH

TCDF — tetrachlorodibenzo-p-furan TX4® - TeTpaxnopanbeHso-n-dpypaH

TDI — tolerable daily intake MepeHocrumoe cyTouHOE nocTynaeHue

TEQ — Toxic equivalent Tokcnyeckunii SKBUBaNeHT

TWI —tolerable week intake MepeHocMmoe HeaenbHOE NOCTyN/IEHNE

UHPLC - ultra-high performance liquid chromatography YabTpa-adpdekTuBHas »KuaKkocTHaa xpomatorpadusa

UNDP — United Nations Development Programme NMPOOH - NMporpamma paszsutma OOH

UNECE — United Nations Economic Commission for Europe EBponeiickaa dkoHommyeckas Komucecua OOH

US EPA — United States Environmental Protection Agency EPA - AreHTCTBO Mo oxpaHe oKpyrKatolleln cpeabl CoegnHeHHbIx LLITaToB AMepuKku
WHO — World Health Organization BO3 - BcemupHasa opraHusauma 34paBoOXPaHEHNS

WHO-TEQ — toxic equivalent defined by WHO experts panel in 2005 BO3-TEQ - TOKCMYECKWNIA SIKBUBANEHT, ONpeaeneHHbIN rpynmnoi aKcnepTos
BO3 B 2005 roay

w.w. — wet weight macca Bo Bna*KHOM cocToAHUM

2. Sampling and analytical methods

MeToabl onpoboBaHua 1 aHanusa

Samples of free range chicken eggs were collected at seven localities in Central Kazakhstan and at three localities in Western Kazakhstan from
which one (Shabanbai Bi) was expected to be clean and one was sample from a supermarket in the city of Karaganda, considered as a
background sample for Kazakhstan as suggested by Dvorska (2015). Shabanbai Bi village in Kyzyl Arai Natural Protected Area (zakaznik) was
originally chosen as a potentially clean background site, while five others in Central Kazakhstan were expected to be contaminated by POPs to a
certain level. The cities of Balkhash and Temirtau were expected to be polluted by POPs as cities with large metallurgical plants. This
assumption was also based on data from the Kazakhstani National Implementation Plan for the Stockholm Convention (Republic of Kazakhstan
2009). The villages of Rostovka and Chkalovo are located on the Nura River, downstream from abandoned chemical facility Karbid (production



of acetaldehyde) located near and on the territory of the city of Temirtau. This facility polluted the river Nura with mercury. The same chemical
plant can also be a source of pollution by POPs (e.g. PCBs). The neighbourhood of former electricity substation was sampled in the city of
Ekibastuz. This abandoned facility is assumed to be a potential source of contamination by PCBs and partially also by PCDD/Fs as impurities in
PCB oils (see also Dvorska (2015).

Mpobbl AnL, Kyp cBOH6OAHOIO coaepKaHua bblan cobpaHbl B CEMU MECTOMOJIOKEHUAX B Ka3axcTaHe, M3 KOTOPbIX 04Ha Npoba oXKuganacb 6biTh
«YUCTOM», a ellle oaHa bbla npoboi U3 cynepmapKeTa B KaparaHge, paccmatpmBaemoit Kak poHoBas npoba, KaKk 3To 6bis10 NpeasioKeHo
Dvorskd (2015). Ceno WabaHbali b pacnonoxeHHoe B 0cob0 oxpaHAeMol NPUPOAHON TEPPUTOPUM - 3aKasHUKe Kbi3bliapali, 6bi10
M3HaYa/IbHO BbIOPAHO B KayecTBe NMOTEHUMANbHO YACTOro GOHOBOIO Y4acTKa, TOrAa Kak NATb APYrMX MECT OXKUAANUCh OblTb 3arpsi3sHEHHbIMM
CO3 go onpeaeneHHoro ypoBHsA. flopoaa banxaw n TemupTay TakKe oxKuganucb bbiTb 3arpasHeHHbIMM CO3 Kak ropoda ¢ KpynHbiMmM
METaNNYPruyeckMmm npeanpuatTnamm. [laHHoe npegnonoxeHune 6bi10 TakKe OCHOBAHO Ha AaHHbIX HaLuMOHANbHOTO NaaHa BbINOJAHEHWUA
obsasatenbcts Pecnyb6amku KasaxctaH no CToKrosibMcKon KoHBeHuuun (2009). Bbinv BbibpaHbl TakxKe cena PoctoBKa 1 Ykanoso,
pacnosioXKeHHble Ha peke Hypa, BBepX N0 TeYEHMIO KOTOPOW pacnonaraeTca 3abpoLleHHbI XuMnieckuin 3asog, «Kapbua» (nponssoacTso
aueTanbaervaa), NoCKONbKY OHU TeppPUTOPUANbHO B61M3KKM K ropoay TemunpTay. [eateNbHOCTb 3TOro 3aBoAa NPMUBENA K 3arpPA3SHEHUIO PeKn
Hypa pTyTblo. ITOT }Ke XMMMUYECKUI 3aBOA, TaKKe MOXKET BblTb MCTOYHUKOM 3arpasHeHnsa CO3 (Hanp., MX[). OkpecTHOCTK ObiBLIEN
3NEeKTPUYECKOM NoACTaHUMM Bblnn nccneaoBaHbl B paioHe ropoaa Iknbactys. Mpeanonaraertcs, YTo 3TOT 3abpoLLeHHbI 06BEKT ABNAETCA
NOTEHLMaNbHbIM UCTOYHUKOM 3arpasHeHus MX/, a Takxe yactudaHo NXA4/P, cogeprkaswummmcs B Buae npumecent B MXA-Kuaxkoctax (cm.
Tak»e Dvorska (2015)).

There were three locations selected in Mangystau Region, Western Kazakhstan: Shetpe, Tauchik and Baskuduk. All of them were also localities,
where camel milk was sampled for chemical analyses evaluated in the report by Petrlik et al. (2016), and levels of POPs observed in chicken
eggs can be compared with those found in camel milk samples, although locations of free range chicken eggs sampling are different within
these settlements. Some potential sources of contamination were determined in Shetpe and Baskuduk (see subchapter 2.1.). There was no
obvious source of chicken eggs contamination observed in Tauchik.

More information about selected sites is in the following subchapter 2.1.

B 3anagHom KasaxctaHe, B MaHructayckon obaactm 6b110 BbiGpaHo Tpu mecTononoxeHusa: LLeTtne, Tayumk u backyayk. B aTux ke mectax
6b111 0TOBpPaHbl NPobbl BEPO/HOXKbETO MOJIOKA A8 XMMMUYECKOrO aHaIn3a, onucaHHble B otyeTe MNeTpauk u ap. (2016). YposHu CO3,
Habnoaaemble B KYPUHbIX ANLLAX, MOXHO CPaBHUTb C YPOBHAMMU, OOHAPYKEHHbIMM B Npobax Bepb/1toXKbero MoIoKa, XOTA B 3TUX NOCENEHMAX
pasnnyatoTca mecTta oTbopa nNpob anu, Kyp cBo60AHOro coaepKaHna 1 BepOb1toKbero Mmosioka. HekoTopble NOTEHUMAIbHbIE UCTOYHUKN



3arpasHeHuns 6binn onpegenerbl B LLetne n backygyk (cm. M. 2.1.). B TayunKe He Habntoaanca o4eBUAHbBIN UCTOYHUK 3arpA3HEHUS KYPUHbBIX
ANLL.
JononHutenbHaa MHbopmauma o BbIbpaHHbIX MECTOMONOXKEHUSAX NPpUBeAeHa B noapasgene 2.1.

2.1. Sampling sites

MecTta onpoboBaHus

Detail description of the sampled sites and information about samples taken are provided in the following text and tables. The location of sampled localities
is also shown on the maps of Kazakhstan in Figures 1 and 2.
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Figures 1, 2 and 3: Maps with locations where the samples were taken.

MoapobHoe onucaHme BbiIbpaHHbIX Y4aCTKOB U MHGOPMALMA O B3ATbIX NPobax NpeAcTaB/eHbl B HUXKeC/eAyowem TeKCTe U Tabanuax.
PacnonoxeHune onpoboBaHHbIX MECTHOCTEM TaK»Ke NoKa3aHo Ha KapTax KasaxctaHa Ha pucyHKax 1 u 2.



PucyHkm 1, 2 n 3: KapTbl ¢ mecTamu onpoboBaHuA.

2.1.1. Balkhash

Geographical coordinates - 46°32'27" N 74°52'44" E

Balkhash is a city in Karaganda Region (Oblast), located on the northern shore of Lake Balkhash, at the Bay Bertys. Balkhash city (76,000 inhabitants) and its
surroundings (30-50,000 inhabitants) are dominated by mining and nonferrous metallurgical enterprises. The major enterprise is Balkhashtsvetmet (the
earlier [in Russian] Balkhashski Gorno-Metallurgicheski Kombinat). Further, the Balkhash Non-Ferrous Metals Processing Plant (in Russian Zavod Obrabotki
Tsvetnych Metallov) is former part of the Kazakhmys Corporation LLC. Kazakhmys is a UK-registered copper mining company and the largest producer of
copper in Kazakhstan. The Balkhashtsvetmet smelter is estimated to be the 22 largest in the world and is one of only three plants in the world which still
use the stationary Vanyukov submerged-tuyere furnaces developed in the former Soviet Union (Schlesinger 2011). In the early 1990s, emission levels were
reported to be 280—-320 thousand tonnes per year, depositing 76 tonnes of copper, 68 tonnes of zinc and 66 tonnes of lead on the surface of the lake. Since
then, emissions have almost doubled (Wikipedia 2015).

2.1.1. banxaw
leorpaduyeckne koopgmHatbl: 46°32'27"c.w., 74°52'44"s.4.

Banxaw — 370 ropof B KaparaHaMHCKOM 06/1acT, PacnooXKeHHbIM Ha ceBepHOM nobepexbe 03epa banxaw y 3annsa beptobl. B ropoae banxaw (HaceneHune
76 TbIC. XKuUTeNel) u ero okpecTHocTAX (HaceneHune ot 30 go 50 Tbic. KuTenelt) npeobiafaoT ropHOA406bIBAOLWME U NPEANPUATUS LBETHON METANNYPIUn.
KpynHeiwnm npegnpuatvem asnaetca banxawusetmeT (paHee banxallckuii ropHo-meTanaypruyeckmii Kombunat, BIMK). Cnegytowmm no pasmepy
ABnsaeTca banxalckuii «3aBog nNo 06paboTKe LBETHLIX METaNN0BY», paHee ABAABWMINCA YacTbio OO0 «Kopnopauua Kasaxmbic». «Kasaxmbic» ABnseTca
3aperncTpupoBaHHOM B BeNIMKOBpUTaHMM KOMMNaHWeN No Aobblue meam 1 KpynHenwmnm nponssogutenem megmn B KasaxcraHe. 3aBog basixawuyseTmeT, no
OLLeHKaM, 3aHMMaeT 22-e MecTo B M1pe 1 ABNAETCA OOHUM M3 TPeX 3aBOA0B B MUPeE, KOTOPble A0 CUX MOP MCNO/b3YIOT CTaLMOHAPHbIe neyn BaHokoBsa ¢
Norpy*KHHbIMM dypmamu, paspaboTaHHble B bbiBLiem CoseTckom Cotose (Schlesinger 2011). B Hayane 1990-x rofo0B ypOBEHb SMUCCUI 3arpsa3HUTENEN
coctasnan 280-320 TbIC. TOHH Mean B ro4, B pe3y/sibTaTe Yero B 03epe banxaw exerogHo nonagano 76 TOHH megm, 68 TOHH UMHKa M 66 TOHH cBMHUaA. C Tex
nop amuccum noutn yasounucb (Wikipedia 2015).

Among the largest enterprises, the Balkhashtsvetmet is considered to be the largest atmospheric polluter and contributes about 20% of all pollution in the
Republic (UNECE and KAZHYDROMET 2003); in spite of this the city is only ranked 16™ on the UNECE priority list. Wikipedia confirms that emissions due to



mining and metallurgical processes are a key factor affecting the ecology of the Ili-Balkhash basin and that it is mainly associated with pollution from the
Balkhash BGMK Plant operated by Kazakhmys (Wikipedia 2015).

Cpeau KpynHenwmnx npeanpuatuiA 3asog banxawuseTmer cumtaeTca HambonblMM 3arpasHUTeNIeM aTmocdepbl U BHOCUT 0Kono 20% Bcex
3arpsasHeHuit B pecnybamke (ESK OOH 1 KASTMAPOMET 2003). HecmoTpa Ha 3To ropof, 3aHMMaeT nllb 16-e mecTo B cnncke npuoputetos E9K
OOH. Buknnegmna noaTBEPKAAET, YTO BbIOPOCHI, CBA3AHHbIE C FOPHOAOObIBAOLLMMM U METANNYPrUYECKUMUM NPOLECCAMM, ABNAIOTCA KAHOYEBbIM
bakTopom, BAMAIOLLMM Ha sKonoruto Man-banxawckoro 6acceliHa, 1 4TO OH B OCHOBHOM CBA3aH C 3arpsA3HeHnem ot banxalckoro 3aBoga
BIMK, ynpasnsemoro Kasaxmbic (Wikipedia 2015).

Chemicals unintentionally produced in these industrial processes that are subject to Annex C of the SC (PCDD/Fs, PCBs and HCB) are reported to be one of
major subjects of health concerns in Balkhash city.

The waste of the both Balkhash smelters is stored at tailing ponds occupying the 25 km?, twice as large as Balkhash city itself.
Figure 4: Map §555885855558658555886888 Sampled eggs locations within area of Balkhash city. §§5§§8§885588§

CoobLliaeTcs, YTo XMMUYECKNe BELLECTBa, HeNnpeaHaMepPeHHOo NPOU3BOANMbIE B 3TUX MPOMbILLIEHHbIX MPOLEccax, KoTopble NoANaaatoT NoJ,
nevicteue Mpunoxenns C CTokronbMckon KoHseHuun (NXA0/P, NXA n NXB), ABAAOTCA OAHUM U3 OCHOBHbIX BOMPOCOB, BbI3bIBaMOLLLNX
03ab04eHHOCTb B 06/1aCTM COCTOAHMA 340P0BbA B ropoae banxaw.

OTxoabl banxalcKkmx 3aBo40B MO NPOM3BOACTBY MeAM U APYTUX LLBETHbIX META/IJIOB XPAHATCA B XBOCTOXPAaHUANULLAX NaoWwaabto 25 KMZ, yTOo
BABOe Honblle, Yem 3aHMMaeT cam ropog banxaw.

PucyHoK 4. KapTa §55558868555558885885 MecTa onpoboBaHua B paoHe ropoga banxaw. §§§55558888§

2.1.2. Ekibastuz — abandoned electrical power substation
Geographical coordinates - 51°48'59.10" N 75°18'46.00" E
The Ekibastuz electrical power substation was constructed for modifying alternating current (AC) to direct current (DC) using 15,000 capacitors placed in two

outdoor areas. After the collapse of the Soviet Union the substation was left without an owner or guard. During the economic crisis, local residents illegally
dismantled capacitors in order to remove copper scrap and this resulted in PCB leakage into the soil. During emergency clean-up works in 2002 the



capacitors were dismantled and "sealed" with foam by the new owner of the area of former substation. Part of the PCB contaminated soil was removed and
packed in bags. Capacitors and contaminated soil were removed and placed in underground storage at the former Semipalatinsk nuclear testing site
(technical test area Opytnoe Pole).

2.1.2 Exubacrty3 — 3a0pouieHHasi 3JIeKTPOINOJACTAHIUS

leorpadpuryeckme KoopauHatbl: 51°48'59,10"c.w., 75°18'46,00"8.4.

IKmnbacTy3cKan aNeKTPUYECKana NOACTAHUMA Bblia NOCTPOeHa ANA Npeobpa3oBaHMA NEPEMEHHOIO TOKA B NOCTOAHHbIM TOK C MUCNO/Ib30BAHUEM
15 000 c1n0BbIX 3/1IEKTPUYECKUX KOHAEHCATOPOB, Pa3MeLLEHHbIX Ha ABYX OTKPbITbIX MaowwaakKas. NMocne pacnaga Cosetckoro Coto3a
NoACTaHUMA ocTanacb 6e3 BfagenbLa n oxpaHbl. Bo Bpema SKOHOMMYECKOro KpU3nca MeCTHbIE XUTEN HeNerasibHoO A4eMOHTUPOBAY
KOHZEHCATOpPbI AN1A U3BNEYEHNA MegHOro 10Ma, U 3TO NPMBENO K yTeuke MX/[, 8 nousy. Bo Bpems aBapuiHbix 04MCTHbIX paboTt B 2002 roay
KOHAEeHcaTopbl 6bINW AEMOHTUPOBAHbI U KTEPMETU3MPOBAHbI» MOHTAXKHOW CTPOUTENIbHOM NEHON HOBbIM BNAAENbLLEM YHacTKa ObiBLIEN
noAcTaHuMn. YacTb Nousbl, 3arpasHeHHoM MX/, 6bina yaaneHa n ynakoBaHa B MeLKW. KOHAEHCATOPbI U 3arpA3HEHHbIM FPYHT Obl/1M BbIBE3EHbI U
NnoMmeLLEeHbl B NOA3EMHOE XpaHUAULLE Ha bbiBwem CeEMMNANATUHCKOM ALEPHOM NOJIMIOHE (TEXHMYECKAA UCMbITaTeIbHAA NaolWaaKa «OnbITHOe
Money).

The substation is on the edge of Ekibastuz city in Pavlodar Oblast with a population of more than 125,000. In the vicinity of the site there are large areas of
suburban gardens — “dachas” (minimum distance is 500 m, total area is about 3 km?). In the guarded and fenced area of the facility (300 m from the object)
resides a family whose job is to guard the site. The family grows and grazes their livestock on the site - cows, sheep and poultry.

Figure 5: Map §558558585585585588588 Sampled eggs locations in the vicinity of the abandoned electrical power substation in Ekibastuz. §§§5855855858588

MoacTaHuMA HaxoAMTCS Ha OKpauHe ropoaa IkmbacTys MNaBnogapckon obnactu ¢ HaceneHnem 6onee 125 Thicay yenosek. B
HenocpeAcTBEHHON 6/1M30CTM OT y4acTKa ecTb 60/bluMe NAOWAAN NPUTOPOAHBIX AaY (MMHMManbHoe pacctosHue 500 m, obuwas naowaab
oKono 3 kKm?). Ha OXPaHSAEMOM U OropoXKeHHoM TeppuTopmm 0bbekTa (300 M BOKpYr 34aHMA 06beKTa) NPOXKMBAET CEMbA, YbsA paboTa
3aK/toYaeTcA B oxpaHe ob6bekTa. Cembsa BbIpaLLMBAET U MACET CBOM AOMALUHMIA CKOT (KOPOBbI, OBLLbI M AOMALUHAA NTULLA) HA y4YacTKe.

PucyHok 5. Kapta §55588555558885558 MecTo onpoboBaHMA sinL, B OKPECTHOCTAX 3a0POLLIEHHOM 31EKTPUYECKON NoACTaHLUMKM B DKMbacTy3e.

8855555855585



2.1.3. Karaganda city

Geographical coordinates —49°48'40.76" N 73°05'27.37"E

We only sampled eggs from a poultry farm in a supermarket in order to get an idea about background levels of POPs.

2.1.3. KaparaHga

leorpaduyeckne koopamHatbl: 49°48'40,76"c.w., 73°05'27,37"8.A.

Y106bI NONYYMTL NpeacTaBneHme o poHoBbIx ypoBHAX CO3, Mbl 0TOBpanm alLa U3 cynepmapKeTa, NpousseeHHble Ha nTuuedepmax.

2.1.4. Nura (river)

Geographical coordinates - 50°07'45.82"c.w., 72°50'27.62" E

The Nura River is the main river of Central Kazakhstan. The river rises in the Kyzyltas Mountains in the northeast of Karaganda oblast and passes through the
heavily industrialized area of Karaganda oblast, and then flows another 260 km to the capital Astana and Korgalzhyn State Nature Reserve, international
important as the birds area and included in Sary-Arka UNESCO World Heritage Site. The total length of the river is 978 km. The river is a typical steppe river:
80% of the flow is caused by the spring thaw. Water is widely used for household water supply, irrigation, industrial use and also for recreation and
commercial fishing. Nura is also a potential source of drinking water for the capital Astana.

2.1.4 PeKka Hypa
leorpadmyeckme KoopauHaTtbl: 50°07'45.82"c.w., 72°50'27.62"8.4.

Peka Hypa ABnsaeTca KpynHenwen pekon LleHTpanbHoro KasaxcraHa. Peka HaumMHaeTcAa B ropax Kbi3blnTac Ha ceBepo-BOCTOKe KaparaHguHCKom
ob61acT 1 NpoxoauT Yepes CUIbHO MHAYCTPUANN3NPOBAHHbIA panoH KaparaHanHCcKol obnactu, a 3atem TeyeT ewwe 260 KM MUMO AcTaHbl,-
ctonnupl  KasaxctaHa, B KoOprasKbIHCKUMA rOCYyAapCTBEHHbIA NPUPOAHLIN  3aNOBEAHUK, WMEKLWNI  MeXKAYyHApPOAHOe 3HayeHWe KakK
MeCToobMTaHMe MTUL, U BKIOYEHHbIN B CIMCOK BcemupHoro Hacneama KOHECKO. O6wan gnvHa peku coctasasetr 978 Km. 3To TUNMYHasA
ctenHas peka: 80% CTOKa Bbl3BaHO BECEHHWM TasiHMEM CHeros. Boga LWMPOKO MCNob3yeTca A4 NPOMbILWNEHHOro U X03ANCTBEHHO-6bITOBOrO
BOAOCHAbXKeHMA, OpOLIEHUNs, a TaKKe ONs OTAbIXxa M KOMMepYecKoro pbibonoBcTBa. Hypa TaKKe ABAAETCA MOTEHLMaNbHbIM MCTOYHUKOM
NUTbEBOM BOAbI ANA ACTaHbl.



The Nura has received high inputs of mercury since the 1950s, the source being the former Karbid chemical factory in the city of Temirtau near Karaganda.
This chemical factory produced acetaldehyde by direct hydration of acethylene in the presence of a catalyst - mercuric sulphate. Development of the project
was carried out by the Hiprokauchuk Company. Wastewater from the acetaldehyde factory with a high content of mercury was discharged into the river
without treatment for a period of approximately 25 years. During that time, total mercury concentrations in the effluent are suspected to have reached up
to 50 mg/L and the average annual input of mercury to the river between 1950 and 1976 has been estimated as 22-24 tons. Until 1969 sludge containing
mercury was discharged into Zhaur swamp. Preliminary investigations of the extent of pollution on the Nura carried out in the 1980s revealed extremely
high levels of contamination.

C 1950-x rogos Hypa nonyymna 6onbwive o6beMbl PTYTU, UCTOYHUKOM KOTOPOM ABaaeTca ObIBLUMN XMMMYecKuin 3aBog «Kapbua» B ropoae
TemupTtay nog KaparaHgoi. ITOT XMMWYECKMI 3aBOZ NPOM3BOAMA aueTanbaerng nytem npAMoON rmgpatauuy auetTuneHa B NpUCyTCTBUM
KaTanusatopa - cysibdata pTyTu. PaspaboTka npoekta 6Gbina BbinosHeHa opraHusaumer TMIMPOKayuyyk. CTouyHble BOAbl aLeTafbAernaHol
$abpuKM € BICOKMM cogepraHmem pTyTn cbpacbiBannch B peky 6e3 0b6paboTkm B TeueHue 25 net. MNpegnonaraetcs, 4To B 3TO Bpema obuiue
KOHLUEHTPaUMN PTYTU B CTOYHbIX BOoZax Aocturanu 50 mr/a, a cpegHerogoBble MOCTYNNEHUA PTYTU B peKy B nepumog ¢ 1950 no 1976 rop,
oueHuBatoTca B 22-24 TOHHbI. lo 1969 r. wnambl, coaepKalme pTyTb, cbpacbiBanncb B 601010 Mayp. MNpeaBaputenbHble MccaeaoBaHUA
cTeneHu 3arpasHeHuns Ha Hype, nposegeHHble B 1980-x rogax, NoKasaam YpesBbl4alHO BbICOKME YPOBHU 3arpA3HEHMUS.

This non-statistical based study of mercury in the silt of 33 river profiles showed that the sediments are highly polluted, with average total mercury
concentrations in excess of 200 mg kg™ in the first 9 km downstream of the source. On the basis of the detected concentrations, it was estimated that the
total amount of mercury in the bed of the river could be in the order of 140 tons. During the period when the mercury was discharged, up to 5 million
tonnes of fly ash was also discharged into the river by a local coal power station. During the spring floods, large amounts of these highly contaminated
sediments were transported down the river and dispersed over the floodplain and caused widespread pollution.

9TO HecTaTUCTUYECKOe UCCNefO0BaHME COAEPKaHUI PTYTU B peyHOM uae no 33 peyHbiM Npoduaam, NOKas3ano, YTo AOHHbIE OCafAKU CUbHO
3arpA3sHeHbl, a cpefHue oblMe KOHLEHTPaLMM PTYTH npesbilwatoT 200 Mr-Kr' Ha nepBbiX 9 KM HUKe MO TEYEHMIO OT WCTOYHMKA CBPOCOB.
Ncxoas M3 obHapyKeHHbIX KOHUEHTpaumMi, 6bl10 NOACYMTAHO, YTO 0bLLLEee KOIMYECTBO PTYTU B PYC/E PEKM MOMKET COCTaBAATb nopagka 140
TOHH. B TeyeHMne nepmoga cbpoca pTyTU, MECTHOM Yro/ibHOM 3NEKTPOCTaHUMEN BblN0 TaKKe COPOLLIEHO B PeKY A0 5 MAH. TOHH neTy4eit 30/bl
yHoca. Bo BpemA BeceHHWX MaBOAKOB, HO/bLLIOE KO/NMYECTBO, 3TUX, CU/bHO 3arpA3HEHHbIX OCAaAKOB, ObINO MepemelLleHO BHU3 MO PeEKe,
pacceanochb No NOMME M BbI3BAJIO LUMPOKOE 3arpAsHeHMe.



The project team took samples of soil, sediments, chicken eggs and fish in locations of the river Nura and settlements on this river, however evaluation of
these samples is not part of this publication but other output of this project which is called “Contaminated sites and their management”, apart free range
chicken eggs samples which are listed below. Basic information about other samples can be found in Sir’s report (Sir 2015).

Figure 6: Map §555§8§85§55§88 Sampled eggs locations in the broader area of Nura river downstream for the abandoned acetaldehyde factory, and by the
Samarkand water reservoir in the vicinity of the city Temirtau (see chapter 2.1.6.). §5§§§5585§58§¢%

MpoeKTHaA rpynna otobpana npobbl rpyHTa, OTN0XKEHUN, KYPUHDBIX ANL, U PblObl B MECTONONOXKEHMAX Y peKn Hypa 1 B noceneHmax BA0/1b 3TOM
PEKM, OHAKO OLLEHKa 3TUX NPO6 He ABNAETCA YaCTbio 3TON Ny6/IMKALMK, N COAEPKUTCA B APYroi nybanKaumm sToro NpoeKTa, Kotopas
Ha3bIBaeTCA «3arpsA3HEHHbIe YY4aCTKU M ynpaBaeHue ummn", 3a UCKAoYEeHMEM NPOo6 KYPUHbIX AKL, ONUCAHME KOTOPbIX MPUBEAEHO HUMNKE.
OCHOBHble CBeZleHNA 0 Apyrx npobax MOXHO HalTu B otyeTe Sir (Sir 2015).

PucyHok 6. Kapta §5§5§§8§558§ MecTta onpoboBaHus anu, B 06LLIMPHOM paiioHe pekn Hypa HUKe No TeYeHMIo oT 3abpoLlleHHOoro 3aBoaa no
NpPoun3BOACTBY aLeTanbaernaa v B paioHe CamapKaHACKOro BOAOXPaHWUINLWA B OKpeCcTHOCTAX ropoaa TemupTay (cm. Mnasy 2.1.6).

8555555855588

2.1.5. Shabanbai Bi
Geographical coordinates - 48°24'13.76" N 75°23'42.65" E

Shabanbai Bi is a village located in the southern part of the Karaganda Oblast. The village is situated at the foot of Aksoran, the highest peak of the Kyzylarai
mountains (nature protected area — ‘“zakaznik’), is one of the places in Central Kazakhstan where ecotourism is developed based on the local community.
Tourists are encouraged to lodge in the houses of local inhabitants as an incomparable way of getting acquainted with the simple way of village life, and to
sample the traditional Kazakh cuisine (visitkazahstan.kz 2014). We have chosen this site as a clean background locality, however the results of egg analysis
have shown hidden problems, as described further in this publication.

Figure 7: An satellite map §§§5585558855885858888 of the Shabanbai Bi area with marked location of the eggs sampling site. §§§558§58688§

2.1.5. WabaHban bu

leorpaduryeckme KoopanHatbl: 48°24'13.76"c.w., 75°23'42.65" B.A4,



LLlabaHbai Bu - 3TO ceno, pacnonoXKeHHoe B oXKHOM YacTu KaparaHamHckol obnactv. Ceno pacnosioxKeHo y NogHoKMA AKCcopaHa, caMom
BbICOKOW BepPLUMHbI Kbi3blapalcKux rop (oxpaHaemas npMpoaHan TePPUTOPUA - «3aKa3HUKY»), ABNSETCA OAHUM U3 MecT B LleHTpanbHOM
KasaxcTaHe, rge sKOTypM3m pa3BMT Ha OCHOBE MEeCTHOro coobuyecta. Typuctam npeasiaraeTca NoCeMTbCA B AOMAX MECTHbIX KUTeel, YTobbl
MO3HAaKOMMWTLCSA C NPOCTOM AEPEBEHCKOM KN3HbIO U MONPOoH0BaTb TPAANUMOHHYIO Ka3axCcKyto KyxHto (visitkazahstan.kz 2014). Mbl Bbi6panu 3To
MEeCTO B KayecTBe YMCcToro GOHOBOro paoHa, O4HAKO pe3y/ibTaTbl aHaIM3a AWL, NOKAa3aan Ha/MuMe CKPbITbIX NPobaem, KOTopble OMMCcaHbl B
HacToALLeM oTyeTe.

PucyHoK 7. Kocmunuyeckmii CHUMOK §§§58885885588858§ yuacTka LabaHbamn 61 c oTMeYEHHbIM MECTOMO/I0KEHNEM MecTa onpoboBaHus auL,

8855555555558

2.1.6. Temirtau

Geographical coordinates - 50°03'5.77" N 72°57'58.58" E

Temirtau city ( 170,000 inhabitants) and its surroundings ( 100,000 — 200,000 inhabitants) are dominated by industries including a coal-fired power stations,
chemical production plants, foundries, forges and large steelworks belonging to the ArcelorMittal group. The steel mill Arcelor Mittal Temirtau (AMT) is
located a distance of 500 m from the nearest houses. According to the Kazakhstani NIP of the Stockholm Convention from 2009, there were 105
transformers filled with Sovtol (commercial PCB mixture marketed in the former USSR) and 1,024 capacitors containing PCBs in use in AMT (NIP of Republic
of Kazakhstan 2009). The situation was addressed under the UNDP project “Development and implementation of the comprehensive plan on the
management of PCBs” in 2014, when the Sovtol liquid was relocated to France. However, EcoMuseum and CINEST, two NGOs based in Karaganda, report
some PCB containing electrical equipment to still be in use in AMT.

2.1.6. Temupray

leorpaduryeckme KoopauHatbl: 50°03'5.77"c.w., 72°57'58.58"B.A.

B ropoge Temuptay (170 Tbic. XkuTenei) n ero okpectHocTtsax (ot 100 go 200 Tbic. }Kutenen) npeobnagaet TaxKenana NPOMbILLIEHHOCTb, BKAOYas
Yro/ibHble 31IeKTPOCTAHLMM, XMMUYECKUE 3aBOAbI, IMTENHbIE U MeTannoobpabaTbiBatoLlme NPeaAnpUATUA, U KPYNHENLIUIA MeTannypruyeckni
KombuHaT, npuHagnexaime rpynne ArcelorMittal. Cranenuteiinbint 3aBog, Arcelormittal Temirtau (AMT) pacnonoxeH Ha pacctoAaHum 500 m oT
BAMKANLLMX KUNbIX 4oMOB. CornacHo KasaxctaHckomy HIMB CTokronbmcKom KoHBeHLmK, B 2009 roga 3aecb Ha AMT nmenocob B
ncnosb3oBaHuu 105 TpaHchopMaTOpPOB, 3aNOHEHHbIX COBTONIOM (KoMmMepyecKas MX-cmech, ucrnosb3oBatuasca B 6biswem CCCP), n 1 024
3/IEKTPUYECKNX KoHAeHcaTopa, coaepatmx MNXA (HMB CTtokronbmckol KoHBeHLUMK, Pecnybimka Kasaxctad 2009). Cutyauma bbina
paccMmoTpeHa B pamKax npoekTta NMPOOH «Pa3paboTka u peannsaumsa KOMNAEKCHOro naaHa no ynpasnexnuto NXA» 8 2014 roay, Korga *KuaKknn
coBTona bbina nepeseseH Bo PpaHumio. OgHako Ikomysen n CINEST, gBe HenpaBUTeNbCTBEHHbIE OpraHnsaumm, 6asumpytowmeca B KaparaHge,



coobuatoT, uto HeKkoTopoe MX/-coaepskallee 3neKTpoobopyaoBaHue, BCe elle ucnosbayertcs B8 AMT.

Industries unintentionally producing PCDD/Fs include coke and foundry productions, both taking place in AMT as the only such enterprise in Kazakhstan. The
processes of unloading and coke extinction, when PCDD/Fs can be released, are taking place in open air without a gas trapping and cleaning device.
Formation of PCDD/Fs is also possible during limestone burning in shaft kilns. In Kazakhstan, lime is produced in the JS Temirtau Electro-Metallurgical Plant
(former Temirtau Chemical Metallurgical Plant), (Republic of Kazakhstan 2009). The Bashkortastan Republican Scientific Ecological Center carried out the
first sampling campaign focused on PCDD/Fs in Kazakhstan in 2005. The PCDD/Fs concentration in indoor air sampled at the AMT sinter machine no. 5 was
42.64 pg m™> (3.77 pg WHO-TEQ m™), in the dust (wall scrapes) 5419.7 pg g™ (607.7 pg WHO-TEQ g™*). According to the Kazakhstani NIP (2009), wastes
produced by these industries may be a source of environmental pollution with POPs.

Samples were taken in surrounding of the Samarkand water reservoir on Nura river.

TUNbl NPOMBILLNEHHOCTU, KOTOPbIE ABNSETCA UCTOYHUKAMM HenpegHaMepeHHOo nponssoanmbix MXAA/®, BkAoYakoT B cebsa KOKCOXMMUYECKOe
n NUTEeNHOe NPou3BOACTBA, NpMyYem 06a oHM cocywecTBytoT B AMT, 1 3TO eANHCTBEHHOE Takoe npeanpuatne B KasaxcraHe. MNpoueccol
Pa3rpy3ku v ralweHuns Kokca, korga NXA4/® moryTt 6biTb BbIOPOLLIEHbI B OKPYKAIOLLYHO Cpeay, NPOUCXOAAT HAa OTKPbITOM BO3AyXe 6e3 yCcTpoicTB
AN YNaBAMBAHUA U O4MCTKM 0bpasytomxca rasos. ObpasosaHue MNXAL/P BO3MOKHO TaKKe NPU 06XKMre 3BECTHAKA B LLAXTHbIX Neyax. B
KasaxctaHe n3BecTb Npon3BoamTtcs Ha AO TemunpTaycKkuii anekTpomMmeTannyprudecknii Kombunat (TOMK, paHee TOO «XUMUKO-
MeTannypruyeckm 3asoa Temunptay» (Pecnybnamka Kasaxcran 2009). Pecnyb6anMKaHCKMIA HayYHO-3KONOMMYECKUNI LeHTp ballKkopTocTaHa nposen
nepsyto npobooTbopHyo KamnaHuto no MXA4/P B KazaxctaHe B 2005 roay. KoHueHTpauua MXA4/P B Bo3ayxe B nomeleHUKn, oTobpaHHan Ha
arnomepaumoHHon mawmHe AMT Ne5 coctasuna 42,64 nr-m> (3,77 nr BO3-TEQ M), B nblam (cockob co cteH) - 5419,7 nr-r* (607,7 nr BO3-TEQ
r'l). CornacHo KasaxctaHckomy HIMB (2009), oTxoapbl, NpOM3BOAMMbIE STUMM OTPACASMM NPOMbILLNEHHOCTU, MOTYT BbITb UCTOYHMUKOM
3arpAsHeHUA oKkpyrKatowen cpeabl CO3.

Mpo6bl 6b111 B3ATbI B OKpecTHOCTAX CamapKaHACKOro BOAOXPaHUAULLA Ha peke Hypa.

2.1.7. Shetpe

Geographical coordinates - 44°05'21.3" N 52°07'16.0" E

Shetpe is a town with population of 13,364 (according data from 2012)" — administrative centre of the Mangystau District of the Mangystau Region, lies 108
km from the city of Aktau, and a settlement at important rail junction. Its economy is based on agriculture and especially cattle breeding, mining and cement

! Wikipedia. (2016, 30-03-2016). "LlLeTne." Retrieved 31-07-2016, 2016, from https://ru.wikipedia.org/wiki/%D0%A8%D0%B5%D1%82%D0%BF%D0%B5.



production (there are 16 stone quarries surrounding the town). Shetpe is slowly becoming an important starting point of the tourism, as the majority of
natural and cultural sites of Mangystau Region can be easily reached from here — such as Ustyurt Plateau, Adai Ata Monument or legendary mountain
Sharkala. See also map at Figure 8.

Figure 8: Satellite map of Shetpe with marked locations of sampled free range chicken eggs.
2.1.7. WeTtne
leorpaduyeckne KoopamHatbl: 44°05'21.3"c.w., 52°07'16.0" B.A.

LWeTne - ropog c HaceneHmem 13 364 yenosek (No gaHHbIM Ha 2012 ropl,)1 - aAMUHUCTPATUBHBIN LUeHTP MaHrncrayckoro parioHa
MaHrucrayckoi 061acTi U BarKHbIN Kene3HOA40POXKHbIN y3en, HaxoauTca B 108 Km oT ropoaa AkTay. Ero 3KOHOMMKA OCHOBaHa Ha Ce/IbCKOM
X03ANCTBE U 0COBEHHO XMBOTHOBOACTBE, TOPHOAO0ObLIBAOLLEN MPOMbILNEHHOCTM M NPOU3BOACTBE LeMeHTa (BOKpYr ropoga HaxoamTtca 16
KaMeHHbIX KapbepoB). LLieTne nocTeneHHO CTaHOBUTCA Ba*KHOM OTNPABHOM TOYKOM 418 MECTHOIO TYPM3Ma, MOCKOIbKY OTCHOAA MOXKHO /IerKO
A06paTbca A0 60NbLWNHCTBA NPUPOAHDBIX U KYAbTYPHbIX 06beKTOB MaHrmucTayckom 061acTu, Takmx, Kak - YCTIOPTCKOe NAaTo, NamMATHUK Agaii-
ATta nnu nereHgapHaa ropa LWapkana. Cm. Takxe KapTy Ha puc. 8.

PucyHok 8. CnyTHMKOBbIN CHUMOK LLleTne ¢ oTme4yeHHbIMM MecTaMmn onpoboBaHMs AL, Kyp cBOBOAHOIo CoAepKaHUA.

Possible source of the pollution might be the CaspiCement plant which is situated 7 kilometers from the centre of Shetpe. CaspiCement is a new plant
constructed in the multinational HeidelbergCement corporate group, officially opened in July 2014. It is the only cement production site in Mangystau with
production capacity of 800 thousand tons of cement per year. It is one of the first plants in the world using dry chalk for clinker production. The plant is
using oil as a fuel. Local people state that the factory often releases uncontrolled exhaust gases during nights and weekends, when the state authorities
cannot thoroughly control the facility.

BO3MOKHbIM MCTOYHMKOM 3arpsisHEHNA MOKET BbITb 3aBoA, «KacnuMinLEeMEHT», PacroioXKeHHbI B 7 KM oT UeHTpa LeTtne. «KacnuiuemeHT» -
5TO HOBbIM 3aBO/, MOCTPOEHHbIM MHOFOHALMOHaIbHOM KoprnopaTtuBHon rpynnoi HeidelbergCement n opuumanbHo oTKpbIThIN B Mtone 2014
roga. 3To eaMHCTBEHHOe MecTo B MaHrucray, rae ecTb Npou3BoACTBO LiemeHTa (MowHOCTb 800 ThbiC. TOHH LleMeHTa B ro). 3T0 04HO U3 NepBbixX
B MMUpe NpeanpusaTUiA No NPOU3BOACTBY KIMHKEPA M3 CYXOro mena. 3aBoj UCMo/ib3yeT HedTb B KaYecTBe TON/IMBa. MeCTHbIe KUTENN 3asBAAIOT,
YTO 3aBOJ, 4aCTO NPOU3BOAUT HEKOHTPOIMPYEMbIE BbIOPOCHI OTXOAALLMX ra30B B HOYHOE BPEMA U B BbIXOAHbIE AHM, KOTAA roCy4apCTBEHHbIE
OpraHbl He MOTYT NOHOCTbHO KOHTPOMPOBATb OOBEKT.



2.1.8. Aktau: Baskuduk

Geographical coordinates - 43°41'50.5" N 51°12'28.4" E

The pooled sample of free range chicken eggs was taken from a north-western part of the Baskuduk, fast growing suburb of Aktau approximately 5
kilometers north of centre of Aktau. The settlement is inhabited mainly by Kazakh minorities repatriated from the surrounding countries (Uzbekistan -
Karakalpakstan, Turkmenistan). A substantial part of the newcomers had illegally occupied land on outskirts of the city, because of insufficiency of the state
housing programme. The area is located in the northern part of Aktau city, squeezed between an industrial tailing pond Koshkar Ata and a municipal landfill
in the north and an industrial zone including chemical industry in the east (see map at Figure 9).

2.1.8. AkTay (backyayk) Figure 9: Map of situation in surrounding of sampling site in Baskuduk.

leorpaduryeckme KoopauHatbl: 43°41'50.5"c.w., 51°12'28.4" B.A.

ObbeguHeHHOe Npoba auu, Kyp cBoboaHOro coaepaHusa bbina B3saTa B ceBepo-3anafAHoM Yyactn backyayka, 6bICTPO pacTyuiero npuropoaa
AKTay, NnpMmepHO B 5 KM K ceBepy OT LeHTpa AKTay. B HaceneHHOM MyHKTe MPOXWMBAOT rNaBHbIM 0OPA30OM KasaxcKkue nepeceneHLbl,
penaTpMMpoBaHHble M3 coceaHUX CTpaH (Y3b6ekuctaH - KapakannakctaH, TypKMeHUCTaH). 3HaunTebHan Y4acTb HOBOMPMObLIBLUMX HeNeraabHo
3aHsANa 3eM/II0 Ha OKpauWHe ropoa M3-3a HeAOCTaTOYHOCTU FOCYAAaPCTBEHHOMN KUAULWHON NPOrpamMmbl. ITOT PalOH PACNOIOXKEH B CEBEPHOM
yacTu ropoda AKTay, 3aKaTbli MeMKAy MNPOMbILIEHHbIM XBOCTOXpaHUAUWEM KolKap-ATa M MyHUUMMANbHOM CBa/lKkOW Ha ceBepe W
MPOMbILLIEHHOM 30HOM, BK/IOYAA XMMUYECKYIO NMPOMbILLIEHHOCTb Ha BOCTOKE (CM. KapTy Ha puc. 9).

PucyHok 9. CuTyauMOHHasA KapTa OKPeCcTHOCTEN MecTa onpoboBaHKUA B backyayke.

The potential source of pollution is a tailing pond Koshkar Ata (77 km?). Its southern border is located about 7 kilometers from the sampling
point. During the Soviet era the Koshkar Ata depression was chosen as a convenient location to accumulate liquid industrial waste from Aktau
industrial zone. After dozens of years of the wastewater discharge, a large artificial lake was formed. Lake is considered to be the most
hazardous object in Mangystau Region (Kadyrzhanov, Kuterbekov et al. 2002), although some more recent studies concluded that “The
negative impact is registered only in the immediate vicinity of the perimeter of the tailing lake in the first hundreds of metres" (Zhanpeissova,
Kuterbekov et al. 2005). The lake allegedly contains almost 360 millions tons of radioactive waste by weight (Akhmetov, Kadyrzhanov et al.
1999).



MoTEHLMaNbHBIM UCTOUHUKOM 3arpA3HeHUA ABNAETCA XBOCTOXpaHUAULLE KowwKap-ATa (77 Km?). Ero toHan rpaH1La HaxoAmuTca NPUMEPHO B 7
KMAOMeTpax OT TO4YKM onpoboBaHMA. B coBeTCKne BpemeHa npupoaHasa KoTioBmHa Kowkap-ATta 6bina BbibpaHa B KayecTse yaobHOro mecta
ANA HAKONNEHUSA XKUAKMX NPOMbILWIEHHbIX OTXO40B NPOMbIL/IEHHOW 30HbI AKTay. Mocne HEeCKONbKUX AeCATKOB NeT cbpoca CTOUYHbIX BOA, 34eCb
o06pa3oBanocb 60/1bLIOE UCKYCCTBEHHOE 03epo. O3epo cunTaeTca Hanbosee onacHbIM 06beKTOM B MaHrucTayckoi obnactu (KagbliprkaHos,
KyTtepbekos u ap. 2002), xoTA B HEKOTOPbIX 6oNee No3gHUX NcCnef0BaHUAX ObINO CAENAHO 3aKAOYEHNE, YTO «OTPULLATE/IbHOE BO3AENCTBME
3aperncTpmMpoBaHO TO/IbKO B HEMOCPEACTBEHHOM 6IM30CTU OT MEepUMeETPa XBOCTOXPAHW/IMLLA B NEPBbIX COTHAX MeTpoB» (HaHnencosa,
Kytepbekos u ap. 2005). O3epo, AKOObl coaepKu1T, 0K0/10 360 MUNTMOHOB TOHH PaAMOaKTMBHbIX 0TX040B (AxmeToB, KaapipKaHoB 1 4p.,
1999).

One of major operators in the industrial zone was a uranium processing plant, and thus the wastewaters are contaminated by radiation.
Another large factory located in the area was the Aktau Plastics Plant (Aktau Zavod Plastmass produced polystyrene, styrene, ethylene,
ethylbenzene, polysulfones, polyethersulfones). There are also a number of other factories, mainly from the chemical sector emitting various
toxic pollutants. One of the biggest polluters operating to this day, is KazAzot. The only chemical plant in Kazakhstan producing ammonia, nitric acid
ammonium nitrate.

O4HUM U3 KPYNHENLWNX NPeanpUATUA 3TOM NPOMbILW/IEHHOM 30HbI Obln 3aBOA MO M3B/EYEHUIO YpaHa M, MO3TOMY, - CTOYHbIE BOAbl Oblan
3arpAsHeHbl PaAnMoaKTUBHOCTbIO. [pyrMm KpynHbIM 3aBOAOM, PacCnoOXEeHHbIM B 3TOM palioHe, bbin AKTayckuit 3aBog naactmacc (3MM),
NPOU3BOAMBLUNI CTUPOA, MOANCTUPON, STUAEH, STUNOBEH30, NOANCYNbPOHbI, NoNM3PUpPCcyAbdoHbI. CyLLECTBYET TaKKe pAg APYrMX 3aBO40B, B
OCHOBHOM W3 XMMWYECKOrO CEKTOpa, MPOM3BOAALLMX PA3/IMYHbIE 3MUCCUM TOKCUMYHbIX 3arpAsHAalowmx Bewects. OAHMM M3 KpynHEMLWwmX
3arpAsHUTeNeln, AeNCTBYIOWMM NO ceit AeHb, ABnAeTca KazAzot, - e AMHCTBEHHbBIN XMMMYECKUI 3aBO, B KazaxcTaHe, NPoM3BOAALLMA aMMUaAK U

A30THOKMUC/bIN HUTPAT aMMOHMUA.

Nowadays, the wastewater from industrial zone is still discharged to the lake by open canal. Sewage water is also discharged into the lake because the city
failed to finish the construction of wastewater treatment plant for its northern part including new districts being under construction nowadays (2016).
Surrounding of Koshkar Ata is widely used as an illegal dumping ground for industrial and household waste. Dumpsite contains a diverse mixture of waste:
used furniture, animal carcasses, fluorescent tubes, food leftovers, glass bottles, oil sludge, etc. The animals such as sheeps, horses and camels come here to
drink as the Mangystau land is short on water. The highest concentration of contaminants, solid waste and high levels of radioactivity are concentrated in
the southern part of the lake.



B HacTosiwee Bpems, CTOYHblE BOAbl M3 NPOMbILNEHHOM 30HbI BCe elle copacbiBalOTCA B 03epO Yepe3 OTKPbITbIM KaHan. KaHanusaunoHHble
CTOKM TaKxKe cbpacbiBatOTCA B 03ep0, MOTOMY YTO FOPOA TakK M HE CMOT 3aKOHYUTb CTPOUTENIbCTBO OYMCTHBIX COOPYKEHWUIM AN1A CBOEM CeBEPHOM
YyacTu, BKOYAs HOBble PaMOHbI, Haxo4dAlMecs B CTagMM CTPOUTENIbCTBA B HacToswee Bpems (2016 r.). OKpecTHocTM KoliKap-ATa LWKMPOKO
MCMNOb3YHOTCA B Ka4eCTBe HeslerasibHoM CBaslkM NPOMbILLNEHHbIX U BbITOBbIX 0TX0A0B. CBaslKa COAEPKUT Pa3HOOOPA3HYH CMeCb 0TX0A40B, B T.u.
MCNONb30BaHHY0 Mebesnb, TeNa NaBLUMX }KUBOTHbIX, PTYTbCOAEPKALLME NaMMbl, OCTAaTKM NULM, CTEKNAHHbIE BYTbINKK, HedTAHbIE WAAMbl U T.4,
[JOMaLIHUIA CKOT, -- OBLbl NOLWAAN M Bepbatoabl, NPUXOAAT ctoga, YToObl NUTb, TaK Kak Ha MaHructayckoin 3emae noBCeMECTHbIM aeduumt
BoAbl. Hanbonbliaa KOHLEHTPAUMA 3arpAHAOWMX BELLECTB, TBEPAbIX OTXOA0B U BbICOKMI YPOBEHb PAAMOAKTUBHOCTM COCPEAOTOYEHbI B
OXHOM YacTh o3epa.

More information about broader area can be found in previous report on contaminants in camel milk by Petrlik et al. (2016).

Municipal waste dump located right on the edge of Baskuduk may also contribute to overall pollution of the site. During our visit we found also an old
leaking transformer by the entrance to the landfill (see Photo 1).

Bonbwe nHboOpmauMM O NpUNEraloWmx TEPPUTOPUAX MOMKHO HAUTU B NpPeaplayllem OTYETe O 3arpA3HAWMX BellecTBax B BepboXKbem
mosnokePetrlik et al. (2016 T.).

CBa/sika MyHMLMNANbHbIX OTXOA0B, PAcnoNoXKeHHan NPAMO Ha Kpato Backyayka, TakKe MoXKeT cnocobcTBoBaTh 06LWEMY 3arpA3HEHUIO y4HacTKa.
Bo Bpemsa Halero BU3MTa Mbl TaK:Ke 0OHAPYXUAW CTAapbl NPOTEKaKOLWMI TpaHCPOopMaTOop Yy BXOAa Ha cBaNKY (cm. doTo 1).

®oto 1: YcTapeBwuii npoTeKkarowmin TpaHchopmaTop Npu BXode Ha cBasKy B backyayk, §8§65555585888588558888 ¢ mecta otbopa npob. doTo
ApPHUKMN.

2.1.9. Tauchik

Geographical coordinates - 44°20'54.1" N 51°21'11.2" E

The sampling site is located within the Tauchik village, which is a settlement in the Tuparkagan district, 100 km north from Aktau. The population of Tauchik
is about 2,600 people as of the 2009 census.” It was founded at the beginning of the 30s of the 20th century near the deep coal reserves in vicinity. In the

2 Wikipedia. (2015, 08-09-2015). "Taywbik." Retrieved 31-07-2016, 2015, from https://ru.wikipedia.org/wiki/%D0%A2%D0%B0%D1%83%D1%88%D1%8B%D0%BA.



period 1932 - 39 the coal mining flourished, and later on it produced coal for supply in the World War Il but it stopped operation after the 1950 - 60s
period.’

2.1.9. TayumK
leorpaduyeckne koopamHatbl: 44°20'54.1"c.w., 51°21'11.2" B.A.

MecTo onpoboBaHMs PacnosioKeHo B cene Tayyuk, - noceneHmnmn B TynapKaraHckom panoHe, B 100 Km K ceBepy oT AkTay. HaceneHune TayuunKa
cocTtaBnsaeTt okono 2 600 yenosek Ha momeHT nepennck 2009 roga. Tayumk Gbin OCHOBAH B Hadasne 30-x rogos 20-ro Beka B6/M3KN rnybOKuMX
3anexen yrna. YrosbHas MPOMbILWIEHHOCTb pacusena B nepuod ¢ 1932 no 1939 rr. , 1 B AasbHelwem nocTaBasaa yroab B xoae Bropon

MWPOBOW BOMHbI, HO NPEKPATUIA CBOIO AeATeIbHOCTb nocse 60-X rof0B NPOLIOro BeKa.

The area is also associated with oil extraction and transport, which could be another pollution source. Nearby oil fields are called Karazhanbas, Karakuduk,
Buzachi. About 4 km from Tauchik to the South, there is a small settlement with the KazMunaiGaz Gas station at the junction of the road Tauchik-Zhyngyldy
and a larger road connecting Aktau and Kiyakty and the Khalamkhas oil field, operating on the shelf of the Caspian sea, owned by the MangystauMunaiGaz
company and operating together with the KazMunaiGaz at the northern extraction site. A pipeline Khalamkhas-Karazhanbas-Aktau streches along the road.

[aHHaA MeCTHOCTb TaK¥Ke CBfidaHa C A06bl4e M TPAHCMOPTUPOBKON HepTWU, KOoTopble MOryT ObiTb ewe OAHUM MCTOYHUKOM 3arpA3HEHUA.
Bavsnexalme HepTAHbIE MECTOPOXKAEHMNA Ha3biBatoTcA KapaxaHbacmyHali, Kapakyayk MyHain, Bysaun. MpumepHo B 4 KM K tory oT Tay4dmka
ecTb Hebosblwoe nocenerHune ¢ A3C KasMyHail a3 Ha nepeKpecTke goporn Tayumk-HKblHrbinabl n 601ee KpynHOM 40porn, coeguHatolen AKTay,
KuakTtbl n HedpTenpombicen Kanamkac, KOTopbi gelncTeyeT Ha wenbde Kacnnimckoro mopa n npuHagneKnt komnaHmm MaHreictayMyHanlas, n
ynpasnsaembln eto coBmecTHo ¢ KasMyHanla3 Ha ceBepHOM y4yacTke aobbiun. Tpybonposoa Kanamkac-KaparxkaHbac-AKkTay nponeraeTt BAO/b

3TOl Aoporu.

2.2. Sampling and analytical methods

3 Wikipedia. (2015, 17-05-2015). "TaywsbiK." Retrieved 31-07-2016, 2015, from https://kk.wikipedia.org/wiki/%D0%A2%D0%B0%D1%83%D1%88%D1%8B%D2%9B.



Pooled samples of more individual egg samples were collected at each of the selected sampling sites in order to get more a representative
sample. Table 1 summarizes the basic data about size of samples and measured levels of fat content in each of the pool samples. Twenty pool
samples of free range chicken eggs were taken in total plus one sample was taken in 2015 in Karaganda, where we bought chicken eggs in a
supermarket as suggested by Dvorska (2015). The last one of above mentioned samples is used to exhibit background levels of POPs because a
remote location in Shabanbai Bi didn’t prove to be clean, as explained further. Eleven samples were taken in 2013 and ten in following year
2014. Another sample in Shabanbai Bi was taken in 2015 in order to re-examine high levels of POPs found in this location, and four samples in
Mangystau Region were taken during field visit in September 2016.

2.2. MeToapbl onpoboBaHuaA [oTbopa npob] 1 aHann3a

Boinn cdopmmpoBaHbl 0b6beanHeHHble NPobbl OTAENbHbIX OTOOPaHHbLIX NPO6 AUL, Ha Ka*KAOM MUCCNeLyeMOM y4vacTKe, C Lefiblo NoayYyeHun
bonee penpeseHTaTUBHbIX NPob. B Tabanue 1 ceepeHbl 6a3oBble faHHble 06 o6beme NPo6 U M3MEpPEHHbIX YPOBHAX COAEP)KAHMA KMUPa B
Ka*kaon M3 obbeanHeHHbIx Npob. bblno B3ATO ABaguatbh Npob auu Kyp cBoO6OAHOro coaep)kaHuMa U ofaHa npoba Aul, OT Kyp KAETOYHOro
copeprkaHuAa 6bina B3Aata B 2015 roay B KaparaHge, B cynepmapkeTe, cneays metogmke Dvorskd (2015). 3ta npoba ucnonb3yetca gns
AeMOoHcTpauum GoHoBbix ypoBHel CO3, NOCKONbKY yAaneHHbIN y4acTok B cene LLlabaH6alt bn He noaTBEepAMICA KaK «4YMCTbIM» (Kak byaeT
pa3bsACHEHO HUKe). OaMHHaauaTb Npob bbisio B3aTO B 2013 roay m ewe aecatb B 2014 roay. Eule oaHa BbibopKa B LLlabaHbalt bu 6bina B3ATa B
2015 roay ¢ uenbto NOBTOPHOM OLLEHKM BbICOKMX ypoBHen CO3, HalAeHHbIX B 3TOM MecCTe, U elle YyeTbipe Npobbl B MaHrncrayckom obnactu
6blnKM caenaHbl BO BpeMs NoJsieBoro BuM3nTa B ceHTAbpe 2016 roga.

Table 1: Overview of free range chicken egg samples from selected sites in Kazakhstan.

No Year of Number of eggs in | Fat

Sample Locality sampling | pooled samples content
1

BAL-EGG-14-1 Balkhash - southwest 2014 6 12.45
2

BAL-EGG-14-2 Balkhash - southwest 2014 6 9.95
3

BAL-EGG-14-3 Balkhash - Rembaza 2014 6 10.15
4

BAL-EGG-14-4 Balkhash - Rembaza 2014 4 11.35
5 13.2

B1 Balkhash - Rembaza 2013 6




6 16.4
B2 Balkhash - Rembaza 2013 6
7 18.6
B3 Balkhash - southwest 2013 6
8 13.5
B4 Balkhash - north 2013 4
9 14.9
B5 Balkhash - southwest 2013 10
10 10.5
EKl egg 1 Eikbastuz - substation 2013 4
11 164
EKl egg 2 Eikbastuz - Soyuz 2013 4
12
EKI-14-1-egg and EKI-27-egg | Ekibastuz - substation 2014 6 12.4
13
EKI-14-2-egg Ekibastuz - Soyuz 2014 6 11.7
14
EKI-14-3-EGG Ekibastuz - Soyuz 2014 6 133
15
NUR-EGG-14/2 Chkalovo; Nura 2014 6 13.7
16 12.5
NUR egg 24-2 Chkalovo; Nura 2013 6
17
KAR-SU Karaganda - supermarket 2015 6 14.0
18
NUR-EGG-14/1 Rostovka; Nura 2014 6 15.0
19 16.2
NUR egg 24-1 Rostovka; Nura 2013 6
20
NUR egg 1 Samarkand village; Nura 2013 6 18.0
21 Temirtau; Samarkand
NUR egg dam dam 2013 6 24.1
22
ARAI EGG Shabanbai Bi 2014 6 10.15




23
Shabanbai Bi-2 Shabanbai Bi 2015 6 28.8
24
BAS 02 Baskuduk 2016 3 15.6
25
TAE-1 Tauchik 2016 2 16.2
26
SH E-1/1-2 Shetpe 2016 4 15.4
27
SH E-2 Shetpe 2016 3 12.5

Tabnmua 1. 0630p Npob AunL, Kyp cBOOOAHOrO coaeprKaHusa, B3ATbIX Ha BbIOPaHHbIX y4acTKax onpoboBaHuAa B KasaxcTaHe.

Ne Konunyectso auvy, B
lon obbeanHeHHoM CopepraHue
Mpoba MecTononoxeHue onpobosaHus | npobe XuUpa, B %
1
BAL-EGG-14-1 Basnxaw — toro-3anag, 2014 6 12,45
2
BAL-EGG-14-2 banxaw — toro-3anag 2014 6 9,95
3
BAL-EGG-14-3 Banxaw - Pembasa 2014 6 10,15
4
BAL-EGG-14-4 Banxaw -Pembasa 2014 4 11,35
5 13,2
B1 Banxaw - Pemba3za 2013 6
6 16,4
B2 Banxaw - Pembasa 2013 6
7 18,6
B3 Banxaw — toro-3anag, 2013 6
8 13,5
B4 banxaw - cesep 2013 4
9 14,9
B5 banxaw — toro-3anag, 2013 10




10 10,5

EKlegg 1l JKmnbacTys - noacTaHUMA 2013
11 16,4

EKl egg 2 dkunbactys -Coto3 2013
12

EKI-14-1-egg and EKI-27-egg | 9knbacTys - noacTtaHums 2014 12,4
13

EKI-14-2-egg dKkunbactys - Cotos 2014 11,7
14

EKI-14-3-EGG dKkunbactys - Cotos 2014 13,3
15

NUR-EGG-14/2 Ykanoso, p,Hypa 2014 13,7
16 12.5

NUR egg 24-2 Ykanoso, p.Hypa 2013
17 KaparaHga -

KAR-SU cynepmapker 2015 14.0
18

NUR-EGG-14/1 PocTtoBKa; p. Hypa 2014 15.0
19 16.2

NUR egg 24-1 PocToBKa, p.Hypa 2013
20 Ceno CamapkaHg,

NUR egg 1 p.Hypa 2013 18.0
21

NUR egg dam Temuptay, CamapkaHz, 2013 24.1
22

ARAI EGG LLlabaHb6an Eun 2014 10.15
23

Shabanbai Bi-2 LWabaHb6ai bu 2015 28.8
24

BAS 02 bacKkyayk 2016 15.6
25

TAE-1 Tay4uumkK 2016 16.2
26

SH E-1/1-2 WeTtne 2016 15.4




27
SH E-2 LWeTtne 2016 3 12.5

Free range chicken eggs from the first field visit determined for the analysis of PCDD/Fs and dioxin-like PCBs using the DR CALUX® method were
sent to a Dutch ISO 17025 accreddited laboratory (BioDetection Systems B.V., Amsterdam). The procedure for the BDS DR CALUX bioassay has
previously been described in detail (Besselink H 2004) but, briefly, HAIIE cells stably transfected with an AhR-controlled luciferase reporter gene
construct were cultured in a-MEM culture medium supplemented with 10% (v/v) FCS under standard conditions (372C, 5% CO,, 100%
humidity). Cells were exposed in triplicate on 96-well microtiter plates containing the standard 2,3,7,8-TCDD calibration range, a reference
material (tested by GC-HRMS), a procedure blank and a DMSO blank according EC/589/2014 guideline (European Commission 2014). Following
a 24 hour incubation period, cells were lysed, a luciferin containing solution (illuminate Mix) was added and the luminescence was measured
using a luminometer (Berthold Centro XS3).

Aliua Kyp cBoboAHOro coaepKaHua, B3ATble B XO4€e NepBOro BM3nTa NpeaHas3HauvyeHHble g5 aHaamsa Ha NMXA4/P v anokecnHonogo6bHble NXA,
no metoay DR CALUX, 6bin1 oTnpaBieHbl B ronnaHACKyo nabopaTtopuio akkpeantToBaHHyto no ISO 17025 (BioDetection Systems B.V.,
AmcTtepgam). MNpoueaypa nposeaeHns buotectuposaHuns BDS DR CALUX® 6bina paHee noapobHo onucaHa (Besselink H 2004). BkpaTue
MOXHO cO0bLWMTb, YTO KneTkn HAIIE, cTabnabHO TpaHCHUUMPOBAHHbIE PENOPTEPHBIM FEHHbIM KOHCTPYKTOM, KOHTpoinpyembiMm AhR,
KyNbTUBMPOBAAN B KyNbTypanbHoM cpege a-MEM, gononHeHHol 10% (06./06.) FCS B ctaHAapTHbIx ycnosuax (37°C, 5% CO,, BNaXKHOCTb

100%). KneTku noasepranm TPeXKpPaTHOMY BO3AENCTBUIO 96-TYHOYHbIMM TUTPALMOHHBIMM MUKPONAAHLWETAMM, COAEPMKALULMMMN CTAHOAPTHbIN
AnanasoH Kannbposku 2,3,7,8-TCDD, aTanoHHbI maTepuan (nposepeHHbii GC-HRMS), 61aHK npoueaypbl 1 3arotosky DMSO B cOOTBETCTBMU C
anpektuson EC/589/2014 (Esponeiickan komuccusa, 2014 r.). Mocne 24-4acoBoi MHKYBaLUMKN KNETKN NM3nMpoBann, Ao6aBaau pacTeop,
cogepKawmn noumdepuH (illuminate Mix), U U3mepann NFOMUHECUEHLMIO C NOMOLLbIO NtoMmuHoMmeTpa (Berthold Centro XS3).

The DR CALUX bioassay method is proven for screening analyses which can give a good figure about the level of poIIutionA; 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

4 “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). Official Journal of the European Communities: L 84, 23.83.2012, p. 2011-2022.

«BbnoaHanUTU4YeCKne meToabl» — 3TO MeTOZbl, OCHOBAaHHbIE HA UCMO/Ib30BAHUM 61oNornyecKmx NMPUHUMNOB, TaKNE KaK UccnenoBaHUA KJIETOK, peuenTtopoB Nnun
MMMYHONI0rn4yeckmne nccnenoBaHuA. OHun He patoT pe3ynbraTtoB ypOBHeVI cogepaHnAa KOHreHepos, a /illb TOJIbKO YKa3biBakOT Ha YPOBEHb TOKCUYECKOIO 3KBMUBA/1IEHTA



dioxins (PCDD/F congener patterns), specific for different sources of pollution. Most of the samples from the second and third sampling period
(September 2014 and September 2016) were analyzed for content of individual PCDD/Fs and an extended list of PCB congeners by HRGC-HRMS
at the accredited laboratory of the State Veterinary Institute in Prague, Czech Republic. PAHs were analyzed by the HPLC-FLD method in the
same laboratory. Some of the samples were from at least the same area as those from the first field sampling.

[okasaHa npurogHoctb meTtos bnotectupoBaHmsa DR CALUX gna CKPMHUHIOBbIX aHA/IM308B, KOTOPbIE MOTYT AaTb XOPOLUYIO KAPTUHY YPOBHS
3arpA3HeHus, 04HaKo, 414 NOATBEPKAEHNA pe3ynbTaToB Heobxoanmo nposectn 6onee cneunduyeckne aHannsbl KoHreHepos NXA0/P n
ANOKCUHONOA06HbIX MX/, 4TO TaK¥e NO3BOAUT NPOBEPUTb YHMKA/IbHbIE «OTNEYaTKMU» AUOKCUHOB (TUNKUYHbIK Habop MNXA4/P KoHreHepos),
cneunduryHble ANA PasNUYHbIX UICTOYHMKOB 3arpA3HeHUA. bonbWKMHCTBO NPo6, B3ATbIX BO BTOPOM U TpeTUin nepmogbl oTbopa npob (ceHTAbpb
2014 v ceHTabpb 2016) 6bIIM NPOaHaNN3NPOBAHbI Ha coaepKaHue otaenbHbix MXA0/P n paclumpeHHOro cnncka KoHreHepos MX/ ¢
MCNO/Ib30BaHMEM BbICOKOPA3PELLAIOLLMX MACC-CNEKTPOMETPUM U Fa30BON XpomaTorpadmm B akkpeanuToBaHHOM nabopatopum B
rocygapcrseHHoM BeTepnHapHom MHcTUTYTe (Mpara, Yewckaa Pecnybavka). HekoTtopbie n3 npob 6biam B3ATbI B TOM e MeCTHOCTH, rae 6bi1o
nposeseHO NepBoe nonesoe onpobosaHme.

Egg samples were also analyzed for content of non-dioxin-like PCBs, OCPs and BFRs in a Czech certified laboratory (Institute of Chemical
Technology, Department of Food Chemistry and Analysis). 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
guantification of the analyte was conducted by gas chromatography coupled with tandem mass spectrometry detection in electron ionization
mode. The method of ultra-high performance liquid chromatography coupled with tandem mass spectrometry detection (UHPLC-MS/MS) was
chosen for the analysis of isomers of HBCD. The other BFRs were analyzed via previously mentioned technique.

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.

Mpobbl AnL, TaKKe HblIM NPOaHAIN3UPOBAHbI Ha cogepKaHne He-aMOKCMHONOA06HbIX MXM, xnopopraHuyeckux nectuumngos (XOM) un
HPOMMPOBAHHbIX AHTUMUPEHOB B YELICKOM cepTUdUUMPOBAHHON abopaTtopum (MHCTUTYT XMMUYECKUX TEXHONOTUIM, Kadeapa NUeBomn XMMnn

(TEQ), BblpaxkeHHOTO B BUOAHANUTMYECKMX SKBUBANeHTax (BEQ), Kak Nnpu3HaHMe Toro dakTa, YTo He BCe NpeACTaB/ieHHble B NPOHHOM IKCTPaKTe COeMHEHNs, KOTopble
[al0T OTK/IMK B XOZe TecTa, 0TBEYaloT Bcem TpebosaHMam npuHumna TEQ, EBponelickaa Komuceumsa (2012 roa). NMoctaHoBneHne Komucemm (EC) Ne252/2012 ot 21 mapTa
2012 roaa, ycTaHaB/AMBatowee metoabl oT6opa Npob 1 aHanmnsa aasa oPpuLManbHOTO KOHTPOIA YPOBHEN ANOKCMHOB, AMOKCMHONOA06HbIX MX/ 1 HeToKCcUYHbIX MX/ B
onpeaeneHHbIX MPoAYyKTax NMTaHUA 1 oTMeHa MNoctaHoBneHuaA (EC) Ne 1883/2006, TeKCT peneBaHTeH AOKYMeHTaM EBPOMNeNCcKoro sKo0rMyeckoro areHTCcTea.
OduumanbHbIl KypHan EBponelicknx coobuiects: L 84, 23.83.2012, cTp. 2011-2022.



M aHanu3a). AHanusnpyemble NPobbl BblN SKCTPArMPOBaHbI CMECbH OPraHMYECKMX PaCcTBOPUTENEN, TeKCaHa U AuxaopomeTaHa (1:1).
IKCTPaKTbl NPOLUIN OUYUCTKY B XOA4e€ resib-NpoHuKatoLen xpomatorpadum (IMX). NgeHTMdMKaLMA M KOAMYECTBEHHbIM aHann3 nNpob bbian
nposeAeHbl NPY MOMOLLM ra30BOM XpomMmaTtorpadun B CBsI3Ke C TaHAEMHOM MacC-CNEKTPOMETPUEN B PEXUME INEKTPOHHOM MOHM3aumn. Onsa
aHanunsa nsomepos NbLU/A 6611 BbibpaH meToa yabTpashGEKTUBHOM XKMAKOCTHON XpomaTorpadum B TaHAEME C MACC-CNEKTPOMETPUYECKUM
netektuposaHnem (UHPLC-MS/MS). Opyrue 6poMmupoBaHHbIe aHTUMUPEHbI aHaIM3UPOBaAN C MOMOLLLbIO paHee YNOMAHYTOM METOAMKN.

CopeprkaHue pTyTK B Npobax aHaIM3MPOBaANOCh aTOMHO-abcopbLUMOHHOM cnekTpomeTpuen Ha npnbope Advanced Mercury Analyser (AMA
254, Altec), c npumeHeHnem TMNOBOM MHCTPYKLMM Mo aKkcnayaTaunm SOP 70.4 (AAS-AMA) B rocyaapcTBeHHOM BeTepuHapHOM MHCTUTYTE, T.
Mpara.

3. The Kazakhstani, EU, and other limits for POPs in eggs

Chicken eggs are a quite common part of the diet in Kazakhstan and it is also common that people in Kazakhstan raise their own chicken and
partly sell left over chicken eggs at markets as raw eggs or as food in cafes. One should expect that for such a common food there would be
limits for the content of certain contaminants; however, we didn’t find any limit values set up for chicken eggs in Kazakhstani legislation for any
POPs. We had to compare the results of analyses for POPs with other than Kazakhstani national legislation limit values for contaminants in
food. Those we used for free range chicken eggs are summarized in Table 2. There is a Kazakhstani limit value for the content of mercury in
chicken eggs (see Table 2).

3. MNMpepgenbHo gonyctmmoe cogeprkaHme CO3 B KasaxctaHe, EC 1 gpyrux ctpaHax

KypuHble AliLa COCTaBAAOT 3HAYNTENbHYIO YacTb pauyMoHa B KasaxcTaHe, 1 xuTtenm KasaxctaHa TakyKe, 3a4acCTyro CamMu pasBoOAAT Kyp U
NPOAAIOT U3NINLIEK AMLL, HA PbIHKAX B BUAE CbIpbIX ANL, UK B Kade B cOCTaBe NPUroToBAEHHbIX 6atoa. Cnenosano bbl 0XKMAaTh, YTO ANA TAKOTO
pacnpoCTpPaHEHHOro NPOAYKTa NUTaHWUA ByAyT yCTaHOBAEHbI NpeAe/ibl KOHUEHTPALMK ONpeaesieHHbIX 3arpA3HnTenen, ogHaKo, Mbl He CMOTAK
HaNTU KaKUX-TMOO0 NpeaesbHbIX 3HaYE€HMN, YCTAaHOB/IEHHbIX A5 KYPUHbIX AUL, B Ka3aXCTaHCKOM 3aKOHOZaTeIbCTBe A1a Kakmx-nmbo CO3. B
CBA3M C 3TUM, Mbl CPaBHMBANM pe3ynbTaTbl aHaM30B Ha CO3 ¢ npeaeibHbIMWU HOPMATUBHbBIMUW 3HAYEHUAMM O/1A STUX 3arpA3HUTENEN B
NPoAYKTaX NUTAHUA, NPUHATBIMK He B Ka3axcTaHe, a B Apyrux cTpaHax. B Tabauue 2 npuseneHbl Te npesesnbl, KOTopble Mbl UICNOb30BaNu ANA
AnL, Kyp cBoboaHoro cogepkaHma. B KasaxctaHe ecTb ycTaHOB/AEHHAA NpesenbHO AONYCTUMAA KOHUEHTPALLMA PTYTU B KYPUHbBIX ANLAX (CM.
Tabnuuy 2).



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

Hen eggs
Kazakhstani | Russian Russian EU ML* EU MRL
MAC’ MAC MAC’

3

Unit ng g'1 * pg g'1 fat | ng g'1 * pg g'1 fat | ng g'1 fat

WHO-PCDD/Fs 3.0 2.5
TEQ

WHO- 5.0
PCDD/Fs-dI-
PCB TEQ

PCBs’ 40

DDT total® 50

p,p’-DDT 100

y-HCH 100 10
(lindane)

o-, B-HCH 100 20, 10**

HCB 20

Mercury 20

!Current Russian CanluH 2.3.2. 2401-08 Hygienic safety and nutrition value requirements for food. Sanitary-epidemiologic rule and normatives (CaHlNuH 2.3.2. 2401-08
IMrneHuyeckme TpeboBaHUA 6€30NacCHOCTU U MULLEBOW LLEHHOCTM NULLEBbLIX NPOAYKTOB. CaHUTapHO-3NUMAEMUONOTMYECKME NPABUIA U HOPMATUBbI)

’EU Regulation (EC) N°1259/2011

3Regulation (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.

*Russian Federation GN 1.2.2701-10 Hygienic normatives (standards) pesticides concentration in environmental media (FH 1.2.2701-10 "TurneHn4yeckne HopmaTmBbI
coaepyKaHuA NecTMuMaoB B 06beKTax OKpyxKatolen cpeapl'”)

>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 since 11.06.2003.

*not clear whether calculated for fat content or not

**for each congener is MRL set separately

Tabnuua 2. MpeaenbHble KoHUeHTpauum XOM, ptytu, NXA v TEQ NXA4/D B KypuHbIX AlLaX

KypuHble aiiua
KasaxcraH | Poccus | Poccus | EC Ec?
nak’ noK' | nak® | NpegenbHbiii | NpeaenbHblii




ypoBeHb OCTaTOUHbIN
(ML) ypOBeHb
(MRL)
Ea.nam. | Hr F* Hr L Hert* [ mrrt KUp Hrrt XuUp
)
BO3-TEQ 3,0 25
nkaa/o
BO3-TEQ 5,0
nKAA/®
-an nNxAa
nxa’ 40
AAT 50
Bcero®
p,p -AAT 100
y-IXur 100 10
(nuHpan)
a-, B- 100 20, 10**
rxur
X6 20
PtyTb 20

1TeKyu_l,ee nsgaHue poccuiickmx CanluH 2.3.2. 2401-08, 2401-08 M'rueHundyeckune TpeboBaHMs 6€30MacHOCTU U NULLEBOM LLEHHOCTU NULLLEBbIX
npoaykToB. CaHUTAPHO-3NNAEMMNONOTMYECKME MPABMIA U HOPMATUBbI)

’PernameHT Esponeiickoit Kommcemm N°1259/2011

*PernameHTt Esponerickoi Komuccmm N°149/2008. MpeaenbHbliii 0ocTaTouHbIN ypoBeHb (MRL) — 3To npeaenbHO A0NyCTMMan KOHUEHTpauuma
OCTaTKOB NecTuumnaa BHYTPU UAM HA NOBEPXHOCTM NPOAYKTOB NMUTAaHMA UAN KOPMOB, B COOTBETCTBMU C PernameHTom, ncxogA 13 nepesoBomn
CEeNbCKOXO3ANCTBEHHOM NPAKTUKU M MMHUMAIbHOIO BO34ENCTBMA Ha HAaceNeHne, C LEeNbio 3alMTbl YA3BMMbIX C1I0EB HaceNeHus.

*I'H 1.2.2701-10 «TurneHnyeckue HOPMaTUBbI COAEPKAHMA NECTMLUA0B B 0ObEKTaxX OKpY:Katollen cpeabl» Poccuiickon deaepaumm
>coveTaHme PCB28, PCB52, PCB101, PCB138, PCB153 1 PCB180

®couetarme p,p’ -AA4T, o,p’-AA4T, p,p’-A03 v p,p -444



"KasaxcTaHcKu1e caHUTapHble npasuaa u Hopmbl CaHMH «MurMeHnyeckme TpeboBaHMa 6e30MacHOCTU M MULLEBONM LEEHHOCTU MULLEBBIX
npoayktos» oT 11 noHa 2003 r.

*HeACHO, paccYMTbIBAETCA A5 COAEPIKAHUA KUPA, NN HET

** nns Kaxaoro KoHreHepa, MRL ycTaHaB/iMBaeTca oTAe/1bHO

4. Results

The results of the analyses by using DR CALUX are summarized in Table 3 and the graph in Figure 10. 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 11 compares the results of the analyses for 6 PCB indicator congeners. The graph also shows a
comparison with EU limit value for PCBs content in chicken eggs. Free range chicken eggs from China and Belarus were also analyzed by using
the same methods. So we can compare data from Kazakhstani hot spots with similar locations in other countries as well. The results for
samples from China and Belarus are presented in Tables 3 and 4 together with the results for samples from Kazakhstan.

The results for OCPs on fresh weight basis are summarized in Table 7 and compared with respective EU limit values.

4. Pe3ynbTathl

Pe3ynbTaTbl aHann308 ¢ ncnosnbzosaHMem DR CALUX cBeaeHbl B Tabanue 3 u Ha ructorpamme Ha PucyHke 10. Pe3ynbTaTbl aHaIM30B Ha gpyrue
CO3 1 aHanU3bl KOHreHepoB C UCMO/Ib30BAaHMEM BbICOKOPA3peLUAOLWMX MACC-CNEeKTPOMETPMN U Fa30BOM XpomaTtorpadum npmseneHbl B
Tabnuue 4. Takxke B Tabnnue 4 npuBeaeHbl HEKOTOPbIE pe3ynbTaTbl aHAM30B HA COAEPNKaHME PTYTU B OTAENbHbIX Npobax avu,. B rpadumke Ha
PucyHke 11 conocTaBnatoTca pe3yibTaTbl aHAaNN30B 6 MHAMKATOPHbIX KOHreHepos MX/. Ha rpaduke TakKe npeacTaBaeHO CpaBHEHME C
€BPONenCcKUMM NpeaenbHbIMN YPOBHAMM cogepikaHna MX B KypuHbIx AriLax. Takum ob6pa3om, Mbl TaKKe MOXKEM CONOCTaBUTb AaHHbIe
Ka3aXCTAHCKMX 3arpA3HEHHbIX MECT C aHa/IOTMYHbIMM Y4acTKaMK B APYrMX CTpaHax. Pe3ynbTatbl nccnenoBaHus npob m3 Kutaa n benapycu
npeAcTaB/eHbl BMeCTe € pe3y/ibTaTaMu aHain3a Ka3axcTaHckux npob B Tabaunuax 3 u 4. Aiua Kyp cBobogHOro cogepaHuna ns Kutasa u
Benapycu 66111 NpoaHann3MpPoOBaHbI C UCNOb30BAHUEM TEX XKe MeTOA0B.

Pe3ynbTaTbl aHann3oB Ha XOI B nepecyeTe Ha MacCy CBEXKel NpoayKumn npeactasaeHbl B Tabavue 7 ¢ conoctaBieHMEM C COOTBETCTBYHOLLMMU
Hopmamu EBpocoto3sa.



4.1.

All samples of chicken eggs collected at Kazakhstani hot spots during a field visit in 2013 were screened for dioxins and dioxin-like PCBs by using
the DR CALUX method in BDS laboratory, Amsterdam. Two samples from a second sampling period in 2014 were also analyzed there. The
results are summarized in Table 3 together with selected results for the eggs from China and Belarus.

4.1. Anokennbl (NXA4/P) n guokecmHonoaobHbie MXA no metoay DR CALUX

Bce npobbl KypuHbIX AnL, cobpaHHble B 3arpA3HeHHbIX MecTax KasaxcTaHa B xoge B13uTa B 2013 roay, 66111 npoBepeHbl HA COAePKAHUA
OVNOKCUMHOB M AnMOKcnHonoaobHbix MXA, ncnonbsys metog DR CALUX B BDS laboratory, B ropoge Amctepgam. Tam Takke 6blan nccnenoBaHbl
ABe npobbl N3 BToporo nepmoga otbopa npob 2014 roga. PesynbTaTtbl NpeBeaeHbl B Tabanue 3 COBMECTHO € pe3ysibTaTamum npob auy, us Kutas

n benopycw.

Table 3: Results of DR CALUX bioassay analyses for both PCDD/Fs and DL PCBs for samples from Kazakhstan, China and Belarus. Data are in pg

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

BEQ g™ fat.
PCDD/Fs and DL PCDD/Fs (DR
Sample Locality Country PCBs (DR CALUX) CALUX)
Ekibastuz -
EKI-14-3-EGG Soyuz Kazakhstan 3.8 1.3
Eikbastuz —
ekiegg 2 dachas South Kazakhstan 4.8
Eikbastuz —
ekieggl substation Kazakhstan 6.4
Samarkand
NUR egg 1 village; Nura Kazakhstan 9.2
NUR egg 24-1 Rostovka; Nura | Kazakhstan 9.4
Balkhash -
B2 Rembaza Kazakhstan 12
B3 Balkhash - Kazakhstan 15




southwest

ARAI EGG Shabanbai Bi Kazakhstan 16 7.6

NUR egg 24-2 Chkalovo; Nura | Kazakhstan 18
Balkhash -

B1 Rembaza Kazakhstan 24
Temirtau;

NUR egg dam Samarkand dam | Kazakhstan 28
Balkhash -

B5 southwest Kazakhstan 33

B4 Balkhash - north | Kazakhstan 101
Beijing -

LN 321/14 supermarket China 1.2 | NA

LN 272/14 Gatovo Belarus 8.1|5.2

Beihai 3 and 4 Beihai ll China 89|7.4

Likeng Likeng China 17

Beihai 5and 6 Beihai lll China 24|20

Beihai 1 and 2 Beihai | China 37|30

LN 273/14 Wuhan 1 China 35|31

Tabnuua 3. PesynbTaThl 6uoTectupoBaHus DR CALUX NMXAA4/P v NMXA ana npob ns KasaxctaHa, Kutaa u benapycu. [laHHble npuBeaeHbl B Nr

BEQ ™ KUp.
nxaa/o v
AnokcnHonoaobHble | NXA4/d (DR
MecTtononoxeH MNXA4 (DR CALUX) CALUX)
MNpoba ne CtpaHa
EKI-14-3-EGG 3kmnbacTtys - Co3 | KasaxcTaH 3,8 1,3
3Kkubactys —
[ayHbI
nocesnok
Eki egg 2 «HOXKHbIN» KasaxcTaH 4,8




3Kkubacrtys —

Ekiegg 1 noacTaHuma KasaxcTaH 6,4
Ceno
CamapkKaHg;

NURegg 1 p.Hypa KasaxcraH 9,2
PocTtoskKa, p.

NUR egg 24-1 Hypa KasaxcraH 9,4
banxaw —

B2 Pembasza KasaxcTaH 12
banxaw — KOro-

B3 3anag KasaxcraH 15

ARAI EGG LLlabaH6ai bun KasaxcTaH 16 7,6
Ykanoso, p.

NUR egg 24-2 Hypa KasaxcraH 18
banxaw —

B1 Pembaza KasaxctaH 24
TemuprTay,
CamapkaHAackas

NUR egg dam NAOTUHA KasaxctaH 28
banxaw — HOro-

B5 3anag KasaxcraH 33

B4 banxaw — Cesep | KazaxcTtaH 101
MexknH —

LN 321/14 cynepmapker Kutamn 1,2 | NA

LN 272/14 [aToBO Benapycb 8,1/5,2

Beihai 3 and 4 Banxam Il Kutain 8,974

Likeng NnkeHr Kutamn 17

Beihai 5 and 6 Banxan Il KuTtan 24120

Beihai 1 and 2 baiixan | Kutamn 37130

LN 273/14 YxaHb 1 KuTtait 35|31




When PCDD/Fs and dI-PCB levels determined by the DR CALUX method are discussed, the following has to be considered. This cell based
reporter gene assay is a validated method for screening for PCDD/Fs and dI-PCBs contents in food according to EU Commission Regulation
EC/589/2014 (European Commission 2014). Screening methodologies are usually used to exempt those samples that are below the maximum
permitted limit (i.e. 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/F/dI-PCB-TEQ level.

Bo Bpems obcykaeHns yposHen NMXA4/P n amokcuHonoaobHbix MX/A, onpeaeneHHbix metogom DR CALUX, HeE06X0AMMO y4nTbIBATb
cnepytoulee. ITOT KIETOUYHbIM aHaNU3, OCHOBAHHbIM HA PENOPTEPHOM reHe, ABAAETCA NPOBEPEHHbIM (BaNUANPOBAHHbIM) METOAOM CKPUHWUHTA
NULLEBbIX NPOAYKTOB Ha cogepkaHue MXAA/P n anokcnHonogobHbIx NX/A cornacHo MocraHoBneHnio Komuccum EC EC/589/2014
(EBponemckaa komuccunsa 2014). MeToabl CKPUHMHIA 0ObIMHO UCNONBL3YIOTCA AN1A UCKAIOYEHMA TeX P06, KOHLLEHTPALLMA B KOTOPbIX HAXOANUTCA
HUXKEe MAKCMMaIbHO JONMYCTUMOro npeaena (To ecTb COOTBETCTBYIOT TpeboBaHUAM AMMKUTA), U NO3ITOMY MOTYT ObiTb BbINYLLEHbI HA PbIHOK.
Kpome Toro, Bo Bpemsi CKpMHUHra Heobxoanmo oTobpaTtb Te Npobbl, KoTopble TPebyloT NoaTBEPKAEHMA UX ypoBHA T3 NXA4/d/AN NXA (T.e.
NpeanonoXnTeNIbHO He COOTBETCTBYOWME TpeboBaHUAM AMMKUTA).

Thirteen pool egg samples were analyzed using the DR CALUX method for determination of dioxin/DL PCB-TEW activity in total. Among those
only two samples from Ekibastuz were below limits set up by the EU also used for consideration of results obtained by DR CALUX analyses. All
other eleven samples were above 5 pg BEQ g'1 fat level for total PCDD/Fs and DL PCBs content, as it is shown by the graph in Figure 1. The
highest level of 101 was measured in chicken eggs from Balkhash city, north from the metallurgical plant. The sample was taken in 2013 at the
site where we were not able to repeat sampling in 2014. All other samples from Balkash city were also high, between 12 and 33 pg BEQ g'1 fat.
These levels are comparable to those obtained for free range chicken eggs from Beihai, a similar hot spot with a metallurgical plant in China
(8.9 —37 pg BEQ g fat).

TpuHaguatb 06begnHEHHbIX NPob anu, 6blan NpoaHanansmposaHbl metogom DR CALUX Ha npeameT akTUBHOCTU AMoKcmHoB 1 [N NX/MA B uenom.
M3 obuiero Konnyectsa Nnpob ToNbKO B ABYX Npobax 13 IKMbacTysa ypoBHU Bblan HUXKE ycTaHOBAEHHbIX EC HOpM, KOTOpble MCMOb30BAIUCh
ONA OUEHKM pe3ynbTaTtoB aHanm3os DR CALUX. MNoKa3saTenu octanbHbIX OANHHAALATM Npob 6biam Bbiwe 5 nr BEQ 1 * upa no obwemy
cogepskaHuto NXA4/d v AN NXA, Kak Nnoka3aHo Ha rpaduke Ha PucyHKe 1. HamBbiclian KOHUEHTpauua 6bina 3adUKCMpoBaHa B KYPUHbIX AKLLAX
n3 ropoaa banxaw, oTobpaHHbIX K CEBEPY OT META/I/TYPrMyeckoro KombumHata. NMpoba 6bina B3siTa B 2013 roay Ha y4yacTKe, Ha KOTOPOM



BnocnencTemm, B 2014 roay, Mbl He CMOT/IN B3ATb €€ NOBTOPHO. Bce ocTasibHble Npobbl U3 ropoga banxal TakKe MMenn BbICOKME NoKasaTenu,
mexay 12 v 33 nr BEQ it Mpa. 3T YPOBHU COMOCTAaBMMbI C YPOBHAMM, NOSYYEHHbIMU ANA ANL, Kyp cBOBOAHOIo coaep:aHusa ns barxan,
aHaNIOMMYHOM «ropAYEl TOYKMY» Ha MeTannyprdeckom 3asoge 8 Kutae (8,9 - 37 nr BEQ r™ skupa).

Samples for Temirtau broader area show slightly lower levels, between 9.2 and 28 pg BEQ g fat, however not significantly lower than those
from Balkhash. The sample from Shabanbai Bi which was considered to be a clean area and sampled as such in 2014 has shown high content of
dioxins and DL PCBs at a total level of 16 pg BEQ g fat, although the results suggest higher levels of DL PCBs rather than PCDD/Fs, which is the
complete opposite compared to the locality of, for example, a waste incinerator in Wuhan, China and/or metallurgical site of Beihai, China (see
results for PCDD/Fs share on total BEQ in Table 3). The sample from Shabanbai Bi was also analyzed by GC-HRMS for specific congeners and
results have shown an even higher total TEQ content of PCDD/Fs plus DL PCBs and confirmed that the PCB share is higher than PCDD/Fs. This
difference is in agreement with findings by Gasparini et al. (2011) who suggested that: "From a preliminary evaluation of the contamination
profile, it should seem that the major differences between screening and confirmation results, are present in those sample where the
contribution to total TEQ is due overall to dI-PCBs rather than to PCDDs and PCDFs."

Mpobbl 3 bonee obwmpHoO o6nacTn onpoboBaHus, Bo3ne TemupTay, NOKa3biBalOT HECKO/IbKO 6o1ee HU3KNE YPOBHU MexXay 9,2 1 28 nr Kupa
BEQ 1™, HO He 3HauYMTe/IbHO HUXKeE, YeM y Banxala. B npo6e u3 cena LabaH6aii by, KOTOPOE U3HAYaNbHO NPEANONAranoCch KaK SKONOTMYECKM
YMCTbIN paiioH (1 npoba B 2014 6blna B3ATa UMEHHO KaK YyncTas), bblna 0bHapy»KeHa BbiCOKaA KOHLUeHTpauma anokcuHos/ AN MX/A, - o6wmit
yposeHb 16 nr BEQ rt ¥Mpa, XOTA pe3yNbTaTbl YKa3blBalOT Ha 6bonee BbicoKkMe ypoBHU MNXA, a He NXAA/®, uTo AaBnseTcA NOAHON
NPOTMBOMNO/IOXKHOCTbIO NO CPABHEHWUIO, HANPUMEP, C MECTOM PACMOJIOKEHMA MYCOPOCHKUraTeIbHOro 3aBoa B YxaHe (Kutan) u
MeTaNNypruyeckoro ueHTpa B baxae (Kutain) (cm. obwme pesynbtathl gns NXA4/P BEQ B Tabauue 3). Mpoba ns cena Labanbali bu 6bin
Take npoaHanmanposaH GC-HRMS Ha KOHKpeTHble KOHFeHEpPbI, U pe3ybTaTbl MOKa3aau ewe 6onee BbICOKOe obliee coaepkaHue TEQ
nxaga/o v AN NxX4 v nogreepaunu, uto aona NMXA sbiwe, yem NXA4/P. 310 pasnuume noaTsepxaaeT BbiBogbl Gasparini et al. (2011),
KOTOpble NPeanonoXuam cneayouwee, - «M3 npeaaputTeIbHOM OLLEHKU TUMUYHOM KapTUHbI 3arpPsi3HEHUA A0/13KHO NOKA3aTbCs, YTO OCHOBHbIE
Pa3NMUUNA MEXKAOY CKPUMHUHIOM U MOATBEPKAAIOLWMMM pe3ybTaTaMu NPUCYTCTBYIOT B TOM Npobe, rae BKkaag B obuwyto TEQ obycnosneH B Leaom
AN NXA4, a He NX44 v NXAD».



PCDD/Fs and DL PCB (DR CALUX)

nXa4/® v anokcnHonomobHbie NXA (DR CALUX)

PucyHok 10. Fpadumk nokasbiBaeT cpaBHeHMe nokasaTtensa NXA4/® v AN NXA 8 nr BEQ it KUpa AN Pas3INYHbIX 06beAUHEHHbIX MPO6 KYPUHbIX
Aauny, n3 KasaxctaHa, Kutaa n benapycu (Bce pesynbTaTbl NpuBeaeHbl B Tabanue 3).



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

GCMS-HRMS analyses were chosen for confirmation of contamination by dioxins and dioxin-like PCBs of chicken eggs at the same localities
where they have been shown to be suspected for potentially high levels of these POPs after the first year of sampling. The same 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. Also two other U-POPs, pentachlorobenzene (PeCB) and
hexachlorobutadiene (HCBD) were analyzed in some samples. Thirteen pooled samples of eggs were analyzed for PCDD/Fs and DL PCBs in total
and sixteen samples for other POPs. A few samples were also measured for mercury content. The results are summarized in Table 4.

4.2. Avokenubl (NXA4/P), NXA v apyrue CO3, coaeprkaHMe KOTOPbIX MU3MEPSANOCh METOA0M ra3oBoi XpomaTtorpadpum

AHanu3bl C UCNOJIb30BaHNEM ra30BOM XpoMaTorpadmm m Macc-CrekTPOMMM BbICOKOTO paspeLleHns 6bian NpoBeaeHbl A58 NOATBEPXKAEHUA
$aKTOB 3arpA3HeHUs ANOKCUHAMM U ANOKCUMHONOA0OHbIMU MX/[ KYPUHbIX AKL, U3 TEX Y4aCTKOB, B OTHOLUEHUM KOTOPbIX UMENNCb NOA403PEHUS
Ha Ha/n4YmMe BbICOKMX YpoBHel 3arpasHeHns CO3 no pesynbTaTam B3aTUA NPob NepBOro roga uccaefoBaHui. Te e camble Npobbl TakKe
npowaun aHanms Ha apyrme CO3 rpynnbl XOIM: rekcaxnopbenHson (MXB), rekcaxnopumknorekcanbl (FXUF) v AT n ero metabonntbl. [XB Takke
cymnTaeTca HenpeaHamepeHHo-nponssedeHHbiM CO3, KOTOPbIN NOYYaETCs B TEX XKE Npoueccax, Kak U AnokcuHbl 1 AN NMXA (CTokronbmckas
KoHBeHLuMsA, 2008), xoTAa oH 06bIYHO M3mepseTca BMecTe ¢ apyrumu XOT. ecatb 06beAnHEHHbIX NPO6 AnL, 6biIM NOABEPHYTLI aHANN3Y Ha
coaepxaHue NXA4/P n AN NXA, n oguHHaauaTte Npob — Ha apyrue CO3. HecKo/ibKo Npob TakXe 6biv NpoBepPeHbl Ha COAEPXKaHUE PTYTH.
PesynbTtatbl npuBeaeHsl B Tabauue 4.

Table 4: Summarized results of analyses for POPs and mercury for ten pooled free range chicken eggs samples from the second year of

sampling (2014), plus a background sample from a supermarket in Karaganda sampled in 2015. There are also results for selected samples from
China and Belarus, and EU limit values for comparison.

Tabnuua 4. CeBoaKa pe3ynbTaToB aHaNM30B Ha cogeprkaHne CO3 n pTyTh B AecatT 06begMHEHHbIX Npobax AnL, Kyp cBOOOAHOro CoAepKaHUs,
B3ATbIX Ha BTOPOM roay ncciegoBaHuii (2014), u poHoBol npobe ns cynepmapkeTa B KaparaHae, B3aton B 2015 r. Tak:Ke npencraB/ieHbl
pe3ynbTaTbl aHaNM308B Ana Kutasa n benapycu 1 npeaenbHble 3HaYeHnA EC ana cpaBHeHus.



Locality Balkhash - | Balkhash — | Balkhash - | Balkhash - | Ekibastuz - | Ekibastuz - | Ekibastuz - Rostovka | Chkalovo Shabanbai | Karaganda
southwest | southwest | Rembaza | Rembaza | substation Soyuz Soyuz Bi - superm.
EKI 14-1-
BAL-EGG- |BAL-EGG- |BAL-EGG- |BAL-EGG- |EGG/EKI- |EKI-14-2- |EKI-14-3- |NUR-EGG- | NUR-EGG-
Sample 14-1 14-2 14-3 14-4 27-EGG EGG EGG 14-1 14-2 ARAI-EGG | KAR-SUP
Fat content 12.45 9.95 10.15 11.35 12.4 11.7 13.3 15 13.7 10.15| 14.0
PCDD/Fs (pg WHO TEQ
g’ fat) 7.69 9.81 7.73 4.25 5.73 1.57 | NA 2.79 1.82 9.26 0.90
DL PCBs (pg WHO TEQ
g’ fat) 7.66 2.88 22.33 13.70 6.45 2.89 | NA 26.51 25.94 28.62 0.00
Total PCDD/F + DL PCBs
(pg WHO TEQ g™ fat) 15.35 12.70 30.06 17.96 12.18 4.46 | NA 29.30 27.76 37.88 0.90
PCDD/Fs and DL PCB
(DR CALUX); (pg BEQ g™
fat) NA NA NA NA NA NA 3.8 NA NA 16 NA
PCDD/Fs (DR CALUX);
(pg BEQ g™ fat) NA NA NA NA NA NA 1.3|NA NA 7.6 NA
HCB (ng g™ fat) 1.68 2.62 4.39 2.13 5.40 1.28 1.58 2.33 5.04 6.25 1.09
PeCB (ng g fat) <0.27 3.2(<0.34 <0.36 NA | NA NA NA NA NA 2.86
HCBD (ng g™ fat) <0.27 <0.34 <0.34 <0.36 NA | NA NA NA NA NA <0.36
7 PCB (ng g™ fat) 23.37 11.54 76.64 52.19 27.18 29.49 13.76 319.40 395.18 2001.87 0.99
6 PCB (ng g fat) 17.47 10.12 58.84 42.74 22.98 21.71 10.45 275.47 360.44 1975.97 0.99
Sum of HCH (ng g™ fat) 6.84 114.14 20.71 34.40 11.05 13.25 33.76 45.67 15.33 860.80 0.36
Sum of DDT (ng g™ fat) 10.10 34.05 318.87 1057.80 14.52 168.72 126.09 136.40 111.24 287.03 1.03
Hg (ngg™) NA NA NA NA NA NA NA 10.00 | NA 1.00 | NA
| Locality Shabanbai Bi Baskuduk | Tauchik Shetpe Shetpe Beijing — Wuhan Wuhan Gatovo EU stand.




supermarket | (China) (China) (Belarus)
(China)
Sample Shabanbai Bi-2 | BAS 02 TAE-1 SH-E-1/1-2 SH-E-2 LN 321/14 LN 324/14 | LN 273/14 |LN 272/14
Fat content 28.8 15.6 16.2 15.4 12.5 10.14 12.46 15.5 15.4
PCDD/Fs (pg WHO TEQ
g’ fat) 4.90 2.16 NA 1.07 NA 0.20 8.59 12.17 4.25|2.50
DL PCBs (pg WHO TEQ
g’ fat) 150.37 11.48 | NA 5.34 | NA 0.28 4.70 3.79 11.33
Total PCDD/F + DL PCBs
(pg WHO TEQ g* fat) 155.27 13.64 | NA 6.41 | NA 0.48 13.29 15.96 15.58 | 5.00
PCDD/Fs and DL PCB
(DR CALUX); (pg BEQ g™
fat) NA NA NA NA NA 1.2 8.8 35 8.1 5.00
PCDD/Fs (DR CALUX);
(pg BEQ g fat) NA NA NA NA NA NA 5.8 31 5.2 2.50
HCB (ng g fat) 1.35 2.94 2.75 6.29 1.30(3.52 28.90 480.65 2.86 20.00
PeCB (ng g* fat) 2.92 0.34 0.39 34.53 0.67 | NA NA NA NA
HCBD (ng g™ fat) <0.03 <0.32 <0.31 <0.32 <0.4 NA NA NA NA
7 PCB (ng g™ fat) 374.00 33.87 11.07 14.20 11.74 2.10 5.29 1.03 66.36 -
6 PCB (ng g™ fat) 204.00 26.85 8.67 11.35 9.73 2.10 5.29 1.03 52.92|40.00
sum HCH (ng g™ fat) 276.32 52.64 759.53 1451.19 503.00 1.34 5.23 2.32 4.94 -
sum DDT (ng g* fat) 19.17 155.69 229.00 59.29 45.19 0.21 26.25 33.23 230.65 | -
Hg (ng g™ NA NA NA NA NA NA NA NA 2.00 -
Banxaw - | Banxaw - | Banxaw - | Banxaw - | dkmbactys - | dkmMbacTy3 | dkmbacTys LLabaHban | KaparaHaa -
MecTtononoxeHue PoctoBKka | Ykanoso
toro-3anag | toro-3anag, | Pembasa | Pembasa |noactaHums | - Cotos - Coto3 bu cynepmapket
EKI 14-1-
BAL-EGG- |BAL-EGG- |BAL-EGG- |BAL-EGG- |EGG/EKI- EKI-14-2- | EKI-14-3- | NUR-EGG- | NUR-EGG-
Mpoba 14-1 14-2 14-3 14-4 27-EGG EGG EGG 14-1 14-2 ARAI-EGG | KAR-SUP
CoaeprkaHue xKupa 12,45 9,95 10,15 11,35 12,4 11,7 13,3 15 13,7 10,15 14,0




nxaa/e (nrBO3 TEQ
! upa) 7,69 9,81 7,73 4,25 5,73 1,57 | HeT 2,79 1,82 9,26 0,90*
AN NXA4 (nr BO3-TEQ ™
Kupa) 7,66 2,88 22,33 13,70 6,45 2,89 | HeT 26,51 25,94 28,62 0,00*
CymmapHo NXa4/d+
An NX4 (nr BO3-TEQ T
! supa) 15,35 12,70 30,06 17,96 12,18 4,46 | HeT 29,30 27,76 37,88 0,90
nxan/o v An nNxa (DR
CALUX); (nr BEQ 1™
Xupa) HeT HeT HeT HeT HeT HeT 3,8 | HeT HeT 16 HeT
nxan/®o (DR CALUX),
(nr BEQ " swupa) HeT HeT HeT HeT HeT HeT 1,3 | HeT HeT 7,6 HeT
X6 (Hr ! xupa) 1,68 2,62 4,39 2,13 5,40 1,28 1,58 2,33 5,04 6,25 1,09
MeXB (Hr r* »wpa) <0,27 3,2 <0,34 <0,36 NA NA NA NA NA NA 2,86
IXBA, (Hr r™* xupa) <0,27 <0,34 <0,34 <0,36 NA NA NA NA NA NA <0,36
7 XA, (Hr " xupa) 23,37 11,54 76,64 52,19 27,18 29,49 13,76 319,40 395,18 2001,87 0,99
6 MXA, (Hr r'* xupa) 17,47 10,12 58,84 42,74 22,98 21,71 10,45 275,47 360,44 1975,97 0,99
cymm. TXUT (Hrrt
upa) 6,84 114,14 20,71 34,40 11,05 13,25 33,76 45,67 15,33 860,80 0,36
cymm. AAT (Hr 1! xupa) 10,10 34,05 318,87 1057,80 14,52 168,72 126,09 136,40 111,24 287,03 1,03
PTYTb (HF r'l) HeT HeT HeT HeT HeT HeT HeT 10,00 | HeT 1,00 | HeT

MexknH —

cynepmapkeT | YxaHb YXaHb [aToBO CraHgap
MecTtononoxeHue LWabaHban Bu | Backyayk Tayuuk LWetne LWeTtne (Kutan) (KuTai) (Kntai) (Benapycb) | T EC
Mpoba Shabanbai Bi-2 | BAS 02 TAE-1 SH-E-1/1-2 SH-E-2 LN 321/14 LN 324/14 |LN 273/14 |LN 272/14
CoaeprkaHue Xupa 28,8 15,6 16,2 15,4 12,5 10,14 12,46 15,5 15,4
nxgn/® (nr BO3 TEQ T
! wpa) 4,90 2,16 NA 1,07 NA 0,20 8,59 12,17 4,25|2,50
[nokcoHonofobHble
nxA (nrBO3 TEQ 1" 150,37 11,48 | NA 5,34 | NA 0,28 4,70 3,79 11,33




Kupa)

O6uiee uncno NXA40/d
U IMOKCMHOMOZ006HbIX
nXA4 (nr BO3 TEQ

Kupa) 155,27 13,64 | NA 6,41 | NA 0,48 13,29 15,96 15,58 | 5,00
nxa0/o u

ANOKCUHONOA06HbIe

NXA (DR CALUX); (nr

BEQ Kupa) NA NA NA NA NA 1,2 8,8 35 8,1 5,00
nxa4/® (DR CALUX);

(nr BEQ r* »upa) NA NA NA NA NA NA 5,8 31 5,2 2,50
I'XB (Hr it *Kupa) 1,35 2,94 2,75 6,29 1,303,52 28,90 480,65 2,86 20,00
NeXb (Hr r'* skupa) 2,92 0,34 0,39 34,53 0,67 | NA NA NA NA

IXBA, (Hr 't xupa) <0,03 <0,32 <0,31 <0,32 <0,4 NA NA NA NA

7 NXA, (Hr r'* upa) 374,00 33,87 11,07 14,20 11,74 2,10 5,29 1,03 66,36 -
6 NXA (Hr it Xupa) 204,00 26,85 8,67 11,35 9,73 2,10 5,29 1,03 52,92 (40,00
Cymm. TXUT (Hrrt

Kupa) 276,32 52,64 759,53 1451,19 503,00 1,34 5,23 2,32 4,94 -
Cymm. OAT (Hr

Kupa) 19,17 155,69 229,00 59,29 45,19 0,21 26,25 33,23 230,65 | -

PTyTb (Hr r'Y) NA NA NA NA NA NA NA NA 2,00 -

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

4.2.1 AnokcuHbl (NXA4/P) n guokemHonoaobHblie MX/

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 toxicological 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 thirteen pooled samples of chicken eggs from Kazakhstan.

JMOKCMHbI OTHOCATCA K rpynne 75 KOHreHepoB NoMX/I0PUPOBaHHbIX AnbeH30-n-aAnokcnHos (MXA/[) n 135 KoHreHepoB NOANXTOPUPOBAHHbIX
anbensodpypaHos (MXAP), 3 KoTopbix 17 NpeacTaBAAOT TOKCMOMIOTMYECKYIO ONacHoCTb. MNonmxnopuposaHHbie andeHnnsl (MXA) — sTo rpynna
209 pasINYHbIX KOHFeHepPOoB, KOTOPbIX MOXHO Pa3AeNnTb Ha ABe rPYMMbl N0 UX TOKCUKOIOTMYECKMM NpU3HaKam: 12 KoHreHepoB 0b6nagatoT
TOKCMKOIOTMYECKMMM CBOMCTBAMM, CXOXKMMM CO CBOMCTBAMM ANOKCUHOB, U, COOTBETCTBEHHO, - HAa3bIBAOTCA «AMOKCUMHONOAOOHbIMM MXA» (4
NXA4), (Esponeickas Komuccua 2011). YposHu cogepxanua NMXA40/P v AN MX/A BbiparkatoTca B cyMmapHOM nokasatene BO3-TEQ,
pPaccYynTbiBAEMOMY B COOTBETCTBUM C GaKTOpPamM TOKCUYECKOM 3KBMBaNeHTHOCTU (TEF), ycTaHOBNE@HHbIMK 3KCNepTHOM Komuccmnen BO3 B 2005
rogy (Van den Berg, Birnbaum et al. 2006). UmeHHO 3T1 HoBble TEF 6b121M MICNOb30BaHbI A5 OLEHKU ANOKCMHOMNOA06HON TOKCUYHOCTU B
necatn obbegMHeHHbIX Npobax KypuHbIX AnL, 3 KasaxcTaHa.

Eight out of thirteen and seven out of thirteen samples from Kazakhstan exceeded EU and Russian MAC of PCDD/Fs congeners in chicken eggs,
respectively (compare Tables 4 and 2) and ten out of total thirteen samples exceeded 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 a supermarket in
Karaganda were 0.90 and 0.00 pg WHO-TEQ g'lfat, respectively (see also discussion about background levels further in text). The highest level
of dioxins (9.81 pg WHO-TEQ g'l fat) was measured in eggs from Balkhash — southwest (BAL-EGG-14-2) and almost the same level was
measured in the sample from Shabanbai Bi, which had the second highest level of total WHO-TEQ (37.88 pg WHO-TEQ g'1 fat), and toxicity of
DL PCBs has prevailed in that sample (see graph in Figure 3). The other sample from Shabanbai Bi taken one year later contained even higher
concentration of DL PCBs and showed the highest total TEQ level among all samples in this study (155.27 pg WHO-TEQ g'1 fat). Most of the egg
samples showing high levels of total WHO-TEQ had a prevalence of DL PCBs share over PCDD/Fs on total WHO-TEQ, as shown by the graph in
Figure 3. It shows how big the impact is of potential PCBs sources of pollution such as for example obsolete transformers with PCBs containing
oils or their creation in industrial processes such as metallurgical plants. Only in two egg samples from Balkhash — southwest was the balance
between PCDD/Fs and PCBs in total WHO-TEQ opposite, and PCDD/Fs prevailed.

Bocemb 13 TpMHaALaTM U CEMb U3 TPMHAALATK NPO6 M3 KasaxcTaHa NpeBbICMIN KOHLEHTPALNK, NPEBOCXOAALLME EBPONENCKME U POCCUIACKME
MAK KoHUeHTpaunn KoHreHepos MNXAA/®P B KypuHbIX AlLax, COOTBETCTBEHHO (Tabanupl 4 1 2 ANa cpaBHEHUA), a AeCATb U3 TpMHAALATM NPob
NoKasanu CoAeprKaHus, MPeBOCXoAALLMe eBPONENCKYIO Npeae/ibHYI0 KOHLEHTpauuio Kak no NXA4/®, tak u AN NXA B KypUHbIX AALAX
(EBponeitckaa Komuccua 2011). doHosble yposHu MXA4/D v AN NXA, usmepeHHble B KYpUHbIX ANLAX U3 cynepmapKeTa B KaparaHae,
coctasuau 0,89812 1 0,00026 nr BO3-TEQ, 1™ M1pa, COOTBETCTBEHHO (CM. TXK. 06CYsKAEHMe GOHOBBIX YPOBHEN Aanee no TekcTy). Hanbonee



BbICOKanA KOHUeHTpauua amokcuHos (9,81 nr BO3-TEQ Ha it npa) 6bina 3aPpMKcHMpoBaHa B ANLAX Ha yYacTKe «banxal toro-3anaa» (BAL-EGG-
14-2), n NpaKTUYeCKM TOT e ypoBeHb bbln 3adpmKcnpoBaH B npobe u3 cena LLlabaHbalt b1, KOTopana MMena HaMBbICLIYH CYMMapPHYH
KOoHUeHTpauuto no BO3-TEQ (37,88 nr BO3-TEQ r'lmmpa), a TaKXe NoBbllEeHHY TokcmyHocTb AN NXA (cm. rpaduk B Puc. 3). B apyroi npobe
n3 LlabaHb6an by, KoTopaa bbl1a 0TOOpaHa Yepes roa, coaepKanach ewe 6osee BbICOKasA KOHLUEHTPaAUMA ANOKCMHONoa06HbIx MXA, 1 oH
MoKasan Camblil BbICOKMM 06Lmit yposeHb TEQ, cpeam Bcex Npob B 3ToM uccnesosaHum (155,27 nr BO3-TEQ g™ supa). B 60bwmnHCTBE Npo6
ANL, C BbICOKOM CYMMapHOM KoHUeHTpauuein no BO3-TEQ Habaoganock npesanmposBaHue aoav AN NXA no cpasHeHuto ¢ NMXA4/P no
cymmapHomy napameTpy BO3-TEQ, Kak nokasaHo Ha rpaduke Ha Puc. 3. 3To AEMOHCTPUPYET, HACKO/IbKO 60/1bLLIOE BO3A4ENCTBME OKa3bIBAOT
NnoTeHLMaNbHblE UCTOYHMKM 3arpsasHeHns MX/[, Takue Kak yctapeslune TpaHchopmaTopbl ¢ MXA-KuaKocTaMmu uam nx obpasosaHume B
NPOMbILNEHHbIX NPOLLeccax, HaNPMMep TaKMX, KaK Ha MeTanypruyeckmnx 3aBoaax. ToNbKO B ABYX Npobax AunL, M3 yyacTKa «banxaw roro-sanag»
COOTHOLWEeHMe 3HayeHnin BO3-TEQ no NXA4/P u NMXA 66110 06paTHbiM, 1 NXA4/P npeobnaganm Hag NXA,.

Total WHO-TEQ levels of PCDD/Fs and DL PCBs in samples from Kazakhstani hot spots are higher than in selected samples from Chinese and
Belorussian hot spots; however, higher levels of PCDD/Fs were observed in eggs from the surroundings of the Wuhan waste incinerator in
China. Samples from Shabanbai Bi, Rostovka, Chkalovo and Balkhash — Rembaza would belong to those with rather high levels of dioxins and
DL PCBs, also in comparison with collection of samples from IPEN’s The Egg Report from 2005, and comparable with samples from Dandora,
Kenya (mixed waste dumpsite), Lucknow, India (medical waste incinerator site) or Mbeubeuss, Senegal (mixed waste dumpsite) (DiGangi and
Petrlik 2005, IPEN Dioxin PCBs and Waste Working Group, Envilead et al. 2005, IPEN Dioxin PCBs and Waste Working Group, Pesticide Action
Network (PAN) Africa et al. 2005, IPEN Dioxin PCBs and Waste Working Group, Toxics Link et al. 2005). Putative sources of dioxin and dioxin-like
PCBs contamination at selected Kazakhstani hot spots are considered in the discussion part below.

CymmapHble yposHu BO3-TEQ NXAA/d v AN NXA B npobax M3 Ka3axCTaHCKUX 3arpA3HEHHbIX MECT OKa3a/MCb Bbllle, Yem B Npobax, B3ATbIX B
Takux ke mectax Knutaa n benapycu, ogHaKo, B OKPECTHOCTAX MHCMHEepaTopa 0TXoA0B B ByxaHb (Kutait), 6b11mn 3admKkcnpoBaHbl ewe 6onee
BbICOKME YPOBHU KOHLeHTpaunu. Mpobobl ns LWabaHbalt bu, PoctoBkK, Ykanoso 1 pembasbl banxala MoOXHO OTHECTU K rpynne nNpob ¢
AOCTAaTOYHO BbICOKMMM KOHLLEHTpaUMAMKN AnoKcmHoB 1 [ NX/, TakKe B cpaBHeHMM ¢ Habopom npob 13 otyeta «The Egg Report» IPEN 2005
roga, a TakKe cpaBHMMbI ¢ Npobamu n3 [laHaopobl, KeHna (NoAnMroH cmelwaHHbIX 0TX04,08B), J/1TakHay, UHAMA (NOAUTOH CRUTAHUA MeAULLMHCKUX
otxoa08B) unn Mbeybtoc, CeHeran (moanroH cmellaHHbIx otxoaos) (DiGangi u Petrlik 2005, IPEN Dioxin PCBs and Waste Working Group,
Envilead et al. 2005, IPEN Dioxin PCBs and Waste Working Group, Pesticide Action Network (PAN) Africa et al. 2005, IPEN Dioxin PCBs and
Waste Working Group, Toxics Link et al. 2005). TmnoTeTM4eckne NCTOYHMKU 3arpsA3HEHNA AUOKCUHAMM U AMOKCMHONoA06HbIMM X[ B
BbIOPAHHbIX «ropAYMX TOYKax» KasaxcTtaHa npeacTaB/ieHbl B aHAa/IMTUYECKOM YacTh HUMKE.

4.2.2. Polychlorinated biphenyls (PCBs)



Six out of a total of fifteen free range chicken eggs samples from Kazakhstani hot spots exceeded the EU limit for 6 PCB indicator congeners in
hen eggs. An extremely high level of 1976 ng g* fat was observed in eggs from Shabanbai Bi sampled in 2014 and exceeded the EU limit by
almost 50 fold. Six PCB congener levels in the samples from Rostovka and Chkalovo on river Nura exceeded the EU limit by seven and nine fold,
respectively. Also more recent sample of free range chicken eggs from Shabanbai Bi from the same farm exceeded the EU limit by five fold. All
these samples can be considered as highly contaminated by PCBs and potential sources of contamination should be found. Also, dioxin-like
PCBs were high in all these three samples and were major contributors to the overall WHO-TEQ level in these pooled egg samples (see the
graph in Figure 3). The highest level of 6 PCB indicator congeners (26.85 ng g fat) among samples from Mangystau Region was found in free
range chicken eggs sampled nearby the landfill site in Baskuduk, although it didn’t exceeded the EU limit (see Figuer 11).

4.2.2. MonnxnopuposaHHble gudeHnnbl (MX4)

WecTb 13 06Wwmx nATHaALaTM Npob AnL, Kyp cBOOOAHOrO coAeprKaHMA N3 Ka3axCTaHCKUX 3arpA3HEHHbIX MECT NPEBbIWAOT EBPOMNENCKYIO
npeaenbHO A0NYCTUMOM KOHLEHTPALUMIO NO 6 MHAMKATOPHbIM KOHreHepam MX/[, B ariuax. YpesmepHO BbICOKAA KOHLEHTpauus, paBHaa 1976 Hr
! upa 6bina 3aduKcMpoBaHa B AlLax U3 cena LabaHb6ait B — OHa MPEBOCXOANT eBPOMNENCKYIO NpesenbHO AONYCTUMYIO nouTy B 50 pas.
CopeprkaHue wectn KoHreHepos MX/[ 8 npobax, B3aTbix B PocToBKe 1 YKanoBo Ha peKe Hypa, npeBbicuAM eBponeiickue npeaesbl B CEMb U
0EeBATb pas3, COOTBETCTBEHHO. Bce 3Th TpM Npobbl MOMKHO CYMUTATb CUABbHO 3arpasHeHHbIMK MX/[, a 3TO 03HaYaeT, YTO HEOHXOANMMO HaANTU U
N3011MPOBaTb BO3MOXHbIE UCTOYHUKN 3arpasHeHma. Coaepkanue A MX 66110 TaKKe BbICOKO BO BCEX 3TUX TPeX Npobax, 4To ABUAOCH
OCHOBHbIM HaKTOPOM NOBbILEHMA 0b6LLero nokasartena BO3-TEQ B 3Tux 06beanHeHHbIx npobax anl, (cm. Puc. 11). Camblii BbICOKUN YPOBEHb
WHAMKATOPHbIX KOHreHepos MX/, (28,85 Hr r* skupa) cpeam Bcex npob 13 MaHrMcTayckoi 061acT 6bin 06HapysKeH CPeAm anL, Kyp CBOBOAHOrO
coAeprKaHusA, B3aTbix 61131 backyayKa, XOTA OHU M He NpeBbiwanu gonyctumble npeaensl EC (cm. Puc. 11).
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Figure 11: Graph comparing 6 PCB congener levels in different pooled chicken eggs samples from Kazakhstan, China and Belarus (full set of
results is in Table 3).

Pucynok 11. I'paduk conocraBienus: ypoBHe# conepxkanus 6 konrenepos I1X/] B pa3nuuHbix 00beAMHEHHBIX MTPOOAX KYPUHBIX SUIL U3
Kazaxcrana, Kuras u benapycu (o01masi cBojika pe3yabTaToB IpejcTaBicHa B Taonuue 3).

Two samples from Balkhash — Rembaza also exceeded the EU limit value for 6 PCB congeners, although not so significantly. Also in this case DL
PCBs were major contributors to total TEQ in eggs (see graph at Figure 3). Prevalence of PCBs upon PCDD/Fs in total TEQ was also measured in
samples from Ekibastuz, where an electricity substation contaminated by PCBs is a putative source of egg contamination by U-POPs.

B aByx npobax u3 mectononoxeHma «banxaw - pembasa» TakKe 3adMKCMPOBAHO NpeBblileHNEe eBPONENCKON HOPMbl KOHLUEHTpaLUMn 6
KOHreHepos MNX/[, XOTA 1 He CTONb 3HauYuTeNbHOE. [1pu Yyem, u B 3TOM caydae, A MXJ oka3anncb 0CHOBHbIMU PpaKTOpPaMM NOBbILLIEHUA
nokasatensa TEQ B aiyax (cm. Puc. 3). NpesanvposaHue MXA Hag NXA40/P B 06wem TEQ 66110 TakKe n3mepeHo B npobax ns Iknbacrtysa, rae
3/1eKTpuYecKasa noactaHuma, 3arpasHeHHan MX/, asnaetca npeanonoXmMTeIbHbIM MCTOYHUKOM 3arpA3HEeHUA AUL, HenpeaHamMmepeHHo-

npowusseaeHHbimu CO3.



WHO 2005 - TEQ

H DL PCBs
B PCDD/Fs

Figure 12: Balance between PCDD/Fs and DL PCBs on total WHO-TEQ levels in chicken egg samples from Kazakhstan.

PucyHok 12. CooTHoweHne NXA4/P v AN NXA B 06wmx ypoBHAX BO3-TEQ B Nnpobax KypuHbIX AnL, U3 KasaxcTaHa

4.2.3. Other U-POPs: Hexachlorobenzene (HCB), pentachlorobenzene (PeCB) and hexachlorobutadiene (HCBD)

Hexachlorobenzene and pentachlorobenzene were listed as U-POPs in Annex C to the Stockholm Convention (Stockholm Convention 2010).
Their unintentional formation in chemical and combustion processes is similar to that described for PCDD/Fs and DL PCBs. The highest levels of



HCB were observed in samples from Shetpe, a sample closer to the cement kiln, and Shabanbai Bi (in sample taken in 2014). The sample from
Shetpe (SH-E-1/1-2) contained also the highest level of PeCB (34.5 ng g fat).

4.2.3. ipyrue HenpeaHamepeHHo-npousseaeHHble CO3 - rekcaxnopbeHson (FXB), neHTaxnopberson (MeXB) n rekcaxnopbytaaner (FXBA)

lekcaxnopbeH3on 1 neHTax10pbeH30/1 yYKa3aHbl B KAYeCTBe HenpegHamepeHHo-npousseaeHHbix CO3 B MpunoxeHnn C K CTOKIONIbMCKOM KOHBEHLMM
(CTokronbmckan KoHseHuuma, 2010). Ux HenpeaHamepeHHOe 0H6pa3oBaHME B XMMUYECKMX MPOLECCax U NPOoLLeccax CKUraHMA aHaNorMYHO 06pa3oBaHMIO
nxaa/e v An nNx4. Camble sbicokune yposHu MXB Habaoganuce B npobax us Letne (B npobe, oTobpaHHOM HeganeKo OT LLeMeHTHOro 3aBoAa), U 13
LLlabaH6aii b1 (B Npobe, B3aToii B 2014 r.). Mpoba u3 LLetne (SH-E-1/1-2) conepskana TakxKe camblii BbICOKMI ypoBeHb MeXb (34,5 Hr I xupa).

HCB 2
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Figure 13: Hexachlorobenzene levels in different pooled samples of free range chicken eggs from Kazakhstani hot spots in comparison with
selected sites in China (Wuhan) and Belarus (Gatovo).

PucyHoK 13. YpOBHM rekcaxnopbeH301a B pas/iMyHbiXx 06beanHEHHbIX Npobax Anu, Kyp cBOBOAHOIo coaepKaHuA U3 3arpsisHEHHbIX MecT
KasaxcTaHa no cpaBHEHMUIO ¢ BbibpaHHbIMM mecTamm B KuTae (YxaHb) 1 benapycu (FaTtoso).

Hexachlorobutadiene (HCBD) is considered to be a U-POP as well, although it was listed in Annex C to the Stockholm Convention yet. None of
the free range chickend eggs samples analyzed for this chemical from Kazakhstani hot spots had level above LOQ of HCBD (see Table 4).

lekcaxnopbytagmeH (FXBM) TakxKe cunTaeTca HenpeaHamepeHHo-npoussedeHHbiM CO3, XOTA OH elle He Obln BKAoYEH B npuaoxkeHue C
CTOKronbMCcKOM KOHBeHUMK. HM ogHa u3 npob auny, Kyp cBob6oaHOro coaeprkaHuA U3 3arpAasHeHHbIX MecT KasaxcTaHa, NpoaHaAn3npoBaHHas no
3TOMY XMMMUYECKOMY BELLLECTBY, He MMesia ypoBHA Bbiwe LOQ MNXB, (cm. Tabanuy 4).

4.2.4. Polycyclic aromatic hydrocarbons (PAHS)

Polycyclic aromatic hydrocarbons (PAHs) were analyzed only in free range chicken eggs from Mangystau Region however we have results of
analyses also in chicken eggs from Thailand and one sample from China for comparison. These results are summarized in Table 5. We don’t
have results for analysis of PAHs in chicken eggs from supermarket in Kazakhstan we only have it for chicken eggs from supermarket in Bangkok
which cannot be considered as background level for Kazakhstan. Samples from Mangystau hot spots don’t show high levels of PAHs in
comparison within presented collection of pooled free range chicken egg samples. The highest level of 6 PAHs (385 ng g'1 fat) among four
samples from Mangystau was found in Tauchik. It is also slightly elevated in comparison with sample from supermarket in Bangkok (233 ng g'1
fat), however it is still much lower in comparison with highest concentrations among presented collection of samples (above 1000 ng g fat).

4.2.4. TIoNUUMKINYECKME apoMmaTrieckme yraesogopoabi (MAY)

MonAnumkanyeckme apomatmyeckume yrnesogopogbl (MAY) aHanM3mMpoBann TonbKo B Npobax anu, Kyp ceobogHOro cogepaHus m3
MaHrucTayckoi 061acTn, o4HAKO Yy Hac ecTb pe3y/ibTaTbl aHAaNM30B KyPUHbIX AnL, U3 TaunaHaa u ogHa npoba u3 Kutaa ana cpaBHeHus.
Pe3ynbTtaTthl npuBeaeHbl B Tabauue 5. Y Hac HET pe3ybTaToB aHaM3a Ha cogeprkaHue MAY AnL, U3 Ka3axCTaHCKOro cyrnepmapKeTa, XoTa Mbl
nMmeem pesybTaTbl aHANM30B AUL, U3 cynepmapKeTa B baHIKoKe, KoTopble Helb3sA NPUHMMaTb Kak GOHOBbIN ypoBeHb AnA KasaxcTaHa, Ho



MOYHO MCNONb30BaTb ANA CpaBHeHMUA. Mpobbl M3 MaHrbiCTay He NOKa3blBaOT BbICOKMX YpOBHeM MAY B cpaBHEHUMN C BbllLeyKa3aHHOM
BbIOOPKOM 06beANHEHHbIX MPO6 AnL, Kyp cBO6OAHOro coaepKaHua U3 Apyrmux ctpaH. Cambiin BbICOKUM ypoBeHb 6 MAY (385 Hr it upa) cpeam
yeTblipex NPob n3 MaHrbicTay 6bin HangeH B Tayunke. OH TaKKe HEMHOIO NOBbIWEH NO CPAaBHEHMUIO € NPOoboIM U3 cynepmapKeTa B baHrkoke
(233 Hr r' sKMpa), OAHAKO OH BCE ELLEe HAMHOTO HIKE MO CPABHEHMIO C CAMbIMM BbICOKMMM KOHLLEHTPALMAMM CPeam NPeacTaBaeHHbIX NPob
(6onee 1000 Hr ' xupa).

Table 5: Summarized results of analyses for 6 PAHs in 4 free range chicken eggs samples from Mangystau Region collected in 2016 in
comparison with some samples from Thailand and China collected in 2015 — 2016 (in ng g™ fat).

Tabnunuya 5. O606LLeHHble pe3ybTaTbl aHaN30B Ha 6 MAY B YeTbipex npobax auL, Kyp cBoO6oAHOro coaep:kaHma ns MaHrucrayckom obnactu,
cobpaHHbIx B 2016 roagy, No CpaBHEHWUIO C HEKOTOPbIMKM Npobamu M3 TaunaHga n Kntas, cobpaHHbimm B 2015-2016 roaax (B Hr it Xupa).



Sample BAS02 | TA-E-1 | SH-E- SH-E-2 SMS2-13 SAR1 MTP2-18 | MTP2-19 MTP1-11 Control Samui 01 | Likeng
1/1-2 group,
supermarket
Baskuduk | Tauchik | Shetpe | Shetpe Samut Saraburi Map Tha | Map Tha Map Tha Bangkok Koh Likeng
Sakhon (Thailand) Put Put Put (Thailand) Samui (China)
(Thailand) (Thailand) | (Thailand) | (Thailand) (Thailand)
Naphthalene 97 322 107 116 690 1300 170 110 86 140 220 430
Phenanthrene 124 59 54 31 1200 150 110 88 700 93 160 250
Benzo[a]anthracene 1.1 1 <0.4 <0.5 <30 <40 <30 <30 <20 <30 110(< 3
Chrysene 1.6 2.6 <0.4 <0.5 <30 <40 <30 <30 <20 <30 110 3
Benzo[b]fluoranthene <0.9 <0.8 <0.9 <1.1 <30 <40 <30 <30 <20 <30 110 3
Benzo[a]pyrene 0.5 0.9 0.6 0.9 <30 <40 <30 <30 <20 <30 94|<3




backyayk Camyt | Capabypu | ManTa Man Ta Man Ta BaHrkok Camym JInkeHr
CakxoH | (TaunaHp) Myt Myt Myt (Tannang) |(Taunana)| (Kutai)
(TannaHp) (Tannanp) | (TannaHg) |(TannaHg)
97 322 107 116 690 1300 170 110 86 140 220 430
124 59 54 31 1200 150 110 88 700 93 160 250
1,1 1 <0,4 <0,5 <30 <40 <30 <30 <20 <30 110|<3
1,6 2,6 <0,4 <0,5 <30 <40 <30 <30 <20 <30 110 3
<0,9 <0,8 <0,9 <1,1 <30 <40 <30 <30 <20 <30 110 3
0,5 0,9 0,6 0,9 <30 <40 <30 <30 <20 <30 94(<3




4.2.5. BFRs in eggs

Broad family of brominated flame retardants including those used as alternatives to older ones such as polybrominated diphenyl ethers
(PBDEs) and/or hexabromocyclododecane (HBCD) was analyzed in free range chicken eggs from Balkhash city, Baskudu, Shetpe and sample
from supermarket in Karaganda. Results for all measured BFRs in these samples and samples from Thailand and China for comparison are

summarized in Table 6.

Table 6: Summarized results of analyses for different BFRs in chicken eggs samples from Central Kazakhstan in comparison with
selected samples from Thailand and China (in ng g fat). The levels below LOQ were counted as “0” for calculation of sums of the

groups of BFRs.
Baskuduk | Shetpe Bangkok —

Balkhash - | Balkhash - | Balkhash - | Balkhash - | Karaganda Map Tha |Koh supermark

southwest | southwest | Rembaza | Rembaza | - superm. Put Samui et Qihua
Locality (Thailand) | (Thailand) | (Thailand) | (China)

BAL-EGG- | BAL-EGG- | BAL-EGG- | BAL-EGG- BAS02  |SH-E-1/1-
Sample 14-1 14-2 14-3 14-4 KAR-SUP 2 MTP 2-19 | SAMUI 01 | SUPERM | QIHUA 2
HBB <0.16* <0.20* <0.20* 0.22 | <0.21* <0.33* <0.31* <0.16* <0,21* <0.26* <0.17*
Sum of 28.10 0.00
PBDEs** 3.51 25.78 234.56 16.04 9.50 3.30 0,92 3.10 1.94
PBEB <0.16* <0.20* <0.20* <0.22%* <0.21* <0.33* <0.31* <0.16* <0,21* <0.26* <0.17*
a-HBCD <0.69* 197.28 | <0.88* 225.40| 1035.71 179.08| 18320.75 165.41 | <0,92* <1.12* 139.44
B-HBCD <0.69* <0.88* <0.88* <0.94* <0.93* <1.63* <1.57* <0.70%* <0,92%* <1.12* <0.72%*
y-HBCD <0.69* <0.88* <0.88* <0.94* <0.93* 7.25 <1.57* <0.70%* <0,92* <1.12* <0.72*
Sum HBCD 0.00 197.28 0.00 225.40 1035.71 187.97| 18320.75 165.41 0,00 0.00 139.44
BTBPE 0.16 | <0.20* <0.20* <0.22* 0.29 3.46 <0.31* 0.27 | <0,21* <0.26* <0.17*
OBIND <]1.33* <1.70* <1.70* <1.80* <1.79* <3.27* <3.27* <1.35* <1,77* <2.16* <1.39*
DBDPE <2.66* <3.40* <3.40* <3.60* <3.57* <6.54* <6.29* <2.70* <3,55* <4.31% <2.78*
Sum - new 3.46 0.00
BFRs 0.16 0.00 0.00 0.00 0.29 0.27 0,00 0.00 0.00

k- _l_...1. AN




4.2.5 bBpoMmnpoBaHHbIe aHTUNUPEHbI B ANLLAX

LLnpokoe cemencTBO BPOMUPOBAHHbLIX OFHECTOMKMX A00aBOK (aHTUNUPEHOB, PeTapAaHTOB) B TOM UYMCNe TeX, KOTOpPble MCMO/b30BasINCh B
KauyecTBe 3aMeHbl CTapbiX aHTUMUPEHOB, TaKUX KaK MonMbpomupoBaHHble audeHunosble 3¢upbl (MBA3) n/mnn rekcabpomumknogoaeKkaH
(rewd), aHanmnsmposanu B Anuax Kyp ceobogHoOro cogep)kaHma us r. banxaw, nocenkos backyayk, LWeTtne n B npobe ns cynepmapketa B
KaparaHge. Pe3ynbTaTbl 415 BCEX U3MEPEHHbIX BPOMMPOBAHHbIX AaHTUMMPEHOB B 3TUX Npobax n npobax M3 TannaHaa n Kutaa ana cpasHeHuA

cobpaHbl B Tabauue 6.

Tabnanua 6. O606wWeHHble pe3ynbTaTbl aHA/NN30B AAA PaA3HbIX OPOMMPOBAHHbLIX AHTUMMPEHOB B NPO6AX KypuHbIX AU M3 LieHTpanbHOro
KasaxcTtaHa no cpaBHEHMUIO € HeKoTopbiMK Npobamu n3 TanmnaHga u Kutasa (B Hr rt Xupa). YpoBHU HMKe LOQ npuMHMManucb Kak HyneBble

3HAYeHWA NPU pacyeTe CyMMapHbIX FPynn BeLLEeCTB.

Kaparanpg, | Backyayk |Lletne
banxaw — | banxaw — BaHrkok —
lOro- 1Oro- banxaw - | banxaw - a- Man Ta cynepmap
MecTonorno sanaz 3anag Pembasa | Pembasa | cynepmap Myt Camyu ket Linxya
KEHne KeT (Taunanpg) | (Tannadgp) | (Tamnang) | (Kutan)
BAL-EGG- | BAL-EGG- | BAL-EGG- | BAL-EGG- BAS02 | SH-E-1/1-

Mpoba 14-1 14-2 14-3 14-4 KAR-SUP 2 MTP 2-19 | SAMUI 01 | SUPERM | QIHUA 2
XBB <0,16* <0,20* <0,20* 0,22 |<0,21* <0,33* <0,31* <0,16* <0,21* <0,26* <0,17*
Cymma 28,10 0,00
nego** 3,51 25,78 234,56 16,04 9,50 3,30 0,92 3,10 1,94
Nnedb <0,16* <0,20* <0,20* <0,22* <0,21* <0,33* <0,31* <0,16* <0,21* <0,26* <0,17*
a-rug <0,69* 197,28 | <0,88* 22540| 1035,71 179,08 | 18320,75 165,41 | <0,92* <1,12* 139,44

-'b <0,69* <0,88* <0,88* <0,94* <0,93* <1,63* <1,57* <0,70* <0,92* <1,12* <0,72*
B-rBLA
y-r6ua <0,69* <0,88* <0,88* <0,94* <0,93* 7,25 <1,57* <0,70* <0,92* <1,12* <0,72*
Cymma 187,97 | 18320,75
reyg 0,00 197,28 0,00 225,40 1035,71 165,41 0,00 0,00 139,44
BTBPE 0,16 | <0,20* <0,20* <0,22* 0,29 3,46 <0,31* 0,27 | <0,21* <0,26* <0,17*
OBIND <1,33* <1,70* <1,70* <1,80* <1,79* <3,27* <3,27* <1,35* <1,77* <2,16* <1,39*
DBDPE <2,66* <3,40* <3,40* <3,60* <3,57* <6,54* <6,29* <2,70* <3,55* <4,31%* <2,78*
Cymma - 3,46 0,00
HOBblE
OpomMup.aHT 0,16 0,00 0,00 0,00 0,29 0,27 0,00 0,00 0,00




UMUPEHBI

Surprisingly high levels of a-HBCD isomer of 18320.75 respectively 1036 ng g™ fat were found in chicken eggs obtained from Shetpe
respectively supermarket in Karaganda. Level above 18 ppm is the highest level of HBCD ever measured in fat of chicken eggs. Also level in
chicken eggs from supermarket is one of the highest concetrations of HBCD found in chicken eggs. Both are higher than those observed in free
range chicken eggs from different hot spots sampled by IPEN in 2005 (Blake 2005). Pool sample from supermarket contained lower level of
HBCD than high concentration of 2000 ng g™ fat found in German free range chicken eggs in 2007 (Hiebl and Vetter 2007). Pool sample from
Shetpe nine times exceeded that level. It is not very clear how this contamination got into eggs from the large poultry farm, where chicken
mostly don’t have access to open space. Potential contamination route might be some use of polystyrene somewhere on the place accessible
to chicken at the farm and/or contaminated feed for chicken. The sample from supermarket in Karaganda cannot be considered as one
showing background level for BFRs in chicken eggs from Kazakhstan. Repeated sampling and monitoring of BFRs in chicken eggs from
supermarkets in Karaganda can help to address the source of serious pollution of food chain by HBCD. Polystyrene or car upholstery treated by
HBCD as flame retardant is most likely source of contamination of free range chicken eggs sampled in Shetpe. It has to be noted that in Shetpe
these eggs were sampled near cement kiln.

HeoXnaaHHO BbiCOKME ypoBHM um3omepa o-FbUA 18320,75, - cootsetctBeHHO 1036 Hr it Upa, bbbl O0bHApY*KEeHbI B KYPWUHbIX ANLAX,
nonyyeHHbix u3 Letne n 13 cynepmapketa B KaparaHge. YpoBeHb Bbiwe 18 ppm ABAAETCA cambiM BbICOKMM ypoBHem [bLLA, Korga-nnbo
M3MEPEHHbIM B XUpPEe KypWUHbIX AWL,. TakoM ypoBeHb B AlMLAX Kyp M3 CynepmapKeTa — TaKKe OfHa M3 CaMbIX BbICOKMX WM3MEpPEHHbIX
KoHueHTpauui FBLUA B KypuHbIX Aiuax. Oba pesynbTaTa Bbile, YemM Te, KOTOpble HabawaalTCcA B AMLAX Kyp cBOBOAHOro coaep’KaHus 13
pa3HbIX 3arps3HeHHbIX mecT, oTobpaHHbix IPEN B 2005 rogy (Blake 2005). B npobe n3 cynepmapKeTa cogepkuTtca 6osee HU3KUIA ypOBEHb
L, yem KoHueHTpauna B 2000 Hr I obHapyeHHan B HeEMeLKMX alLax Kyp ceobogHoro cogeprkaHua B 2007 roay (Hiebl and Vetter 2007).
Mpoba aiua 3 LleTne npesbillana AaHHbIA ypoBeHb B 9 pa3. He coBcem ACHO, Kak 3TO 3arpA3HeHMe nonaao B Alua B yCN0BUAX 6OMbLLIOWN
nTuuedabpuKku, rae Kypbl, KaK NPaBuIo, HE UMEIT A0CTYyNa K OTKPbITOMY MPOCTPAHCTBY. MOTEHUMaNbHbIM MapLPYTOM 3arpA3HEHUA MOXKeT
6bITb MCNONb30BaHME MNOAUCTUPONA B TaKOM MECTe, KOTOpOe AOCTYNHO AN Kyp B YCA0BUAX NTuuedabpuku u/muam ucnonb3osBaHve ANs
KOpMAEHMSA Kyp 3arpsA3HEHHOro Kopma. Pe3ynbTat no npobe ns cynepmapkeTta B KaparaHge He MOXKeT paccmaTpMBaTbCA Kak GOHOBbLIN YPOBEHb
6POMMPOBAHHbBIX aHTUNMUPEHOB B KYPUHbIX ANLAx M3 KasaxcTaHa. [OBTOPHbIN O0TOOP NPob M MOHUTOPUHT BPOMUPOBAHHbIX AHTUMUPEHOB B
KYPUHbBIX ANLAX M3 MarasvHoB B r. KaparaHae MoryT NnoMmoYb YCTPaHUTb UCTOYHUK CEPbE3HOro 3arpasHeHuna nuweson uenu ML, Nonavctupon
nnn asTomobunbHas obuBKa, obpaboTaHHble [BLL B KayectBe MHrMbuTOopa BOCNAaMeHeHWsA (aHTUMNMPeEHa), CKopee BCero, ABAAKOTCA



MCTOYHUKOM 3arpasHeHna npobbl auu, Kyp cBoboaHOro coaepkaHma, otobpaHHoi B LeTtne. Cnegyet oTmeTuTb, Yyto B Letne ata npoba auy,
6bl1a oTobpaHa B palioHe LLeMeHTHOro 3aBoja.

Significant levels of HBCD were also observed in other pooled eggs samples BAL-EGG-14-4 from Balkhash — Rembaza (225 ng g™ fat), BAL-EGG-
14-2 from Balkhash — Southwest (197 ng g™ fat), and BAS 02 from Baskuduk (188 ng g fat). In IPEN report focused on different hot spots the
maximum level of HBCD (160 ng g™* fat) in free range chicken eggs was observed in sample from Dandora landfill in Nairobi. Highest level of
PBDEs (107 ng g™ fat) in that report was observed in sample from the vicinity of hazardous waste incinerator in Turkey. Much higher level,
exceeding that one more than twice was found in sample BAL-EGG-14-3 from Balkhash — Rembaza (235 ng g™ fat). Four results with respective
seven times higher levels were observed in poultry eggs in the vicinity of Chinese municipal solid waste incinerator (Petrlik 2015) respective e-
waste recycling site in Eastern China (Labunska, Harrad et al. 2013).

We looked for BFRs also in sediments of Balkhash Lake during our research in 2014. PBDEs and HBCD isomers were not found in levels above
LOQ in four analyzed pooled sediment samples taken near the tailing pond (VSCHT - Ustav analyzy potravin a vyzivy 2014).

3HaunTenbHble ypoBHM MBLJ, HabAAaAUCh TakxKe B ApYruX 06beanHeHHbIX Npobax anL: BAL-EGG-14-4 «banxaw-Pembasa» (225 Hr r' skupa),
BAL-EGG-14-2 «banxaw Hro-3anag» (197 Hr it *npa) n BAS 02 u3s backyayka (188 Hr it *Kupa). B otyete IPEN, nocBALLEHHOM Pa3INYHbIM
3arpsA3HEHHbIM MEeCcTam, MakCMMmanbHbI yposeHb FBLUA (160 Hr it XMpa) B AliLax Kyp cBob60AHOro coaepskaHusa bbin obHapy»KeH B npobe Ha
ceasnke Dandora B Haipobu. Cambiii BbiCOKMI ypoBeHb MBI (107 Hr it Mpa) B 3ToM otyeTe bbln 0O6HapyXKeH B npobe M3 OKpPecTHOCTEMN
MHCMHEepaTopa onacHbIXx oTxodoB B Typuun. B npobe BAL-EGG-14-3 «banxawa Pembasza» (235 Hrer upa) obHapy»KeH HamHoro 6onee
BbICOKMIA YpPOBEHb, MpPEBbIWALOWMIN 3TOT pe3ynbTaT bonee yem B ABa pasa. YeTbipe nNpobbl C CEMUKPATHbIM MPEBbILEHUA YPOBHS,
obHapyeHHoro B Typuun, 6blaM 0BHapYKeHbl B AlLaX NTUL, B OKPECTHOCTAX MHCUHepaTopa TBepapblx bbiToBbix oTxomos (Petrlik, 2015) Ha
naowaaKe no peunKkaMpoBaHNIO SNEKTPOHHbIX 0TX040B B BoctouHom KuTae (Labunska, Harrad et al., 2013).

Mbl MCKann BpoMMpPOBaHHbIE AaHTUMMPEHbI TAKXKE B OT/NIOMEHMAX O03epa banxaw BO Bpema Hawux uccnegosaHmii 8 2014 rogy. NBAD u
nsomepbl NbLL He 6bian 06HApY*KeHbI B YETbIpEX NPOaHaIM3MPOBaHHbIX NPobax 0CafAKOoB, B3ATbIX Y XBOCTOXPAHWAMLLA, PACMO/IOKEHHOrO Ha
6epery 03.banxalu 1 He npesbicnaun yposeHb LOQ (VSCHT - Ustav analyzy potravin a vyZivy 2014).

4.2.6. Organochlorinated pesticides (OCPs)

EU limits for pesticide residues, including OCPs in chicken eggs, are set per fresh weight of egg. A comparison of OCPs in eleven samples of
chicken eggs from Kazakhstan is in Table 7. EU limits were exceeded only in two samples: the limit for the sum of DDT was exceeded in eggs
from Balkhash — Rembaza (BAL-EGG-14-4) by more than two fold, and the limit for B-HCH was exceeded in the sample from Shabanbai Bi by



more than six fold. Levels of p,p'-DDT were 124 and 441 ng g fat respectively in two samples from Balkhash — Rembaza, which is over MAC
according Russian legislation (see Table 2).

4.2.6. XnopopraHuyeckue nectmumabl (XOM)

EBponelickme npeaenbHO AONYCTUMbIE KOHLEHTPALMM OCTAaTKOB NecTuunaos, Bkatodaa XOr, B KypUHbIX ANLAX, YCTaHAaBAMBAOTCA Ha Mmaccy
Anua B cbipom Buae. ConocrasneHne cogeprkaHuna XOMN B ogmMHHagLaTv npobax KypuHbIxX auL, M3 KasaxctaHa npeactasneHo B Tabauue 7.
EBponelickme npeaenbl 6bi1M NPEBbILEHbI TONLKO B ABYX Npobax: npesenbHO A0NYyCTMMan CyMmMapHaa KoHueHTpauma 4T 6bin1a npesbleHa
B ANLAX Ha y4YacTKe «banxaw - pembasa» (BAL-EGG-14-4) 6onee yem BABOE, a NpeaesibHas KoHueHTpauuma B-INXLI 6bina npesbilieHa B npobe
n3 cena LLlabaHb6an bu 6onee yem B wectb pa3. KoHueHTpauua p,p'-A40T coctasuna 124 n 441 Hr it YMpa COOTBETCTBEHHO, B ABYX Npobax n3
«Bbanxaw - pembasa», YTo NpPeBbILWAET NPeAENbHO AONYCTUMYIO KOHLEHTPALMIO NO 3aKOHOAaTeNbCcTBY Poccuinckon ®eaepaunm (cm. Tabanuy
2).

Table 7: Summarized results of analyses for OCPs for ten pooled free range chicken egg samples from the second year of sampling (2014) plus a
background sample from a supermarket in Karaganda sampled in 2015. 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.

Ekibastuz - | Ekibastuz - | Ekibastuz - | Shabanbai | Shabanbai Karaganda
Locality substation | Soyuz Soyuz Bi Bi Rostovka |Chkalovo |—superm.
EKI-14-1- |EKI-14-2- |EKI-14-3- | ARAI-EGG |Shabanbai | NUR-EGG- | NUR-EGG- | KAR-SUP |EU
EGG; EKI- |EGG EGG Bi2 14-1 14-2 stand.
Sample 27-EGG
HCB 0.67 0.15 0.21 0.63 0.39 0.35 0.69 0.15| 20.00
a-HCH 0.07 0.16 0.75 18.47 3.62 0.48 0.14 0.01| 20.00




y-HCH 0.01 0.45 0.41 2.52 0.96 0.34 0.16 0.05| 10.00

B-HCH 1.30 0.94 3.33 66.38 75.00 6.03 1.80 0.01| 10.00

sum-4DDT

(EV) 1.82 19.68 16.77 29.02 5.52 20.46 15.24 0.17 | 50.00
. Balkhash - | Balkhash - | Balkhash - | Balkhash — Baskuduk | Tauchik Shetpe

Locality southwest | southwest | Rembaza | Rembaza Shetpe EU

BAL-EGG- |BAL-EGG- |BAL-EGG- |BAL-EGG- |BASO02 TAE-1 |SH-E-1/1-2 |SH-E-2 stand

Sample 14-1 14-2 14-3 14-4 '

HCB 0.21 0.26 0.45 0.24 0.46 0.45 0.97 0.16| 20.00

a-HCH 0.13 1.30 0.26 0.80 0.20 0.79 12.5 1.56| 20.00

y-HCH 0.00 0.71 0.28 0.51 0.13 0.15 1.95 0.31| 10.00

B-HCH 0.72 9.34 1.56 2.60 7.88 122 209 61.0| 10.00

sum-4DDT 1.28 3.39 32.30 119.83 24.11 36.78 8.82 5.33

(EV) 50.00

Tabnnua 7. 0606wWeHHble pe3ynbTaTbl aHanu3a XOI B gecaty npobax auu, Kyp cBO6OAHOro coaepKaHna oTobpaHHbIX Ha BTOPOM roay
onpoboBaHus (2014 r.) n B Nnpobe 13 cynepmapkeTa B KaparaHae, otobpaHHon B 2015 rogy. 1na cpaBHEHMA NpeaocTaBasem npeaenbHblie
3HauyeHus EC (European Commission 2008). Pe3ynbTaTbl BbipakeHbl B HF I-1 Ha «CBEXKMIN BEC», NOCKONbKY npeaensl EC yctaHoBneHbl ans XOr
Ha «cBeXxui sBec» XOI.

3Knbactys KaparaHga

- LWabaHbaw -

noactaHum | 9kmbactys | dkmbactys | LabaHba |bBu cynepmap

o Crang,

MecTHOCTb | A - Coto3 - Coto3 n bu PoctoBka |YkanoBo KeT

EKI-14-1- |EKI-14-2- |EKI-14-3- |ARAI-EGG |Shabanbai | NUR-EGG- | NUR-EGG- | KAR-SUP :ET

EGG; EKI- | EGG EGG Bi 2 14-1 14-2
Mpoba 27-EGG
X6 0,67 0,15 0,21 0,63 0,39 0,35 0,69 0,15| 20,00




a-HCH 0,07 0,16 0,75 18,47 3,62 0,48 0,14 0,01| 20,00
y-HCH 0,01 0,45 0,41 2,52 0,96 0,34 0,16 0,05| 10,00
B-HCH 1,30 0,94 3,33 66,38 75,00 6,03 1,80 0,01| 10,00
sum-4DDT

(EV) 1,82 19,68 16,77 29,02 5,52 20,46 15,24 0,17 | 50,00

banxaw — | banxaw —
HOro- HOro- basxaw - | basxaw - backygyk | Tayuuk Letne
Pemba3a | Pembasa CraHgpart

MecTHOCTb 3anag, 3anag, LWeTtne EC

BAL-EGG- | BAL-EGG- | BAL-EGG- | BAL-EGG- |BAS 02 TAE-1 |SH-E-1/1-2 |SH-E-2
Mpoba 14-1 14-2 14-3 14-4
rXur 0,21 0,26 0,45 0,24 0,46 0,45 0,97 0,16 20,00
o-MXur 0,13 1,30 0,26 0,80 0,20 0,79 12,5 1,56 20,00
y-rxur 0,00 0,71 0,28 0,51 0,13 0,15 1,95 0,31 10,00
B-rXur 0,72 9,34 1,56 2,60 7,88 122 209 61,0 10,00
Cymm. 4 1,28 3,39 32,30 119,83 24,11 36,78 8,82 5,33
AAT (EC) 50,00

All free range chicken egg samples exceeded the background level of DDT in the eggs bought in the supermarket. Significantly higher levels of
DDT were in the sample from Balkhash — Rembaza (BAL-EGG-14-3), the sample from Shabanbai Bi, two samples from Ekibastuz — Soyuz, and in
samples from Rostovka, Chkalovo, Baskuduk and Tauchik. A comparable level of DDT was also found in free range chicken eggs from Gatovo,
Belarus.

Bce npobbi anL, Kyp cBO60A4HOTO coaeprKaHus npesbicuan GOHOBbLIN YPOBEHb KOHUEHTpauum AT B AlLax, KyNaeHHbIX B CynepmapKeTe.
3HaunTenbHo 6onee BbicoKM ypoBeHb AT Habaoaanca B npobe «banxauw - pembasa» (BAL-EGG-14-3), B npobe u3 LLlabaHbali bu, B ABYX



npobax 13 «3knbactys — Coto3», n npobax U3 PoctoBkM, Ykanoso, backyayka n Tayunka. CpaBHUMbIN ypoBeHb AT 6bi TakKe 06HaPYKEH B
Aaluax Kyp ceBoboaHoro coaepkaHua ns Natoso, benapyce.

High levels of HCHs were observed in two samples from Shabanbai Bi, and in three of total four samples from Mangystau Region.
Concentration of B-HCH in sample SH-E-1/1-2 from Shetpe exceeded an EU limit more than twenty times (see Tables 2 and 7) as well as it
exceeded Russian limit value twice (see Tables 2 and 7). An elevated level of B-HCH near to the EU limit value was also found in eggs from
Balkhash — southwest (BAL-EGG-14-2). B-HCH is an isomer of pesticide lindane. Potential source of this contamination can be either feed or
water provided to chicken. High levels of B-HCH were observed for example in dairy milk in Saco Valey, Italy where fodder provided to cattle
was found to be a source of contamination (Sala, Caminiti et al. 2012). Contrary to the findings in free range chicken eggs there were very low
concentrations of OCPs in camel milk samples from Mangystau Region (Petrlik, Kalmykov et al. 2016). Significant level of B-HCH was also
observed in some samples of animal products (butter) and human tissues samples from the surrounding of Aral Sea in Uzbekistan (Ataniyazova,
Baumann et al. 2001).

Bbicokne ypoBHuM XL Habntoaanmch B AByx npobax u3 LabaHb6an bu 1 B Tpex u3 yeTbipex npob n3 MaHrucrayckoi obnactu. KoHueHTpauma
B-rXUr s npobe SH-E-1/1-2 u3 LeTtne npesbiwana npegen EC 6onee yem B 20 pa3 (cm. Tabanupl 2 1 7), a TaKKe ABaXKAbl NPeBbICMNA
poccuickoe npeaenbHoe 3HavyeHue (cm. Tabaumubl 2 1 7). NoBbiweHHbIN ypoBeHb B-FXLUI, 6113KMin K npeaenbHoMy 3HavyeHuto EC, 6bin
obHapy»KeH B Anuax u3 «banxaw - toro-3anag» (BAL-EGG-14-2). B-TXLI aBnaeTca nsomepom nectmumnaa «1MHgaH». MoteHyuManbHbIiM
NCTOYHMKOM 3TOrO 3arpA3HEeHUA MOKeT 6biTb 1Mb0 Kopm, MO0 BoAa, KOTOpbIe yrnoTpebatoT Kypbl. Bbicokue yposHu B-MXUT Habaoaanmce,
TaKKe, Hanpumep, B epmepckom mosioke B gonnHe Cako, Utanus, rge 66110 06HapyKEHO, YTO KOPM A/1A CKOTa ABNAETCA UCTOYHMKOM
3arpasHeHus (Sala, Caminiti et al., 2012). B oTanMumne oT pe3ynbTaTos, NOYY4EHHbIX B Npobax auu, Kyp cBoboaHOro coaepaHus, B npobax
Bepb6tOXKbEro MonoKa U3 MaHrucrayckom o61actm 6biam o4eHb HU3KME KoHueHTpauun XOIM (MeTpaunk, Kanmbikos u ap., 2016). 3HaUMTENbHbIN
ypoBeHb B-HCH Habntoganca Takke B HEKOTOPbIX NPO6ax NPOAYKTOB KMBOTHOMO MPOUCXOXKAEHMA (CIMBOYHOE MAC/0) U TKaHel YesloBeKa U3

OKpecTHocTel Apanbckoro mopsa B Y3bekucraHe (Ataniyazova, Baumann et al., 2001).

4.3. Mercury

Mercury levels in the two analyzed pooled samples of eggs were below the Kazakhstani limit. The level in eggs from Rostovka on the river Nura
was 10-times higher than in the sample from Shabanbai Bi.



4.3. PTyTb

KoHueHTpauma pTyTv B ABYX MPOAHAAN3NPOBAHHbIX 06beANHEHHbIX NPOobax AL, BbINN HUXKE Ka3aXxCTaHCKOro NpesenbHO AOMNYyCTUMOTO
3HayeHuA. YPOBHU KOHLEHTpaLUmMn B anuax ns PoctoBku, Ha peke Hypa, B 10 pa3 npesbillaamn KoOHUeHTpauuto npobbl ns LabaHbal bu.

5. Discussion

5.1. Background levels of POPs in eggs

The locality of Shabanbai Bi as a remote area in Kazakhstan has shown high levels of certain POPs in free range chicken eggs and therefore
cannot be considered as a background locality for POPs. As this was discovered at a very late stage in our research; we sampled chicken eggs
from a supermarket in Karaganda from chickens raised in a large farm without access to open air space in April 2015 in order to obtain
information about background levels of POPs in chicken eggs from Kazakhstan. The results of the analyses for this sample are in Tables 4 and 7.
The levels of POPs in this sample were similar for PCDD/Fs and DL PCBs (DiGangi and Petrlik 2005) or lower, e.g. for HCB, non-ortho PCBs or
DDT (DiGangi and Petrlik 2005, IPEN Pesticides Working Group 2009), compared to those observed in the background samples from other
studies of POPs in chicken eggs. For PeCB the level of almost 3 ng g™* fat was measured in sample from supermarket in Karaganda of chicken
eggs. Lower levels were analyzed in some other samples (see Table 4). HCBD was found at level below LOQ (<0.36 ng g'1 fat) in this sample.

While for above mentioned POPs sample from supermarket can be considered as showing background levels it is not possible to say for BFRs as
the second highest level of HBCD among all samples collected in Kazakhstan for this study was measured in this sample (see Chapter 4.2.5,
Table 6).

5. Pa3bop pe3ynbtatos
5.1. ®oHoBble ypoBHUM coaepRaHma CO3 B AnLax.

Yyactok LabaHbalt by, pacnonoxeHHbI B oTAaeHHOM palioHe KasaxcTaHa, MoKa3a BbICOKME KOHLLEHTpaLumm otaenbHbix CO3 B AlLax
c8060OAHO NacyLWMXCA Kyp, YTO CAEaN0 3TOT Y4aCTOK HEMNPUTOAHbIM B KayecTBe GOHOBOrO y4acTKa nNpu oueHKe 3arpAasHeHnsa CO3. Tak Kak aTo
6blN10 YCTaHOB/IEHO HA CaMblIX NOCAeAHMX 3Tanax nccaenoBaHus, To B anpene 2015 roaa mbl B3aaun npobbl AanL, M3 cynepmapKeTa B KaparaHge,
OT KYp, BblpaLLeHHbIX Ha KpynHoW NTuuedabpurke 6e3 AOCTyNa K OTKPbITOMY NPOCTPAHCTBY, C Lie/bto Noay4YeHns nHbopmaumm o GoHOBOM



ypoBHe 3arpasHeHuns CO3 B KypuHbIX AlLax B KazaxcTtaHe. Pe3ynbTaTbl aHanM30B AaHHOM Npobbl npeacTaBaeHbl B Tabnvuax 4 n 7. YpoBHU
KOHUeHTpaumn CO3 B gaHHOM npobe, KoHKpeTHo no MNXA4/P n gnokcmHonoaobHbix MX/A (DiGangi and Petrlik 2005) 6611 cXoKnmmu, an
60s1ee HU3KUMM, Hanpumep no MNXb, HeopTo-MXA nan OAT (DiGangi and Petrlik 2005, IPEN Pesticides Working Group 2009), B cpaBHeHUM C
pesynbTaTamu GOHOBBIX MPOB APYrMX uccaesoBaHmii CO3 B KypuHbIX AiiLax. Aas MeXB yposeHb NouTv 3 Hr 1 supa 6bin 3MepeH 8 npobe
KYPUHbBIX AnL, U3 cynepmapkeTa B KaparaHae. bonee HU3KMe ypoBHM Hbli 0BHapyKeHbl B HEKOTOPbIX APYrux npobax (cm. Tabauuy 4).
3HavyeHuna NXB/, okasannck B 3ToM Npobe HuKe yposHa LOQ (<0,36 Hr rt Xupa).

XoTA BbleynoMaHyTaa npoba 13 cynepmapKeTa, MOXKeT pacCMaTPUBATLCA B KavecTBe GOHOBOTo ypoBHA ana CO3, Henb3s cKasaTb TOXKe camoe
M 0 BPOMMPOBAHHbIX AaHTUNUPEHAX, MOCKO/IbKY BTOPOM HamBbICLMI ypoBeHb IBLL, cpean Bcex npob, cobpaHHbIX B KasaxcTtaHe A 3Toro
nccnefoBaHua, 6oin nsmepeH B aTon npobe (cm. MNasy 4.2.5, Tabanua 6).

5.2. Dioxin congener patterns and putative sources

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 4 shows the balance between PCDDs and PCDFs in egg
samples and two non-egg samples (air emissions from a lead smelter and the content of PCDD/Fs in asbestos cement fibre plates). There are
egg samples from a previous IPEN report where the most likely dioxin sources 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.

5.2 Ha60pb| OANOKCUNHOBbIX KOHIFreHepoB U UX rmnoteTn4eckne NCTO4YHUKU

Mbl MOXeM COMOCTaBUTb BbIABIEHHbIE HabOpPbI (NaTTePHbI) AMOKCUHOBbLIX KOHFEHEPOB B ANLAX Kyp cBOHOAHOro coaepakaHua ¢ Habopamu,
XapaKTepPHbIMU A5 OTAENbHbIX KaTEropUiA UCTOYHMKOB 3arpA3HEeHus, A1A Toro, YTobbl NPUBAN3UTLCA K BbIABNEHWUIO MCTOYHUKOB 3arpA3HeHnn
Ha nccaenyemblx yyactkax. FpaduKk Ha pucyHKe 4 noKasbiBaeT cooTHoleHne mexay NXA40 v NXAP B npobax auu, 1 AByx npobax Apyrux
BeLecTB (BbIBpoChl B aTMOChEPY CBMHLOBOMO NAaBMALHOMO 3aBoAa U cogepykaHue NXAL/P B nnacTMHax U3 acbecToLeMeHTHbIX BOJIOKOH).
MmetoTca pesynbTaTthbl A8 npob sauy, u3 npeabiaywero otyeta IPEN, B KoTopom 6bian onpegeneHbl Hanbonee BepoATHbIE UCTOYHUKN
AMOKCUHOB. B KauecTBe ogHOro us Kputepmes 6a3oBoN KnaccudPuKaLMm NOTEHLMANBHBIX UCTOYHUKOB UCNO/Ib3YETCA pa3fe/ieHne Mexay
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KoHreHepamum MXA4 n NXOP B TOKCUYHBIX 3KBMBaneHTax (Sam-Cwan 2003, Yoon-Seok 2003). OgHaKo ero MOXHO MCNONb30BaTb TO/IbKO B
KauecTBe ucxogHon nHdopmaumm. Heobxoamm ganbHeENWNM aHaAN3 MOAEAN MPOUCXOKAEHMA TUNNYHBIX HAOOPOB AMOKCUHOB.



Balance of PCDD/PCDF in WHO-TEQ values
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Figure 4: 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
Realization of Ideas et al. 2005, IPEN Dioxin PCBs and Waste Working Group, Periyar Malineekarana Virudha Samithi - PMVS et al. 2005); for
other data (Sam-Cwan 2003, Winkler 2015).

PucyHok 4. lons KoHreHepos NXAA 1 NXA®P B 06bwmx 3HayeHnax BO3-TEQ B pa3HbIX Npobax AuL, Kyp cBO6OAHOro cogepaHua (bonee
TEMHbIN TOH 3a/IMBKM) U B ABYX Npobax Apyrnx matepuanos (MeHee MHTEHCUBHbIM TOH 3a/IMBKK). UICTOYHUK MHOOPMaLMK, - ANS AAHHbIX O
anuax (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 Realization of Ideas et al. 2005, IPEN Dioxin PCBs and Waste Working Group,
Periyar Malineekarana Virudha Samithi - PMVS et al. 2005), ana gpyrux gaHHbix (Sam-Cwan 2003, Winkler 2015).

5.2.1. Balkhash

It is clear that there is not only one single source of contamination of free range chicken eggs in Balkhash city when we compare dioxin
congener patterns for these samples (see graphs in Figures 5 — 8) although they are close to each other from Balkhash — southwest and
Balkhash — Rembaza. A similar dioxin congener pattern to sample BAL-EGG-14-4 can be found in the eggs collected in Lhenice, Czech Republic
(see graph in Figure 9), where the putative source of contamination is an old environmental burden, obsolete PCBs and pesticide storage.
There is also a certain similarity in the relatively high levels of DDT and its metabolites in sample BAL-EGG-14-4 and Lhenice, although the total
values of DDT in each pooled egg sample is different.

5.2.1. banxauw

OueBnAHO, 4TO B ropoge banxalw npucyTcTByeT cpasy HECKOJIbKO MCTOYHMKOB 3arpA3HeHMA AL, CBOHOAHO NacyLMXca Kyp, 0cOBeHHO ecnu
CPaBHUTb HAabOPbl AUOKCMHOBBIX KOHFEHEPOB M3 3TUX NPO6 (cm. Puc. 5 - 8), XOTA M OHM PaCNONOKeHbl 6AU3KO APYT K APYry, y4acToK «banxaw -
toro-3anag» u «banxaw - pemb6asa». Mpodnab ANOKCMHOBbLIX KOHFEHEPOB, CXOXKMUIM C TEM, UTO XapaKTepeH Ana npobbl BAL-EGG-14-4, 6bin
3adUKCMPOBAH TaK}Ke Y aunL, cobpaHHbIx B JIxeHbuue, Yewckaa Pecnybauvka (cm. Puc. 9), rae npegnonaraeMbiM UCTOYHUKOM 3arpAa3HeHUA



ABNANCA 3abpoleHHbI cknag MNXA 1 nectumnaos. TakKe NPOCNEKNBAETCA ONpeaeeHHAn CXOKeCTb B OTHOCUTENbHO BbICOKMX YPOBHAX
KoHueHTpauun AAT n ero metabonmtos y npob BAI-EGG-14-4 u npobbl U3 JIxeHbuLE.

BAL-EGG-14-3 is close to the PCDD/Fs pattern in a sample from Helwan, Egypt (see graph in Figure 10) (IPEN Dioxin PCBs and Waste Working
Group, Day Hospital Institute et al. 2005). Combustion sources, including the metallurgic industry, were marked as potential contamination
sources in the case of the Helwan egg sample. We didn’t find any potential single pattern for the rest of the samples from the Balkhash city
area, but the prevalence of PCDFs show on some combustion sources or obsolete POPs stockpiles as sources of dioxins which can vary from
open burning of waste to metallurgy.

Mpoba BAL-EGG-14-3 6aun3ka no Habopy NMXA4/P k npobe us r. XenyaH (Ermnet) (cm. Puc. 10) (IPEN Dioxin PCBs and Waste Working Group, Day
Hospital Institute et al. 2005). cToYHWKM BbIBPOCOB NPOAYKTOB rOPEHUSA, B TOM YUC/Ie NPeanpuaTMa MeTannypruyeckon otpacau, boiam
onpeaenieHbl B Ka4ecTBe BO3MOXKHbIX MCTOYHUKOB 3arpA3HeHus B ciydae ¢ npoboi any, B XenyaHe. Mbl He CMOTW HaTW Kakoi-1Mbo oanH
Habop, XxapaKTepPHbIN A/1A OCTaibHbIX NPO6 U3 paoHa ropoaa banxal, Ho npeBannposaHue NXAP yKasbiBaeT Ha KaKMe-TO UCTOYHUKMU
BbIBPOCOB MPOAYKTOB ropeHus, nam 3abpoweHHble cknagabl CO3, B KayecTse BEPOATHbIX UICTOYHUMKOB ANMOKCUMHOB, KOTOPbIE MOTYT OKa3aTbCs Kak

MeEeCTaMM OTKPbITOIo CXUraHMA OTXO40B, TaK U NPEANPUATUAMMUN MeTaﬂﬂprMHeCKOﬁ oTpacan.

A high level of dioxins of 263.78 pg WHO-TEQ/g was found in dust from a copper smelter in Balkhash, according to data published in the
Kazakhstani National Implementation Plan on the Stockholm Convention (Republic of Kazakhstan 2009); however, raw data about the analysis
are not publicly available. A significant level was also measured in an air sample in the smelter.

BbICOKMIA YPOBEHb AMOKCUHOB, - 264 nr BO3-TEQ, 1™, 6bi1 3adMKCMPOBaAH B MblAY, BbiGPacbiBaeMOit MeAennaBuabHbIM 3aBOA0M B banxalue,
COMNacHO AaHHbIM, ONy6AMKOBaHHbIM B HaLMOHabHOM NaaHe BbINO/IHEHUs 06s3aTenbcTB Pecnyb6amnkm KasaxctaH no CTOKrosibMCKOWM
KOHBeHUMM (2009), Tem He meHee, NepBUYHbIe AaHHblEe aHAaNN30B He 6bln onNy6MKOBaHbI. 3HAaUMTENbHAA KOHLEHTPAUMA TakKe bblia

3apuMKcnpoBaHa B Npobe Bo3ayxa Ha 3aBoje.
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Figures 5 — 8: Dioxin congener patterns for free range chicken samples from the Balkhash city area.
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Figures 9 - 10: Dioxin congener patterns in free range chicken eggs in a sample from Lhenice, Czech Republic (left graph) and in samples from
Helwan, Egypt (right).

PucyHKM 5 — 8. Habopbl ANOKCUHOBbIX KOHreHepoB, 06HapyKeHHble B Npobax auL, Kyp cBO6OAHOro coaepaHus B 30He ropoaa banxauw.

PucyHkm 9 — 10. Habopbl ANOKCUMHOBbLIX KOHFEHEPOB B ANL,AX Kyp CBOOOAHOro coaepaHma U3 npobbl, B3aTol B JIxeHbuue, YelucKan
Pecny6nvka (nesbit rpadmK) n n3 npobbi, B3aToM B . XenyaH, Ermnet (npasbiii rpaduk).

5.2.2. Area of river Nura and Shabanbai Bi

Polychlorinated dibenzofuran (PCDF) congener patterns in samples from Kazakhstan were compared with those for mixtures of PCBs: Sovtol
described by Brodsky et al. (2005), Delor 103, 104, 105 and 106 as described by Taniyasu et al. (2003). A similar profile for PCDF congener
fingerprints for a free range chicken egg sample from Shabanbai Bi is very close to the Sovtol O3 sample or Delor 104, while profiles for chicken
egg samples from Rostovka and Chkalovo are closer to Delor 106 (see graphs in Figures 11 — 15). In all of these three samples, DL PCBs also
prevailed in comparison with PCDD/Fs as major contributors to total WHO-TEQ (see graph in Figure 3).



5.2.2. YyacTok Bo3ne peku Hypa u cena LLabaH6alt bu

Habopbl KOHreHepoB NoANXA0PUPOBaHHOTO AnbeH3odypaHa (MXAP) B npobax, B3aTbix B KazaxcTaHe, bblnn conoctasBseHbl ¢ Habopamu
cmecei NXA, - CoBToN, onucaHHbIN Bpoacknm u coasT. (2005), Delor 103, 104, 105 1 106, onncaHHble Taniyasu v coasT. (2003). NMoxoxKuit
Habop KoHreHepoBs MNXAP 13 npobbl any, Kyp cBoboaHoro cogeprkaHunsa us LLlabaHbalt b oueHb 61M30K K Habopy B Nnpobax CosTton O3 unu
Delor 104, Toraa Kak Habopbl B Npobax KypuHbIX anL, 3 POcToBKM M YkanoBo 6amxke K Delor 106 (cm. PucyHkn 11-15). Bo Bcex aTux Tpex

npobax, AnokcnHonogobHble MXM TakKe npesannposanu Hag NMXA4/P, BbicTynas OCHOBHbIMM BKAaA4YMKamM B 06LmMii nokaTens BO3-TEQ (cm.
Puc. 3).
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Figures 11 — 18: PCDF congeners patterns for free range chicken egg samples from

Shabanbai Bi, Rostovka and Chkalovo in comparison with Delor 104 and Delor 106, according to data available in Taniyasu et al. (2003), and
Sovtol 01, 02 and O3 samples (Brodsky, Evdokimova et al. 2005)

PucyHkm 11 — 18. Habopbl KoHreHepos MNXAP ana npob auy Kyp ceoboaHoro coaepskaHua ns LLlabanbait bu, PoctoBku n Ykanoso, B
cpaBHeHuun ¢ Delor 104 n Delor 106, no gaHHbIM UccnegoBaHus Taniyasu 1 coasT. (2003) n npobamum Sovtol O1, 02 n O3 (bpoackuii,
EspokmumoBsa m coasT. 2005).

It seems that potential obsolete PCBs used in transformer oils or their stockpiles can be potential source of free range chicken egg
contamination in Shabanbai Bi and river Nura area, or they can be present in feed used for chicken. A team from EcoMuseum has visited
Shabanbai Bi in order to find the potential source of high contamination of eggs in this village, but its search was not successful. It could also be
from an already removed obsolete POP stockpile, but contamination of buildings or soil left in the village. There are obsolete PCBs stockpiles as
well as old transformers used in Temirtau and the river Nura area.

MOHO caenatb NPeanoioxKeHne o Tom, 4yto MX/, ucnosnblyemole B TPAHCHOPMATOPHbIX MKUAKOCTAX (MAcNax) UAM UX 3anacbl, MOTYT CIYXKUTb
BO3MOXHbIMW UCTOYHUKAMM 3arpsA3HEHMA AULL, Kyp cBOBOAHOro coaepkaHma B LLlabaHb6ai bu u B palioHe pekn Hypa, unu ke oHu moryT
Haxo4uTbCA B COCTaBe KopmMa gnsa Kyp. Miccneposatenbckana rpynna koMysea nocetuna WabaHban by Ana noMcka BO3MOMKHOTO UCTOYHUKA
NOBbIWEHHOrO 3arpA3HEeHNA AUL, B STOM Ce/e, HO MOMCKMU OKaszanucb 6e3pe3ynbTaTHbIMU. TaKKe UCTOYHUKOM MOTYT ABATLCA YKe yAaNeHHble
3anacel CO3, nocne KOTOPbIX COXPaHMUIOCh OCTaTOYHOE 3arpA3HEHNE CKIAACKUX MOMELLLEHNI NN NOYBbI HA TEPPUTOPUN HACENIEHHOTO MYHKTA.
B TemunpTay 1 B 30He pekun Hypa Bce elle nmetoTca 3anacbl Hencnosbayemoro MX/M, a Takke ctapble MX/-TpaHcdopmaTopsbl, HaxoaswMecsa B
aKcnayaTaumu.

The highest mean level of 6 indicator PCB congeners was measured in ambient air in Temirtau 884.58 pg m3in comparison with 5 other
locations in Kazakhstan in 2008 (UNEP GMP 2013). A high level of dioxins 607.7 pg WHO-TEQ/g was found in dust from a sinter plant of Mittal
Steel in Temirtau, according to data published in the Kazakhstani National Implementation Plan on the Stockholm Convention (Republic of
Kazakhstan 2009). A significant level was also measured in an air sample in the plant. Detailed PCDD/F congener patterns for these
measurements were not available to us.
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B TemupTay, B BO3ayxe 3TOro HaceneHHoro nyHKTa, B 2008 roay 6b110 M3MepeHO HauBbICcLWee cpeaHee 3HavyeHme no 6 MHANKATOPHbIM
KoHreHepam MX/A - 885 nr m>, B cpaBHeHun ¢ 5 gpyrumm mectamm B KasaxctaHe (UNEP GMP 2013). BbicOKMi1 ypoBeHb gMoKkcuHoB — 607,7 nr
BO3-TEQ r' — 6bin 3advKCHMpPOBaH B MblNeBbIX BbIGPOCAX arNoMepaLyOHHOM YCTaHOBKM npeanpuatvs Mittal Steel 8 TemupTay, no gaHHbIM,
onyb6a1MKoBaHHbIM B HalMoHabHOM M/iaHe BbiNo/iHEHUA 06sa3aTenbcTB Pecnybankm KasaxctaH no Ctokronbmckoit KoHseHumn (2009).
3HaunTeNnbHaA KOHUEHTpPaLma bblia TakKe 3adpuKcMpoBaHa B npobe Bo3ayxa Ha TeppuTopumn npegnpuatma. Ham He 6blan 4OCTYMNHbI
noapobHbie Habopbl KoHreHepos MXAA/P no 3TUM U3MepeHUAM.

5.2.3. Ekibastuz

There are different PCDD/F congener patterns in pooled samples from Ekibastuz, which also shows in more different sources of contamination
by dioxins at this locality; however, DL PCBs cause a bigger portion of total dioxin-like toxicity in egg samples. It can be linked to historic
contamination by PCBs at abandoned Ekibastuz electricity substation, although no specific PCB mixture pattern for PCDF congeners matched
that found in chicken eggs in Ekibastuz.

5.2.3. 3Kknbactys

B 06beanHeHHbIX Npobax, cobpaHHbIX Ha TeppUTOpUMN dKMbBaCTy3a, GUrYpUpPYIOT pasandHble Habopbl KoHreHepos MNXAA/®. 3To Takxke
CBUAETENbCTBYET O HAaZIMYNM PA3/IMYHBIX NCTOYHUKOB 3arpsA3HEHNA AMOKCMHAMM B aHHOM 30He. Tem He meHee, Ha A1 MX/[, npuxoguTca
OCHOBHaA A0NA ANOKCMHONOA0OHON TOKCUMYHOCTM B NPOBax ANUL,. ITO MOXKHO OTHECTU K M3BECTHOMY UCTOYHMKY MX[-3arpAsHeHuns -
3abpoLLEeHHOM 3NeKTPUYECKOM NoACcTaHLMM dKMbaAcTy3a, - o4HAKO B NPobax KypuHbIX AUL, He Obl1 06HapyKeH COOTBETCTBYHOWMIA Habop
KoHreHepos MNXA0.

5.3. OCPs and their putative sources

High levels of currently banned POPs pesticides, such as DDT or HCHs, in samples from Shetpe, Tauchik, Shabanbai Bi and Balkhash show a
potential presence of ongoing use of these obsolete pesticides or their presence in unknown stockpiles, either at the sites or at the location of
origin of feed used for chickens.
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5.3. NX4, XOIM u nx npegnonaraemsie NUCTOYHUKU

BbicoKasA KOHLLeHTpaLUua B HacToALLee Bpems 3anpelleHHbix CO3-nectnumaos, Takux Kak AAT vam FXUT, B npobax u3 LLlabanbalt Bu n banxauwa,
YKa3blBaeT Ha BO3MOXKHOE Mpoao0/KatoLeeca NCNOIb30BaHNE 3TUX YCTAapPEBLUNX M 3aMpeLLEHHbIX NeCTULMAOB, AU HA HAa/IMYME B KaKUX-TO
MeCTax UX HEM3BECTHbIX 3aMacoB, - IMH60 Ha UX MPUCYCTBME HA 0ObEKTAX M3rOTOBAEHMA KOPMa A4/1A Kyp.

5.4. BFRs and their putative sources

Findings of high levels of HBCD and PBDEs in free range chicken samples from Balkhash, Shetpe and Baskuduk show that chicken most likely
have access to sites contaminated with BFRs such as for example places with car wrecks, plastic waste (including polystyrene) and/or e-waste.
Another potential source of contamination could be re-processing of these wastes in some facility in the city which can emit BFRs in dust as
result of handling these wastes. BFRs are most likely not used intentionally in metallurgic industries located in Balkhash but can be in metal
scrap processed in metallurgic plants. BFRs should be further monitored in Balkhash city environment compartments and more attention
should be paid to waste management in the city and all facitilities.

High level of HBCD in chicken eggs from controlled farm sold in supermarket in Karaganda is hard to explain without further investigation. It
also requires attention of state food control, although there are no limits established for BFRs in food in Kazakhstan.

5.4. BpomnpoBaHHble aHTUMUPEHBI U UX Npegnonaraemble NCTOYHUKU

Pe3synbTatbl Bbicokoro yposHs 6L 1 NMBA3 B npobax auu, Kyp cBoboaHOro cogepaHma us banxauwa, LLletne v backyayka NoKa3biBaloT, YTO Y Kyp, CKopee
BCEro, eCTb AOCTYM K y4acTKaM, 3arpA3HEHHbIM BPOMMPOBAHHbIMU aHTUNMPEHAMU, TAKUM KaK, Hanpumep, MecTa ¢ dparmeHTamu aBTomobunei,
M1aCTMaCcCOBbIMMU OTXOA4aMM (BKIOYAs MOMUCTUPOA) U/UM OTXOAaMM 3NEKTPUYECKOTO WU 3NIEKTPOHHOTO 0bopyaoBaHus. [pyrum noTeHuMaabHbIM
VMCTOYHUKOM 3arpsA3HEHUSA MOXKET ObITb MOBTOPHas nepepaboTKka 3TUX OTXOA0B HAa KAKOM-TMO0 0OBbEKTE B rOpoAe, KOTOPbI MOXKET BblAENATb
HpoMUpPOBaHHbIE aHTUMMUPEHbI B MNbl/ib B pe3y/bTaTe 06palleHmsa ¢ STUMM OTXO4aMU. BpoMUpPOBaHHbIE aHTUMUPEHBI, CKOPEE BCEro, He UCMO/b3YyHoTCA
HaMepeHHO Ha MeTaNNyPrYecknx NPpeanpuATUAX, PacnooKeHHbIX B banxalle, HO MOryT HaXo04MTbCA B MeTaIIoIoMe, NepepabaTbiBaeMOM Ha
MEeTaNNypPruyecknx 3aBogax. [onkeH NpoBoAUTLCA AaNbHENLWNIA MOHUTOPUHT BPOMMPOBAHHbLIX aHTUNMPEHOB B OKPY»Katowen cpeae ropoga banxaw, u

cnepyet yaenatb 60blue BHYUMaHUA yNpaBAeHUIO OTXO4aMM B TOPOAE U Ha BCeX NPeAnpuUaTUsX.



BbicoKkuit ypoBeHb IBLUJ B KypuHbIX AlUax 13 NnTuuedabpukm, npoaaBaembix B cynepmapkeTte B KaparaHae, TpyAHO 06bACHUTL 6e3 ganbHenlero
paccnefoBaHuA. 3TO cUTyaumaA TpebyeT BHUMAHUA CO CTOPOHbI FOCYAaPCTBEHHOIO KOHTPOIA 33 NULLLEBbIMM NPOAYKTaMU, XOTA B KazaxcTaHe 1 HeT
YCTaHOB/IEHHbIX NPeaenoB Ana 6pOMMPOBAHHbIX AaHTUNMPEHOB B NPOAYKTAX.

6. Dietary intake of selected POPs through consumption of free range chicken eggs

The egg share in total food consumption in Kazakhstan in 2007 was close to 1% of total food basket per day according World Atlas — Food
Security data > (Knoema 2012), and raised by approximately 1/3 of it total amount per day (18 g per person per day) every 5 years. It would
mean that 2017 consumption can be about 28 g per person per day if the trend remained. If we count 50 g per one chicken egg as average
weight it would mean consumption of % egg per person per day as general consumption pattern for Kazakhstani population these days.

6. MNocTynneHune ¢ nuwen HekoTopbix CO3 yepes ynoTpebneHme an, Kyp cBoboagHOro cogepKaHua

Jona avy B obwem notpebaeHnn NpoayKToB NnTaHMA B KasaxcTtaHe B 2007 roay 6bin1a 6:1m3Ka K 1% oT obuel exxeHEBHOM
NPOAOBONLCTBEHHOW KOP3MHbI cornacHo gaHHbiM World Atlas - Food Security (Knoema 2012), u ysennumnsanacb npumepHo Ha 1/3 Kaxkable 5
net (18 r Ha YesioBeKa B AeHb). ITO 03HaYaeT, YTo noTpebaeHme auy, B 2017 r. MOMKET COCTaBUTb OKOJ10 28 T Ha Ye/I0oBeKa B AeHb, MPU YCN0BUMK
COXPaHEeHMs TaKoM TeHaeHUMN. Ecan mbl npumem 50 r Kak cpeaHuUii BeC O4HOTO AlL, 3TO 3HAYUT, YTO ceilvac TUNMYHoe cpeaHee notpebaeHve
COCTaBAAET A4/1A KAa3aXCTaHCKOro HaceneHma NosIoBMHY ANLA B AEHb.

> The food consumption refers to the amount of food available for human consumption as estimated by the FAO Food Balance Sheets. However the actual food
consumption may be lower than the quantity shown as food availability depending on the magnitude of wastage and losses of food in the household. Food consumption
per person is the amount of food, in terms of quantity, for each individual in the total population. Food from eggs relates to the quantity of eggs used also for preparation
the food such as bakery products. NoTpebaeHne NULLM OTHOCUTCA K KOANYECTBY NPOAOBO/ILCTBUA, MMEIOLLLEroCs B PaCnopsxKeHun ans notpebneHuna ntoabMu, CornacHo
oueHkam ®AO no banaHcam NpoaoBoabCTBUA. OfHAKO PpaKkTUYecKoe NoTpebaeHUe MULLM MOXKET BbiTb HUMKE, YEM KOJIMYECTBO, MOKa3aHHOE B Ka4yecTBe AOCTYMHOCTU NULLM,
B 3aBMCMMOCTM OT BE/IMUYMHbI NOTEPb M NOTEPb MULLM B OMALLHEM X03aicTae. NoTpebneHre NpoayKTOB MUTAaHUA Ha OLHOIO YeN0BEKA - 3TO KOJIMYECTBO MULLK B
HaTypa/sibHOM BbIpaXKeHUN ANA KaXK40ro YenoBeKa B 0bLLei YNCNeHHOCTH HaceneHua. MuLa, B COCTaB KOTOPOU BXOAAT AlLA, TaKKe OTHOCUTCA K 0bLLeMy YnCay auL, Kak
Hanpumep x1e606yno4Hble U3genmns.



We tried to calculate dietary intake for the following groups of contaminants per day: 1) PCDD/Fs plus DL PCBs; 2) HCHs, 3) PBDEs and 4) HBCD.
Calculation was made by using measured levels of certain chemical(-s) per gram of fresh weight and calculation of its daily intake by
consumption of half egg per day (25 grams of eggs weight). An average was calculated in case of more samples per municipality. Results are
summarized in Table 8.

Mb! NOMbITa/INCb PaccymMTaThb MNOCTYMN/IEHME C NULLEN B AeHb, A/1A CAeAYHOLWMX rpynn 3arpasHatowmx sewects: 1) NXA4/P v AN NOXA4; 2) TXUT; 3)
NeAa3; 4) reUA. PacyeT npom3BoAM/ICA C UCNONb30BaHUEM M3MEPEHHbIX YPOBHENM onpeaeeHHbIX BELECTB Ha FPaMM KCBEXKEro Beca» U
pacyeTa ero CyTo4yHoro notpebaeHuns npu noTpebaeHMm NONOBUHbI AliLa B AeHb (25 rpammos auu). CpeaHee 3HaYeHWe BbICYMTLIBAIOCH B
CNyyae HanmMumAa HECKONbKMX NPOb Ana ogHOro noceneHua. Pesynbtatbl NpeactasnieHbl B Tabauvue 8.

Results were then compared with available information about daily intake of evaluated chemicals: 1) HCHs: We used dietary intake data
available for population of two Chinese cities: Beijing and Shenyang (Yu, Wang et al. 2013). 2) PCDD/Fs + DL PCBs: Calculations for PCDD/Fs and
DL PCBs were compared with TWI suggested by WHO at level of 14 pg WHO-TEQ/kg of body weight per week = 2 pg WHO-TEQ/kg of b. w. per
day (European Commission 2001, Gies, Neumeier et al. 2007). 3) PBDEs and HBCD: There is an estimate available of daily intake of these two
groups of BFRs in Sweden at the beginning of this century (Lind, Aune et al. 2002). We compared our data with those available in Swedish study
for eggs consumption. See the comparison in Table 8.

3aTem pe3synbTaTbl CPAaBHUBANMUCL C UMetOLLLENCA MHPOPMALIMEN O exeaHEeBHOM noTpebaeHnn oueHnBaembix Bewects: 1) FXLUI. Mbl
MCMNONb30BaNM AaHHble 0 NOTPEBNEHUN NULLM ANA HaceNeHUs ABYX KUTAaUCKUX ropoaos, - MNeknHa u WaHbaHa (Yu, Wang et al., 2013); 2)
nxaga/e v AN NxX4. Pacyetst gna NXA44/® v AN NXA 6biamn conoctasneHbl ¢ TWI, npeanoxeHHbimm BO3 Ha yposHe 14 nr BO3-TEQ/Kr Beca
Tena B HeZent, Yto cootBecteyeT 2 nr BO3-TEQ/Kr Beca Tena B AeHb (EBponeiickas komuccua, 2001, Gies, Neumeier n ap., 2007); 3) N4 n
rbLLA. B Hayane 3TOro cToneTms NoABMAACh OLLEHKA eXeAHEBHOMo NOTPebaeHMA 3TUX ABYX rpynn BpoMMpPoBaHHbIX aHTUNMPeHoB B LLBeuunn
(Lind, Aune et al., 2002). Mbl CpaBHWUM HaLLX AaHHbIE C AaHHbIMU, NOYY4EHHbIMU B LLIBEACKOM MUCCAeaoBaHMM noTpebneHus auu,. Cm.
cpaBHeHMe B Tabauue 8.

Table 8: Summarized results of calculation of dietary intake of selected POPs by eating half egg (25 g) from chicken raised at some Kazakhstani
hot spots or eggs bought in supermarket in Karaganda from chicken raised at a large commercial farm. Half of chicken egg is approximate
current average consumption per person per day in Kazakhstan based on calculation from available data (Knoema 2012). Total daily intakes of
selected POPs from literature are given for comparison (see explanation in third paragraph of Chapter 6). Dietary intake data just for eggs were
available only for BFRs in Sweden (Lind, Aune et al. 2002).



Tabnnua 8. 0606L1eHHbIe pe3y/ibTaTbl MoACYETa MNOCTYM/IEHUA € NULLelt HekoTopbix CO3 npu ynotpebieHnsa nonosuHbl aiiua (25 r) Kyp,

BblpPaLLEHHbIX B HEKOTOPbIX 3arpA3HEHHbIX MecTax KasaxcTaHa v auu, KynaeHHbIX B cynepmapKeTe B KaparaHae, OT Kyp BblpPaLLLEHHbIX B
KPYNMHOM KOMMepPYEeCcKom xo3akcTee. [1010BUHA KYpMHOTO Aila - NpubansnTenbHoe TeKyllee cpegHee notpebsieHne Ha YeloBeKa B AeHb B
KasaxcTaHe Ha OCHOBe pacyeTa Ha umerowmxca gaHHbix (Knoema 2012). A cpaBHEHMA NPMBOAATCA IMTEPATYPHbIE AaHHbIE O CYMMapPHOM
exeaHeBHOM notpebneHnmn otaenbHbix CO3 (cm. MosicHeHWe B TpeTbem ab3ale riasbl 6). JaHHble 0 NOCTYNAeHUN BPOMUPOBAHHbIX

AHTUNMPEHOB C ANLAMKM BblAM A0CTYMNHbI ToAbKO o LWWeeuwnn (Lind, Aune et al., 2002).

Total DI | Total DI Sweden
Dietary intake Balkhash Shabanbai Karaganda |Beijing |Sehnyang |EFSA |DIfrom
from 1/2 egg Ekibastuz | Rostovka | Chkalovo | Bi Baskuduk | Tauchik | Shetpe |superm. (China) [(China) TWI |eggs
B-HCH (ng) 81 46 151 45 1767 197 3053 3376 0,25
sum of HCHs (ng) 114 62 171 53 2087 217 3087 3594 1,75 4620 6580
PCDD/Fs + DL PCBs
(pg WHO-TEQ) 52 25 110 95 607 53| NA 25 3 140
PBDEs (ng) 257 |NA NA NA NA 108 | NA 0 33 1.88
HBCD (ng) 377 |NA NA NA NA 713 | NA 72825 3625 42
Obuwee |Obuwee Hopmbl
notpebn | notpebne notpebn
banxaw Cynepmapk | eHune Hue eHwuA
MNMoctynneHue c % dkubacty LlabaHbaw eT MNeknH |LUsHbAH |EFSA |auy s
Anua 3 PoctoBka | Ykanoso | bu backyayk |Tayuuk |letne |Kaparangbl | (Kutain) |(Kutan) [TWI | LWBeyumn
B-rXur (Hr) 81 46 151 45 1767 197 3053 3376 0,25
Cymm. IXUT (Hr) 114 62 171 53 2087 217 3087 3594 1,75 4620 6580
nxan/o v 4an
NXA4 (Hr BO3-TEQ) 52 25 110 95 607 53| NA 25 3 140
nead (wr) 257 | NA NA NA NA 108 | NA 0 33 1,88
reug, (wr) 377 |NA NA NA NA 713|NA 72825 3625 42




Dietary intake of HCHs is most critical in Shetpe followed by Tauchik and Shabanbai Bi. By consumption of single half egg from these locations
people can reach one third respectively half of total daily intake of these chemicals in Chinese cities Shenyang respectively Beijing per person
(calculated for 70 kg weight of adult). The same comparison with situation in western European countries would look very different as in
Germany in 1995 median levels of three HCH isomers in total for 70 kg man could be approximately 882 ng (Wilhelm, Schrey et al. 2002).° This
level would be then several times exceeded by eating half free range chicken eggs from above mentioned localities in Kazakhstan.

MNoctynnenne MNXUT ¢ nuwen Hanbonee kputniHo ans Lletne, 3atem cneaytoT Tayumk u LLlabanbali Bu. Mpu notTpebaeHnn oaHOM NONOBUHDI
ANLA U3 3TUX MECT, YeNOBEK MOXKET NOJY4YUTb OT OLHOM TPETU, 40, COOTBETCTBEHHO, NOJIOBMHbI OT OOLLEr0 eXXegHEBHOMO NOCTYMNAEHUA 3TUX
XMMUYECKUX BELLLECTB B KUTANCKMX ropoaax LLUsHbaAH 1 MeKkunH (paccueT Ha 70 Kr Beca B3pOC/IOro YenoBeKa). AHaNIorMYHoe CpaBHEHMe C
CUTyaumen B 3anagHOEBPONENCKUX CTpaHax byaeT BbIrnaAeTb COBCEM NO-APYroMy, Tak Kak B FepmaHunn, Hanpumep, B 1995 rogy obuiee
MeAnaHHoe coaeprkaHue Tpex nsomepos HCH, B yenoseke maccor 70 Kr, MoxKeT cocTaBnATb npubansmntenoHo 882 Hr (Wilhelm, Schrey et al.,
2002). 3T0T ypoBeHb 6bia1 6bl B HECKONbKO pa3 NpeBbILeH Npu ynotpebaeHnm o4HON NON0BUHbI ANLA Kyp CBOOOAHOIO KYPMHOrO CoOAeprKaHuA
13 BblLEeYyNnOMAHYTbIX MecT B KasaxcTaHe.

Brominated flame retardants were measured at the end of our research and therefore we were able to receive analyses only for limited
number of four samples from Balkhash, one sample from Baskuduk, one form Shetpe, and Karaganda — supermarket sample. By eating half egg
from all these sites one should exceed many times total daily intake by eating eggs in Sweden in 1998 — 99 as researched by Lind, Aune et al.
(2002). Intake of HBCD from eggs obtained in part of Shetpe respectively bought in supermarket in Karaganda is 1734-fold respectively 86-fold
in comparison with Swedish ones at the end of 20-th century (see Table 8).’

®In ng kg'1 b.w. per day: 1.9 for a-HCH, 1.2 for B-HCH, 9.5 for y-HCH. These levels were calculated for children at North Sea island Amrum.
B Hr Kr' Beca Tena B Aenb: 1,9 gns a-MXUr, 1,2 gna B-rxur, 9,5 gna y-rxXUr. 3tm yposHu bbinmn paccuntaHbl Ana geTel Ha octpoBe CeBepHOro mopst AMpym.

" The study by Tornkvist et al. (2011) shows that the levels, and intake, of different POPs (including HBCD) from food of animal origin, in the Swedish market basket of 2005
seem to have decreased since the market basket study in 1999. Tornkvist, A., A. Glynn, M. Aune, P. O. Darnerud and E. H. Ankarberg (2011). "PCDD/F, PCB, PBDE, HBCD and
chlorinated pesticides in a Swedish market basket from 2005 — Levels and dietary intake estimations." Chemosphere 83(2): 193-199..



BpomupoBaHHbIe aHTUNMpPEHbI OblI U3MepPEHbI B KOHLE HaLlero uccnegoBaHmaA, M MO3TOMY Mbl CMOT/IN NOYY4UTb aHaNU3bl TONbKO ANA
OorpaHMYeHHOro Koaunyectsa npob - yeTbipe Npobbl 13 banxawa, ogHa npobbl n3 backyayka u no ogHol 13 LLetne n KaparaHabl (npoba 13
cynepmapkeTta). MNpu notpebaeHnm ToNbKO 04HON NONOBUHbI ANLA U3 3TUX MECT, MOXKHO MHOTOKPaTHO NPEBbICUTb, HANPUMEP, eXeaHEBHOE
noctynnenue UM B Weeuunn B 1998-1997 rr., Kak uccnegosan Lind, Aune et al. (2002). Moctynnenune UL c ariuom m3 Letne npesbicuT
AHEeBHble WBeACKMe NoKasaTenn KoHua 20-ro Beka B 1734 pasa, a npu noTpebieHnn aiLa, KynaeHHoro B cynepmapKkeTe B KaparaHae - B 86
pas.

These figures are assumptions based on limited number of samples, although in some localities were taken several pooled samples of eggs as
documented in chapter 2 of this study but they illustrate how serious is the pollution by dioxins and DL PCBs at evaluated hot spots. Most
serious contamination was found in Shabanbai Bi, where mainly DL PCB congeners contribute to overall dioxin-like toxicity in both samples
taken from the same farm in the period of two year. Also contamination of eggs from pooled samples in Rostovka and Chkalovo followed by
Baskuduk and Balkhash is alarming.

3TN BENNYNHDI ABNAIOTCA NPEANON0NKEHNAMM, OCHOBAHHBIMUW HA OrPAHMYEHHOM Yncie NPo6, XOTA B HEKOTOPbIX MecTax U Hblin B3ATbI
HECKONbKO 06beMHEeHHbIX NPO6 AKUL, KaK 6bl10 ONUCAHO B r/1aBe 2 HACTOALWLENO UCCAEA0BAHMUA, HO PACCUYMUTAHHbIE 3HAYEHUA UNNOCTPUPYIOT,
HACKO/IbKO CEPbE3HbIM ABAAETCA 3arpPA3HEHNE AUOKCMHAMM U AUOKCUHONOA06HbIMM MX/[, B OLLEHEHHbIX 3arpsA3HeHHbIX MecTax. Hanbonee
cepbesHoe 3arpasHeHne bblio obHapyKeHo B LLlabaHbai bu, rae KoHreHepbl MX/[ BHOCAT OCHOBHOM BKAa4 B 06LLY0 AMOKCMHONOAOOHYO
TOKCUMYHOCTb B 060Mx Npobax, B3ATbIX B OA4HOM M TOM e XO3AUCTBE B TeYeHue ABYX NeT. TaKKe Bbi3blBAaeT TPEBOry 3arpA3HeHne aul, B
ob6beamHeHHbIx Npobax B PoctoBke n Ykanoso, 3a KoTopbimu cneaytoT backyayk n banxaw.

WNccneposaHue, nposeaeHHoe Tornkvist et al. (2011) nokasbiBaeT, YTo ypoBHU U NoTpebrieHne pa3nnyHbix CO3 (BKkAtoyaa NXB/) 13 NULM }KUBOTHOFO NPOUCXOXKAEHUA B
LIBE/ICKOWN PbIHOYHOM Kop3uHe 2005 roaa, No-BMANMOMY, YMEHbLUUANCH MOC/AE U3YYeHUA KOP3UHbI pbiHKOB B 1999 roay. (Tornkvist, A., A. Glynn, M. Aune, P. O. Darnerud
and E. H. Ankarberg (2011). "PCDD/F, PCB, PBDE, HBCD and chlorinated pesticides in a Swedish market basket from 2005 — Levels and dietary intake estimations."
Chemosphere 83(2): 193-199.)



Analyses by DR CALUX method were not included in these calculations in Table 9 as they might reflect dioxin-like effects of some other
chemicals as well. The same calculation for DR CALUX analyses results are summarized in Table 10. Samples from Balkhash seem to be more
contaminated in this table because they include also sample with very high concentration of PCDD/Fs and DL PCBs 101 pg BEQ g™. Also dietary
intake of dioxin-like compounds from eggs in samples from Temirtau — Samarkand seem to be very high. Eggs from Ekibastuz seemed to be less
risky in comparison with measured levels by GCMS-HRMS. We need to take into account that we were not able to take samples at exactly same
places as during first round of sampling so the information obtained by this additional evaluation draws Ekibastuz as less contaminated locality
with regards to dioxin-like compounds.

AHanusbl no metogy DR CALUX He BKAtoYeHbl B pacyeTbl B Tabaunue 9, NOCKONbKY OHM Morin Bbl 0TparkaTb AMOKCMHONOAO0OHbIE 3ddEKTbI
HEKOTOpPbIX APYTrMX XMMUYECKMX BELLECTB. TaKoM pacyeT pe3ynbTaTtoB aHanm3a DR CALUX npeactasneH B Tabanue 10. MNpobbl 13 banxawa
KakyTca bonee 3arpAsHeHHbIMM B 3TOM TabanLe, MOCKO/IbKY OHWM BKAKOYAKOT TaKKe Npoby ¢ o4eHb BbICOKOW KoHUeHTpauuern NXA44/d v AN NXA4,
(101 nr BEQ r’l). TakKe npeacTaBAaeTca o4eHb BbICOKMM NOCTYNAEHME C NULLEN ANOKCMHONOAOOHbIX CoOegnHEHMI B AlLax Npob 13 «TemupTay
— CamapkaHa». YnoTpebneHue any n3 IkMbacTy3a 0Ka3anocb MeHee PUCKOBAHHbIM MO CPAaBHEHUIO C YPOBHAMM, n3mepeHHbimmn GCMS-HRMS.
HeobxoaMmo NpuHATL BO BHUMAHMKE, YTO Mbl HEe CMOTIM 0ToBpaTh NPobbl B TEX e MecTax, YTo U B nepBom oTbope npob, noatomy
MHPOPMALMA, NONYYEHHAA B XO4€e 3TOM AONONHUTENbHON OLEHKM, NOATBEPKAAET IKMOACTY3, KaK MeHee 3arpA3HEeHHY MeCTHOCTb B
OTHOLLEHUN ANOKCMHOMNOAO06HbIX COeaUHEHUN.

The eggs from Shabanbai Bi do not seem to be so polluted according DR CALUX analysis. It could be explained by fact that only first pooled
sample was analyzed by this method while the second one was not (see explanation in chapter 8) so Table 10 can show results calculated only
for first sample (ARAI-EGG). First pooled sample from Shabanbai Bi had much lower concentration of DL PCBs (28.6 pg WHO-TEQ g'l) in
comparison with second one (150.4 pg WHO-TEQ g'l), however still DR CALUX method has shown lower BEQ toxicity than WHO-TEQ toxicity
measured by GCMS-HRMS. This result just underlines need to do more research in this locality at which unexpectingly high levels of PCBs and
obsolete OCPs were discovered.

Anua n3 LLabaHbai by He KaxkyTca 04YeHb 3arpA3HEHHbIMM MO pe3ybTaTam aHanmnsa DR CALUX. 3To MOXHO 06bACHUTL TEM, YTO TO/IbKO NepBas
obbeanHeHHasa npoba bbla NpoaHaAnM3MpoBaHa 3STUM METOZIOM, a BTopas He bbina (cm. O6bsAcHeHKWe B rnase 8), nostomy B Tabauue 10
npeacTaB/ieHbl pe3y/ibTaTbl, PacCYMUTaHHbIE TONbKO AnsA nepsoi npobbl (ARAI-EGG). MepBasa ob6beanHeHHaa npoba us Labanb6an by umena
ropasao 6os1ee HU3KY KOHUEHTpaLMio AMOKcnMHonoaobHbIx MXA (28,6 nr BO3-TEQ r!) no CpaBHeHMIo ¢ nocneaytowen npoboii (150,4 nr BO3-



TEQ r'l), ogHako metoa DR CALUX nokaszan meHbLUyto TOKCMYHOCTb BEQ, yem ToKkcnyHocTb BO3-TEQ, namepeHHaa GCMS-HRMS. 3T1oT pesynbTaT

JINLWb nogyepKnBaeT HeobXoANMMOCTb NPOBEAEHNS A0NO/THUTE/IbHbIX MCCNeA0BaHMN B 3TOM MECTHOCTM, Ha KOTOPOM Bbli 06HapYKeHbI
HeOoXnaaHHO BbicOKMe yposHu MXI n XOr1.

Table 9: Total number of eggs according concentrations of PCDD/Fs and DL PCBs needed to be consumed in order to reach tolerable daily dose
derived from TWI suggested by EFSA at level of 14 pg WHO-TEQ kg™ b.w.

Balkhash Karaganda
Localities Ekibastuz Rostovka Chkalovo Shabanbai Bi Baskuduk Shetpe superm.
PCDD/Fs + DL PCBs (pg

WHO-TEQ in half egg) 52 25 110 95 607 53 25 3
Number of eggs to reach

14 pg WHO-TEQ per day 1.4 2.8 0.6 0.7 0.1 1.3 2.8 22.3

Tabnvua 9. Obuiee KOANYECTBO AUL, B COOTBETCTBUM C KOHUEHTpauuamum NXA44/® v AN NX4, Heobxoanmoe Ana A0CTUNKEHUA A0MNYCTUMOWN
npMemMaemomn CyToYHOM A03bl, nonydyeHHoM u3 TWI, npeanoxkeHHol EFSA Ha yposHe 14 nr BO3-TEQ kr'' Beca Tena.

Cynepmap
banxaw HeT
KaparaHg

MecTHOCTb dkubacTys PocToBKa Ykanoso LLlabaHban bu | Backyayk LeTtne bl
nxaa/e v
AMOKCMHONOA06HbIEe
nX4 (nr BO3-TEQ B
nos0BMHe ANLaA) 52 25 110 95 607 53 25 3
Konnuectso Aunw, B AeHb
ANnA goctuxkeHua 14 nr 1,4 2,8 0,6 0,7 0,1 1,3 2,8 22,3
BO3-TEQ




Table 10: Total number of eggs according concentrations of PCDD/Fs and DL PCBs as measured by DR CALUX (see Table 3) needed to be
consumed in order to reach tolerable daily dose derived from TWI suggested by EFSA at level of 14 pg WHO-TEQ kg™ b.w.

14 pg WHO-TEQ per day

Balkhash Temirtau - |Karaganda
Localities Ekibastuz Rostovka Chkalovo Shabanbai Bi | Samarkand | superm.
PCDD/Fs + DL PCBs (pg 132 16 38 56 41 105 0
WHO-TEQ in half egg)
Number og eggs to reach 0.5 4.3 1.8 1.2 1.7 0.7 NA

Tabnumua 10. O6LLee KOMYECTBO AUL, B COOTBETCTBUM C KOHUEeHTpauuamum NXA44/® v AN NXA4, nsmepeHHbix DR CALUX (cm. Tabauuy 3),
HeobxogMmoe AN AOCTUMKEHUA 40MYCTUMON NPUEMIEMON CYTOYHOM A,03bl, NonydeHHoM ns TWI, npegnoxeHHom EFSA Ha yposHe 14 nr BO3-

TEQ kr'! Beca Tena.

BO3-TEQ

Cynepmapk
banxaw LWabaHban | TemupTay - |eT
MecTHOCTb dkunbactys PoctoBKa YKkanoso bun CamapkaHg, | KaparaHapbl
nxan/e v 4An nxa (nr
BO3-TEQ B nonosuHe 132 16 38 56 41 105 0
anya)
Konuyectso auu, B AeHb
0,5 4,3 1,8 1,2 1,7 0,7

ANA JocTuxKeHua 14 nr NA

7. Conclusions and recommendations

POPs contamination in some free range chicken eggs from Kazakhstani hot spots shows potentially undiscovered obsolete POPs stockpiles, or
so far publicly unknown sources of contamination. These results suggest the same conclusion as Muntean made for Uzbekistan in 2003:



"Second, although this study and others provide some provisional data, not enough is known about the environmental fate of historical
pesticide use and its current impact on human health. Research should therefore be conducted to document the environmental transformation
and fate of certain pesticides and to assess their health impact. Environmental analysis should evaluate the degradation and environmental
behavior of parent pesticides and their degradation or transformation products."” (Muntean, Jermini et al. 2003). We can only add that for
Kazakhstan such research should also be done more properly for obsolete PCB oils and other potential use of PCBs (paints, plaster etc.)
although we are aware that a basic PCBs inventory is underway. Sites contaminated by POPs should be properly remediated afterwards in
order to get rid of POP contamination sources throughout the country.

7. BoiBOAbI M peKomeHaaumnm

3arpasHeHne CO3 B AlLax Kyp cBO6OAHOIo coaeprKaHMa M3 3arpA3HEHHbIX MecT Ka3axcTaHa MOMKET YKa3blBaTb HAa HAa/IMYME HEU3BECTHbIX
3abpowweHHbix 3anacos CO3 nam Ha gpyrue, paHee HEM3BECTHbIE 0OLLECTBEHHOCTU, UCTOYHWUKM 3arpA3HEHUA. ITU pe3yabTaTbl NOABOAAT K TOMY
e BbIBOAY, KOTOpbIM caenan Muntean B cnyyae ¢ Y3bekmctaHom B 2003 roay: «Bo-BTOpbIX, XOTS 3TO M ApPYrve uccnegoBaHus NpuBoaaT
HeKoTopble NpeaBapuTe/ibHble AaHHble, MOKa ele HeA0CTaTOMHO M3BEeCTHO 06 3Konornyeckom cyapbe ncnoab3oBaHMA NecTULMA0B B
NMPOLU/IOM W Ero TEKYLLEM BAUAHUM Ha 340p0Bbe HaceneHna. COOTBETCTBEHHO, HEOOXOAMMO NPOBECTU UCCNEA0BAHMA IKONOTMYECKOMN
TpaHcdopmaumm 1 cyabbbl onpeaeneHHbIX NeCTULNAOB M OLLEHUTb UX BO3AENCTBME HA 340P0OBbE. DKONOrMYECKUIA aHANN3 AOIKEH OLEHUTD
Aerpagaumio U 3KoNorMyeckme ocobeHHOCTN «NOBeAEHMA» NEPBUYHbBIX NECTULMAOB M NPOAYKTOB MX Aerpadaunm nan tpaHchopmaummy.
(Muntean, Jermini n coasT. 2003). OT ceba Mmbl MOXKeM TONbKO [06aBUTb, 4TO KasaxcTaHy Heob6Xxo4MMO NPOBECTU TaKMe UCCIe0BAHUA TaKKe B
OTHOLWeEeHMM ycTapeBLmnx NXA-KMAKOCTEN, U APYTUX BOSMOXKHbIX Gopm npumeHeHuna MX/A (Kpacku, runc, acbectoBble KPbIWK U T.4,), XOTA Mbl
0oCcBeAoM/IEHbI O TOM, YTO OCHOBHOM yyeT X[, npoBoAnTCcA B HacToswee Bpemsa. Y4acTKu 3arpasHeHHble CO3 AonKHbl 6biTb COOTBETCTBYHOLLMM
06pa3om oumLEeHbI 4N1A TOro, YTobbl M36aBUTLCA OT MCTOYHMKOB 3arpasHeHma CO3 no Bce cTpaHe.

High levels of PCDD/Fs and DL PCBs were found in free range chicken egg samples. Four-fifths of the samples exceeded 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 national authorities.
Taking into account its limitations, the DR CALUX method has shown to be effective for estimation of overall contamination of food stuff (eggs)
by PCDD/Fs and DL PCBs collected from Kazakhstani hot spots.



Bbicokana KoHueHTpauma NXA0/P n anokcmHonoaobHbix MXA 6bina 3admKcMpoBaHa B Npobax AnL, Kyp cBob6oAHOro coaepskaHua. YeTbipe
NATbIX OT BCex NPo6 NPeBbICMAN EBPONENCKYIO NpeaebHO A0NYCTUMYIO KOHUeHTpauuo NXA4/P v AN NXA B KypuHbIX ARLAX.
ocynapcTBEHHbIMM BEAOMCTBAMM A0/KHbI NPOBOAUTLCA PEryAsPHbIE MEPONPUATUS MO MOHUTOPUHTY AMoKcuHoB 1 AN MNX/M B npobax
NULLEBbIX NPOAYKTOB. KnetouHbin nccnegosatenbcknii meton DR CALUX npoaemoHCTpMpoBan cBoto 3PpPeKTUBHOCTb B BbISIBAEHUM HOBbIX
3arpA3HEHHbIX Y4aCTKOB, a TaKXe B oLeHKe obulel 3arpasHeHHocty NXA4/® v AN MNXA nuuiesbix NPOAYKTOB (AKUL), COBpaHHbIX B
Ka3axCTaHCKUX 3arpA3HEeHHbIX MecTax.

Both Russian and EU MAC for PCDD/Fs and DL PCBs for chicken eggs used in this study were exceeded more often than those for 6 PCB
congeners and OCPs. One-third of the samples exceeded EU MAC for B-HCH.

High levels of dioxins and dioxin-like PCBs in free range chicken eggs from Balkhash confirm serious contamination of the city by these
pollutants. Our finding is in agreement with Kazakhstani NIP, which suggests the results of epidemiological studies among Balkhash population
provide proof of the cancerogenicity and malignancy of POPs. The highest oncological disease rate in the period of 1999 — 2003 was observed
in Balkhash (in comparison with several other locations and the Kazakhstani average) (Republic of Kazakhstan 2009). Measures to reduce dioxin
and dioxin-like PCB releases from the metallurgic industry in Balkhash city, as well as in Temirtau, are crucial to overall reduction of releases of
U-POPs in the studied region of Kazakhstan.

Kak poccuiickune, Tak n esponeickue NAK ana NXA4/P v AN NXA B npobax KypUHbIX XL, NPOaHaAN3UPOBaHHbIX B HACTOALWEM UCC/Ie40BaHMM,
6bln1 npeBblweHbl Yale, Yem MK ans 6 KoHreHepos MX 1 XOT. BbiCOKME ypOBHU KOHLLEHTPALLMN ANOKCUHOB M AMOKCMHONOA400HbIX MX/[, B
ANLax Kyp cBoboAHOro coaepKaHuna M3 banxalla NOATBEPKAAIOT CEPbE3HYHO 3arpPA3HEHHOCTb ropoaa. Pe3ynbTaTbl Halero ncciesoBaHUA
noATBEPKAAI0T Pe3yNbTaTbl Ka3axcTaHCKoro MNaaHa BbiNoNHeHUA 06A3aTenbcTB N0 CTOKroNbMCKOM KOHBEHLLMK, COFTaCHO KOTOPOMY,
3NMAEMMONOTMYECKME AaHHbIe UCC/Ie40BaHNI 340P0BbA HaceeHsa ropoga banxalw cBMAETENbCTBYIOT O KaHLLepOoreHHoCcTH 1 BpegHoctm CO3.
B banxawe Habaroaanacb Hambonbllas oHKko3abonesaemocTb B nepunog ¢ 1999 no 2003 rr. B CpaBHEHUM C HEKOTOPbIMU APYTUMU PETMOHAMMU U
cpeaHeli 3abonesaemoctbto no KasaxcraHy (Pecnybaunka Kasaxctan 2009). Mepbl No cokpalleHuto Bbibpocos anokcuHos u AN MNXJ Ha
METaNNYPruyeckux npeanpuaTnax ropogdos banxaw n TemupTay, ABAAOTCA abCONOTHO HEOOXOAMMbIMM, AN obecrnedyeHna obuiero
COKpalLieHMs BbIbpOCoB HenpeaHamepeHHo-npousseaeHHbix CO3 B UccneaoBaHHOM permoHe KasaxctaHa.



This study revealed serious contamination of free range chicken eggs from Balkhash city with brominated flame retardants (BFRs), PBDEs and
a-HBCD in particular. Also commercially distributed eggs sample from supermarket in Karaganda contained surprisingly high level of a-HBCD.
The level of 18 ppm (in fat) of a-HBCD, to our knowledge ever measured highest concentration of HBCD in chicken eggs was found in free
range chicken eggs from Shetpe. These chemicals are not regularly monitored in Kazakhstani environment. They should be monitored although
they are not probably widely used in industrial facilities but imported products such as cars, electronics, products from recycled plastics and/or
insulation materials can contain these chemicals and they can appear in waste afterwards and contaminate food chain when they are not
controlled and regulated.

HacTtosawee nccnegoBaHue BbiABMAO B ropoe banxalw cepbe3Hoe 3arpsasHeHUe aumL, Kyp cBo6oaHOro cogeprkaHnsa 6poMUpPOBaHHbIMM
aHTMNMPEHaMM (OrHe3aLlWMTHbIMK BelecTBamu), B YactHocTu MBS mn a-FBLUA. Takke npoba anu, KynaeHHbIX B CBOOOAHON Npoaae B
cynepmapkete B KaparaHae, coaep:kania yauBuTeIbHO BbICOKMM ypoBeHb a-IBLLA. Hackonbko Ham M3BeCTHO, B Allax 13 LLleTtne 6biso
obHapyKeHo Hanbonbliee U3 Korga-nMbo namepeHHbIx cogep:kaHunin F6LUL, pasHoe 18 ppm (B *KMpax). ITM XMMMUYECKME BeLLeCcTBa He
KOHTPO/INPYIOTCA B OKpYKatowel cpeae KasaxctaHa. OHU A0MKHbI KOHTPOIMPOBATLCA, XOTS OHU, BEPOATHO, HE MOBCEMECTHO UCNO/Ib3YHOTCA B
NPOMbILAeHHOCTN KasaxcTaHa, HO MHOTOYNCIEHHbIE UMMNOPTUPYEMbIE TOBapPbI, TaKME Kak aBTOMOOWAU, 3NEKTPOHMKA, U3AENNA U3
nepepaboTaHHbIX NAACTMACC U/UNN U30NALMOHHbIE MaTepuabl MOTYT COAEPMKaTb 3TU XMMUYECKMNE BELLECTBA, M OHW BMNOC/EeACTBUU MOTYT
NOAB/NIATLCA B OTXO4AX U 3arpA3HATb NULLLEBbIE LLeNOYKU, eC/IN UX HE KOHTPOJIMPOBaTb N HE peryinposaTb.

Chicken eggs are important part of diet. The eggs from localities polluted by POPs can significantly contribute to body burden by these
chemicals as demonstrated in chapter 6 of this report, although the eggs are less common in food of Kazakhstani population in comparison
with some other countries. Solution is not to discourage public from eating chicken eggs, close the chicken farms down or start punishing the
farmers, but to prevent further contamination of food chain at certain hot spots as well as in food from large commercial farms. We used
chicken eggs as they were proven as good indicator of potential contamination of food chain. We didn’t sample meat but results of other study
focused on camel milk (Petrlik, Kalmykov et al. 2016) have shown that problem is broader and products from fatty tissues of animals raised at
certain hot spots can be contaminated as well. Some other studies demonstrated simultaneous contamination of chicken eggs and meat from
contaminated sites (Chang, Hayward et al. 1989, Lovett, Foxall et al. 1998).

KypuHble aliua aBNAKOTCA Ba*KHOM YacTblo paUMoHa NuTaHMA. Aua n3 mecTHocTel, 3arpasHeHHbix CO3, MOryT oKa3sbiBaTb 3HAYUTE/IbHbIN BKAA[,
B HarpysKy Ha OpraHM3m 13-3a 3TUX XMMUYECKNX BELLECTB, KaK NOKa3aHO B r/1aBe 6 HACTOALLENO AOKNAAa, XOTA AlMLA MeHee PacnpoCcTpaHeHb! B



NPOAYKTax NUTaHMA HaceneHna KasaxcTaHa no CpaBHEHWUIO C HEKOTOPbIMU APYrMMM CTpaHaMu. PeweHne npobiemsbl 3arpsasHeHua any, CO3
3aK/Il04aEeTCs He B TOM, YTOObI MPensaTcTBOBaTb TOMY, UTODObI Hace/ieHNe NUTAaNoCh KYPUHbIMM ALLAMM, 3aKpbIBaTb NTULLEedEpPMbl UK
HaKa3bIBaTb pepMepoB, HO B TOM, YTOObI NPeAoTBPaTUTL Aa/ibHelllee 3arpaA3HeHNe NPOAYKTOB KPYMHbIX KOMMEpPYECcKMX nNTuuedabpuk, a
TaKMKe NULLEBbIX LLeNnoYeK B onpeaeneHHbIX 3arpA3HEHHbIX paioHax. Mbl UICNONb30BanWn 1A UCCNEe0BaHUA KYPUHbIE ANLA, MOCKOJIbKY Bbln0
[LOKa3aHO, YTO OHU ABAAIOTCA XOPOLIMMU MHOMKATOPAMM NOTEHLMANBHOIO 3arpA3HeHnA NuLLEBOM Lenun. Mbl He nccnegoBann MACO, HO
pe3ynbTaTbl APYrMX NCCNEA0BAHNUM, MOCBALLEHHbIX BepbatoXbeMy Monoky (MeTpaunk, Kaambikos u ap., 2016), nokasanu, 4yto npobnema
3arpasHeHunsa CO3 o4yeHb WKNPOKaAn, M NPOAYKTbI U3 KUPOBbIX TKAHEW KUBOTHbIX, BbIPALLLEHHbIX B 3arpA3HEHHbIX MECTaX, TaKKe MOryT ObITb
3arpasHeHbl CO3. B HEKOTOPbIX APYrMX UccaeaoBaHMAX OblN0 NPOAEMOHCTPUPOBAHO HAIMYME OAHOBPEMEHHOTO 3arpA3HEHMA KYPUHbIX AL, U
MsACa Ha 3arpasHeHHbIX yyacTkax (Chang, Hayward et al., 1989, Lovett, Foxall et al., 1998).

8. Limitations of the study

OrpaHVIL-IEHVIFI ncenenoBaHnA

The major limitations of the study were the limited financial, temporal and personal resources. Therefore, only limited number of chicken egg
samples could be taken and limited scale of analyses could be done. We couldn’t repeat whole range of analyses for each sample what created
some loopholes in data available for our final evaluation.

OCHOBHbIMU OrpaHUYEHUAMM UCCef0BaHUA Bbln orpaHNYeHHble PUHAHCOBbIE, BPEMEHHbIE U JINYHbIE pecypcbl. [103TOMy MOXKHO 6bin0
MCMONb30BaTb TO/IbKO OFPAaHUYEHHOE KOIMYECTBO NPO6 KYpPUHbIX AUL, U MPOBECTU OrPaHUYEHHOE KOJIMYECTBO aHaIN30B. Mbl HE CMOT/In
NMOBTOPUTb BECb CMEKTP aHA/NIM30B ANA KaXKA0M Npobbl, YTO CO34a10 HEKOTOPbIE NPobenbl B AaHHbIX, AOCTYMHbIX A1 HAllel OKOHYaTe/IbHOM

OLLEHKM.

We also lack data about level of total dietary intake of different contaminants in Kazakhstan as well as information about average diet of
Kazakhstani population. We worked with limited information available instead. Still, an impression of the situation including the identification
of major issues in relation to potential pathways of contaminats into food chain (represented by free range chicken eggs in this study) in
Central and Western Kazakhstan was obtained. However, future investigations in this field are still necessary. The results presented here
cannot be considered exhaustive, rather expressing the need for an extended research in future.



Ham TaKKe He xBaTaeT faHHbIX 06 ypOoBHe 06LLero nocTynieHnsa pasMYHbIX 3arpPA3HAIOLLMX BELLECTB B OpraHM3M YesoBeka B KasaxcTaHe, a
TaKXe MHPopMaLMmn o0 cpefHEM paLMoHe NUTAHUA HaceneHma KasaxctaHa. Mol paboTanu ¢ orpaHMYeHHbIM KOIMYECTBOM AOCTYMHOM
nHbopmauumn. Tem He meHee, gna LleHTpanbHoro u 3anagHoro KasaxcrtaHa 6b110 nonyyeHo obuiee BnevaTneHme o CUTyaumm, BKAKOYasA
BbIAB/IEHHbIE OCHOBHbIe NPOo6/ieMbl, CBA3aHHble C MOTEHLUMANbHbIMK NYTAMW NONAAAHUA 3arPA3HEHUI B NULLLEBYIO LieNb (B 3TOM McCief0BaHUU
npeAcTaBieHHyto Nnpobamu auny, Kyp ceobogHoro cogepxaHua). Tem He meHee, HeoHXoAMMbI fa/bHENLWNE UCCNef0BaHMA 3TON Npobaembl.
MpeacTaBneHHble 34eCb Pe3yabTaTbl HE MOTYT CYMTATbCA MCYEPMIBAIOLLMMM, @ CKOPEe BblpaXKatoT HE0HX0AMMOCTb PaCLUMPEHHbIX
nccnefoBaHuii B byayuiem.

The comparison of pollutant concentration levels found in the samples with legal standards has also its limitations. Each of the legal standards
is defined in a different way and for a different purpose. In addition, there are no existing legal standards for some of the pollutants and some
legal limits or TDI levels might be outdated. The estimation of a potential risk to humans and the environment cannot be conducted by
consulting legal standards only, an extensive risk analysis based on a sufficient number of samples and detailed description of the state of the
area and the potential risk receivers is crucial. We tried to draw basic evaluation of health risk expressed as daily intake of some crucial
pollutants through consumption of eggs from free range chicken raised at selected hot spots in order to give at least basic idea about level of
human exposure to different pollutants.

We believe that most important is to start to address overall pollution by such contaminants as PCBs, PCDD/Fs, OCPs as well as by some BFRs in
Kazakhstan.

CpaBHeHWe ypoBHEW KOHLEHTPaUMK 3arpasHuTenei, obHapyXeHHbIX B Npobax, ¢ ycTaHOBNEHHbIMM 3aKOHOAATe/IbHbIMW HOPMATUBAMM, TaKKe
MMeeT CBOM orpaHmyeHuns. Kaxaas us Takmx NpaBoBbiX HOPM Bbina onpegenieHa No-pasHOMY M ANA PasHbIX Lenei. Kpome Toro, oTcyTcTByHOT
KaKkue-nnmbo NpaBoBble HOPMbI AN HEKOTOPbIX 3arpPA3HUTENEN, @ HEKOTOPbIE YCTaHOB/IEHHbIE MPeAe/bl UAN YPOBHM NEPEHOCMMOro CyTOYHOro
nocrynnexus (TDI) yctapenn. OueHKa NoTEHLMANbHOTO PUCKa AN NIOAEN U OKPYXKaloLLen cpeabl He MOXKeT bbiTb MpoBeAeHa TO/NbKO NyTem
CPBHEHWS C NPAaBOBbIMW HOPMaMMU, - HEOBXOAMM TLLATENbHbIN aHA/IM3 PUCKOB Ha OCHOBE A0CTaTOYHOro KomM4yecTsa npob 1 nogpobHoro
OMNMCaHMA COCTOAHUA PANOHOB MCCEL0BaHUA M NOTEHLMA/bHbIX MOAyYaTene pUckos. Mbl NoMbITaNMCb NPOBECTU 6A30BYIO OLLEHKY PUCKA ANA
34,0POBbSA, BbIPA*KEHHOI0 B BUAE KOIMYECTB eXKeAHEBHOMO NOCTYMN/IEHUA B OPraHM3M Ye/I0BEKa HEKOTOPbIX BaXKHEMLLMX 3arpA3HUTeNel, 3a cHeT
noTpebaeHus anL, Kyp cBO6OAHOIO coaepKaHuUA, BbipalMBaeMblX Ha 3arpsAsHEHHbIX TEPPUTOPUAX, YTOObI AaTb XOTA Obl 06LLEee NpeacTaBaeHne
06 ypoBHe BO3AeMCTBMA Ha YE/I0BEKA PA3/INYHbIX 3arpA3HAIOLLMX BELLECTB.



Mbl Bepum, 4TO Hanbosee BaXKHbIM ABNAETCA HavaTb B KasaxcTtaHe 6opbby C 3arpA3HeHMeM TakuMu BelllecTBamu, Kak NXA, NXA4/d, X0, a
TaKXXe HEeKOTOPbIMW BPOMUPOBAHHbBIMW AaHTUMUPEHAMMN.
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