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“Les missions impossibles sont les seules qui réussissent”

(Jacques-Yves Cousteau)

“A yem Bbl 3aHMMaeTecb? — cnpocun 5. Kak n Bcs Hayka, - ckasan ropboHOCbIN. —

CyacTbeM YenoBeYeCKUM.

(A. Cmpyzaukut, 6. Cmpyzaukut. TOHEOEJIbHUK HAYUHAETCA B CYBEOTY)
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The presented PhD research was conducted in the framework of the scientific collaboration and
co-direction of the thesis between University of Bordeaux, France and Kharkiv National
Academy of Municipal Economy, Ukraine.

This PhD study is a part of the governmental scientific collaboration between France and
Ukraine, what is registered as “DNIPRO Partenariat Hubert Curien” joint grant N° 19744V]
2009/2010 in the Ministry of Foreign Affairs, France and Ministry of Education and Science,
Ukraine.

The financial support, in the form of the full — time PhD scholarship was provided by European
Commission in the framework of the ERASMUS MUNDUS Lot 6/7 (Belarus, Moldova,
Ukraine), partly by the “Eiffel Scholarship” and “Bourse de Court Sejour de Recherche” of the
Embassy of France in Ukraine.

The presented results are based definitely on own work of the candidate under the general
supervising of Dr. Philippe Le Coustumer and Dr. Frederic Huneau, University of Bordeaux,
France and with co-direction of Dr. Felix Stolberg, Kharkiv National Academy of Municipal
Economy, Ukraine.

During the work under the project, different scientific groups have been involved. As, the sample
preparation and analysis on the trace metals identification in the sediments and their dissolved
form in the water have been performed in the UMR CNRS 5805 Environnements et
Paléoenvironnements Océaniques Laboratory, University of Bordeaux, France under the
supervision of Prof. Jorg Schafer. The analysis of DGT labile metals in water has been done in
the French Geological Survey Centre (BRGM) and UMR CNRS 6113 ISTO, Campus
Géosciences, University of Orléans under the supervision of Prof. Mikael Motelica-Heino. The
pharmaceuticals in passive samples have been analyzed in the CNRS ERM Laboratory,
University of Bordeaux, France under the supervision of Dr. Budzinski and Dr. Tapie. The field
trips in Ukraine and France have been done in the collaboration with Kharkiv National Academy
of Municipal Economy, Ukraine with Mr. Vergeles and Ms. Servetnyk. The work with the socio-
economic parameters and modeling has been performed under the supervision of Mr. Grynenko,
Dept. Economy and Management, National Academy of Municipal Economy, Ukraine.

Thus, this research is the product of the sustainable international scientific cooperation between
multidiscipline laboratories and different countries.
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ABSTRACT IN ENGLISH

ABSTRACT

The PhD study focuses on the understanding of processes of the impact of environmental and
socio-economic determinants on the occurrence, accumulation and distribution of trace metals
and pharmaceuticals in urban watercourses. The research has been based on the analysis of the
origin; physico-chemical properties and behavior of trace pollutants. The study was performed in
two general steps: (i) monitoring of trace metals and pharmaceuticals in natural waters; (ii)
description and analysis of environmental and socio-economic determinants that influence the
water chemistry and (iii) evaluation of trace pollutants as environmental and socio-economic
indicators. The monitoring of trace metals in natural water was proceed using the combination of
passive and grab water sampling techniques, in order to evaluate various forms of elements,
sources, seasonal and spatial variations, accumulation and environmental risks associated with
the presence of contaminats in study areas. The monitoring of pharmaceuticals was done using
passive sensors to determine their capacity to register chemicals variation by the time and
purpose to use environmental data for the regional medicament consumption modeling.
Monitoring data were also investigated in term of potential applications of trace metals and
pharmaceuticals as environmental and socio-economic indicators. Two study sites were chosen:
(1) the Kharkiv region in Ukraine where research was focused on the Lopan and Udy rivers of
the Seversky Donets water basin and (2) the Bordeaux region in France where water monitoring
was done in the Jalle River, Garonne water basin. Sites were mainly selected to represent the
water pollution status in different socio-economic regions. General PhD results can be described
as follows:

1. The methodology for pilot and continuous monitoring of trace elements in the water with
combination of traditional (grab) and innovative (passive) sampling procedures help to
get data on trace elements presence, accumulation and sources, considering time-varying
one.

2. The analysis of trace metals and pharmaceuticals in two river basins of France and
Ukraine and determination of environmental factors that impact on occurrence,
accumulation and distribution of these chemicals.

3. The establishment of links between regional socio-economic issues and water quality
data. The socio-economic and environmental modeling helps us to understand the water
pollution process in regional context and give the opportunity to propose contaminants as
tracer of anthropogenic activities and water quality assessment.

Results of the PhD study are presented in the form of published or submitted peer-reviewed
articles.

Keywords: trace metals, pharmaceuticals, passive sampling, Kharkiv, Bordeaux, environmental
and socio-economic indicators, water tracer.

vii



RESUME EN FRANCAIS

RESUME

«Déterminants environnementaux et socio-économiques, leur influence sur les métaux
traces et les produits pharmaceutiques dans les cours d’eau».

Les objectifs de cette étude comparative de deux bassins versants en France et en Ukraine sont
de trois ordres. i) déterminer 1’occurrence des micropolluants émergents (métaux traces et
molécules pharmaceutiques) dans les eaux de surface, ii) permettre leur évaluation qualitative et
quantitative et enfin iii) estimer leur distribution en fonction du contexte socio-économique.
Cette recherche porte sur I'analyse de l'origine, sur les propriétés physico-chimiques et sur le
comportement des micropolluants (métaux traces et molécules pharmaceutiques) dans les eaux
des rivieres Jalle (Bordeaux, France) et Udy & Lopan (Kharkiv, Ukraine). Un suivi des métaux
traces et des produits pharmaceutiques dans les eaux naturelles de surface dans différents
contextes et conditions climatiques a été réalisé. La description et l'analyse des facteurs
environnementaux et socio-économiques influencant I’hydrochimie locale en vue de conclure sur
I’opportunité et I'intérét des micropolluants émergents comme indicateurs anthropogéniques du
contexte socio-économique et environnemental d’un bassin versant ont été mis en oeuvre.
L’¢tude a combiné¢ des techniques de prélévements d’échantillons d’eau classiques et par
capteurs passifs in situ. L’analyse semi quantitative des micropolluants émergents a porté sur les
métaux traces (sondes DGT) et les produits pharmaceutiques (POCIS). L usage de ces capteurs a
permis d’évaluer les différentes formes d'éléments, les sources, les variations saisonnieres et
spatiales, l'accumulation et les risques environnementaux. A partir des données
environnementales collectées, acquises, actualisées et validées il a été possible de modéliser la
consommation régionale de médicaments dans le cas de (1) la région de Kharkiv, en Ukraine, sur
les rivieres Lopan et Udy du bassin Seversky Donets et (2) la région de Bordeaux, en France, sur
la riviere Jalle, du bassin de la Garonne. Les sites ont été sélectionnés pour représenter une
diversité tant du point de vue de I'état de pollution des eaux (nature et flux) que de celui du
paysage socio-économique (contexte urbain, social et indicateurs économiques). Les résultats
majeurs de cette étude sont : (i) méthodologique pour le développement et la validation de
protocoles d’échantillonnage classique et passif (intérét, limites, recommandations), ii)
analytique quant a la mesure des éléments traces des eaux de surface naturelles dans des
conditions extrémes, iii) scientifique par 1’obtention d’un jeu de données sur I’hydrochimie des
éléments traces ( présence, accumulation, origine et variabilité spatiale et temporelle et iv)
prospectif quant a 1’usage des métaux traces et de produits pharmaceutiques comme traceurs
anthropiques de 1’état des eaux naturelles de surfaces et reflet du contexte socio économique. La
modélisation socio-économique (statistique) et environnementale (balance de masse) aide a
comprendre I’évolution de la qualité des eaux de surface dans leur contexte régional et permet
d’identifier certains contaminants comme des indicateurs des activités anthropiques d’un bassin
versant et permet de définir une typologie. L’ensemble des résultats de la thése ont présentes
sous la forme d'articles publiés ou soumis dans des revues scientifiques internationales.

Mots-clés: métaux traces, produits pharmaceutiques, échantillonnage, Kharkiv, Bordeaux,
indicateurs anthropiques, indicateurs socio-économiques, DGT, POCIS, traceurs, hydrochimie,
eaux de surfaces, eaux naturelles, bassin versant, Jalle, Udy, Lopan.
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PE®EPAT HA PYCCKOM SI3BIKE

PE®EPAT

Huccepranusi «DKOJOTHYECKHE U COLHUAIBHO-3KOHOMHUYECKHE (DaKTOPbl PacHpOoCTpaHeHUs
METaJJIOB U (hapMalleBTUUECKHX BEIIECTB B MPHUPOJHBIX BOJAX: Ha MpUMepe pek XapbKOoBa,
Ykpauna u bopmo, ®@pannusa» Ha couckanue crerneHu Jlokrtopa dwinocopuu (3KBUBAICHT —
KaHIUJAT HayK) B oOyiacT npupoaHbix HayK (Environmental Science) moaroTorneHa B pamkax
JIOTOBOpa O HAYYHOM COTPYJHHYECTBE M COBMECTHOM DPYKOBOJACTBE MEXAY YHHMBEPCUTETOM
bopno, @pannusa u XapbKOBCKOW HAallMOHAIBHOM aKaJeMHUEN IOPOJCKOro XO03siKUCTBa, YKpauHa,
Ha 0a3ze Hay4yHO — uccienoparenbckoro npoekra JHUITPO (peructpauuronnsiii Homep M 163 —
2009): MunucTepcTBo 00pazoBanus 1 Hayku YKkpauHsbl u [ToconbcTBo @pannuu B YKpauHe.

AKTYallbHOCTb pa0OThI CBsSI3aHa C CYLIECTBYIOIIMMU MPOOJIeMaMUd MOHUTOPUHTA MPHUPOIHBIX
BOJI, HEJOCTaTKOM HCCJIEIOBAaHUI MUKPO-3arpsi3HUTENIe BOJOTOKOB Kak BO dpaHIuu, Tak U B
YkpanHe, CyIIECTBYIOIIUM 5KOJOTHYECKHUM PHCKOM, KOTOPBIA BO3HHMKAET MPU MOCTYIUICHUU U
HAKOIUICHUU METaJIOB U (hapMalleBTUYECKUX BEIIECTB B YpOAHU3UPOBAHHBIX BOJOTOKAX, a TAKXKE

BO3MO>KHOCTBIO UCIIOJIb30BAHUSI XMMUUYECKUX BEUIECTB B KAU€CTBE SKOJIOTMYECKUX U COLUATIBHO
— YKOHOMUYECKUX UHAUKATOPOB.
Ilenbto AuccepTallMOHHON PabOThI CTAI0 YCOBEPIIEHCTBOBAHNUE METOJ0B MOHUTOPUHIA MUKPO-

3arpsAA3HUTENEH B IPUPOJHBIX BOJAX U OLICHKA BO3MOYKHOCTH MCIIOJIB30BAaHUS OTAEIBHBIX MUKPO-
3arpsA3HUTENIEM B KAayeCTBE JKOJOTMYECKMX W COLUAIbHO-DKOHOMHMYECKMX IIOKa3aTesei.
[IpeameroM MccieioBaHMsl SBJISIFOTCS 3KOJOIMUYECKHE U COLMATbHO-3KOHOMHUYECKHE (DAKTOpBI,
BJIMSIIOIME HA PAcpOCTPAaHEHHE METAJUIOB U (hapMalleBTUYECKHX BEIIECTB B IPUPOAHBIX BOJAX.
OOBeKTOM HucciieloBaHusl cTalld peku Y bl u Jlomane, XapbkoBckas 001acTh, YKpauHa U peka
Kans, pernon bopno, @pannus.

OcHoBHble 3afaud: (1) mpoBecTH MOHHUTOPHUHI pEK Ha pa3iIuyHble (OpPMBI METAJUIOB U

(dapmalieBTUYECKHE BEIECTBA C NPUMEHEHUEM CTAHJAPTHHIX M MHHOBAIIMOHHBIX (I1ACCHUBHBIX)
METO/ZI0B 0TOOpa mpoO; (2) omepenenuTh 3KOJIOTHYECKHE U COLUAIBHO- SKOHOMHUYECKHE
(aKTOpBI, KOTOPHIE BIUSIOT HA PACIPOCTPAHCHUE MUKPO3arpsI3HUTENEH B MPUPOAHBIX Bojax; (3)
W3YYUTh BO3MOXKHOCTH HCIIOJIb30BAHUS METAJUIOB U (papMaleBTUYECKHX BEIIECTB B KauecTBE
WHAUKATOPOB aHTPOIIOT€HHOTO 3arPsS3HEHUS TPUPOIHBIX BOJ.

B pe3ynbTaTe npoBeIeHHBIX UCCIETOBAHHUMA OBLI:

Bnepsuie:

(a) ocymiecTBIIECH MOHHTOPUHT JaOWIBHBIX (OpM METAUIOB B pekax OacceiiHa CeBepcKoro
JoH1a, B pe3ysbTaTe KOTOPOTO OMpPeIeeHbl KOHIIEHTPAIIUH TOKCUYHBIX METAJUIOB B BOJOTOKAX,
WUCTOYHUKHU U KOJIMIECTBO UX MOCTYIUICHHUS,

(6) mpoBeneH MOHUTOPHHT (PApMAIIEBTHIECKUX BEIIECTB B IPUPOTHBIX BOJaX Y KpPawHbI,

(B) ompeneneHbl KOHIEHTPAIMM W OCHOBHBIE WCTOYHUKHA TOCTYIUICHUS (apMalleBTHUECKUX
MpernapaToB U yJeNbHBIE TOKa3aTeNld MOTPEOICHUS Pa3IUYHBIX MEIUKaMEHTOB B XaphKOBCKOM
PETrHOHE;

Ycosepuwencmesosanuvl:

(a) MeronuMka TPOBEACHHS MOHUTOPWHTA BOJBI 3a CYET TNPUMEHEHUS CTaHAAPTHBIX U
WHHOBAIIMOHHBIX TTACCHBHBIX METOJOB OTOOpa MpOoO BOJBI B KOHTPACTHBIX KIUMATHUYCCKHUX W
TUAPOJOTHYECKUX YCIOBHUAX C IENBI0 HCCICIOBAHUS PA3TUYHBIX (DOpPM 3arps3HUTENCH U UX
BPEMEHHBIX BapHUallnii;



PE®EPAT HA PYCCKOM SI3BIKE

(0) ©OanaHcoBO-CTaTUCTHYECKass MOJENIb, KOTOpas IMO3BOJIIET HUCIOJB30BaTh JAaHHbBIE
MOHHMTOPHHTA MPUPOAHBIX BOJ AJISl COLHATbHO-PKOHOMHUYECKON XapaKTEPUCTHUKU PETMOHOB —
BOJIOIOJIb30BaTENCH;

Ilpeonoocenni:

(a) cucrema omnpeAeNeHHS TE€OXUMHYECKOro (OoHa peK Ha OCHOBAaHUM TOpPHHA —
HOPMAaJIM30BAHHBIX KOHLIEHTPAIM METAJUIOB B IOHHBIX OTJIOKEHUSIX

(6) MeTo MCIOJIb30BAaHUE METAUIOB U (PapMaleBTUYCCKUX BEIICCTB B KAUECTBE WHIUKATOPOB
MOCTYIUICHUSI CTOYHBIX BOJI AJI UACHTU(PHUKAIIMN HECAHKIIMOHUPOBAHHBIX COPOCOB.

OCHOBY JUCCEpTAallMOHHOTO HUCCJIEOBAaHMS COCTaBWJIM HATypHbIE JIaHHBIE TIOJEBBIX
uccienoBaHuii pek XapbkoBa U bopmo, KoTopble ObUTM OpraHM30BaHbl M TPOBEAEHBI C
HernocpencTBeHHbIM yyacTiueM aBTopa B 2008 — 2011 rr. BoasmmHCTBO 1a00paTOPHBIX aHATH30B
OBLJIO JIMYHO MPOBEIEHO aBTOPOM B cepTU(MULUPOBAHHBIX JTabopartopusix YHuBepcuTeTa bopao
u Yuausepcuteta Opnean, @paHuusi.

Juccepranusi ©MEeT TEOPETHYECKOE M IMPAKTHYECKOe 3HAUCHHE IS JATBHEHIIEro pa3BUTHA
MOHUTOPHHTA TPUPOAHBIX BOJ, & TAKKE TOBBIMICHHUS YPOBHS SKOJIOTMYECKON M COLUAIBbHOU
0e30MacHOCTH B pernoHax. AnpoOaiusi OCHOBHBIX PE3y/IbTaTOB UCCIEI0BaHuUs Oblila IPOBEIEHA
Ha MEXIYHApPOJHBIX W HAIMOHAIbHBIX HAYYHBIX KOH(pEepeHIMsIX, a UMEHHO, B T.CTOKroibMe,
[Berus (2008, 2009, 2010, 2011), r.Koo6nenn, I'epmanus (2009), r.Atnon, Upnanaus (2010),
r.bproccens, benbrus (2010), r.bopao, @pannus (2010), r.Ksedek, Kanana (2010), r.Canonuku,
I'perust (2008), r. Bepn, Iseiitapust (2008), r.Xapbkos, Ykpauna (2009), r.Kues, Ykpauna
(2008). Ilo Teme muccepramusi OnmyOJWKOBaHO 4 CTaThb B MEXKIYHApOIHBIX >KypHallax C
BbicokuM MMITAKT ¢akropom, a Takke 5 crareid B M3AaHUSX, peryIMMeHTUpoBaHHbIX BAK
VYkpaunsl u Poccun.

KaroueBble clioBa: ITacCUBHBIN MOHUTOPHUHT, MCTAJUIBI, (l)apMaI_[eBTI/I‘IeCKI/Ie BCIICCTBA, BOAOTOK,

CDpaHI_II/IH, praI/IHa, OKOJOTHYCCKHUEC N COMNAJIbHO-OKOHOMHNYCCKHE ITIOKa3aTCIIn



CTHCJINI 3MICT YKPATHCHKOIO MOBOIO

CTUCITUA 3MICT

Huceprariiina po6ora «EKOJOTIYHI Ta COIaJIbHO-€KOHOMIUYHI YMHHUKH PO3IOBCIOKCHHS
MeTaiB Ta (papMaleBTUYHUX PEUYOBHH Y MPUPOJHUX BOJAX: PE3Y/IbTATH JOCIIIKEHHS PIYOK
XapkoBa, Ykpaina ta bopgo, ®@panmis» Ha 3100yTTs cryneHio Jloktopa dinocodii (ekBiBaIeHT
KaHAMIAaT HayK B YKpainu) y mnpupomanuux Haykax (Environmental Science) Bukonana y
paMKax JOroBOPY MPO HAYKOBY CIIBIPAIIO Ta CIIJIbHE KEPIBHUIITBO JUCEPTAMIMHUMHU TPAISIMU
Mk YHiBepcuterom bopno, ®@panuis Ta XapKiBCbKOIO HAIiOHAJIBHOIO aKaJEMI€I0 MiCHKOTO
roCroJapcTBa, YKpaiHa.

HaykoBe nmocniypkeHHsS BIKOHaHO 3TigHO nporpamu crinbHux aiid «HITIPO» (peectpauiiinuii
Homep Ne M 163 — 2009) mixk MiHicTepcTBOM OCBiTH Ta Hayku YKpainu Ta ITocombcTBOM
PecniyOniku @paniis B YkpaiHi.

Mertor aucepTaiiiHoi poOOTH € BIOCKOHAJICHHS CHCTEMH MOHITOPHHIY MPHPOJHHX BOJ Ha
HAsBHICTh MIKpO-3a0pyAHIOBAYiB Ta OI[iHKAa MOJANBIION0 BUKOPHCTAHHS MeETaliB Ta

(dapMaleBTUYHUX PEYOBHH Y SKOCTI EKOJOTIYHHX Ta COIaIbHO-CKOHOMIYHHX [TOKA3HUKIB
3a0pyTHEHHS BOJIOTOKIB.
Jlo piopuTEeTHUX 3aBlIaHb, IO BUPILIIYIOTECS Y poOO0Ti BimHeceHO: (1) mpoBeeHHS MOHITOPUHTY
METaJiB y BOJOTOKAX 3 BUKOPUCTAHHSIM CTaHAAPTHHUX Ta MACHBHHUX METOJIIB BiTOOpPY Mpod BOIH;
(2) mocnimxeHHs (apManeBTHUYHUX PEYOBUH y BOJOTOKAX 3 BUKOPUCTAHHSIM MAaCHBHHUX METOJIB
BiIOOpY 1po6 Boay; (3) OIiHKAa BUKOPUCTAHHSA METalliB Ta ()apMalleBTUYHUX PEUYOBUH Y SKOCTI
€KOJIOTTYHHUX Ta COL1aIbHO-€KOHOMIYHUX MOKAa3HUKIB 3a0pyTHEHHS BOJIOTOKIB.
OO0’ €eKTOM JTOCTIIPKEHHSI € BOJOTOKH, II0 PO3TAIIOBaHI y Pi3HUX reorpagiuHux Ta COLIaIbHO-
€KOHOMIYHUX perioHax — piuku Yau Ta Jlomans, XapkiBcbka 061acTh, YKpaiHa Ta piuka Kansb,
perion bopno, ®@paniis.
3aranbHUMHM METOJAMU JOCIHIPKEHHS CTalM IPOBEJEHHS IOJIbOBUX JOCIIUKEHb Ta 301ip
Ta BUKOPUCTAHHS 0AIaHCOBO — CTATUCTHYHOTO MOJICITIOBAHHSI.
["0s10BHMMH pe3ynbTaTaMM JOCHIKEHHS €:
(a) MeToz10JI0Tisl IPOBEIEHHS] MOHITOPUHTY MPUPOJHUX BOJA 3 BUKOPHCTAaHHSM CTaHJApTHUX Ta
NaCUBHUM IPUIIAJiB Bi10OOpY Mpob Ta JOCTIKEHHS MIKpO-3a0pyIHIOBaYiB
(0) BU3HAYEHHS OCHOBHHX JIXKEpeJl Ta PO3paxyHOK OallaHCy HAaIXO/KEHHS MIKpO-3a0pyIHIOBaYiB
JI0 TIPUPOTHUX BOJOTOKIB
(B) OoOrpyHTYBaHHSI MOKJIMBOCTI BHKOPUCTaHHS METajiB Ta (hapMalleBTUUHUX KOMIIOHEHTIB Yy
SKOCTI1 €KOJIOT1YHUX Ta COLIaJIbHO- EKOHOMIUHHUX MTOKa3HUKIB
HoBwu3Ha 10CITIIKEHHS TIOJISTAE Y TOMY IIO:
Brnepue:
(1) mpoBeeHO MOHITOPUHT (papMalEBTUYHUX PEUYOBUH Y IPUPOJHUX BOJaX YKpaiHu;
(2) 3amporioHOBaHa METOJIOJIOTISI BH3HAYEHHS MiKpO-3a0pYAHIOBAa4iB 3 BHUKOPUCTAHHIM
MACUBHUX Ta CTAHIAPTHUX METOIB BiTOOPY Mpob BOIH;
Y 1ockoHaneHa:
(1) reoxiMiyHa OIiHKa BOJIOTOKIB Ha OCHOBI TOPiif — HOPMaTi30BaHUX KOHIICHTpAIlil METaIIiB
y IOHHUX BIJIKJIaJIaX;
(2) OamaHCOBO-CTATHCTHYHA MOJEIbh PO3PAXYHKY COIAIbHO-EKOHOMIYHHMX TOKa3HHUKIB Ha
OCHOBI JIaHUX €KOJIOTIYHOTO MOHITOPHHTY;,
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CTHCJINI 3MICT YKPATHCHKOIO MOBOIO

HaykoBo 0OIpyHTOBaHO MOKJIMBICTh BUKOPHCTAHHS METANiB Ta (papMalieBTHYHUX PEYOBHH Y
MIPUPOTHUX BOJIAX B AKOCTI €KOJIOTTYHHX Ta COLIAIbHO-EKOHOMIYHUX TTOKa3HHKIB.

PoGota Mae TeopeTMyHe Ta NPAKTUYHE 3HAYCHHS [UIA IOAAIBIIOTO PO3BUTKY CHCTEMHU
€KOJIOT1YHOTO MOHITOPUHTY Ta 3a0€3MeUeHHs €KOJIOT1YHOT Ta COMiaIbHOT O€3IEeKH PErioHiB.
PesynbraTi mOCHiPKEHHS OMYOJIKOBAaHO Yy BHUIUIAAI 4 HAyKOBUX CTaredl B MIKHApOJHUX
xypHanax 3 BucokuMm IMITAKT ¢akropom, a Takox 5 cTareil B )KypHalax, peKOMEHIOBaHUX
BAK VYkpainu ta Pocii.
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2009 ta 2010); M. Atnon, Ipmannis (2010); m. Kobnenn, Himeuunna (2009); m. Canoniku,
I'penis (2008), m. Ksebek, Kanana (2010); m. bepn, Isetinapis (2008); m. bopmo, @paniris
(2010); m. bprocens, benbris (2010).
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INTRODUCTION

INTRODUCTION

Urbanization, agriculture and industry exert mounting pressure on the quality of water resources.
Every day an estimated two millions tones of human wastes are disposed of in watercourses.
Seventy percent of industrial and household wastes in developing countries are dumped
untreated into waters where they pollute the usable water supply (WWW 2010). The complexity
of the challenge are revealed by many different types and forms of pollutants, the range of
pollution sources and varying scales — local, regional or global — at which pollution can develop.
Lack of monitoring and enforcement also makes difficulties for countries and regions to
understand and deal with this challenge.

Some of pollutants e.g. trace pollutants are harmful for environment and human health even in
very low concentration (pgL™® — ng L™* - pg L™). With the development of the analytical
chemistry, more and more trace elements can be detected in the natural water, but also the
diversity of them are increasing because of the progress in chemicals production and growing

consumption.

Three main approaches can be used for water quality monitoring: trace elements behaviour,
biological assessment, active and passive sampling with the further chemical analysis. The
traditional approach of chemical analysis by using pump or grab sampling methods reflects only
instantaneous concentrations of contaminants in water (Li et al. 2010). These measurements
provide a simple estimate of the present status, however in rivers, chemical characteristics can be
highly time variable. The other alternative approach is the biological sampling (e.g. fish,
mussels), but this procedure brings up other problematic issues: (1) chemical analysis of
complex biological matrixes; (2) unexpected mortality of test organisms; (3) complicated data

interpretation due to variability among species, age, and individual metabolism in the capacity to
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accumulate pollutants (Soderstrom et al. 2009). In order to avoid limitations of biological and
traditional sampling, passive sampling techniques have been widely applied for the detection of
the different types of inorganic (Motelica - Heino et al. 2003) and organic pollutants (Zhang et
al. 2008a; Togola and Budzinski 2007a) in various concentrations in the fresh (Dragun et al.
2008) and marine (Munksgaard and Parry 2003) waters of many countries. In Ukraine, studies
on the environmental quality of rivers using passive sampling approaches are limited and water
quality of general water courses have been mainly assessed with the application of biological
(Vasenko et al. 2006) or grab sampling (Linnik 2003). Thereby previous studies have provided
basic information on regional water quality and the distribution of limited amount of pollutants
along the river courses. Furthermore, intensive environmental studies on specific pollutants e.g.

trace metals and pharmaceuticals, are yet incipient in Ukrainian waterbasins.

Trace metals as toxic inorganic pollutants and pharmaceuticals as emerging organic pollutants
become a part of the long term water monitoring in EU (e.g. Buzier et al. 2008; Pesavento et al.
2009), USA (e.g. Balistrieri and Blank 2008; Barnes et al. 2008), Canada (e.g. Alfaro — De la
Torre et al. 2000), Australia (e.g. Denney et al. 1999), Japan (e.g. Nakada et al. 2008), China
(e.g. Fan et al. 2009) with the application of traditional and passive sampling and their
combination. Monitoring of trace elements in rivers and streams using passive sampling has
resulted in the development of several methods used today for the detection of different forms of
trace metals and pharmaceuticals, such as DGT - labile metals (Tusseau — Vuillemin et al. 2007)
and bioavailable hydrophilic organic chemicals i.e. pharmaceuticals (Alvarez et al. 2005; Vrana
et al. 2005; Togola and Budzinski 2007a). Based on speciation of pollutants, new environmental
parameters have been developed to indicate the level of pollution (Alvarez et al. 2005),
differentiate sources of pollution (Warnken et al. 2007; Bidwell et al. 2010) and assess health
and environmental risks (Alvarez et al. 2008; Schintu et al. 2010). Trace metals in particulate,
dissolved and labile forms have been suggested as indicators of industrial pollution (Dunn et al.
2007; Schafer et al. 2009) and pharmaceuticals have been proposed as indicators of fecal
pollution (Clara et al. 2004; Froehner et al. 2010). However, characteristics and the application
of these indicators may vary depending on the regional socio-economic profile of the region,
climate, hydrological and seasonal patterns in the studied watershed. Therefore, knowledge on
the environmental status of river in term of the contamination by pollutants and the socio-
economic conditions, what are specific for the studied area, is essential before the use of various

indicators.
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Objective of the thesis

In order to improve the knowledge on occurrence, distribution and accumulation of trace metals
and pharmaceuticals in natural watercourses, but also to precise the potential of these elements as
environmental and socio-economic indicators, this study is focused on (i) the use of passive
sampling methods for the detection of trace metals and pharmaceuticals in contrasted
environmental and different socio-economic conditions; (ii) investigation of trace metals
(inorganic chemicals) and pharmaceuticals (organic chemicals) in watershed as environmental
indicators; (iii) explore the relation of trace metals and pharmaceuticals between the socio-

economic activity of different regions and their environment.

Outline of the thesis

The thesis presents the results on trace metals and pharmaceuticals in two contrasted socio-
economic regions. In the hydrological system of the industrial Kharkiv region, Ukraine, in situ
studies have concerned multi-sources of transboundary, urban and rural pollution and brought
the first data, ever presented, on geochemical baseline of the studied watershed, including the
accumulation, spatial distribution and origin of trace metals and pharmaceuticals (Chapter 4,
Chapter 5, Chapter 6). Investigation conducted in situ in the Bordeaux region, France have been
mostly focused on the pollution by organic contaminants in order to proceed the comparison of
human origin influences on the hydrologically similar (size of the course, water flow regim, etc.)
water bodies which to locate in contrasted socio-economic regions (Chapter 6). Finally, the
perspectives of use trace metals and pharmaceuticals as specific environmental and socio-
economic indicators or tracers have been assessed on the example of the river in the Kharkiv
region, which is influenced by various anthropogenic inputs (Chapter 7). The seven chapters of
the manuscript are described below and presented as a compilation of published, in press or
submitted papers.

Chapter 1 is devoted to a general presentation of trace elements, description of monitoring tools
and risks associated with presence of these chemicals in the natural waters. The special focus is
on overview of trace metals and pharmaceuticals in aqueous environment, factors impacting the

behaviour of chemicals and passive sampling technique for their identification.

Chapter 2 presents general information on the study area. Characteristics of the location,

potential pollution sources in each sampling station are reported.
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Chapter 3 is dedicated to the methodology used in the thesis and methods of the collection,
analysis and interpretation of the water and sediments samples. Data treatment and modeling are

also described in this chapter.

Chapter 4 reports the results on the application of the selected passive monitoring tools in
contrasted climate and hydrological conditions. The identification of trace metals in the studied
area has been done using in situ application of diffusive gradients in thin-films (DGT) passive
samplers in transboundary Udy and Lopan Rivers of the Seversky Donets watershed in the
Kharkiv region, Ukraine. We discusse the practice and procedure of DGT passive samplers, the
presence and potential sources of DGT-labile metals in water, outlines the influence of seasonal
factors on elements variation in water and pollution status. This chapter is presented in the form

of the article published in Environmental Earth Sciences.

Chapter 5 examines environmental determinants impacting the occurrence, the distribution and
the accumulation of trace metals in the watercourse. The dissolved and DGT — labile trace metals
in the water and particulate metals in sediments have been monitored in the watershed of the
Seversky Donets River using traditional and passive sampling techniques. Priority trace elements
(As, Cd, Cr, Cu, Hg, Ni, Pb, and Zn), urban tracers (Ag) and additionally Co, Mo, V and Th
were analyzed in Lopan and Udy Rivers during contrast hydrological (low and flow periods) and
seasonal conditions (cold and warm seasons). The chapter presents environmental determinants
i.e. regional baseline of trace elements in sediments, geochemical anomaly, water pollution and
also includes results of the environmental risk assessment. This chapter is submitted into Applied

Geochemistry.

Chapter 6 explores environmental and socio-economic determinants of water contamination by
medicaments. Pharmaceuticals, their potential sources and consumption have been studied in two
contrasted socio-economic and geographical regions - Bordeaux, France and Kharkiv, Ukraine.
The water monitoring has been done during different seasonal conditions using POCIS - passive
sensors. The chapter focuses on results of the implementation of passive sampling, presence of
selected organic pollutants in water, environmental and socio-economic factors impacting the
occurrence and the distribution of pharmaceuticals in watercourses. Additionally, the potential
application of pharmaceuticals as environmental and socio-economic markers is discussed. The

chapter is in the form of the article published in Water, Air and Soil Pollution.

Chapter 7 gives some trend about the perspective to use trace metals and pharmaceuticals as

environmental and socio-economic indicators based on specificity (accumulation, distribution,

8



INTRODUCTION

physical-chemical properties, speciation), temporal and seasonal variation of substances,
sensitivity, accuracy, and repeatability, but also practicality of sampling and analysis techniques
of pollutants identification. The chapter is given in the form of a submitted article into Water

Resources Management.

Conclusion underlines the main results obtained throughout this thesis in relation with our goals
and offers some perspectives in the field of water quality management, integration of socio
economic aspect in the relation with the environmental parameters characterizing the water

surface bodies.
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LITERATURE REVIEW

1.1. General presentation about trace pollutants

Driven by demographic change and economic growth, water is increasingly withdrawn, used,
reused, treated and disposed of. Surface water pollution with chemical contaminants has become
one of the most crucial environmental problems within 20" century (Urban 2009). Difficulty
revealed by numerous forms of pollutants (Ostacoli 1988; Valero 2004) and range of pollution

sources (Kummerer 2011).

Water pollutants can exist in various forms: particulate, colloidal and dissolved (Figure 1.1).

Particles >0.45um

Colloids 0.01-0.45 um

F———————
| Dissolved <0.01pm

Figure 1.1. Simple representation of the trace elements speciation in
natural systems

The bioaccumulation, toxicity, fate and transport for most of trace elements are controlled by

physical chemical properties of chemicals. For example, the toxicity of trace metals is often

related to dissolved forms and free ion activity (Linnik 2003; Gupta et al. 2007) but also under

colloidal form especially natural organic ones such as humuc and fulvic substances (Baalousha et

al. 2006a; Baalousha et al. 2006b; Buffle et al. 2000; Chen et al. 2010; Rizzi et al. 2004). In this
11
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case the determination of the total concentration of trace metals can overestimate health and
environmental risks (Hirner and Hippler 2011). In turn, the toxicity of other trace elements, e.g.
pharmaceuticals, is associated with the solubility of molecules (Cleuvers 2003). So the
knowledge, of physical chemical properties of pollutants, is therefore necessary for the

understanding of their behavior and their bioavailability.

Trace elements are able to get the aqueous environment via variety of sources, which are
distinguished between point and non-point one (Furumai et al. 2011). Point sources of pollution
occur when pollutants are discharged directly into the waterbody, i.e. pipelines, channels and
drains from identifiable locations, e.g. industrial area or landscape. Non-point or diffusive
sources of pollution arises from extensive land areas and are mobilized by precipitation and thus
closely related to the hydrological cycle (Rose and Shea 2007; Furumai et al. 2011). Agricultural
and urban run-off, air-born particulates are examples of diffusive sources, when entry points of
the pollutants to receiving water are often difficult to identify (Weiner and Matthews 2003).

The general sources of water pollution (Figure 1.2.) are:

Industry: Waste and sewage from industries introduce in the environment a variety of organic
and inorganic substances that can be extremely toxic for the living organism and most of them

are synthetic and unusual for the pristine nature.

Households: Sewage form house or run-off from septic tanks introduces variety of toxic
materials into the ecosystem, including personal care products, pharmaceuticals, trace metals and

other chemicals that can harm aquatic organisms.

Agriculture: Large amounts of herbicides and pesticides are used for the agricultural production.
These substances, but also veterinary care products and pharmaceuticals are particularly
dangerous for the aquatic organisms (Cleuver 2003; Fent et al. 2006).

Thereby, the pollution is unavoidably linked to the economic activity and social processes on the
territory (Schelwald—van der Kley and Reijerkerk 2009). A vast number of organic and inorganic
compounds are used in industries and households, and some portion of these compounds enters
natural waters (Urban 2009). Unless specifically removed by wastewater treatment processes,

they may persist and reach receiving waters as trace pollutants.

Some inorganic and organic compounds can also infiltrate into the groundwater system

potentially used for drinking water supply (Dieter 2011).

12
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Figure 1.2. Principle scheme of water pollution sources
(Urban 2009)

However, the pollution threats to human health can reach the human organism with sea products,
fish and irrigated crops contaminated by toxic substances and appear in form of water-borne and

water related diseases (Urban 2009).

If some pollutants are dangerous for the environment and human health only in the high
concentration (e.g. nitrates, phosphates, etc), others, which named trace pollutants, can be a
threat even in the extremely low concentration (up to ngL™) (Kummerer 2011). The term trace
pollutant indicates low concentrations of an environmental contaminant generally in the
nanogram (ng) or microgram (ug) per liter range, but sometimes even in pictograms (pg).

Numerous new trace pollutants e.g. metalloids, pesticides, pharmaceuticals, surfactant, etc. have
been detected in natural waters for the first time due to the development of the analytical
chemistry within the last 20 years (Urban 2009; Kummerer 2011). Most of tracers are persistent
or very slow degrade in the natural environment and able to enter the food chain, organisms and
accumulate in the ecosystem and living materials (Senesi et al. 1999; Loos et al. 2008; Parsapoor

et al. 2009; Sola-Larranaga and Navarro-Blasco 2009).

13
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Certain trace pollutants are referred to emerging contaminants and defined as any synthetic or
naturally occurring chemicals or micro-organisms that are not commonly monitored in the
environment, but have the potential to enter nature and cause known or suspected adverse
ecological and (or) human health effects (Kuster et al. 2006; Hanicke et al. 2007; Kummerer
2011) (Table 1.1.).

Table 1.1. Emerging contaminants

Substance Group Potential impact
Pharmaceuticals Human Bioaccumulation in aquatic organisms, birds
Illicit Feminization and changes in reproduction of aquatic
Veterinarian organisms
Aquaculture Combination toxicity to aquatic organisms
Risks for microorganisms to responsible for beneficial
processes

Potential long-term effects on aquatic organisms
Effects related to pharmacological mechanisms
Increasing toxicity of other chemicals

Personal care | Fragrances; preservatives; | Endocrine toxicity to aquatic organisms

products sunscreen agents; antiseptic; | Disruption of endocrine system of aquatic organisms
parabens

Manufacturing Anticorrosive;  plasticizer;  fire | Bioaccumulation

additives in | retardant; halogenated | Endocrine disruption in human and animals

consumer and | hydrocarbons; fragrances; | Cancer in human and animals

industrial detergent metabolites; phthalates;

products dioxins; bisphenols

Steroids Animal, plants and fecal steroids Disruption normal endocrine system of aquatic organisms

Oil products Polycyclic aromatic hydrocarbons Mutagenic in bacterial systems

Carcinogenic for mammals
Chronic effect and toxicity

Agricultural Biocides, pesticides and insecticide | Bioaccumulation in aquatic organisms and seabirds

synergists Disruption endocrine system of aquatic organisms

Disinfectants and | Chlorination and disinfection by- | Genotoxic, carcinogenic and hepatotoxic to human and

repellents products, repellents other organisms

Engineering Nanotubes Toxicity and genotoxicity of aquatic organisms

nanomaterials Nanoparticles (gold and silver and | Physiological changes and effect on lipid composition of
TiO2) aquatic organisms

Embryos development changes and mortality

Recently the continuous monitoring and environmental regulation of emerging pollutants are
under consideration and the main problem that new chemicals are developed, produced and
consumed. Some attempts have been done to establish regulatory and permissible levels for
emerging contaminants in drinking water and environmental discharges. The U.S. EPA
developed a list of 126 priority pollutants that are regulated and monitored, particularly in
wastewater effluent (EPA 2011), in order to protect freshwater of the United States. The
European Union Water Framework Directive (EU 2008) established environmental quality
standards for surface water with the list of 33 substances, mostly, organic compounds for the

identification of pollution and sources, but for a variety of emerging compounds (i.e. biocides,
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polyaromatic hydrocarbons, chlorinated solvents, nanoparticles, pharmaceuticals, etc.), water
quality standards and emission control are currently under discussion. The general problem of
the development of new regulation is a lack of the information on the occurrence, behavior and
acute toxicity of these substances (Richardson 2003).

Among other micro-contaminants, trace metals as priority substance and pharmaceuticals as
emerging contaminants are one of the growing public concern pollutants (Urban 2009). In spite
of the significant increasing of regional studies on trace elements, limited data are available on
the occurrence of most of emerging contaminants in the freshwater water because of difficulties
and expenses of trace pollutants monitoring and analysis (Murray et al. 2010) especially in
certain regions, e.g. post-soviet European countries (i.e. Ukraine, Russia, Moldova and Belarus),
South America, Africa, etc (Pal et al. 2010).

1.2. Trace metals in natural waters

1.2.1. Speciation

Trace metals present in different forms in the aquatic environment, i.e. dissolved, colloids, labile
(Linnik 2003; Mello et al. 2005) (Figure 1.3).

Dissolved trace metal concentration comprise the variety of species including colloids as well as
complexes with inorganic and natural and anthropogenic ligands and measured after the filtration
with 0.45 um pore size membrane (Alfaro-De la Torre et al. 2000).

Metals are partitioned amongst soluble phases, sediments and biota in aquatic systems (Elder
1988) through mechanisms of adsorption, complexation, precipitation and biological uptake

under influences of various factors (Figure 1.4.)

Numerous experiments have also shown that biological effects of trace metals are usually not
related to total dissolved metal concentrations; rather it is a free metal ion activity that plays a
crucial role in the bioaccumulation of metals by aquatic organisms and toxicity of metals

towards these organisms (Schintu et al. 2008).
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Sample ‘
Filter (0.45um) |
Retained Not Reined
v
Particulate Metal Dissolved Metal
Labile Complexes: h
Inert Complexes:
- Free lons (Hydrated) i )
- Labile complexes = Organic/Inorganic
- Weakly Adsorbed lons - Strongly Adsorbed
r Pre-treatment |
Direct Determination
{Voltammetry)
Total Metal ]
| Labile Metal | | Inert Metal = Total - Labile

Figure 1.3. Speciation of trace metals in water (Mello et al. 2005)

Dissolved ionic forms of trace metals, that easily dissociable in complexes and represent
bioavailable fractions, can be characterized as labile metals forms what is considered as the most
toxic limit (Zhang and Davison 1995) and monitoring of these species in the water is relatively

new topic of research that is developing together with analytical tools.

Low pH
High pH L Eh
High particulate organic 1:: particulate organic
matter concentration matler :nnnenlrktrgnn
Hl%h suspended Low suspension sed. load
sediment load High dissolved cr%nu:
High hydraulic energy matter concentration

SUSPENDED DISSOLVED
SEDIMENT N WATER
PHASE

High g
High Eh

High concentration of
organic matter in sediments

331124

Figure 1.4. Metals partitioning in natural waters (adapted from Elder
1988)
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The metal ions can be metabolically active in water, and function as an essential nutrient or
mineral and transporting across the cell membrane. They are able to enter into biochemical
process (Cambell et al. 2002). They recognized the interaction of a metal with an algal cell
which is described in following steps: (i) diffusion of the metal from the bulk solution to the
biological surface; (ii) sorption/ surface complexation of metal at passive binding sites within
protection layer, or at sites on the outer of surface of the plasma membrane; (iii) uptake or

“internalization” of the metal (transport across plasma membrane) (Figure 1.5).

| |
- | Diffusion layer I Cell wall -
|

ML—l—;ML —l—pMLb\\

4
X-M*

Maz M&Z M“z /

Figure 1.5. Conceptual model of metal — biomaterial interaction (M*?
— free metal ion; ML — metal complex in solution; X-M™ - surface
metal complex (adapted from Campbell et al. 2002; Slaveykova and
Wilkinson 2005)

The major mechanism for the transport of hydrophilic metal ions across a cellular membrane is
believed to be by facilitated diffusion. This model assumes that equilibrium exists between all
forms of metal in the bulk solution and metal bound at surface sites of the organism (Campbell et
al. 2002). The interaction between a metal ion (M) or a metal-ligand complex (ML) with a ligand
at the cell surface (X) resulting in the formation of a complex at the cell surface. The equilibrium
concentration of a free metal ion varies under influences of physical chemical factors including:
nature and concentration of all competing ligands; stability of the various metal-ligand forms; the
rate at which equilibrium is attained (reaction kinetics); concentration of competing cations;
redox potential; temperature; pH; salinity; hardness (Linnik 2003; Slaveykova and Wilkinson
2005; Chen et al. 2010).

In this case, the measurement of the total metal concentration in a water sample will provide

little indication of potential interactions of metals with other abiotic or biotic components of the
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system (Tessier and Campbell 1987) and may therefore overestimate the toxicity of the sample,

assuming, that all metals are in the most toxic form (Florence 1992).

1.2.2. Sources

Trace metals can have both natural and anthropogenic origins. Their natural occurrence is linked
to the Earth’s crust and generally, products of weathering process to form the geochemical
baseline of the region. The increasing of background values are usually considered as pollution
processes from different sources (Nagajyoti et al. 2010):

Natural sources: Weathering processes of rocks and soil, volcanoes and etc.

Agricultural: Inorganic and organic fertilizers are most important sources of trace metals to
agricultural soil as they can include liming, sewage sludge, irrigation waters and pesticides
contaminated by variety of trace elements. Particularly fungicides, inorganic fertilizers and

phosphate fertilizers have variable levels of Cd, Cr, Ni, Pb and Zn depending on their sources.

Industrial sources: Mining and refinement (spoil heaps and tailings, transport of ores, smelting

and metal finishing and recycling of metals) are general industrial sources of trace metals in the
environment. They can come into the natural water with the discharges and precipitation.

Table 1.2. Metals in industrial effluents (Nagajyoti et al. 2010)

Industry Ag As Cd Co Cr Cu Hg Mo Pb Ni \ Zn
Mining operations and ore X X X X X X
processing

Metallurgy and X X X X X X X X X
electroplating

Chemical industries X X X X X X X
Dyes and pigments X X X X

Pottery and porcelain X X

Print X X X
Photography X X X X

Leather training X X X X X
Pharmaceuticals X X

Textiles X X X X X

Fertilizers X X X X X X X
Petroleum refining X X X X X X

Domestic effluents: These wastewaters probably constitute the largest single source of elevated

metal values in rivers and lakes. The use of detergents creates a possible pollution hazard as they
contain Fe, Mn, Cr, Co, Zn, Sr and B.
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Run-off: Urban runoff presents a serious problem of trace metal contamination, because it acts as

a sink contaminated by metals from the precipitation and washing wastewaters.

Atmospheric sources: The precipitation can be a source of metal containing airborne particulates.

Depending on prevailing climatic conditions, these particulates may become wind-blown over
great distances.

Specific _sources of trace metals include refuse incineration, landfills and transportation

(automobiles, diesel-spowered vehicles and aircraft). The burning of leaded gasoline has been an
important source of Pb in the environment. Incinerations of municipal wastes generate

significant concentrations of Zn, Pb, Al, Sn, Fe and Cu.

Thereby, aquatic ecosystems receive continuously increasing level of metals in various physical
chemical forms and some of them are able to accumulate in the environment and act as the toxic
substances. The degree of detoxification depends initially on the intensity of some aquatic
processes as complexation with ligands of natural organic origin (Linnik 2003). The removal of
trace metals during the treatment process is costly and time consuming and in some cases are
low efficient (Suchkova et al. 2010). Certain forms, i.e. labile metal, are more dependent on the
plant operating conditions (recirculation and reagents) than on treatment mechanisms (settling,
biosorption and flocculation) and can flux in unchanged after passing the conventional WWTP

with activated sludge lines (Buzier et al. 2006a).

1.2.3. Environmental and health risks

Environmental and health risks has been generally determined as “...likelihood, or probability,
of injury, disease, or death resulting from exposure to a potential environmental hazard”... (the
source: ETC/CDS. General Environmental Multilingual Thesaurus available at
http://glossary.eea.europa.eu last accessed on 27 January 2011). In the environmental context the
risk is posed to human health and/or the environment by the actual or potential presence and/or

use of specific.

Different international (e.g. WHO 2006) and national (e.g. EPA 2003) normative documents and
guidelines are developed to determine the degree of environmental conditions and requirements
to avoid negative and damaging effects, influences, and consequences. The environmental and
health risks management includes several general steps: (i) risks research, (ii) risk assessment

and (iii) risk management (Figure 1.6).
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The principle procedure of the environmental and health risks assessment with the presence and
accumulation of trace metals in natural water bodies are based on water chemistry monitoring
(e.g. Cortecci et al. 2009) or bio-monitoring (e.g. Gupta et al. 2007) data and rely on the
established water (EU 2008) and sediments quality guidelines (de Deckere et al. 2011).

Risk research Risk assessment Risk management
Data collection on (i.e): Confirmation of toxicity and Development regulatory measures
pollution (i.e.): (i.e.):
o Effect of exposure by metals
e Metals content in water, s e Exposure level assessment =) . Monitoring
sediment and living organisms ¢ Evaluation by WQG and SQG e  Control

. Preventive measures

Figure 1.6. The scheme of environmental and health risks
management

Water quality guidelines have been proposed for different water use: (i) drinking (e.g. WHO
2006); (ii) irrigation (e.g. FAO 1992; EPA 2004), (iii) fishing (e.g. Vehanen and Riihimaki 1999)
and (iv) recreation (e.g. EU 2006).

According to these regulations, environmental and health risks assessment of trace metals
contamination in water are mainly based on the total metal (GCPL 1991; SNPL 1991) or

dissolved metal concentration (EU 2008).

The sediments quality guideline is developed for the assessment of the environmental risk
associated with metal content in estuariane (e.g MacDonald et al. 2000) and riveriane (e.g.
Ingersoll et al. 2001) sediments. A number of methods (contamination, background enrichment
or ecological risk indexes) are available for the sediments quality evaluation (e.g. Pekey 2006).

The health risks of the trace metals content in water may occur when target analytes expose to
human being through: (a) direct ingestion, (b) inhalation through the mouth and nose, and (c)
dermal absorption. For metals in water environment, ingestion and dermal absorption play the
most important role (Kim et al. 2004) and based on the calculated exposed dose and hazard
quotients (EPA 2003; WHO 2006).

Thereby there is no universal system of the environmental and health risks assessment as they

rely on various methods, standards and often depends on regional studies.
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1.3. Pharmaceuticals in natural waters

1.3.1. Occurrence and characteristics

Increasing standards of living, economic changes and human population growth lead to the rising
of pharmaceuticals use in households, hospitals, veterinary and aquaculture (Dietrich et al.
2004). During last 20 years, these emergent pollutants have been detected in surface waters of
Austria (Clara et al. 2004), Sweden (Bendz et al. 2005), Finland (Lindqvist et al. 2005), Norway
(Grund et al. 2008), Germany (Ternes 1998), Spain (Joss et al. 2006), Switzerland (Tauxe-
Wuersch et al. 2005), Italy (Zuccato et al. 2005), France (Togola and Budzinski 2008), USA
(MacLeod et al. 2007), Canada (Comeau et al. 2008), Korea (Choi et al. 2008), India (Larsson et
al. 2007), Greece (Arditsoglou and Voutsa 2008), Romania (Moldovan 2006), Western Balkans
(Terzic et al. 2008). Some of these pollutants were found even in drinking and tap waters
(Heberer 2002; Kuster et al. 2006), in ground water (Barnes et al. 2008), marine and ocean
waters and some aquatic organisms (Comeau et al. 2008). Recently the occurrence of
pharmaceuticals in aquatic environment has become an issue of international attention and

concern (Ternes 1998; Daneshvar et al. 2010).

The pharmaceuticals (i.e. medicine, medication or medicament) can be generally defined as any
organic substance that is synthesized by chemists and intended for use in the medical diagnosis,
cure, treatment, or prevention of disease (adapted from Ternes 1998). Medications can be
classified in various ways, such as by chemical properties, mode or route of administration,

biological system affected, or therapeutic effects.

The behavior (i.e. persistence, bioaccumulation, fate) and toxicity of pharmaceuticals
compounds in the environment are closely contacted with a complex of physical chemical

properties of a molecule (Andreozzi et al. 2003; Kasprzyk-Hordern et al. 2009a) (Table 1.3.).

Among them, the major characteristics of pharmaceuticals in term of the environmental fate and
toxicity is a solubility (Girard 2005; Chemicals Profile by U.S. Environmental Protection
Agency: www.pbtprofiler.net; Kasprzyk-Hordern et al. 2009a,b) estimated as the water solubility
or octanol — water partition coefficients (Table 1.3.), which indicate the potential for absorption
across biological membranes and for the passive diffusion. Such coefficients are used for the
evaluation of the potential toxicity of pharmaceuticals, which are made to be able to pass through
membranes and have a high bioaccumulation potential and biological activity even in low

concentrations (Ternes 1998; Petrovic and Barcelo 2007).
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Table 1.3. General physical chemicals characteristics of pharmaceuticals (according to
Chemicals Profile by U.S. Environmental Protection Agency: www.pbtprofiler.net)

Property

Description

Criteria

Classification

Solubility

the amount of a substance
that dissolves in a given
volume of solvent at a
specified temperature

Water  solubility (Sy) - the
maximum amount of a substance
that can dissolve in water at
equilibrium at a given temperature
and pressure

Polar
hydrophilic
Non polar
hydrophobic

molecules

molecules-

Log Kow - The octanol-water
partition coefficient is the ratio of
the concentration of a chemical in
octanol and in water at equilibrium
and at a specified temperature.

Positive Log Kow —
solubility

water
(hydrophabic)

low

Negative Log Kow -

high water
(hydrophilic)

solubility

Acidity

The ability of chemicals
dissolved in water, and gives a
solution with pH of less than
7. An acid reacts with a base
in a neutralization reaction

constant -
the

pKa — dissociation
quantitative  measure  of
strength of an acid in solution

< - 2: strong acid
-2 — 12: weak acid
> 12: bases

Persistence

ability to remain in an
environment in an unchanged
form: the longer a chemical
persists, the higher the
potential for human or
environmental exposure to it.

Half life (in months or days) -
length of time it takes for the
concentration of a substance to be
reduced by one-half relative to its
initial level

< 2mnths in water and

sediments -
persistent

non

> 2mnths in water and
sediments — persistent

Bioaccumulation | the process by which the | Bioconcentration factor (Meylan et | < 1,000 - non
chemical concentration in an | al. 1999) bioaccumulative
aquatic organism achieves a > 1,000 -

level that exceeds that in the
water, as a result of chemical
uptake through all possible
routes of exposure.

bioaccumulative

Other characteristics of pharmaceuticals are ability to fate under influences of different
environmental (i.e. solar radiation, water chemistry, etc; Andreozzi et al. 2003) and
anthropogenic factors (i.e. treatment processes; Carballa et al. 2004) (Figure 1.7), and to create

variety metabolites what is also potentially toxic (Stulten et al. 2008).

The influence of these factors is found to be distinct for different pharmaceuticals and their
metabolites (Andreozzi et al. 2003; Nakada et al. 2008) and the research on the phenomena is

still underdevelopment (Pal et al. 2010).
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ANTHROPOGENIC NATURAL
(in wastewaters) (in natural waters)
Treatment processes Abiotic Biotic

— Removal on wastewater | Photodegradation
treatment plant (e.g. Andreozzi et al. 2003) Metabolism
(e.g. Larsen et al. 2004)
Absorption and adsorption on | Bioaccumulation

Phytoremediation particulate matters
(e.g. Dordio et al. 2009) (e.g. Larsen et al. 2004) Microbial degradation
(e.g. Nakada et al. 2008)
— Sedimentation

METABOLISM IN HUMAN BODY

Precipitation

(e.g. Daneshvar et al. 2010)

Figure 1.7. The anthropogenic and natural factors of the fate of
human pharmaceuticals in water

Thus, environmental and socio-economic determinants of pharmaceuticals in natural waters
should be studied in the relation to the physical chemical properties of molecules in order to
obtain the inofrmaiton on the fate and accumulaiton of contaminants in the environment.

1.3.2. Sources

The presence of pharmaceuticals in the aqueous environment is generally related to the

anthropogenic processes:

Pharmaceuticals production

The discharge and loss of pharmaceuticals from manufacturing processes are limited because of
the huge monetary investments in drugs production and strict control of it in economically
developed countries (Petrovic and Barcelo 2007). But in the developing countries and countries
with transitional economy, where the control of drugs manufactory is inefficient, the situation
can be totally opposite and the production can become a significant source of pharmaceuticals in

the environment (Larsson et al. 2007).

Pharmaceuticals consumption

The consumption of human and veterinary drugs varies from country to country (Ternes 1998),
that probably depends on the current pharmaceutical market, it regulation and control, but also
on the impact of local climate and social conditions. For example, compare to economically

developed EU-countries, Ukraine, as country with transitional economy, has the lowest official
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level of human drugs consumption in monetary and DDD (defined daily doze) values and the

lowest level of access of population to the health care (Table 1.4.).

Table 1.4. Basic indicators of health market in some European countries (2007)

Country Total Access to Access to Human drugs | Expenses

population, medical care, pharmaceutical use, on health

min.inh beds/10,000 shops, USD/person care, % of
persons persons/shop (DDD) GDP
Ukraine 46.2 95.2 5500 18(11.84) 3.8
France 63.2 na 2000 299(32.2) 11.1
Spain 44.3 347.5 2100 210(na) 8.2
Germany 82.2 846.4 3800 260(na) 10.7
Italy 59.1 400.9 3600 212(na) 8.9

na - data were not available

Weak access of population to the health services, from one side, can mean the lower level of
pharmaceuticals use in the country, from other side — the “black market” of pharmaceuticals and
inappropriate use of medicaments. For example, just a half of medicaments sold on the market in
Ukraine are prescribed. The low developed system of medical care and drugs prescription can
effect in the wrong and chaotic use of medicaments by pollution. Such conditions result in the
accumulation of date expired or unused pharmaceuticals what can be through away in the
sewage or waste systems and come in the environment in non-metabolized forms (Kummerer
and Hempel 2010). Ruhoy, Daughton (Ruhoy and Daughton 2008) and Kummerer (Kummerer
and Hempel 2010) described various factors of the reduction of the wastage and accumulation of
pharmaceuticals in the environment, including production, advertisement, sales and consumption

levels.

Wastewater treatment and discharge

Results of previous studies argue that wastewaters are main sources of pharmaceuticals in the
aquatic environment (Ternes 1998; Hirsch et al. 1999; Heberer 2002; Clara et al. 2004; Bendz et
al. 2005; Hing-Biu Lee et al. 2005; Lindqvist et al. 2005; Joss et al. 2006; Comeau et al. 2008).
Untreated wastewaters can come direct from sewage treatment plants and/or with leakages,
septic tanks (Ternes 1999), but also from the landfill (Schwarzbauer et al. 2002) (Figure 1.8).
The most contaminated is hospital wastewaters (Steger- Hartmann et al. 1997) as they content

high concentrated mixture of various medicaments.

The removal of pharmaceuticals on treatment plants is depends on physical chemical properties
of compounds and used treatment processes (Navalon et al. 2008), biological degradation

(Heberer 2002; Lindqvist et al. 2005; Joss et al. 2006), presence of other chemicals, for instant
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nitrates, in water (Andreozzi et al. 2003;Vieno et al. 2007), climate conditions (Ternes 1998),

seasonal variations and even geographical location (Andreozzi et al. 2003).
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Figure 1.8. The main pathways of pharmaceuticals in water

Traditional mechanical and biological treatment process with the activated sludge to be widely
used in a lot of countries have very limited facilities to remove pharmaceuticals from raw waters
(Clara et al. 2004; Ternes 1998; Navalon et al. 2008; Lindqvist et al. 2005; Heberer 2002; Vieno
et al. 2007; Hua et al. 2006). The elimination of drug passage through conventional municipal
STP ranged from 7% (carbamazapine) to more than 99% (salicylic acid) (Terner 1998) and
mainly due to the biodegradation (Petrovic and Barcelo 2007). Some modifications or
improvements such as proper operating conditions and some additives during
flocculation/coagulation, significant solid retention time of the combination of anoxic/aerobic
steps could improve the efficiency of pharmaceuticals removal on conventional STP (Carballa et

al. 2004), but the treatment of some persistent molecules still will be low.

Previous studies (Huber et al. 2005; Navalon et al. 2008) reported that even during removal
processes some pharmaceuticals, e.g. amoxicillin, cefadroxil, macrolide, sulfonamide antibiotics,
estrogens, phenazones, can react with disinfectants that leads to the creation of specific by-
products which can be more biodegradable and less toxic than the original substance, but the

research needs futher development (Klavarioti et al. 2009).

Advance treatment techniques as active oxidation processes, ozonation, activated carbon, UV

radioation, nanofiltration, reverse osmosis, membrane bioreactor and their combination are found
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to be more efficient to remove pharmaceuticals from influents compare to the conventional
activated sludge (Radjenovic et al. 2008; Weiss and Reemtsma 2008) (e.g. Table 1.5).

Table 1.5. Removal of pharmaceuticals by membrane bioreactor (MBR) and conventional
activated sludge (CAS)

Substances Removal rate by MBR, % | Removal rate by CAS, % References
Diclofenac 23-50 17 Quintana et al. 2005
Tuaxe-Wuersch et al. 2005
Ketoprofen 50-65 15-72 Quintana et al, 2005
Tuaxe-Wuersch et al. 2005
Bezafibrate 80-95 - Quintana et al. 2005
Naproxen 50-71 40-55 Quintana et al. 2005
Carballa et al. 2004
Ibuprofen 90-97 66-93 Quintana et al. 2005
Tuaxe-Wuersch et al. 2005
Sulfamethoxazole >80 68 Carballa et al. 2004
Joss et al. 2005
Carbamazepine <20 <10 Joss et al. 2005

But such techniques are more expensive, energy consumed, difficult in exploitations and
adoption to existent technologies, that makes treatment costs per mass units are very high, and
can be applied mainly for drinking water purification and wastewater processes in small
communities and individual households (Larsen et al. 2004).

Several researches present the positive results of the application of the biotechnologies as
constructed wetland (Dordio et al. 2010) and remediation fields (Herklotz et al. 2010) for the
elimination of pharmaceuticals, but it needs the further development for the application.
Recently the processes of degradation and occurrence of pharmaceuticals during various
treatment processes are low known with a lot of uncertainties and assumptions, e.g. appearance
of drugs metabolites and synthesis of different molecules, impact of environmental factors and

its combination.

Waste and run-off

Compare to the wastewaters, lower amount of pharmaceuticals can enter water with the run-off
from landfills and waste accumulation areas (Ternes 1998). Few studies have attempted to
correlate the use of veterinary drugs in areas supporting dairy and agricultural industries with
occurrence of these compounds in surface waters (Brown et al. 2006). Other significant source of

pharmaceuticals, especially antibiotic, is an aquaculture (Teuber 2001; Zezhi 2001).
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Some of the pharmaceuticals can be generated by synthesis of metabolites and other chemicals in
the environment (Zhang et al. 2008b), also they are able to transform back to the original active
components (Hirsch et al. 1999), e.g. N-4 acetylated sulfamethazine transform to
chloramphenicol and sulfamethazine in the STP or environment (Hirsch et al. 1999).

So, molecules of pharmaceuticals are highly active and can interact with the natural environment
and in the form of not metabolized or transformed pharmaceuticals can reach surface, ground

or/and drinking waters (Figure 1.8).

Thereby the portion of pharmaceuticals, what are able to get into water from different sources
depends on various factors: (i) management and control of pharmaceuticals manufacturing; (ii)
regulation of medicaments consumption, i.e. quantity of prescription and sold drugs, (iii)
metabolism of drugs in organisms, (iv) property of molecules, e.g. solubility, degradation; (v)

environmental parameters, i.e. climate conditions, dilution and (vi) treatment processes.

Some of these factors are predictable, e.g. metabolism, degradation, some are unpredictable, e.g.
improper use and disposal (Zuccato et al. 2005), but all these parameters need additional

research.

1.3.3. Environmental and health risks

Evident, that small doze of pharmaceutical product can lead to changes of living functions in
human and animals and have a huge impact on smaller organisms in the ecosystem (Comeau et
al. 2008). Some studies (Cleuvers 2003) show that pharmaceuticals can be harmful to plankton,
aquatic plants and fish at concentrations of 10-200 times lower than the standard human doze
(Table 1.6). For example, gemfibrozil, a lipid regulator, can cause the reduction of testosterone
levels in goldfish (Carrassius auratus). Indomethacin is capable for the decreasing of gonad size
of fathead minnows (Pimephales). Diclofenac can be a stimulator of decline of population of
vultures in India and Pakistan (Fent et al. 2006). Antibiotics can induce resistances in bacterial
strains that may lead to the occurrence of serious threat to public health and aquatic organisms,

because more and more infections can no longer be treated (Hirsch et al. 1999).

Effects on human health can be more pronounced in young or elderly, whom have a reduced
ability to remove toxic compounds from bodies and there is also possible that they may interact

with other medicals that are individual may be taking (Petrovic and Barcelo 2007).
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Table 1.6. The ecotoxicity of some therapeutic groups of pharmaceuticals to microorganisms
(A), algaes (B), cnidaria (C), crustasea (D) and fish (F) (according to Jones et al. 2002)

Group PPs Extremely toxic Very toxic Toxic Harmful Harmful
ECs0<0.1 pgL™? ECso 0.1-1 pgL™ ECs 1—110 Mgl ECsp 10-100 pgL™ ECso >100 pglLt
Analgesics D D,E
Antibiotics A B
Antidepressants D
Antiepileptics C D,E
Cardiovascular D

drugs

These environmental and health risks of pharmaceuticals can be determined by the predicted no-
effect concentration (PNEC) in water (Lindqvist et al. 2005) and the predicted environmental
concentration (PEC) (Tauxe-Wuersch et al. 2005). The risk of human exposure is considered in
relation to acceptable daily intakes of medicaments (Ternes 1999; Boxall 2004) and PNEC
(Schwab et al. 2005) (e.g. Table 1.7.).

Table 1.7. The PNEC of pharmaceuticals for children in water by three scenarios: drinking water
(dw), fish consumption (f) and combined effect (dw+f) (adapted from Schwab et al. 2005)

Drug Group PNEC4,, ugL? PNEC;, ugL™! PNECgy4f, ugL™?
Fluoxetine Antidepressant 42 2100 410
Gemfibrozil Lipid regulator 800 39000 790
Ibuprofen Anti-inflammatory 1600 48000 1600
Norfloxacin Antibiotic 2800 130000 2700

The current normative and regulative documents on environmental and health risk assessment
that associated with pharmaceuticals are in progress. Some countries, e.g. Norway (EPCEU
2006), are developed quality guidelines on PEC and PNEC of 14 pharmaceuticals in sewage

sludge, which are used in the agriculture.

There is the lack of data on the eco-toxicology of the pharmaceuticals and their impact on human

and environmental health (Ferrari et al. 2003).

1.4. Trace pollutant identification

A wide range of methods and instruments can be used for sampling and analysis of trace metals
and pharmaceuticals in water and sediments (Allan et al. 2008; Ort et al. 2010; Zabiegala et al.
2010).
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1.4.1. Conventional sampling techniques

Most aquatic monitoring programs in EU and Ukraine rely on the use of the conventional water
and sediments sampling approaches e.g. discrete grab, spot, bottle samples or bio-indication. The
subsequent laboratory analysis of such samples provides a snapshot of the levels of pollutants at
the time of sampling (Alvarez et al. 2005; Tan et al. 2007). Often, when pollutants are present at
only trace levels, large volumes of water need to be collected (Alvarez et al. 2005; Kot-Wasik et
al. 2007a). However, the disadvantage of this approach is the missing of time-varying and
episodic pollution events (Alvarez et al. 2005; Katsoyiannis and Samara 2007; Zhang et al.
2008b). One solution to solve the problem is the increasing of the frequency of sampling or
installation of automatic sampling systems that can take numerous water samples over a given
time period (Zhang et al. 2008b). This is costly and in many cases is impractical, since a secure
site and significant pre-treatment of water are required (Alvarez et al. 2005; Kot-Wasik et al.
2007). Spot sampling yields different apparent concentrations of pollutants depending on the pre-
treatment applied (e.g. filtering; Tan et al 2007) and does not provide the information on truly
dissolved, bioavailable fractions of contaminants. Additional active sampling techniques as
anodic stripping voltammetry or cathodic stripping voltammetry are adaptable for the
determination of metals fractions in water (Pesavento et al. 2009), but the problem is generally
related to the delivery of samples in the laboratory for the analysis, because metals can change

the speciation.

Another approach that gives information on biologically relevant concentrations of pollutants is
the use of the biota. A number of test species has been investigated for the biomonitoring
purposes. These organisms can be deployed for extended periods of time, during which they
passively bioaccumulate pollutants in the surrounding water. Analysis of the tissues or lipid
extracts of the test organism(s) can give an indication of the equilibrium level of waterborne
contamination. Various factors can influence on the results, i.e. metabolism, depuration rates,
excretion, stress, viability and condition of test organism. Furthermore, extraction of analytes
from the tissue of animals prior to instrumental analysis is complex. The estimation of pollutant
concentrations in water can also be made by measuring concentrations in benthic sediments and
then using equilibrium distribution coefficients to derive levels of dissolved analytes. But the
approach is limited by the assumption of equilibrium between the sediments and the water
column, and organic carbon can also effects on the accounting of current equilibrium-partition

models.
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Conventional water sampling techniques are standardized by different official procedures (e.g.
ISO, CEN, ASTM and EPA).

1.4.2. Passive water sampling technique

In response to difficulties of traditional methods, time integrated passive sampling techniques
were developed for the monitoring of inorganic and organic chemicals at low concentrations in
water (e.g. Zhang and Davison 1995; Alvarez et al. 2005; Paschke et al. 2006; Vrana et al. 2007)
(Table 1.8). These techniques are based on the diffusion of chemicals from the aqueous phase
into a sampling phase that has a relatively high sorptive capacity for chemicals of the interest.
Passive sampling techniques provide time-weighted average water concentrations during the
period of the passive sampler deployment. The concentrations are calculated from the amount of
chemical sequestered in the sampler using sampling rates determined either by calibrations
conducted in the laboratory or via field deployments (Zhang and Davison 1995; Togola and
Budzinski 2007a,b). Advantages, such as relative simplicity, inexpensiveness, and lack of energy
requirements for sampling, made passive samplers a useful complement to more conventional
active sampling techniques. Passive sampling techniques, which basically consist of
concentrating substances on a submerged device for a given period, should improve the
monitoring, by simplifying analytical issues (lower detection limits, analysis in a simpler
matrix), and allowing time integration of the contamination (Greenwood et al. 2007; Vrana et al.
2007). Various passive sampling devices are used for the trace metals identification (Table 1.8).
The selection of the sampler depends on the availability of devices and analytical tools for their

analysis, costs, characteristics of sampling sites, etc.
Summary

The literature review highlighted following:

Numerous trace contaminants have been detected in natural water and among them trace metals
as priority inorganic pollutants and pharmaceuticals as emergent organic substances are one of

the most growing concern.

Trace metals in the natural waters can originate from both natural and anthropogenic sources.
These elements metals are persistent and their potential toxicity is largely controlled by

speciation (e.g. total, dissolved, labile metals). Environmental and health risks assessment of
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metals content in water bodies are mainly based on the different international and national

environmental standards.

In contrast to trace metals, almost all pharmaceuticals have an anthropogenic origin and the
persistence of these chemicals in the environment depends on the physical chemical
characteristics of molecules (i.e. solubility, acidity). Environmental and health risks assessment

system is underdevelopment and generally based on independent ecotoxic researches.

Variety environmental (i.e. geochemical baseline, hydrology) and socio-economic (i.e. economic
structure, consumption) factors influence on occurrence, distribution and accumulation of trace

elements that demands additional research.

Trace elements can be identified in water with the application of conventional active and
innovative passive sampling techniques and the last can significantly supplement environmental
data.
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Table. 1.8. Principle characteristics of some passive water samplers

Passive sampler Photo Membrane Sorbent Type of pollutants Reference
Chemcatcher® Various (cellulose, | Various (Cig | Polar and non polar | Vrana et al. 2007
acetate, Empore Disk, | organic contaminants | Greenwood et al.
polyethylene) chelating acceptor, | (herbicides, persticides), | 2007
etc) metals, organometalic
compounds
MESCO Cellulose or low | PDMS coated on a | Polar organic compounds | Paschke et al. 2006
(membrane density stir bar Greenwood et al.
enclosed sorptive polyethylene 2007
coating) I and II
SPMD Low density | Triolein Polar organic compounds | Huckins et al. 1993
(semipermeable polyethylene Lu et al. 2002
membrane
device)
POCIS (polar Polyethersulfone OASIS HLB, | Polar organic compounds | Alvarez et al.2005
organic chemical membrane hexane, iso - | (pharmaceuticals, Togola 2006
integrative octane personal care products,
sampler) pesticides)
DGT (diffusive Acrylamide gel Metal binding resin | Inorganic compounds | Zhang and Davison

gradient in the
thin film)

incorporated  into
acrylamide gel

(metals, mercury)

1995




CHAPTER 2 SAMPLING SITES

CHAPTER I

STUDY SITES

2.1. Ukrainian study area (Lopan and Udy rivers, Seversky Donets

water basin)

2.1.1. Geography and climate

The Seversky Donets River is the fourth largest river in Ukraine and is an important source of
fresh water for industrial and urban Eastern part of the country. The total area of the water basin
(coordinates 51 ° 00" - 47 ° 36" N 36 ° 59' - 40 ° 53' E) is 98,900 km? with 54,500 km? locates in
Ukraine. It originates from the Central Russian Upland, north of Belgorod, flow through three
large urban and industrial areas of Ukraine: Kharkiv, Donetsk and Lugansk regions with total
population is 9,732,324 people (21% of all populations of Ukraine, 2009) and then again through
Russia (Rostov region) to join the Don River on the distance is about 100 km of the Azov Sea.
The surface of the watershed is flat with absolute altitude variations from 150 m to 250 m and by
it hydrogeological conditions belongs to the