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Abstract

One of the most important environmental issues is the remediation of polluted soils.
About 12% of the world's soil is degraded, which covers over 2 million hectares. One of the
most innovative soil remediation methods from heavy metals is phytoremediation method. This
method is one of the most effective methods that has the best potential to clean contaminants
because: a) It is close to the surface; b) It has ability to be irreversible; c¢) Creates a minimum
risk for human health and the environment; d) It covers large surfaces. At the same time, it is
not very expensive and is "friendly" technology for the environment.

The purpose of this study was to identify contaminated areas in Georgia and to study
phytomigration of heavy metals in soils on the basis of different plant species. For the first
time in Bolnisi, Dmanisi, Chiatura, Zestafoni and Ozurgeti regions of Georgia, 76 elements were
identified in soils (it should be noted that the full spectrum of elements in the soil of Georgia
was not previously determined). Pollution of soils with heavy metals are caused by the impact
of industrial and mining processes. On the example of the Bolnisi district, soil phytoremediation
methods were studied. Monitoring on the soils, river waters and food products have been
conducted during many years in the villages of this region.

The study of phytoremediation biotechnology, carried out under field conditions in
Bolnisi district, had two directions: a) Purification of contaminated soils from heavy metals
using modern bio-stimulants; b) Reducing the accumulation of heavy metals in plants using the
same stimulants. During the phytoremediation process plants were sown both in field
conditions and in test-tubes. According to the study Bioragi reduces an absorption of heavy
metals in the sugar beets.

The new phytoremediation biotechnology is created on the example of Bolnisi district,
which is important as scientific, technological and innovative as well as economical, ecological
and social terms.
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505930096 dgdeosm Lbgzsslbgs wommbol 89dm3F3s. 50bodbwmwo dgmmeol Loosgols
@S 93MMA0MM0  MLIBOMLMYIOL  godm  AMBWOoML  IMS35¢  J399sbsdo  0gygbgdgb
3908960b 59 IgmEb.

Logo®mggenmdo 2010 §geol Bos@o®s 496M3sbgero (o. 356599960, 3. ggarodu-39606-
3Lgbo, ©. LEGHIRIPLO) s JoOM3geo (. BoFo35M0560, ™. MMTsdg, d. 3o obsdy, 9.
Bs608s60dg) 39360960900l gMNMIO30 33935, MMIgEroE d0Bbs© olvbsgs dmebolol
©50mbol Legegdol b0ssygddo, LoLAge Fyswrdo s 153390 3OHM©IGJddo dody
wo™bgool Jqlfogersl. doom 53 331930l Fglobgd s5M59MHMO FBMAs 59300 godmdlz9gybgdmero
5QR0WMOM03 S M3bMME BsdgEbogdm §mMHbosegddo. o3 99gbgds BoGMM9IgEos3E00L
d9LPogesl Bodo®rmzguml sd0bINGMYGOME 605 dDY 560056 gabogdms xamx3gdo (.



bsbo@od30e0., 8. 3Maq05d30¢0., b. 035608300 s bbgs), GMIgGEMsE 59300 J9M339 IO
33093990 59 3MDboom.

3309306 30BBL  FoMImoygbos oy390y0bs Lodo®mzgumdo  39dbmagbm®s
©50063M90o  Boo@sggdo s 98 bosoggddo Jgdsgsro  Jodomemo  9wgdgbdgdols
3M6396@Ms30wo  Gomgbmds. 39dbmagbmMme  ©sd0bdMEmdMEo  Boooagdols
39903 9gbolisl 3o F9agqlhogers 3dodg Wommbydol FoBEmdoyMmsizool d9gdsbobdo o
d9L5dgdMdYd0.  33¢0g3>  JoBbs©  obobsgs  Lbgoolbgs  x0dol  d3gbscggdols
3990g9gbgdsl BoEHMM9dg05:300L JoBbo.

Usdgsbogmm Losberg s 658M@IoL MgmGomEo ©s 3M5gBH03MEo MoMgdmergds.
2010-2017 fergddo 330093900 Bodogdmeo 43543L dmeboliols Mosombols Lmgwgddo. 2010
Peosb 30 dmEbolols Mo0mbols 605ogdd0, 5RO MIM030 FomdMIMdOL Lolimggerm-
L53gMbgM 3OMEMJ305d0 s IE0bsMOL yugddo Fodobstrgmds 3dodg wommbgdols
(Cu, Zn, Cd) dgLHogers ©obsdozsdo. 2012-2013 Hargddo bLemgger dseroFdo, Mo@9356d0 o
D106Ms896do dmbs FodMol FoObeol ©osmglgs 3dodg wommbms goEmdogMsiEools
d9LPogeols Jobbom. 59539 Hargddo godm3zegoo 0dbs sP0mdMH0gz0 x0dol 33569
5856565 5 b5(356750158s.

2014-2015 fergddo 3063955 359m33egMeo Isboliol, dmwbolol, Fosmv®mob,
BoLAHIBRMbOL s MBMMAIPOL Mo0Mbol Lmgegdol boswaggddo Li, Be, B, Na, Mg, Al, Si, P,
K, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, Ge, As, Se, Br, Rb, Sr, Y, Zr, Nb, Mo, Pd, Ag, Cd, In,
Sn, Sb, Te, I, Cs, Ba, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Hf, Ta, W, Re, Os,
Ir, Pt, Au, Hg, Tl, Pb, Bi, Th s U @oommbgdol 8993339cmds 5396MH030L 9996000909
335®9000. LEEOLYMESEFOM 33¢930L BoGRYGdTO 30M39s® MYy dmeboliols MHoombol
bemgger 35eoFdo Lodogrmeyg d9g/embgmds, Losz dmbEs oMol Fodbaol, Fomgwo
FoObeoobl, (3969 505656, Homgwo  5856MH5BEIL,  MIOHMBBIOHM30560  5ToM9B,
B5396J50505L, bmEGdOL, Mg3s60L, 35d0L, FHBILMIBOMHOL S JIOGHMBOWOL EIMYLZS.
bg0mm  Bsdmmgwowo  93gbsdggoo  Lo3mBEGHOM@WMbmMIb  ghmo© o3 ds30s
00M5JBH035GHMO  domMado s obam3Nds@do, Goms  godmagz933w0s  d3gbastol
303965329995300IM0  M30B900L  FodsgGoEmgds b 899306M9ds. 9396569900l 5gdMEo
Lobx 900 25565¢P0BEs LadbMH g BEMGHOEOL bogzgMOLOEYEHT0 (533).

5396030L d99MH 090 JBo3gddo Bo@oMs 605 qd0l s 3396569900l Lobxgddo
ddodg woommbms 999339cmdol dglfogars 0bdEomco 895y30gdmeEo 3sHIMMO
dsb B39JAHOMBMEHMIYGHOOL godmygbgdoo (ICP-MS).

2017 §9geols Bo@o®mgdmeo 33wg30L dobsbo oym dmebobol s dsboliols Msombols
bLmREgdol b0ssaqdd0 3dodg wommbms dglffogers. 33e930L BoMRAWgdTo Fgbfogwrowos
18 Lerggol bosogo (BsboMo, Fybgmo, BMEWsEIMEO, J390m draebobo, Mo@g3s60, 3w-
393560, 35bd0s, IMBDO, BMEb3xM0560, 535MM, J9BOYJMO, SOMEdJo, dserodo,
3M356M900, 3560050, 356MHOLYBB0, 35800 M, 35G9MS ETBOLO). LEbMBEEM BsdgMEbgm
605050l Lobxgddo 2odm33w g 0dbs B3orgbdol, Mmmool, dsbgsbmdol, 35domadol,
AY300Lb @5 JOmdol 90339 ™ds. 50 33¢g30L FoMAGOTo 2006335, MMI MmJOH™MLs
130¢9bdols 8md3M3z909gw0 Lsfo®mBml 0b@gblowmGmo Bgdmddgwgdom gocgdmdo dmodods
39030dob s 3HYz00l 3mb396¢H30sd 2014 (germsb 99smgdom, s0dmBbos slg39, H™I
9m005@5 350080130l 363963058 dmebolols s  Asbolol  Moombol  BgImo

5060360 Lmxgwgdol 60s5sygddo, GHYz00l 3MbiEgbBHOE0s 30 909F5@Jds BOZIMIS©
5153390 3mb3IBEGHMSEOSL.



B0GHMMJI0EOs300L  F98M035HgdMwo  dgmmol  mgmemorer  360dgbgemdsls
3965306390 oL, GMI 300M39msE SMHOL 8990353900 doMEgdbmEmyos, MHMIGWOos
39900g9gbgds  0lgoo  Bosoggdol  AoLoHIgbo, ULowss 85369 dJodomeo  s396@gd0l
361535 x39MOM3560 B3gdBH0s HoMdmygbowo. LodsMmgzguwmdo LsdMg)zgwm ©sd0bdeg-
0000  59mfi39ME0  M50Mmbgdo  FMOZWSEsY, gugbos:  drwbolo, @Jdsbobo, GMLMSZ0,
239050560, MdOEOLO, 35130, F0sMS, BguBHIRMbO, GHYodMWOo, SFOOMEIMEO, 353900,
MBMORI00 5 5.9. 36083690Mm35605 sLgm 50 GdTo 2oBHIMEIL BOGHMMGIJOSEO00L
365JGH03Mwo  Lodwdomgdo s gofidgbog 0dbsli 53 FHYMH0GHMM0gdDY ©sd06IMGGdOL
3bowo 39Mgdo.

B0GHMMII0EOs300L  FgIMm35HgdMo  Igom©ol  3MsdBHozmeo  360336gmmds
M35 gmdl 08530, HMI BoEHMMHYIIgEOS300L HBom BIMIGMYOL TLodEgdMds 5J3m
39000bMmb  ©sd06dMMHIdMwo BossRgd0 s FM0Y356Mmb sligm MVoMmbgddo MLsRMHPbM
3GMMEJ305,  dbgmo  3M0gdBH03s  LoBEZIMPIMI0D  ©I3Z30MYPOMW0S 5 35 EH03od0
39900Yy9bgdos.

39093900 353mgd399bgds. oLgM G300l 9909000 99md3994bs Lsd Lodgbog®m
UG9G0530, BomAsb gomo FHMALMbOL LsdgEbogHm 85Bsdo sOLYdME 08357E-BodEHMO0b
J96065¢d0. BsMRYBO 311803530900 30 4993996 SROWMIM03 S LHGOMMSTMMHOLM
9539600609050 5Mbsegddo:

1. Guranda Avkopashvili, Marika Avkopashvili., Alexander Gongadze., Ramaz

Gakhokidze. 2017. ECO-Monitoing of Georgia’s Contaminated Soil and Water with
Heavy Metals. Carpathian Journal of Earth and Environmental Sciences. 2017, Vol.
12, No. 2, p. 595-604.

2. Guranda Avkopashvili.,, Marika Avkopashvili., Alexander Gongadze., Manana
Tsulukidze., Evgenia Shengelia. 2017. Determination of Cu, Zn and Cd in Soil, Water
and Food Products in the Vicinity of RMG Gold and Cupper Mine, Kazreti, Georgia.
Annals of Agrarian Science. p. 1-4.

3. Lasha Asanidze., Guranda Avkopashvili., Kukuri Tsikarishvili., Zaza Lezhava., Nino
Chikhradze., Marika Avkopashvili., Zurab samkharadze., Giorgi Chartolani. 2017.
Geoecological Monitoring of Karst Water in Georgia, Caucasus (Case Study of Racha
Limestone Massif), Open Journal of Geology. ISSN Online: 2161-7589, ISSN Print:
2161-7570).
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0530 1. @0o@9Ms@ O dodmboggs
1.1. 60513980L BoEHMEOHGIG05(305, BoEMUESB0WODsE0S

ROGHMLAGHIV0ODBS30s MOl 3OMmEgLlo, OMIol OMLY3  dggbsGggdo
AMEIMBGHMWId0 96056  ©Fsd06dMMGdgo  FgBHowgdols dodsGom. 53 Jgdmbggzsdo
930M©Y0s 5350063 MM9gdgo  gEomgdols IMdMOMds, MoL T9EIROSE BOAMTS3EME
39099l ©gMO@IEo0L  MoL3OL  80b0dMBsdy  ©oY396s  BYds, o3 Tgloderms
©500bdmGgmwo  dofoldzgds Hywgdobs s 59OHMBMmgdol dogH ogml asdm{zgreo.
939629900l DM 5d0gMgdl 45Hdgbol LEsdoobsgool gnaddL [1] [2]. wommb-
AMgsb@ 939650993l gmdeosm ©odsd0bdMMgdEgdols ImdMms30 BMEMTS otoddbsb
mdMo3  @MMIsdo,  ¢glggool  Fogm  SBLMOdEOOL  LYTMOWGdOm, M3 S8E0MIOL
58580639998 9d0L 250550Y0GOL 153390 3MMIEJddo s dofjolidands Hywgddo [3]
[4]. bLEHodOWODsE30s Ggodengds dmbgoql:

. 1930l Bmbs.  xgglggdol doge  F0EgOOL  godMmbmogolyREgds  bgds
HOBMLGBIOMT0, Mro3 obLIHBNIMH3L sTSd0bIMIOGdIOL OWg]35L.

. OXOIEOL  39OEIBO.  GOWIBO  ©535300MIOYos  Bbgol  IXOIEOL
3900W90msb, o3  s35006dMMdEgd0L  BBod0WoBsEo0lL  Tglodwgdemdsl  0dwg3s,
39L30L  MYXOHIEOL  2oMgm.  gu  296M93MGdS  ©9Fsd0bdMMGOgAL  bawl  MIwol
390059mdM530b69b 9396500l dogbom, MoLSE BoMOIOHMWO 953930 J309;

. 19L30L YR IO0. 30w O0 FoMdmEygbowos Bqigol d9adM69dT0, o3
530990l ©53500b6dMGdgdOL FHMIBL3IMOAHL VX M9©T0, LBooE 3937IMwgddo  bgds
domo d9dm3F3s [5].

bogbgdo o  ¥hdmgzsbo 9396569900  M@O™M  FgBHo  93059meB0e9d9b
R0AMUE000Bs300L FMmmMbM3zbgdl, 30MY dosbmgzgsbo d3gbstggdo [6]. Lbbgsslbgs
LEOOEF0IO AHgO0 bEgds WOMMBIBOL A59HO0MGdS (396569930l MMY60BIGdT0.
09O ©Y3MOSGH0wo F39656M9900, GMAMMYPIOESS K0S (laurus nobilis), 053mbmEo
yzgwob bg (pittosporum tobira), cogsb®s (nerium oleander) sb©9bgb 9x39dEGHMOS©
©w0o™bgooL BEBHd0WODBIE0L. JMEWgdbosbo FoM33wm3s60 396699006, Bramd3
39060 x0do 5939 399 EGH030090w0 Lodobo (zea mays) s 3963w qlio (avena sativa)
SMH0L MMM 9B9JGHMO0 259mLoygbgdgwro 98 3H9dbmemaoolsmzol 30Mg MmMgdbosbo
939656M9900L oMo 9bergdo [7].

HOBMBOMGHME0s 5MOL 3OMEILO Mol OMBsE d39656M0L 539130l doge bgds
990m35  ©5  ogd3s  3mb3abGH®oMgdymo  8dodg  wommbidol  sdObIMEGOMEO
B530bsMg Fyargdol 653500900@sb. 53 3OHMEgLL doMOMsEI® Lyvn3gmglicr 3ModEH03Iwo
39000g9gbgds 543l FoMd900ob  MOTbsbol s  Lb3s  @omMmbgdols  sFmmgdol
035 LyBOHOLO [8].
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1.2. 30G™MBEGH0MWS300

9 3H9dbmwmaos  FoMdmoaqbl  LEG0dMsEosl  303MMmdgdol s Lmzmgdols
bodMogdom 993060 IL  396(390MA6MMO0 39306 MMGIWgdOL  Bgdmddggds.  gU
36MHmEqlo  3000bsMgmdl  HOBMLERgOHMmIo  dzgbsol  doge  (9Juo@o)  Hzdowo
MR OI0M3560 B0s3980L s BIMTG6EJIOL godmyggbgdom. B9glizoL VX MIEMEo Fos3900,
GMIgooi MHBOHMB39Ymezgb LoMBOL A9I9AOWGISL (MEYIEMwo T553900, L30GMEJdO,
953560) 5430 LEGHOTMWOE0MMO JB9IIBHO M3 YBOHME3gXYMRL F03IOMBYdOL 59BH0OMSL,
50600  0BMEIdS  BOMPIAMOPOE00L  BoddEszMg  doJBHIM0gOoLs s Lmzmgdol
399mygbgdoo [9].

ROEGMLGH0IMNE5305 5M0L LOFdoMDBMOO (Lb3sEsLbZs Lobgmdol mMo MmGmYIBOBIOL
05653bM3M9ds, M3 LOLIMAIOMS POMMYME0 JomYobolsmzol) 3530060 d3gbstgls o
Bosogol  803MMMMHQo60DTGL  FmGol.  F03MMMMHRsb0DBIgdol  doged 1533900
603009M90900L  dgfimzgs  bgwl  Mymodl, bosogol  25136909wymeBsL s Bgubgol
3963000569350 [10].

1.3. 30¢™9dLE®sd30

33193990l 3990 M589b0dg 93965698 230P3965 ©d0BIMMGdEgdOL dd0dy
wo™bgo0oL s M3E0Mbv3eoEgdol Jgm30L900L s JobTo IRMMZ9dOL FglodEgdEPMds

[11]. 9b 36MHm@Egbo B808ObsMYMBL  d3965G0OL 08 MGYSbMgdOl T9dzgmdom, MHMIEgdo3
3590096 50056 Tgbgdsdo (BmmMEgdo, 43530900, bols GHm@Egdo dgMdsbo s 5.9.) [12], 50
dobgboms  godm  Fom 3039053 GHMMO0 (OO FIMDIOMS©  ITZMMZOIE0)
93965699%0  gfimadom. BMbMEMA0MMHO  303¢0L  dmMErML  (HMEYLbsE  ocm™mbydols
LEEOBdE0S 3OOL ILEBYYWO) FglodegdgE0s F(3965699d0L FMLOZEPOL SPJIS s STMMGOEO
53580639993 9d0L 45(dgbos [13].

30396539 o@MM 9396569908  99md0sm 6050 b  ©sdsd0bdmEmgdgo
wommbo  500-x9m  dgBo  Mom©gbmdom  sdmoemb, goMg  STL  ByMwgd©H030
56553798 wo@GMEM0 3965609900 539009096, 30396539 GHME B39bsMggdl Jgderosm
d90m30Lmb dgBo, 3069 10 Tp/33 39O 3EboLfysero, 100 /3y 3Jodowmdo, 1000 dy/3
b3oergbdo, Jemdo, &ygzos s 10000 dy/ 3 omomos [14] [15] [16].

3bmdoos 400-bg dgBHo Lobgmdol 30396Ms3mdwmwsdmeo 93gbstrg, Mmdgwbos
3996000056909 bo 50056 45 My sbdo. 5§9sb Y439wsBg IgBHL HomdMoEYIbL K FoOMUBIBbMS
X obobls (brassicaceae) 339bs6M9900. Y39 839bstg 96 MHBEOWB3gEymRl doeosbs ddody
@om™bgdoL 5030LgdsL. Dma0gMmo 9396569 0mM30LgdL FbMEM© 9O 9E9gdgbEL, BmYo
30 ©59009b0dgL 9OH0. 55 0MI© Jergdgb@ r0wdl 56 Jmgdgdbgds xgM-xIOMIOM
obgomo 9396569, OHMIEoa Aol 503090l OO MOMEIBMBOM, FogMT 396 ML 2001
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dobstyg  35853965L, OHMIGLSE  SYFOMIM0Z30  Fmlobrgmds  0g4gbgdl  Lobmgem
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939bs0ol  MmERSBbMgdol  Boge  53FMWOMmGOMEo Mmool 3mbzgbGHMsEgos  dgGos
130egbdolsby. 33569 53561560a ¥ oddo 28.68 Tp/33 L3O 9bdo JMsbmds Boxbol mz0L
dmbs399990L Jobgzom, 53539 ™30l dobggom 4.4 dp/33 39dodo s 52.11 0p/33
005 dgomgzoLs. 2013 Fgarls (3969 585656oLMB gMrmo@ boE3oMJomadsl Ao9m 3319353
29bbm®E30ges (bob. 70).
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Egomnwo BEgHhm Boglgo

BobsBo 70. beng. d5¢030, 350d0dol 99339 ™dS bo3MJo0585ls S $oMsbsdo.
03wobo, 2013 {go.

330930L  999900L  dobg30m  BsobFHgMglms  boE3oMJomsdsl o 53560bSL
0900560905 903569 5b6. B39 Jo58s 350000 OO MHMOIHMOO0M 0M30L9dL 306
58565605. Mbd 500b0dbML, MHMI MmM03g 3396569 969N LEbYMBSS O HHOWMOMHO]
30035GMO 30639005 FOBOEOWO. b53sMJom535L Fmomewdo 3.05 dp/3y 3900mdds
396035 B0M300, 935MBEIL Bmmmedo 30 2,27 /3. Bogs6domsdsls  gglgdo
5305305 oboEss 2.4 dp/33 ommbds, bmwm 535696l ggugdo 0.835 dp/3y-0s.
©96™30 30 Bo3MJ505859 0.73 8y/3p, 5856156058 30 0.78 8y/ 32 3908030 H0YMMIS. MO39
939bsMm980 Bmmgddo MOM3Yds 9ugdgbBHgool FoMdo d99339mds, 90y I™MY390s
19L30 S VYOHM. 360936935605 53 MO J396MOL BoEHMMYTNOS30E B9dbmermyosdo
3990yggbgds, osb 8o  3500F0MAoLOAD 3960 BOEMI0YMOEFOIWO  M309d9Hd0
3990530 0b9L.

5133600  AobboEgs  985MBEIL  Fogoomby:  23.08.12-80  dogroFdo 33969
50565605l J90s0bermdsdo  oxgodlo®mEs  3ddodg  g@ogdol  F9dgao XSO0
Gombmds: Cd- 5.085, Cu-28.68, Zn-52.11
6050539030 3500 Bsd. Hom@gbmds ogm  Cd-2.75, Cu-123.6, Zn-113.8.
A Cd/S=5.085/2.75=1.85, A Cu/S =28.68/123.6=0.23, A Zn/S=52.11/113.8=0.46

50L560dbs300, BMI FJombgsgs 0dols MM LB3owrghdol Lsdmsem MomMmEYbmds
Bosogdo MRG™ 39305 30069 MYMOOL, 5856963 MBOM FgEHO MMM0S STMOMM 30MY
b3oggbdo.

28.07.13-30 dsenoFdo (3969 005656l 990500996 mdsdo  osgodloMos ddody
39@owgdol 990090 X990 MomEgbmds: Cd-3.925, Cu-57, Zn-99.

605539330 om0 15T. BomEabmds ogm  Cd-1.226, Cu-96.56, Zn-76.4
A Cd/S=3.925/1.226=3.2, A Cu/S=57/96.56=0.59, A 7Zn/S=1.3
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5d53 80bgog5© 0dols GMI B3oErgbdol Lodwmsm MHMEYbMdS Boswsydo MTOH™
39305 3069 Mmoo, 535M36sT MBROM FgBHo MMEMOos SIMoPm 3000609 L3oggbdo.
093d MM039 6030009609008 $3MMYds MO0MJIOL  oMMTsRW, O3 9WdIm bosoydo
390030)dol 9993069058096 OOl ©H353806M9dEO.

(03.09.13) §906m®sdgbdo goblibgsggdmwo Lo@wsgoss: Cd- 6.13, Cu- 101.25, Zn-
71.41 6050539030 Jom0 L5d. MoMmEbmds ogm: Cd-1.05, Cu-98.9, Zn-82.34
A Cd/S=6.13/1.06=5.84, A Cu/S=1.02, A Zn/S5=0.87

050 F0bd S FMM®Idgbol Boswsggdl dm®mol §HMO M30LMdMOZ0 2oblibgs39dss.
01069058960l bosogdo mools s B3owgbdol MomEgbmds 10 LA Lo®mdgby g@os
300069 om0 M50 bMds 30 bLI-BY. B5¢0Fd0 30 B3OOOLIOMM LOE¥YS30SS.
3939 Ls30mbos 7glizol MHMIgEo bsfiorgdosb 0wgdl ddodg 9wqdgb@Hgol 58s65b..
28.07.13-0l 8mbs39990000 B30 gbdol xs8wMm0 58mMgds ogm 57 8y/3-bg. begrm mmools
99 82/33-P9. 6050580 30 IROJLOMS F>MO SO Fobsforgds:

Cu Zn

bgs30mdy 65 58.8
boe®dgdo 127 94

5699 L3oEgbAoL 5TMPYdS SbEPML sGOL BY30BDg ol COMPYBMBLMLL, bmerm
0000l 59mEgds Lo®dgdo dob 360dzbgeMdILMB. 9939 Mbs 500boTbML, MHmAd Cd-ol
omobmds  Bgs3omdg 1.5 8y/33-00 ©5 Fgledwrgdgeros, MH®I Mmool SdMMYdS
LoD sTdom 0Yym 2sb30MMIGOME0, 306506 350000 SB0sbgOL R3Ol 0d
OMlLgdL, OHMIEOL  Bodmogdomsg fiysaro Fgol  di39bsegdo, Mdzs L3ogrgbdol
59mg00LsM30L 535L bgaro 56 F9mdos. 09. 13.-0b dmbs3gdgdoom Cu-ob xs3MMHO STMMIdS
oym 142 92/39, beerm  Zn-ob sdmegds 86 33/3y. Boswsgdo 30 @sxzodloMEs dsmo sBgmo
3obofoergds:

Cu Zn

bos3omdg 160 133
bop®dgdo  37.7 31.22
5699 Cu-ob %5860 530M©gds sberml 56MHoL bossaol Bgsdombg ol 3603369 MdILMb,
boem Zn—ol 5dmegdol xsdmMo 59megds 605sado s LoMdgbg dosmo gobsfforgdols
bodmoem 36033690 MdLMLE (82.34). gl Ig0degds 08000 0gmls godmfzgero, MHmA 53 EOH™L
39030)dol MHoMmEgbmds OO 56O 0gm s  Zn-ob 53;MmEgds dmbs Mbs0MO©, MHMYME3
LoE®A0Ib 1939 DYI30MH0IB. MMPOools @S LB3oErgbdol  sdm@gdol  dgdobobdo
bbgoolibgos:  Zn-ob  98mEgds 085Dgs  ©odm30090Mwo  ¢glgol Gmdgwo  Bsfioos
X 969O 90, benerm Cu-ob 58mpgds bgds 4mggamzol Bgsdomosb. Cd-ob MHomgbmds
1.5 8y/3p 9D05690L 393, begowem 1.2 83/39 30 96o.

2013 §gool 99Lfogeroe 0dbs 8dodg @omMbgdol  539mwsEzool  dgdobobdo
390@Mx0do,  OoLm3oL3  gobbmM09©s  39OGHMBOEOL  MYLEPOL T T390
00mbE0FNOEHMO 30MEMOT0 s doMY3MBoGdo (bob. 71,72, 73).
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Bobsbo 71. beg. d5¢030, 3590300l IORBMEMY0IM0 §90(33900MdS BOMMIZ0 ©S I3MBOEGHOM
5385390 39OGMB0do. 0360Lo, 2013 fgaro.

0l939 HMAMOE Bgdmm s0bodbmen 93965699330 39MGHMB0ETo 299M 33w 0465
ddodg womMbms IMORMWMA0NHO  Fgm30L9d0L  MbsMO. J9OGHMBOWOL  MOA6MIdTO
39030930l dsbmngdol 36063030 dOMGRO0 S I3MDOGH0 3 T5390wls FmEOHOL
3™GS goblbgo390mo0s. dOMEQ056 J9MEHMBOOL BGmmmedo JogMogos dobogsws 2.1
9%/33 ©@ommbds, mgdmdo 1.56 92/3y, 59sL dmy3zgds dmerd3o, J9Mdo s MgdM. bmeom
©93mBoEG0m 5399953980l 0¥ §9350056M9dm 00 Bgb3A0 s MgMMTo db0d3zbgemgbo
BOHOOL omMbob 9mfig35™dLL. beerm dmedzdo s Jgeddo momddol 3-x 96 d3060©YdS
ddodg ommboll dg0bgds. Mbs 500bodbml, M ™Moz 93gbscy gombs s 08539
3035316 3060HMdYOT0 5MOL QoBOEOWO. 58539 39OGHMBOWOL 603MIgddo QoboloBLIMS
L3oegbdols s MYMOOL F99(339WMdS.

L30e9bdol 899339 ™ds JoOEGHMB0Edo,
150 beggwo doero3o, 06.2013

. I I [] ] l

%m%?ggmg@ﬁ%ggm%oéoogﬂﬁﬁ 35@@01%01&3%8001@56(@)@50

Bobobo 72. bmg. do03F0, L30egbdol IMOBMWMYoMEmO 993390 MO BOMEMISROM ©S
©93MmH0GH00 5335390 3oMEMBoEdo. 03600, 2013 fgwo.
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0900l 8993339 ™ds 35OEHMBo o,
bmgggero doro3o, 06.2013

BOOOEO 39bgo QIO dewggo da®go

J9MFHMB0o ElinboGom J9OGHMBOWO BOMMOZOM

Bobobo 73. bmg. 05030, 099000l INORMEMY0YOHO T9I(339MdS BOMMIYZOM S
©93MB0GH00 335390 JoMEHMBoEdo. 0360b0, 2013 fgero.

Y] 89350050900  BOMMIZoM O ©ISMDBOGH0  FMTS390  35OGHMBOWL
960356gmb  L3ogbdobs s MOl Jmsbmddsi 390wmdols b3 0dEOLIMYMBL.
©93M0HBOGHOM 53935390990 35OGHMR0OL 19g13do s VJMHMTo MBOM IgEHo LB3owgbdo
@5 Y005 JMHM3N0S 300009 30MMS05680. bmerm dmend3zdo s Jgdddo doMHodoo begds.
B0MM500 ©53w9d5390e0ds FodMol  FoOboerds 7.017 dp/3y 3odowgdo, 169.967 dp/3y
b3oggbdo s 167.586 8y/3y wmos Tmobmds.  ©g3MBoGHom  ©s3w9d5398)eds
390@MB0owds 30 5.42 /3y 39domdo, 190.464 dp/33 L3ogbdo s 189.338 dp/33 MMM
50m00m  605og0sb. J390mm  FM3gdM  ©ORMETsBY  HoMmBmpygbowos 2012-2013
Dergddo 350030m30L LyFMsEM 3MbEIBEGHME0S 0BsF0350. slsb0TBsz05 O BB, MHMI
06.2013-80 boosado 35030wdol  3mbi3gbGH®mosos 1.226 9y/33-b 895003960, bmewm
00505635  JoMEGHMmxzods 58 omzqgl  7.017 Tp/33 sdmomm, bmwm  ©g3mbodoom
5385390990 ds 5.42 dp/33. 9605 500b0dbML ol BodBHo, M™A 3396569 gMMO 30EMAMsd0
6055306 56 003090l 3d0Tdg oMMbgdl, dobo 1533900 Mg 5dYbodg S0gMYw
306538 Im0Eo3L, Loog AobmMeglgdmeos Bgligms Lol gdgdo. J399mo Homdmoyqbogn
BoboBbg  dm390mwos  390doMdol  gobsfogds  ©0bsdozsdo,  Bdmebobol  Mmsombols
bLm3EgdoL FogoEomby (bob. 74).
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Bobsbo 74. 2012-2013 Fangddo dcrewboliol ®oombols bmgargdol (9393560, dowo o, §10Mm®sdgbo)
6050539080 350T0wdolb Lodrsem F8339wmds 0bsdozsd0, 3y/ 3.

Bosogdo 35008030l 99339 ™MdOL 0bsT0Iol, Mg 49s3bgEsgc dgladRbgzoo,
603 2012 Fgl 5230LGHM-Mg@G™dgOTo LB MoEg396do, d5¢03Fdo s HMLOHMsTgbdo
390030)dol oo 3mbEgbBHMoE0s BoduoMgds, bmem 2013 gl dobo 3mb3gbEMsgos
0390 s BgdBHgddg@Tdo MM®sdgbdo s d3¢0Fdo Mmomddols Abgsglos gHmMTsbgmoU.
33193990l 8909250 0o, HMI boswsgdo 39dowmdol 3mbzgbEMogool 0s35BMbo
O3 39HygmdlL 0,5-sb 2 8y/33-0c0g 9396569 98 OML yz9wsbg 9@ 39domadl
0m30l90L.

33193990l MM godm3zergme  0dbs LBodobdo 35d0mAol  3mb(3gbGH®S30s.
bodobO  0MGLS  LMGgE  BdEoFBs @S M9BHI39600.  A9TM3033W09m,  OMYME3
L530MbGHOMEM 513939 d0MMHQT0 To390Eo Lodobo (bsb. 75).
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8a/33 3980w930L 899339 ™ds, 27.10.2012
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0 C L L = —— | —I - —
@O0 g4zoz0rmo  13qLgo [Hgle! odo xefo  TofEgoro  GHodn
B H5¢93560 Lo 3mb@mmeom bodoboo B Ms@g3s60 dommsgosbo bodoboo
BowoFo bsgmb@dmnwem bodobgo B ds¢ro3o dom®agnsbollodobgpo

Bobo®bo 75. bemg. dse0Fdo s M53H9356d0 Imyz560e Lo3MBEOMEM 5 dBOMMIY00 ©sF)T5390vEn
Lodobdo 350300l INORMEMYO0YOHO T9I(339cMds, /3y, 2012 Herol md@maddgeo.

33093990l 99gao Lodobdo 350300l Yzgwsbg dopowo  d99339wMds
LodobOL MTsdo S Y3530¢do IROJLOMS. F396sOOL IMORMEMAO0MOO Tgbfiogerolsl
50dmBbs, MHMI LB M53Y35680 Imyzsb0 L53MBEHOMEM s dBOMMHQ056 BLodobodo
Y35300by s dol 909y BMBT0 FM™M3Ids 35030Maol 3mb39bGH®(305, BMmMendo,
19L3do, ©9gOM™Mdo, GOm0 s F9ME35wdo  Momddol  AbszLos 83 gergdgbEob
RB0EMI0YM305. 099 89350050900 L53MBEHOME®ML s 30MEMSY0sb LoJobL s30bsbsgM,
60d 35030m30L  $9MMYds B0oIR0IL M0mgdol AbysgLos GPHMBsbgmol s 83390060
39bLbg5390s 56 G90dkRbY3.

2.20. 30@™699900530990 583993900 2015 Herols Imbszqdgdby syHbmdom

R%0EGHMMJd9g05300L  JoBbom  Lmxygew dowoFdo 2015 (gl dmghym  dzocy
Lodom@g dgm@bgmds, Lowosg 96980 s MEbmwmo Lobgmdol s3MmM3IMWEHWOIO0
@50009LS.  33¢093900LsL 83500 5d396G0  godsbgzomgdmo oym FogdMol  Fombowby,
OMIgwo3 35099353900 d0MLAGH0IMWOGMO  d0MmMydo s  obym3ndsGdo, o3
093500560900 Logmb@GHMmem Jod®mol  Fobowl. mbs 500bodbml, ®mI LozmbEMmmeom,
B0MM520560 5 obAM3MTo@0sbo FodMolb FoMbowo gOmbIoM SEY0WMOM0Z 300ToE O
3060md0do  0DMYIMEDBYD. Lobxgdol s®gds FoBbMmMEogw s 03boLo, 03wolol s
5330LEGHML 1399000, 50MAIOSE0  B0dMAgdol  Fowgds Bgdl dog® dmbs  sdgMm0o30L
3990090 399030  Lodbmgm  FemGoEol  Mboggdlo@g@do. 60dMdgddo ddody
wom™mbgool  Jgbffogms  30M39mo  2obbmGmE0gws  0bmdgom®s  d9fyz0mgdem
3oBdN® 3o b3gdBHOMIYEHMOL odmygbgdood ICP-MS (Inductively coupled plasma mass
spectrometry). 036 o 3530 9e9d9b¢Jd0b oMol FoMbodo dsdm33wgme 0dbs Cd,
Ti, V, Cr, Co, Ni, Cu, Zn, As, Rb, Sr, Mo, Cs, Ba, Pt, Au, Pb s Th (bsb. 76, 77, 78, 79, 80, 81,
82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93).
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