Usgdo®mggermls ¢gdbozmmo Mmbogg®loGgdo
bgwbsfig@ol mrwmgdom

065300 GG I>830¢00

Jogsg mdooliols gstaegddo dobstg 933360l smBols
3036008965 350090B9 5b6mMHM3MygbmMo Bgdmgddgwpgdols

93g08099M0 350M33¢935 s 59 Bgdmgddggdol
3905600 gd9eo mmbolidogdols d9dwdsggds

BoMgGHMOM 3OHMYM53s:  J0B0IMHO S BOMEIMR0M0 0b5069M00s

dogg®o: 0711

©MJGHMM0L 5350098099600 bomobbols dmbodm3zgdmo

Potdggboero oligh@ogool

53 MmMm9gxgds@o

0d0obo

2022 oo



Lodwgdom gl gdver0s LodsMm3zgemU 396036 mbogadlo@gddo
JodoM0 39gdbmermyools s 39¢owMaool o329 GgEob
396090033000 065069M00LS W 93MMYool Y356 ESANBEHT0

0565bgddmzs69wgd0:  SLME. 360M. x03d96 J9edsdy

535Q. MJEHMOO 9396 frery30d)

9EIDDIBBIO0: oo

5339 99003905 2022 Gamols “......... s e Losonby.

Lodoomggarml ¢9dbo3mMo «boggmLoEgEHOL Jodow®mo Ggdbmermaools
Q@5 393900l 53539 GHYEHOL LogbogzgOLoEYEHM LoEoLYMESE0M
LodFMl LbomdyBy

LEG¥Y-b IgmEg 3000H3ML0, S9OoGHMM0s 300
doLs3smm0: 0160, MdoEoLo, 3MLES39L 69

©oLYOES300L 453bMds G90dwgds LGY)-b dOdWOMmY35d0,
b 53GMOIBIOGOLS — G2FILHIOOL 39030LY

Lo96039MLOEHIE™ LOOLIOEHOGOM LdFML 03560 /658 3ga0sdz30o/



653630l BM500 sbILOSMYDdS

g0l sdBHsenmds: 3300 dobsMggdo s Fomo bgmdgdo FoMdmowygbl
0693603-B539ObgM S 93MEMYoMOo LobEgdgdol 0d 2dbodzbgerm3zsbals geng-
396®90L, MHMIgdo3 RsdMygsods B3960 3wsbg@ol 30g30wobsgool  Mhyzg@Ho
3963000560930l J99y90. 330609 F0bsOGMs A5bL3MMOIOME0 Mo JEYMTs-
M9gmdL 03500, M®A olobo 03gmegds Mo JomBg J9EsMYd00 EOE FEObIOGMS
5H900L Bgs s 39MH0BIMH0ME MBbgddo, dgBfows goblsbwz®magl o Lod-
©0656Mgm LobiEgdgddo sGLYdME BMYSIZMEMYPOME ©S Le305E6-930mbMB0-
3996 LOB¥YSE0SL. . MBOEOLOL 5EOBOLEHMOEFW BsMAW YOI SOLYdMEOo fyarol
00943900 §om3moagbl dmbgdm030 Fyseboobs®gdols, Fyswbo@gzgdols s
Lo0b5106MH™ Md0gBH9doL 08 9M05b 3MmI3gdul, MHMIgEoE dsm dmBoxbsgzg o
8080905609 39MH0GHMOH0dMIb MM, Mbos Jabogl b3960 939960l gIos-
Jobosmgol «3b0d369wm3569L 93meMy0mE, Joesdddgbgdrmdom s ©936M95:30-
W 30mGH9bE0sb.

9653500560 dMmbo@Mmmobymwo 330603995 MB39690L, ™A J. MdooLoL
RO gddo 8. 93H330M0L 5ol F03z0MMIG6s3500g00L  ©sd0BIMMGdIOL MbY
395695 0BOYds s Fyarol bsGolbo MRG® s MBOM oMgligds. dowgbg-
53500 030y, ®MI LdMYH39w M HoMTMgdOL LogMmom dmEMIMOS 39956530 Bo3ds-
M@ 39930693w0s, Bsdobstg {ywgdo ds0bi MBgds 3. 3333600l sBolsmMz0l
9ONYMM F0MO0MIQ ©F500bdMMHdgI BogBMMo®. Hergdol gobdsgwrmdsdo d.
9333005 s dolo 03MMT96535009d0L LoLMBMogzol OE30L ABLMME0gWgdsd0
39496000 3MToMmgMds, odmsg bgs JobgHbmb gMm, 459mf3gmewos Logsbs-
@0bs30M LobEJdob 390 BY6Jg0MmboMgdom. T9Jdboer LoEsE0sL 53doTMGIL
D9garob 908(d9600 Boggdmdgd0L IymdMm0Ib 4o8mliges, M3, 30l AbGOg, 393~
doMmgds dgmcg 36093690356 3OHMOgdsl, 9@PO0WMIM030 IMLsbergmdols dogH
33069 30bsMgms Fyaol godmyggbgdsls Logmazsbmg®Mmgdm-3mdmbswrm@mo dobbg-
dolom3z0b.



530¢™d, B9ImPsIMM3w0 30HBgBms godm, 8. 3333600l d030MMI6s35090L
BEOMWHE 935(IE0 543V 0953056000 396906030 09MLOLY. MBS BoMO 3 EY)-
0, GLGGHOMMO O 93MWMA0MMO MHgLMMLYOOL 9lodErgdEmdsbo dosw by
0050093005309. 150MgLs© 36033690M35605 B30 5OBYIMBS FMBsbergMmdols oL-
396900L5 5 X 9BIOMYMBOL odxMdgLgdOLsMZ0L. d306g dE0bstdL w393~
406905 53Mgm39 MMamO3 396Mmbogeo, sliggg M356mbm d89bgdEMdsms 36HrMdY-
39003. bbgssbbgs 0bLEHIB30930L, LodLobMGdOLS S FMBsbEgMdOl J89EH09das,
0¥ 30600J4om, 8mddgomdsd 2sdmofj30s 3093 9OMO doosh LgMombmo
06906030 3OXMdWds, HMIgLog HoMBmoagbl o6y dobstgms s 50039
39653500900l bg39dLs s bgmdqddo Ho6dmgdbowo (gowdm3zs6bgdo s vzsMEM-
13900. ®3Lb3y, 3m30L306Mo {j308980L OML Lo OO MIMEYbMdOm (ot~
996000 J350mOM0560 Lb0s3MY FoLGIOL goTEE SMBYOL HotBmoYgbL.

3905 530LYS, YoJssddo ImLsbegmdol BOHOLS s MMIBODsGOWO
3M039dg00L 2509 FMHIMD0ED 458mdE0bsty, 8. 8®336M0L d03MMTgbs3509-
0oL 30d@gdsMg GHgM0GMMH09d0 LoM936M95:30M BO3M(39905© 25dmYyqbgdol boggws,
306070, 350050935 Boymao3bMzM9gdM-Lsdgmebgm, LEdMgH39w M s Boddgbgderm
BB gbgd0L Bogoglioymgwrgds.

0om8mygbowo 303w dgdo doMgmes© 4obloBL3MmH3L 303 LoolgH-
AS30M© 9MPRIME0 09990 959G MdIL. oS BYIMI0b0TEMEOLs, sdsEHIdOM
300093 LobgBgs 8obstg 933360l 59Bol F030MmI)bs3500900L bgs3oMHIo
Pgaolb bomolbmd®mogo 95639690 gdols 83390 25995609193, MoE 39MEObsY)-
5 53d5x3M90L SOLYIMW F0MMYOL, S M) FAMTIOIMOOL ZodMbOLHMMGOS©
QOMESQ 56 0465 00900 35053 FMH 0 BMTGd0 56/5 56 0dbs Bo@otgdyeo
59 36 39L900L LOHobssWAIYM S F7BMBOEGdGO 36193963090 YoGMGIMLEOG-
30000 ©Mbold0gd9d0, LOWWOsE TJGdEGIG0S doe0sDb oy 33003 WIZYID
5656530900 930 MP0MMO 35ENLEHOMAOL 25639900l H0bs8g, HMIgELsE 9QYO-
0 339 3Jmbs sberm Fo®limedo, J. mdowrolido 2015 ferols 13 0360L, HmEgbss



dE09M3s §45edmzsmbsd 3. 39099 19 5sdosbol Logmabarg 08lbggM3ms.
d93boghyemo Losbeng: 4. mdowolol 5dobolBMogow gstMywgddo d.
933300l sBo HoMmdmagbowos mbmmdg@Eo 80360M9bs3500m, MHMIGMsQsb
000MJ) oMbl 3530039, 3093 MBOM dzocmg Lbgs Bo3MMAgbs3509003
399Bb0s. 58 15 8036396535000 6 F3000L sOLBYGOdMDS 30MHMOOMI© MROH™M LgHBm-
BmE0s s 3500 igombgzmds ©sdM30©JOM0s JOMOMIIE ST0bELs s Lbgs
39GHIMOMEMA0MO 3og@MMm90DY, LogsbogbmEmE IMbvero mbgo bognrgdgdo o3
80bs6gms 8339053 9OEJO0L FoMBmoyqbl, s0Bg Hoedmddbogr fyseom-
09056 J035(0935d0. fgrofool sMBgbow 3gMHom@do 30 Fsmo LomM39900
30adm@gdo dg@fowo ddMswbgzqdos. ©sbs@Bgbo M35 803MMI96s35005b,
(I 9d03 HBs30MHIwo Hywol ferom@mo 8m©doz0 ©gbsmdom godmomBbg3s,
LLO3 gocgdml 9360 LooggbEHml dbMOIL LoLEGHITsGHIM0, YM39w304960,
dmboBmmobymwo ©s33003900L 398 905505 0894mxzgds d. 93H33M0L Lsdo
9036396535000 30bsMY: 3969, O0MAOLHYSE0 S JerIbolbgzo. FoMs 5oL,
50b0dbmEo  Looggb@ml FbMosb ol 4s6ds3crmdsdo  Ym39w335MmESCMMO
dmbodmEmobyo MBHIM©Ids 8. 93H33M0L oMbgbs F030MMIGbs350 M FobLS.
0935 ©ILObYEgdM F30609 I0bsMgmMs dMboGHMMOBAO Losa9bEML dBOOB,
390 bbdMBdL Fbemem 35000 BYs306MH0o Fymgdolom3zol Logzgug s EWOdMES-
GMOHOM 3060039030 30EOMEMR0MO BoL0sMOL 3313900B5 s JodoWEO Sbs-
@0HgOoL  Bo@o69dL, Foa60d 50b0odbe 3E0bstggdls, s6g Hobs Hargddo s sGg
5051595, 56 MBHMYOsm F03MMIOMMMYOMMO BILOSMOL 33009390, MOE YIOOIMO
Lo0bGYMHYLM Mbs 0gml IEIosdol FolidEsd0m LMo 930gdomEmyowemo
L5000l LYY GH. SBY39 LOMEI0SE “YYIMHIPLIIME SGOL FoE™M39d9o .
933600l d0360M8965350900L BLIIOMEO Ibsgdg00, HMIGdOE GOMYZM dv)-
690603 06000353HMM905053 30 339306905 53 E0bIMJMS bgMdgdoLs O JoE53M-
AH9d0bL 090 560HM3MYg69H0 00BIMMYdOL oBMm3gbol Logddgdo.
HomIma9boo LyEoLYMEHSEOM b5IOMIOL J0MOMSO LdgEbogMm Losbengs



B90m0bodbmwo Lobgerdfonm wfiggdol ymcmomgdol dowds s®Rgboo d.
933600l LEOWMWOosE gMLHogwgw F03MMTG6s350BY . MOBY3BY Loggwrg oL~
3wgdom (obolifjot 8mbodbmo 50w gd0Esb LgBMbMMs©E s0gd bgsdo-

o Hgaob Lobxgdls s BLBZIOMo IbsEgdadol b0dMdgdbyg LobBgds@meo
Jo8060, 30OMEMAO0MNOHO0 ©S J03OMIOMEMBOMEMO  BILOSMOL  sbsEODME

33093505 LOYYEO 3539E0OL FoBBMM309egds, 50b0 B0 FEOBIGOL SBMOM3MYyg-
B0 ©s0063MHd0L boobbol sboygbs s Fglogsligds.

3905 530bY, §oMIMEYgboo b5dOMT0 GOHMAZ56M5© bM3sGMEMMEs©3 990d-
905 9x85LIL 3ofi99wo J89gd00 3. 33H33M0L SMHBOL BoMAwgddo dmdi39Ieo
9. 5¢obbgzobomzol, MMAgEoE, 130l B0, 3. mFobol gHm-9gMHmo Jo3MHm-
396535005 @5 MBOM 9B o300 FobdomdMEo [YoedmgzsmHbgdoms s
©39503MBIOJO0Msd 36MmdOWo s FBMOBYMWOo; 30M39ws© LHimGmgo 58 dobs-
oL @5 Jobo 35¢a3MmEGHOLsmM30L 0dbs 930w s 99y 339 99090539~
00 03503MRBLIF0bI5IIYM 9TsMB0EGdgo Mboldogds, Mo3 W35MEMBOL
090535390900 3000039460300 Boggdmdol Lodloggbmmgzsbo do®ogol (Logw-
0560L) SB5g05 FGL5dSFOBO 5RO BYOIMYMIOL TGMHBIZ0MS S BLoMSBIM IgM-
(0o ©99390900L 2B F509353H03YOO F9MZdOL ASBLMOE09Wgd0m 0gbs

3o9mggbowo.

390339 393360960 Losberg Mbs 0gbsl BoRbgmeo Fo@dmeppgbogn
Bsde™ddo Gogbzomo dmEguocgdol 2sdmyqbgds d. mMbgzol Bgs3oMmeo
P9osb xgL3gOME Ibsegddo dobo doMomso 89dsgbgwro EmIobsbEo
333mb96@E0L G3060L MHMPo byodgb@sgool 3069G03MM0 3MMmEgbol doogds-
GH039960 9ol Igboddbgwrs s 53 3MMEgLOL doMHOMOEOo F5dMIMS3909W0
do9d0ol sLOEYIBs. ALAI3LO BHO30L Bsmgo@03IM0 IMPIWOMHIOOMS S §I30-
(OO FoN3WGO0m HBMP0gMm 0bgm 3MHMBGING 30mb35Hg SMHOL WMYOIMOO
35Lbols dmdgdbs glodergdgeo, Mm3s BoMGHMMegb Lyggewg 9Ju39H0TgbEHJOOLS s



@ 53MM5GHMOH0I0 565¢0BYOOL B0 LM 1336900l 2odmUbodsbo bdo-
50 153356MH0L0 56Ss.

U53w9dsml JoBsbo: HoMmImyqbowo LoobgMEsgom 658OMAol dobsbl dgsco-
3965 Bo™ObsM WOEIMSGIOI (i4oOHrMmgdHBg IYMEBMBOm s Fomo LoBwad-
3000560 29565¢00Bgd00m LodgEbogdm 331930l Md0gJBHYOSE J. dOOLOL Go6-
3gddo dmdi3gMeo 30MMmJugosb Bobmysmgdol FbMHOWIE ymMs®gdols
80035 sMR7bo0, bmerm BsdmogMmdm Miygdomogsb LGrmwosw dgmlhogzwgwo
56/5 Bofoanmd@mogs dgbfagerowo . 333300l Msdgbodg 8o3MMT9bs 350l
3993w 9gbs s FgMbgzs; 99 LEToBbY Md0YIEJOBY LOVITPYMBOWO S FOIZHN-
db6030 ImboGHMGmobymwo 3330l 2obbmM309wgds, Loggwrg-bogdldgoEom ©s
W5dMMEGHMOH0I 256M9dmdo LgBMbMMo LolEgdsd Mo JodomMo, Joemmem-
3060 ©S J03OMO0MEMAO0MOO 5B30DGdOL BoBoMgdol mGmYsboBgds Ls33W 930

00993H900L5m30L Fobsbfo® TgMHbgmero Lowsd3z306M39dwm [oMEGH0Egd0L sM9-
e Dgs306o fywmol Lobxgdls s BLIYOWWO IBsWgdgdol Bodwrdgdby;
Bo@o690meo dmbo@mMobymwo 498m33wg300 Jowgdeo 999900l gosbseo-
B900L Lx3d39W B BLoEOLYOES30M 3309308 JOOOMHSE MB0YJBHJdS© FoMTMm©Yg-
Boewo 80bstrgms Bgmdgdols s 35w03MmEHJO0L LoymBobmzMgdm s LsdMg)3g-
@ BofomBmms FBOOIL $BMOM3MY969MH0 ©s30bINMHGdOL 39090l YD
om0 999351909; dmb9gd6M03-LEH0J0MMO Bgdmddggdom godmfzgeo LodoBbg doz-
396535000l MM39Io bgmdols s 39s3mEHOL M930EswoBsgool dJobbom
@5 899560009090 ©mbolidogdol Loboom Lsmsbsm 3oOmMEH9Iboz Mo Boggdm-
d0b 296m53Lgd0l 306HMdYOOL M HBEMWME3gEymas.

331930l Md09JG0 ©d FgomEYd0: LEOLYMES30M 330930l JOMOMHE MBO-
993905, LEMIBIM 300G IO0TGODY IYMPBMBOM, FgoMBs FE0bIMY E 3360l
™60 30360mJ96535000, I0bsMggd0 — MmMbgz0o s mFobo.

dmboGMMobaM 330093505 BoLOEGIMYIO© 330930l MB0YIEJOOL SQYO-
By Igufogs gobbm®dEogms Loggamg 2obgargdom (9Ju390E0JdO0m). MO39



3099439, GPS 653099@ ™Mb d9339md0m, DmLEo© 0dbs dmbodbmemo Bssboswrobm
Lobxgdol slsgdo 5EYOEYB0, 9. §. 33907900. OER06S S IBMLEH@S Fo00
30MM©0bsEJd0, Y39 Bomysbbg 3060MB0ME Bmbs MHMYd0mo 6odbmegdol
Bo®Fmds, o939 90aobg3g RoGoM©s dmbodbmeo 339m9dol (g Eowgdols
RMGHMYMIB0MJOS ©d 5. 8. mMH039 8065MH0IB, MODMMIMWOLIMZOL (350-35W3Y,
WMISYO5© 990MBs 4-4 Boo933060390M 339000.

3960Bgm 3390090%g B39y 3060MdJIT0 FoILOEBO 3MMESEH0MEO Bmen-
089693099600 b53MbEHMMEM-25dBMT0 bgebofyml WTW Multi 3630 IDS-ol d9d-
300000 gobbm®Eogms bs33wg3 dobstgms bgsdommwo Fywmgdolsmazol,
4mMm39eo (39¢0390  33900Lsm30L 5 JoMHOMIO (330790 B0DB0IMM-JodomEo
063690096¢)0L ©YYbs: BYI30MMwo Fyeols gddgms@n®s (°C); fgswdo aob-
Lboeo 5756305000l BomEbmds (dp/w, %); 9e9dGOMYSTGHIMMDS (1 sms/cm); dsG0-
©056Mds (dp/0) 5 Fysedsmemo dsb396909eo (pH); s1939 Fo6dmgds Bgs3do-
0 Fyaob H9OHEoemgzs60 Lobxgdol s¢gds. Lssboserobm Lobx ol s©gds, o3mb-
193905, 9B039EH0MYdS, 50306905, Tgbsbgs s GHGMBLIMOEHMGds HoMmBmgds
L59M5MMHOLM bESBIMEOL ISO 5667-1:2020 FgLsdsdobo.

365606 M0o 560mbgdol s doMmgbMMmo 3d3MbgbEHJdol T9d339wMdsMS
H6530 (15 fo) goblisBmz®Ms dmbs 0mbmMo JOmds@my®msgoo DIONEX ICS-1000.
@0oMbME gangdgbGms 49BLOBOZMOLIMZ0L go8mYygbgdme 0dbs Mm33H036m-980L0-
@O0 B39dGHO™IgAHHo 0630 MMs© 35300090 dwsbdom Agilent ICP-
OES 710 bsbsd@meo ISO 11885:2007 dgom@ozol dgbodsdolsq; bod®ormdobs
@5 35¢0dol goblisDE3mOLsMZ0L — 5¢0s6-980L0wEmO 139dEOM™MAYEHOYIEO FgoMm-
o0 (ISO 9964-3:2010); sDmEH0L domagbMHo ML 5dMmbodol 0mbols QoblsB-
36Mobsm3zol — ,HACH” g3o®dolb b3gdEH®mmag@Edo Hach DR-6000 (ISO 7150-1:2010);
399Bmdo bgerbsfyml , Turb 5557-0b god9mygbgdoo mMysbmeg3dEozmmo dsh3969d-
006 2560LsBP3Ms Lodw3z®mogg (ISO 7027:1999); #0050l 96093690 MdsMS

39bLsBEZOOBOMZ0L 45dMYgbgdmeE 0465 0MEMIgEHOHIO BHOGHMOMIOOL FgMEO



(ISO 5815-1:2019); boboliEol 30860 Fgdgero 35EH0Mmbgdol s sbombydol d9d;339wm-
0505 BMUBE0 49BLEBOZMOLIMZOL — 3MB3egJLMbMIgEH OO BHOGHMOMYIOOL FgoM-
o (ISO 6058:2008); d036MMBIOMEMA0M0 330930L5M30L — 30MI30M0 ML~
305 s 8980M6wwo gow@GHMs3gool dgmmeo (ISO 9308-1:2014); xL3gOHEO
Boegdgdols s 60500l 2MbEOL bodxdqdol ddodg wommbgdol d9d;339wm-
059 M96(%BIbMBLNMOILEIBEOYOO 33w93d PoHIOLs HYbGRIbMBLMOILEIL-
GO 565¢r0BoEMOBg EDX3600B. 60dw9dgdols slomgds godmygbgd«gem odbs glizg-
G0 bo@sbols (bg0dgb@ol) Lobx ol 58gdo bgabsfiygm — 9. §. LLobs3d0" s boss-
30L 3O6EOL Lobx ol s3gdo bgebshym — g. §. ,bgeol 3OO BLIIOO0IB s09-
dvye0 603dgd0LsmM30L 0f-3gdEHMIW MO sbsE0Do BoESMS ,Agilent Technolo-
gies” 530M3ol 0f-13gdBHOMIYEHODY — ,Cary 630 FTIR” Gbgzol LobdoMgms dobgo-
3000 ool bog®dol 350-5000 LI EOs35DBMET0; M9BERIEMBIBMGO sBsEwoBob-
30l 359mygbgde 0dbs APOH-3M 6H9b3gbmmon®sd@mdgd®mo Cuka (A =
1,54184A) 250mlboggdom; bs3z3angg dobsmgoms sdobd«ymgdol bserolbol 8glsgs-
19I5 o3bIM0TS Yol sd0bdMMgdol 3oMHmJodocmo 0bgduo s BL3g-
GO 53290Lo300L 39B0EOIEAO (B93-0).

15849 domls 3M5gdGHo 3o 36033bgemds: Fo03m©ygbowo Looby®EsEom bod-
(3oL 36M0gdBH03mewo 36033600 mds 085805, HMA oo SLsbo IMS35¢TBOOZ0
393509 Mo 330930l 99092900 ©S 336930 dMbOEHMMObAMwo Logdosbmdols
6560900l 379bom LsdMTs3ME FgodEgds A96DMYsPMIOME0 Bobom 0dbsl
390mygbgdmwo 8. 93330M0L Lbgs d030Mm39653500900l Tglsbffoges, MHmymes
000¢0oLol dobidEodom, 51939 D065, BodsMMz9wMl BIMREGOTOE. IO
530b9, 65dOMA0L 3615gdBH03ME L0MYOMEYdIL MM Fo@JOL ol Bod@o, M blod
39M99mb  9OM36ds LooggbBH™MI Lodo®M3g ML FolTEHSd00 HMLGdME ywols
M9LMOLYOBY Mo30L0 FMSZ50sb0 IMbOoEMMOby Mo 3319308 3MMYMST>d0

39005093039, ©sf1Yyq0)ero 2021 Herosb, 3obs®g mMbgzol Ro®mgsi 99530 “s-



MO 59 353965 30bsMOL FodsMm godmbgbowo B3960 05303003900 Y)MO©-
©900L 8909Q0@35d.

3m0e03530900: LoEOLYOES30M BsdMMAo HoMBmygboos gMm LygMmsdm-
obm 3b6x89MBE0sHBY s 39MH0MEO35d0 29dmd39969dmo mmbo LsdgaboghHm
LEHSEGHOO0L Loboom.

53Mmd5305: LOMJBHMOM BsdMMIoL Foboergdo Fomdmagbomo s Asbbo-
@0 0465 bLAHY-L LogHPITMMOLM 153g3609MM-365dEH03Iwo 3MbxzgMgbirosby
»8545M390Mb 0169dM030 MLIOLYGOO S LEYMTMM dsergdols MO Fob30-
056900l 39ML39dGH03900" (doolo, 17-18 bmgddgemo, 2021 fgwo).

LoEOLYOES30M BITOMIOL FoLoergdo S1939 FoMdm©ygboro ogm LEvy-b Jodo-
M0 39dbmemyools s 39@swMao0l B3 EGHgEHOL Jodomo S dOMEMYO-
M0 0b65506900900L 93O ESTGHEHOL b 195G IO 3™ 33049DY.

153wdoml BEMEPMdd S BEHMWMIGMS. oLYMESE0s IM0oEO3L 167 396U,
28 3bMol, 23 Bobsbl, 13 LmGomb. olgMEHSE0s 890905 Tgbogeologsb, wodg-

53O0 Jodmbozolsgsh, 9Ju3gmH0dgb@mwo 33930l 8gomMmEOMEMY00LS-

390, 330930l J99gd0Ls S Bsm0o QobLXOLOYSD, OL33BOLY WS A9FMYgbgdmEo
@0 GJOEHMMOL Bmlboliogsb.



339306 00O F993gd0

LLO3 49699mL gMHM3649 Bosagb@GML Boge I0bstyg wmFobol Bgwsdocmwwn
09agdbg (80bstrg mGbgz0 om0 33930l Md0gJGL 08 EOHML 56 FoGmdmMmoy9bos)

BoGo®9dmmo  LobGYIsGHMOO  IMOZ5hHerosbo  ImboGMmMobamwo 33930l

390929000 5650000 oAb, HMT 530w gdIE0s 15331930 MO0YIEHIdOL
565 IbMEME 9OHDIIO®, 5®s3g M5dgbodg Hobslifot dmbodbmer 33900Bg

36535c0dbMH030 s 3MI3egJumMo 33093900L obbMM(309gds. 5slSb, sbsero-
Dm0 33¢0930L 3MPbom, IM935WRIOM3560 Fglfogus 56 MBS F90MmoTIGAL ML
dbMEmE HBys30OHwo fywol Lobxgdol s0gdoms @s Jodomemo s65x0BgdOL
BOBMYB0m (I3 535U 50000 5d3L 50b0BMo LosgbEHMl FbGOSL Lodo-
039l GHgOH0oGHMMH05DY 5GBGOMEo dMs35¢M0EbM360 brsdommwo Fywgdol
00935JB60  8mbo@BmMmobaol  Bo@o®gdolsl), s6Msdg  Lomsbsm 3393930l
BoGo6905 993090905 3E0bsMgms BLIGHI bsegdgdbYs.
5060360 sb godmdEobstg, Imbo@m®mobymwo Bosd33060390em oL~

309000 13393 M09d@gool  [obsbfst dmbodbrero 33909006 (Mommgmen
9036396535009 Mmmb-mmbo), Ggls0530L0 LogMMSTMOOLM BEObPIOEHYdOL dmm-
bmgboms LOHMWO OEZ0M, BHOMPIIMNES BoobsOBM Lobx oL s©gdol 3HMEgY-
6900 OHMYMO3 B9s306MHo Yuwgdolomazol, 1939 BLIIOMWo sbsEgdgdo-
Lom30l o (39e39MeE 999mb3g93580, LsFOMHMYGOOLHTGOG Lo33eg3 JObsOgmos
39W53m 390l J0dYds6g BHIMHOGHMO0smMs B0sR0L AMMBEGHOLMZ0LsS.

33193990 3030bs6gMmd©s 2021 {erob Boxbreosb 2022 ol gobonbey-
0l Bo33000 (339030 EMS®).
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LYDMbMOS© 509 BYI30MHMEO Fywol Lobyxgddo Bs3zegzo 35M539EMOOL Tgbodsdolo dsbgzgbgdagdo.

gb®oo 1. 3. wmobby s0gd9eo BysdoMymo Fyaol Lobxgdol Bmyoghoo 8oBoMM-Jodow®o dsboliosmgdgwo

Ne 069000963 gd0l P T— Lbobxo |bobxo | Lobxo | Lobxo | Lobyxo | Lobyxo | Lobyxo | Lobyo | Lobxo |Lobyxo [Lobyo | bobyxo | Lobxo | Lobxo [Lbobyo |Lobxo
©ababgewgds Nel Ne2 Ne3 Ne 4 Ne5 Ne 6 Ne7 Ne8 Ne 9 Nel0 | Nell | Nel12 | Ne13 | Ne14 | Nel5 | Nel6
1 39939M0BH M6 °C 27,0 29,0 25,0 26,3 4,8 85 8,7 9,8 7,2 8,4 9,1 9,9 16,7 16,7 15,5 15,9
2 | oblb. gobadso Jp/e 8,60 7,50 5,85 7,23 11,70 | 11,30 | 10,00 9,90 11,1 10,4 9,6 10,7 9,1 9.3 8,7 9,08
3 | aoblb. gobdso % 116,5 | 103,7 73,7 94,0 98,1 102,0 90,8 90,6 98,2 94,4 87,9 97,0 101,0 | 101,6 91,4 95,4
4 9w9dBHOMYs0F. | psms/cm 926 1072 1235 1328 868 1043 1267 1561 1315 1082 1413 1517 851 891 1052 1247
5 0560 0obMdS Jp/e 0,4 0,5 0,6 0,6 0,3 0,4 0,6 0,7 0,6 0,5 0,6 0,7 0,4 0,4 0,5 0,6
6 | 90bgMogobsgos PV 844,91 (1062,04 | 1222,69 | 1279,08 | 684,21 | 822,81 | 981,92 |1250,60| 1011,28 | 764,70 | 1083,04 | 1545,71| 643,39 | 639,28 | 859,67 |1031,01
3600 2. 3. mObI3DBY 50gdMEo BYs30Mo fywol Lobxgdol BrmYogMmo oboMe-Jodor®o Asboliosmgdgumo
Ne 06309000963 900L P - Lobxo (Lobxo | Lobxo | Lobxo | Lobxo | Lobxo | Lobxo | Lobxo | Lobxo | Lobyxo |Lobxo | Lobxo | bobxo | Lobxo [bobxo |Lobxo
sbsbgamgds Nel Ne2 Ne3 Ne 4 Ne5 Ne 6 Ne7 Ne8 Ne 9 NelO | Nell | Nel12 | Nel13 | Nel14 | Nel15 | Ne16
1 A9939Mo@ O °C 27,4 22,5 20,0 23,2 7,6 10,6 11,0 11,6 6,9 8,1 9,2 9,4 14,4 12,9 13,9 14,3
2 | aoblb. gobydoo /@ 8,01 8,04 8,34 6,87 11,30 9,80 9,70 9,70 11,3 10,9 10,7 10,8 9,5 9,7 6,37 9,56
3 | aoblb. gobydoo % 108,4 99,0 97,0 85,0 100,3 92,7 92,6 93,4 99,1 97,2 97,9 98,5 98,8 96,0 60,0 96,6
4 | gwgd®®masdd. | psms/cm | 5600 | 3080 | 4610 | 4660 | 4000 | 2400 | 2200 | 2100 | 4350 | 2070 | 1917 | 1362 | 4280 | 1972 | 1921 | 1952
5 0G0 0obMdS /@ 2,6 1,7 1,1 1,1 2,1 1,2 1,1 1,1 2,2 15 0,9 0,6 2,2 1,0 0,9 1,0
6 | 30bgMowmobsizos dy/e» | 1279,08 |3739,77 | 2373,30 | 2314,04 |3648,93 [2456,94 | 1863,59 |2160,49 |4939,42 | 2011,93 | 917,01 |1354,81 |2303,19 | 1942,45 | 1873,65 | 1965,33
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@@056MdIBS 5 F0BYMHEOBS(300L, Ld039 BobolinsMgdEOL MOEbMmdMO30 J5B39690-
900 8. mMbg3bg 36033690 Mm3bs 509ds3Hgds 3. mFobolsb.

3b®0qddo 3, 4 ImEgdmEos Fgbsdsdols@ dE. ermFobols s d. mMbgzoL
99MBgM0 3390090056 dmgeo bs33wg30 39M0MEOL 496TogwMdsdo bybMby)-
650 509099 B9s30600 {geol Lobyxgddo Bs33eg30 356539xEHMYOOL (doGoms-
@O 3930Mmbgdoly s s60mbydol), sa®Mgm3zg (EbOowgdo 5,6) ddodg wommbgdol
39933900Md5Dg 339 WdMOSGHMOO0M 306Mdd0T0  OEYIboo  Fglsdsdolo
9539690 9d0.

HMAMO3 3BOOWGd0EsE BbL, MmMozg Lszzwrg3 dobs®ol bgsdotrmwo
Dgarob bLobxgddo doMOMIEO 0Mmbgdol 9339 MdS Bogobysdm 56 s, MY
OMPMO3 39530MbgdoL, sB939 96ombgdols 3mbEIbEHME0gd0 B3-900L dobgwozom

B®3sBHome gsMRw0d0s; gMMOELIVGO0s (39¢39ME0 339000 5MgdM
Lobxgddo §3d5-0b Asb39690gd0, obLs3MPMJd0™ Bogbmedo (Lobxo 4), slg3g



3b®oo 3. 8. mFobby s0gdme BgEs3oMmero igerol LobxgdBg Ps@EsMdMeo Jodo®o B5goBol Imbszgdgdo doMm0msEo 0mbydols

899339 md5Dg (By/)

gobebogro Lbobxo | Lobxo [Lobyxo |Lobxo |[Lobxo [Lobxo | Lobxo | Lobxo | Lobxo | Lobxo | Lobxo | Lobxo | Lobxo | Lobxo | Lobxo | Lobxo
Ny O0300R0gbORO. D@ | T | ey | o3 | Ned | N5 | N6 | N7 | N8 | N9 | N10 | N1l | N12 | N13 | Ne14 | Ne15 | N6

B/

1| 700 60 | 1,33 | 2,12 |1291| 2,06 | 2,40 | 093 | 9,76 | 2,04 | 151 | 152 | 546 | 431 | 1,32 | 1,70 | 387 | 1,27
2 | s8mboggdo 0,39 | 0,272 | 0,315 | 0,455 | 0,325 | 0,653 | 0,341 | 0,441 | 0,439 | 0,135 | 8,956 | 3,037 | 1,636 | 0,192 | 0,121 | 0,118 | 0,218
3 | Bog®odgdo 3,3 | 0,066 | 0,082 |0,016 | 1,903 | 0,128 | 0,093 | 0,014 | 0,081 | 0,059 | 0,014 | 0,021 | 0,042 | 0,069 | 0,084 | 0,416 | 0,044
4 | Bo@®s@gdo 45 | 3946 | 0,640 |5,222 | 2,423 | 3,692 | 3,054 | 0,810 | 2,771 | 6,890 | 1,904 | 3,780 | 9,489 | 5353 | 2,113 | 0,387 | 4,645
5 | gobgs@gdo 3,5 | 0,113 | 0,080 | 0,256 | 0,195 | 0,156 | 0,084 | 0,119 | 0,045 | 0,138 | 0,112 | 0,070 | 0,245 | 0,162 | 0,128 | 0,028 | 0,088
6 | LwgsBIdo 500 | 377,78 | 536,21 |644,41|699,46 244,60 |348,79 | 464,15 | 652,40 | 398,36 | 296,61 | 497,02 | 773,82 | 140,20 | 256,15 | 350,95 | 513,89
7 | Jemcogdo 350 | NJA | N/A | NA | N/A | 10,29 | 8,04 | 10,12 | 11,64 | 56,65 | 859 | 10,28 | 14,87 | 3583 | 9,69 | 850 | 9727
8 | 3MdmboBgdo - | NNA | NJA | NJA | NJA | NA | NJA | N/A | NA 1,20 | 1,35 | 162,80| 139,04| 3,75 7,5 2,4 2,1
9 | 3o@OHmzs®dmbsdgdo | — | N/A | N/A | NJA | NJA | NJA | NJA | N/A | N/A | 258,64 | 245,22 | 265,96 | 274,550 | 225,70 | 217,5 | 213,16 | 209,84
10| 8spboydo 40 | NJ/A | NJA | NJA | N/A | NJA | NJA | NJA | N/A | 71,03 | 63,13 | 116,26 | 157,01 | 71,78 | 90,14 | 98,93 | 125,99
11| gsegowydo 180 | N/A | NA | N/A | N/A |116,71|143,62 | 185,46 | 227,23 | 45,37 | 31,98 | 39,69 | 17,16 | 37,58 | 50,20 | 64,37 | 35,07
12 | Bs@®0w00 200 | N/A | NA | NA | N/A 66,29 | 56,36 | 54,34 | 56,86
13| 3o@omdo N IR N I 46,25 | 43,75 | 50,50 | 76,25 | 174,28 | 117,25 | 150,03 | 298,53 a7t | szs | 478 | el

bid
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300 4. 3. MOHY3BY 50O BYEI30MMEo Hyeol Lobxgdbg Bs@GHs®gdMwo JodoMmo 36seoBol Fmbs3gdgdo doM0MmsEO 0Mbgdols

393339 mds%g (By/ )
Ne 05;’5:;?:;5);5‘” g bobyxo | Lobyo |Lobyxo |Lobxo |Lobxo |Lobxo | Lobxo | Lobxo | Lobxo | Lobxo | Lobxo | Lobxo | Lobxo | Lobxo | Lobxo | Lobxo
/e Nel N2 | N3 | Ne4 | Ne5 | Ne6 | Ne7 N8 N9 | Ne10 | Nell | Nel12 | Ne13 | Nel4d | Nel5 | Nel6
1 500 60 | 213 216 | 1,75 | 1936 | 1,40 | 1,01 | 633 1,78 1,42 1,33 731 421 | 144 1,36 1,28 1,38
2 sdmbogdo 0,39 | 0523 | 0515 | 0495 | 0568 | 0,404 | 0589 | 0,864 | 0572 | 3,373 | 2,059 | 1,827 | 0482 | 3486 | 1,796 | 1521 | 2,884
3 BoGo@goo 3,3 | 0009 | 0053 | 009 | 0070 |<0,001| 0068 | 0047 | 0132 | 0029 | 0027 | 0103 | 0051 | 1,348 | 0,024 | 0,005 | 0,057
4 Bo@tadgdo 45 | 0224 | 0026 | 0044 | 0,048 | 18,140 | 5598 | 4369 | 5,161 | 31,146 | 4956 | 3,146 | 0826 |27,987 | 3993 | 3945 | 6191
5 Bobgadgdo 35 | 0324 | 0488 | 0340 | 0,160 | 0,041 | 0,045 | 0,199 | 0091 | 0,07 | 0166 | 0165 | 0092 | 0,110 | 0,186 | 0,082 | 0,267
6 bo@wgsdgdo 500 | 3635,18 | 2487,35 |1472,79|1432,08|2279,02|1573,60| 1010,91 | 1309,10 | 2967,01 | 1168,21 | 286,34 | 718,80 |2869,58 |1169,16 |1125,88 |1186,83
7 Jentopgdo 350 | 18054 | 2395 | 1076 | 11,39 | 7559 | 2151 | 18,00 | 1934 | 14243 | 1423 | 66,64 | 1296 |14053 | 1490 | 1467 | 1475
8 356dmbaGgdo - NA | NJA | NNA | NA | NA | NJA | NJ/A | NA 1,50 120 | 101,20 | 13024 | 27 1,32 1,50 1,65
9 3oOmzs®dmbadgdo | — | N/A | N/A | NJA | NJA | NJA | NJ/A | N/A | N/A | 26840 | 24156 | 209,84 | 20496 | 24522 |21350 |204,96 | 224,48
10 | 85pbogydo 40 | NJA | NA | NNA | NA | NJA | NNA | NJA | N/A | 419,71 | 31057 | 261,20 | 14555 | 641,60 |36555 |402,78 | 352,32
11| 3segoglo 180 | 845,63 | 660,03 | 491,15 | 485,37 | 786,92 | 543,02 | 365,11 | 426,09 | 123,89 | 5632 | 1249 | 1381 [24896 | 71,99 | 5542 | 32,83
12 | Bogy®omdo 200 | 13158 | 87,19 | 40,31 | 43,04 15325 | 6357 | 6588 | 59,63
3| pwomdo s | 6 220 | 159 | 249 12550 | 8750 | 6875 | 71,25 | 988,80 | 216,03 | 76,25 | 257,85 67e 262 16 277




300 5. 8. m3FobbY s0gdme Bgs30MEo fgeol LobxgdBg Bs@sMIdMEo Jodow®mo sbseoBol Imbszgdgdo ddody
woonmbgdols 999339 mdsbYg (/)

Ne| as%bmdoeo | B3 |Lbobxo | Lobxo [Lobyxo |bobyxo |Lobxo lobxo|Lbobxo |Lobxo | Lobxo | Lobxo | Lobxo | Lobxo | Lobxo | Lobxo |Lobyxo |bobxo
3565893HM9d0 Nel Ne2 | Ne3 | Ne4 | Ne5 | Ne6 | Ne7 | Ne8 Ne 9 Ne10 | Nell Ne 12 Ne13 Nel4d | Nel15 | Ne16
1|pH 6,5-85 8,1 8,0 7,9 7,9 8,8 8,7 8,6 85 8,1 8,2 6,8 6,9 8,3 8,2 8,1 8,1
2 | ®30bs 0,3 |0,0401 | 0,1181 | 0,2971 | 0,0877 | 0,0467 |0,0316| 0,0195 | 0,0338 | 0,0011 | 0,0007 | 0,0033 | 0,0015 | 0,0507 | 1,0531 |0,1462 |0,3120
3 | owmos 1,0 {0,0001 |0,0001 | 0,0001 | 0,0001 | 0,0011 |0,0012|0,0009 | 0,0012 | 0,0006 | 0,0006 | 0,0002 | 0,0328 | 0,0012 | 0,0295 |0,0187 | 0,0008
4 | bL3oergbdo 1,0 {0,0010 |0,0010 | 0,0010 | 0,0002 | 0,0007 |0,0006| 0,0008 | 0,0009 | 0,0010 | 0,0005 | 0,0009 | 0,0009 | 0,0009 | 0,0053 |0,0236 |0,0006
5 | By309 0,03 | 0,0022 | 0,0007 | 0,0006 | 0,0017 | 0,0001 |0,0001|0,0001 | 0,0001 | 0,0001 | 0,0010 | 0,0002 | 0,0001 | 0,0021 | 0,0057 |0,0024 |0,0024
6 | 856a96wdo 0,1 |0,0014 | 0,0038 | 0,5069 | 0,0568 | 0,0034 |0,0030| 0,0086 | 0,0044 | 0,0009 | 0,0035 | 0,0012 | 0,0010 | 0,0004 | 0,0990 |0,0373 | 0,0201
7 | 30cdomdo | 0,001 | 0,0004 | 0,0006 | 0,0002 | 0,0005 | 0,0001 |0,0001|0,0001 | 0,0001 |< 0,0001 |< 0,0001|< 0,0001 |< 0,0001| 0,00003 |< 0,00001 | 0,0001 {0,00003
3b®0oo 6. 3. MOYHY3HY 5098 ByLs30Mwmo fywmol Lobxgdbg Bsds®Hgdwymo Jodow®o sbsgroBol dmbsizgdgdo 3d0dg
@omnmbgdols 990339 mdsDY (Fg/¢n)
Ne| gobmdogo | Bz | Lobxo | Lobxo | Lobxo |Lobxo |Lobyxo [bobxo| bLobxo | Lobxo | Lobxo | Lobxo | Lobxo | Lobxo Lobyxolobyo| Lobxo | Lobxo
35659930900 Nel Ne 2 Ne3 Ne 4 Ne5 | Ne6 | Ne7 Ne 8 Ne 9 Ne 10 Nell Nel2 |Nel3 |Nel4 | Nel15 | Nel6
1| pH 6,5-85 7,7 7,5 7,8 7,6 8,6 8,3 85 8,3 8,2 8,1 7,0 6,9 8,1 7,9 8,0 8,0
2 | ®30bs 0,3 | 1,0871 | 0,1611 | 0,3652 | 0,4135 | 0,0249 |0,0176| 0,0585 | 0,0297 | 0,0023 | 0,0016 | 0,0030 | 0,0021 |0,0347|0,0338| 0,2888 | 0,1369
3 | 0mod 1,0 | 0,0014 | 0,0017 | 0,0018 | 0,0034 | 0,0012 |0,0012| 0,0004 | 0,0006 | 0,0008 | 0,0006 | 0,0003 | 0,0004 (0,0013|0,0022|0,0174 | 0,0065
4 | b3ogrgbdo 1,0 | 0,0008 | 0,0002 | 0,0010 | 0,0002 | 0,0008 |0,0005| 0,0011 | 0,0009 | 0,0010 | 0,0009 | 0,0007 | 0,0006 [0,0009(0,0012|0,0012 | 0,0017
5| ®&yz0 0,03 | 0,0027 | 0,0019 | 0,0001 | 0,0017 | 0,0001 {0,0001| 0,0001 | 0,0001 | 0,0009 | 0,0002 | 0,0005 | 0,0003 [0,0049|0,0030| 0,0028 | 0,0011
6 | 956396x9d0 0,1 | 0,0165 | 0,0305 | 0,0006 |0,0591 | 0,0056 |0,0044| 0,0133 | 0,0086 | 0,0003 | 0,0006 | 0,0002 | 0,0001 (0,0019|0,0023|0,0141 | 0,0121
7 | 35@dowmdo | 0,001 (< 0,0001| 0,0002 | 0,0002 | 0,0001 | 0,0001 {0,0001| 0,0001 | 0,0001 |< 0,0001 |< 0,0001 |< 0,0001 |< 0,0001 {0,0003|0,0001| 0,0001 | 0,0002




33056 899 dsls (Lobx o 7) s 3. mOHYZ0LIMZ0L TsEHJO0M 300093 BTG~
dog (Lobxo 11). 4o 3oLy, M) 8. mFobBY 50O 538 s8mbowdol sHm-
Gobd s LMRsBJOol Imdo@gdol 3oe3gME 930DMmEYdL, d. MmObgzbyg sdmbo-
mdol sDMGH0 s LYRHZHJOO B3-LMD FgsMmgdom yzgws Lobxdo Loa®AbMd-
@555 3353 Jd)0. 25L5m35coLf0bIdG0s 5T BE0bIMOLIMZOL 5MYOVIE Y39
Lobxdo 5dMBoWAOL SBMEHOLS S AobLHIMNMNMYIO0m 30, LYIWRSEHJdOL 3mb3gbEGS-
30900l A9 A3BOHOEo 5639690930 DBE3-LMOb F0TsOIMNYdsd0 3Mb39bEHEMS-
GO0 XIMSEMO0L 37mboo.

OMamO3 3BO0Wd0Esh 5,6 BBL, mO039 Ls3zwgzo dobsmolsmzol 30560
3990300 5093 Lobxgddo (Lobxqdo 5-8) Doxbmdo 093 Lob)gdMIb
(Lobxgdo 1-4) dgs6gd00 pH-0b Jobg300 GHw)E05bMdOL dmbowrm©bge bmds-
Ao o3HgosLmab 93593L boddg. 0993s, IBOHOEO GH¥EBH0sbMdOL BsB39690-
9dds 153393 IObIOMYMNS BYI30MHMEOo yargdol Lobxgddo 8dodg wooMbms
3993390 md0ol IbMH03 goblogMmMgdMwo 330900 56 45dmYfi3g305 ds039
3M6396@G®o305m5 89830M900L 39Mbom. b®mIsEomes gl 8sh39690wgd0 LiEsd0-
W5 306095, MI3S SMOL 4odmbs3Eolgdo.

1533093 d0bsMY9dBY BoBHIMGOMEo 30MHMJ0d0MEmO 3310g30L TJOIYO©
Potdmpqbow 3bG0wgddo 1-6 dg@sbowo 8mbs399930L 2oLsdvsEMmgdom dowmg-
oM ®ogbgzom 3609369 ™0d9dbg IgHbmdom, sligzg 0916900030 fywrols Jseo-
3560 89029600™md0l sbyygbo 39MHM3z0L BMOIMEOL 453mygbgdom, 8god-
s 3533650, MHMA d. MMHY30L HBYI30MH IO Fyseo Lodmswm feromeo
95639690930l dobg3z0m J093m3693s: 30MMIMdMbsGM (0,23 g/ww), Lvmem-
BGMO (1,7 g/aw), 35003093056 (0,3 ¢/a), 35ab0d0sb (0,4 /) s 59mbowdosh
(1,4y/@0), brgbBHo@ 8069Moer0BgdNe (2,3 3/w), bryb Gdg (PH=7,91), gog fgowb
(t=13,95 °C); bewm 8. wmFobol Bgs3omH)eo Fyswo — 30MHM3IsMHdMbS @M
(0,24 p/am), 35¢03093056 (0,08 /), Bogbomdosh (0,09 /), 833656 (0,98 /),
bLG GO (PH=8,08), 30g figoewl (t=14,9 °C).



1533093 80bMYMS 583560 IHBILOSMYI0 S T30 JOMT6gPM6 Tgs-
(900m, 300093 JOPHYW FJodEgds 35133650, MHMA dE. MMHY30 3. W™ F0bxsb
390560900m, 560OM3MYg6)M5© MROM 9GO O0BINMHYOMo dobsMgs.

1533093 80bsMJMS BYI30MHWWO Fywrgdols s BLZIOHO B gdgdols
ddodg wommbydoms s ¥0MYg6M0 6030xMYd90000 IB0BIMEMGdIOL Tgbobgd
3ML9dME0 3039 HBoL LMD YIOLIMZOL S Fom JOMOMI© 30EOMJ0TOME
3sboli0smgdEgdls MmO 5MLYIMWO YYMH00JMH35300609d0L LRGBS, Bodo6-
@5 BAIGHOLEBHOZMOO 3MMYWOF0MO SbsE0Bo  9Ju39MH0TgbGH I Tmbozgdgdby
©9YMHbMBOmM BESEHOLEH03MYMO 5b5¢0BOL MYMEOOL Loxrwdzgubg. MS Excel-ol
3330vG 90 3OHMYMS0L BodwYsEGOO 53909 0gbs HeMGHO0WwM3zs60 godbgzol
©O053M53900. 58539 3MHMYMA0L IHTMGO00 FoTMOMZOWS 3MY5300Ls (T)
930900l (R?) 30953030963 9d0L Mogbgomo 3603369wmdgdois, dgpqbow odbs
3069530000 J>GHOOEM0 3BOHOWGdOE. 30MI30M3MHM3MM(30vwwo Bwbd30-
b0 930G gds Fo0oo Lsbmmdom (R? > 0.90) godmgergbowos
60y §930@gdl Mo, 035¢BsBobMmgdolsmz0l dmyzsbogos {gsedo LIERs@)-
0mbgdLs 5 0bgMEO0BIEOSL FMMOL 3NOMYS3E0IMHO 353006M0U (1 = 0.98) 2586930
QO05M50s:
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Bobsbo 23. mFobols BgsdoMme fgsedo begs@-0mbgdls s
306965¢r0Bo305L ol 30MgEs30wMO 3538000l OIYMSTS



2. 1533930 30bs6Ygd0L BYs30MHMEo yergdol dozMm@BOMEMA0MMHO
365¢0Bol 890093900

15330930 Md09JGHJO0L F03OMBOMEW MY 5b5¢0BOL Tg9gagd0 Hoedm-
39b0os bMowdo 7.

3bMowo 7. 1533e93 30bsMgms BYs30M¥Yeo fywol Lobxgdol dozMhmdomemyom®o
3bserobol 89009900

Ne | B0dm3ol/ Lobxol | wWod@MmBoogd0mo bafjersgol | gdgmobos 3mwol AboMgdo
Qobobggds Pbomagdo 1w figoedo (£ Coli) 1¢ fHgoendo

9. wm3obo

1 60dwdo Ne 1 6 000 5 000

2 600wdo Ne 2 340 000 30 000

3 600w80 Ne 3 350 000 50 000

4 600w80 Ne 4 36 000 34 000
. mGbggo

5 600wdo Ne 5 950 180

6 60080 Ne 6 35 000 33 000

7 600w80 Ne 7 34 000 32500

8 60080 Ne 8 34 000 32 000

B9©05300 (iyergddo doMomMso 153330 356539GMJO0 LogOHNM 3MEO-
RMOIMO 359430900, HMIgEms GoEbgLyg 809399036905 odEMBIIIdOMO
Bofarsgol BboMgdo s E-coli, 1 ¢ LssboeroBm s©0gdve fysedo m®ogg dobs-
oLsM30L (Mo3 39BLLZMMOIOO0 MZselshobms d0bsMg mFobmsb dodstong-
0590) B0 M5MI6MDdJO0 0936 509F5BHJ0S bMMTSEH0MWO MIMIGBEH0 93-
695300 5 993300 BMBIOOLIMZ0L  Fom35¢oLF0bdME  ©olivdz9d
5000-056 9563969090l. @SOMEOSEHMOOMEIS® YIbOO 53 MmM039 J03MHMdO-
M®yom®o 358396930l 90mBsbgmmsb 9bsxsMMdyE, Mmdgwog cmomddols
4395 LB OBM Lobxobsmzol 10-Bg bo3wgdos (90 . mFobby s5M9-
dveo 39-2 6odxmdols), Mg 98 MmM039 I0bsmol Brsdomeo {4wgdmsb dodsm-
090590 dmbsermbger 3m@H9b30m® 93009d0M LogM®mby by om0 YdL.



3. 1533¢g30 Md0YJHPOOL BLZGMYEo B9l Bsgrobols
80b03MM-Jodo®o dgomm©adoom 33eg30l 8909a9d0

15330930 306569930@IB 5©JIMOo FBLIGMIEO IBIgJol Lobxgdol M19b-
&295mBMMHgL39630M0 B3gdB®OMMO sbsEoBo Jm399Ios bMHowdo 8.

300 8. 1533¢93 30bsMmgms BLZIMH Yo Esbsrgdols Lobyxgddo ddody
@omnmbgdols 999339mdoL LgBMbMEGO Lsdmogrm 3sB3969dgdo

0289600 (B/38) | g | Bogbmao | dgdmwamds | bsBmsto | gobsgbmeo
9. wmobo
Fe 22300 | 19605 17817 16814 | 17712
Mn 1500 | 2849 1050 490 710
Cr 80 | 5625 1025 82 96.25
Ni 4 126.25 78.25 60.5 68.25
Cu 3 167.5 191.75 1645 175.75
Zn 23 | 81275 166.25 12575 | 14275
As 2 N/A 2835 7 75
Pb 32 | 395 262.75 1175 18.75
d. mGbggo
Fe 22300 | 29197 23463 22244 | 23326
Mn 1500 | 2408 1202 379 359
Cr 80 | 9% 136 1145 133
Ni 4 135.75 104.25 73.25 81.25
Ca 3 4533 2105 18825 | 21625
Zn 23 | 906 233.25 15275 | 1975
As 2 12 385 9 12.75
Pb 32 | 655 21.75 17.75 2425

MOmamO3 3bO0oEsh 8 Bsbl, mMozg Ls3zwgzo dEobsmolsmzol Losbowo-
b 90gdMwo 19odgbEHol momddol yzgms HoMdmdoqbgwo godlo®mgds
bo3dome 3609369 m3zs60 3MBEIbEHMIE00m. Mo@Ysbs3, Bm3gdmer dmdgbEdo
MmO 3 LOJoOMZg ™o, SB939 LEHBWZIMASMID 56 GOl JoEYdo s F9dds-
390990 B3-900 2963913600 BB3GOHMEO IBsgJgdoLIMZ0L, sST0BE™A MiEbm-
9 933093505 bogLo®, BLBIGOIEO IBIEGJgdoL dOBINMYOOL boGrolbols
6o0m9bmdM0og 3600369 mdsms  ILOYPIBI®  30LIMYJIWge  BMETsEHoEo
©™3999563H90LS @S LOEbMBSOM OEHYMIEWMTo IMEgdmwo bossaol BE3-0l



95639690 gd0m, 306500056 Bosogo msgzobo LEGHOMIBHWOOL ggbgBolols dobg-
300, 139OI EB5EgJ056 J0T>M019d530, MBMM 9B ALYS3LO LOLEHYDsS.

3bMogol 8 dobgwzom, LYo bEol ©sdsd0bdmEMgdgew ddodg wooMmboms
3060Md0m XyMRBdo 3m6396EMsE30Mwo 899339 mdol AbGMm0g, Ms30b0 EMI0bsb-
AGMOMd0m 63065 s F9bQ96MT0 5835650 25dmoMBg3s.

BodmMoL bgbmbol BLIGOMo Borgdgdol Lobxgdl 56939 BoMEIM©S
3°9m33g3s 0f-359mlboggdol 139dGHM™AgEMMEo dgoMmEom, 1533w93 bodv-
390300 L535(59EME FMVBOWMEDHIO MMR6IO FIBOBINMYJOEGOOL oMoz~
@gbs. BoB®IdNo 33w930L FIJRIHI FIWORIONE Y3Iwd L3YIHOT0 MORs-
Bmwo 6030096905 FbmEm© 3350l Lsbom sxoJLOMS, MOL Asdm3E dmoblby
1533093 306" BLIGOO bsergdgdol 6bodmdgdol d98ymao Mbg350 JOm-
353 MyM5RB0ME0 259™330930L BoBHMdOL LoFoMmgds. bmwm Bli39MMEo boeng-
9900l Lobx gdBg BoBHMNOMETs MBEHRIEMTBIBMEOTs 259M 3309358 Ld3zeg3 b0T«)-
39930 0Lgm0 500353 OOLS S MObM3Z560 JobgMEgdOl Tglsdsdolo b3gd-
G®5)H0 boBGOoL sOLYGdMds  ISILBEHEMS, OMYMOOES A-3350(30, 39W 30RO,
390¢0b0@0, 3mbEHIMmMHombo@o, 3000MMJsMLYd0 s 3eoR0MIWsBYdO.

4. 153393 80bsMgms bgmMdgdOLs S 39¢rs3mEHdol 0dYdstY
A9M0GHMM0700L 605saMMo gMmbEol Lobxgdol gergdgb@to
99003960 Mdol g56L5BEO3MS

™m6039 15330930 dObsMOL F0dYdMG  BHYMHOGHMO0JO0EIB  S©0YIMO
B05oggdol 4m6EOL Lobxgdbg BoBHIMIOMWO M9bEHRIBMBEMMOHgLEbEomMo
139G MOHO 565¢0BoM oEYIbOE 0gbs Q9FMLY3ZWg3 Bossrms gugdgb-
GO0 9985096 Mds. WHBMMSEGHMMH0ME 3060M09dd0, dMbgdMH0350, 3596Bg 4o0-
965000 605 gd0L Lsbseobm 6odMdgdol M9bEYgbMmTBMMEMgL39630O0 b3gd-
GO0 5B5e0oBol 9gag00L golisdsermgdmwo dmbs39dgdo MmMogg Lo3-
3930 30bs®molsmz30L Ho®dm®yqboos (sbMowdo 9.



3bMowo 9. 1533930 MB0YJHJBOL BgMOEHMMH0Yd0E 50gdMEo BosEsaol 3BMEEHOL
Lobx90Bg Bo@s®gdeo s65¢r0Bols 899900l golssdrsemgd o
35B39690@gd0U (3/3p) 39056Mgds 3ems®39ddo Jodon® gangdgb@ors
0993396203056 gsdofjols JoMdus s Jogrsgdol bosgsggddo

Suo/5 | T0/20 | Swa/5 | Tw/20 | 900000 | gdgboos
No | 00996Og0b 3WoO3IP0 | JLoM3gR0
Qobabgagds @njobo 6930 Jogsgols gsdofjols
Bosogqddo Jaeddo
1 Na N/A 1268 3342 4817 5 800 26 400
2 Mg 3986 4169 4803 4885 7900 21 000
3 Al 33643 | 33158 |35131 |34245 | 38200 88 000
4 Si 130833 | 134632 | 128120 | 129276 | 289 000 276 000
5 P 774 545 461 462 1200 800
6 S 731 1128 2306 2580 1200 520
7 K 5819 6 625 6769 6543 13 400 26 000
8 Ca 74562 | 70675 | 43822 | 31413 | 53800 36 300
9 Ti 2483 2479 2855 2942 4758 6 000
10 \' 94 77 110 113 105 150
11 Cr 129 120 178 159 80 200
12 Mn 593 488 508 542 729 1 000
13 Fe 18 871 18550 | 28909 | 31065 | 22300 51 000
14 Ni 89 63 105 60 33 100
15 Cu 196 189 222 246 39 100
16 Zn 160 165 203 258 158 50
17 As 9 10 12 13 16 5
18 Rb 40 44 44 41 58 300
19 Sr 362 340 307 273 458 400
20 Zr 181 148 143 125 256 200
21 Ba 611 465 348 888 853 500
22 Pb 15 20 20 24 55 16

3H®0w0Esb BbL, MHMI Mogolo 9egdgbE o dgwaqbowmdols dobgzom,
6039 30bsM0oL 3089gdsMg F9gmbgmwo 15331930 BoswIRgdOL FMHMbEO, sbs-
w0bBMM5 gLz 22 Jodor)Mo 9ugdgbEosb, 12 dompsbols (Na, K, Al, Mg,
Si, P, Mn, V, Ti, Rb, Sr, Zr) 9900bgg35d0, 30039 999:3390>mdol dbMog 99¢3)bs3-
W95 909bsgds 96/s 36033690 m3zsbfoms 653wgd0s 53539 9rgdgbEgdol
3109639008 ®oEbgby MMam®E gsdofiols JgMddo, s1939 Jogsdol bosoygddog.



Bm096M01 3d0d9 0Mmbmsb 08s(:009d5d0 Jom039 3mb6396EHMs309d0l dobgz0m
Bm®H3o@0mwby (L30rgbdo, Mmmos, M30bs, JOMIo, boggwo, 35w E0do, sMOT-
bsbo Hyz09) MaO™ 939G 4oHBMHO0wo 3583969390000 BoLosMEYdS. A5BLSIMm-
9000 B5YMMOOIOM 3000560905 Gg0bodbgds 15330930 bosIRIdOL AOMBEHT0
130egbdols S MMOOL JoFsMDYOVIE 99339 MDIMS IGOJLOMGOOL 390~
boom. B99ms0bodbmeo, 1s30L bG03, 59 b0sIRJOMID ©H35380M9dYo Bsdwo-

BoGgm LobEgdgdol, dsmo BgEsd3omo [ywgdols s BLIGOIWO EIBsEY]gdol
bMHM3MmQ9bmM0 ©00bdMMHGOOL ©ITIILEYMJOIO 300093 JOO WYEYSMO

399 BHME0s.

5. 153393 3c0bs6gms Bgsdotrmero figmgdols s glzgameo
©565¢m949d0L ©sd06dmMHgdoL bsGolbol 8ggsligds

153393 0bsMIYMS BYII30MHIOo Fyrgdobs s UYMW Bswgdgdols
©5006d)MHgdoL badolbo G9x35Ls BYEI30MHXYeo Fymols sd0bdMMgdols 3oGm-

Jodom®o 0bggduols (fywrol bomobbol  Fobslfs® Tgmbgmaro Jommiodom®o
0600353MM9d0l d9d39Mm30m) s BLZGOHYOo 53095300l 39530309630 (Bo3-
0b) 2096956009000m.

1533093 dObIOYMS IB0BIMMgdOL 0bgJlol Lydswm feromeo dshzg-
690 gd0 3. wmFobolsmzol s6ob 0,83, bmgom 8. mMbgzolomzgol 1,27. 3. gom-
Fobob Bgs30mme fgoswl dogboFs 30MHMBI0MS® ,LMBML“ 3esllogo3oE0s ywrol
bs6obbob 1-gro 3esbol gLodsdolo, boem dE. mMbg3zol Bgsdomven {yoswls
306MHMBOMOQ ,d3009 ©O0BIMMHGIMWOL” 395G JaMM0s, fyol bsdobbols dg-2
3w3liols Iobg300; Bs3-0b obgE300m OYOBE., HMT sSOEFIMMO bs33w 930 dOo-
Bs6g 8d0dg wommbgdom JOmbozmmo sdobd®mgdols 39Mol 56 2569390369ds.
0939, B93-0U golsdmsemgdmwo 35839690900l dowswo Gogbgomo 860d369-
©wMmd900 ©3060Ls030L (3. mFobols dgdmbggzsdo ool 3933, d. m®bgzol



d9dobgg35do —3276) dolo ™B0bs6EMOHMBOL s3I0 300093 YOO TSIV~
AM9390 BodG0s. bmem mMmoolom30l 30 §93-0L AoLSTYSEMIdIo doB3g-
6990l 9969000 dmAsEgdmeo 3600369¢mds 8. wmFobol dgdmbggzsdo
(2157), 9obo gLzgOHo Esbsggdol Jowsero LmMmBFOYO MbsGOM MbEs 0ymls
396306Mdqdmo.

9d0bs6mg mMbg3z0oL BL3IIOM IBIWg]gdTdo H30bol Mdobs3zos dobstols
P9osb glizgmme ©sbsewgddo dobo LyEodgbEsEgool 3MHMEgLoIL dsdmdo-
Bs695. 50b08bo 3Mm3glols Ho@mBsmrmzol d9dsboBaol dobe33935 3obbmMEO-
9 ©3060L, HMaMOE ©MI0bsbEHmMo 0byMgwoogbdol, 899339wmdol Mmdo
330wgdol 30693039600 3MMEgLlol Gobgzomo IMYEoMgds. BYL30MHYIE
P9agddo 603009Mgdsms  oE9bs-ORMNBoOL A96GHMEgdoLs s JoM339ME
09MOO0ME 5339355 go3mygbgdols gBom, M30b60L srgd30L 3069E03MM0 3Grm-
39LOL 359MdM53909w0 dSEJOIE IRJB0W 0465 aM930@S30ME0 1YEOTGHE)S-
300U bLoBds6g s 39O EH0IOWYE-EOHOMEIDEHIMO OB, Jodmgzwgboe 0dbs
5369m39 Mmmbo Bosd3300390 M 3390006 M3060L yzgamsby bgwro (110 o)
©5 439D L3830 (20 RY) s 3oL FadGHowgdo.

6. 0063ty mFobols F03Mmdgbszs 8obstyg seolibglzol Jowsdm@ by
03503MRMEo Bg3mJdggdols 39056mdowgdgmo BMmsadgbdmmo

93035¢0bs300lL mbolidogdols 993mdsgzgds s MmEs6obYds
906569 mFoboll MO39m0 93MMA0MHO EOLBSEIBLOL S©EYgboLS
@5 Aol 35s3m@Hdo BMORTI6GHIO M930EW0DsE00L 2obLEbMM 309w gdws,
53300093905 Jobo J9bs3500l — 8. serolibgzol BEsd0wOMdOL F9bsmbmbgds.
59 30BbOL JobOPH939, F90MM035H90E0s 06MZ5(301M0 35MEMRBLH0DBI>0T©I-
3™ 65290035, HMIol 3OHOMOOGHYGHWICMdS IIM{AGOMWO0s BodsGrmZggerml gomg-
Bmwo 3539bGHob (P-6808) dm{jdmdom. 3. serolibgzol bgmdsdo L3gEosw®so

390Bgm §9OG0wDBg F9Imm935H9d  0dbs  Lodloggbmgzsbo  §s3390mowo



3Mb619LoL BMOIoL B3G50l (LoQdMOL) dmfymds (Bobsbo 1).

Bsbsbo 1. 3503MmBLF0bss®IIaM LoxgbmO™m3560 dsMdgol (Lsgwyds®ols)
099963900l Bmdgdo

L5065 M F59T5303E 2o56AM0TGOsMS BoBOoMxd0m oEgbo 046y, ™A
dbgogLo G030l mbolidogdol dsbbmM309ewgd00 3-X 96 MBROM 3egOEMBL FoM-
dcmgdbowo 35MHE3MBoL IMEHYIOL dows, Mg FMboEMmEbgwo 2sMmmIEgdgdol
530905l dgmHgmdlL bgeml s 51939, I30MH39WL YM3EEoLs, H0E3L Lmegen
35 EYMz30L dbobergmdsl bGHoJoOo 39 IMYIOOLOYE.



1.

©ols3365

15330930 9GMgseol dgMBg30L d9dagy dolo LOYIYmBoEro Fgbfagerols doBboom
53960 0dbs 969933390 BoB03MOM-4gMMOBOME0 45M9Iml F9dga0
dobolinsmgdEgd0: 2gMAMOIR0MWO  SEYO0TIOIMGMDs, dBgdM030 obTsg3-
G900, 39JMEMPONMO 5390 9dS O MJW0IR0, BN LRG0, 3535 QO
9036 3e035@1MH0 356599GHMI00, BELMOOLS s Bombols 493039 gdo FoMdm-
050039begdo;

b533e93 ObsMadDY, Fobolifot TgMbgmer Lo33060398M 33907900
LgBMbMOS© 509N BYI30MHMO Hywol Lobxgdby, Loggwg 30HMdYdT0 BoE)o-
(900 33930l J9gRo© 29HMmIowo 5 30MHMJodoMGmo 356M589GMOLIM30L
50069, HMI MmM039 15331930 IEO0BIOOBIMZOL #9bgdIOM JOXINIIIW MDY
99L5053905 figerol bosGolbob 353 9amM0sL -,bMBMLL*, bergom pH-ol 3603369 m-
0900 M6039 d0bsMHOLIMZ30L 08YMROS IE0BIMOL Fyolismzol adsbsoliosmgdgw
b03M90do (pH=6,5-8,5). 0md3s 08300005, godmbszcroliol Lobom d. wmFobols
P 9ol sbollosmgdl mbsg MRG™ dg@o© 390MbIEGMWO FH?YE0sbmds. sbsMBRgbo
300MHMJodommo Jobslosmgdwqdol (9egd@EH®mysd@s®OH™Mds, dsM00s6mds, dobg-
(o0Do305) 99900bH393530 QoL MgdME0o feror®o Gogbgomo 35839690 qd0
9. mMbgzoLomzol 360dzbgemgzbo 509ds@qds 3. ™ Fobobym3zol swygbogn
00539 35639690 9dL.

WHOMOSGHMMHOME 3060MdJdT0  gobbm®Eogmgdmwo  3oMmdodon®o  33wg30L
RMH29030 MmMH039 15330930 FEOBIOOIL BYBMBMESE sgdME Bgs3ocrmwo
Pgaob LobxgdBg Bs@o6mgdmwo LOHWo Jodo)Mo sbsEroBom oHObEs dsmdo
do6M0m50 0Mmbgdol, MMYMOE 353H0MbgdoL s1n39 560Mbgdol s sMIM3g domyq-
690 9wwgdgbBHgool (sDm@GHol, BMLBMOOL) 0mbyGmo BMmMIYPOL FgdE39wMds.
BoGo690m0ds 9650 BM®mTs 3300939035 9b396s, MMI doMOoMO©I, 1o33W93
608M393do HMYMOE 39GH0MbgdOL slg3g 960mbgdols 3mbEIbEHMmE0gd0 B3-0l

dobg300m bmMIoEH0 BoMygddos. 0939, 3. mFobbg 130 5000 543V
59mbomdols sBMEHOL. L as@gdol, 3oeEowdols @s dogbordol dobgwozom bg-
B®3sGHomwo 35@gdol (35039 930DMmEIdL, 9©.MObg3Bg yzgws 93 sbod-
B0 0mbob B 3-056 99005690000 Loa®mAbMd do@gdsls 91339 LobBJdo@wemo bolio-
50 593L. 99§9096 299mI0bsMgMAL ©sli3ghs, ®md d. mMbHY30, d. mF0bmsb
39056900m, 5600OM3MYg6)Ms© MBROM 9GO O0BINMYdMEo dobsMgs.

153393 80bsgms bBgsdomro fyaob Lobxgddo ddodg ommboms (Fe, Mn,
Zn, Cu, Pb) 899339c>™d0L ©sLo@qbs Bo@EHo®90mw0 330093000 I80JLOMYdwME
0465 BMmP0gho ommbms 3mb3EIbEHM309d0L  dmmEbywo  33wowgdsbo
D9bm®sEome  36033690mdoms  2odmgzegbols  3Mmbom, o3 LyBMbYOMdSL



5939900905693 0s S 53539 OML dogr0sb 08305005, GoEABSE Br®TsE0-
M5 33039 omMmbms 30639639300 358396930900 bEOdOEIMEMSE do0sb
9306Mgs. 930@Md3 29dmbszoliols Lobom, FBMEM® MOMMX IO godmzmobos
®3060L 3m6396@®s300L 1 3y/-Bg MBOHM JYEO© osFoMDYOs 3. MMbgz0Lm-
30L Bogbmendo, bmeom 8.cmFobolomzol 4oBoxbeBy. sbg3g 366490l 3mb-
395GH®5300L 5-% 96 dMdo3H0s BI-Lsb Jgscgd0m, bMmEmE gOHmbgwn, Bog3-

bmwdo, sx0dLoGms 8.crmFobol Bgsdome Fysedo. ML Lbgs ML
090 bm®3ol BoMREgdd0 00YMaGOIMS.

- 153393 8000b5M93%Y BoGoMgdIro 306OmJodormo 3330l 89JRo© ©IWE)-
Bog 0gbs Fomo Bgodomeo fyaolb domrowmmgzsbo 990agbowmds: 3. mMbgzol
B95300wo fgowo Lodwmowm Farorm®o 85839690 gdol dobggom 809329m-
36905: 3000MHM3503MbBsG M (0,23 o/aw), bmerns@d«® (1,7 g/w), 35¢3Eowydosht (0,3
3/), 35360993056 (0,4 g/c) s 53mb0omdosh (1,4 /), bbBo dobgEsoBYdME
(2,3 /), b &G (pPH= 7,91), 303 Hgoeb (t=13,95 °C); bomerm d. erm3obols
B9053009o {gowo 30 Lodwswm Farom@mo sB30690wqdol dobgz00 d0g3290m-
36995: 3000MM335MdMbsE M (0,24 3/aw), 35030493056 (0,08 3/a), Bsabodosb (0,09
a/), 333656 (0,98 3/cm), L GG (PH=8,08), 303 fgyocb (t=14,9 °C).

. 153393 80batgms Losd3306393m 3390090090 59O BYOIS0MHVIO
Pgarolb Lobxgddo 3MEORMEOIMEO 359EH9IM0900L 890339 MdIBY BoBocmdreo
9036MI0MEMYO0MEMO0 2500331093000 s©P9B0E 0469, MM d@. wmFobol Hyswdo
WsgdGHmbBs s d0mo BboGmdOL J99(339 ™m0l BEOOZ 4oL MMgdIeo dmboi39-
3900 7-x 96 39305, beagom E-coli-b 05d¢9g0090000 ©s006dMgdobs 30 1,5-x96 s0g-
953905 02039 35839693900l dJobg300 3. MMHY30LBY oR0JLOMYdI Fg9-
390L. 09939, 58 b3Hers3M0 BboMGdOLsM30L bMMBsEH0MEIs© IYgboe Tsh39-
69093056 085(r07905d0 MmMH03g 1533193 IBIMYHY godmzegboo gl dmbsag-
3900, 0530l dBM03, 300093 RO oW S 3MGHIBEF0MSE LEBOGTsM. B3
1533093 M6039 80bsMgl HMYMEOF doJBHIOOMEMPOMMO ESOOBINMHYOOL WM Is-
@M 396M90L 0l dM0sHOYOL;

. 6039 15331930 IObIM0EIL LYBMbMOsE S0GOM BBZIOMEO IBsEg]gdols
Lobxgdbg M96EGHAI6MBLMMOGL39630M0 B39dEHOIXMOO SbsEOBOm oY bO-
@0 BGUIONO @B gggdoL gergdgbGIto 8g9339wmds, Mol bagdzger-
D93 399m3w9gboos Bmaogmmo ddodg crommbol (Fe, Mn, Zn, Cu, Pb) bemMdgos-
190d96ES300L 3MIM39L9d0m RBLIYOE EIBsWgJgddo dmbggrMols s dsmo of
©30M3900L LgHBMEMGo A9bsfogdmwo bslosmo, GMIgos odos3 333
630608 Md0bs6EHMOMBdOM 45FM0MBS. MO039 IE0bIMOL Fogowomby, Bogbmewols
LgbBMboLsM30L SJIM BLIGOMWO IBIEYJ9d0oL 608T9gddo, oM B30E9b-
dobs, yz9ws 8dodg wommbolsmzol @sxzodboMgdme odbs dsmo 3mbigbd®aiso-
M0 30360 J5d08M900, M3 BOgIMIOM® J9B30MMDYdIMWO Mbs 0ymb, gHmo



10.

dbc03, 59 omMmbms dmd6Mmsz0 BmEMIGdOL dE0bsMOl BLZgMOL JodsOHMMEgdom
dogM5300ls @S 1YTIB6FHIEOMMO sgd3oL LgHBMbMMo Asdwogmgdom @
dgmegl IbM03, BLIGOME bswgdms LMBLEHMOGOL doge 8dodg Wommbms
90356 g59m3egboeo SELMMBE30O J;MsbmMJdol MBM® dg@o Mbsmoo;
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Abstract

In modern urboecology it is believed that aquatic ecosystems play an important
role in the formation of the architectural structure and urban appearance of large cities.
From this point of view, the importance of the small rivers, which are vital components
of the tributary systems of the main river arteries, is especially immeasurable. The
condition of the valleys and river beds of such type of small tributaries determines not
only the general water quality for the main catchment, but also makes visible the
existence of many closely related urban economic, ecological, social, psychological,
health care, recreational and other problematic issues, depending on the functioning of
the city waterworks. The timely resolution of the mentioned issues is necessary to meet
the ever-increasing daily needs of the residents of big cities and to ensure a healthy life.

It should also be noted here that in the modern situation, small rivers within the
territorial-administrative borders of large urban settlements have turned into such
anthropogenic-natural ecosystems, which are perceived as objects carrying powerful
technogenic loads. At the same time, they experience negative anthropogenic impact
both from the native population of the city, as well as from the industrial and economic
facilities, whose harmful and entrepreneurial activities completely change the
appearance, function and purpose of the original natural existence of these aquaria.
Currently, valleys, beds and floodplains of small rivers have in many cases turned into
natural landfills, where various types of household, construction or industrial wastes
have been placed in an uncontrolled manner. Due to the city's urbanization interests,
these small rivers are enclosed in closed pipelines and tunnels, which is why they have
turned into sewer collectors and transporters of highly polluted wastewater. The
mentioned problem is aggravated by the fact that these small rivers, due to the location
of their sources, pose a threat to the city's infrastructure and population due to constant
seasonal floods, since natural disasters are expected in the background of the developed
floods.

Based on the above, the scientific topic of the presented dissertation is very
relevant, which refers to the 15 small tributary of The river Mtkvari within the
administrative framework of the city of Tbilisi, which are perceived as inseparable
components of the single tributary network of the mother river of Georgia.

As a result of the accumulation and analysis of the hydrographic and ecological
content information found in the scientific literature and found through Internet
resources, two rivers - Lochini and Orkhevi - were selected as research objects. The
choice is mainly due to two arguments. One is that, unlike others, the valleys and beds
of these small rivers are under a rather strong anthropogenic influence in the territorial
area surrounded by the industrial zone represented by civilian settlements and
production facilities located adjacent to each other. Second, these river objects are
distinguished from other small tributaries of The river Mtkvari by the presence of
constant runoff, which provided the opportunity for systematic seasonal monitoring of



both rivers throughout the calendar year.

The aim of the presented work was to carry out a complex eco chemical study in
order to study the anthropogenic impact on two pre-selected observation sites. This is
especially true of The river Orkhevi, which until now, in a way, was thought of as a
river forgotten by everyone. That is why any useful scientific activity carried out in
relation to it should be perceived as an unconditional innovation not only in the
Georgian scientific circle, but also in the civil society.

In order to fulfill the set goals and objectives, ten field expeditions were conducted
in 2021-2022, during which the physical-geographical location of the study area was
initially studied, observation points (intersections) were cartographically determined
and marked, from which surface water, bottom sediments and Soil samples. Their field
collection, preservation, labeling, storage and subsequent transportation to the
stationary laboratory were carried out in accordance with ISO standard methods.

For the surface waters of the research rivers, the physical chemical characteristics
were measured in field conditions with a portable device, and in the laboratory
environment, chemical, physical chemical and microbiological analyzes of the samples
were carried out using modern scientific equipment. Hydro chemical research of pH,
electrical conductivity, dissolved oxygen, mineralization, content of basic ions, forms
containing biogenic elements, concentration of heavy metals in the analytical samples
generally established that The river Orkhevi has much higher pollution rates compared
to The river Lochini. This is especially evident when systematically recording increased
contents of mineralization, sulfates, LBm5 and ammonium nitrogen in their samples, as
well as in relation to the same normatively determined indicators of concentration
multiplication. As for the content of heavy metals in the surface waters of both rivers,
the concentration changes are subject to seasonality, although very rarely, an excess of
iron and manganese compared to the normative values is still observed. In the same
samples of bottom sediments, in relation to other metals, the content of iron is
dominant.

The microbiological research conducted on the surface water samples taken from
the research facilities shows that the coliform bacteria content of The river Lochini is
much higher than that of The river Orkhevi. However, on the other hand, the
indicators of both rivers, according to the same characteristic, are much higher than the
norm. This indicates a potential threat to the waters of both researched rivers, so they
can be considered as local centers of bacteriological pollution.

Conducting studies with different physical chemical methods of analysis on
bottom sediment samples taken seasonally from both research rivers had different goals.
X-ray fluorescence spectral analysis determined the elemental content of the bottom
sediments, on the basis of which the character of some heavy metals (Fe, Mn, Zn, Cu)
getting into the bottom sediments through sorption-sedimentation processes and the
seasonal redistribution of their accumulation was revealed, which was again
characterized by the dominance of iron. Infrared spectrometry research on bottom



sediment samples was devoted to the detection of organic substances in these samples,
in addition to the mineral component, however, on the infrared spectra taken for both
rivers, organic matter was recorded only in the form of insignificant traces, which
confirmed the assumption about the removal of light organic fractions from the bottom
by the river water flow. By carrying out X-ray phase analysis, the composition of the
crystal phases of their substrate was specified in the bottom sediment samples, which
were mainly represented by clay minerals containing aluminosilicates on the
diffractograms.

Using the method of correlational statistical analysis, the paper revealed close and
high quality, both positive and negative correlations between the concentrations of
individual main ions and hydro chemical variable parameters in the surface waters of
the research rivers, and also between the correlation pairs of a number of heavy metals
in the bottom sediments. The anthropogenic pollution of The river Orkhevi, much
more than The river Lochini, was once again confirmed through the dot scatter
diagrams constructed according to the correlation matrix tables.

In order to assess the degree of pollution of the research rivers and, therefore, to
give them the appropriate classification, the average annual pollution indices of their
surface waters were calculated through selected hydro chemical indicators. Based on
the calculations, the water of The river Orkhevi was assigned the conditionally "slightly
polluted" category, and the water of The river Lochini was conditionally "clean", which
is very close to "slightly polluted" according to the qualitative criteria.

In addition, the bottom accumulation coefficient, considered as an additional
qualitative indicator of pollution, was calculated separately for the research objects,
according to which it was determined that none of the research rivers belong to the
center of chronic pollution with heavy metals.

Numerical modeling of the kinetic process of time sedimentation of heavy metal
- iron, distinguished by its dominance in the bottom sediments of The river Orkhevi,
was performed using the mathematical modeling method, and vertical turbulent
diffusion and gravitational sedimentation rates were identified as the driving forces of
the said process.

The sharing of modern advanced European experience in the issue of fragmented
revitalization of small rivers, initially discussed in the literature review part of the
paper, found a practical reflection in the case of The river Aliskhevi, one of the small
tributaries of The river Lochini, which is known and distinguished for its floods caused
by its frequent seasonal floods. It was for this river and its bed that the anti-flood
mitigating measure was developed, which was presented by the proposal of a three tier
flood control hydro technical structure and the proper mathematical calculation
required for its construction. The practical importance of the presented thesis is made
valuable by the fact that the National Environmental Agency of Georgia managed to
include The river Orkhevi in its long-term monitoring research program on water
resources throughout Georgia only from 2021, which is directly the merit of this work.



