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HANNA Instruments Turbidimeter 95dmyggbgdom. 9dodg omn™mbydl
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d9OMEO. 093%H9ddo 390 3bolfyrols 3Mb396@M 53090~
3MMAH039GHM0 39MEOm, b 3530l - 5E™MIEM-50LMmEOdE0Io
d9OMEOmM. AHMEGHIWMO0 33MEmMmxMmM3gool, Enterococcus faecalis s E.coli
290LoBOZ3OOLOMZ0L  45dMmYgbgdme  0dbs  89ddMIBMO  BOEEHMS300L

d9oOMQO.
BosbseroBm Lobyxgddo 2563LoBM3zMg» Lobo@otrmen-
9030MO0MEMyoMo  3sB39690gd0 - GHMGHIWMMO  3MEonmMIgdo,
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3000MH™Jod0mMH0 s BOB03MM-Jodo©mo 35M5993HMgd0 (Lvmbo, Lodw3z®m0gY,
pH, 99d3®Mmas8@sMmMds, 399396003 6s, (ysedo goblbogro  5sbydso0,
51005,); doMomso 0ombgdo (HCOs-, Cl-, Ca?, Mg, Na*, K*, SO4?-), d0mgqgbméo
gwgdb@gdo - (NO,, NOs, NH,", PO,>), 83089 wommbol 9993390 mds
90b6569900L (ysedo (Fe, Cu, Zn, Pb, Hg, Cd) s g3L396me bogrgdqgddo (Ni
Cu, Zn, As, Cr, Fe, Mn,).
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d0MEMYOMH0 M30m5Hd9bOL Ly30MHYOdO MGTEY 96 SOl Lomsbsm
dglfogoo @s  JgxsLgdImo.  LodMghzgwrm-93mbmadogmo DO
29MYMBOMO©O  S0LObgds  figeol  93mbolEd9dbg  (mbosbo, %  2000)
90065699080 2505393900 006 MMgdoL F98mnbgg3580, 93mLOLEYIS
3900905 LYOOMDBMEHEO IHBOIBEIL 96 o osbs JobsAMMHIL. ©od
09000b393580, vy ©35d0bdMMgdgo  b0ogm0gMHgdgdol  3mb3abE®oEos
509953905 B3O oLsdg9gdL, TglodwgdgEros, ©OJ390mEIL Hyerol
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93MbolEGH935d0  dOEEBLOL  OP3933L,  9GIMEMYPOMOHO @S M93MYIGOIO
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60l HMboLFMOMBIL. Logmazzssbmz®mgdm bobdotmo igyargdo 30 0fj39396 oo

039396 OFMFYoobgdol.  BHmJLozmo  bogzm0gMgdgdol  dMblzgOEOL
09009290, d9Lodegdgos dmbEgll 0bEH0MBIMbol TslimdMoz0 dmfsdzws,
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MoloE 339000 X93F30L 8933900 dM3Y390s Lbgs 3m3Ebowo MmMmysboBIgools
dmfodgwsi bernuenxko, 10.11.1986).

d0bsMg FmMHmbo

do0bsmg  FmMmbo, ®mdgog FoMmdmoygbl Ts30 bBE3zolL  sBols
M©oEJl  dobotgl, Lsmoggl  0@gdl  MmdML-0soo®ol  dmgddo. ol
3090bgds e Jgobs @  Lodomgzgermdo.  FmGOmbo  doM0MSI©
3090006905 39d@™bozM® bgmdsdo WsHoLEGHBoLs s FmMmbol Jggdl
dmO0U. 853 D35l 9OHM30L Jorsd dommdols LsdbGmgmom. dobstg FmMobols

130H0316M-Jodome s 3oMHmdodommo 33wg30L 999900 IM390ver0s
gbModo Nel

gbMogo Nel
306569 FmMmbol {iyerol gobozm®m-Jodommo 356539EHM9d0
d0bsmg Fmembo
2019 §gero 2020 figero 2021 figero
©3Lsbgmgds C% c@ cg cg c@ c’g cg Qg cg
£ | 2 g | 2 | 2 g |5 | 2 &
© €© © €© © €©

®839600mes, °C | 147 | 213 [ 204 | 162 | 234 | 209 135 | 237 20.2
1960, doegdO 1.0 1.0 15 1.2 1.3 1.37 1.1 2.0 20
bodmgGogg, FTU | 615 | 545 [ 815 | 64 7.2 5.5 6.4 42 5.8
pH 785 | 750 |80s |82 [815 |80 805 | 820 | 825
aobbBowo 630500 | 855 [ 852 | 1005 | 9.2 8.0 10.0 10.2 9.6 11.2
435, g/ 560 | 625 |e638 |420 [516 |56 530 | 588 | 624
.58 2284 | 1867 | 2145 | 2686 | 2279 | 1958 | 1905 | 1788 | 2209
5BmEOL Bo@®o@o 001 | 009 | o1t | 011 | o008 | 0o0ss | 0122 | 0137 | o0.114
5mE0b Bo@®a®o 544 | 670 | 821 | 522 | 722 | 828 | 777 | 812 | 6.0
58060780l 0mBo 052 | 065 | 072 | 040 | 068 | 064 | 048 | 062 | o058
BeObgs®O 022 | 034 | 033 | 035 | 055 | 045 | 040 | 033 | o0.38
LIRS0 305 | 335 | 349 | 218 | 247 | 186 | 194 | 208 | 225

Jm6o@o 120 | 94 | 136 | 79 8.9 8.4 8.9 7.9 8.1
306m30dmbsio | 1016 | 825 | 1674 | 998 | 798 | 806 | 1008 | 1055 | 11038
350030 149 | 106 | 113 | 203 | 173 | 182 | 174 | 157 16.8
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Boc®)®0wmdo 5.5 6.7 8.7 45 5.1 7.2 8.0 7.8 6.6

350 E080 17.2 188 | 160 15.2 168 | 175 11.8 14.4 16.4
35360980 95 8.2 10.2 6.9 7.9 8.8 8.9 8.1 7.7
80B6gGoE0BE0 2008 | 2226 | 3795 | 2108 | 1808 | 2806 | 2055 | 2155 | 2202

306569 FMOMboL 9ol sHsLosMIOL FgoMgdom 30609 LodwzMogzy,
2oblboEO 5563050l MoMm©gbmds Femgdol gobdsgermdsdo dgmygmals 8.0
33/ - 0sb 11.2 3p/cw 8y, bmerm 5335-0l 36033bgemdgdo — 4.20 T/ -
6,38 93/ ©0535HMb30s. 556305000 doMmEMAO0MMo FmbdoMgdols y39wsby
domoo 3583969090 ogz3odbo®mqs 2019 erol 89dmamdst. 8. Fmemmbbg
3900Rbgms  fiyerols dobgemsroBsgool dodmg dsdgds, bmerm dobstol
095080 58mbomdol 899(3390Mds3 BMA0gMo d9dmbzg35d0 gogssFoMds B 3-
b 3600369@mdL. 390dme, 2019-2020 ferol Bosgbmeobs s dgdmoymdol
39600m©do domo  3mbi396@GHMo30900 (igoedo  509dsBgdm©s DBE3-L, Mo
905608690L 03sL, ™I ImEgdM 39M0m©do 3. FmMmbo 03ymzgdmE
9303909000 d0bIMM9GdOL 3GM3EgLJo.

d0bstg  FmMmbol figoewdo 8dodg  wommbgdols 899339 MdOL
dmbo@m®obaol d99gaqd0 HoMmdmagbowos 3bMowqgddo Ne2. dombgsgzs©
0dobs, ®m3d dobotg FmOmbol (yserdo wommbydols 999;339cMds, Fergdol
2963530 ™d5d0, LIHBMbYdOL dobgz0m, FgMYgmdL LblsILb3s O0s35PMbJo,
35000  MomEgbmds  b3-bL 3600369 MBIBPBg 893  IOSES. U
259m{)3905 30bsmol ywrol dspseo pH-ob 3603369wmdgdom, HMIol
QOOMLY3 @0mMmbgdols MdgEgumds 30OMEOHEIYO06 s Fgbsdsdolo,
9093560093056 bgOdbBHJOOLL3gh. Mo3 Tggbgds Hg o Cd, dsoo
3633960530900  Logdom@  3oMmgs  dobstol  fyserdo. 33930l
390092900056 250m3E0bse9, d0bseg FmMmboL ysgro ddodg wwommbgdom
©500b63MM90)o 56 5©IMBRBEs. 83039 omMMbgdoL 399339WMds BB3GEHME
Boegdgddo dm399emols bGodo Ne3.
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3bMoo N2
ddodg grom™bgdol 899:33gemds dobstg Fmmobols igserdo

9006569 FmmHmbo

& 2019 §gemo 2020 fgemo 2021 fgemo
£ S S b3
S| ¢ c S £/ ¢ Q £/ ¢ Q
2l ¥ & |% & £/ % 2 g % /e
21 9 §) & = §) & = §) &
& & 2 & 2 g & 2

2 | ® & 8 g S 8 8 &

2 | ® © 2 £ & 2 £ sS°

Fe 0.1725 | 0.263 0.2807 0.2201 0.2403 0.2288 0.1845 0.1744 0.1922 0.3

Cu 0.0028 | 0.002 0.0024 0.0030 0.0031 0.0037 0.0052 0.0047 0.0055 1.0

Zn 0.0011 | 0.001 0.0018 0.0116 0.0214 0.0114 0.0154 0.0128 0.0130 1.0

Pb 0.0028 | 0.003 0.0036 0.0025 0.0015 0.0025 0.0042 0.0031 0.0036 0.03

Hg [ o0.0001 | _ 0.00012 | _ 0.00025 | 0.00037 | 0.00011 | 0.00011 | 0.0001 [ 0.0005
cd | _ 0.0009 | 0.00013 | _ 0.00072 | _ 0.00034 | 0.00030 | - 0.001
3bMoo Ne3
ddodg ¢ommbgdols 399339 ™ds dobstg FmMobol glizgemen
6s¢ngdgddo
Lobyxob 80bsty FmMmbo
50900l O™ 2019 fgero 2020 Hgero

Ni Cu Zn As Cr Fe | Mn | Ni Cu Zn As Cr Fe | Mn

39Bogbmeo 33 84 | 199 | 80 | 100 | 47 | 1.0 | 504|623 | 64.7 | 155 | 38.8 ] 19.6 | 1.10

Dogbmo 44 | 146 | 382 | 11.4| 112 | 61.3 | 1.11 | 585|688 | 70 | 1.85 ] 40.0 | 22.4 | 1.12

d90mepmds 5841995 | 218 | 148 ] 108 | 51.4 1098 | 52.8 | 66.4 | 71 |1.74]|37.821.1 | 1.22

L5 Herols QobdogeMds30 BoEoMgdmeo dmbodMmMmobyol 89ga)d0sb
Bobl, Mm3 dobseg  FmOmbols  d03OMdOMEMYOMMO  B0BIMMGIOL
Y39 oDy domoo 3583969890 sgodbodmes 2021 gl (gbMowo No4). dsy:
boggbmerdo - AMAHOMMO  Jmogm®mdgdo - 8210, ®939¢Mo
LBEAH®I3GHM3M300L - 608.8, E-coli-ol 3mbi396@M5(3050 290005Fo6ds ©oL5d39d
D350 o dosmfos 7225 gbmgmo/w fyserdo. Salmonella - 563 gbo
Lobx 8o 56 50FMRb.
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3bMoo N4
0006569 FmMH@bol {fyerol 3o3MmdomEmmaom®o 65¢roBol dgwgagdo

3000650y Fmmmbo
2019 fgemo 2020 fgemo 2021 §gewo
3956LsbOgGYmo
& le 8| & | la|&| ¢ |2
30360mmMHy560bIgd0 9 &/ 5 9 &/ 5 9 &/ 5
D §J =) D §J O D §J QO
sl 2 |24 |2 |28 27 |2
o) © © o o) ©
AMGHIWOHO
4850 | 5250 | 6800 | 5720 | 5240 | 6240 | 7890 | 8210 | 7990
3MWoxnm®HIYd0
E-coli 3958 | 4750 | 5750 | 4800 | 5100 | 5800 | 5486 | 5889 7225
B IO0
360 340 420 496 525 625 | 505.8 | 608.8 [ 568.5
LEAHMI3BHMIMIIO0
Salmonella 56 500mRbs o 5©IMRbo 56 50dmAbs

doEgdo  303OMOOMEMYPOM0 890 gaJO0sb  25dmIobsMy,
09930005 535833600, MMmd 2021 (gl dobotg Fme@bBHg d9obodbgds
S6MHM3MY9660 0063 MH9d0L godE0gMgds s MBsGHJOMEPO B3SO0
33739056905, o3 39H09bog0 Lo39bs0Bogom ywgdols 3oMHs3od
30bs6m9d0 B58390007 560l 4ob30MMOYdMWO.

8g0bsmg sFo@mobfigsero
d0bsMg 5Fom0oLfYowo, FoMmdmoagbl FmMmbol dsrx39bs F9bs3oU.
dobo LBs™9395 9MLOSBOL Jgob OLIZWGD FIMOMOBY B30l ™boEIB

5bEMgd00m 2375 8 LOAsMEgHY. IOobsMmOl 30EMHMLOLEHGTS LYBHOMBMEO
296306MdgdM0s 400-09353530560

33930l Bog9b0y, (O]
dobsty

30006MMg9dGHOMHMm—LoyMMgdol  3oL350L 389690 MBILMD.
SFotobiyerols  2019-2021  ferol  goBoz®-Jodomemo  35B3969d¢0gdol

390092900 dmyz560¢005 3bGOIo No5.
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3bMoo N5
00006569 5F35Mm0LfYeol doM005©0 Bobo3MM-JodomMo 356539EM9d0

2019 §gero 2020 §oero 2021 oo
c » c A ¢ 2
2 | € S > | ¢ 3 2 | ® S
$9039G5@@o, t°C 15.4 22.2 21.0 14.0 2255 20.1 14.8 22.6 20.7
b9bo, doengdo 15 20 3.2 1.2 2.6 2.7 1.8 22 2.8
Lbodwg®mogy, FTU 5.88 6.82 7.25 14.5 16.5 17.2 8.8 5.6 6.2
pH 8.0 7.75 7.95 8.10 8.05 7.95 8.10 8.05 7.95
asblboo gobadso. | 8.34 782 | 11.05 9.2 8.7 9.7 85 75 9.6
51005, 9/ 3.24 3.15 4.88 4.25 5.25 5.50 4.15 4.2 3.85
.25 MM, 204.2 186.4 314.1 100.4 120.2 107.4 112.5 88.8 99.9
sBm@ob boBMo@o 0.002 0.003 0.002 0.018 0.038 0.044 0.032 0.038 0.035
sBm@GoL bo@ms@o 2.88 3.86 3.77 5.65 8.65 10.55 498 52 3.80
s0mbowmdo 0.34 0.36 0.27 0.39 0.50 0.40 0.27 0.38 0.30
3bGBIGO 0.18 0.24 0.22 0.17 0.28 0.26 0.42 0.33 0.26
BoEGSGHO 15.3 15.8 178 | 185 16.5 145 17.8 17.0 18.4
JemtHoEo 6.6 6.4 5.4 6.0 65 6.8 49 6.6 5.6
30MHM™3>MHdMbsGHO 78.7 82.4 87.4 78.3 88.4 85.6 77.4 86.5 90.5
350070, dy/ew 6.4 7.8 9.0 6.2 7.4 9.4 8.8 8.0 9.9
Bo@60)d0, By/eo 8.2 8.8 10.2 9.0 9.4 11.2 11.4 10.5 10.6
3on30gdo, 9/ 16.6 15.4 15.8 20.8 16.8 15.8 14.8 16.6 16.8
853602980, B/ 6.8 7.0 6.9 75 7.2 7.7 65 6.0 6.8
dobgtowobsios 108.7 122.6 179.5 95.8 104.8 110.8 116.6 133.3 128.8

d0bsMg  5FoM0LHYoEl  sbsllosmgdl d3oMg Lod3Mo3zg, goblbowo
5396905000L Mm@ gbmds Fergdol gob3sgemdsdo dgMyqgmdl 7.5dy/w- 0@sb
11.05 3p/c» 39, bmem 503s5-0l 360d3b9wmdgdo — 3.15 3/ - 5.50 /e
©0535HMbdo. dobsmol ywols dobgMogoBogos odswos, bmenm dolo
«360036gcrm  Fs3gds  89060dbgds 2019 (ool Bosgbmer-dgdmoamadol
39600m©do, LOMWosE  39bmbBMIogMo©, @odswo  FobgMowoBsozos
0535300609005 {ywwol  boGxol  ImEmemdol  FoBgdolomsb s
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d9Lodsdolo, 98 3gMmomedo  FoEswos  fywol LodmzMogzgs. dobsdy
5Fo60oLyerols 89@&0365609090 6030009090930l 8993390 ™Mds s LOTM3E039
09365 393409, 30069 d0bsMg FMMmbol 89950ygbermdsdo.

o3 9995905 8dodg ommbgdol 99339 mdsls fyoels s gLggMen
Boegdqgddo, MHmam® 3 3b. Ne6,7 Bobl, (yserdo, doMoms@o d96mggmols B3-b
3oMagddo. dbmermo  ®3060L  9993390Mds 909393 gds  BOZOHMESE
©oL5I300  3Mb(396EHMoEosl 2019 ool  bogbmeols  (0.46  dy/ew) o
099mamdsbyg (0.583p/c0), bmegrm 45Bsxbmwdo (0.29 p/e) mobarmgzggds
b3L.

1LY boergdgddo 30 83089 ooMbgdols 39d339wmds 2020 Foermob
9900909300 2019 9l Mxzd@ Fopseos. 353)gdol GH9bwgbios 9906036905
2019 Geoobls 20Bosgbmeno-890meymdol 3gMomedo. dsy: Ni dgtyqgmdl 44 3y/39
- 53 9y/33. Cu - 48 39y/33 - 60 3p/3y. Cr 9993390mds 25Box8bMwby
©s30JboMs 80,6 3p/ 3y, d9dm@amdoom 30 105,6 Tp/3g doswfjos.

3bMoo Ne6
8dodg erommbgdols 999339 mds 80bstg 5Fsobfigsgrdo
d0bstmyg sFsMolfigoero
é 2019 fgemo 2020 fgemo 2021 ffgemo
£ w3
gl & o 2 & c 5 & c € ay/
21 8 £ % & £/ ) & £/ % i
gl £ X & 2 £ & £ 3 &
2 2 & ) o & 2 2 &
£ 2 ) &L A =) & 2 S
2 |[# |= 2 | & & % & ©
Fe [0.29 046 [058 |0.07 0.16 0.1 0.21 0.30 0.24 0.3
Cu [0.0014 | 0.0019 [ 0.0020 [ 0.0042 | 0.0052 | 0.0082 | 0.0085 | 0.0078 | 0.0050 1.0
zn (00010 [ 0.0012 [ 0.0014 [ 0.0060 | 0.0044 [ 0.0048 | 0.0064 [ 0.0074 | 0.0082 1.0
Pb  [0.0088 | 0.0078 | 0.0070 | 0.0055 | 0.0070 | 0.0076 | 0.0073 | 0.0068 | 0.0064 0.03
Hg [0.00010 | 0.0009 | - - 0.00011 | 0.00010 | _ 0.0008 | 0.0008 0.0005
cd | 0.00085 | 0.0009 | - 0.00010 | 0.00010 | _ 0.00018 | 0.00014 | 0.001
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3bMoo Ne7
83039 om™bgdol 899:339emds 3obstyg sFsMmolymols gligzgewe

Bogmgdgddo
d0bstyg sFsMolfigseo

bobxob segdol 2019 fgewo 2020 fgevo
O™

Ni Cu Zn As Cr Fe Mn Ni Cu Zn As Cr Fe Mn

239Bsx3b o 44 48 | 87 2.7 80.6 | 4591059 ]16.6] 13 32 | 64 |598]175]| 057

bogbmeo 48 58 | 105 | 3.4 | 945 | 610|095 |17.1| 16 | 40.6| 7.7 | 61.4]29.7 | 0.78

990 mds 53 60 | 985 58 | 1056 | 50.2|0.84]|225| 14 | 404 | 7.0 |70.0 | 32.0] 0.69

3bMoo Ne§
8000bs6g 5FsMmobfigerols fyarol 8030MmdoMmEmyao®mo sb6seroBol dggagdo
9000bsmg sF5m0oLfgsewo
2019 Hgo 2020 Hgeo 2021 Hgeo
396LsBEzGYmo - . .
gy | § | 8 J, g | 8 J, 3 2
3036mm®3560%99d0 ) £/ o 4 &/ g ) & g
S 12| &| % |2 |& |5 |2 &
2 %’J g 2 8 g 2 %’J g
2|2 |8 % |2 |8|%]|7 |8

HOGONGO Jamonmtdgdo | 7120 | 8020 | 8840 [ 4986 | 5300 [ 5100 | 5280 | 5890 | 6910

E-coli 5050 | 6840 | 6245 | 5000 6055 | 5850 | 4885 4880 5220

19350MM0 bGHMI3GHMIMIJO0 548 640 730 440 490 499 | 395.8 | 408.0 468.1

Salmonella o6 50dMAbo o6 50IMRbo o6 50dmAbo

dobstg  oFocolfiyerols  2019.2020.2021 ool Lsbo@otrmam-
3036MMO0MEMY0IOH0  5bsoBgdol  F9w9a900©b oMo  RsbL,  MmI
30b5m0lL  J03MMOOMEMAO0MMHO  ©Id0bdMMmqdol  3sB3969d¢gdo  3600369-
M350 3300 gdsls 56 960300, FBHMEIMOO 3moxzMm®IgdoL (8840) o
39390M0  BEAMYI3GHMIM3OoL  (730)  g39wsbg  Bomowo  Fsbgz9bgdgwo
©530JboMs 2019 ool 90mymdols Lydmbbg. E-coli -ob 3o bogbomerdo
(6840). Salmonella s geo Lobxdo 56O 5IMRbs. doEgdmo T9gagd0
30®»0mgOL 3E0bsOOL SbMOIM3MYEMHO IEHZOMMZ0L gogergbolis s dob
909356 ©9FMFY0969085Dg. Jombgezs@ 530Ly, Fgodergds 00g39l, MmI
d0bsmgdo 80d0bstrg M30ms(dgbol  3OHMm3gLgdoL go3gbom, dolLo
93MMY0IOHO0 IEYMTIMGMBS 5953854MBOGOGI0S.
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d0bstmg 3rdobfigsemo
d0bsmg  3mdolfiyoero, G®Iol LogMdg @osbemgdom 5,4 38-09,

9m90bgds  9F9M5-2mMool  dmosbo  LoLEJosb. Bobstg Tog  BO3LL
MO0 05Ol Bog3mMdYs5T53MT3909o  JoMbbol  BHgmo@m®mool
2oL03603 bgem3zbMmo dmymdowro dg@Mmbols sGbom.

d.  3MdobLfiyseroll  gzobozmMm-Jodomdm s  30OMmdodomco
565er0Hgdol 99900  BsBL, M3 B3z96L  FogH  LEObWIME M
29bLOBEZOMo  3A3MbYbE OOl  3MBEIBGHGSE30gd0 bMm®AoL  BsGmAWgddo
04®. LIHBMBbMS 330 OIL gobOEOPS S 05EHIOS OMmaMm®3E NO2 s
NOs-, sbggg NHe", G@Ierols 899(339c0™d5d 2020 Hgerl 1,8 %96 390005 F56d0
D3-U. gU fgerols 539350 d0BIMMgdoL JoB39b9d90s.

d0botg  3mdsLfysewdo 8dodg  ommbgdol  gobloBMzmOL  MMU,
50060365 Ibmerm ©3060L ImdsEHgdweo 9993390900 (oBosgbrero - 0,3
/a0, Bogbmwo - 0.44 I/, 990mymds - 0,558/) ©obsmBgbo ddodg
wom™Mbgdo 30 ©IxR0JLOMES DBPZOIMEOE  EILEIZ3900  3MmBiEgbE MGl
096 9030. BLIIOE bsergdqgddo 3dodg omMbgdols 333900 Bo@gds SO
3906003b905.

9d0360MO0MEMY0IM0 5650DoL 90939000 45dMmA0bsMY, dobotyg
300LfHgoeo 2020-2021 Hergddo bolosmgds do30MdMeo ©sd0bdmMgdoom,
o3 050 §935M ©d0bIMMGOIBg FomomgdL. doy: 2020 Faerl E-coli-ob
39933903900 d96MggmdlL 5186 sb 6885 dg. 2021 gl ob Igehygmdl - 6887
— 7236 - oL ®sOywgddo. M53 G99bgds  BHMEGHIWMOO  3MoRMOHTGOOL
50m©gbMdSL  Yy3z9eoBg domowo 899339mds  sxgoduotMos 2021 Fgwb
(9914). Salmonella - 563 960 Lobxdo 56 503MBbEs. dobgosgzs sdobs,
d0bs6m9 9300930MEMY0IMSE MBITFOMBMY.

9g0bsmg Bogzolfigseo

d0bsmg Bodzolfiyseo, G@Aols LoaMdg 25,2 30-05, Lsmoggl 0wgdL
dgbbgmols ool BOOWM-slisgwgm 395¢0™M0EIH, 3090bgds Jmdmwmgmob
dMboEodseodg@do s Bogobgds 853 Bwgsdo. dobstg Bsdzolfysero
A030v)MH0 Aol dobs®mgl  HomIMoagbl. dobsdg LGSz ©objdoom
bsllos0@gds

B39bl d0gM, d0bstg Bsd30LHY0sb smgdmen LssbsgroBm Lobyxgddo

530D0396M-JodomMo s 300OMJ0do©mo  9BsEroBoll F99gag00sb BB,
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™3 2019-2021 {ergdol qoBogbmen - 899mamdol 3gHom@do, dobs®gdo
d0b9M5e0Bs300lL 83390060 330 gdsls  sEaowo 56 3Jmbos.  #0Ts5-0ob
3Mb3396@¢M5305 300bsG0L gyodo mMobermzqds HB3-U 3609369 Mdsls o
51939 030MgE 0BOPIds  JgIMmEYMIol JgMomedo. FoHo3MM-Jodoemo
958396900900l dobg3z0m, 89330005 3004350, MM 393 39M0Mm©UTo
56 3Jmbos 50000 LYOHOMDB SbOOM3MYIEME 30BN O OO
M5m9bMO00 ©3500bdMMgdgo 6030009M9gdgd0lL Bsd3905L  dobotgdo.
Go3 99990l 5dmbomdols 0mbol 8993339 mdsls 8. Bogzobyserdo, dolLo
3633966530900 353 dI0 0YM S R3S FoMdS B3-U 3603690 MdIBL
2019 oo 2021 §engddo.

33930l 8900939006  25dmAobstrg, 8. bBogdzolhyserdo Bdodg
wommbgdobl (Fe, Cu, Zn, Pb, Hg, Cd) 999339c>md0ol dmbs399900 Dpgtrmems
535390  3mb(39630305BY ©@dswos. Mg B3gbo sSHBOOm, Q5dMmf 390
Dyool dspowo pH - om. 8dodg @oommbgdo 30OHMEoBOIds  ©O
LMOBOMGds  H03B035  boBobby.  M3obol  3mb3EgbBH®s305d B3
358396909 83009, Boa®sd 35063 29s5Fo6mds 2019 ierols d90m@amdsby.
o3 899H90s 3. Bogd30L{Hgowol BLIGOHEO bsergdgdol Jodomemo sbsEroBol
09009290, dolo  GLIIOMo  Boergdgdol  FgdogberMds  BmYogOHMO
wommboll 999333900 MdLMsb  Jodomrmngdsdo,  dbodzbgrmzbs oG
256Ub35300905 EBIMBYHO BEObsMYJdOL T9gaq00Lob.

d0bsMg BJd30LHYwol F03OMBIOMEWMAOMMO 5BsoBol Tgwgagdols
dobg3z0m, 09230000  ©o35L3360m,  G®A  dobo  Lsbo@sGrmen-
9300900 dEAMTMJMS ©595385YMBOWGDOI0S S )39gPJLO BLYYMSMO
03399905, 30069 bgdoldogmo Ubgs dobstols dgdmbggzsdo, 09gbs
599bso3 98 99dmbgzgzsdo dobos®ol (yserdo E-coli-ol Momgbmds
dbmwmE  ghobger  doobermzs  bmMAsEHoz0lb  DBE3zsdL 3 ergdol
3963530 mdsd0.

80006569 dsEbbs

©5L53wg» L5939 ML BEObIMY - dsGEbIbs, BMIol bog®mdg 8,2 30-
05 93069 90bsm9gdl 809390036905, 00 53 BEO35L gOmMz0L doormdol
LOTLOYPO®, M5BOOL LGOS0, BogLOAMMMSD sberMmb. fergdos dolio
Q30063905 bgds  do0mdol  Bs®Ts3MmJodo)mo  JoObbol  doge o
6530003 9mH0bseroll o bs30MOYs358 3539090 Jobbol bomBgbgdoo.
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51939 bgds ©OEO  ®oMmEIbmdom  Bo3sbseoBsgom  Fywgdobs o
LOgMBSH3bM3MGOM BoMBgbgd0m WIdOBIMMGDS.

2019-2021 §ewgddo 0. dstmbobsBg RosBoMgdmwo  93mdodomMo
dmbo@mMobyols 9993900, Homdmoagbogros bMowdo N9

3bMoo N9
. d3MEbobsl doMomoo  BoBozMM-Jodonmo s 3oMmdodommo
396589 M9gdo

9065ty d3GEbs6S
2019 fgero 2020 figero 2021 Goero
©3Lsbgmgds C% cg c’g C% cg c’é cg c@ cfg
s l2l g |22 ]l2 % |2 |¢%
2 E & 2 E & 4 e &
2 £ & 2 £ & 2 £ &
9339God o, 1°C 168 | 246 22.7 17.0 248 | 208 | 170 | 248 21.0
960, Bo9dO 1.0 1.5 1.5 3.0 40 4.08 43 3.8 3.2
bodw3G0gg, FTU 124 | 2045 | 2415 45 5.5 544 | 355 | 265 2.86
pH 8.20 8.10 7.89 8.18 8.15 7.95 7.98 8.2 8.2
aoblBoeo 5obadsc0. | 8.15 | 9.80 7.45 9.4 9.7 9.2 8.9 9.68 9,2
51005, 7.75 7.95 7.22 7.92 7.72 5.70 5.37 7.86 5.24
902593 5MMdY, 205.3 192.4 308.5 188.2 168.5 172.5 174.4 170.2 167.9
sBmEoL bo@®mo@o 0.078 0.15 0.95 0.078 0.18 0.057 0.075 0.12 0.082
sBm@EHOL bo@Mms@o 8.75 9.30 8.22 9.33 9.37 8.30 6.38 8.8 8.44
2dmbowdo, dy/e» 0.72 0.78 0.62 0.75 0.76 0.54 0.40 0.72 0.56
Blgs@0, dg/w 056 | 0.46 0.26 0.52 048 | 038 | 047 | 052 0.37
b5, dg/ao 147 | 172 6.4 15.6 13.2 9.6 5.9 16.4 6.6
Jwmoo, dy/ @ 9.5 9.6 12.3 9.8 9.9 8.2 9.4 9.8 8.8
30MHM™3>MdMbsGHO 72.0 68.2 75.5 105.7 88.6 87.5 92.1 90.9 89.9
35000, B/ 134 | 126 14.7 16.8 178 | 170 | 164 18.6 22.2
Bo@®omdo, dy/q 8.6 6.9 7.2 7.7 8.0 8.5 59 6.3 6.8
3500304790, dg/@ 124 | 106 114 | 1334 | 136 | 144 | 125 14.8 15.4
3ogb0v700, B/ 5.1 6.2 48 42 7.2 7.9 9.0 9.4 8.8
9dobgeoobsios 130.8 122.4 179.6 120.5 142.5 128.5 148.0 156.7 154.5
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306569 d5MEHIBSL FYoTo §dTs-U 3mB396EHG (309035 Q50 FIMOS D3
3sB396909ml. ol 033w IOMO 5.378/cw  -@sb 7,95  9/en-3q09.
dobgMoobogos dghygmos 1205  p/-179.6 Tyl FoMgengddo.
390608690> NO2 ,NO3~ oo NH4" 853gds. 59mbomdol ombol 89333900 mds
Dma0geon dgdmbggzsdo 1.5-1.8 x9gM 5356090l DBE3-U, M3 93MEMAOMMO
35BSBOOLOM Y@MoELIYIOO FGogE)0o.

3bMoo Ne10
ddodg ¢ommbols 399339 Md5 80boMg d5M3bsbsLs fysendo
9006569 d3MEbobSs
3 2019 oo 2020 figero 2021 figero
& b3
'g c c QS c& c R c?/ c 3
= &/ &/ cso ) & o §J &/ cso /e
2 D) §) & L §d & L § &
gl 2 2 2 2 g 2 2
£ & § P & & s & &
Pe) Dol De) [=») o)
& S & e S © 2 £ &
=]
Fe 028 | 038 0.44 0.10 0.09 0.08 0.18 0.18 0.20 0.3
Cu | 00020 0.0014 | 0.0018 | 0.0054 | 00068 | 0.0078 | 00076 | 0.0065 | 0.0064 1.0
Zn 0.0015] 00017 | 0011 | 00032 | 00072 | 00070 | 0.0013 | 0.0032 | 0.0042 1.0
Pb 0.0065] 0.0078 | 00072 | 00068 | 0.0070 | 0.0067 | 0.0085 | 0.0067 | 00074 | 0.03
Hg | 00001 - 0.0001 - - 0.00009 | 0.0004 | 0.0003 | 0.0001 | 0.0005
cd - 0.0001 | 0.0001 | 0.0003 - 0.00028 | 0.0002 | 0.00022 | 0.0002 | 0.001

o3 d99bgds 83039 wommbgdols 899339 ™Mdsl Hysels s BL3geOHmE
Boe9gdgddo, o0dmBbs, M3 2019 gl Bogbumebs (0,38 dy/ew) s
090mamdsbg (0,44 dp/qw) dbmm@ M3060L 899(33000M05T 3559 F5MDS
D3-b. 50bob08bsg0s, MM Lbgsolbgs bLyBMbBY, dobstrol fyserdo B3-
D9 do0sb doO, Bog®med dsobz @osgzgodbods Cd-obs s  Hg-ob
09933000 3900. d0botg dsOEbobsl fyserdo 8dodg om™Mbgdol sdsro
363965300 498mf39mos  fywolb  pH-ol  domowo  8sB39690wom,
O@Ioll @OMLsg bgds ImEgdnwo  @ommbgdols 3o0MMEobo o
d9Lodsdols© Fvmo YE0Td96BHGOT0  JoEILZWS. WoMMbgdOL T9d339WMdS
50bo8bmero 8obstmol glzgMmee borgdgddo 5F5M9-MM0sgmMOL DBMbols
Bbgs  30bsM9gg00l  SBsEPMAO0MEM0s, ®»dzs  JMmdol Jdgdmbgzggzsdo, dc.
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0o6(3bsbs bollosm@gds Lo305m@ dMToE oo 899(330¢PMd0 300069 9b
3906086905 bLbgs 3e0bostggdols dsgowomby.

3bMowo Nell
8d0dg ewommbols 899339¢™ds 30bstg d3MEbIBIL BLZgerwme Bogngdgddo
BB ol 5ol 8000656 B5GEbBo
OO 2019 oo 2020 fgewo

Ni Cu Zn As Cr Fe Mn Ni Cu Zn As Cr Fe Mn

29ogbo 99 | 45 | 105 ] 1.7 | 140 | 56 | 1.1 |555 664 70 |1.44]362|260]| 1.3

bogbmwo 1151 65 | 135 | 20 | 145 )] 72 | 135|625 | 778 79 | 195|422 264 | 1.32

890mqmado 130 | 52 | 115 ]| 2.8 | 170 | 60.8 | 1.1 | 60.8|76.4| 81 | 1.64|35.7| 31.1 | 1.28

d0bsmg d5MEbbSL 2019-2021 ferols 3030MMd0MEMy0IOH0 sbsoBol
39093900 Homdmygbogros 3bGowgddo Ne12

3b®oo Nel12
90bstg dsGEbIBIL figserdo do3MrMdoMEMyomEo s65¢r0bol dggagdo
9d0bstg 856G EbGs
2019 Hogwo 2020 oo 2021 Hgero
396LsB@3Mmo
g e le | & |lele e s |8
8036mmMy560BIgd0 2 £/ S 4 £/ S 9 £/ S
o) § e P} §) & o) §) o
& 3 el & 3 s} & 3 ]
2 |2 || 2 [£|& |2 |F |&
HOGOMHO 6885 | 7550 | 8250 | 6522 | 7542 | 7644 | 8664 | 9056 | 8114
3M0xMOHIGO0
E-coli 6855 | 5850 | 6100 | 5850 7850 | 8856 | 6542 7126 5927
3935)H0 530 650 580 608 578 588 | 498.9 | 6285 | 660.5
LEAHMI3GHM3M3O0
Salmonella 56 500mPbs o6 50IMAbo o6 50dmAbo

dobsty 050 Ebobsdo Dyeob 93939¢0)O0 500b3dmM9doL
3563969d9eob- Escherichia coli - b 256LsD3M0LoL 500dmBb@s, GMA Lsdogg
Dobl, LyBMbgdols dobggom, dolo 3mbEgb®szogdo dmdo@gdmeros. 2019
Dol 9g6rygmdls 5850 -8856 gMmgrero/w gsMawgddo, 2020 gl - 5850-
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8856 96990/ BosGqddo, beenm 2021 gl - 5927-9056 ghmgryemo/qn
739MAwgddo. ol dobs®gdo Jgodergds IMbzaL  95sT056gdOL S/
3H™39wq00L 9Ju36M99963 000, A5MFIgb30 Bo3sbsE0BszoMm BsBEObIY
D9gdosb. 33000 gdsls  2oboEos  BHMGHOIWMMHO  3MWORMEOIO0 O
d9Mygmds 6885 - b (2019 {gero) - 9056 - dg (2021 §gwo). beerm
9039350 MM0  BEAHOY3GHM™IM300, Yol  EdobdMMgdIol  ghm-9MH0
3603369e 3560 Lsbo@scmrmen-8s5839690 Mo 3030MMEMRb0Dd0, MMmdgeos
doMmomgdL d39¢ §939IO  EdODBIMMGIsDY, Y39webg domowo (628.5)
o30dbodmEs 2021 Herols Bogbryewdo Salmonella Bodo erols dmbsigdgddo,
53 960 Lobx o v6 5©IMBb..

BO3MOMOEHM LYHBMEDY FEOBIMOL sOSLLMM39e0 dog@gMOMEPMAOMMO
9M3oMgMds, B3960 SBMOm, GHMOOLEGHMEO bBo3sEOL  ToBHJdIoMSE SMOL
296300Mmdgdmero, M3 03930 OMYMOE 39650DoE0sHY BogMHgdW0o, 0l
sl 80v)9M™MgdGE0 Md0GJBHJO0Ib (LsliEMAOMgdO, o0 BMEmOL, Lomy sbm
LOLEGHMIOMYD0)  2omdgbsgo  LogmyBsEbM3zEMgdm  ywgdol  QoBOOWO
ImEmEmdom $583905/Psc0bgdsL. ymzqwr0gzg 5deogmgdls Hyerols 939350mo
©5806dMH9dsL.  50Lb0BBsg0s, MMI dobotyg Bdotsbobsls  J39dmfgerdo
93 MA0M0 9 MM gMOS b5305M© QOO bsbos
56505853054MFBOGIGE000. 5d 390nbgz935d0 9359430 OOYMO3
LogmBo3bmz®mdm, 1939  Lofo®dmm  EOdObAMMGds3.  FoMgdYIrOo
09009290056 BsBL,  ®M3  8obsmy  doMzbsbsBg  sboMIM3MYgbmEo
Qo00bdMM9ds  2od0gMgdmeros 2021 gl s dobo  Lsbo@sermen-
303096900  8AMIsMgMmds  Imombmgl  dmdog  dmbodmEMobal o
9309900 IEAMIIMJMOIOL O:33L.

Bggbl  BogM,  33e0930L  MdogddHo  dgMBgM  B0obotmggdHy
dmbo@Mm®0baol 890003900096 259mdobscg, 9a30dwos ©35L3365m, ™I
95009 d0gMo BDHOHMIMAIB6MM0 IGHZ0MMZS 56 T90bodbgds. mMd3s, Moy
0900bgg3580  0339m9gds  Fom0  d0bAMM9ds  Loymxsabmggdm-
3M3MbsemEmo Bsdobotg asmaom@™Mogo (ywgdoom, dobsmol Lobsdotmm
Dmdo sOLYIMO  3MSZMBEMME0MJ35©O BogogLsYMIEgdol SOLGIMdOM
o Ubgo. bmOHM3Maabm0  35dBHMMm9d0l  493¢gbs  s0olobgds  doMH0mS©O
0mbgdols  @s  domygbmemo  gargdgb@gdols  89bgdMogzo  FMMIGdOL
090(33000M35DYg, dB939 90bsMggdoL  JobgMHODIE0sBY.  FObIMGaOOL
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Dgodo  bdoMo  085@q0L  obgmo  3m33mbgbGHgdol 8903390 Mdqd0
MOMYMO900390  99mbomdolb ombo o 96adoOL  domerMmAomMo
dmombmgbogds (5005). d0bsMgadbg BoBoMgdmwo 33193900l F9IAS©
Bobl, ™3 9dodg ommbgdol blboo xm®Agdo o33wgds. fywol pH-ob
2939bom bgds 85070 30EOHMEODO, MOl Q5dMm3, J0MO0MSEO dsls BLIGM DY
04099909, bsffogrols LmMdoM9ds 30 bgds 03303 boBobby. sdoEmd, domo
3639636530900 d0MHO0MIPIEO BOZOMEOE OLHTZ3900  3MB396EGHMSEOOL
0oM9d30 F9MYgmdl. 59§gob godmdobstg, dm3gdvr  dobotmggddo,
ddodg wommbgdols (Fe, Cu, Zn, Pb, Hg, Cd) 999339 ™d5 do6H0050s© D 3-
739O 9g0d0s. (L3OO bsErgdgdo) sOE ) ol 08300005, IROJLOMS
3903bEolHyeols s 3500809930 2563399900 CMHBoo 899(339e0MIY00, D53
ofi393L 063 gMglbl  0dobs, MM  JoboLsBEgMM™L  dobsmgdo  s®LYdMEO
Dmy0ghmo »g3%Bol 8995003906 Md530 58 3mA3MbgbEH o0l 89933900l
bsGolbo.

B39bL 309t Fywolb LsboEIMIW-BodEIMOMEMAO0MMO  LoLMBMOZ0L
d9Lox35L9dS© 33930l Md09dBHo  2odmyqbgde  3obstrggddo
29933 gmo  bofigwogol  Bbo®ol  (Escherchia coli)  ©smgbmdol,
AMGHSYOO 3MoxmOIgOoL, 93935¢0)O0 LEGHOI3GHMIMIGO0L
d600369emd900  a30B39690L, MMI  dobgogzo  FsnHg  Bodobscy
SBDOM3MYgbmMo  o@306MHm30L,  dobdo  B0dObIOY  M30mYTgbOL
363989000 bsOx by, do0 53934056900 boGolbbo
585305Y4MB0Egdg0..

330930l 99009290050 259Mm30bsmg, 89930005 3583365, O™
9065699000 (Bogdzolfyseo, dstmbobs,  FmMmbo, sFoMobfigsero o
303LHyoero) dmbzgdowo SBPOHM3MA Mo bogmoghgdqgdo Jodov&o,
130D03996M-Jodomemo Qo d0MEMYP0IMO 36MHm3EgLbgdol 8999,
A®MBLBMOHI0MYO06 9SG MJUoZME  Boghmmgds. MMAbMo s
00M969M0 6030009M0S 05568909, 56 FMobTsM90s 3Ebso MEMABODBIGdOL
dogm. 58 s ULbgs 3MmEglgdol  Igwogyo©, Mmdgeos  3bmdowos
030m5(39b00l  Lsbgwom,  figoo  FgB-bs3ergdo  0bs®BMbgdL
©5353054MB0gd9ge 93006 dAMIIMHGMOU.
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0530 4. 30006560998 do - B5g30L{yoe0, dsMEbsbs, FmMmbo,

5F560L{gse0 s 31dsLFYsEo - 39MEbeEroLfigerols s 3domdol
099339¢doL 5b6L5BMzMS Bsndo sGLYdIMYo 1193HYdoL Lsbgmdgddo

ddodg  @o0Mmbgdo@sb  Hyoelisdgzgdol 15308  sdsd0bAMMgdadL
Do0moegbgb Hg o Cd. 8500 gosBbosm 399mmoEools s 80a6Mo3ool
MBsM0. MoMYMBOMOQ© dMJdggdgb FYolo@g3ol BerMmMsLs o BsYbsByY.
0004dob G9mLHogEgos M) MMYMO bgds Fomo 453M(390gds doMmEsdo,
9500 BHMBLRMMT305 OMLS s LO3M39d0, BHMIJLOIMOMBS MGOYBODBTGdOL
9d00560m, 930M9m39 000MmJodoMMO - 3500MWMPOO0 09530900 @s Lbg.
530@M0, 53 25850063900l fyerol 93mboliEgdgddo dmbggwds Jdbol
339630 MO LEFOMbIL MM Hywol FemMobs s Gombolsmgzol, sligz9
50590560l ¥ s6dGMgermdolsmgols (Wren C. D., et al 1983).

ddodg wom™bgdolom3z0L 369dE03wIwo© 6 sMLGOMIL M30mYs[dgbol
99996000, MoYsbs3 obobo Fbmwm© ghmo §ysebo@gzosb dgmemgdo
2500005330096,  B99mdd9q096  Lbgoslbgs  35¢)gameools  3mibogn
MmO560D990Bg @ MMyMOE Fgbo, 9MBLMMZ39W, DmyxgH IFVY3Z39E
39093900 0039396 (MEMdgOOJY, 8. 1992).

Dmy09mrmo 933¢9350>0L sSHBOOm, 3d0dg WomMmbgdo, 2obLy3MMMgdom 30
3903bobligsero  (Hg), Om@gbsg b3wgds  figowbs@gzdo, owgdgds dob
3L3IIODY O 3694303 369090 bgds. 33¢0g3903s 563965, OMA Fomo
ods  bgds  35dBHgmogdol  9dzgmdom, oL Fgoad©s3  obobo
0593960906 Mo H3JO0b 093BoL 15339080, 3999 »93HYddo s
0mml 5530560l MmMsboBddo.  3geiberobifigoco  {gowba@n3zgddo
d0M0MO©I© H39gds LofoMmdmgdosb. 9336sm0 fywol Jwobd@mbdo o
09bormlido  3gMberoliigerol Log®om 999339 mds 3530900 9B 0o,
300069 D30l {yergdol slgmogzg mmysboBdgddo (Mchedluri T., et al 2018).

1393050l MBMMIgE0 Fgwo IlFoMoo 0ol OGBS, 014y
659 259M0f305 1956-60 egddo dobsdo@sls dmbobergmdsdo 2030 39wgdeo
LSGobgero  O935@YdOL J0BGHo. 08 OMOLIMZOL MEbMdO 9350 JOOL
0909390 0035 5019IMO00 5530500, 93500gMmBMdOL  Qodmdf3930
doBgbo gobs gMo-ghm JodomMo 3m3dobsEol  Bsdobstg Hywgdoo
3956900 Bos@oboeo 39mHEberoliiyerols bosgmmgdo. dobsds@edo  ergdol
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396303 Mdsdo 005090M©b9b 330H03MM5© QO 36906035
SO3LMIYMROO, 35M3WO0DYOMEo 35303900, OMIGMOGE ©IOMIIMEO

3Jmbosm (3960 Bgmzmeo  LolGgds.  9bodbme 35BSl
, 89009039 boM®BOds”, 96v) ,,006505@9L  5350TYMFBMBS” Tgo6d39L

9900306580 59 FHgMdobom LsdMghzgerm bsMBIbgdom 5EF0560L Fmfsdzemsls
5©0bodbogqb (David Lennett., et al 2018).

016906003  fywgddo  9MLgdMo  pH-ol  8600369mdgdols  godm,
D9o0boBH939000 dmbzgMowo  35edomdo 45boEgol  3oMmeEobl. Cd*
bLmOdOMEGds  dgfhmboer  Bofos3gdbg,  MMABME  5030009M)09dM6
Do63mddboll 3m33egdue BogMmgdL o A9WHSA0EYdS 58 FMOHTOm.
390030130L  LMEMBdEOOLS s EILMODdEOOL 36M39L900  Hysemlio@ggol
3L3IONE b5¢gdgddo B08EObIMYMIL doe0sb LHMOxTI© s 93 3OME39LYdT0
9d500M30bomgdGE0 B5dEHMM0 560l 3MFMLmMo 8593900.

3900309930l LygM oM 899(33900MdS 8336560 fyerols 8;39bsM9gmmdsdo 1 3.
d8Go (jmbobg dgodergds 033wgdmeogl 0.15-342 3y - dg. fYwob sdsEo
A9939M5GHMMS 58306090l 35©domdol  F0sb0ddsls.  3ododo  093Hgddo
306039095  3MMm3gds  Bobogobo  MmMmYsbmgdol  Jumzowgddo.  sGOL
0599b0dg  oxoduloMgdo  Fgdmbgglzs  39@3oMdom  5sd0sbgdOL
dm{)s8300b ®93HBol Fomqdol 56 fyerols godmygbgdols mm.

y39woBg m35eboBobm dogowomo 3odorydoo dmfjedzeols sMob 9.§
593900905 ,0350-0350”, OMIgEoa S0dmBbs 1940-60 §f). 0s30bool geom-
960 MHs0mbol I3bmzMgdegdl (Alan D. Woolf. 2022). 5 Lodomgdosb
350063)M9dM0 Fyugdo 2sHdgbol gotgdg Bsmdzgl 9069 dobostmggddo,
5953 00mgdgs  Lsldgero figeol boMobbby. 3539 Hywom  dJmMfiyql
060bxols boogligdo. 39008099800 5056900l dM{odzeol EOML SEHOO
5J3b d3egdoL  @IMBOEGASL,  3OEP(30R0330L @S ®0M3BgEgdols
309Mmbgxz®o@Hgol, MoLyg b g3l  d3egdol  IBMOTE0S QO
00603090 gd0L  oLRYMB30s.  MMPSboBIdo  LMM3zoo  35dowmdol
BobgzMo asdmymazol 3gmomeo 10-30 Hgwos, mxzdm dgdoig - 9MLYdMIL
30603000  3MGS3099M0 35300600  350d0dol  HBgImMddgaosly o
300MMO ©93500905L G0 (Mchedluri T, 2021)

B39bL dogM dgbfiogerowo dobos®mggdols fysewdo Cd o Hg sbosgrobols
09009200035 9B39bs, MMI Bmaogmmo dEobscol {Hysewdo B3-Bg d93Mo©
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d30M9s.  39M3bolfysml @s 395030l 2o9Bbos B0MTsABORBO3I300LS S
005399953008 Mboto. goMgdmdo olobo Tgloderms MaGMM Lobogsomm
RMOIJP©  29Ms0ddbab, Mol  4edmE,  30MMdOMDBEHGdOLsMZOl
5Q53056900L5mM30L 456 3MMMGOMOo BHMJLOIMOMOOM bolinsmY00sb. Jom
39mdwosm [yol mGmasboHdgdol dmfsdzws @s/sb Fomo Mom©abmdols
399306905, 86906030 obTsRFHJOOL Ld0BIMMYds, MP393s s Hywol
93LobEGH99900l  doMAMOZ50RgMHM3bgools 9933060905 (Mchedluri, T. et al
2017).

50bodbmmo 3MMdgdosb gs8mdoboty, od@ oMo hs3m35gm,
B39bl Foge 153393 ™M309JBHJOI© 950gdMw dobostggddo (BsgzoLfysero,
0o6(3boby,  FmOmbo, 9FoM0oLYoo o 3MBLHYIE0)  A93M(39WGdIMEO
0939900L  MmOs60Bddo 396G EbEoLHYOL s Jododol 893339 Mdol
©oPJ05, MmO oa39boby, 59abs© 930 oym  JGLsdEgdgEo
093H990L MmMRb0Dddo, 3b0dm3z560 Lsgsmol gogeroo Hg o Cd 99mfggo,
5301905 S 53FMWOMGdS.

339390L  35@oMmgdom  2019-2020 Herols Lgd@HgddgMdo. BoEgdero
39093900 Homdmygbogos 3bGowgddo Ne13,14

gbcogo Ne 13

0939900l Losb65¢roBm 60dMdgddo Hg cos Cd 3993339 ™md9gd0

600wdols 3900020 8900920
@3 @3
dg0bstiy smgdols Hg Cd 39b0dgbs
Ne 0/3% /30
QO /30 O/38
1 Bodzolfgsero 0.0030 0.0112
2 dot3bob c 0.0035
50300 c@l ﬁo 05 — L55BIODM Hmbo
3 JmOmbo = 8 0.0055 0.0119 350 o®.
o
= 2
4 5F560Lfyseo < § 0,0111
5 3Moobfyowo - 0.0100
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gbMoo Ne14
093D900L LosbsgroBm bodmdgddo Hg s Cd 999(339¢rmdgdo

60dwdols 3900930 9900930
@3 @3
d0bsMy 30300l Hg Cd 396008365
Ne 9/3% 9/30
QO 8%/3 B/3%
1 Bodzolfgocro 0.0030 0.010
2 BoM3bob o 0.0032
5O (3bbo g/ :% 05 _ Losbogobm fmbo
3 JmGembo e = _ 0,012 350 6.
g D 0.05
4 5350bFgowo 4 § _ 0.011
5 39900bfyoo - 0.010

2019-2020 fierob 33¢0930L 8900939035 983965, MM dobgsgzs 0dobs,
™A 1533193 90bsMggddo Hg-ol s Cd 3mb3gb@MoEogdo Lozdsm dzotMgs
@5 Bmaogho  [ghBGowdo O3 30 ©I80JLOMGOMWS,  Lbgssbbgs
09030 9g30@sb  50gdMw  93HBgd0L  60dmdgddo 39MHEbEOLYOl o
39030mdol  3mbi3gbE®MO30g00  doe0osh  odswo  3mb3gbEHMoi309d00
5©03MPBbY o J0gdmer 39ga9g0L IMMOL goblbgsgnds dgoMygs.

2019 §ools dmbogdgdom, 9g3H900L MmEMAb0HBATo 39Miberolifigerols
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BB SE-T03MMOOMEMYONOHO  9BsE0BOl 331930l F9Yagd0H
3965 BsblL,  Mmd domdo  303MMO0MMWMAO0MMH0 >  Jodov)mo
©500b6dmM9d0L dsh39690¢ 00 36033690 M396 (33000 9dSL 56 Aobozol
.0019b95350 08oLs, OMI 3E0bstgqgools Jgbfogeroe Fmbs3390090BY
5006036905  sbmMMIMAbmo  sB30Mm30L  gog3egbs, oo
93MMY0IM0 dM3oMgMOS 050353059MBOEGOG0S Qo
930Q0930MMY0IMSE MBTOHMbMY;
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©sL53wgm  Bogommzgeml  LosboroBm  IobsMggdol  Mg3%H9dd0
d9LHogeoero Hg-bs s Cd-ob 9993390mdol sbsecroBol 9909890, M3
B39gbl dogt 306M39wo© 09bs gobbmM0gegdmero, goedo sMLgdEo
ddodg ommbgdol J3oMg 3mbaabEH®msEool  dobgoge, 93bBol
6560380 Ix0JLOMES Fomo 8993390 M0l 456339410 MroMEYbMDdS
(0079935, BO3Z-Bg ©05E0). G553, B3900 sBOOMm,  AB30MMDBYIMWOs
093H900Lom30L  sTsbOLOSMYIGEO 3T MES30IM0 9R9gJBHO®. obobo
3O blboos 3boddo, 30069 fyserdo s Tglodsdolow, OHM3IOS
093B0ob 3b0dm3z56 Jumgzgowdo, dobgsgzs yogrdo oo  IdSO
3Mb396@GM5(30000 5MLGdMdOLS.

Lodomzgmdo 56 sOLYIMOL  obgomo  Lsfo®Bmgdo,  MHMIEGdo3

259m0f)39396 0 9o0bo@ 93990l 930LobLE9d9d0L ©500b6dMHqdSL
3903bolymoms o 3odondom.  sdodmd,  J9dwgdgE0s
30Q0MHMOI0MBEGHJIOL, 093H9gd0L o o0 3M3MES30gd0oL  mfedzens
50b0dbmwo 8dodg ommbgdom. 360d3bgermgzsbos 500bodbml, ®®a
39603bEolyoeo bsbosmgds Hyserdo bobdmzwg ymagbom. ob LHGeggo
29M5043b9gds Bogngdgddo BogMmgdols Lsboo.

BOgMMSMOHOLM  30MMJoToe  3Mog@035d0 FoEgdmero  Fgg3oligdols
dgomol  godmygbgdoms o Lszgwgzo M9a0mbgdolsmzgols
@©535bolloomgdgw 9Py 0b603oBHMMgdDg oyMbmdom,
©bsLl0sMYPIMWO s 99355909905 8530 DEZ0L 5Bl dobstggdols -
d56M(3bsBSL o 5F5M0OLFYEOL §3MEMY0IMO FEYMIIMGMBS. IAIBOO
@5 359MYg9bgdmeo 0dbs ol 3M0MmMoBgBIo 0bozsdmemgdo (pH, DO,
3005, NO2, NOs- , NHs, PO4*, SOs, CI), 6G®mIgdos dsomgzol
33L0g035300L 30603900L Log3dz9el 0derggs.

Dyeolb Bsebm 930M©0M9JE030L dog 890mme35990mo 3gmmEOo30L
dobgzom, 2019-2020 §ergddo (mdowo 396MH0MmEo), 30GOMmdodoeo
0600035¢)MMgd0L  gomzoeolijobgdom, dobstrg  dotisbobsls  Hyeols
bs®oLbo 999358980 0465, MHMYMOE I3009© H30BIMMGdmEO (3Esbo
2), ol 303 39M0m©do 30 d9x35L90Eo 0465, HMYMOE LIRS (3Eslo
1). sbg G®I, dE0bsOOL EdOBAMGMIdOL bsmolbo, 430339 hos,
5330090905 Heoob LgHmbmMmmdsby.
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General Description of the Work

Relevance of the topic: The problem of clean water and protection of water
ecosystems is an actual problem today. Georgia is very rich in fresh water
resources. Unfortunately, the water quality of the rivers often does not
correspond to the norms established in Europe. The reason for this is mainly
anthropogenic pollution of rivers. Their main pollutants are industrial,
agricultural and domestic wastewater, poisons and chemicals used in agriculture,
and fertilizers. Domestic waste water causes fecal pollution of the watercourse.
In such environment there are many pathogenic microorganisms, which are the
source of the spread of infectious diseases. The treatment facilities operating
today are technically imperfect and inefficient, which is why it is not possible to
filter/purify waste water. In this way, a large amount of biogenic substances
enter the water bodies, which lead to the active growth of algae (eutrophication),
which can lead to the release of oxygen into the water and the destruction of the
water ecosystem. The phenomenon of eutrophication in the rivers of Georgia has
not been noticed yet.

The Black Sea is one of the largest inland seas. The rivers that flow into it
can create an ecological problem. The problem of pollution of the Black Sea has
been growing and becoming more urgent in recent decades. Against the
background of anthropogenic load, in case of excessive pollution in rivers, the
ecosystem can be seriously damaged or completely destroyed. The self-
purification ability of water may decrease, the process of eutrophication might
accelerate and it may increase the possibility of spread of infectious agents. As a
result of strong anthropogenic pollution, in many cases, water resources are
degraded, which will lead to a disruption of the balance in the ecosystem of
water bodies, a sharp deterioration of the ecological and recreational conditions
(Barnes, R.S.& Mann, K.H.1991).

The most important problem is the contamination of water bodies with heavy
metals, which mainly occurs as a result of anthropogenic pollution. Because of
their high toxicity, even small concentrations can be harmful to fish and other
living organisms in aquatic ecosystems. As a result of toxic substances entering
water bodies, mass poisoning of ichthyofauna is possible, which will lead to

poisoning of other living organisms through the food chain, deterioration of the
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condition of natural landscapes, disturbance of the balance between microbial
populations, etc. All this poses a great threat to both biodiversity and the
integrity of ecosystems, as well as human health.

Since the Black Sea is under certain anthropogenic pollution, in order to

determine the sources of its pollution, it is of the utmost importance to study the
impact of anthropogenic pollution of the rivers flowing into it on the ecological
state, self-cleaning processes, water ecosystems, hydrobionts and fishes. In order
to assess the ecological situation of the rivers of the Black Sea basin, it is
necessary to carry out their continuous monitoring. At the same time, based on
the analysis of the existing information, the trends of the processes in the
ecosystem should be detected, evaluated and controlled.
The aim and objectives of the study: the aim of the study was to determine the
impact of anthropogenic factors on the current ecological condition of the rivers
of the Black Sea basin — the Chorokhi, the Adjaristskali, the Kubistskali, the
Bartskhana, the Chakvistskali; Sanitary-microbiological and Eco chemical
monitoring of river water; Determination of the content of dangerous heavy
metals such as Hg and Cd in fish; According to the methodology proposed by the
Water Framework Directive - 2000/60/EC, classification of the Bartskhana and
the Adjaristskali rivers according to integral hydro chemical indicators.

To achieve the goal, the following tasks were set: determination of sanitary-
microbiological indicators (total coliforms, Escherichia coli, fecal streptococci,
Salmonella) in river water; Determination of hydro chemical and physio-
chemical parameters of water, biogenic elements of basic ions and heavy metal
content in river water (Fe, Cu, Zn, Pb, Hg, Cd) and bottom sediments (Ni Cu, Zn,
As, Cr, Fe, Mn); determination of mercury and cadmium content in the body of
fish; According to the methodology proposed by the water framework European
directive, the quality assessment and classification of the water quality of the
rivers Bartskhana and the Adjaristskali.

Research object and methods: The rivers of the Black Sea basin, the
Chorokhi,the Adjaristskali, the Kubistskali, the Bartskhana, the Chakvistskali
were selected as research objects. In order to determine the present ecological

condition of rivers, the influence of anthropogenic pollutants on them and the
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content of some heavy metals in fish, we conducted research in 2019, 2020 and
2021 seasonally.

Sampling in the research rivers was done according to a pre-selected scheme.
We carried out water field measurements on the spot, with a portable field
device - HORIBA-1. We calculated the sanitary-microbiological indicators using
the membrane-filtration method; Heavy metals were determined with an axial
induction plasma (ICP-OES) spectrometer; For the quantitative determination of
inorganic pollutants, we used bichromatic oxidation. For determination of anions
in water - ion-chromatographic method. We determined the content of mercury
and cadmium in water using the atomic-absorption method, the concentration of
mercury in the fish body - using the colorimetric method, and the content of
cadmium - using the atomic-absorption method.

Material and technical base. National Environment Agency. Laboratory of
atmospheric air, water and soil analysis. G. Natadze Scientific-Research Institute
of Sanitation, Hygiene and Medical Ecology.

Scientific novelty and practical value of the work: The results of the conducted
scientific research have significant scientific and practical value. During the years
2019-2021, a systematic sanitary-microbiological and sanitary-chemical study of
the rivers of the Black Sea Basin — the Chorokhi, the Adjaristskali, the
Kubistskali, the Bartskhana, the Chakvistskali was conducted for the first time;
The water quality of the rivers, the influence of anthropogenic factors on them
and the dynamics of self-cleaning processes taking place in them are evaluated;
The content of some heavy metals was determined in the river water and bottom
sediments, and in addition, mercury and cadmium content in river water. It is
important that in Georgia, for the first time, we have determined the content of
Hg and Cd in the fish of these rivers. Also, for the first time, the water
framework was determined according to the methodology proposed by the
European Directive - 2000/60/EC, the ecological quality of the Bartskhana and
Adjaristskali and their classification according to integral hydrochemical
indicators.

It should be noted that the results of the research presented in the thesis are
of some theoretical and practical interest due to their relevance, scientific

novelty, experiment and level of conclusions. The results of the research can be
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used for the development of ecological safety of the rivers of the Black Sea basin,
improvement of the system and for working out practical recommendations.

Thesis structure: Thesis consists of 121 typed pages. It consists of an
introduction, a literature review, 5 chapters, 21 subsections, conclusions and a
list of references. The bibliography contains 120 literary sources, 27 of them are
in Georgian, 23 in Russian and 70 in English. The text contains 60 tables and 14
graphs.

Approbation and publication of research results: 5 scientific works have been
published around the dissertation topic; Among them, 1 in the journal with
Scopus and 3 in journal having an impact factor classifier. 1 in resources of the

International Scientific Conference.

Chapter 1. Literature review

The thesis analyzes 120 literary sources, where the analysis of information
sources related to the thesis topic and the main results and concepts related to
the research problem are discussed. Fresh water ecosystems and their
biodiversity, distribution of heavy metals in water reservoir ecosystems and their
toxic effects on hydrobionts, influence of anthropogenic factors on water bodies
and mechanisms of eutrophication, as well as ongoing self-cleaning processes are
discussed in the literature review. The latest scientific articles are also used while

discussing the mentioned topic.

Chapter 2. Research object and methods

The rivers of the Black Sea basin — the Chorokhi, the Adjaristskali, the
Kubistskali, the Bartskhana, the Chakvistskali - were selected as objects of
research. In order to determine the current state of anthropogenic factors on
rivers and to assess their impact on hydrobionts/fish, we conducted research in
2019-2021 seasonally (spring-summer-autumn).

Sampling, packaging, transportation and laboratory analysis were carried
out in accordance with ISO and EPA standards. Before fieldwork, we followed
all standard procedures to ensure proper collection, storage, and transportation of

samples.
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The following research methods were used to determine the sanitary-
chemical and sanitary-microbiological condition of the rivers: water sampling
method, we determined the main hydrochemical parameters of water (pH,
temperature, electrical conductivity and dissolved oxygen content) - with a
HORIBA portable field device. Water turbidity - by the turbidimeter method,
using the portable device HANNA Instruments Turbidimeter. We used the axial
induction plasma (ICP-OES) spectrometer method to determine heavy metals,
anions were determined by the ion-chromatographic method, Hg and Cd in
water by the atomic-absorption method. The concentration of mercury in fish -
by colorimetric method, and cadmium - by atomic absorption method.
Membrane filtration method was used to determine total coliforms, Enterococcus
faecalis and E.coli.

In the analysis samples, we determined sanitary-microbiological indicators
- total coliforms, Escherichia coli, fecal streptococci, Salmonella , hydrochemical
and physico-chemical parameters of water (odor, turbidity, pH, electrical
conductivity, temperature, oxygen dissolved in water, BOC s ); Basic ions (HCO 3
-,Cl-,Ca?,Mg?,Na+, K+, SO42), biogenic elements - (NO,,NO3,NH,",
PO ,>- ), heavy metal content in river water (Fe, Cu, Zn, Pb, Hg, Cd) and bottom
sediments (Ni Cu, Zn, As, Cr, Fe, Mn,).

Research results obtained

Chapter 3. Results of ecochemical and microbiological research of the rivers of
the
Black Sea coast of Georgia (the Chorokhi, the Adjaristskali, the Kubistskali,
the Bartskhana, the Chakvistskali)

The problem of pollution of the Black Sea basin has been increasing and
becoming more urgent in recent decades. Nevertheless, the issues of biological
self-cleaning have not been adequately studied and evaluated until recently.
Industrial economic growth has a negative impact on aquatic ecosystems (Oniani.
J 2000). In case of excessive pollution in rivers, the ecosystem can be seriously
damaged or completely destroyed. If the concentration of polluting substances

exceeds the permissible limit, it is possible to reduce the self-purification ability
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of water, to accelerate the process of eutrophication and to increase the
possibility of spread of infectious agents. As a result of anthropogenic
eutrophication, in many cases, water resources are degraded, which leads to a
disruption of the balance in the ecosystem of water bodies, a sharp deterioration

of the ecological and recreational conditions. (Mchedluri, T 2021)

Ecochemical-biological monitoring of rivers and water quality control is
the only way to check their ecological condition. In recent decades,
anthropogenic pollution and intensity of water ecosystems have changed
dramatically (bakamos A. M. 1997). .Insufficiently purified wastewater,
pesticides, poisonous chemicals, biogenic substances, etc. get into the rivers.
Chemicals entering the river alter the sanitary regime of the aquedauct and
disrupt the balance between microbial populations. Domestic waste water causes
their fecal pollution. As a result of the introduction of toxic substances, mass
poisoning of ichthyofauna is possible, which will lead to poisoning of other

living organisms through the food chain.

The River Chorokhi

The River Chorokhi, which is the largest river in the Black Sea basin,
originates in the Okus-Badag mountains. It flows through Turkey and Georgia.
The Chorokhi mainly flows in the tectonic valley between Lazistan and
Chorokhi ridges. It flows into the Black Sea south of the city of Batumi. The

results of the physical-chemical and hydrochemical research of the River
Chorikhi are given in Table No. 1

Table No. 1
Main physico-chemical and hydrochemical parameters of the river Chorokhi
The River Chorokhi
2019 2020 2021

Ingredients to be - » - ” - z
determined = £ £ = £ £ = £ g
e | | | E| E| | E| £ | &

temperature, t°C 14.7 21.3 20.4 16.2 23.4 20.9 135 23.7 20.2
Smell, points 1.0 1.0 15 1.2 13 1.37 1.1 2.0 2.0
Turbidity 6.15 5.45 8.15 6.4 7.2 5.5 6.4 42 5.8

pH 7.85 7.50 8.05 8.12 8.15 8.10 8.05 8.20 8.25
dissolved oxygen. mg / | 8.55 8.52 10.05 9.2 8.0 10.0 10.2 9.6 11.2
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BODs, mg/| 5.69 6.25 6.38 4.20 5.16 5.16 5.30 5.88 6.24
Electrical conductivity | 228.4 | 186.7 | 2145 2686 | 2279 | 195.8 | 1905 178.8 220.9
mS/Ld
Nitrite of nitrogen 0.01 0.09 0.11 0.11 0.008 | 0.066 | 0.122 | 0.137 0.114
Nitrate of nitrogen 5.44 6.70 8.21 5.22 7.22 8.28 7.77 8.12 6.80
Ammonium ion 0.52 0.65 0.72 0.40 0.68 0.64 0.48 0.62 0.58
Phosphate 0.22 0.34 0.33 0.35 0.55 0.45 0.40 0.33 0.38
Sulfate 30.5 335 34.9 21.8 24.7 18.6 19.4 20.8 22,5
Chloride 12.0 9.4 13.6 7.9 8.9 8.4 8.9 7.9 8.1
Hydrocarbonate, 101.6 82.5 167.4 | 99.8 79.8 80.6 100.8 | 1055 110.8
Potassium 14.9 10.6 11.3 20.3 17.3 18.2 17.4 15.7 16.8
sodium 5.5 6.7 8.7 45 5.1 7.2 8.0 7.8 6.6
Calcium 17.2 18.8 16.0 15.2 16.8 17.5 11.8 14.4 16.4
Magnesium 95 8.2 10.2 6.9 7.9 8.8 8.9 8.1 7.7
mineralization, mg/I 200.8 222.6 379.5 210.8 180.8 280.6 205.5 215.5 220.2

The river Chorokhi water is characterized by comparatively little turbidity,
the amount of dissolved oxygen varies from 8.0 mg/l to 11.2 mg/1 over the years,
and the values of BOC s are in the range 0f4.20 mg/l - 6.38 mg/l. The highest rate
of biological oxygen consumption was recorded in autumn 2019. Minor increase
of mineralization in the river Chorokhi water was observed. Ammonium content
in some cases exceeded the MPC value. In particular, in the summer and autumn
of 2019-2020, their concentrations in water exceeded the MAC which indicates
that in this period the river Chorokhi was in the process of being contaminated
with feces.

The results of monitoring the content of heavy metals in the water and
bottom sediments of the Chorokhi River are presented in Tables No. 2, 3.
Although the content of metals in the river water varies over the years,
depending on the seasons, their amount is much lower than the MPC values. In
our opinion, this is due to the pH values of the river water, at which most of the
metals are hydrolyzed and therefore move to the sediments. As for Hg and Cd,
their concentrations are quite small in river water. Based on the results of the
research, the water and bottom sediments of the Chorokhi River were not found

to be contaminated with heavy metals.
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Table No. 2
The content of heavy metals in the watre of the Chorokhi River

0T The River Chorokhi

-

g E 2019 2020 2021 MAC
=3 o0 3 g o0 g g 60 o] =

o5l 4 g £ g £ £ g £ £ Mg/1
59| B g 2 £ g 2 £ g g

cC o (=3 3 =} (=] 5 =} o 3 =}

-9 @ A < @ A < @ A <

Fe 0.1725 | 0.263 0.2807 0.2201 0.2403 0.2288 0.1845 0.1744 0.1922 | 0.3
Cu 0.0028 | 0.002 0.0024 0.0030 | 0.0031 0.0037 0.0052 0.0047 0.0055 | 1.0
Zn 0.0011 | 0.001 0.0018 0.0116 | 0.0214 0.0114 0.0154 0.0128 0.0130 | 1.0
Pb 0.0028 | 0.003 0.0036 0.0025 | 0.0015 0.0025 0.0042 0.0031 0.0036 | 0.03

Hg | 0.0001 | _ 0.00012 | _ 0.00025 | 0.00037 | 0.00011 | 0.00011 | 0.0001 [0.0005
cd | 0.0009 | 0.00013 | _ 0.00072 | _ 0.00034 | 0.00030 | - 0.001
Table No. 3
The content of heavy metals in bottom sediments of the Chorokhi
River
- . The River Chorokhi (mg/kg)
fme of taking 2019 2020
samples
Ni Cu Zn As Cr Fe Mn Ni Cu Zn As Cr Fe Mn
Spring 33 | 84 | 199 80 |100| 47 | 1.0 [50.4]623]647]155]388] 196]1.10
Summer 44 | 146 [ 382|114 112 613 ] 1.11|585 (688 70 | 1.85 400 | 224 | 1.12
Autumn 58.4 | 995 | 218 | 148 ] 108 | 51.4 098|528 664 ] 71 | 174|378 21.1 ] 1.22

From the results of the three-year monitoring, it can be seen that the
highest rate of microbiological pollution of the Chorokhi River was recorded in
2021 (Table No. 4). For example, in summer - total coliforms - 8210, fecal
streptococci - 608.8, concentration of E-coli exceeded the permissible limit and

reached 7225 units/l of water. Salmonella was not found in any samples.

Table No. 4
The results of microbiological analysis of the water of the river Chorokhi
The River Chorokhi
2019 2020 2021
Determined o o =

. . o0 3 = o0 ) g o g g
microorganisms g g g g g g g g g
g g 2 g g 2 g £ 2

Total coliforms 4850 | 5250 | 6800 | 5720 5240 | 6240 | 7890 8210 7990

E-coli 3958 | 4750 | 5750 | 4800 5100 | 5800 | 5486 5889 7225

Fecal streptococci 360 340 420 496 525 625 | 505.8 | 608.8 568.5

Salmonella were not found were not found were not found
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Based on the obtained microbiological results, we can conclude that in
2021 there will be an increase in anthropogenic pollution and increased fecal
pollution on the Chorokh River, which is due to the discharge of untreated

sewage directly into the river.

The River Adjaristskali

The river Adjaritskali is the right tributary of the Chorokhi. Its source is on
the western slope of the Arsian ridge at an altitude of about 2375 m above sea
level. The hydro system of the river is a subject of serious research, which is due
to the construction of a cascade of 400 megawatt hydroelectric stations. The
results of the 2019-2021 physical and chemical indicators of the Adjaristskali

river are given in table No.5.

Table No. 5
Main physico-chemical and hydrochemical parameters of the river Adjaristskali
The River Adjaristskali
2019 2020 2021
In%redien'Fs to be v . v . - .
etermined = g g = g g = g g
A I I O IO O O O
A < A < 3 <
temperature, t’C 15.4 222 21.0 14.0 225 20.1 14.8 226 20.7
Smell, points 15 2.0 3.2 12 2.6 2.7 1.8 2.2 2.8
Turbidity 5.88 6.82 7.25 14.5 16.5 17.2 8.8 5.6 6.2
pH 8.0 7.75 7.95 8.10 8.05 7.95 8.10 8.05 7.95
dissolved oxygen. mg /| 8.34 7.82 11.05 9.2 8.7 9.7 8.5 7.5 9.6
BODs, mg/ | 3.24 3.15 4.88 4.25 5.25 5.50 4.15 4.2 3.85
Electrical conductivity 204.2 186.4 314.1 100.4 120.2 107.4 11255 88.8 99.9
Nitrite of nitrogen 0.002 | 0.003 | 0.002 | 0.018 | 0.038 | 0.044 | 0032 | 0.038 | 0.035
Nitrate of nitrogen 2.88 3.86 3.77 5.65 8.65 10.55 498 52 3.80
Ammonium ion 0.34 0.36 0.27 0.39 0.50 0.40 0.27 0.38 0.30
Phosphate 0.18 0.24 0.22 0.17 0.28 0.26 0.42 0.33 0.26
Sulfate 15.3 15.8 17.8 185 16.5 145 17.8 17.0 18.4
Chloride 6.6 6.4 5.4 6.0 6.5 6.8 4.9 6.6 5.6
Hydrocarbonate, 78.7 82.4 87.4 78.3 88.4 85.6 77.4 86.5 90.5
Potassium 6.4 7.8 9.0 6.2 7.4 9.4 8.8 8.0 9.9
sodium 8.2 8.8 10.2 9.0 9.4 11.2 11.4 105 10.6
Calcium 16.6 15.4 15.8 20.8 16.8 15.8 14.8 16.6 16.8
Magnesium 6.8 7.0 6.9 7.5 7.2 7.7 6.5 6.0 6.8
mineralization, mg/| 1087 | 1226 | 1795 | 95.8 1048 | 1108 | 116.6 | 1333 128.8
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The Adjaristskali river is characterized by low turbidity, the amount of
dissolved oxygen ranges from 7.5 mg/l to 11.05 mg/l over the years, and the
values of BOGs are in the range of 3.15 mg/l - 5.50 mg/l . The mineralization of
the river water is low, and its slight increase is observed in the summer-autumn
period of 2019. Quite regularly, low mineralization is associated with an increase
in the volume of water consumption. Consequently, water turbidity is also high
during this period. The content and turbidity of the Adjaristskali River is much
higher than that of the Chorokhi River.

As for the content of heavy metals in water and bottom sediments, as shown
in Table No. 6,7 can be seen in the water, it mainly fluctuates within the MAC.
Only the iron content exceeds the marginally permissible concentration in the
summer ( 0.46 mg/l) and autumn (0.58 mg/l) of 2019 , while in the spring (0.29
mg/1) it approaches the MPC.

The content of heavy metals in bottom sediments is higher in 2019 than in
2020. An increasing trend is observed in the spring-autumn period of 2019. E.g.
Ni ranges from 44 mg/kg - 53 mg/kg. Cu - 48 mg/kg - 60 mg/kg. The Cr content
in spring was 80.6 mg/kg, and in autumn it reached 105.6 mg/kg.

Table No. 6
The content of heavy metals in the water of the river Adjaristskali

o = The River Adjaristskali
= @
£.2 2019 2020 2021
S E MAC
53 o0 z = o0 z = o0 i g
o5l & = E & = E & g E Mg/
S g g g g g g g g g
[ 5} o = (=] =} (=9 =}
=9 @ & < @ b2 < @ & <
Fe 0.29 0.46 0.58 0.07 0.16 0.11 0.21 0.30 0.24 0.3

Cu ]0.0014 0.0019 | 0.0020 0.0042 0.0052 0.0082 0.0085 0.0078 0.0050 1.0

Zn ]0.0010 0.0012 | 0.0014 0.0060 0.0044 0.0048 0.0064 0.0074 0.0082 1.0

Pb ]0.0088 0.0078 | 0.0070 0.0055 0.0070 0.0076 0.0073 0.0068 0.0064 0.03

Hg ]0.00010 | 0.0009 | - - 0.00011 | 0.00010 0.0008 0.0008 0.0005

Cd 0.00085 | 0.0009 - 0.00010 | 0.00010 0.00018 | 0.00014 | 0.001
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Table No. 7
The content of heavy metals in the bottom sediments of the Adjaristskali

River
) . The River Adjaristskali
Time of taking 2019 2020
samples
Ni Cu Zn As Cr Fe Mn Ni Cu Zn As Cr Fe Mn
Spring 44 48 87 2.7 | 806 | 459]059]|16.6]| 13 32 | 64 1598|1751 0.57
Summer 48 581 105 34 ] 945 |61.0]090]|17.1| 16 | 406 7.7 | 61.4]29.7]0.78
Autumn 53 60] 985 | 5.8 | 105.6]5021084]|225]| 14 | 404 | 7.0 | 70.0 | 32.0 | 0.69
Table No. 8
Results of microbiological analysis of the water of the river Adjariskalli
The River Adjaristskali
2019 2020 2021
Determined - - o
. g (=T9] Y = (1) U = B0 3] =]
microorganisms g g g =) g g =) g g
g g 2 g g Z g g =
[=H =} =] o = =] o =3 =]
Total coliforms 7120 8020 8840 | 4986 | 5300 | 5100 | 5280 | 5890 | 6910
E-coli 5050 6840 6245 | 5000 | 6055 | 5850 | 4885 | 4880 | 5220
Fecal streptococci 548 640 730 440 490 499 | 395.8 | 408.0 | 468.1
Salmonella were not found were not found were not found

From the results of 2019.2020.2021 sanitary-microbiological analyzes of the
Adjaristskali river, it is clear that the indicators of microbiological pollution of
the river have not undergone significant changes. The highest rate of total
coliforms (8840) and fecal streptococci (730) was observed in the autumn of
2019, E-coli- in summer (6840). Salmonella was not found in any of the samples.
The obtained results indicate the influence of the anthropogenic load of the river
and its fecal pollution. Nevertheless, it can be said that due to the self-cleaning

processes taking place in the river, its ecological condition is satisfactory.

The river Kubistskali
The river Kubistkali, which is about 5.4 km long, flows from the Adjara-
Guria mountain system. The river is connected to the Black Sea by an artificial

concrete channel along the territory of the Batumi oil refinery.
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From the results of the physical and hydrochemical analyzes of the
Kubistskali, it can be seen that the concentrations of the components determined
by us are within the norm. Both NO 2-and NO 3-, as well as NH 4+, the content
of which in 2020 exceeded MPC by 1.8 times, underwent seasonal changes and
increased. This is an indicator of fecal contamination of water.

During the determination of heavy metals in the Kubastskali, only iron was
increased (spring - 0.3 mg/l, summer - 0.44 mg/l, autumn - 0.55 mg/l) and the
rest of the heavy metals were recorded within the limits of permissible
concentration. There is no sharp increase of heavy metals in bottom sediments.

Based on the results of the microbiological analysis, the river Kubistskali in
2020-2021 is characterized by microbial pollution, which indicates their fecal
pollution. Eg: E-coli contents in 2020 range from 5186 to 6885. In 2021, it ranges
from 6887 to 7236.

The River Chakvistskali

The river Chakvistskali, which is 25.2 km long, flows from the
northwestern slope of the Meskheti ridge, through Kobuleti municipality and
flows into the Black Sea. The Chakvistskal is a typical mountain river. The river
is characterized by a fast current

From the results of the physico-chemical and hydrochemical analysis of the
analyses samples taken by us from the river Chakviskali, it appears that in the
spring-autumn period of 2019-2021 , sharp mineralization change did not take
place in the river. The concentration of BOGCs in river water approaches the
value of MPC and also slightly increases in the autumn period. According to the
physico-chemical indicators, we can say that there was no serious anthropogenic
pollution and discharge of a large amount of polluting substances into the river
during the given period did not happen. As for the ammonium ion content of
the river in the Chakvistskali, its concentrations were elevated and exceeded the
MPC values in 2019 and 2021.

Based on the research results, the data on the content of heavy metals(Fe,
Cu, Zn, Pb, Hg, Cd) in the river Chakvistskali are below the marginally
harmful concentration. Which we think is caused by the high pH of the water.
Heavy metals are hydrolyzed and sorbed on the sediment. The concentration of
iron slightly, but still exceeded the indicator of MPC in the fall of 2019. As for
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the river, according to the results of the chemical analysis of bottom sediments
of the Chakvistskali, the composition of its bottom sediments in relation to the
content of some metals does not differ significantly from the results of other
rivers. According to the results of the microbiological analysis of the Chakviskali
river, we can conclude that its sanitary-ecological condition is satisfactory and a
better picture emerges than in the case of any other rivers, to the extent that in
this case the amount of E-coli in the river water approached the normative limit

only once during these years.

The river Bartskhana
The river of West Georgia - Bartskhana, the length of which is 8.2 km,
belongs to small rivers. It is attached to the Black Sea in the south of Batumi, in
the settlement of Tamar, near the harbor. For years, it has been polluted by the
Batumi pharmacochemical plant and by waste from the oil terminal and oil
refinery. There is also a large amount of sewage and household waste pollution.
In 2019-2021, the results of ecochemical monitoring conducted on the

river Bartskhana are presented in the table No.9

Table No. 9
Main physico-chemical and hydrochemical parameters of the river Bartskhana

The river Bartskhana
2019 2020 2021

Ingredients to be = o = = = a

determined = g £ & g g & g g

5 g = = g = = g I
temperature, t°C 16.8 246 | 227 | 170 248 | 208 17.0 24.8 21.0

Smell, points 1.0 15 15 3.0 40 4.08 43 38 3.2
Turbidity 12.4 20.45 | 24.15 45 5.5 5.44 3.55 2.65 2.86

pH 820 | 8.10 789 | 818 8.15 7.95 7.98 8.2 8.2

dissolved 7)I‘yge”' mg | 815 9.80 7.45 9.4 97 9.2 8.9 9.68 92
BODs, mg/ | 7.75 7.95 722 | 7.92 7.72 570 | 537 7.86 5.24
Electrical 2053 | 1924 | 3085 | 1882 | 1685 | 1725 | 1744 | 1702 | 167.9

conductivity

Nitrite of nitrogen 0.078 0.15 0.95 0.078 0.18 0.057 0.075 0.12 0.082
Nitrate of nitrogen 8.75 9.30 8.22 9.33 9.37 8.30 6.38 8.8 8.44
Ammonium ion 0.72 078 | o062 | 075 076 | 054 | 040 0.72 0.56
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Phosphate 0.56 0.46 0.26 0.52 0.48 0.38 0.47 0.52 0.37
Sulfate 14.7 17.2 6.4 15.6 13.2 9.6 59 16.4 6.6
Chloride 9.5 9.6 12.3 9.8 9.9 8.2 9.4 9.8 8.8
Hydrocarbonate, 72.0 68.2 75.5 105.7 88.6 87.5 92.1 90.9 89.9
Potassium 13.4 12.6 14.7 16.8 17.8 17.0 16.4 18.6 22.2
sodium 8.6 6.9 7.2 7.7 8.0 8.5 5.9 6.3 6.8
Calcium 12.4 10.6 11.4 13.3.4 13.6 14.4 12.5 14.8 15.4
Magnesium 5.1 6.2 4.8 4.2 7.2 7.9 9.0 9.4 8.8
mineralization, mg/I 130.8 122.4 179.6 120.5 142.5 128.5 148.0 156.7 154.5

BOGs in the water of the Bartskhana exceeded the MPC indicator. It varied
from 5.37 mg/L to 7.95 mg/L. Mineralization ranged from 120.5 mg/l to 179.6
mg/l. An increase in NO 2-, NO 3-and NH 4 +is observed . In some cases, the
content of ammonium ion exceeds MAC by 1.5-1.8 times, which is a noteworthy
fact from the ecological point of view.
Table No. 10
The content of heavy metals in the water of the river Bartkhana

The river Bartskhana

273
8. 2019 2020 2021
s E MAC
S o o0 z = o0 i = on B g
o5l & = g & g E & g g Mg/l
S g g g & g g g g g
[ 5} o = (=] =} (= =
-o = A < 2 A < 2 A <
Fe 0.28 0.38 0.44 0.10 0.09 0.08 0.18 0.18 0.20 0.3

Cu 0.0020 | 0.0014 ]0.0018 | 0.0054 0.0068 0.0078 0.0076 0.0065 0.0064 1.0

Zn 0.0015 0.0017 ]0.011 0.0032 0.0072 0.0070 0.0013 0.0032 0.0042 1.0

Pb 0.0065 0.0078 ]0.0072 | 0.0068 0.0070 0.0067 0.0085 0.0067 0.0074 0.03

Hg 0.0001 - 0.0001 - - 0.00009 | 0.0004 0.0003 0.0001 0.0005

Cd - 0.0001 ]0.0001 0.0003 - 0.00028 | 0.00020 | 0.00022 | 0.0002 0.001

As for the content of heavy metals in water and bottom sediments, it was
found that in summer (0.38 mg/l) and autumn (0.44 mg/l) in 2019, only iron
content exceeded MPC. It should be noted that in different seasons, very low
levels of Cd and Hg contents were observed in the river water. The low
concentration of heavy metals in the water of the river Bartskhana is caused by
the high pH index of the water, during which the given metals are hydrolyzed
and, accordingly, they pass into the sediments. The content of metals in the
bottom sediments of the mentioned river is similar to other rivers of the Adjara-
Trialeti zone. However, in the case of chromium, the river Bartkhana is

characterized by a rather high content compared to other rivers.

52




Table No. 11
The content of heavy metals in bottom sediments of the Bartskhana

River

) . The river Bartskhana

Time of taking 2019 2020

samples

Ni Cu Zn As Cr Fe Mn Ni Cu Zn As Cr Fe Mn

Spring 99 45 105 1.7 140 56 1.1 | 555|664 70 | 144362260 1.3
Summer 115 | 65 135 2.0 145 72 | 1351625778 79 | 195|422 ]264 | 1.32
Autumn 130 | 52 115 2.8 170 | 60.8] 1.1 | 608|764 81 |164]357]31.1]|1.28

The results of the 2019-2021 microbiological analysis of the river
Bartskhana are presented in tables No.12

Table No. 12
Results of microbiological analysis of the river Bartskhana water
The river Bartskhana
2019 2020 2021
Determined - a b a b .
- . = . 50 = o0 =
microorganisms g g g g g E g g g
& | § E E | 8] §| & § E
Total coliforms 6885 | 7550 | 8250 | 6522 | 7542 | 7644 | 8664 | 9056 | 8114
E-coli 6855 | 5850 | 6100 | 5850 | 7850 | 8856 | 6542 | 7126 5927
Fecal streptococci 530 650 580 608 578 588 | 498.9 | 6285 | 660.5
Salmonella were not found were not found were not found

While determining the indicator of fecal contamination of water in the
Bartskhana River - Escherichia coli, it was found that its concentrations are
increased in all three years, depending on the seasons. In 2019, it varies within
5850-8856 units/l, in 2020 - within 5850-8856 units/l, and in 2021 - within 5927-
9056 units/l. It can enter the river from human and/or animal excrement,
untreated sewage effluent. Total coliforms varied from 6885 (2019) to 9056
(2021). And fecal streptococci, one of the most important sanitary-indicator
microorganisms of water pollution, which indicates old fecal pollution, was the
highest (628.5) recorded in the summer of 2021 in all three years. Salmonella was
not found in any sample.

In the season of holidays, undesirable bacteriological condition of the
river, in our opinion, is due to touristic flow which causes an increased amount of

discharge of uncleaned household waters from sewage connected , as well as
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from unattached buildings ( hotels , including guest houses ). All this increases
the fecal pollution of the water. It is worth noting that the ecological condition
of the middle waist of the river Bartskhana has been unsatisfactory for a long
time. In this case we have both household and production pollution . The
obtained results show that the anthropogenic pollution in the Bartskhana was
intensified in 2021 and its sanitary-hygienic condition requires constant
monitoring and protection of its ecological condition.

Thus, based on the results of our monitoring of the rivers selected as
research objects, we can conclude that there is no strong anthropogenic load on
them. However, in a number of cases, their pollution caused by unfiltered
household-communal wastewater as well as by the presence of uncontrolled
landfills along the river bank, etc. is observed. The influence of anthropogenic
factors affects the content of natural forms of basic ions and biogenic elements, as
well as the mineralization of rivers. The contents of such components as
ammonium ion and biological oxygen often increase in the water of rivers . As a
result of research conducted on rivers, it can be seen that the soluble forms of
heavy metals are changing. Under the influence of water pH, their hydrolysis
occurs, due to which the main mass is deposited on the bottom, and a part is
sorbed on the sediment. Therefore, their concentrations mostly vary within the
limits of permissible concentration. Therefore, in these rivers, the content of
heavy metals (Fe, Cu, Zn, Pb) is mostly in within the limits of MAC. Not so
rarely, certain doses of Hg and Cd concentrations have been recorded, which
raises the interest to determine the degree of content of these components in
some fish in the river.

In the rivers used as a research object to assess the sanitary-microbiological
condition of water the number of Escherichia coli, of total coliforms, fecal
streptococci show that despite the anthropogenic load on them, the degree of
their pollution is satisfactory at the expense of the self-cleaning processes taking
place in it. However, in summer and autumn, in some cases, their increase is
observed.

Based on the research results, we can conclude that the anthropogenic
substances entering the rivers (the Chakvistskali, the Bartskhana, the Chorokhi,
the Adjaristskali and the Kubistskali) are transformed into non-toxic compounds
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as a result of chemical, physical-chemical and biological processes. Organic and
biogenic substance is oxidized or consumed by living organisms. As a result of
these and other processes known as self-cleaning, water maintains a more or less

satisfactory ecological condition.

Chapter 4. Determination of the content of mercury and cadmium in fish

of rivers
(Chakvistskali, Bartskhana, Chorokhi, Ajaristskali and Kubistskali)

Among heavy metals, Hg and Cd are dangerous contaminants of water
reservoirs. They can accumulate and migrate. Have a negative effect on the flora
and fauna of water reservoirs. It is almost unexplored how they spread in the
biota, their transformation in time and space, toxicity to organisms, as well as
biochemical-pathological reactions, etc. Therefore, the introduction of these
pollutants into aquatic ecosystems poses a potential threat to aquatic flora and
fauna, as well as to human health. [Wren C. D,, et al 1983].

There is practically no self-cleaning mechanism for heavy metals because they
only move from one water reservoir to another, affect different categories of
living organisms, and wusually cause wundesirable, sometimes disastrous
consequences. (Ghoghoberidze, M. 1992).

According to some researchers, heavy metals, in particular, Hg, when they get
into a reservoir, they settle to its bottom and become practically harmless.
Studies showed that they are broken down by bacteria, as a result of which they
get into fish food along with bacteria, after which they get in fish and finally in
the human body. Mercury enters water bodies mainly from industries. The total
mercury content in freshwater plankton and benthos is much higher than in
similar organisms in seawater. Hg gets into water reservoirs mainly from the
industry. The total content of Hg in freshwater plankton and benthos is much
higher than in similar organisms of seawater. (Mchedluri T., et al 2018)

It took specialists fifteen years to determine It took specialists fifteen years to
determine what caused the terrible disease that spread through the population of
Minamata in 1956-60. Dozens of people died as a result of an unknown disease at

that time. The cause of the illness was mercury compounds introduced into the
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ocean by the wastewater of one of the chemical plants. For years, mentally and
physically imperfect, paralyzed children with a damaged central nervous system
were born in Minamata. This disease was called "industrial Hiroshima", that is,
"Minamata disease", and in medicine this term refers to human poisoning by
industrial waste (David Lennett., et al 2018) .

Due to the pH values in natural waters, cadmium enteredt reservoir
undergoes hydrolysis. Cd?* is adsorbed on suspended particles, forms complex
compounds of organic substances, and moves in this form. The processes of
cadmium sorption and desorption in bottom sediments of water bodies are very
fast, and humic acids are the dominant factor in these processes.

The total content of cadmium in freshwater vegetation is 1 kg. Dry weight
can vary from 0.15 to 342 mg. Low water temperature reduces cadmium
absorption. Cadmium in fish accumulates primarily in the tissues of internal
organs. There are a few reported cases of cadmium poisoning in humans by
consuming fish or using water.

The most well-known example of cadmium poisoning is the so-called “Itai-
Itai” disease, which was found in the residents of one of the districts of Japan in
1940-60. Here, contaminated waters from deposits were discharged into small
rivers without treatment, which affected the quality of drinking water (Alan
D. Woolf. 2022) .

The same was used to irrigate rice crops. When people are poisoned by
cadmium, softening of bones, calcification and pyelonephritis of the kidneys
followed by bone deformation and kidney dysfunction take place. The half-life
of cadmium accumulated in the body is 10-30 years, moreover - there is a direct
correlation between cadmium exposure and cancer. (Mchedluri T., 2021)

The results of the analysis of Cd and Hg in the water of the rivers studied by
us showed that the water of some rivers is much smaller than MAC. Mercury and
cadmium have the ability to biomagnify and bioaccumulate. In the environment,
they may transform into more dangerous forms, which is why they are
characterized by special toxicity for hydrobionts and humans. They can poison
and/or reduce the number of aquatic organisms, pollute natural landscapes,
disrupt and reduce the biodiversity of aquatic ecosystems (Mchedluri, T. er a/
2017)
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Based on the mentioned problem, we considered it topical to determine the
content of mercury and cadmium in the bodies of fish common in the rivers
(Chakvistskali, Bartskhana, Chorokhi, Ajaristskali and Kubastskali) taken by us as
research objects, to see how easily Hg and Cd could penetrate into the body of
fish through the fatty coating, absorption and accumulation.

We conducted research in September 2019-2020. The obtained results are
presented in tables No. 13,14.

Table No. 13

Cd and Hg contaminations in the fish tissue samples from the rivers

i .. MAC -
Place sample was taken e Finding Finding | MAC
Ne sample Hg mg/kg Cd mg/kg Comment
was taken mg/kg mg/kg
1 The river Chakvistskali 0.0030 0.0112 .
. Weight of
2 The river Bartskhana 7] 0.0035 L
=) taken
3 The river Chorokhi QE) P 0.0055 0.5 0.0119
g . samples —
4 The river Ajaristskali c):& - 0,0111 350 gr
5 The river Kubistskali - 0.0100
Table No. 14
Cd and Hg contaminations in the fish tissue samples from the rivers
Time
g MAC g
Place sample was taken sample Finding Finding | MAC
Ne was Hg mg/kg Cd Comment
mg/kg mg/kg | me/kg
taken
1 The river Chakvistskali 0.0030 0.010 .
. - Weight of
2 The river Bartskhana b} 0.0032 o 0.05
2 o taken
3 The river Chorokhi E = _ 05 0,012 1
g . samples —
4 The river Ajaristskali c%* _ 0.011 350 gr
5 The river Kubistskali - 0.010

The results of the 2019-2020 research showed that even though the
concentrations of Hg and Cd in the research rivers are quite small and in some
points were not even detected, the concentrations of mercury and cadmium in
the fish samples taken from different points were found to be very low

concentrations and the difference between the obtained results is also small.
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Based on the data of 2019, the lowest concentration of mercury was
recorded in the fish taken from Chakvistskal (0.0030 mg/kg), and the highest - in
the fish of Chorokhi River (0.0055 mg/kg). The concentration of cadmium is also
very low. For instance, it was the lowest in Kubastskali fish (0.01 mg/kg), the
highest - in chorokhi fish (0.0119 mg/kg). It was not observed in the fish of
Ajaristskali and Kubitskali.

According to the data of 2020, mercury was recorded in the fish of
Bartskhana River (0.0032 mg/kg) and Chakvistskali (0.003 mg/kg). No mercury
content was recorded in the fish taken from Chorokhi, Kubistskali and
Ajaristskali. Cd content is very low only in Chakvistskali (0.01 mg/kg) and
Kubistskali fish (0.01). No cadmium was detected in the fish taken from
Chorokhi, Bartskhana and Adjaristskali.

The obtained results of 2019-2020 show that even though the rivers
(Chakvistskali, Bartskhana, Chorokhi, Adjaristskali and Kubastskali) suffer from
anthropogenic pollution, quite small concentrations of mercury and cadmium
were found even in the points most loaded with anthropogenic factors. Both
mercury and cadmium contents are very low in the analytical fish taken from the
rivers (in some of them their concentration was not observed).

In our opinion, this is because there are no such enterprises in Georgia that
result in the pollution of water bodies' ecosystems with mercury and cadmium.
Therefore, it is impossible to poison hydrobionts, fish and their populations with
the mentioned heavy metals. It is important to note that mercury is
characterized by a short stay in water. It rapidly transforms into compounds in
sediments.

Thus, for the first time, we have determined Hg and Cd contents in fish of
Western Georgian rivers (Chakvistskali, Bartskhana, Chorokhi, Adjaristskail and
Kubastskali). The obtained results show that it is possible that Hg and Cd are
absent in water taken from a particular point or there is a very low concentration
in it, but in the tissues of fish taken from the same point, these elements are
accumulated in certain amounts. It should be noted that the processes of
contamination in fish with these elements can take place quite easily and
quickly. Nevertheless, the concentrations of Cd and Hg in the body of fish are

very low and in no case can they even approach MAC values.
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It is noticeable that many European countries carry out monitoring of the
content of heavy metals in hydrobionts and fish of open water reservoirs, even
though the mentioned rivers are not polluted by heavy metals.

Unfortunately, such monitoring of hydrobionts and fish is not carried out in
Georgia. Therefore, we can say that our research on fish is topical and important.

The results are worthy for specialists and interested parties.

Chapter 5. Ecological condition of the Bartskhana and the Adjaristskali

and their classification according to integral hydrochemical indicators

(according to the methodology proposed by the Water Framework
Directive - 2000/60/EC)

The growth of industrial potential has put the ecosystems of the Black Sea
and the rivers flowing into it at risk from an ecological point of view. Georgia is
assigned a transit function between European and Asian countries, which creates
a danger of complicating the ecological situation in the coastal region. In order to
assess the ecological condition of the rivers of the The Black Sea basin, it is
relevant to carry out research in their chemical and biological direction, to
constantly monitor and, based on the analysis of already existing information, to
reveal the trends of the current processes in the water ecosystem. International
conventions and agreements related to the protection of the Black Sea testify to
the priority of the mentioned problem. Georgia has signed the association with
the European Union, thus undertook to reflect requirements of European Union
legislation connected to water pollution nationally in legislation and fulfilling
them.

According to the European Union environmental legislation, one of the
most fully regulated areas is water. As a result of carrying out environmental
measures, the condition of surface waters has improved. Nevertheless, the
desired results have not been achieved yet. Mostly, it refers to small rivers.
Water framework Directive represents foundation for the strategies connected
with water resources . In order to achieve environmental goals it is mandatory to

fulfill some of the directives connected to water resources pollution (Water
Framework Euro Directive (2000/60/EC))
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One of the goals of our research was to classify the water quality according
to integral hydrochemical indicators (methodology proposed by the European
Water Framework Directive - 2000/60/EC), taking into account the results of the
monitoring of hydrochemical indicators for the rivers Bartskhana and the
Adjaristskali.

We conducted monitoring in 2019-2020 seasonally (cold and warm period
of the year) . The physico-chemical parameters of the river water were measured
on site, and the chemical and microbiological research of the analytical samples
was carried out in the laboratory using modern methods and technology that
meet international European standards. According to the obtained results, the
current ecological condition of these rivers was evaluated and their correlation
with seasonality was identified accordingly.

According to the results of the hydrochemical research of the rivers, it can
be seen that the hydrochemical parameters of the rivers studied by us vary within
the limits of the permissible concentration and the water quality is satisfactory.

Biogenic elements - NH 4+, NO 2+, NO 3+, PO 43-which reflect the quality
of surface water pollution and are their indicators, are important components for
determining the quality of fecal water pollution. It is especially interesting to
control the contents of their separate forms in water, which indicate on
strengthening processes, such as fecal pollution , eutrophication , damping
communal and rural agricultural waste waters in the river and others.

Based on the results of the research, it can be seen that the annual average
content of ammonium ions in the river Bartskhana water exceeds the maximum
permissible concentration (MAC) in water, which is noteworthy and indicates
on contamination of the Bartskhana water with feces. One of the indicators of
river Bartskhana's fecal pollution is that it has a high concentration of BOGs,

In the list of indicators of the rivers Bartskhana and Adjaristskali, we have
included the heavy metal (Fe), which are potential pollutants and on which we
have been conducting research over the years. In the water of the rivers, we also
determined the indicator of faecal water pollution Escherichia coli, which can
enter the river from human or animal excrement or untreated sewage water. The
rate of total coliforms, faecal streptococci, one of the important sanitary-

indicator microorganisms of water pollution, indicates on old fecal pollution. As
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for the results of sanitary-microbiological analysis of rivers (Escherichia coli,
total coliforms, faecal streptococcus), it can be seen that their ecological
condition is satisfactory. However, in the case of the river Bartskhana, the
content of E-coli in its water is slightly above the norm.

According to the Water Framework Directive (2000/60/EC) of the
European Union countries , in order to assign the classification of the rivers
Bartskhana and Adjaristskali, we have calculated the so calle water pollution
indices (S). For this, based on the recommendation of the framework directive, in
our case, 9 Hydrochemical indicator was used, i.e. indicator (depending on the
methodology, at least 6 or 7 indicators should be used in calculations). For
surface water to be properly classified, it is necessary to determine water pH,
dissolved oxygen (DO) and biological oxygen consumption (BOC 5). We selected
the rest of the indicators based on what we considered to be a priority in terms of
the pollution of the mentioned rivers. Also, in addition to the data of the used
indicators, it is necessary to include in the formula the values of the
corresponding maximum permissible concentrations of water pollutants .

We calculated the river water pollution index using the following

equation:

N

. Ci/MAC
- N

i=1

where: S - water pollution index; Ci - concentration of the hydrochemical

indicator; MAC - marginally allowable concentration of the hydrochemical

component; N - quantity of the indicators used in calculations

The list of hydrochemical indicators, which, in our opinion, would more

or less characterize the research rivers selected by us, is given in table No15

Table No. 15
Quality indicators selected for the Bartskhana and the Adjaristskali
Ne Indicators MAC
1 pH 7.5-8.5
2 dissolved oxygen. mg /| 4-6 (mg/1)
3 BODs, mg / | 3 (mg/l)
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4 NO» 1.1 (mg/l)
5 NOs- 10 (mg/1)
6 NHa 0.39 (mg/l)
7 PO4# 3.5 (mg/l)
8 SO+~ 500 (mg/1)
9 CI 350 (mg/1)

Based on the obtained results, river classifications (ie pollution quality

class) were evaluated according to Table No.16 which provides an assessment of

water quality classification using pollution indices. To assign the classification of

surface waters, with the recommendation of water frame directives

(2000/60/EC). the scale of ecological quality coefficients is divided into 5

categories.

Table No.16 provides an assessment of water quality classification using

pollution indices.

Table No. 16

Ne The water Pollution index water quality class
1 Clean 02-1.0 1
2 slightly polluted 1.0-2.0 2
3 moderately polluted 20-4.0 3
4 dirty 4.0-6.0 4
5 heavily polluted >6.0 5

Based on the processing of hydrochemical data of the waters of the rivers
studied by us, we evaluated the degree of water pollution of the rivers and their

correlation with seasonality. Using the corresponding equation, we calculated
the pollution index, which enabled us to establish water quality class of these

rivers.

The quality qualifications given by us according to pollution indices are

given in table N17
Table No. 17
Classification of the quality of the rivers Bartskhana and Adjaristskali
The river Pollution index TS AN
class
The river Bartskhana (cold period of the year) 0.91 1
The river Bartskhana (warm period of the year) 1.04 2
The river Ajaristskali (cold period of the year) 0.51 1
The river Ajaristskali (warm period of the year) 0.52 1
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During the year 2019-2020, the studies carried out by us according to the
methodology proposed by the European water framework directive - 2000/60/EC
showed that the water of the river Bartskhana is more polluted than the
Adjaristskali according to hydrochemical indicators. The difference in the degree
of pollution is sharply marked in the warm period of the year (period of water
scarcity). For example, the water in the Bartskhana is more polluted than in the
Adjaristskali. The difference in the degree of pollution increases especially in the
warm period of the year (period of water scarcity). As for the river Adjaristskali,
its degree of pollution (according to hydrochemical parameters) is much lower
than that of the river Bartskhana in both periods of the year.

For example, during the warm period of the year, according to the obtained
pollution index, the quality of the Bartskhana water was assessed as class 2 (that
is, slightly polluted), and in the cold period of the year, the value of the pollution
index reached 0.91, that is, it approached the border of clean (class 1) and slightly
polluted (class 2) water. As for the river Adjaristskali, its degree of pollution
(according to hydrochemical parameters) is much lower than that of the river
Bartskhana (in both periods of the year. In our opinion, this is due to the fact
that the river Bartskhana , before flowing into the sea, passes through a number
of villages and, most importantly, the city of Batumi. The anthropogenic
pollution of the river is mainly caused by household-used, untreated runoff
water from livestock farms, poisons used in agriculture, etc.

Our assignment of the water quality classification of the rivers Adjaristskali
and the Bartskhana by using hydrochemical indicators (according to the
methodology proposed by the European Water Framework Directive -
2000/60/EC) is very important. If in the following years, on the basis of statistical
data, the water pollution index (S) is calculated, it will be possible to determine
whether the ecological condition of the given rivers has deteriorated or
improved. Such approaches to surface waters will allow us to monitor any river
basin, as a result of which a correct assessment of water quality will be made,

which will help us plan and carry out preventive measures.
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Conclusions

1. In 2019-2021, ecological monitoring of the Black Sea rivers (the Chorokhi, the
Adjaristskali, the Kubistskali, the Bartskhana, the Chakvistskali) was carried out
and according to the degree of pollution caused by anthropogenic factors, the
influence of polluting substances on the ecological condition of rivers was
established;

2. The content of some heavy metals (Fe, Cu, Zn, Pb, Hg, Cd) polluting the
ecosystems of water bodies was determined in the river water. They ranged
within the limit of permissible concentration. This is facilitated by the pH of the
water, under the influence of which these metals undergo hydrolysis and their
main mass settles on the bottom, while a part is adsorbed on the sediment.
Therefore, they cannot have a negative impact on the self-cleaning processes of
the river and, accordingly, on its ecological condition;

3. It was concluded that the content of the studied heavy metals (Ni, Cu, Zn, As,
Cr, Fe, Mn) in the bottom sediments of the rivers varies within the limits of
permissible concentration;

4. From the results of the physical-chemical and sanitary-microbiological
analysis conducted seasonally on the rivers (the Chorokhi, the Adjaristskali, the
Kubistskali, the Bartskhana, he Chakvistskali) it is clear that the indicators of
microbiological and chemical pollution in them do not undergo significant
changes. Although the studied sections of the rivers are affected by
anthropogenic load, their ecological condition is satisfactory and
epidemiologically safe;

5. As a result of the analysis of the content of Hg and Cd in the fish of the
analytical rivers of Western Georgia, which was carried out by us for the first
time, despite the small concentration of heavy metals in the water, a certain
amount of their content was recorded in the body of the fish (however, lower
than MPC). Which, in our opinion, is due to the cumulative effect characteristic
of fish. They are more soluble in fat than in water and therefore accumulate in
the adipose tissue of fish, despite their low concentration in water.

6. There are no such enterprises in Georgia that cause the pollution of water
bodies' ecosystems with mercury and cadmium. Therefore, it is impossible to

poison hydrations, fish and their populations with the mentioned heavy metals.
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It is important to note that mercury does not stay in water for a long time. It
quickly transforms into compounds in sediments.

7. Using the evaluation method adopted in international hydro chemical practice
and based on the selected indicators typical for the study regions, the ecological
condition of the rivers of the Black Sea Basin, the Bartskhana and the
Adjaristskali is described. The priority indicators (pH, DO, BODs, NO2-, NOs-,
NH4, PO+, SOs«, CI'), which were used for their classification have been
established and used.

8. According to the methodology proposed by the European Water framework
Directive, in 2019-2020 (warm period), taking into account the hydro chemical
indicators, the water quality of the Bartskhana was assessed as slightly polluted
(class 2), during the cold period of the year it was assessed as clean (class 1), So,

the degree of pollution depends to some extent on the seasonality of the year.
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