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beem 2022 -2024 §engddo 30 GHomgdms 6 33009300 Mmd09d¢bg: bma.Lobsowm,
b@G.BoOMOFoWs, MG, 35EM, bLMG. 0MOINPVIEDBM, LMG.3MWHROM0 s SWsBBOL
LOBOZ9MMB. dMboGHMMObY0 bm®E0gwgds YM39eM309Ms© 6 335MGHIWMEMS.
wdfoMgbos  dobsol  gLIgMoo  EIBsegdgdols s FOOHMOOMEMAOOO
5306dmMgdol globgd dmbs399900, 96 sOBYdIMOL 0bEMEOTs305 8. 0Mm®OL Fywols
bsmobbob Bmaso dymdsmgmdol dglobgd.

5303™3 d0bsrg 0ol sBol Hyarob Lolidge-bsdgm@bgm fgowdmaocmoggdol
LoLEBHYIOLOMZOL Fodmbogbgdars, fywrols baeolbols ILYIBI© 9B MG0s
B3abo 339300 LsdMdoml JoBsbl  Fomdmoagbs dobstrg oMol  sgBol
930 MYO0MOO 9 M3s6mgmdol d9L5x35L9dWS© 3omgjodomco o
90360Mmd0MMyomMo  3033mbgbEGHgool  360d3bgemdsms @O 93939 BLZIOHWO
3b5¢gdqddo 8dodg dg@ocms 999339 mdol ogbs.

B39bL dog®m 2023 {Herob mdEHmddMol  m39d0 BsGHo®mgdmeo  9Ju3goEoolols
90bs6g  0mEM0ol,  Loasdoby ©@s  3MLBML  BoD03MEM-4gMYMOBOIMO  SOYOW-
900005MgMd0L,  WIBEIIGFGHOL  IMZI0YIMIGOOLSL dgbfogwowo ogm  dsmo
©535006079M909e0 8016900030 s SBMOM3MYgbo  Fystrmgdo, 5369039
396030 065 LosbsE0BMm©  sLv®gdo yeol Lobxgdol 10 FadEGHowo.
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B3960 3309300 LsFMBomb sLsbwo sdm360L 3063900 9EO30L Tglolitrwy-
@admo© 2023 ferol 6mgddmol m39d0 Bo@Go®mgdmeo 9du3goEoolsl  sgdwo
0965 80bstg om&mol, dolo F9bs3oqdolL - 8@.Logsdols s 3. 3MLbML Hyargdols
300MMmJodorMo Bsobobsmzgol  d90wgao Fywrol Lobyxgdo:

1. 80.0m60 - bemgge odML EILLHYOLMID;
. 000. Logsdo (A 0MEOL Jo3bgbs F9bs3500)-LMmagE 93mEHS3Y;
. 900. LYY 8E.0MOMIb FJgMHNYdOL  F90IY - LMGBY MYHYH0569db;
. 000.386m( 3.0l Fotrx 3965 96535000) - Ly MJMIHY30L J393000 bomMH6;
. 000.399U6mL 9. 0MOHM6 Jg9Mmgdol I9dgR - Lombol Fyobsizego;

2
3
4
5
6. 90.0m6M0 - Lombol fgoboEogls s Lma.mMbggl ImEmOU;

7. 800.0060 - g bsddol J30L Lo@gb Lofo®BMbMLE;

8. 800.0m60 - LoM0Fo0IB 39HgmMoLO396 F03535¢ 2BOL boEWMb;

9. 0©.0mM0 - LOROgxXMmd 1 30 dsbdogrol  sgowgdom d3ol Lo@gb
LG OOAMVSB;

10. 8.0m60 J.0080obob Hysebozszmsb 89960009d59).

Dgarol  Lobxqdol o5©gds,  ©3MmbLYMZ9ds,  9BH039BH0MYds,  Tgbobzs o
AOBL3MOGOMGBS,  93MJM3])  WHBMEOOBHMOOMEO  SBowobo  Bo@oMgOME  0dbs
L59MM5IMMOLM (ISO) LESbIMEH™MWO FgOMPYdOL Tglsdsdols.

3600 1. 3obsty omMol  fiyewol gzmdodom®mo  sbseoBol dgwgagdo

[X=)
c g § B8 el
2 g S s S 2
& & © & 3 © e @2 s 8
£ 222 | 2 25 2 g S <
3 & oS | § € 8 g 3 & <
3 g2 | § g ¥ £ 5 . £ 5 =
g 2 - & TR 2 - uf:;
& S0¢ | ¢ g ¢ £ ¢z I -
3 & S & < ~ 2 55 - ¥
& g D2 c — sz o c 2 P52 °
3 2 € 2 28 Z 2B L A2 & &8 =
2 94 & 3 & 3 8 5 823 05
€ ' ;3 g & 8 g 8 3
- 1 &5 238 g5 5
1 3 4 5 6 7
635609330300 35639693 gd0
UENGEE
1 [®99396s@HmGs , - 8 10 11 11
°C
<2 <2 <2 <2
2 |Lbwbo, doemo 2
I (mbmbey) | (bggbeo) | (abgbe) | (gbigben)
3 [399m, doeo 2 - - - -
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3bM0o 1-0b goaMmAgmmgds

4 |BIO0DOB, 15 24 <15 20 <15
3M50Lo
LodE3M039,
5 e 2.0 1.1 0.49 227 2.94
B0 35639690900
6 pH 6-9 7.90 7.60 7.40 775
7 | 39@8sbgsbs- 3 048 0.48 1.36 1.12
Goo
55569 9Mdy,
dg O2/¢w
39blbogro
9 |g63d5000, o4 13 12.2 11.8 11.2
/@
9 HOe-
10 [58¢56mds, ; 0.0265 0.0374 0.0404 0.0347
Lod/d
do6M005©0 00b9gd0
1. b >
JEB200°0 250 10.4 40 9.6 7.6
(504 )) a?)/@
12.| Jomcoogdo 250 851 9.22 9.93 9.22
(CL°), Bp/ew
Boboly,
13. [20°0000 7 321 451 441 401
93-033/
14, | 30QOMIPOOMH ; 175.7 2635 256.2 229.4
5Hgd0, e
15, [3°000bG)RO; - <05 <05 <05 <05
dy
16,3260 140 50.1 82.16 74.15 68.4
(Ca), B/
17.|00800g00 (Mg), 85 851 476 851 7.30
/@
Bo®\ G0
18, [22000000 200 352 3.08 484 484
(Na), 0/,
do,
19,|3°€03% _ 0.55 0.66 1.27 0.88
/@
d0myb6m0o 333mbybEgd0
90, | 200bo70%0; _ <0.1 0.1 0.1 <0.1
d/
Bo@®o@gdo
21.|(NO3), 50 <05 13 40 <05
d/
Bo@®mo@godo
22.|(NO3), 02 <0.02 <0.02 0.13 <0.02
d/
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3bM0o 1-0b goaMmAgmmgds

U 00,
23| 370000 35 <0.02 <0.2 <0.2 <0.2
g/
90360m9w9396@& 900
©M0dbsbo (As,
24. | % 50960) 0.01 <0.005 <0.005 <0.005 <0.005
g/
3odonmdo (Cd,
26. | x539960) 0.003 <0.001 0.001 <0.001 0.001
g/
27.|0bb000 (Mn,| - <0.02 <0.02 <0.02 <0.02
X50960)
b3oggbdo (Cu,
28. | x90960), 2.0 <0.003 <0.003 <0.003 <0.003
g/
Gyzos (Pb,
29. | x909960), 0.01 <0.01 <0.01 0.01 <0.01
g/
OO0
30. | (Zn,x59M60) 3.0 <0.003 <0.003 <0.003 <0.003
g/
63065 (Fe,
31.|xs0M60), 0.3 <0.02 <0.02 0.65 1.54
g/
3b®ogo 2. 3obsty om@ol  fymol g3mdodom®o  sbsgroBbols Bggagdo
O
(o]
3 2
c = S
L) 2 2 =S © 2
cg) é( = 3 é %‘ 2 3 o)
3 S L. D & < e 3 o c
3 o ¢ 9 | g 2 £ B g g
c 259 < s % 2 ¥
9 852 |os g S & e 2
§ 2% |[© gw S 5 & g
& g € S = ’? [} = € &
® g D 8 2 © o) S 3
ol 194 g/ 1e] c S 135 «a C Lo c w e
z P DBS |82 &l €& € 8 c 3
5" € 5 & ) c A ) g O g 3 ~ XS o
E 252|822 S 2 | B fiy g
2 g% | 83 g¢ g 3 c g 8§ ~
© &€ YU o - © = & o
© S A » [N S O %‘
- B S 3 . & 5
1 2 4 5 6 7
6256Mm933039M0 95839690900
figewob
1 | #9039 nes | - 14 13 14 12
, °C
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3bM00 2-0b goaMmAgEads

<2

2 |bmbo, dogmo 2 <2 (mlmbm <2 (mlmbm <2 (mlmbm
) @ (eqbsemBen) (0bbe) (0bbe) (0bbe)

3 [399m, doewo 1 - - - -

4 |B000 15 21 19 <15 16.1
3M50Lo
LodW3M039,

5 |pru 2 4.72 4.94 1.15 8.42

Dm0 35B39690egd0
09odsols

6 |8sBggbgdgero, 6-9 7.85 7.90 7.95 7.90

pH

3960569565~

7 |O0wo 3 1.92 1.28 1.28 1.68
596935005,
dgy O2/qm
29blbogro

9 | 596325000, >4 10.8 10.2 9 9.2

/@

9I9JEHO™-

10 | 5/58@96mds, - 0.0255 0.0238 0.0431 0.0462
Lod/d

doM0™5©O 0mbgdo
LogOoO™

11 1806g@semo- 1000 231.6 231.0 377.3 396.0
o0y, 0/

12 |BIQBAOR0 o) 8.0 96 50 68.0
(S0%7) , dy/w ' ' '

13 |J@nto)do 250 851 7.09 15.6 128
(Cl"), Bpy/ew

14 |bobobOY, 7 2.80 2.81 4 451
93033/

15 |30QOM3HO3N - 158.6 158.6 215.9 209.8
53900, dy/a

16. |3°08mbaO 00, _ <05 <05 <05 <05
dp/x

17 |3>€3ogdo 140 46.1 44.1 62.0 70.14
(Ca), T/ ' ' ' '

18 |9>3bogdo 85 6.06 7.30 10.9 12.16
(Mg), /e

19 |bo¢®ogdo 200 352 3.63 20.9 19.91
(Na), dg/em,

20 |ogdo, - 0.77 0.72 1.93 1.65
Ry

00my9699MH0 3n33MbgbE 900

21.|58mboyo, ] <0.01 <0.1 <0.1 <0.1
dp/@
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3b®0ogo 2-0b 2o3MAgEgds

22.

Bo@®odgdo
(NO3), Oye

50

<0.5

<0.5

<0.5

<0.5

23.

Bo@®mo@godo
(NO3), e

0.2

<0.02

<0.02

<0.02

0.24

24,

RLRBEGH900,
9/

3.5

<0.2

<0.2

<0.2

<0.2

90360m9w9d96@ 900

25.

©60Tbsbo
(As, x509960)
O/

0.01

<0.005

<0.005

<0.005

<0.005

26.

3odonmdo (Cd,
X200)60) /e

0.003

<0.001

<0.001

<0.001

<0.001

27.

9obgobwdo
(Mn, x539960)

0.4

<0.02

<0.02

<0.02

<0.02

28.

b3oggbdo (Cu,
X501160),03/c»

<0.003

<0.003

<0.003

<0.003

29.

&y30s (Pb,
X501160), /o

0.01

<0.01

<0.01

<0.01

<0.01

30.

DIDOS
(Zn,%5060)
0/

<0.003

<0.003

<0.003

<0.003

31.

63065 (Fe,
X5060), I/

0.3

0.05

0.07

0.02

0.13

300 3. 3obsty omeol  fgmol g3mJodon@o

3bseoBol 99a0d0

S 5
5 & 2 e 2 ¥
S sz 2% ¢ (A
g S 18¢, ¢
< 272 |€2% & 2%
3 “22 | 29% ¢ =
C@ %( S % 3 ‘8 j =) [ e] %
0 ¥ 2 s £ c R
& $¢% ¥ & g € 8
® € 2 c v ¢ ™
& o8 g ° 2 € A
P 9 o) c 9
2 O D € A 3 )
B > c @ g %
2 S & o 1
€ o ™ o2)
~ ==
1 2 3 4 5
mO56Mm93¢ 0360 d5B39690gd0
1 &9939O5GH 6 ) 1 13
(figocwo).pMo@bo
2 |Lbybo ,85¢0 2 <2 (mbmbm) <2 (vmbgbm)
3 399m ,d5¢0 2 - -
4 |13960, 30O 15 >70 40
5 |bodw3ghogz9,FTU 2(3.5) 4660.0 3.63
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3b®0ogo 3-0b goaMmAgEgds

Dm0 95839690 9gd0
09odsols
6 |9sh396909o0, 6-9 7.70 7.90
pH
3960569965-G o
7 |99693500Mds, 3 6.46 1.92
dp Oo/¢w
9 3obLboo 556yds0, 4 3.4 102
/e
9IOHOM- i
10 ao0cho6mds, 100/ 0.0613 0.0310
doM0mOEO  0mbgdo
3860 bsdoo
11 | (80bgerso-bs0os) 1000 557.0 292.2
, Gy
b‘(jqz)cgo@)g?)o
(504_)1
12 250 226.0 32.0
/w0
I/
13 |d@etoege (C), 250 16.4 9.93
dy/w
14 | b0bOVOY. 7 5.66 351
93-033/
5 |20QOMO0MG - 170.8 178.1
0, Gy
16 | 3600dMbo@ 900,09/ - <0.5 <0.5
17 |3@eogdo (Ca), 140 85.16 54.11
dp/
1g |2ab0gdo (Mg), 85 17.02 9.73
y/
19 |22000gdo (Na), 200 37.4 6.93
d/,
20 |3sqwomdo, dy/ew - 2.48 1.27
0096960 333mbybEgd0
21 |50mbowdo, dy/am - <0.1 <0.1
99| 800®0%0 (NO), 50 1,8 <05
I/
93| 000000 (NO3), 0.2 <0.02 0.16
dp/v
04/ BVB000, 35 <02 <02
dp/v
d0360m9w9d9b@ 900
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GbHoo 3-0b 253MAgegds

©5M0dbsbo (As,
25 | %504960) B/ 0.01 0.013 <0.005
6odbsbo _
26 | (39bLBogo), dp/cw 0.01 <0.005
petonde (€ 0.003 <0.001 <0.001
27 | x58w960) dp/q
e (M 0.4 <0.02 <0.02
28 | x58v960) : . '
b3ogrgbdo (Cu,
29 | %504960), 3/ 2 <0.003 £0.003
30 0005 (X 5360), 3.0 0,003 o
dy/
AY309 (x53960), 0.01 001 o
31 |0p/q» . . ‘
03060 (x20060), 0.3 59.5
32 _
00
»30bs
33 (39bLbbo0),0/¢m 0.3 0.05 B

30639, 99gmeg s dgbodg bMowdo [oMdmygboos Bz9bL Boge Bo@oMgdmwo
9d0bstg 0mMol, dobo 996535009008  I0bseY Logosdols s  dEobotg 3mLbmU
D9argdol Jodormo sbseroBols 999agd0. dobstg omeol pH-ob 360d369wmds (7.90
- 7.95, 7.40) 999Lsd5990s 30bsM0L Fyarrolsmzgol adabsloomgdge brgMgdl (6.5 —
8.5), ®m3JgwoE 96 033wgds dobstg Logsdols (pH = 7,60) s dobstg 39U6mUs
(pH=7.75) 899601900l 99909, dglodsdolboe pH=7.40 o pH=7.85.

300390  3bGOwolL dobgzom  80bsey  0mMEMOL,  Logsdobs s 3MLBMUL
D9yargddo goblboo 56905000L 8608369 Mmds Fooeos @S Fqlvdsdobo Jgoa9bl
13.0-11.2 9p/¢» (T=8-11°C), boerm 5-7 Lobxol {iyergddo (5bGowo 2) H56adsols
3Mb3396GHMo305  89500996L 10.8 — 9.0 dp/c» (T= 14 - 13 °C), 9dghgg Lobxob fgsedo
9605000l 306396305 GHmos 9.2 /e (( T=12 °C), Gs3  d9gdmeamdols
396omol  dobgzom d99L5059905  BYOI30OHWYO P9aqdol bscolbols
39bLOBOZOME 3¢5LL - LYBoLL. Bgabeg Lobxol fysemdo goblbowo 556050l
omEabmds  Jggbodsdgds  Fgdmamdol  3gMomol dobgzom  BmIogMHo©
Q0306dmEMgdmemls 8.4 da/cn  ( gbMocro 3 ). 395009 Lobxol fgsewdo 30 goblbowro
596205000L MomEgbmds  I9dmEamdol 3gMHomol dobggom  Fggliodsdgds bmamal
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(10.2 9p/q» ).
016996030 {iyeols 96033690 ™m356 Fobosliosmgdgl FoMdmoagbl Lobold)g,

MmIgbsg M8mez3mlo@  29653060MdGOL Folido 35300l s Bsabowmdols blbso
95600 900. B9300wo Fywgdols Lobobg 033wgds BYHBMbMOO (335¢09dSMdOL
9dobg30m. BINOOL ELILEOWWL sEfg3l omse 3608369 MdSL, bmgrm MIoMgls
30 095000@MdoLLL.  30M39wo0  bMowol  dobgzom dobstg omMol  Fywols
Lobol@g 9950p9bL 3.21 3y-9d3/c (bLobxo 1), o3 fyaol LoboliEolb dsBz9bgdeols
dobgz00  JggLodsdgds MBOWL (<4 dy-943/wn), 3oeE0wmdol 3mbiEIbE®MsE0s Mo
50.1 dp/aw, beaerm 353609930b 30063965300 30 GHraeros 8.51 y/aw. 8obstg Logsdols
fgaol  Lobol@g 8goaqbl  4.51 dy-9J3/c (bLobxo 2 ), Msg flgewrol LoboliEol
95396930l dobggzom  Tgglodsdgds  Lsdmserme@ bobGL (4 — 8 3y-9d3/w).
39 309990bd o F9ab0dol 36396EGHMS30s, Fglodsdolo , GHmeros 82.16 Tp/c» @
4,76 dp/aw. 80bseg  Logodol Fggcmomgdol F9dgy  dobstg om®ol  Lobolidg
0bMYds 4,41  9-943/w0-009, 39300l 3mbEgbGHMogos 74.15 8y-943/w0-0¢0),
bogom  3ogbomdol ombols 36033bgarmds  v33egeos (figerol Lobxo 3, gbGowo 1).
9000bs6g 3LBML Fywol Lobobg 39590l 4.01 dy-3/a, 3o E0Mdol 3mb3gbGGS30s
5ol 68.14 g/, bmewm  dsabomdols 3mbi39bG®s3os 3o - 7.30 dp/en  ( Lobxo 4,
3b®owo 1). 30bseg 0mO®Mb dobscg 3MLbmL  dgg@mgdol 89dgy  Lombols

Dgombiszegol fgeol LobobEg 3wgdmemdl 2.80 dy-9d3/c-0g (fyerolb Lobxo 5,
gb®owo 2), 6MHmIgwog Hywolb LobolbEol 958396900l dobgzom  Fgglodsdgds

OO (<4 3y3-9J3/@), U939 03Ol JsewEowdols ( 46.1 dy/ew) o Fogbowydol
3639303053  ( 6.06 T/em), M6bog sWdI  gobs3omMdgdL  dzocg d9bs3owgdo.
90bs6g 0mmol ©obgdol  dodsOrmmegdom  LmRgE  mObY359©g  Loboli@ol

3600369comds (2.81 d-9d3/e), sbg3g JowrEowydobs ( 44.1 /) s dogbomdol

306396@G®s30s (7.30 3y/e)  omddob ;33w gwos (fyarol Lobxo 6, gbGowo 2 ).
090009y 09930009 @5 99M39 fyarol Lobxdo LobobEol d60dzbgermds 0BOHWYdS

4.00 - 451 8y/-00g BO3M9ddo, 63 F99LodsTYds LsdMsEm® bolGL (4 — 8 3y-

9d3/@). 9b939 3o 303-0mbol 3603369 MdsE FodeErMmdl s FGusdsdobo® GHME0s

62.00 g/ o 70.14 dp/cm, beagom dogbomdol 3mbEgb@GHMogoss 9mds@gdveos  ©d

d9L535F0bos  Fgoagbl 10.0 /e s 12.16 dp/e»  (Hyerob Lobxo 7, 8, gbMogro 2).

d9Lodg 300D 2sdMIE0bstg Fgabeg Fywrolb Lobxdo Lobobdg s0hggl 5.66 Y-
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9943/, G™Igos,  9xMgom3Y fgaol  Loboli@olb 8sb3969d¢ols  dobgz0m
90939936905 LEBMOMmE BoLAL (4 -8 3y-9d3/w). 51939 FIBOOOS J5e309Tols
(85.16 3y/em) o Togbondol 3mbi39bGH®s30sg (17.02 dp/ew). 998309, I9MH39
dgsbeg  Pywol Lobxdo LobobEob, 3owEowdols s dogbomdol 3mbagb@Msgools
239BOowo 360d3690mdqd0 JglsdergdgEos  A9930MMIOME0 0gmlb Hgzol GHodol
93069 096535009900, s3Mgm3g 8-10 430l Lsgbo  LsHoeBmgdol bgasgwgboom,
MI9d03 3obEoggdwos  Lmxygwo Hbsddosb  Logo®gxmdoy.

Lombol {yowlisogogol 9909y VOO WOWML  gosLobgzgzolsgzgh dobsty
0mMob d306g bsfowo 809850mMgds O MI9OHDEIOS  MdOOLOL 30609 BOIL.

90bstg  omcMol 995009  yeol Lobxdo LoboliEol 309369wmds GHmos
3.51 3y-9d3/c, Goi Tgglodsdgds GdoWwL (<4 dy-9d3/w), bmwm Jsomdols s
952b0mdol  3mbigEHMogosms 360d3b9gemdgdo 30 Tgbodsdolo Gmeos 54.11
3y/-0l s 9.73 dy/e -ob (gbMoo  3).

80bsm0ol Hyrgddo 30OM35MDdMbSE ©d 39MDMbsE Mo 0mbgdol 993339~
@Mds 033¢90s  Hywwob pH-ol dobggoom 30-400 dg HCOs /e Bp369ddo. dobastg
00MoL Hywrolb 306039 Lobxdo  30MOM3MdMbBsE - 0mbgdol  3mb3zgb@HMsgools
36003690mds 89500996l 175.7 dp/ew (3bGogro 1), 3obstrg ULogsdol  TggeHomgdols
09009y 0BM©Yds 256.2 /e -0g (yerob Lobxo 3), 3065006 d. Logsdol
Dgodo 300MMIMIMboE) - 0mbgdol  89d;339emdss 263.5 dp/w  (flyerol bLobxo 2).
900.0m60L Jocrx3965 9653500l . 3MLBML Fysedo 30OHMIIMBIMbSE) - 0Mmbgdols
0993390 mds 99500990L  229.4 /e (fyol bLobxo 4, gbGowo 1); sdo@EHmd dobo
39900900l 89009y 9. 0mMOL §ysedo 30OHMIIOHDdMBSE) - 0mbgdol 9993390 Mds
9306 gds 158.6 dg/a-dg (fyerol Lobxo 5 s 6; sbGowo 2); Legger bsddol Jgol
LB LOPoEBMLMSD 8.0MmMOL yeol 30OMIsMDMBsE) - 0Mmbgdol 3mbzgbEHMogos
0D6M90s 215.9 dp/en-dg - 3y (Hyerob Lobxo 7), bmeom 8909y 3gdemdls 209.8
9y/-170.8 9/ B3M9d5d©Y (dgLsdsdols, fiywrol Lobxo 8 s 9; sbMowo 2 s
3). 89009 fyarol bLobxdo - Mdoobol F306Mg BO3LML  FggMmgdsdg dobasty
0mMoLb  dgomg  fywol  Lobxdo 30OM3IsMDdMbSE) - 0mbgdol  3mbzgbGHMogool
36003690mds  GHmos  178. 3/ (sbGogoo 3).

306390, 89meg s Igbsdg bGowol dmbsi399900l dobgzom  dobstg
00MoL {goedo  Jm®0gdol  3mb3gbEHMsEosMs 3608369 mMdgd0 033wgds 8.51
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3y/-16.4 Ip/c B3M9ddo. bmeom e as@gdol 3mb3gb@Megosms 3603369 mdgdo

d.0mMob 1,3,5 @56 {yeol Lobxgddo 10.4 g/, 9.6 3y/c», 8.0 3y/c» s 9.60/¢»
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Abstract

This dissertation focuses on developing protective and preventive measures for using the
Iori River basin water as a drinking and household water supply system.

According to Article 4 of Georgia's "Water Law," water resources must be used rationally
and protected, taking into account the interests of present and future generations and the
principles of sustainable development.

According to Article 53, the Water Framework Directive 2000/60/EC, and the Alazani-
Iori River Basin Management Plan (RBMP), the main goal of water resource management
is to ensure that clean, high-quality surface and groundwater, protected from pollution and
meeting Georgian state standards, is used for the population's drinking, household, and
domestic water supply systems. According to the available literature, the use of the water
resources of the River lori is quite broad. The main users of the Iori River’s water resources
are the population, different sectors of the economy, and the energy, irrigation, and water
supply sectors. The water is also used for irrigating agricultural lands and for supplying the
Tbilisi Sea and the Sioni, Samgori, and Dali reservoirs. In addition, it supports the operation
of the Sioni, Sachkhenisi, Martkopi, and Tetrakhevi hydropower stations.

In recent years, the use of the tourist and recreational potential of the reservoirs within
the Iori River basin has been increasing. The average water flow of the River Iori has
decreased because of the construction of numerous irrigation systems and the operation of
existing and planned hydropower stations. According to Article 10 of the Water Framework
Directive, it is necessary to identify the sources of human impact in the Iori River basin and
the reasons that cause them. The main sources of impact on the surface and groundwater
bodies of the Iori River basin are excessive water withdrawal; physical and
hydromorphological changes; urban development; industry; agriculture; illegal landfills;
malfunctioning or absent sewage systems; the production of different construction and
finishing materials; wine production; and sand and gravel extraction and processing
enterprises. There are no wastewater treatment facilities in the river basin. In 2017-2021,
the National Environmental Agency monitored the water quality of the Iori River at only
two locations — lori-Sasadilo and Iori-Sartichala. In 2022-2024, monitoring was carried
out at six sites: the villages of Sasadilo, Sartichala, Padlo, lormughalno, Kolagiri, and near
the Alazani border. The monitoring included only hydrochemical analyses of the water,
conducted monthly or quarterly. There is very limited data on microbiological pollution
and bottom sediments of the river, as well as general information about the overall water
quality of the Iori River. Therefore, in order to determine whether the Iori River basin
water can be used for drinking and household purposes, assessing water quality is highly
important. The aim of our research was to evaluate the ecological condition of the Iori River
basin, determine the concentrations of hydrochemical and microbiological components,
and study the chemical composition of bottom sediments.

The novelty of the research lies in the numerical modeling of the distribution of pollutant
components in the bottom sediments of the Iori River basin, the identification of pollution
sources and substances, and the development of preventive measures to reduce them.
Preventive measures were also developed to allow the use of groundwater from the Iori
River basin for drinking and agricultural water supply. To achieve the goals of the research,
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five field expeditions were carried out in 2023-2024. During these expeditions, the physical
and geographical characteristics of the lori River and its tributaries were studied, and
sampling points were selected for hydrochemical and microbiological analysis of surface
waters, as well as for the chemical analysis of bottom sediments.

Sampling, preservation, labeling, storage, and transportation of water and sediment
samples—as well as chemical, microbiological, and sediment analyses in the stationary
laboratory—were performed using the standard methods of the International Organization
for Standardization (ISO). The organoleptic indicators of the water were determined using
portable field equipment. Based on the eco-chemical research results of the lori River, its
tributaries (the Sagami and Kusno Rivers), and the Tbilisi Sea, the water corresponds to the
hydrocarbonate—calcium type before the stone-crushing plant in the village of Khashmi,
and then, downstream, it becomes hydrocarbonate—sulfate—calcium type. The pH of the Iori
River water does not change after the confluence of the Sagami and Kusno rivers and
remains within the typical range for river water (6.5-8.5).

As the river flows downstream, water hardness increases and corresponds to medium
hardness, which may be caused by higher concentrations of calcium ions. The
concentration of sulfate ions also increases downstream and reaches its peak 1 km from
Sagarejo near the stone-crushing plant, although it does not exceed the allowable limit (250
mg/L). These changes may be influenced by small tributaries of the gorge type and
especially by anthropogenic sources from stone extraction and processing enterprises
located along the riverbanks. After the confluence of the Sagami and Kusno rivers, the
mineralization of the Iori River water is considered medium, but farther downstream, due
to anthropogenic factors, mineralization increases and becomes high. This is confirmed by
the high electrical conductivity of the water (613 puS/cm). According to the results of
chemical analysis, before reaching the stone-crushing plant (1 km from Sagarejo), the
permanganate oxidation level indicates clean water, but after that point, the water is
classified as polluted. In all water samples from the Iori River, the concentrations of
biogenic components and heavy metals did not exceed their maximum allowable limits.
Only in the sample taken 1 km from Sagarejo, near the stone-crushing plant, was the total
iron concentration (59.5 mg/L) much higher than the permitted level. This is likely caused
mainly by anthropogenic sources from the wine factory.

Diagrams were created to show changes in the concentrations of the main ions along the
flow of the Iori River — including calcium and hydrocarbonate ions, calcium and chloride
ions, sodium and sulfate ions, and magnesium and sulfate ions. Additional diagrams were
prepared to illustrate the changes between electrical conductivity and mineralization. Their
values change synchronously, which indicates the correctness of the correlation analysis.
The relatively high concentrations of hydrocarbonate ions and calcium are caused by the
confluence of the Sagami River with the lori River, as well as by anthropogenic sources
from the stone-crushing plant near the village of Khashmi and 1 km from Sagarejo.

The influence of anthropogenic sources from the stone-crushing plant is also noticeable
in the concentrations of sulfate ions near Khashmi and especially 1 km from Sagarejo.
Therefore, for better visualization, diagrams showing the concentrations of sulfate ions,
calcium ions, and hydrocarbonates in the Iori River water samples were constructed.
According to the results of the microbiological analysis carried out along the flow of the
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Iori River, the number of coliform bacteria, mesophilic aerobes and facultative anaerobes,
as well as E. coli bacteria, is much higher than the permissible limits for surface waters.
However, Salmonella bacteria were not detected in any of the river water samples. The
microbiological pollution of the rivers may be caused by the inflow of wastewater of
different composition, domestic sewage, and illegal waste dumps located along the
riverbanks. According to the literature, data on heavy metals in the bottom sediments of
the lori River basin are very limited. Based on the results of the chemical analysis of bottom
sediments conducted along the river flow, the concentrations of zinc, lead, iron, cadmium,
and arsenic correspond to background values.

Only after the confluence of the Sagami River with the Iori River — near the village of
Tegeriants — did the chemical analysis of bottom sediments show that copper
concentration exceeds the allowable limit (36 mg/L). After this point, its concentration
decreases. The only exception is manganese, whose concentration exceeds the normative
limit (700 mg/L) in all sediment samples. For the first time, experimental research and
numerical modeling were used to determine the spatial and temporal changes in copper and
manganese concentrations in bottom sediments. It was found that the process is
characterized by the establishment of a stationary distribution of the substance on the
riverbed. This distribution occurs under conditions of varying time and rates of
concentration change and depends on two processes: gravitational sedimentation and
turbulent diffusion. The calculation results were compared with measurement data,
showing satisfactory agreement. Thus, based on the chemical and microbiological analysis
of the lori River basin water, the local sources of bacteriological pollution are likely to be
domestic wastewater from settlements, commercial facilities, hotel complexes, and
livestock farms, as well as illegal landfills along the riverbanks, discharges from
malfunctioning sewage systems, and the absence of wastewater treatment facilities.

During a field expedition in May 2024, we studied a sand and gravel extraction and
processing plant located 1 km from Sagarejo. The plant produces four types of sand, gravel,
and pebbles ranging from 5 to 40 mm. The wastewater generated during washing in the
processing equipment flows into the Iori River. We developed a mechanical wastewater
treatment process for this industrial discharge, using ten sequentially arranged horizontal
settling tanks, where suspended particles gradually settle. In June 2024, a tap water sample
was taken from a resident’s home on Rustaveli Street in Dedoplistskaro for analysis. The
sampling, preservation, labeling, storage, and transportation were carried out according to
international standard procedures. The chemical and microbiological analyses of the water
sample were performed using ISO standard methods. It was determined that the drinking
and household water supply system of Dedoplistskaro uses nine groundwater wells from
the Iori River basin, located 300-400 meters from the Dali Reservoir in the municipality.
The wells are spaced 50-60-100 meters apart. Seven wells are 40 meters deep, while the
remaining two are 160 meters deep. Based on the hydrochemical analysis of the tap water,
the water belongs to the hydrocarbonate—sulfate—chloride—calcium type. The
concentrations of SO42~ (856.0 mg/L), Cl~ (309.21 mg/L), Ca?* (168.0 mg/L), and Na* (451.0
mg/L) significantly exceed the permissible limits. Water hardness also classifies the water
as very hard. As a result, the total mineralization is high at 2178.0 mg/L, exceeding drinking
water standards, and the electrical conductivity is 2447.0 uS/cm. Concentrations of biogenic
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substances, macro- and microelements, total chlorinated organic pesticides, petroleum
products, and anionic surfactants do not exceed their maximum allowable limits.

However, the microbiological analysis of Dedoplistskaro tap water showed that the
numbers of coliform bacteria, mesophilic aerobes, facultative anaerobes, and E. coli bacteria
far exceed the permissible limits for surface water. No pathogenic microorganisms,
including Salmonella, were detected. According to these chemical and microbiological
results, the tap water does not meet drinking water standards and cannot be used for
consumption. The water is classified as brackish. To address this, a preventive measure using
a heterogeneous ion-exchange method was applied to desalinate the tap water. Compared
to other methods, ion exchange effectively removes hardness-causing components.

In laboratory conditions, desalination was carried out using KU-2-8 cation-exchange
resin and AH-31 anion-exchange resin. The ion-exchange process involves the exchange of
ions in the water with ions on the resin surface. The flow rate of water through the ion-
exchange resins was regulated to ensure effective operation. The heterogeneous ion-
exchange process worked efficiently at a water flow rate of 1.8 mL/min. Additionally, a
preventive measure for microbiological contamination was developed. In laboratory
conditions, tap water was disinfected using active chlorine at a dose of 10 mg/L. After 24
hours, microbiological analysis confirmed complete disinfection. Technological process
schemes were developed for both the ion-exchange desalination system and the active
chlorine disinfection system.

Thus, after treatment using heterogeneous ion exchange and active chlorine,
Dedoplistskaro tap water meets drinking water standards and can be safely used for
household and drinking water supply.
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