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3b®oo 1. 3obstg bHadols s 3585390l Fyergdol g3mgodonemo sbsgrobo
9903300
c 2 c c
& C ') S - Q 5 — -
5 g sE | 22|55 |ees |£98% |gasy
5 3 2 0| o€ 2 BEe|od 6€g 3 85 Dw
“l 2% £5 | 2€|527 §82855852 58 ¥R~
g & 3§ Q H|w 2 A R ¥l S R 2 £
?’o?é & € @é SECES @@wé ©S g3
=] © ©
1 2 3 4 5 6 7 8
mO256Mma3E039M0 85B39690wgd0
699390500
1 5MLO - 8 9.1 7.8 8.3
65 (fgoero) | O
2 | bybo 050 1 0 0 0 0
3 | 290m 050 1 - - - -
4 | 3960 3Ms0Mbo 15 0 0 0 0
5 | LoBng®ogy /o - 7.71 28.65 9.51 258.7
Dmas0 35839690 gdo
6 | Vgocdoob pH 6585 | 7.84 7.92 7.9 7.87
05639690900
3960569565¢3)
7 | o dp 02/ 3 2.6 42 2.8 5.1
569350Mds




3bG®omo 1. 353MAgewgds

1 2 3 4 5 6 7 8

g | Bofimbocvo dp/c - 21 159 46 515
Bofowszgdo

g | 8°bbBoo dp/c >4 14.1 14.2 13.9 159
796920500

10 | 920000 | gng - 2020 | 5350 213.0 439.0
9BHoMHMdS

doMomoo 0mbgdo

11 22236”@000‘3 A/ 1000 | 1584 | 4379 173.3 4252

12 | bowB0ste | g, 500 | 1378 | 13427 18.39 96.48
(SO:27)
Jom®ogdo

13| dp/eo 350 | 4.99 11.06 5.19 8.56

14 | Lobobgg 033/ | 7 2.75 6.68 2.93 6.80

15 | 200003560 dg/e - 1745 316.6 181.2 361.1
™bs@gdo

16 g;quogao(c dp/eo - 3674 | 92.48 39.05 100.98
3spb0wdo

17 3 - 1124 | 2513 11.95 21.42
(Mg) G

18 S;@)ﬁ’omao(N dg/e - 12.38 34.11 13.14 30.21

00039600 3003mb9gbEgd0

19 | 53cBowdo dg/eo 039 | <008 | <008 <0.08 <0.08
Bo@mao®goo

2| owy dp/eo 45 432 16.93 4.80 13.83

21 | B0O®0OR0 | 5, 33 | <0075 | <0.075 <0.075 <0.075
(NO2")
3m0xmbgs

2| o | 3.5 <0.2 <0.2 <0.2 <0.2

0036Mmggdgb@gdo
056(0v9d0

2| Basoteeoy | 0.1 0.03 0.1 0.04 0.19
0m6o (B,

24| oo A/ 05 0.08 0.17 0.09 0.16
QModbsbo

2 . 01 01 01 01

IV I T 0.05 | <0.0 0.0 <0.0 <0.0
396gbobfy

26 | sevo (Hg dy/c | 0.0005 | 0.001 0.002 0.001 0.002
565M6y.)
3odomdo

27 | (Cd, d/e | 0001 | <0.001 | 0.001 <0.001 0.002
X507960)
056956930

28 | (Mn, A/ 0.1 0.05 0.26 0.09 0.55
X50960)




3b®oo 1. 353MAgewgds

1 2 3 5 6 7 8
9od@gbo

29 | (Mo, dy/ 0.25 <0.02 <0.02 <0.02 <0.02
X50960)

30 | be30wo (N, dg/ 0.1 0.03 0.04 0.03 0.05
s3m0) Y . . . . .

31 | boabe (e |5 0.001 | <0.01 <0.01 <0.01 <0.01
53m0) Y . . . . .
L3orgbdo

32 | (Cu, 9/ 0.02 0.23 0.06 0.33
X50960)

9305 (P,

33 5330) dy/e 0.03 0.001 0.004 0.001 0.006

34 g@)‘“ﬁ’o@sbo dp/ew 005 | 0.17 0.31 0.18 0.33
d6emdo (Cr,

35 %8960) dy/@ 0.1 0.001 0.001 0.001 0.002
LBHodowdo

36 (Sb) dy/e 0.05 <0.02 <0.02 <0.02 <0.02
OO0

37 (Zn,55360) dy/e 0.02 0.14 0.05 0.22
®30b5 (Fe,

38 %5830) dy/e 0.3 0.51 1.31 0.65 1.54
swdobo

39 (AL 584560) dy/e 0.5 0.7 1.58 0.71 2.61
Lbogroowydo

40 (Si, x53960) dgy/ 15.09 17.19 14.72 18.77

3b®oo 2. 3obatg besdols s gdIEL Fyagdol g3mgodom®o sbsgroBols

890093900
?OO g( c < 83 CD._J o L/g D A L/g o 2 ~ % © L/g
: 25 8 | 58| 588|585 228%85,
z 28 55 | £ 8¢g22|8L838esLedsz
2 QR > 6 N> & O :% & > :% & R 22E S ‘%
£ L 3 & SE| S S g s SE Ugo s
$ 3 5| 5¢€ g g &% &
1 2 3 4 5 6 7
6560 a3¢ 037900 85839690 gd0
3903969
1 5MLO - 9.2 8.5 9.3
(fig>00) oo
2 | bmbo 050 1 0 0 0
3 | 390 050 1 - - -
4 | g0 3MsMbo 15 0 0 0

10




GbOOO 2. 35390

1 2 3 4 5 6 7
5 | LodwzMogg dy/ - 9.69 4.41 7.31
bmyowo 95h3969dwgd0
6 | Vgocdoob pH 6.5-8.5 8.32 8.34 8.34
053969090
396856256531
7 | @wo dp O2/qw 3 2.6 2.4 2.8
59623500Mds
g | Bofimbocvo dp/c - 26.0 13.0 23.0
Bofoamszgdo
g | 8°0bbowo 3/ >4 135 13.8 12.3
5196205000
10 | 9203000300 | gng - 375.0 475.0 386.0
5MMOS
doM0mS0 0mbgdo
d86s¢mo
Bosdomo
11 (B0Bgoeos dy/e 1000 291.9 400.6 295.9
309)
begsddo
12 (SO) dgy/e 500 59.31 117.44 58.88
13 ?gf)’ﬁ’o@gbo 3/ 350 9.37 18.29 9.19
14 | bobobEg 93-933-/@ 7 4.6 54 458
5 | 2000030800 |5 - 250.7 255.6 249.5
53900
16 | 3°@6000 dp/e - 62.67 79.08 62.23
(Ca)
17 | 9spbonmdo (Mg) dy/e - 18.02 17.64 17.89
18 | 02000080 3/ - 23.06 40.37 22.97
(Na)
00039b1M0 303mbgbEHgdo
19 | s9mbovydo dy/@ 0.39 <0.08 <0.08 <0.08
Bo@®o@gdo
20 | 0wy 3/ 45 8.31 10.94 8.23
Bo@®mo@godo
21 (NO2) dgy/ 3.3 <0.075 <0.075 <0.075
300gMLRsE
2| oo (b0 /e 35 <0.2 <02 <0.2
00369 gd96¢39gd0
05M0wdo
23 | o sesonto) dp/e 0.1 0.04 0.04 0.04
0mM0
24| (5 sostintio) /o 05 0.12 0.15 0.11
M0dbsbo
25 | (s, stigoo) B/ 0.05 <0.01 <0.01 <0.01

11




GbOOWO 2. 353MIgEgds

1 2 3 4 5 6 7
396abeolfys

26 | o (Hg 3/ | 0.0005 0.002 0.002 0.002
9®5MGY.)
3Jodomdo

27 | (Ca xstintoo) d/e | 0.001 <0.001 <0.001 <0.001
0569964990

28| (Mo sesfen600) 3/ 0.1 0.03 0.05 0.03
dmodgbo

29 | (Mo, xsdoxoo) 3/ 0.25 <0.02 <0.02 <0.02

30 | bo30wo (N, dg/ 0.1 0.04 0.03 0.04
3960 Y . . . .

31 | bowabo (Se, /e | 0.001 <0.01 <0.01 <0.01
X50v)60)

3p | b3owgbdo (Cu, | ) ) 1 0.02 0.02 0.01
X509960)
AY3os> (Pb,

33 | i) 3/ 0.03 <0.001 <0.001 0.001

34 ‘(3;‘?)‘“6’0@360 dg/e 0.05 0.23 0.2 0.21

35 | 3P0do (Cr dg/ew 0.1 0.01 0.008 0.01
X50v960)

36 | LBododo (Sb) dgy/ 0.05 <0.02 <0.02 <0.02
OO0

37 | Zmsesero) 3/ 1 0.009 0.04 0.01
63065 (Fe,

38 | o amti0) dp/c 0.3 0.47 0.5 0.48
sedobo

39 | (AL sesdego0) 3/ 05 0.8 0.5 0.7
Lbogrozowdo )

40| 6 westnbo) 3/ 16.8 13.43 1651

906569 bEsdol, 3595396M0Ld @S ©Jd9IL Hyrol Jodom®o sbserobols
090929000056  450m3@0bsMg ©IYR0by, MM3 dEobstg bSOl  gowo
009379336905  30QMOMISMBMBoGM-3503098056  [gowls, bmem  dobstry
05853965 @5 @909l fgoewo 809336905  30OMIMDdMBSEe-
b Ro B e-350030999056 BHodol fgol.  8obstg bEsdol, 958s396Mobs
©90905L fgerol  pH-ol 3600369mds  03gmxzgds dobsol fywolsmgzol
©53obslosMgdger BM35MTo (6.5-8.5), beaerm goblbowo #5badsol 3mb3gb-

12




GM530s  gqbodsdgds  bgsdomwo  {guwgdol  bosmolbols  goblsbrzmmen
30bL-bmxzomsl. dobotg bMsdol  fyawrol Lobol@g wobsfigoldo, Fywols
3003035300l LobolGol dsB39690¢ol dobgzom Fgqlisdsdgds MIOWL,
boem 9999y Legger 0905006056 30bstg ©gdgsll 8ggMmgdol 9999
Dgerol Lobolidg 909390036905 Lodmom@ bolEL. dobstg BsdsggMmolis @
©90905b §gaolb LobobEgi d9gbodsdgds Bodmsm bolEl. dobstg beMsdols
5 ©99905L H4egdol 9633500Mds 56 5©0gdsEHgds oLSIZ90 bMm®IgdoL MboL
booIL, bmwm dobstg 958539058 [gowo 5633500mdol 3B0I3z69wMmdol
dobgzom 9093336905 ©d06INGMOMEL.

dobsmg  bMsdol fyawol dobgmomobogos bmgge 905006599
099L5050905 ¥ FobYMOE0BYOMEL,  bmerm  dobsty  ©gdgEIL
d09M900L 9999 30 LSFMsME d0bxMIO0BYdMWL. dE0bIOY T5Toz396Mls
@5 ©©909sL Fywgdol BobgMoE0Bs30s3 9093036905 Lsdwsemem Fobg®o-
@0HgdMl. Fgbsdsdolo, 8obscg BESTol Hgmolb 9ugdBHOMASTEHIOMS
033wgds 202.0-375.0 dozmHm 1od./LA. domygbmGo bogmogMgdgdol 899339-
©MdS Y39 30bsmol Lobx ol fgoado 56 509353905 brMToEH03000 EolvI390
96003690mMd90L.  8dodg  dgBHowms  3mb3gbEGHMe30gdo  dobstg  bGsdol,
05853965b5 O ©YdJOIL Hgodo 56 5©9doBH0s DBPZOHM EOLEAZ90 BmMEIYOL.
3990bs3eolL  [oMmIMoagbl  sewdobol,  ®3obols s F9bSBMToL
3M6396GH®Ms3900, GMIgwms 9993gd0  5©gdsBHos BOIOI ILTZJdO
3M6396@&®Ms30900L 3603369 MdL.

BoGo®s Jywol doMmoms© 0mbgdls s doMoms© FobslosmgdgdL
6oL 3639630500 33000 gd0L 53Bsb3gE0  OYGSTGd0, MHMIGdO3
3MOI5300900  9bseoBol  3MHgdBHMEmMdsbg  Fommomgdl.  Bo@sMgdwo
3MO95:3009600 LBEGIGHOLEH03MOO 3BsE0DoL JobgZ0m JMEOGESEO0OL ToWOWO
bseobboom  bsbosmgds 99990 §yz0gdo: Lobol@g s  JseEomdo,
Lobol@g o 80bgMooBsE0s,  saM9gm39 909JHOMATBHIMMdS o
9d0bgems0Bs300.
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2. 30656y bE5AoL 5BOL {igerol FogzMmdOMEMYOMEO 3335

2018 figwols bmgddgol ™3980 §gwolb 93memyom®o dymdscmgmdols
99Lox35B90dE  BoBoMms 80bsmg BESToL, ©YdIEILY s 8535396l Fywols
90360MO0MEMY0IOH05b50DO.
3b®oo 3. 3obsty bGHsdols s 858539Msl Fyerols 9o 3MMdOMMMY0MO 33¢g35

£ & &< &
c 2 C =) -
2 ¢ 91 % 2 e g |88 | B¢
Y9 8 S 5 2 2 2 € 872 2323
Qe c D DE = © €0 | 55 E N COu:%m
Ne Pl 5 58 | €%z | 282 |29%8 g2
2 8 g SH | 8% SR O 1EER | $ES
23 s % 58 | €& 288 | g2
- 30 0% | ° g &2 |2
LogOoom
1
| | 80oge6dy | 3 10000 19180 61310 26130 559400
o w-do
05J39M0gd0
1
2 | E-coli 360 - 5040 22820 3590 365400
w-do
d9bmxz0meHo
1
596 MdJO0 ‘?O i 1480
3 | go3mEdsd6 8@0 - 350 710 1500
0 5BogHMdgd0 370C
99%Bmz0©Ho
sbebgpo g | 390
JOMOJO0 S Bom-
4 | B53GHGNG 8@0 - 2070 2000 2400 4000
0 5b5gMHMdgd0 290C
b
5 | Streprococeus | 100 - 5475 5172 3076 34480
faecalis Ogo-
do
6 Salmonella 1 ¢o- 56 o o 56 56
do 5003905 | 50dmBbs | 00dmhbEs | 50dmPbs | 5dmBbs
639
7 | 300000853900 1 qo- 100 40 50 50 280
do

14




3b®oo 4. 3066y bMsdols s B Fywol BozMMBOMEMYOMMO JZ93s

90. bMsdo s
Bea3o0 00bsty 90bstyg ©909o
Ne 2990b33w930 Lobmdo 0 565 besdo 909> d9gemgdol
8sBg9bgdgwo | 9h»gywo 38 | | (@0gde0bo) | (wwygdoobo) 399007
0900
N3 N7 (w9g0500060)
N4
LogHom
1 | 3mwonm®dne | 3091 w-do 10000 26030 104620 24890
0 3533 960gd0
2 E-coli 309 1 aw-do 6310 54750 8820
dgbmgow©o
3 | 290000 @ 3o 1 0c- . 200 600 160
B393MGGHMO0 do 370C
3bsgM™Mdqd0
dgbmgo©o
g | 2900dgdo @ 3o 1 0cx- . 1200 3000 1400
393N GHGHMO0 do 220C
3bsgM™Mdqd0
5 Strept'ococcus 309 100 9¢m- i 954 945 254
faecalis do
56
6 | Salmonella 1 ¢-3o 5083005 o 50IMBbEs | 56 508MBBES | 96 s©dMBbs
7 | 30000853900 636%(1 <7 100 10 20 o6 50dmAbo

90656y bEsTol, 95d5396M0Ld S ©JOJOIL iy gdol FozOMBOMEMYOIMHO
565¢r0bBoll 8909390056  go8mdobstrg  Logrdmbgwrs  Bobs®ol  {gwol
5M3900  Lobxdo o6  odbs  sdmBgboro, bmmm  sbsMBRgbo  dozmm-
d0MEMa0MH0  35639690wgd0 B30  50gdo@gds  bgsdom o  fywol

B®353039000 ©LIZ39d LOWOWYIOU.

3. 3obstg bGHsFols s olo oMM 89633500980l 85353965 s YOI
R3O0 BEgJgd0l sBsgroBols dggagdo

WoGJOSGHMOMEo  8mbs3999d0m d0botg bGSTol, 8sdogz9GMaly

©9095L  fgmolb  xLIGOM  IbsEgdgddo  Bdodg  dg@owrgdols  dglobgd

dmbsi3999d0 MIGodmabos. 2018 figrol BmgddgMol m39do sMgdIEo oy

9d0bsMg bESTol, 858539MLd s ©YdIIL Fyarol gBLIGMHo IBIEGJgdoL
Lobxgdo.
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3b®oo 5. BLIGHEo sBsEgdgdOL SBseOBOL Fggagd0

39694@0 Cu Zn Pb Mn Ni Cd Co Fe pH

9/3%

d0botg beHsdol
B39O0 sBseobo | 28.56 | 50.85 | 6.26 | 525.80 | 6.26 | 1.00 | 3.76 | 1.44 | 7.36
(05956H0LM5b)

90006569 9dg©L
239O0 sBsewobo | 47.85 | 246.99 | 52.61 | 428.36 | 11.27 | 0.75 | 1.25 | 1.20 | 7.30

(097505006 sb)

90bstg bMsdol
23960 sBsewobo | 26.78 | 37.54 | 851 | 89.59 | 7.01 | 1.25 | 3.25 | 0.20 | 7.2

(09705006 5b)

9000bsMg 05053965
B39O0 sbseobo | 31.59 | 87.76 | 21.06 | 380.89 | 16.55 | 0.25 | 3.51 | 0.84 | 7.6
(258560L5b)

%3 (3030bo) 3 | 140 | 8 | 700 | 35 | 0.8 | 20

90bsmg  BGSToL,  8535390Ls @S @YdJESL  Hgmol  BLIGOIEOo
©565¢9g900l  5b5eoBol F99a900sb godmdobstryg L3owgbdol, @Gyzool,
9obgobmdol, bozgeol, 3mdsw@Eol, 3060l  3mbigbBH®s30gd0l  3603369-
WMdYd0  296306MHMdYOME0s 396906030 30MMOJB0E6  godMmEobsty s
399L5059905 BMbmE 3609369eMdGOL. FBMEME 3530l 3Mb(3gbGH®S300
509953905 bmM3oEH0390000 L3390 3b0T3bgEMdsL,  S1g3g gHdSE0bM6
5090 dobstg gL BLIIOWMWO  IBsEgJol Lobxdo  MMooL
3M6396BH®Ms305 39300  909T5(3)gds  Bm®Ts3039d0m  ©L¥IZ9d  I603369-
MdOU.

4. 300bstg b0l svmbols dofoligzgds FodmM®omgdols s dsbEmmo Fob
figengdols g3mdodogo 33wogs

Joawsd HMLbmegols s dolbo 808Ydsdg M9a0mbgdol FysedmBsmoagds
bmM 309w ©gds 8obs®mg bEMsdols s ©Ydgsl F0dGdsMgE A9bsgdMwo
b3 MsGOE0sdo  IgmBo 8 FodMOOowoms ©s 7 FbGmMo  Foo.
2019 (ool 83600l m39d0  s©gdE  ogm  d9MBgMmo  Lssbserobm

09030 gd0@sb  F90MMHogdols s Tob@GHmmo  Fgdol  fywol  Lobyxgdo.
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LT

3bOowo 6. FodMMHMomgdol fgugdol gamgodom®o sbsgrobols 8gwgagdo

c o
& C & c c c c c c c c
1 2| 28| 55g 55| SEn| 25| son| s be| sEn| 5o
Ne 2 S D DHS| BEZ| BEZ| BEZ| REZ| [ EZ| BEZ| REZ| R E Z
2 8 3 8 2D g9 € 9 € D € 9 € 9 € 9 € 9 € 9
5 < € | € 2 2 g |58 |52 |88 | 58 | 523
2o £ e ) = e e = ) e
6H56mEg3¢H 037160 5839690 gd0
1 | $9d396m5@mms (fyosero) 3MoMLo - 18 18 15 18 18 18 18 18
2 | bmbo L) 2 0 0 0 0 0 0 0 0
3 | 390m oo 2 0 0 0 0 0 0 0 0
4 | 3960 23M500lo 15 0 0 0 0 0 0 0 0
5 | bodwgMogy Jp/e 2 0.12 0.06 0.41 0.29 0.12 0.12 0.23 0.12
Dmas0 95839690 gdo
6 | §9gocdsol sB396gdgwo pH 6--9 7.13 7.14 7.21 7.03 6.97 6.96 6.98 6.89
7 | S900bpbaGTo dp, O/ 3 0.64 0.77 0.74 0.77 0.74 0.74 0.67 0.67
96923500Mds
doMmom>o 0mbgdo
8 | 9069600 Bs30 dp/e 1000 293.2 350.8 380.8 364.3 350.7 376.3 374.2 384.0
9 | byyags@gdo (SO+27) O/ 250 111.22 153.05 174.99 166.91 159.83 171.93 185.55 183.96
10 | Jaremtoggdo (C17) dp/e 250 17.23 24.22 28.03 36.36 34.76 38.47 27.41 26.54
11 | bobobyg 0y-033/@ | 7 452 5.28 5.73 5.43 5.16 5.55 5.45 5.59
12 | 30006Hm3s6dmbadgdo dp/e - 143.96 130.54 123.83 103.09 96.38 101.26 98.82 111.63
13 | 35¢3omdo (Cat+ ) dp/ 140 66.56 78.25 85.17 82.49 78.52 84.31 83.1 85.59
14 | 3spbomdo (Mg++) dp/e 85 14.6 16.72 17.99 15.93 15.07 16.31 15.84 16.16
15 | Boy®ondo (Na) dp/ 200 15.01 16.81 16.74 17.68 16.77 17.64 18.37 19.00




8T

3b®owo 7. BsbEHnmo 900l g3mdodor@o s6semobols gegagdo

c o) — o o < LN O >
& S & Z Z zZ Z Z zZ Z
=Y e 7 e e "N "D ~ N "N - N
§/ & é g( [} % — o — o — o =) — o = o o
PN g 9 LB c ¢ c ¢ < ¢ ¢ ¢ ¢ c ¢ < ¢
5 sy S D H S T € T € [ € [T £ T € [ € [T E
2 Q % 8 2 € 8 € §) € §) € 8 € f) € §) € 8
€ & SRS g S D S D S D S D S O S D S5 O
S © g el ol Fol ol Fol Fol ol
o) n n n n n n e}
I} 3= 3= € 3= € 3} 3]
6560m933 037960 5839690 gd0
39039M9GH Mo
1 50O - 18 18 18 18 15 18 18
(fgoeo) omRI
2 | bbo BOO 2 0 0 0 0 0 0 0
3 | 290m 050 2 0 0 0 0 0 0 0
4 | 8960 3M500Lo 15 0 0 0 0 0 0 0
5 | Lodmgmogy B/ 2 0.06 1.39 0.35 0.45 0.17 0.75 0.12
bemgowo 5839690 gdo
05QO0L
6 | powdoco pH 6--9 7.13 6.92 7.18 7.23 7.15 6.89 7.04
05b396909w0
356296
7 | S0008bag o 3 Oz/c 3 0.74 0.74 0.64 0.77 0.71 0.77 0.67
9623500Mds
doMomoo 0mbgdo
8 | 80bgMowobHoios /e 1000 350.0 419.2 273.2 197.8 198.1 246.3 188.9
9 | byyarggs@godo (SO427) PV 250 129.54 197.72 107.87 77.05 72.58 95.17 74.91
10 | JaomGoggdo (C17) PV 250 19.16 31.18 14.7 11.0 10.27 13.99 11.32
11 | LobobByg 03-933./¢ 7 5,29 6.06 3.92 2.74 2.87 3.51 2.79
12 | 3006m3568mbadgdo B/ - 173.8 123.8 125.6 92.11 109.8 11651 95.16
13 | 3oegovydo (Ca++) B/ 140 80.2 91.97 60.19 42,32 445 53.54 41.56
14 | 9spb0wmd0 (Mg++) A/ 85 15.7 17.82 11.15 7.65 7.88 10.21 8.71
15 | Bo@®omdo (Na) /e 200 18.45 22.25 18.42 15.69 16.68 17.64 14.89




90bsmg bewdol s7Bol yzgus FodmMEomoEsb @y dobdGHméo  Fosb
50909 (9ol Lobyxgdol 93mJodoGmo 5b5e0Bol 9939006 Fodmdobscy,
doM0mos©, {goo d093mm3690s  30MHMIIMBMBIE - RsEHIM-35W3E0-
mdosbo  3Hodol {gol. o3 o6y 35¢LsROBMgdol doBbom saqdMEo
breggs@-0mb6900l,  3oewE3odol  0mbgdols o 3000MM35MdMbIE OOl
30639653055 36083690™md900l 33000¢00900L $8LBIHZIO EOSYEMSAGOOMS.

y39eo  Fo0MMEomol s dobGeo Fob LobobEg (4.52 - 5.73 93-9d3/w)
999L50509%5  LobobGoL  bmEMIsE0390000 L3900 Bm®IGdoL  dobgwzom
bmdogMo bobGL (3.01-6.0 dy-9J3/¢w). doGomso 0mbgdols  F9d339w™mds
d0{olid398s Hyagdols bema®ds@H039000m oLEAZ3900 bMMBdOL BsMYMgdT0s, MMI3S
b gsGH-006900L  306396@Gs30s (77,08-192,72 Fp/c0) 0906000  Fo0on0o,
95658 56 509353905 Lolidgwro s dofjoldzgds fywrol @gdbozmemo Mgy sdgbEom
o390 Bm®IsBHome Loogl (250 T/ew). domagbmcmo bogmogmgdgdol
3993390™ds Y39y LBobxol  (gowdo  Bo3wgdos  BY3OWMWLE  sLTZ9d
3M6396GH®M93090Bg. 0036OM- @5  8530m  650300096M90q00L  306396EGHMG0SMS
3600369039003 9O 90905} gds  BOZOMEs®  ©OLSIZ39d  3MB3IBEHGS(3050
LOOY9dL.
5. 30bshyg b3l smBol dofjoligggds F53MMHomgdols s BobEHMGO FJd0L fyerols

3036MmB30MEMy0IMH0 3307935
2019 fool  s3Gowol ™3980  s0gdve  odbs  dobstyg  beMosdol 8
FoOOH000Ib s 7 FobGHMOo F0osb fywol Lobxgdo dozMMdIOMEMY0MMHO
33w 930bm30U.

3036MI0MEMY0MM0 33¢0g30L F9IRO0 ©R0b©s, MM g3zgms Lobxol
Dgodo LogMmm 3MEoxm®OIMEo 359d39M0900, E.coli-b 3amsbol dsd@EgMogdo,

3M0xs900, Lowdmbgws @s  Streptococcus faecalis-oll  35g@gM0gd0 96
50dmBbs, bmm JgHBMBONOHO 59MHMBJO0 5 BOINWAHIGHWOO 5BsgOHMd9d0
37°C q0d 22°C - 393650 6536009005 bxm3sE 0390000 ©olsd390 LW BY.
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6. b6390 I s II Gxbghzmstgdol, J. mlicsgol Js8s35930¢ol Jwhols s

3s0bgmemols 3bogo3sero@gdol Lmggumo Juomeos®ol slidgao fyeols
230gJ0809960 ©s 303MMB0MEPMYOMMO 5B5eroBOL Bgmgagdo

2019 Harob s3Mool s bgdGH9gddgeol mz9do Lssbswobm s gdmwo 0dbs
3s6mbgmols  8Mbo303seo@gBdo, Lmxygewr oo  3MMsbowml  308gdsty
A9M0GHMM05DY, W9Ys105000bmMsb Q560o3Lgd Mo Loldgwr-bsdgMbgm fyerolismgol
mbIBoYdJo  MHgHBYMH3956M9d0@D (bMsdo I s  bOsdo II) JumGomgdom
5318539090 geol Lobxgdo, spMgmzg  Jowsd MMLmsgol Jodszsdzowrols
Jmbobs (bMsdo I M9BgH3:s60) s BoMbgmwols dmboiodseodg@ol Lmggwo
JM00560L (b6sdo II Hgbgmzmsmo) Imnbsbargmdols bslidgero Fyarol Lobxgdo.
3bMoo 8. bMsdo I s bGsdo IT MHyby®zecmgdol fyuol g3mgdodoro sbsgmobols

89009300
Ne 2000b5330930 Lobmdo Bm®doEogo beodo 1 besdo 11
0963969090 9OOYMIWo | 965 ¢IgBgb | OgHBgHhzedo | BybgMzmsmo
O35 a3E039M0 85B39690wgd0
1 | 3993965@ M (fgoo) 3Msmbo - 18 18
2 | bybo OO 2 0 0
3 | 399™ 050 2 0 0
4 | 900 3Msmbo 15 0
5 | bodpzMogg dy/ 2 0.06 0.17
bemyoo d5B39690wgd0
6 | Vgoedorol pH 6-9 6.98 6.98
doh39b909¢0
7 | S000bpbadge 33 O/ 3 0.61 0.64
9623500005
doMomoo ombgdo
8 | 80bgMoeoBoiEos /@ 1000 276.9 385.3
9 | bLyyego®gdo (SO27) /@ 250 111.86 186.52
10 | Jemtoogdo (Cl7) dy/e 250 16.55 34.56
11 | Lobob@g 03-933./¢ 7 3.95 5.64
12 | 30006 3563mbs3gdo dy/@ - 120.17 96.99
13 | 35e@ongdo (Ca) /e 140 60.48 85.7
14 | dspbovmdo (Mg++) /e 85 11.3 16.48
15 | bs@®onmdo (Na) /e 200 18.91 18.5
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bMsdo I s  bomsdo II  GHgm3ms6m900sb, dJowsd GMlmsgzols s
356mbgmoll ®ga0mbols IMBobErgmd0b  90gdo Lslidgewr Fywol Lobxgdol
930Jodomeo 9650 Bol 8909200  ©o©R0bs  GMI 0o  d093mm3b90s
300MOM35(DMDbsG M- RIGHMEM-3503090056 BHodol  fgol. 3oOM-
39600MbsE-0mbgdol 3993390 mds F9glodsdgds 188.5 dg/er o 185.4 dy/a, bmerm
LB E-006900L  3mb639BEGHMSE0s FgsMgd0m Fo®owos s F9oygbl 145.04
Ay s 166.47 T/, 35650 96 509Fo@gds LobIgwo fiywol Hgdbozmeo
935996300 L3390 b®IsEome ool (250 /).

39605699650 55683500mds  (0.64 3302/qw) bmGToGomers© ©aldzgoo
LooEol dobggzom 0939336905 doe0sb bLrgmsl (19302/¢), begrem  {igwol
LobobBHol 360dgbgermds  (3.95-6.51 Ty-933/cw)  LobobEOL  3Wsbogo3sE00L
dobgz00m Fgqlsdsdgds Lydrsem bobEl (4-8 dy-933/).

00m9bMMo  bogmoMgdgdol,  Fo30m- ©d 803MMgwgdgb@gdol 3mb3gb-
G®530005 3600369 mdgdo  bogwrgdos  Loldgero  fywol  3gdbogmeo
693w5396¢30L Jobg3000 BMEOTsEH0 L3390 LOW0WYJdDY.

besdo I s bMsdo II  GHM3m96M90006, Joewsd GMlmogols s Fs0bg-
Mol 9060l ImLobErgmdob  sMgdmwo  Loldge  fywol  Lobxgdol
JodoM0o 5b5¢cr0obols dobgzom dobgeocobBsizos (276,9- 429.8 dg/an) GqqLodsdgds
LodMom© d0bgM0BoMGIMWL, brerm gargdGHOmYdESMHJIMdS T9oa9bl,
99L505d0bo, 526.0 puS/LT s 579.0 pS/LA.

b6sdo I s beMsdo I H5BgMH3495609d0L, Joamsd Glimsgols s dsMbgrcrols
316030350 BgBHol  bLmxgwo  JMmeos®ol  dmbobegmdol  Loldgmo  fywols
Lobx ol 803MMI0MEMYOMOO  bseroBol Fggagdol dobgz00m YOS, H™I
LogMM  3MWORMOINWOo dodBHYM0gdo, "E-coli"-ob d5dGHaM09d0, 3meozgsagdo,
Logdmbges s "Streptococcus faecalis"-ob dod@H9gM0gdo 6 oym s0dmbgbowo.
39BMBOMMHO  59MHMBIO0 O BOZNWAIGHMO  bsgOMmdgdo 37°C s  22°C
A9939653 M5B9 39305 VIS bMMT53H039000m ILIZ390 LoOIBY.
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7. 300bstrg b®53oL fiysemls s BL3gMwe ©sbsemgdgddo ddodg dg@Eewgdol
3°b5ffoemgdols ®ogbg000 dmgmomgds

1093930 3o690mdo  6030009MHgd0L  goIB9bI-OoTRMBoOl  SMBLES30-
mboermMo  iOx030  BsdasbbMmIowgdosbo  4obEGHMEadol  godmygbgdoom
390 gdos  dobsdy bMsddo serdobols, 30605 s  Fobyobwdols
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Abstract

The thesis paper covers assessment of the ecological state of use of Khrami
catchment underground waters as potable-domestic water supply system. Article 53 of
the Law of Georgia on Water involves basic goals and conditions of special water
supply and addresses reliable protection from pollution and contamination of surface
and underground waters used for potable-domestic and, also, agricultural purposes,
when water special consumption, and their quality complies with the norms of
Georgian state standards in their natural state or after corresponding treatment. Such
norms will ensure safe environment for human health, protection of the environment,
including water, observing ecological and economic interests.

The underground waters of the rivers Khrami and Debeda are used as the water
supply system for the city of Rustavi and its neighbouring regions. Together with
increasing of Rustavi population and its industrial zone development of water supply
becomes crucial issue. The potable water supply intake is located between the
catchments of Khrami and Debeda rivers. Water supply for potable-domestic purposes
is carried out with the help of operating 8 boreholes and 7 shaft wells located in the
vicinity of Khrami and Debeda rivers.

According to literature data, waters of the both rivers are polluted with
industrial waste waters. The underground waters are resupplied mainly by
atmospheric precipitation and surface waters. Resulting from the investigated
literature sources, the data of hydro-chemical and microbiological research of Khrami
underground waters is extremely scarce and that is why assessment of the Khrami
catchment ecological state urgently needs consideration of concentration of hydro-
chemical and microbiological components and identification of chemical contents of
bed sediments. Numerical modeling of distribution of heavy metals concentration in
the Khrami catchment water and bed sediments for complete assessment ecological
state with the purpose of using the Khrami catchment underground waters for
potable-domestic water supply is the novelty in this work. Studying and assessment of
the Khrami catchment ecological situation was the goal of this work.

To fulfill the task, five expeditions were organized in 2018-2019. The
expeditions studied physical-geographical location of the river Khrami and the sample
taking points for underground and surface waters and bed sediments were selected.

Taking of samples of water and bed sediments, their conservation, labeling,
storage and transportation, chemical, microbiological and bed analyses of water
samples in the stationary laboratory were carried out in compliance with the ISO
(International Organization for Standardization) methodology. The organoleptic
indicators were defined using portable field devices.

Based on the results of chemical analyses of waters of the rivers Khrami,
Mashavera and Debeda it has been discovered that the Khrami water belongs to hydro
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carbonate-calcic waters and the waters of Mashavera and Debeda rivers belong to the
hydro carbonate-sulphatic-calcic type of waters. The pH value of the Khrami,
Mashavera and Debeda waters is in the range characteristic to river waters (6.5-8.5)
and the concentration of diluted oxygen corresponds to the specific class of surface
water quality — “Clean”. The river Khrami water hardness in the beginning, according
to the water classification hardness indicator, is soft and later, after joining Debeda
river near the village of Lezbadini, the water hardness becomes “medium”.
Oxidization of Khrami and Debeda waters does not exceed the permissible norms, but
the Mashavera river water, according to the oxidization value, belongs to the polluted
ones.

Mineralization of the Khrami river water up to the village of Lezbadini
corresponds to low mineralization, but after joining Debeda river mineralization
becomes medium. Mineralization of the Mashavera and Debeda rivers also belongs to
medium class. Respectively, electric conductivity of the Khrami river water changes
between 202.0-375.0 micro S/cm. Content of biogenic substances in the water samples
of all rivers does not exceed the permissible values. Concentrations of heavy metals in
the waters of Khrami, Mashavera and Debeda rivers do not exceed the permissible
threshold norms. Concentrations of aluminum, iron and manganese represent an
exception. Their values exceed the permissible threshold concentration values.

Concentration of aluminum, iron and manganese in the Mashavera river water
may be caused by the waste waters from JSC Medneuli mining and beneficiation
plant.

Resulting from the microbiological analyses of the Khrami, Mashavera and
Debeda waters salmonella has not been detected in any of the samples, but the rest of
the microbiological indicators largely exceed the values permissible for surface waters.

The diagrams reflecting the changes of concentrations between the basic water
ions and basic characteristics indicates correctness of correlation analysis. According
to the fulfilled static correlation analysis the following pairs are characterized by high
correlation quality: hardness and calcium, hardness and mineralization and, also,
electric conductivity and mineralization.

According to the literature, the data on heavy metals in bed sediments of
Khrami, Mashavera and Debeda rivers are extremely scarce. Resulting from the
analysis of the samples of Khrami, Mashavera and Debeda waters bed sediments, the
values of copper, zinc, manganese, lead, nickel, cobalt, iron concentrations, caused by
natural conditions, correspond to background rates. Only cadmium exceeds the
permissible value. Besides the zinc concentration in the Debeda river bed sediment
sample near the village of Lezbadini largely exceeds the permissible value.

During the expedition in April, 2019 the water samples were taken from
analyses points of operating 8 boreholes and 7 shaft wells. Resulting from eco-
chemical analysis, the water, basically, belongs to hydro-carbonate-sulphatic-calcic
type, that was determined also by means of the diagrams reflecting the changes of
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values of sulphate-ions, calcium ions and hydro-carbonates concentrations drawn up
for illustration purposes.

Hardness of all boreholes and shaft wells, basically, according to the permissible
hardness norms, is “medium”. Content of basic ions, biogenic components, micro- and
macro substances is in the limits of the permissible norms.

Microbiological analyses of the water samples from the boreholes and shaft wells
did not identify any resulting microbiological pollution.

In April and September 2019, chlorinated water samples were taken from the
reservoirs (Khrami-1 and Khrami-2) prepared for potable-domestic water in Marneuli
municipality, in the vicinity of the village Didi Muganlo, close to Lezbadini; also, the
potable water samples were taken in Rustavi, Kashakashvili street (Khrami-1
reservoir) and the village of Kutliari (Khrami-2 reservoir) in Marneuli municipality.

As a result of eco-chemical analysis of the potable water samples taken for
Khrmi-1 and Khrami-2 reservoirs and Marneuli region population it was discovered
that it belongs to hydro-carbonate-sulphatic-calcic type of water. The organoleptic
and hydrogen indicators are in the limits of permissible norms. Oxidization of water,
according to the permissible norms, belongs to “very clean” and the water hardness
value, according to hardness classification, belongs to medium hardness.

Content of macro- and micro elements, biogenic substances and, also, residual
volume of free chlorine in the water samples, according to the potable water technical
regulations, is in the limits of the permissible norms. Mineralization corresponds to
medium mineralization and electric conductivity equals, respectively, 526.0-579.0
micro S/cm.

Resulting from the microbiological analysis of the Khrami-1 and Khrami-2
reservoirs, the potable water of the city of Rustavi and Marneuli municipality village
of Kutliari, microbiological pollution has not been identified.

Using non-stationary linear three dimensional equation of a substance
conveying-diffusion in uninterrupted environment, distribution of heavy metals in
the Khrami river water and bed sediments has been modeled from the village of
Tamarisi up to its joining the river Mtkvari.

The waters of the Mashavera and Debeda rivers polluted by anthropogenic
springs represent the source of heavy metals. For the modeling purposes the Khrami
river, from the village of Tamarisi up to its joining with the Mtkvari river, is divided
into 3 conditionally similar sections. For each section there are used average annual
values of hydrological parameters characteristic to the river and the data of the
research made by the expeditions. Downstream the river Khrami, up to joining cwith
the Mkvari river, the iron, aluminum and manganese concentration are reducing and,
correspondingly, it does not exceed the permissible values.

The surface concentrations of manganese and iron deposited in the river Khrami
bed were calculated during twenty-four hours. The surface hardness of the both
metals are maximal at the village of Tamarisi in the joining point with the river
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Mashavera, then it reduces downstream the Khrami river and increases again as a
result of flowing of the polluted Debeda river water into the Khrami river near the
village of Lezbadini; then it reduces again along the Khrami river up to the joining
point with the Mtkvari river.

According to the picture of distribution of the concentration of heavy metals
directed to the Khrami river from the village of Tamarisi up to the joining point with
the Mtkvari river it has been discovered that the river Mashavera water is the basic
pollution source for the Khrami river.

Based on the non-stationary linear three dimensional equation of a substance
conveying-diffusion in uninterrupted environment, the result of modeling of
distribution of pollutants of the Khrami river catchment can be used for identification
of distribution of concentration of heavy metals in the river waters and their bed
sediments.

So, as a result of complete assessment of the ecological situation obtained based
on hydro-chemical and microbiological and eco-chemical research for the bed
sediments and, also, the numerical modeling of distribution of the concentrations of
heavy metals in the Khrami river catchment water and bed sediments carried out for
usage of the Khrami river catchment underground waters as a potable-domestic water
supply system, it was discovered that the water quality fully corresponds to the
permissible norms set forth under the potable water technical regulations.
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