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ABSTRACT

Hydrochemical characteristic of artesian and spring (drinking) waters available at the territory adjacent to arsenic
processing enterprises of Racha-Lechkhumi and Kvemo Svaneti region in 2022-2024 has been considered in the work.
There have been identified artesian and spring waters polluted with different ingredients.

The following conclusions have been made based on the carried-out studies:

e in some cases, among ingredients polluting artesian and spring waters there has been registered increase of
some components (mineral forms of nitrogen, water hardness, sulfates, mineralization, microbiological indicators)
compared to respective MPCs; these waters belong to the category of medium-salt (average mineralization) waters,
while an acid water of the spring located below Lentekhi is ranked among highly mineralized waters;

o total arsenic content in the spring waters flowing towards Tsana in 2022-2024 has surpassed the MPC and
arsenic hazard quotient HQpw >1, so these waters are at risk;

e arsenic concentration in other spring waters is within the norm.
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Introduction

Arsenic ore extraction, processing and arsenic-containing compounds production took place for
several decades in Tsana and Uravi villages of Racha-Lechkhumi and Kvemo Svaneti region. As of today,
both deposits are temporarily closed down and there is no more arsenic production there. But a large amount
of toxic waste remained due to arsenic production (more than 130 000 ton of waste containing 4-9% of white
arsenic) is still stored at the territory of mining and chemical plant and is not safely disposed there [1; 2]. For
years, the basic mechanism of arsenic waste propagation is related to washing-out of toxic waste by
atmospheric precipitations and waters of overflowing rivers and their transfer that leads to high risk of
ecological catastrophe for artesian waters and soils [3-5].

Arsenic is a natural component of the Earth crust and is spread in any ecosystem. It is represented in
the nature by organic and inorganic forms, and the latter is very toxic [6]. Despite the fact that generally
arsenic may penetrate the human organism through skin, respiratory passages, it mainly hit the organism
from food and drinking water. Organic arsenic varieties are most common in sea products, while in the land
products they are basically represented by inorganic forms of 3-5-valent arsenic. Based on this fact, arsenic
mainly enters the food chain from polluted soil and water.

Materials and methods
Physical-chemical and hydrochemical characteristic of artesian and spring waters available at the

territory adjacent to arsenic processing enterprises of Racha-Lechkhumi and Kvemo Svaneti region in 2022-
2024 is given in the work. With the purpose of solution of assigned tasks, sampling points for artesian and
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spring waters have been selected from background and contaminated places of the Racha-Lechkhumi and
Kvemo Svaneti region.

The following indicators have been identified in the water samples taken: physical-chemical and
hydrochemical parameters, in particular: pH, electric conductivity; biogenic substances: NO2, NOs,, NH4",
PO.*, principal ions, mineralization, general total forms of arsenic [7], total Coliforms, E-coli and fecal
streptococci [8].

The following formula has been used for calculation of the hazard quotient [9]:
Hazard quotient (HQ) = Measured concentration (MC)/Environment quality standards EQSpw

In case of HQ >1.0, arsenic is considered as a potential hazard for water medium and, respectively, for
population health.

The following EQS boundary values have been used:

drinking water: 0.01 mg/l (maximum permissible concentrations according to the Decree no. 58 on Approval
of Technical Regulations for Drinking Water protection from Pollution in Georgia) [10].

Analyses have been conducted using the up-to-date methods and equipment, which meet the requirements
and comply with European standards, in particular:

1. Spectrophotometric method - SPECORD 205; 1SO 7150-1: 2010;

2. lon-chromatographic method 1C-1000; 1SO 10304-1:2007

3. Plasma-emission spectrometer - ICP-OES; Epa method 200.8;

4. Field portable apparatus - Hanna Combo pH/EC/TDS/PPM Tester HI198129;
5. IDEXX-Apparatus - ISO 9308-3

6. pH-meter - Milwaukee-Mi 150.

Results and discussion

Results of hydrochemical and microbiological analyses of artesian and spring drinking waters are given in
Table 1.

Table 1. Results of hydrochemical and microbiological analyses of artesian and drinking waters
June, October 2022.

Spring water from
Spri'ng water in the the mountain in the Acigic water MPC *
. territory of Uravi 2 direction of Tsana | (spring) above

# Ingredients (150-200 m away) Lentekhi

X-359777 X-316809 X-313288

Y-4722474 Y-4741183 Y-4741009

June

1 pH 8.0 7.1 6.5 6-9
2 Electrical conductivity, psms/cm 89 345 1125
3 BODs, mg/l 1.25 2,10 0,95
4 Hardness, mg.seq./I 0.97 5,53 18,57 7-10
5 Ammonium, mgN/I 0.221 0,098 0,469 0,39
6 Nitrites, mgN/I 0.022 0.075 132.05 1.0
7 Nitrates, mgN/I 0.113 0.029 0.070 10
8 Phosphates, mg/I 0.072 0.196 0.156 35
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9 Sulfates, mg/l 1.29 53.67 1251 250
10 | Chlorides, mg/l 0.46 0.06 81.99 250
11 | Bromine, mg/l 0.170 0.101 0.667
12 | Fluoride, mg/I 0.072 0.041 0.040 0.7
13 | Hydrocarbons, mg/l 74.42 189,10 502,64
14 | Potassium, mg/I
15 | Sodium, mg/l 0.88 0,95 80,5
16 | Calcium, mg/l 10.44 84,27 220,15
17 | Magnesium, mg/I 5.52 16,19 10,98
18 | Mineralization, mg/I 93.14 341,28 921,76 1000-1500
19 | Arsenic-As, mg/l 0.0097 0.0123 0.0013 0.01
20 | E-Coli, in 250 mi 8 10 N.D not
21 | Total coliforms in 250 ml 25 32 N.D

Fecal streptococci, in 300 ml 3 allowed
22 P ’ 5 N.D

October

1 [ Arsenic-As, mg/l 0.0016 | o011 | 00024 0.01

MPC* - maximum permissible concentrations according to Technical Regulations for Drinking Water
(Decree Ne58 of the Georgian government as of 15" January of 2014, Tbilisi) [10]

As is seen from Table 1, pH of artesian and spring drinking waters varies within the limits of 6.5-
8.0. pH (medium reaction) equal to 6.5 is peculiar for spring acid water. It should be especially noted an
increase of hardness of spring acid water (18.57 mg.eqg/l) compared to MPC. Content of hydrocarbonates is
502.64, Ca** — 220.15, Na* + K* — 80.5 and Mg™* — 10.98 mg/I.

Biogenic elements (nitrogen, phosphorus), which reflect surface water pollution degree and are
indicators of anthropogenic load, are important components. It is especially important to control the content
of their separate forms (NHs*, NO2, NOs, PO,*) in water, which point at the intensification of such
processes as fecal contamination induced by discharge of household and agricultural waste waters. Among
nitrogen mineral forms there are identified high contents of ammonia (0.469/1.2 MPC) and nitrite forms
(132.05/132.1 MPC) that is presumably stipulated by the impact of fecal waste waters, causing pollution of
the mentioned spring water. Nitrate and phosphate values don’t exceed the respective MPCs. Mineralization
of this spring comprises 921.76 mg/l so it is ranked among the waters with moderate mineralization (500-
1000 mg/l) [11], while a spring water flowing from mountains towards Tsana, belongs to the category of
medium-salt (average mineralization) waters (341.28 mg/l).

In samples taken from the spring waters in June (Table 1), arsenic content at the territory of Uravi 2
(at 150-200 m distance) almost equals to one MPC, while in the spring water flowing from mountains
towards Tsana, arsenic concentration is 0.0123 mg/l and its ratio to MPC is 1.2, i.e. arsenic concentration
1.2-times exceeds MPC. It should be mentioned the fact that this water is heavily used for drinking by
population. Arsenic content in the spring’s acid water above Lentekhi is low and its concentration comprises
0.0013 mg/l. Arsenic concentration higher than MPC in the spring water flowing from mountains towards
Tsana was recorded again in October (0.0111 mg/l), and in other cases arsenic concentration is within the
norm.

Based on this fact, a hazard quotient (HQqaw) in both months varies in artesian drinking waters from
0.0013 to 0.0123 mg/I and create a hazard, since all measured concentrations were not lower than MPC.
Pollution is resulted not only in change of physical properties of water (color, odour, muddiness), but also
chemical composition (organic, biogenic substances, heavy metals etc.) and microflora. River water
bacteriological purity is evaluated by means of intestinal bacteria (E-coli) quantity per 1 liter of water (Coli
index). High value of Coli index is an indicator of fecal contamination of water (MPC - not allowed), (Table
1), [11].
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In Tables 2 and 3 there are given the results of hydrochemical analyses of artesian and spring
drinking waters in 2023-2024.

As is seen from Table 2, a srping’s acid water above Lentekhi stands out here too, according to its
hydrochemical parameters. Water hardness comprises 18.44 that exceeds MPC. Chloride content is high, as
well, and surpasses MPC, spring water mineralization is 2612.22 mg/l and this water belongs to the category
of highly mineralized waters.

Among mineral forms it should be noted high content of ammonia (0.44 mg/l) and nitrite nitrogen
(11.70 mg/l), which equals 1.1 and 58.5 MPC, respectively.

Arsenic content is high in the spring water flowing from mountains towards Tsana, where arsenic
content 1.3- and 1.9-times surpasses MPC.

As can be seen from the conducted results, similarly to Table 1, in the month of October (Table 2,
Fig. 1), a spring water at the Uravi 2 territory and towards Tsana contains E-coli, total coliforms and fecal
streptococci, which are not permitted according to Georgian legislation, while for acid waters pollution in
terms of microbiological parameters was not registered.

Table 2. Results of hydrochemical analyses of artesian and spring waters, May, 2023.

. . . Spring water ) Sprin
Spring | Spring water in | ¢ e oy SPring water watgr fr%m Acidic water
water the territory of o . from the .
: above Uravi 2 tainin the dire-| o intain (in the (spring) above MPC *
# Ingredients Uravi 1 |(150-200 m away)| ©f" of Tsana | middle) nZ?nuP;;;n Lentekhi
X-359777 X-316809 X-316833 X-316930 X-313288
Y-4722474 Y-4741183 | Y-4741198 | Y-4741232 Y-4741009
May
1 pH 79 7.8 8.2 7.9 8.1 7.0 6-9
Electrical
2 conductivity, 105 85 350 170 190 2558
usms/cm
3 BODs, mg/I 0.98 1.45 2.25 0.75 1.35 0.78
4 Hardness, mg.seq./I 1.30 1.03 4.49 1.93 2.07 18.44 7-10
5 Ammonium, mgN/I 0.44 0.053 0.058 0.059 0.054 0.212 0.39
6 Nitrites, mgN/I 0.021 0.095 0.216 0.052 0.126 11.70 0.2
7 Nitrates, mgN/I 1.072 0.320 0.237 1.304 1.202 0.084 50
8 Phosphates, mg/I 0.085 0.142 0.153 0.112 0.241 0.094 35
9 Sulfates, mg/I 2.94 2.86 78.89 4.22 12.28 24.40 250
10 | Chlorides, mg/I 3.77 2.29 2.27 3.38 3.30 376,84 250
11 | Bromine, mg/I 0.120 0.142 0.381 0.210 0.059 0.910
12 | Fluoride, mg/l 0.111 0.016 0.200 0.023 0.060 0.042 0.7
13 | Hydrocarbons, mg/l 75.64 59.78 180.56 124.44 136.64 1526.22
14 | Potassium, mg/l
15 | Sodium, mg/l 3.08 2.05 45 6.0 4.0 333.88
16 | Calcium, mg/l 13.17 10.61 71.81 26.63 26.51 291.71
17 | Magnesium, mg/I 7.85 6.04 10.99 7.33 9.07 47.26
18 | Mineralization, mg/I 107.62 84.03 349.56 172.18 192.01 2612.22 1000-1500
19 | Arsenic-As, mg/l 0.0072 0.0086 0.0133 0.0092 0.0190 0.0022 0.01
October
1 Arsenic-As, mg/l 0.0004 0.0025 0.0144 0.0093 0.0149 0.01
2 E-Coli, in 250 mi 5] 3 4 11 N.D
3 Total coliforms in 11 8 10 21 N.D not
250 ml
Fecal streptococci, in 2 7 allowed
4 ' N.D N.D N.D
300 mi

MPC* - maximum permissible concentrations according to Technical Regulations for Drinking Water.
(Decree Ne58 of the Georgian government as of 15" January of 2014, Thilisi) [10]

28




in 250 ml

25

20

15

10

Spring water, in
the territory of
Uravi 2

Microbiological contamination

HI

Spring water, in  Spring water from Spring water from

the direction of
Tsana

the mountain (in the mountain (in
the middle)

last)

M E-Coli
M Total coliforms

Fecal streptococcus

Acidic water,

upper Lentekhi

Fig. 1. Microbiological pollution in spring water, October, 2023
(MPC — is not permitted).

Table 3. Results of hydrochemical analysis of artesian and drinking waters, April, 2024.

Spring water in the Spring wat_er _from Spring water Spring water Acidic_water
. Spring water - .| the mountain in the|  from the (spring)
# Ingredients .. |territoryof Uravi2 | ~ =~ .. |from the mou- MPC*
above Uravi 1 (150-200 m away) direction of Tsana mount:?un (in ntain (in last) above .
the middle) Lentekhi
1 pH 7.6 7.8 8.0 8,1 8.3 6.9 6-9
Electrical
2 conductivity, 135 98 365 220 310 390
pusms/cm
3 BODs, mg/I 1.32 152 1.95 1.25 0.95 5.27
4 Hardness, mg.seq./I 1.53 1.09 2.93 3.15 2.45 3.58 7-10
5 Ammonium, mgN/I 0.226 0.217 0.252 0.236 0.302 0.318 0.39
6 Nitrites, mgN/I 0.170 0.051 0.044 0.111 0.124 0.050 0.2
7 Nitrates, mgN/I 0.624 0.756 2,114 1.326 3.321 0.203 50
8 Phosphates, mg/l 0.171 0.084 0.147 0.139 0.088 0.018 35
9 Sulfates, mg/l 4.63 6.46 58.65 8.24 52.34 28.55 250
10 | Chlorides, mg/I 2.66 2.97 3.23 2.78 3.09 12.22 250
11 | Bromine, mg/I 0.046 0.016 0.036 0.048 0.015 0.092
12 | Fluoride, mg/l 0.237 0.488 0.108 0.131 0.178 0.321 0.7
13 | Hydrocarbons, mg/l 96.16 65.88 0.178 0.205 0.269 239.12
14 | Potassium, mg/l
15 | Sodium, mg/l 4.5 5.0 5.5 4.0 4.5 36.25
16 | Calcium, mg/l 17.82 11.24 65.42 52.25 32.86 51.42
17 | Magnesium, mg/I 7.82 6.49 9.133 10.02 8.53 11.89
1g | Mineralization, 133.23 99.14 345.55 238.60 3588 | 38012 |00
mg/l 1500
19 | Arsenic-As, mg/I 0.0093 0.0023 0.0123 0.0140 0.0152 0.0072 0.01

MPC* - maximum permissible concentrations according to Technical Regulations for Drinking Water
(Decree Ne58 of the Georgian government as of 15" January of 2014, Thilisi) [10]
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Fig. 2. Arsenic concentration content in artesian and drinking waters, April 2024.

According to hydrochemical parameters, a spring acid water, which is located above Uravi 1, with
observed water hardness increase (3.58 mg.eq/l), stands out again (Table 3). Hydrocarbonate content
comprises 239.12; Ca*™ — 51.42, Na*+K* — 36.25 and Mg** — 11.89 mg/l, though none of these
parameters surpasses MPC.

Among mineral forms of nitrogen, high contents of ammonia and nitrite forms are not registered, and nitrate
and phosphate values don’t exceed respective MPCs.

In the spring water flowing from the mountains towards Tsana, arsenic concentration comprises
0.0123-0.0140 and 0.0152 mg/I and its ratio to MPC is equal to 1.2, 1.4 and 1.5, i.e. arsenic concentration
1.2-1.5-times surpasses MPC (Fig. 2). It should be mentioned the fact that waters of all three springs are used
for drinking by population. Proceeding from this fact, hazard quotient (HQqaw) of spring water flowing from
mountains towards Tsana exceeds permissible standards in April and poses a danger, since all measured
concentration were not lower than MPC. In other cases, arsenic concentration is within the norm.

Conclusions

e in some cases, among ingredients polluting artesian and spring waters there has been registered
increase of some components (mineral forms of nitrogen, water hardness, sulfates, mineralization,
microbiological indicators) compared to respective MPCs, these waters belong to the category of medium-
salt (average mineralization) waters, while an acid water of the spring located below Lentekhi belongs to the
category of highly mineralized waters;

e in spring water flowing towards Tsana, arsenic concent in 2022-2024 has exceeded MPC and arsenic
hazard quotient HQow >1, so these waters are at risk;

e arsenic concentration in other spring waters is within the norm.
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5 F5-¢rgBbmdols s g3gdm Lgs6gmol Mgaombols 2022-2024 ().
MG Boo s Hgsmml figegdols 3ommdodon®o 33eg3s

Q. 053405030000, . 3993939, 9. 0790esdy, 8. BodsE5d9

6900y

B5dOMm3do 2obboyemos 2022-2024 §f GroFo-crghbmdo s Jggdm 1356900l Mgaombols sdodbsbols
39005053998539990 LoFoMTMgdol 308YdsMY BHYMHOEGHMM0YdDY 5Ol sMEIBOMWO s fyotrml
(LobIgEn0) Fyargdol 30EMHMJ0TOMOO LOLOSMYDS.

3990396005 b30slb3s 0byMg096EJd0m d0BIMMGdIMEO sBEHIBOMEOo Qo 9ot
gegdo.

BoGoM9d0 33093900l byvd3z9eBg F0owgdIE0s 9990 OL33BYdO:

o 5OGHIBoM @5 gl {ywgddo  ©sdsd00bdMMgdgo  0byMI0gbBHIO0IE  bBmyoghHm
9900bgz935d0 500b0dbgds  3m33MB76EJdOL (sBmEHOL JobgMscrm®o Bm®MIgd0, fyarol Loboldy,
LR gd0, F0bgMo0BoE0s, F03MMIOMEMA0MMo 35839690 gd0)  T5@Jds Tglodedol b3-
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o Gysmmb iyergddo 3obsl dodsmomvmagdom 2022-2024 §f  ©s00odbsbol LogMorm 90339 mds
50905390 B3-b s MOTHBOL LadodOMgdoL 0bgduo (HQbw >1), s9M0ys, U fyrrgdo sGob
6olgolb J390;

®  3650Bgb gomrmb {yegddo sM0TbIboL 3mbEIBEHME0S bm®MTOL BoMawqddos.

15533560 Lo@yzgdo: sOGHgbomwo  fywgdo,  §gooOrmb  fywgdo, 3oOHmJodos, @sMOdbsbo,
©5006dMM9ds.

I'mapoxuMuyeckoe uccjae10BAaHUEe APTE3HAHCKUX U POAHUKOBBIX BOJI
pernona Paya-Jleuxymu u KBemo CBaneru 3a 2022-2024 rr.

JI. HlaBamamBuim, I'. Kyuasa, E. lllyoaanze, M. Tadaranse
Pe3rome

B pabote paccMoTpeHa TMAPOXMMHUYECKAs] XapaKTEPUCTUKA apTEe3UAaHCKUX U POAHUKOBBIX (IHTHEBBIX) BOJ,
HUMEIOIIUXCSI HA TEPPUTOPHHM, MpUJIETAIOIEH K MpennpusTHAM IO IepepaboTKe MbllIbsika peruoHa Paua-
Jleuxymu u KBemo CBaneru 3a 2022-2024 rr. BrisiBneHsl apTe3uaHCKHe U POJHUKOBBIE BOJBI, 3arpsiI3HEHHbBIE
Pa3IMYHBIMUA MHTPEAUEHTAMH.

Ha ocHoBaHMM pOBENEHHBIX UCCIICAOBAaHUN CHIEJIAHBI CIIELYIOLIIE BEIBOADIL:

e cpelu HMHIPEAMEHTOB, 3arps3HSIOIIMX aPTE3WaHCKHE M POAHUKOBBIC BOABI, B HEKOTOPBIX CIIydasx
OTMEUYEHO INPEBBIIICHUE KOMIIOHEHTOB (MHMHEpaJbHBIE (OPMBI A30Ta, >KECTKOCTb BOIBI, CYJb(aThl,
MHUKPOOHONIOTHUECKHE TIOKa3aTelld) 10 cpaBHeHWI0 ¢ coorBercTByrommMu [1/IK; naHHBIE BOABI
OTHOCATCSI K KaTeropud BOJ CpelHed MHUHEpaJu3alud, a KUcias POAHUKOBas Bojga Huxke JleHTexu
OTHOCHUTCS K KaTETOPHH BBICOKOMHUHEPAJIM30BAHHBIX BOJ;

® B POJHMKOBOH BOJe, TeKyllel B HampasieHuu llana, oOiiee comepikanue Mblbsika B 2022-2024 rr.
npesbimaet [1JIK, a nanexc onacHocty Mbibsika HQpw >1, T.e. JaHHBIE BOABI HAXOAATCS MOJT YTPO30H;

® B OCTaJbHBIX POJHUKOBBIX BO/IaX KOHIIEHTPAIUS MBIIIbSIKA HAXOJUTCS B MIpeienax HOPMBI.

KiroueBble ciioBa: APTE3UAHCKUC BOJbI, POJAHUKOBBIC BOJbI, THAPOXUMMUS, MBILIBIK, 3aIPA3HCHUC.
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