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ABSTRACT

Introduction. In semi- arid and arid countries in which groundwaters are the main supplier of water, monitoring of water quali-
ty is of vital significance. To better manage water resources, therefore, investigation of water quality utilized for drinking, agricultur-
al and industrial purposes sounds compulsory.

The purpose of article. The aim of this study was to investigation the factors in fluencing the evolutionary process of ground-
water resources and hydrogeochemical characteristics of groundwater resources in the northeast of Sabzevar.

The research methods. Given the geological formation, water yield and condition of the region’s water resources, a total of 10
underground water resources were surveyed in respect of quality. In this regard, physical parameters e.g. PH, Electric Conductivity
(EC) and Total Dissolved Solids (TDS) were measured in the sampled solution by multimeter. The hydrochemical analysis of data
was implemented in laboratory and by inductive Plasma method and by statistical analysis and the modeling process were conducted
by the SPSS, Chemistry and AqQA suites.

The results of research. According to Scholler diagram, that most of water samples are categorized in good and acceptable
class. According to the drawn Wilcox diagram, the samples are in C2Sz, C2Ss, C3S2 and CsS4 classes. Most samples agriculturally
unsuitable with high salinity. According to the water quality index (GQI)), the water resources of the study area are in poor to ac-
ceptable category. Spatial study showed that the catchment area of water resources located in volcanic rocks, conglomerates and
gravels, due to the lower impact of these rocks on water salinity, has caused the outflow of water of appropriate quality from these
areas. In the western part of the region, due to the presence of marl and evaporation -detrital deposits, the value of this index is low
and water is of poor quality. In other parts of the region, the water quality index (GQI), increases and water has a better quality.

The type of geological formation around the basin is one of the important factors in the evolution of water resources. Chemical
weathering of different rocks with natural waters produces different cations and anions. The water-rock reaction and weathering of
minerals, is the main factor in changing the quality of groundwater chemistry in the region. Chemical analysis of water entering the
aquifer of region showed that the sources of ions entering the region were affected by the lithology of rocks and sediments that were
exposed to weathering for a long time, hence, as the region water, due to the passage of the detrital evaporation formation of the third
period and marl, have dissolved them and increased the ratio of CI+SO4>HCOs. The results showed that the presence of rocks and
minerals of carbonate such as limestone, dolomite and calcite, sandstone and silicate such as volcanic rocks in the water passage has
caused the scenarios of Ca>COs and Ca + Mg>COs.

Conclusions. Results revealed that drinking water resources are decent in most of the sites, exclusive of the resources that
place in detrital-evaporate deposits. Meanwhile, the water is hypersaline and indecent for agricultural purpose. To the east, however,
salinity plummets and is decent for agricultural purpose. The concentration of bicarbonate as the most abundant onion in the entire
resources is higher than the global health standard and dissolution of carbonate rocks like limestones and dolomites play a role in this
manner. The concentration of nitrate in the entire resources is lower than the global standard. Their concentration in the area is owing
to agricultural activities and circulated water. Water resources emplaced in volcanics, conglomerate and gravels are of less concentra-
tion in respect of salts content and quality of water is higher. The young detrital-evaporate deposits in the west have augmented the
concentration of ions as per the Ground Quality Index (GQI) and zonation maps, and where upon, water quality in this portion
is poor.
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Introduction
In semi-arid and arid countries in which

er demand for water for household, agricultural and
industrial sectors, leading to over-exploitation of

groundwaters are the main supplier of water, moni-
toring of water quality is of vital significance (Sener
et al., 2017; Kawo and Karuppannan, 2018, Khano-
ranga and Khalid, 2018). Burgeoning population
globally, on the other hand, has given rise to a great-

water resources (Heydari et al., 2012).

To better manage water resources, therefore,
investigation of water quality utilised for drinking,
agricultural and industrial purposes sounds compul-
sory. One of the major resources are springs and
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ganats which outline differing discharge rates given
geological formations and precipitation (Javadi et
al., 2019). The water resources are formed through
the discharge of aquifer into impervious layers in a
ridge-and-ravine topography, emerging in permeable
sediments like gravels, sandstones and conglomer-
ates which overlie the impermeable sedimentary
formations. The severe reduction in rainfall have
rendered not only the quality, but also the quantity
of water vulnerable by anthropogenic activities.
Nowadays, groundwater in rural areas have been
known as the main and reliable source of potable
water supply, whilst some problems in quality have
tarnished the reliability reputation of the sources.
Variation in water quality could be owing to interac-
tion between rocks and water, evaporation and fluc-
tuations in concentration considering the amount of
precipitation and presence of anthropogenic controls
like agricultural activities and industrial effluent.

Groundwater reacts chemically with a variety
of solid phases e.g. sediments and aquifer’s bedrock
en route from recharge to discharge zone. Such reac-
tions are invariable as per the chemical character of
water, geological formations and settlement duration
of water (Sarkar et al., 2007).

Monitoring of chemical composition of water
could help forefend imminent dangers jeopardising
human’s health and maintain societies’ hygiene.
Numerous workers have engaged international crite-
ria like those by the WHO, base diagrams like that
of Scholler’s (Scholler, 1955) and a wide assortment
of quality indices as tools to categorise potable wa-
ter (Ketata-Rpkbani et al., 2011, Jerome and Piuse,
2010; Kishore and Hanumantharao, 2010) in their
collected works.

Extensive studies have, by far, been undertaken
on this issue in domestic and international scales,
from which we can refer to those fundamental ones
that have perceptibly assisted us to learn about this
trend. The most outstanding of the studies are: In-
vestigation of evaporite precipitations (Hardie,
1968), Convulsion of brines in enclosed basins
(Hardie and Eugster, 1970), Sedimentologic and
geochemical properties and hydrogeochemical
provenance of brines (Spenser et al., 1990), Up-
heaval of important groundwaters at playas (Rosen,
1994; Erfanian Kaseb et al., 2020), Heydrogeo-
chemical investigations of water in Dasht-e-Jajarm
(Javanbakht et al., 2020), Ardak region in Mashhad
(Fazel valipour et al., 2021), Siahoo Basin in Bandar
Abbas (Gholamdokht Bandari et al., 2018), Karstic
springs in Ajabshir (Saraei Tabrizi et al., 2021).

To project qualitative variation in water re-
sources, other phenomena in the target area shall be
statistically investigated (Rabah et al., 2011). Be-
sides the cited matters, the quality of water re-
sources in a region hinges upon the existing ions

which their number is commonly reduced by lithol-
ogy and their own evolutionary cycle (Jones and
Decampo, 2014).

The early chemical properties of waters being
delivered to enclosed basins is affected by the li-
thology and the sediments being weathered and by
the duration over which groundwaters remain inside
the rocks of basin (Hardie and Eugster, 1970; Jones
and Decampo, 2014). Familiarity with enclosed ba-
sins is indispensable in assimilating the chemistry of
waters. Surface and underground waters supply the
ions that precipitate as salts at basin. Acidic waters
would cause chemical weathering of surface rocks
of the watershed. The chemical weathering of vari-
ant rocks by natural waters would generate a vaude-
ville of anions and cations (Erfanian Kaseb et al.,
2020).

Given the fact that water of the aquifer in Sab-
zevar’s north is used for drinking, agricultural and
industrial purposes, the environmental characteris-
tics of water and the effect of lithology on water
quality have been taken into account on this study.

Geology of the study area

The studied groundwaters are located in a
mountainous area of equitable to semi-arid climate,
coordinating 58°- 58° 30' E and 36° 30" -37°N in the
NE of Sabzevar township in Khorasan-e-Razavi
Province. The Sabzevar-Quchan trunk road is
amongst the most important means of transportation
in this region. The annual precipitation amounts to
276mm. The highest elevation is 2529m and the
lowest 1150m above sea level. Winters are fairly
cold and summers are equitable to warm (Fig. 1).

Structurally speaking, it is a portion of the
Binalood Zone, and lithologically, however, the geo-
logical formations are variegated. Most of the ex-
posed rocks are the Cenozoic volcanics of Miocene
age which are predominantly of pyroclastic lava
variety. Within them lie volcanic rocks of Plio-
Quaternary age as domes and dykes. Deposits of
shallow marine facies also exist that transform into
continental sediments which are of the Cenozoic age
and belong with E; and Ej; series. The series consist
of shale, sandstone, conglomerate, limestone, dolo-
mite, marly shale and chalk. The youngest sedi-
ments are detrital evaporites that have formed adja-
cent to the Kaalshur River. The limestone outcrops
of Lower Cretaceous of Mesozoic Era are witnessed
as dislocated huge boulders in the NE of the area.
Such formations have, somehow, cropped out over-
lying the Plio- Quaternary pyroclastic sediments and
also underlying them unconformably which is an
indicator to post Plio- Quaternary tectonism (Fig. 2).

Methodology

Some 10 samples were grabbed from the
springs, wells and ganats so as to investigate the
groundwater quality in 2020 (Fig. 2). Over the sam-
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Fig. 1. The location of study area

pling process, the sampling bottles were thoroughly
washed and one sample was grabbed from each site.
Physical parameters like PH, EC and TDS were
measured by an Extech multimetre at the sampling
site. To forefend any settlement of heavy metals, the
pH value of samples was reduced to 2 by adding
thick HNOs. The samples were then transferred to
the chemical laboratory of Mashad Azad University
at a temperature of 4°C where the hardness and alka-
linity of water samples were measured by means of
the Titration technique using the EDTA (di amine
tetra acetic acid). The samples were subsequently
transferred to the IMPRC to undertake the inductive
Plasma Analysis. The statistical analyses were con-
ducted on the Chemistry, SPSS22 and AqQA suites.
To study the quality of potable water, Scholler’s di-
agram and for agricultural purposes, the Wilcox’s
were engaged. The qualitative classification was,
ultimately, implemented utilising the GQI and effec-
tive parameters were analysed. The index entails
weighing and combining of 10 qualitative parame-
ters for potable water i.e. Cl, Na, Ca, Hardness,
Acidity, Bicarbonate, Sulphate, Nitrate, Mg and the
TDS. This approach encompasses the spatial varia-
tion of measurings, and multi-stage conversions of
groundwater quality data as ranking of groundwater
quality index by means of generating concentration
maps for each parameter of point data and through
the interpolation method. The data are subsequently
calculated utilising the normalised difference index
as follows:

C=(X"- X)/(X+X) (1)

Where the X” is the calculated concentration in
each cell on the primary map and X is its optimum
standard (WHO). The calculation procedure is con-
ducted through the measuring of the contamination
index (the ratio between the measured concentration
of contaminant and maximum acceptable amount of
contaminant) ranging from 1 through -1 for each
cell and, ultimately, through the conversion of con-
tamination index to a ranking map ranging between
1-10 (rank 1 connotes the least and 10 the highest
level of groundwater effect).

To rank the concentration of cited elements
from 1-10, the formula below is applied (Babiker et
al., 2007)

r=0.5 C2+4.5 C+5 (2)

Where C represents the concentration index for
each cell and r shows the related rank. The GQI is
obtained by formula 03:

GQ| =100 - (r1W1+I’2W2+. LArwn/ N) (3)

Where r is the value/ amount of ranking map of
range 1-10, W is the relative weight of the parame-
ters and N is the total number of utilised parameters
on the analyses (Alexander et al., 2017). Table-01
demonstrates the categories of potable water quality
as per the represented quality index (Babiker et al.,
2007).
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First DESCRIPTION
Dark gray to violet shale with sandstone at the base
Dark gray olivin trachybasalt, pyroxen basalt. andesitic basalt as lava flows or dikes
Light gray cherty limestone and dolomite

Light green gypsiferous silty, marly shale with intercalations of gypsum, sandstone, tuffite

and limestone

Red alternations of sandstone and shale with conglomerate and tuff intercalations
Dark greenish to reddish gray vesiculated spilitic basalti

Dolomite, limestone, partly dolomitized, cream, gray

Marl, sandy marl, sandstone and conglomerate, consoidate, partly gypsiferous, light
red_orange

Light gray dacitic andesite, quartz trachyandesite as domes and thick lava

Light gray lahar, volcanic conglomerate with acidic pyroclastics

Recent alluvium

Silt and sand with lenses of gravel forms alluvial plane (dasht)

Cabble_bulder gravel, unconsolidated and uplifted, forms highest (oldest) level fans
Gravel unconsolidated and uplifted, forms intermediated level fans

Mud, silt and sand, forms lowest(youngest)level fans

Gravel unconsolidated and uplifted, forms intermediated terraces

Silty clay, silt and sand, with gravel packets forms filled valley

Terraces and young gravel fans

Gray quartz trachyandesitic to trachyandesitic dikes

Fig. 2. Geological map and selected groundwater resources in the region
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Results and discussion

Given the physio-chemical and geological con-
ditions governing the groundwaters, numerous vari-
ables play role in the quality of groundwater, all of
which may not usually be analysed (Lucassen, 2004;
Kumar and Dua, 2009). Juxtaposing the anions and

cations in the samples, the most frequent ones were
distinguished and compared with the world stand-
ards (Table 2). The dominant onion in the whole
samples were bicarbonate, whilst the least abundant
was nitrate ion. The dominant cations were Na in
most of the samples and the least was K.

Quality of water resources. To assess the pre-
sent quality of gr resources used to supply potable
water, the Scholler’s diagram (Scholler, 1955) was
adopted. This is a semi-logarithm illustrating the
concentration of major ions in mg/L. The diagram
also categories Na, Cl, sulphate, TDS and hardness
as per chemical parameters as good, acceptable, av-
erage, inappropriate, totally unpleasant and indecent
for drinking (Asgharimoghadam et al., 2015). Hen-

ce, given the qualitative samplings as per Figure. 3,
it can be concluded that the quality of water in the
area ranks good to acceptable, exclusive of samples
4 and8 whose quality is totally unpleasant owing to
being extracted from evaporate-detrital facies adja-
cent to the Kaal River.

The Wilcox diagram was applied to assess the
quality of water used in agricultural purposes (Wil-
cox, 1995). It studies the classification of water us-
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Table 1
The classification of drinking water quality based on quality index (Babiker et al., 2007)
GOl Quality
91-100 Suitable
71-90 Acceptable
51-70 Medium
26-50 Poor
0-25 Low
Table 2
The analysis and physical parameters of groundwater resources in the region (mg/L)
Sta- TDS
tion X Y mgry M EC Akal  TH  Na Ca Mg K HCOs SOs ClI NOs
S1 582542 364043 1083 8.09 1602 80 16 113 597 214 217 235 115 81 30
S2 583114 364030 321 766 482 90 270 51 497 164 259 175 70 33 30
S3 582556 364137 666 7.83 953 96 233 36 479 123 176 165 62 21 19
S4 582430 364110 191 807 273 350 469 1376 254 1415 3616 400 790 1950 31
S5 582508 364044 994 821 1150 72 410 184 596 301 384 330 180 168 25
S6 582554 364016 470 831 679 54 310 118 483 207 172 240 182 62 28
S7 582444 364150 298 770 479 70 116 108 146 6.4 272 170 60 44 25
S8 582443 364206 342 775 480 320 410 1218 2037 1231 7.43 380 1070 1400 41
S9 582510 364319 750 7.77 548 96 233 114 208 73 189 190 78 30 26
S10 582457 464323 306 75 448 92 300 200 182 74 233 195 76 36 25
WHO 500 7-85 150 200 75 50 12 150 250 250 50
Table 3
The classification of water quality for agricultural
SAR Water quality for agriculture Water class Station
17.75 High salinity-inapproperiate C3s4 S1
8.87 Low salinity-approperiate C2S2 S2
6.56 Salinity-acceptable C3S2 S3
97.85 High salinity-inapproperiate C254 S4
27.47 High salinity-inapproperiate C3s4 S5
20.09 High salinity-inapproperiate C254 S6
33.33 High salinity-inapproperiate C254 S7
95.28 High salinity-inapproperiate C254 S8
30.41 High salinity-inapproperiate C254 S9
32.70 High salinity-inapproperiate C254 S10
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age as per the EC or Electric conductivity and the
SAR or Sodium Adsorption and can be applied to
categorise the water rate at the study area up to 16
differing ranks. The finest quality is C1S1 and the
worst is C4S4 whose application is in agricultural
and irrigation (Asadzadeh et al., 2017). Table. 3 il-
lustrates the classification of water used in agricul-
ture. Assessing the results obtained from the local
resources connotes average to high salinity and alka-
linity. This could be construed as presence of evapo-

Schoeller Diagram

rite formations. Because of the remarkable differ-
ence in Na concentra-tions in a humber of samples,
they are absent on the Wilcox diagram. Hence, 10%
of the samples fall into C2S2, 60% into C2S4, 10%
into C2S2 and 20% into C2S4 class. Consequently,
the entire samples are pondered inappropriate for
agricultural except for and S2 and S3 (Fig. 4).

The achieved analyses and depiction of zona-
tion maps (Fig. 5) revealed that the concentration of
Ca, Mg, Na, sulphate, Cl and TDS indicate a decrea-
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Fig. 3. The analysis of the exploitation situation based on Schoeller diagram

sed concentration of these ions everywhere in the
area exclusive of the western portion, and water
quality is good. Presence of dolomite and limestone
formations, of young detrital-evaporite deposits
whose presence has given rise to the concentration
of TDS, of marly shales and density of joints and
fissures whose presence has boosted dissolution and
vulnerability of formations in the western portion all
would help augment ions’ concentration and deterio-
rate the quality of water as a result. Propagation of
volcanic rocks like basalt, andesite and dacite, and
trachy-andesite dykes in the area’s south and south-
east, a conglomerate formations in the south-west
and presence of gravel within the deposits of the
northern portion have all lessened the concentration
of ions, boosting water quality.

The quality of the study area’s resources ranks
poor to acceptable as per the GQI (Table 1). Spatial-
ly investigating, it was revealed that the watershed
of water resources which has been hosted by volcan-
ic and conglomerate rocks and by coarse-grained
gravels has helped release of water of good quality
all owing to the insignificant influence of these for-

mations on the salinity of water. The GQI is low in
the west, however, owing to the presence of lime-
stone, dolomite, marl and detrital-evaporite deposits
and, consequently, water quality is poor and the in-
dex is low. Notwithstanding, the GQI shows rise in
the rest of the area and the water has a better quality
(Fig. 6).

Effect of lithology on water resources. Com-
bination of water resources with the rocks in the
periphery of the basin hinges upon their reaction
with water and water characteristics s and (De-
campo, 2014).

The rock type of geological formations sur-
rounding the basin is one of the significant factors in
the quality of water resources. Chemical weathering
of different rocks due to reaction with inflowing
waters would generate variable onions and cations
which disturbs the primary HCOs/Ca+Mg in solu-
tion (Fig. 7).

Geological data (Fig. 2) revealed that the quali-
ty of water resources corresponds with the lithology
which consists silicates, carbonates and sulphates.
Hydrogeochemical studies demonstrate that bicar-
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bonates, as onions, are dominant and exceed the
global standard in the entire samples. Dissolution of
limestones and dolomites play an elemental role in
the abundance of bicarbonate ion in water. Dissolu-

tion within the gypsum beds and young detrital-
evaporite deposits in the west of Abdullah-e-Giv
Village has released the sulphate onion into water.
Given the fact that the origin of Cl onion in ground-

Wilcox Diagram Of the Study Area
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Fig. 4. The analysis of the exploitation situation based on Wilcox

water resources is atmosphere and it's concentration
is highly diluted with the lost water, hence, the as-
sessment of its concentration is pivotal. The Cl in
waters has resulted from the dissolution of evaporite
deposits and weathering of shale formations (Anon-
ymous, 2010). Nitrate is known as one of the most

significant anions of water and its presence maybe
as a result of leaching/ washing by streams, break-
down of organic material and anthropogenic activi-
ties e.g. municipal effluent and usage of chemical
and natural fertilisers. The minimum and maximum
concentration of nitrate is 19 and 41 mg/L, respecti-
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vely. Given the fact that the concentration of nitrate
ion is below the global standard in the entire sam-
ples, however, the major reason behind the rise in
nitrate concentration in water resources lying in the
downstream of farmlands and homesteads could be
leaching of nitrate. In other sense, the aquifer is fed
by the nitrate-bearing waters circulated from the
agricultural use.

Na shows the highest concentration amongst
the cations in water resources. Apart from halite
(NaCl), the main origins of Na are seawater, rainfall,
hydrothermal springs, brines, Na-bearing silicates
(albite), nepheline and rare Na-bearing minerals
such as sodium carbonate Al — (Khashmon et al.
2017). The shale formations in the area may convert
clay minerals to each another, releasing variety of
ions like Na. Furthermore, presence of Na-bearing
silicates (albite) in volcanic rocks has played a role
in releasing Na. The most perceptible origins for Ca
and Mg cations in groundwaters, are limestones and
dolomites, Ca-bearing silicates as well as groundwa-
ter of great salinity (TDS> 500 mg/lit) through
which these ions have entered the water resources.
The water is in close contact with limestones of high
Ca content and low SiO; (Cohen, 2003; White and
Drake, 1993). Their pH is commonly alkaline (Du-
arte et al., 2020). The waters that are in contact with
dolomite are analogous to calcerous waters, whilst
their content of Ca and Mg is the same in molar val-
ues. Release of Ca from Ca-bearing silicates in bas-
alts and also dissolution of non-carbonate for-

mations like gypsum beds have played a role in the
liberation of Ca.

Conclusion

Groundwaters are one of the most important re-
sources of water. The quality of groundwater re-
sources in Abdullah-e-Giv area in the SW of Guch-
an township was studied. Given the lithology and
water abstraction statues, a total of 10 groundwater
resources of decent position were opted and as-
sessed. Results revealed that drinking water re-
sources are decent in most of the sites, exclusive of
the resources that place in detrital-evaporite depos-
its. Meanwhile, the water is hypersaline and inde-
cent for agricultural purpose. To the east, however,
salinity plummets and is decent for agricultural pur-
pose.

The dissolution of calcerous and dolomite fac-
tors has played the most pivotal role in the release of
Ca and Mg cations in water, with Na as the most
abundant cation in the water originated from shaly
formations.

The concentration of bicarbonate as the most
abundant onion in the entire resources is higher than
the global health standard and dissolution of car-
bonate rocks like limestones and dolomites play a
role in this manner. The dissolution of interbedded
gypsum is influential in the release of sulphate ion,
and dissolution of young evaporite and detrital de-
posits, and shale formations have had a role in the
release of Cl. Water resources emplaced in volcan-
ics, conglomerates and gravels are of less concentra-
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tion in respect of salts content and quality of water  ties and circulated water.

is higher. The young detrital-evaporite deposits in the
The concentration of nitrate in the entire re-  west have augmented the concentration of ions as

sources is lower than the global standard. Their con-  per the GQI and zonation maps, and whereupon,

centration in the area is owing to agricultural activi-  water quality in this portion is poor.
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Onenka KauecTBa NMOA3eMHBIX BOIHBIX PeCypcoB Ha ceBepo-BocToke Cabd3eBapa

Moxammao Hopazum @azens Banunyp',

K. T€OJ1. H., IOICHT Ka(eaphl FCOIOTHH,

Mcnamckuii yausepeuter Asana, Memxeackuii pumar,

yia. Octan FOcodwu, 6ynsBap Dmamue, ['acemAban, Memxern, a/s 91735-413, Upaw;
Xenzame Ippanan Kaceo',

K. T€OJI. H., aIbIOHKT-TIpodeccop Kadeapbl reoornu

BBenenne. B moy3acyluiMBBIX M 3aCyIIIMBBIX CTpaHaX, B KOTOPBIX MOA3EMHBIC BOABI SABISIOTCS OCHOBHBIM IO-
CTaBUIMKOM BOJIbl, MOHUTOPHHI Kaue€CTBa BOJbI MMEET JKU3HEHHO Ba)XHOE 3HaueHHe. TakuMm o0pazoM, Uis JTy4lIero
YIpaBJIeHUs] BOXHBIMH PECYpPCaMH HMCCIIEIOBAaHUE KadeCcTBa BOJbBI, HCIIOIB3YEMOM UISl TINTHEBBIX, CEIBCKOXO3SHCTBEH-
HBIX U IIPOMBIIIJICHHBIX eIeH, SIBISIETCS 00s3aTeTbHBIM.

Heas crarbu. Llenpio gaHHOTO HccnenOBaHUA ObUTO M3y4eHHE (HaKTOPOB, BIHMAIONINX HA MPOLECC IBOIIONUHU pe-
CYpPCOB TIOJ3€MHBIX BOJA W THAPOTCOXMMHUYECKHE XapaKTEPHUCTHUKH PECYpCOB ITOA3EMHBIX BOJ Ha CEBEPO-BOCTOKE
Cab3eBapa.

Metonbl ucciaegopanusi. C yueToM reoslornieckoro CTpOSHHMsI, BOJOOTAAYH U COCTOSIHUS BOIHBIX PecypcoB obia-
cTH, ObLTO 00CIIEIOBAHO Ha MpeaMeT KadecTBa 10 BHIOB 3amacoB MOA3EMHBIX BOA. B CBs3u ¢ 3TUM (pU3UUECKUE Mapa-
MeTpsl, Harpumep, Ph, anexrponpoBoxHocTs (EC) 1 ofiiee komudecTBo pacTBOpEeHHBIX TBepaAbix BemectB (TDS) us-
MepsUIM B OTOOPaHHOM PacTBOPE C IIOMOUIBIO MYyIbTUMETpa. [MIPOXMMHUUECKHIIA aHAIN3 JaHHBIX OCYIIECTBISJICS B Jia-
OOpaTOPHBIX YCIOBHSAX METOIOM MHIYKIIMOHHOM IIJIa3Mbl M METOJIOM CTaTHCTHYECKOTO aHaJIN3a, a TaKke MOJAEINpPOBa-
uus B maketax SPSS, Chemistry u AqQA.

Pe3yabrarel ncciaegosanusi. CornacHo auarpamme Illomrepa, 60abIIMHCTBO IPOO BOIBI OTHOCATCS K XOPOIIEMY
U mpuemieMoMy kiaccy. CornacHO HapHCOBAaHHOW JuarpaMMe YHIIKOKCa, 00pasiibl oTHocsTes K Kinaccam C2S2, C254,
C3S2 u C3S4. bompImMHCTBO 00pa3IOB arPOHOMHUYECKH HEMIPUTOIHBI W3-3a BBICOKOTO 3acojieHus. [lo HHIeKCy KayecTBa
Boasl (MIKB) BogHBIE pecypchl HccieayeMoi TEpPUTOPUN HAXOSATCA B KaTETOPHH OT IJIOXOTo JIo mpuemiiemoro. Ipo-
CTPaHCTBEHHOE HCCIIEZ0BAHUE TOKA3aJI0, YTO BOJOCOODP BOIHBIX PECYPCOB, PACIIOJIOKEHHBIX B BYJIKAHHYECKHX ITOPO-
Jax, KOHITIOMeparax M TajledHUKax, B CHIy MEHBIIETO BIMSHHSA 3THUX IOPOJ Ha MUHEPAJIH3AIHI0 BOABI, OOYCIOBHI OT-
TOK BOJIbI COOTBETCTBYIOIIETO KaueCTBa C ATUX TEPPUTOpUi. B 3amanHoil yacTh 001acTy M3-3a HAIMYUS MEPTENeBbIX U
9BAIOPUTO-00JIOMOYHBIX OTJIOKEHHUI 3HaUE€HHE ATOTO MOKa3aTelsl HU3KOe, a BOJa IUIOXOro KadecTBa. B Ipyrux gacTsax
pervoHa uHIekce kauecta Boabl (MKB) yBenmuuBaeTcs, 1 BoJja UMEET JIydlllee KauecTBO.

Tum reonorudeckoil popmanmy BOKpyr OacceliHa SBISETCS OJHUM H3 BaXKHBIX (PaKTOPOB 3BONIIOLMHU BOIHBIX pe-
cypcoB. XHMMHYECKOE BHIBETPHBAHHE PA3JIMYHBIX TOPHBIX IIOPOJ NPUPOAHBIMU BOJAMHU MPUBOAUT K 0OpPAa30BaHUIO pa3-
JUYHBIX KaTHOHOB M aHWMOHOB. Peakmus Boga-mopoja W BBIBETPHBAHHE MHHEPAJIOB SBIISIIOTCS OCHOBHBIM (haKTOpOM
N3MEHEHHSI Ka4eCTBA XMMHUYECKOTO COCTaBa MOA3EMHBIX BOA B pernoHe. XMMHUUECKHH aHaJIW3 BOABI, IOCTYTAIOIIEH B
BOJIOHOCHBII TOPU30HT paiioHa, MOKa3all, YTO Ha UCTOYHUKH MOCTYIUICHUS MOHOB B PErHOH HOBJIHAJIA JIUTOJIOTHS TOP-
HBIX TTIOPOJ M OTJIIOKEHUH, KOTOPBIE JUTMTEIHHOE BpEMs IT0JIBEPTaInCh BhIBETpUBaHHIO. Clie0BaTeIbHO, BOJBI PErHOHA
MIPH TIPOXOXKACHUSI OOIOMOYHBIX IBAIIOPUTOBBIX 00Pa30BaHMUN TPETUYHOTO HEPHOAA M MEpTeiel, paCTBOPIIN UX M TO-
Beiciui cooTHoIeHue Cl+SO4>HCOs. PesynbraTsl mokasaiu, YTo HAIWYWE TOPHBIX NOPOJ M KapOOHATHBIX MUHEPAJIOB,
TaKUX KaK W3BECTHSIK, JOJIOMUT M KAJIBITUT, TIECYAHUK W CHIIMKATHI, BYJKAaHHYECKUX ITOPOJI, B BOJOTOKE BBI3BAJIO CIIEHA-
pun Ca>CO3 u Ca + Mg>CO:s.

BoiBoabl. Pe3ynpraTsl mokasand, 9TO pecypchl HUTHEBOW BOABI Ha OOJIBIIMHCTBE yYacTKOB HPWIMYHEIE, 3@ HC-
KIIFOYEHHEM PECYpCOB, HAXOISIIMXCA B 00JIOMOYHO-3BAIOPUTOBBIX OTIOKECHUAX. [103TOMY BOAA OUEHb COJICHAs! M He-
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IIPUTOJIHA JJIS CENbCKOXO3SMUCTBEHHBIX HykJ. ONHAKO K BOCTOKY COJIEHOCTb PE3KO MajaeT U MOIXOJUT JUISl CEIbCKOXO-
3SUCTBEHHBIX eneid. KoHueHTpanus 6ukapOoHara, Kak Hanbojee pacpoCTpaHeHHOTO KOMIIOHEHTa, BO BCEX pecypcax
BBIIIIE, YeM MIOOAJIBHBIN CAaHWTAPHBIA CTAHAApPT, U PACTBOPEHHE KapOOHATHBIX MOPOJ, TAKMX KaK W3BECTHSIKU M JIOJIO-
MUTBI, UTPAET POJIb B 3TOM. KoHIIeHTpaIysi HUTPAaTOB BO BCEX pecypcax HUKE MUPOBOTo cTaHAapTa. VX KoHLIEHTparus
B paliOHE CBSi3aHA C CENbCKOXO3SHCTBEHHOH JesITeIbHOCTHIO U 000POTHBIM BOIOCHAOKEHHEM. BomHBIE pecypehl, 3ai0-
JKEHHBIC B BYJIKAHHTAaX, KOHIJIOMEpAaTax M IpaBHsAX, MMEIOT MEHBIIYI0 KOHIIEHTPALUIO [0 CO/ICPXKAHUIO coyel n Ooiee
BBICOKOE Ka4eCTBO BOABL. MoJOpIe NETPUTHO-3BAIOPUTOBBIC OTIOKEHHS Ha 3alajic IMEIOT MOBBIMICHHYIO KOHIICHTpA-
LU0 MOHOB 10 MHJEKCY KadecTtBa rpyHTa (GQI) M kapram paiioHMpOBaHUs, IIPU ITOM KayecTBO BOIBI B TOH 4acTH
OCTaBIISET XKENaTh JIyUIIETO.

Knioueswie cnoga: Cabzesap, cesepo-6ocmok Upana, ceonozuueckoe obpasosanue, kaiecmeo 600bl, bunanyockasn
30Ha.

OuiHka IKOCTI MiA3eMHHUX BOAHMX pecypciB HAa miBHIYHOMY cxoai Ca03eBapy

Moxammao Iopazim ®@azenv Baninyp',

K. T€OJI. H., JOIEHT KadeIpu reoorii,

Ycenamepkmit yaiBepeuTeT Azana, Memxenceka imis,

Byn. Ocrag Ocodi, 6ymsBap Emamie, lacemAban, Memxen, a/c 91735-413, Ipas;
Xenzame Epgpanan Kaceo',

K. T€OJI. H., al'TOHKT-TIpodecop Kadeapu reoorii

Beryn. YV HamiB3acynuiMBHX Ta MOCYIUIMBHX KpaiHax, B SKHMX IiJ3€MHI BOAU € OCHOBHMM MOCTa4ajJIbHUKOM BOJIH,
MOHITOPHHT SIKOCTI BOJY MAa€ >KUTTEBO BaKJIMBE 3HAYCHHS. TakuM 4MHOM, IS KPaIloro YIPaBIIiHHSA BOTHHMH pecyp-
CaMH JOCIIIKEHHS! IKOCTI BOJH, 1110 BUKOPUCTOBYETHCS JUIS IUTHHUX, CUILCHKOTOCIIOAPCHKUX Ta IPOMHCIOBHX LiJIeH, €
000B'SI3KOBUM.

Merta crarTi. MeTolo AaHOTO JAOCIHiKEHHS OyJ10 BUBYEHHS (DaKTOpiB, 110 BIUIMBAIOTH HA MPOLEC €BOJIONIT pecyp-
CiB Ti/I3eMHUX BOJ] Ta TiIPOTEOXIMIUHI XapaKTePUCTHKH PECypCiB MiI3eMHNX BOJ Ha MiBHITHOMY cxozi Cab3e-Bapa.

MeTonu pociimkeHHs. 3 ypaxyBaHHsIM IeoIOTi9HOT OyJ0BH, BOAOBIAIAYl Ta CTaHy BOJHUX PECYpCiB obnacTi, Oy-
70 oOcTexxeHo 1moao sikocti 10 BHAIB 3amaciB mif3eMHHUX BOI. Y 3B'3Ky 3 1uM (i3u4Hi nmapamerpu, Hampukian, Ph,
enexkrponposinHicTs (EC) i 3arampHa KUTBKICTh po3drHEHUX TBepaux pedosuH (TDS) BumiproBamu y BiniOpaHomy pos-
YHHI 32 JIONIOMOToI0 MynbTUMeETpa. ['1IpoxiMiYHuil aHai3 JaHUX 3MiHCHIOBABCS B J1a0OpaTOPHUX YMOBaxX METOJIOM iH-
OYKIIHHOT TUIa3MHU Ta METOIOM CTaTHCTUYHOTO aHalli3y, a TakoK MojemoBaHHA y maketax SPSS, Chemistry Ta AqQQA.

PesyabraT nociaimkennsi. 3rigao 3 miarpamoro Illonepa, OUIBIIICTE MPOO BOAH BIAHOCATHCS J0 XOPOIIOTO Ta
MIPUIHHATHOTO KJIacy. 3TiHO 3 HAMAJIBOBAHOIO JiarpaMoro Binmkokca, 3pasku BimHOCATBCA 1Mo KimaciB C2S2, C2S4, C3S2
ta C3S4. BinbiricTs 3pa3KiB arpoOHOMIYHO HEMPHIATHI Yepe3 BUCOKe 3acosieHHs. 3a innekcoM skocti Boau (IKB) BoaHi
pecypcH JOoCHIiIpKyBaHoT TepuTopii mepedyBatoTh y KaTeropii BiJ moraHoro a0 npuiHATHOro. IIpocTtopoBe gociimKeHHs
0Ka3aJ1o, 10 BOJ0301p BOIHKUX PECYPCIB, PO3TAILIOBAHMX y BYJIKAaHIYHHX MOPOJaX, KOHIIOMeparax 1 rajieyHuKax, yepes
MEHIIUH BIUTUB IUX ITOPiJ] Ha MiHEpai3allifo BOAU, 3yMOBHB BiTiK BOAH BIAIOBITHOT SKOCTI 3 IIMX TEPUTOpPii. Y 3aXis-
Hiil yacTHHI 00JIAcTi Yepe3 HasBHICTh MEPrelieBUX Ta €BallOPUTO-YIAMKOBHX BiJIKJIAJICHb 3HAYEHHs LIbOTO TMOKa3HHMKA
HU3BKE, a BOJIa — IOTaHOI AKOCTi. B iHmMX yactuHax periony iHgekc skocTi Boau (IKB) 30imbiryeTses, i Boga Mae Kpa-
Iy SIKICTb.

Twur reonmorivaoi popmartii HaBKoJIO OaceiiHy € OMHUM 3 BaXKIMBHX (haKTOPIB €BOIIOLIT BOTHHUX pecypciB. XiMiuHe
BUBITPIOBaHHS Pi3HUX TIPCHKUX TOPiJ NPUPOAHUMHU BOJAMHU MPU3BOAMTH JI0 YTBOPEHHS PI3HHMX KaTIOHIB Ta aHIOHIB.
Peaxtiis Boma-ioposia Ta BUBITPIOBAHHS MiHEpaTiB € OCHOBHUM (DaKTOPOM 3MiHH SIKOCTI XIMIYHOTO CKIIaIy IiA3eMHHX
BOJ y perioHi. XiMiYHUH aHaJi3 BOAHM, [0 HAJXOAWTH Y BOJOHOCHHI FOPU30HT palioHy, MOKa3as, 10 HA JpKepesa Hal-
XOIDKCHHS 10HIB Y PErioH BIUTHMHYJA JITOJIOTIS TIPCHKUX TOPIJ Ta BiTKIAaJCHb, SKI TPUBAIAN Yac 3a3HABAJU BHBITPIO-
BaHHs. OTKe, BOJIM PETiOHY IiJl Yac MPOXO/PKEHHS YJIAMKOBHX €BallOPUTOBUX YTBOPEHb TPETHHHOTO MEPioy Ta Mepre-
JIiB, PO3YMHIIIM iX 1 migBummiy crieigHomenHs Cl+SO4>HCO3. Pe3ynbraTi mokasaiu, mo HassBHICT TiPCHKUX OPIJT
Ta KapOOHATHUX MiHEpasiB, TAKUX K BAIHIK, OJOMIT Ta KaJbIIHT, MIAHUK Ta CHJIIKATH, BYJIKAHIYHUX TOPiJa, Y BOJIO-
TOKy Bukimkano crienapii Ca>CO3 ta Ca+Mg>CO3.

BucHoBku. Pe3ynsraT mokazanm, mo pecypcH MUTHOI BOIW Ha OUTBIIOCTI AUISHOK MPHUCTONHI, 32 BUHATKOM pe-
CypciB, IO 3HAXO/ATHCS B YJIAMKOBO-E€BAIlOPUTOBUX BiIKIIaJeHHIX. ToMy BoJia Jy’Ke COJIOHA Ta HENpUAATHA VIS CLilb-
CBKOTOCTIOAAPChKHUX MOTped. OAHAK Ha CXijl COJMOHICTh Pi3KO Mala€e i MiAXOMUTh IS CLIbCHKOTOCTIOAAPCHKHUX IIJIEH.
Konuentpauist 6ikapOoHary, sk HalO1JIbII TOIIMPEHOTO KOMIIOHEHTA, Y BCIX pecypcax BHIIA, HIXK II00AaNbHUI caHiTap-
HUHW CTAHAAPT, i PO3UMHEHHS KapOOHATHUX TIOPiJ], TAKUX SIK BAITHSAKH Ta JOJOMITH, Bifirpae posb y npomy. KoHueHTpa-
11isl HITpaTiB y BCiX pecypcax HHMKYa 3a CBITOBMil CTaHAApT. IX KOHIEHTpaIlish B paifoHi MOB'A3aHa 3 CilbCHKOTOCTIONap-
CHKOIO JisUTFHICTIO Ta 0OOPOTHUM BOAOMOCTadYaHHIM. BoHi pecypen, 3aKiajieHi B ByJIKaHITaX, KOHIJIOMepaTax i rpaBii,
MaloTh MEHIITy KOHIICHTPAIIiI0 32 BMICTOM COJIel 1 O1IbIIl BUCOKY SIKICTh BOAM. MOJIO/I JETPUTHO-€BAIIOPUTOBI BiJIKJIa-
JICHHSI Ha 3aXO0Jli MalOTh IiIBUIIEHY KOHIIEHTPAIlilo 10HIB 3a iHxekcoM sikocTi rpyHTYy (GQI) Ta Kapramu paiioHyBaHHS,
MIPH IbOMY SIKiCTh BOAM B Iill YaCTHHI 3aJTUIIIae OaKaTH KPaIoro.

Knrouosi cnosa: Cabsesap, nieniunuii cxio Ipamny, eeonoziune ymeopenns, axicmes 600u, binanryocvka 30Ha.

BHecoK aBTOPpIiB: BCi aBTOpPM 3p0OUAKN PiBHMIN BHECOK Y Lo poboTy Hagiliwna 26 auctonaga 2021 p.
MpuitHaTa 29 anctonaga 2021 p.
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