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Table 1- Qualitative classification of drinking water based on Electrical Conductivity, Total Hardness and
Total Dissolved Solids (WHO, 2004).

Water Group TH (mg/l as CaCO3) Water Quality TDS (mg/l) Classification EC (us/cm)

light 500 < Excellent 300 < Excellent 0-250
relative Light 500-1000 Good 300-600 Good 250-750
semi-Hard 1000-1500 Natural 600-900 Allowable 750-2000
relative Hard 1500-2000 Bad 900-1200 Doubtful 2000-3000
Hard 2000-3000 Impermissible 1200> Unsuitable 3000

.%Na g EC ¢ SAR gla as i wlwly 6 bl ez 51 ol cains guds aib —Y Jgus
Table 2- Classification of water guality for irrigation based on SAR, EC and %Na indicators.

Water Quality EC (ps/cm) Class SAR Class Water Quality %Na (SSP)
Excellent < 250 C1 <10 S1 Excellent <20
Good 250-750 C2 10-18 S2 Good 20-40
] Allowable 40-60
Medium 750-2250 C3 18-26 S3
Doubtful 60-80
Unsuitable > 2250 C4 > 26 S4 Unsuitable >80
ol Jloi! Liie S )0 laoglis olulid sl o o3 Lo 9359 yohud (5 413 903

5 S0/ ) baygel Couly Caons 3 a5 (Hounslow, 2018) s, lages coamctasUL! (5 9 olKiiyle;T (USSL) lsges

lay53lS o Cooms ;5 5 (Cl7 5 CO3 2+ HCOs ~ ggame  sloasli 4 az5 L1 6 Lol OT a5 conl oy )Kaes
oateieMeq/l oy (Na* + K* ggazme 5Ca? sMg?)  loges (Richards, 1954) ol 05,5 (soisa> ;0 SAR 4 EC
03938 oS Canlies au il i oy Jladie ax o ailoas 4yl Ol cuaS EC § SSP (%Na) 4 axg5 b o S
Jloged ol 5l .(Asghari Moghaddam et al., 2020) 0gi g0 bl § cowliol-jlre jlre-gs g e atws
5)55 3 O o, ol S Sl byl cur (S (Wilcox., 1995) ceul 03,5 sanmends 55kl sy
Sl oS Hloges (AVidsOn, 2007) sgb go oolituwl loged wo b Sl Ol S cwy g b )ls (et )
sloasld cols 5 Of jo Jolme slogg Lide s Job ot Kaes loges (Schoeller, 1965) wib oo Joi
5850 oolitl pliard Ol S5 1 e aleordss  Gled Gries s MR/ e ol slagg aled cu
Gl 45 Jsls Slge S Sl 3L (Gibbs, 1970)  Taki, ) 59,00 54 Joges o o baiges sloands Glls|
5505 Jolse b 5 ol Saw STy S ol b nnle 5 Lagssedl Jols s b Jobos eise Jols Jlages (2019
Al o Sl dai- Stz bl ;0 O ;i b g jhundl  Glapgin ©)0a Al ©jgon | digei ;o sloosslS
xS (8l S loges 5l g,cplsl ((Xing et al., 2013)  Asghari et al., 2020) aas oo lis Mg/l s s 1ioxe
S 0 2l e p P oreb aberds) Slaanld ed ln (BT s, kel logei (Moghaddam
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Table 3- Cations and anions concentration of water samples.

Cations and Anions  Ca** Mg?* Na+ K* NH4* SO4* Cl COz* HCOs NOs NO2 PO
Unit mg/l  mg/l mg/l mg/l.  mg/l as NOsz" mg/l mg/l. mg/l. mg/l. mg/l. mg/l  mg/l
Gl 6223 114 076 054 <0.02 90 4 2023 014 18 <001 <06
G2 6879 991 083 049 <002 54 4 2126 014 26 <001 <06
G3 6781 1017 087 048 <002 80 4 2112 014 22 <001 <06
G4 763 941 08 05 <002 85 4 2293 014 24 <001 <06
G5 80.76 854 0.75 051 <002 86 8 2368 014 24 <001 <06
G6 96.88 1119 486 158 <002 18 12 2879 014 11 002 <06
G7 140 1366 989 7.39 <002 30 10 4058 025 03 <001 <06
G8 86.79 654 783 15 03 18 16 2437 036 62 01 <06
P1 7201 394 064 03 <002 6 4 196 03 55 <001 <06
P2 8757 288 107 055 <002 10 4 2305 055 61 <001 <06
P3 8248 226 067 029 <002 6 6 1936 029 48 <001 <06
P4 85.77 207 073 032 <002 6 4 2223 032 39 <001 <06
P5 107 225 089 035 <002 18 6 2764 035 43 <001 <06
P6 80.12 258 163 065 <002 14 4 2104 065 69 <001 <06
P7 9314 273 146 056 <002 18 8 2438 056 10 <001 <06

Ave.G 849 101 33 162 015 57.6 775 253 018 361 0.06 <06
Ave.P 868 267 101 043 0.019 111 514 224 043 592 <001 <06
WHO (2011) 75-200 30-50 200 8/-12 0/05-0/5 200-400 250 - 500 25-50 0.1 05
NSI (1053) 250 150 200 - 1/5 400 400 - - 50 3 02
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Table 4- Physicochemical parameters of water samples.

Chemical parameters Physical parameters
Parameters TDS TH TSS EC Alkalinity pH Turbidity  Temperature
Uit mgl  mgl  mgl (uslem20C) Q% 25%C  (NTU) “C)
Gl 240 2023 <2 350 129 79 04 8.7
G2 235 2126 <2 340 122 78 06 86
G3 245 2112 <2 350 122 78 1 89
G4 260 2293 <2 375 122 79 06 92
G5 275 23638 <2 392 127 79 12 118
G6 290 2879 <2 421 227 17 4 156
G7 267 4058 <2 530 332 76 17 201
G8 265 2437 2 386 180 77 22 178
P1 194 196 <2 280 160 78 02 48
P2 228 2305 <2 325 180 78 06 92
P3 218 1936 <2 310 183 79 09 108
P4 215 2223 <2 305 181 79 03 151
P5 258 2764 <2 360 180 79 03 142
P6 236 2104 <2 328 190 79 06 118
P7 256 2438 <2 358 190 78 04 132
Ave.G 259 253 1.9 393 170 78 146 125
Ave.P 229 224 <2 331 180 78 047 113
WHO (2011) 1000 100-500 - 1000 500 6/5-8/5 <5 -
NSI (1053) 1500 500 25 1500 200 06/05/2009 5 -

DY+ oS Gy olSian] 1o EC e yiSham b S i cglan AY) ke eyt 45 G 4o S i ¥ Jgi> o
3l 555 m 5 5 bl e Ve v 3l S ladigas dan o sl cySolie sy e (VAT/+5) ko oy 2aS 4 Py 43 5 (F+0
el sl (ol asa o)kl lp s S 51 Jlade o yiie 4 G 4o ol o 95350 el JS ggee
Ol el 00y (VAF) ok o S 4y Pr oy 9 (YR4)

Anions & Cations Qualitative Indicators
Gashun & Pirbadush Gashun & Pirbadush

77 %

M PE P P

5 G 7 G Pl P2 M

#Ca WMz #Nz OK #Caborste HSulfate %Choloride ONitrate #(38P) O(SAR) ~(RSC) B(RSBC) M{PS) =P BQMEH) =(ER)
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Figure 2- Diagram of ionic changes and quality indicators of Gashun (G) and Pirbadush (P) waterways.
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Table 5- Water irrigation indicators of Gashun (G) and Pirbadush (P) waterways.

Irrigation indicators

(KR) (MH) P1) (PS) (RSBC) (RSC) (SAR) (SSP)

Gl 001 023 081 105 -311 268 002 114

G2 001 019 084 068 -344 282 002 113

G3 001 02 088 095 -3.39 28 003 117

G4 001 017 0.75 1 -3.82 304 002 102

G5 001 0.15 068 112 -4.04 314 002 095

G6 0.04 0.16 353 053 -4.84 382 0.12 418

G7 0.05 014 502 059 -7 539 021 707

G8 007 011 6.52 064 -434 324 022 72

P1 001 008 07 0.18 -36 261 002 09

P2 001 005 1 022 -4.38 307 003 13

P3 001 004 067 023 -4.12 -4 0.02 084

P4 001 0.04 071 018 -4.29 296 002 089

P5 001 003 069 0.36 -5.35 368 002 085

P6 002 0.05 165 0.26 -401 28 005 203

P7 001 0.05 128 041 -466 324 0.04 157

Ave.G 002 0.16 237 084 -424 336 008 298

Ave.P 001 004 095 026 -4.34 205 002 197

Suitable KR<1 MH<%50 PlI<%60 PS<3 RSBC <5 RSC<1/25 SAR<10 SSP<20
Allowable 10- 18 20- 40
~Doubtful Allowable 5-10 1/25- 2/5 1826 20-80
Unsuitable KR>1 MH > %50 PI>%60 PS>3 RSBC > 10 RSC > 2/5 SAR > 26 SSP >80

Ps oSyl ,5 pyaS 5 G7 oSl jo o el b
sl ezl cadaulxe polie Billhe 5 048 oo cnnlic
Gr o] o suilogdly puos Sl oliee )bl a5
S 4 P3 o] (o a5 cl oK) plo 5l i
oy oo ol ady 4y cos oo

Lldjl laaiges oles (7 JS5) 555k Jloses 3ib
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30 Salinity Potential (PS)

31 Magnesium Hazard (MH)
32 permeability Index (PI)
3 Kelly Ration (KR)
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26 Soluble Sodium Percentage (SSP) and (Na%)
27 Sodium Absorption Ratio (SAR)

28 Residual Sodium Carbonate (RSC)

29 Residual Sodium Bicarbonate (RSBC)
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Figure 3- Wilcox diagrams of Gashun (G) and Pirbadush (P) waterways.
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Figure 4- USSL diagrams of Gashun (G) and Pirbadush (P) waterways.
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Figure 5- Qualitative examination of drinking water in the region based on Schoeller diagram.
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Table 6- Water industrial indicators of Gashun (G) and Pirbadush (P) waterways.
Industrial indicators
Parameters - — —
sustainability indicators Corrosive indicators
pH pHs pHeq 2pHs LSl RSI PSI LR AC
Gl 79 6.7 75 134 12 55 59 046 1041
G2 78 6.7 75 134 11 56 59 027 10.32
G3 78 67 75 134 11 56 59 039 1032
G4 79 67 75 134 12 55 59 038 1044
G5 79 6.9 75 138 1 59 63 039 1046
G6 17 71 79 142 06 65 63 01 1041
G7 76 75 81 15 0.1 74 69 0.09 1046
G8 17 7 17 14 07 6.3 6.3 0.13 10.32
P1 78 69 17 138 09 6 6.1 005 10.35
P2 78 7 17 14 08 6.2 6.3 0.06 1041
P3 79 7 78 14 09 6.1 6.2 0.06 1047
P4 79 7 77 14 09 6.1 6.3 004 105
P5 79 71 77 142 08 6.3 65 008 1055
P6 79 7 77 14 09 6.1 6.3 008 105
pP7 78 7 78 14 08 6.2 6.2 01 1043
Ave.G 77 69 76 138 08 6 6.1 02 103
Ave P 78 7 77 14 08 6.1 6.2 0.06 104
Precipitator LSI>0 RSI<5 PSI <45 LR<038 ACI>12
Balanced LSI= 0 RSI=6 45<PSI<65 08<LR<12 10<ACIL 12
Corrosive LSI<0 RSI>7 PSI>65 LR>12 ACI< 10
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Figure 6- Quality assessment of drinking, agricultural and industrial water in the region.
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Table 7- Saturation index of important minerals.

Sl
Anhydrite Aragonite Calcie Dolomite Gypsum Halite Sylvite

CaSOq4 CaCOs CaCOs CaMg (COs)2 CaS04+2H.0 NaCl KCI
G1 -1.94 -492 -4.78 -9.98 -1.63 -10.07 -9.78
G2 -2.25 -29 -2.75 -6.06 -1.76 -10.01 -9.73
G3 -211 -5.15 -5 -1053 -162 -10 -76
G4 -203 -5.09 -4.94 -105 -154 -10.03 -9.73
G5 -1.98 -5.02 -4.88 -1043 -153 -9.76 -943
G6 -146 -2.96 -2.82 -6.26 -1.05 -8.8 -8.23
G7 -22 -467 -453 -9.74 -184 -8.57 -8.23
G8 -153 -4.89 -4.75 -10.31 -114 -849 -8.71
P1 -0.59 -3.65 -349 -8.17 -0.06 -7.39 -6.98
P2 -2.86 -492 -4.77 -10.73 -2.38 -99 -9.68
P3 -3.08 -4.96 -4.82 -109 -2.62 -9.93 -9.79
P4 -05 -351 -3.36 -8.23 -0.08 -7.18 -6.85
P5 -251 -4.82 -467 -10.72 -2.08 -981 -9.73
P6 -2.72 -4.88 -4.74 -10.26 -227 -9.17 -9.08
P7 -0.04 -331 -317 -1.76 0.39 -7.18 -6.48

(P) o309 (G) oS slranlpl jo OT gy ocams -A Jgux
Table 8- Water ionic ratios in Gashun (G) and Pirbadush (P) waterways.

CaZ*+Mg?*/ SO HCO3/SO# Mg?*/Mg2+CaZ* Ca?*/Ca?*+S0:2 NOs/NHs*  Na*/Na*+Cl  NOz+CI/HCOs

Gl 12 00016 015 04 09 015 414
G2 06 0.0026 012 056 13 017 471
G3 102 00018 012 045 11 017 442
G4 09 0.0016 01 047 12 0.16 457
G5 09 00016 0.09 048 12 008 742
G6 01 0.0078 01 084 55 028 164.2
G7 01 0.0083 008 082 015 049 412
G8 01 002 007 082 02 032 616
P1 007 005 0.05 092 275 013 316
P2 01 0.055 003 0.89 305 021 18.3
P3 007 00483 002 093 24 01 372
P4 0.06 00533 002 093 195 015 246
P5 0.16 00194 002 0385 215 012 294
P6 0.16 0.0464 003 085 345 028 16.7
pP7 0.18 0.0311 0.02 083 5 0.15 321
SO«Z/CI K*/CI- Na*/CI Cl/ HCO3 NOs/ClI-  CI/COs*+HCO3 CI/Sum Anion
Gl 86 -346 019 28 0.45 001 001
G2 50 -351 02 28 0.65 001 001
G3 76 -352 021 28 0.55 001 001
G4 81 -35 02 28 0.6 001 001
G5 78 -7.49 0.09 57 0.3 0.03 002
G6 6 -1042 05 85 0.9 004 003
G7 20 -1739 09 40 0.03 002 002
G8 2 -145 048 44 0.3 0.06 005
P1 2 -37 0.16 13 13 0.02 001
P2 6 -345 026 7 15 001 001
P3 0 571 011 20 0.8 003 002
P4 2 -368 018 12 0.9 001 001
P5 12 -565 015 17 0.7 0.02 002
P6 10 -335 04 6 1.7 001 001
P7 10 -7.44 0.18 14 12 0.03 0.02
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Table 9- Determining the origin of water ions in the region.
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increase of Montmorillonite in
downstream (Erosion)
Na* Na/Cl <1 sodium Dissolution lonic exchange of Montmorillonite
Na/Na +Cl < 0.5 lonic Exchange downstream (Erosion)
Evaporation
C/HCOs>2.8 Penetration of salt water
cl NOs/Cl = low Dissolution of evaporite minerals
Cl/Sum Anions < 0.8 Weathering
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HCOs pH=7.6-7.9 trace of Bicarbonate
COs* Cl/COs+HCO3 < 0.5 Fresh Water
HCO3/S04< 1 Carbonate Compounds
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Figure 8- Stiff diagram of Gashun (G) and Pirbadush (P) waterways.
G G2 . — I
s wie 2l wp
«H | o
i i i Tor Al
i (1] =
0 SO0 » k‘ [ =
= o I s al WL
" e
0 ol ol - 00 o %
=i N G6 ] [ —
il . - s 30 b= I
o i U @ el li "
ki i i “ I 'ria i - B
s ¥ J o
i) i
L |
wl- -
S0. 1 1 =
wul = Lo o
, n : || - L - | L o ol =

{P) 193L y 9 (G) 945 slaanlnl soaiges (gt JOLS sloges - JSCis
Figure 9- lon exchange diagram of samples in Gashun (G) and Pirbadush (P) waterways.

AR




1P oY Glisl o ojlods qpididr JLw (65909959 y0ud
Hydrogeology, Volume 8, No. 1, Summer 2023

sloisly Sbicos oL albsg, of plers CoisS
G w150 5ol (45 9l )8 (aS (Foils0) o 5 S
o dilate T iS5l glalS ool o Sa5lsn
Jolss Sl Ul 5 (Sojlen adlaie i S g5

il e ddlate Ol o saiS S Lol

5026 polie Jodoay Lol glapyssl (w5l aalllas ol 5o
wop & ki g ol sns e baiges Sl Sy
Ol Glime 4z g bl sals aSlo Lol glayasls
o5 9 (VA¥-YA-) TDS 4 (+/-Y) Na/ Ca + Na cous

8,5 A gl go Vo USKE [0 S loged (0 adiges

10 ﬁ
10 Evaporation A
Crystallization
Dominate
3
10 — -
E /‘ Rocl
o -y ock
= = Weathering
=, = Dominate
10 Precipitation
Dominate
0 g
10 T T T T
0.0 0.2 0.4 0,6 0.8 1.0
+ 2
Na/(Na+Ca)
Gashun |
Pirbadush W

e 10905 53 anlland yge (slBaiges o Lice o3l -1+ JSi
Figure 10- Evaluation of the water origin of the studied samples in Gibbs diagram.

SRS O g 5998 (Jelore sz Slge S Sl e
Ml? o‘}‘e JS u‘).».o UJ).».M..Q \M‘GG Oli.a-u.\)‘ s_:T L .by).n
o] ST 4y bgs o panisel § oyt IS glogys 5 oo
..\.S)‘.b )‘)é aslaioe weu.,jb u=‘>‘5" I Ltboli‘@.gﬂ u;‘ el Gg
33 s Sl (Sal (g ol Gl sl oS

a5l 18 65 5168 llSas
s @) b ST Lide g o)l cewlio CuiS g oo
Sl 5 (Fojlsn 5 Sl sloanld Jols (Sl
DiyaS b fad o ddlaie ol jo Sls e iuliEl o]
SIS sl sloatins Gialusp (P2) i sladed
ol Olis ge oplple .cwl (P pls byas ly> 5 (Ge)
O] Olime i 18 bl g ol e Live adlate
Bjle a4 by ye a5 3l 8929 G1 oKias] O o lalgu

Sl elondgiig oun slo,logel 4 axgi b el LS

YWY

S5 dnd
30 0sS B ddlaie L3 ailsog, g,;—l b S sy 0

S5 g ddhate ;o JSludl slocled 4isS )0 3429 pas LS
g B g 7ile gludl L;LAQ;A.;{UT Eon ( sxiwo Sy
° G)L.':-.‘—‘ ol ceds S el 4 axgi b
2 el (S slogasly Ol o iy (Gaios
» QB.M:GA oo lie P3 °L§;"“‘:’.‘ )é L)))'“‘Qs 9 G7 om‘
LthoLi*.wJ uT ol 5 A o LS“"S ) 6L®)|05N U»L.u‘
5 bl vy S5 OT CueS a2 5 1 i Pa g Gr
stboord g5 000 (o lages 1o L jlogad oSl a5 o Cio
Sz elio ailaie O 523 (55,5laS 5 (xio sl als
Ol 5l S plordigiisyiee gloplll mbs .ol B ya
S5 e wly S uﬁ*—‘i o yauilS e (o s a5 ol
as w‘ G7 oli.....u‘ u] L Jog.vfo uﬁuﬂ cé;;&.” W‘M

Oy ol ol OT &l mam o ual3dl g pH Lzals b



1P oY Glisl o ojlods qpididr JLw (65909959 y0ud
Hydrogeology, Volume 8, No. 1, Summer 2023

&be

Gl s gomlal Ol AYAL ) e ol
Olides 5 o lulinl dnwie L gleond 5 (Sopd
oy 5 ass ) <O o les il ) ! i
1CS:13.060.020

ua‘}) @l;)')‘ AYAY ‘.6 5@L~A.».§ a.& s‘hm “d ‘OQ‘)'GT

A.ab rasl.c B9 Ao waliZe B,las 6‘)-.’ Q\
Ya-aA (O)YY ‘QLQfé.o‘ oKisls

3,8 YA,z (ol B Gbrde (B (s
Slasst o S pslgs 5 el pten Slaghs,
langS gl )5 gble (tejn) slac
Y=Y (V)Y 16590555 008 .oyl )
laniighy ddllae NYAA oS5 gls SB,8 eigins
O3 b i) il glal &g, gmy g

“ogwy 9 KA slaiegh L Jasean )
AYA-Y 0 (PO sb_wb...‘b

FSENFY L Slsho e plin] oS ol S
CoksS o SBonles s alS by

w9 150,90 dadlllae xhwsle] olasigsis o
Ol 0SB dihie LB wlBsg,
AU APV (V) e (65958509555 000

S o Sl o g phaz o) SUES cp il Sl
Ol 50 S Sl clale g cendgijg e NYAY
(b Cong jlaa (Gl ) lul) Lo, S5 ailsog,
PYA-2N (DA ) o molo

comor (Sgmge & wsZz oho (s ) ol
S5 sbale (Sdgyae LU gy N F0)
aibaie Of mlie 9955] 5 (cordsiis e S by, b
TV Y $ele59 008 Gl bl Jled o
AYY

(Seole o (g oy o 3y Sl o ey

T glis sowd o3 o omppt AV e e ol

Bl ewdie Gl S CBd ey
Feo0) (FNY oo

Sl 3P Logobym a\.cal).ﬂ 30 bdiged o Siw
ol 5 Jy sl meglss e a5 Py slizolay wcun
235 ) Seglys Sl S b Sl Conglys 51(G) (198
ool s (G) 9iS anlpl o e Kiw 95 g Cal
2 5 Lol g sl Slymss 4l Gliee (rizeen
4 S Sl glacSin 5 sl iy (G) (1545 aal
sanld plp 5o GreS Cwglie (aegdss oS
5 i 5o dilate OF o Jsle gloggy il sl 3
Loy pendlS (g2 Olies 2505 9 ol gl S g9
ey 5l ol b e ol o a8 col Pr oS! 4
Ol b Wlgiee o] e a8 el el S
8l a5 0l e o8] oyl elacSin iy Sesss
et 0 |y Lol 4y 4y s O eS8 (TH) S 5
ibeos dilaie T 55 S Jloses wlal ool azils
ool 43,5 18 (oK Sojlsn) i 5 o sl 2Ty
aibaie T CoaiS a5 Uil 5 535ls A y5e oS
Dl kS p ogllach 5,50 b laed 90005 el
o Wl it GieS Sszl 5 WSS il
SIS 6y ke aiate ST P3Py aile) cansslly

30 piul pge ads> Cawslll o dibie ol a5 Sl
Sl (u)Sg,0ee wle (RFS)R ol 5 il
2ol glealzog, 5 cosl Glpl o (S5 gladed ;o 95250
Slores oy ol 2auiS ol ailgice 2Ty sleeyge
oaiiS 43355 Wil s dllate Cawsiymal o g wnil Gl bl
3 oSS Sla o p Bl Cunio g (55,5l lacllad
50 ololis 4 SLLs oSS wilg oo ailsag, cpl Jsbo
Dled ailog; ol O oS (g9, p hlisee Jolge pritane
oolil gl culio (g Ol o0 Wl g pae b &S
3,5 sl calizes B jlas sliwl, ,o adlats O 5l aig

S b
e 5559) (oliipan IS ool p iz sy Sl
(sodrn ji50) BLEST jgul jo paw o oxe Chglae (0,3
ISR PRUL W A ) RGPSV VIDP-JP PR PR R Y
oBingh $395Ssm 5 Comjlazme oaSingh lnl
Sid wisiboy b L Graghs ol plodil jo oS cai cais

‘55"*&5" s’la)os 9

WYY



1P oY Glisl o ojlods qpididr JLw (65909959 y0ud
Hydrogeology, Volume 8, No. 1, Summer 2023

pole o8 Clidey L Jles luls Ll
AY-VY VY (oLl e

3 olesul 6 pdicwnl b3l L ol)) s )5 Cu s
P &ﬁ.l.»‘)o 6L¢»J.xo )’l solawl b O LU

VY collols g Ol aloes (8

Abbasnia, A., Yousefi, N., Mahvi, A.H., Nabizadeh,
R., Radfard, M., Yousefi, M., and
Alimohammadi, M., 2019. Evaluation of
groundwater quality using water quality index and
its suitability for assessing water for drinking and
irrigation purposes: Case study of Sistan and
Baluchistan province (Iran). Human and
Ecological Risk Assessment: An International
Journal, 25(4): 988-1005.

Abdesselam, S., Halitim, A., Jan, A, Trolard, F., and
Bourrié, G. 2013. Anthropogenic contamination
of groundwater with nitrate in arid region: case
study of southern Hodna
(Algeria). Environmental Earth Sciences, 70:

2129-2141.

Aghazadeh, N., Mohaddam, A. and Kymiaee, A,
2008. Assessment of hydrochemical properties of
underground water in Salmas and Its Suitability
for Various Uses. Journal of Esfahan University, 3
(5): 79-98

Anornu, G., Gibrilla, A. and Adomako, D. 2017.
Tracking nitrate sources in groundwater and
associated health risk for rural communities in the
White Volta River basin of Ghana using isotopic
approach (615N, §180NO3 and 3H). Science of

the total environment, 603: 687-698.

Arvidson, J.D. 2007. Relationship of forest thinning
and selected water quality parameters in the Santa
Fe Municipal Watershed, New Mexico.

Arumugam, K. and Elangovan, K. 2009.
Hydrochemical characteristics and groundwater
quality assessment in Tirupur region, Coimbatore
district, Tamil Nadu, India. Environmental
Geology, 58(7): 1509-1520.

Asgharai Moghaddam, A., Nadiri, A.A., and Sadeghi
Aghdam, F.  2020. Investigation  of
hydrogeochemical characteristics of groundwater
of Nagadeh plain aquifer and heavy metal
pollution index (HPI). Scientific Quarterly
Journal of Geosciences, 29(115): 97-110.

Berner, E.K., and Berner, R.A. 1987. The global water
cycle: geochemistry and environment. Prentice-
Hall, 397 p.

\WWF

Slocans 0 )5 AYAF m  ols g ool i loogut
ol zllel i sy 5o gldl sloasls o Sy
Sled ooz g S oblal Cts ey O
(ne SBLLST g (owlidiie) lesle comej psle

Ol

I SO I R T SUNE S i £ S3 OW sy ol
ol oS 5 S Sbs,l YA wo (el o
U5l alsog, ;o golel 5JUT 51 eolasl b xlaws
IVV-Y 2 (DY O] cwidige g S jlaumms .ol )

(S335 L soe op i se e el pom oy S5
Comdg bl VAT e las g (Bl w
ool s sleal jo ol sy, el
k3l a5 Sl NSFWQI (as sl
YYY-V )Y (T)F

30 Fge Jelse i AYAA (o (solio o cglogems 0,8

5 PhlelS sloaillss; olerd loyally s

e (oliile)ST bl 160 90 aslllas) guwo
ANVE-A2 (PN - olpl ol g )Ll

R .\VQO s.T c69.}.®$ u>"°‘“’l5 23) &@BQJLQ s..b ‘ddl})lf

ot 5o glal Gl asls 5 Se slacaws 6kl

mome) ol Sls e ;ﬂ @L;.o CUA‘ Lics
AY-YY (YY) s jlaoee owlils

G5 5 i) SOl plenis s by Shs
AV (85998359 000 - Hlioms s 5o

VAR 05 06,3z o qgdemmo g 0ol iy (s US

a5t L e

N A0 (V)P (85908559 ,0u0 0 prianiz

d)m LSL“’uf’s) xr

“p aﬁ.{‘)% o s‘n\.\.sdo GJM‘ 5‘& (G “O.p ((§Oget
el ol Blis owyp VA0 g s opm Lol

opiinsiz syl slashs, 5 eslitul b aalped
XYYAR (M) VY S 5 ol cblis sla gy,

‘dwl d.»..i’) ‘L}"’ ‘LSA‘)'Q{J ‘.J ‘(5)".‘:;.“ Glf P ‘Q‘) GM

el (nS9, ()5 Glaul jo e g (55,9laS



1P oY Glisl o ojlods qpididr JLw (65909959 y0ud
Hydrogeology, Volume 8, No. 1, Summer 2023

Imran, S.A., Dietz, J.D., Mutoti, G., Taylor, J.S. and
Randall, A.A. 2005. Modified Larsons ratio

incorporating temperature, water age, and
electroneutrality — effects on red  water
release. Journal of Environmental

Engineering, 131(11): 1514-1520.

ISO, 1985. Water quality-sampling, Part 3: Guidance
on the Preservation and Handling of Samples.
International Organization for Standardization.
I1SO 5667-3.

Islam, M.A., Rahman, M.M., Bodrud-Doza, M.,
Muhib, M.1., Shammi, M., Zahid, A., Akter, Y.
and Kurasaki, M. 2018. A study of groundwater
irrigation  water quality in  south-central
Bangladesh: a geo-statistical model approach
using GIS and multivariate statistics. Acta
Geochimica, 37(2): 193-214.

Kiipli, E., and Kiipli, T. 2013. Nitrogen isotopes in
kukersite and black shale implying Ordovician-

Silurian  seawater redox conditions. Oil
Shale, 30(1): 60.
Langmuir, D. 1997. Agqueous environmental

geochemistry. New Jersey, USA, Prentice Hall,
562-589.

Owolabi, S.T., Madi, K., Kalumba, A.M., and
Alemaw, B.F. 2020. Assessment of recession flow
variability and the surficial lithology impact: a
case study of Buffalo River catchment, Eastern
Cape, South Africa. Environmental earth
sciences, 79(8): 1-19.

Patrick, C. 2013. A case for corrosivity monitoring in
canberra. In 7th Annual WIOA NSW Water
Industry Operations Conference and Exhibition,
Exhibition Park in Canberra (EPIC), Australia.

Richards, L.A. 1954. Diagnosis and improvement of
saline and alkali soils. US Department of
Agriculture. Agricultural Handbook No. 60,
Washington DC, 7-53.

Sajadi, Z., Kalantari, N., Charchi, A., and Mousavi, S.
S. 2023. Investigating the hydraulic relationship
of karst structures with hydrogeochemical and
isotopic methods of water resources in lzeh
region, north of Khuzestan
province. Hydrogeology, 7(2): 121-142.

Saifelnasr, A., Bakheit, M., Kamal, K. and Lila, A.
2013. Calcium carbonate scale formation,
prediction and treatment (case study gumry
oilfield-pdoc). International Letters of Chemistry,
Physics and Astronomy, 12, 47-58.

Schoeller, H. 1965. Qualitative evaluation of
groundwater resources. Methods and techniques
of groundwater investigations and development.
UNESCO, 5483.

Yo

Barzegar, R., Moghaddam, A.A. and Tziritis, E. 2016.
Assessing the hydrogeochemistry and water
quality of the Aji-Chay River, northwest of
Iran. Environmental earth sciences, 75(23): 1-15.

Bhat, M.A., Wani, S.A., Singh, V.K., Sahoo, J.,
Tomar, D. and Sanswal, R. 2018. An overview of
the assessment of groundwater quality for
irrigation. J Agric Sci Food Res, 9: 209.

Darkhor, S.M., and Shaban, M. 2018. Study of
microbial and nitrate  contamination in
groundwater aquifers. Journal of Environmental
Science Studies, 3(1): 607-618.

De Luna, M.D.G., Sioson, A.S., Choi, A.E.S., Abarca,
R.R.M., Huang, Y.H., and Lu, M.C. 2020.
Operating pH influences homogeneous calcium
carbonate granulation in the frame of CO2
capture. Journal of Cleaner Production, 272,
122325.

Ebrahimi, M., Kazemi, H., Ehtashemi, M., and
Rockaway, T. D. 2016. Assessment of
groundwater quantity and quality and saltwater
intrusion in the Damghan basin,
Iran. Geochemistry, 76(2): 227-241.

Edition, F. 2011. Guidelines for drinking-water
quality. WHO chronicle, 38(4): 8-104.

Egbueri, J.C., Mgbenu, C.N. and Chukwu, C.N. 20109.
Investigating the hydrogeochemical processes and
quality of water resources in Ojoto and environs
using integrated classical methods. Modeling
Earth Systems and Environment, 5(4): 1443-
1461.

Gibbs, R.J. 1970. Mechanisms controlling world water
chemistry. Science, 170(3962): 1088-1090.

Han, G., and Liu, C.Q. 2004. Water geochemistry
controlled by carbonate dissolution: a study of the
river waters draining karst-dominated terrain,
Guizhou Province, China. Chemical
Geology, 204(1-2): 1-21.

Hosseinimarandi, H., Mohammadnia, M., Rousta,
M.J., and Hataf, B. 2013. Study the groundwater
nitrate pollution in the Mian-Jungle region, Fasa,
Iran. Iran-Water Resources Research, 8(3): 88-92.

Hounslow, A. 2018. Water quality data: analysis and
interpretation. CRC press.

Howard, KWF., and Mulling, E. 1996. Hydrochemical
analysis of groundwater flow and saline intrusion
in the Clarendon basin. Jamaica Ground Water.
34(5): 801-810.

Ide, J.I., Haga, H., Chiwa, M., and Otsuki, K.
2008.Effects of antecedent rain history on
particulate phosphorus loss from a smallforested
watershed of Japanese cypress (Chamaecyparis
obtusa). Journal of Hydrology, 352(3-4): 322-335.



1P oY Glisl o ojlods qpididr JLw (65909959 y0ud
Hydrogeology, Volume 8, No. 1, Summer 2023

\YF#

Shankar, B.S. 2014. Determination of scaling and
corrosion tendencies of water through the use of
Langelier and Ryznar indices. Scholars Journal of
Engineering and Technology, 2(2): 123-27.

Shil, S., Singh, U.K. and Mehta, P. 2019. Water
quality assessment of a tropical river using water
quality index (WQI), multivariate statistical
techniques and GIS. Applied Water Science, 9(7):
1-21.

Singh, K.K., Tewari, G. and Kumar, S. 2020.
Evaluation of groundwater quality for suitability
of irrigation purposes: a case study in the Udham
Singh Nagar, Uttarakhand. Journal of Chemistry,
6924026

Stiff, H.A. 1951. The interpretation of chemical water
analysis by means of patterns. Journal of
petroleum technology, 3(10): 15-3.

Sundaray, S.K., Nayak, B.B. and Bhatta, D. 2009.
Environmental studies on river water quality with
reference to suitability for agricultural purposes:
Mahanadi River estuarine system, India—a case
study. Environmental monitoring and
assessment, 155(1): 227-243.

Taki, S. 2019. Hydrogeochemical characteristics of
springs around Ramsar with special attitude on
their drinking quality.

Wakida, F.T. and Lerner, D.N. 2005. Non-agricultural
sources of groundwater nitrate: a review and case
study. Water research, 39(1):3-16.

WHO. 2004. Guidelines for drinking-water quality.
World Health Organization, Vol. 1,
Recommendations.

WHO. 2011. Guidelines for Drinking-Water Quality.
World Health Organization, 216,.303-304.

Wick, K., Heumesser, C., and Schmid, E. 2012.
Groundwater nitrate contamination: factors and
indicators. Journal of environmental
management, 111: 178-186.

Wilcox, L. 1955. Classification and use of irrigation
waters. US Department of Agriculture. Circular
969, Washington DC.

Xing, L., Guo, H. and Zhan, Y. 2013. Groundwater
hydrochemical characteristics and processes
along flow paths in the North China Plain. Journal
of Asian Earth Sciences, 70: 250-264.

Zhou, Y., Li, P., Xue, L., Dong, Z. and Li, D. 2020.
Solute geochemistry and groundwater quality for
drinking and irrigation purposes: a case study in
Xinle City, North China. Geochemistry, 80(4):
1256009.



