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Abstract

Background and Objective: Inadequency of water resources or lack of appropriate resources have
been among the challenges for human activities in the Harzandat plain due to shortage of rainfall. The
purpose of this study was to evaluate geochemistry and hydrogeochemical anomalies and to determine
groundwater usage (different uses for drinking, agriculture and industry) in the study area.

Method: Due to the limited water resources in Harzandat plain, 16 groundwater samples were
collected from wells, springs and ganats that sampling, and chemical analysis was carried out using
standard procedures.

Findings: The results of the Piper diagram show that the dominant type of groundwater is saline water
in Harzandat plain. Calculation of the saturation index shows the interaction between water and rock
and the state of saturation and super saturation relative to dolomite, calcite and aragonite minerals.
According to the qualitative classification, the water in the study area falls within the range of
moderate levle, and from the agriculture view point it is brackish water and unsuitable for irrigation.
For industrial uses, some of the water resources have incrustation properties and they are partly
corrosive, but most of the groundwater samples taken from the study area had incrustation properties
and were unsuitable for industrial purposes.

Conclusion: The results indicated the poor quality of drinking water, agriculture and industry in the
central and northern parts of the plain. Also, based on the results from the Gibbs diagram, processes
such as chemical weathering of mineral constituents of rock and evaporation influence the quality of
groundwater in Harzandat plain.

Keywords: Groundwater; Hydrogeochemistry; Harzandat plain; Qualitative classification.
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Figure 1 - Geographical location and road map of the plain of Harzandat
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Figure 2- Geological map of the studied area
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Figure 3- Map of Groundwater Resources of Harzandat Plain on a Digitalized Map of the Study Area
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Table 1-- Statistical Descriptions of Quality Parameters for 16 Groundwater Samples

o Syl | (ke Wt Ao ) ol
OFEIY oFYIF VAFA/FY YY/aq (ppm) Ccr
FOAA INATAY VFA- vf (ppm) SO

\OIY Y/ FYIY (ppm) COs™
YAY/Y OVAID YAYA/A YYE/EA (ppm) HCO5
UvY AIYO YAID -[8 (ppm) K*
OVON OOY/A Vag. oY (ppm) Na*
Allg NZAN YYY/YA Uvy (ppm) Mg*?
VEPIY VY YAY/AFP VE/E (ppm) Ca*
-IA VIvE NA #IY0 - pH
YY-YIY YAAY/AN 72 o). (us/cm) EC
VAF0/0 YEPY/F YEFV VY fra/s (ppm) TDS
OIAY AIYO Y/ VIY - SAR
OFF/ 28 VAQE/Y VW0 | (mg/l.CaCos)| TH
VY A vy VIV - %Na
\a Y. YAy AN (ppm) NO;3~

0000 999 4 dalllae 050 (gdilaie o &5lL,S slaaijlu aS

MA_{M‘)_&J)Jﬁ)fGle"

e Sy g SbS dilais waibaie oS ol ] 5l g Gigd sed
sl (35 5 S ek c0dgr (6 e lawiile Il 29k e
S oy Rl w5 IS slagygn Hlade aldS 095 b
Jolds aalllas 3550 sailare ;5 4udi G9) bl ) 2
il e Slllas odgume ) g By lelis |

S B 9 (Snod g

Jsaz )0 olendsyne glayel )y o (Ses oo
5o Lo el )l plad conl grla s ol ouds ools yLias (V)
(V) gz amazg L ail (070 5l 2SeeS (V) Jgor
it (S (AFV) IS g s G (See (e
A 5 by e (Sion 5 (IYAY) ol 5 aow
it 090 5o 5l lis wlgs oo 45 0399 YU Jlews (+/FFA)

2L gy

il Ledasge ;50 cal g 1505 (5 polie gllo ladiges
o o S lailinl v sl e v ol 5l iy (g polie
Y B ol slodizai g5 o aslso i 5 p S lee Yo
a> bl e a5l el g pelas sllo Vg Y
Lty o el ) g p o Yo lS (33 0l
shls Ladiges ;550 rai g 505 (5 polie sl)ls odiges ol
i g2 9 lslinl a aiilb oo o ol 5l i (g polie
LIS A o )lads (saigas Lo a5 039 ;) 2 p 5 (ke 10
Clailw 0a g dn a g b el ax cpl 51 5YL (5 polie
Sl lanijlw 3529 53 g adlaie )3 35290 (5,55
soiians 55U o slyiad onl miaie g pemelS slaliy S
CotS 3l as ailoads el g wilaiils 00y pb sloye (59,

Sg0d odwline ls3 o bayes Slolyd a4 azgi b ogd Al ol



RULSVE Y SIS

AP doli o9 cooms ) bnmo (5599555 9 pole AY

03325 ST SBAige o3 lonids (S yiolyly (p (Smsod o -Y Jgur
Table 2- Correlation Coefficient between Chemical Parameters of Groundwater Samples
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Figure 4- Piper diagram for groundwater samples of Hazandat Plain
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Figure 6- Schoeller diagram drawn for water samples taken from the plain of Harzandat
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Figure 7- The Wilcox chart plotted for groundwater samples of the Harzandat Plain

3 L8) Caelidl gy 95 e 43S L o Ol ()5
3955 £t O 3o andlS iy S i Ly e (439
il 25 Dyge ol Al 0gd e (9,55 5l e

le =pHy —pHq 4p)
a5y el e

o 5,5 o3lail PH 1pHa

el Sl S 51 bl gl o ool asle PHPHs
(PHs= PaLk+ Pcat C)

51 g S gy e il Cote lo copslisl asls 3
ol Ol (Faiye5 o gosims olis asl aie o ;liee
Jeaz (YY) 5)ls — | BN ;fl sl le=0 Sl BTN
1y aalllas 0,50 sailate (o) 5 o sladiges Cundg ()

irino B jlan 5l g0 3 2T ke (o)
[EEA Lo £ 4 Sao Bjlae sl ol CorS Lo
Vs Gl [ ssliiul 8,50 ol 3 ls iy DY gaze g
- S00 5 ab asly ol TDS g oo glae slge w3l b
) oS koo Ae 0> 5 CACOs (5w g 1) e 5
Wb TDS WL jLes e slacKos ;o a8 Jb> 0wy 5w
58 ool 51 8 O saphas al ol il 2y 05 (Lo

(VY) casl (55900 Vb jLid 5y lacKss
- 4l g Canldd Aoz 5l 09250 sl il )b 4 axgi
009 RS gy L (Sasyes b5l O caxdg ol

Sy 5 (SN g &S ola el 5l (SG sged )

1-Boilers




A e §Anallel 9 o1 Leandgifg ot LB S 29 (o)
S0 Dlas Cus O CohS oy -F Jgux
Table 3- Water quality assessment for industrial use
wgas | T S g (Mg/L) | Cweps | pHs | pH | PH-pHs | ixo &jlan gl o coplns
CaO(mg/L)

W1 Y- ¥far \-YIF AR ZIAN | YIAF <INY SAE g
W2 Yav/igA \-fIve VYN | BIAY | BIYO | --/ff 0l 55
W3 YeoloA N VVYQ | vive | sIf -+IAO 0l 55
W4 YEAY Y¥-./% VXY ZIVA | AN \VIY SAE g
Qt5 AR IVAT YY-/A ARVARS ZIYA | MY Y/VY SAE g
W6 \YA/YE YAIAY VWIYA | Yisa | £10 VAR 0595
Sp7 TR £ VVYS | VIFA | A - 1OY NS g,
W8 YEAAA YEAIR WYY | £IYE | YIAD \IEA NS g,
W9 Yya/# ya. /N VXY 710V | AIY \IFA SAE g
Qt10 YAY/YA ar IRTARSEN N7V S ) VY RS
Spi1l VEAIYE VPl f WIYA | VA | AA -1AQ RS
Sp12 \EYIY VE/f VYA | YIAR | AIYY < IAN NS g,
Qt13 YOO/FA YO VYIYA | VIYY | AIVO \V/FY NS g,
W14 VOAIS ¥Y-/A VVYY | RIEY | YIVE | YW R
W15 Yoo YAF/ VWIS | #IYY | VIY -y JRC
W16 qya/f YEAIR \RTAR OIA | YIY VD S gy

GoaS S Slapasile (o) p Sz 1) (oo S
slayahl sbe = ol Ll colis 5 bol ot
L CI/(CI'+HCOz) , Na*/(Na*+Ca*") .TDS
a)) Lo calizes blis sladiges 50U 5 (6 ys] az 5 ooliud

AP SR Y- S YCOVIJF GHE S WA gy B A RYON YN
b olsze 41, CI/(CI'+HCO3) 4 Na*/(Na*+Ca?*)
Sl 3 wiad o Gioles (TDS) Jgloxo asl> slga JS 5|
Gl e aiile e slaan b 1 s gz 3 gs |
s (2D Jolro sloosins SA5 gord 5 S (S3l92 5
Sloadiges 10 Jaw ol 10 (YO) Wgd oo colainl 00 ,0u8 j5b
sla i, ol TDS o YL Na/(Na+Ca) cos s
s adlaie gLl o (59 32 ) 3l 0t 59>
Veoodeeemg/l o TDS 5 0l Na/(Na+Ca) cos
Ol &g 0 g laKin Sojls slaanl s b Silus

-1 U g s il Sles cs i 4 polie ol 590 8

2l ool el s Laseie (1) Jga 4o oS 455 len
Slaijye b (g ol mlie 5l aigei 1F pleard LT
s Water Stability Analyzer sla ;3 o, 5l oolil o
ool abges caS ms cg> Aquachem 4.0
Lol aes (anio Bilas Caz Slaijm b e
Sl gio B)las Hlai sl addlhas 590 saihaie ;5 3529
Cmols gllo Ly LacT 1351 aS g5 boay wodg Zysgacme
gl oo 53 olge 28, e 5l crge oS widl o (S5
3 g Somiie gloady (8,5 e a5 WIS gy b g
- o0 0anlie a5 ol len (VF) Wgd o dibiie slacls lax
@l anlllas 5)50 gailaie (o) 5 ol sladiged 55T w09
e Blas gl s e BT wwg Coogas

Al o celial

03325 2T (o 0SS J 508 (5L i o




olhSen 9 &539)

A% 4ol o3 g e § bucro (55819355 g pole

q.

Sl slacJlad 00,5 o (598 (8, YU crge s
Gl 5l (Gt Ol Lol 2 5 (55,5laS slassS)
= TDS (23 Ll s C 5 NA* (slagyss pslie (153
Sl Sy 5 S slapalil aidlbioo S5 53 )
ol s o 8 s w3l cou 1) (e O
" 4.;[3;)._0.: oo S andss slaol (ol 5 Jgad b o
slagsm odale Gl el (LSl o ped (st
ol 4z s (V) Wigdioo (smjnj 2l gosins St
Sl el (ol (sl 3ok ailaie (slsa g I oS
ol e o e ol am (o ol 0 p § Sz o A8

g aalys 0l Of Cod Ol Culs (e )

O oot ouiS S ol Jole e 498 sla
Go3gamme g Laaigel Condge (A) S5 (YF) Wigd oo g
CeBs e ol ClnS goa S S slapanslSe
Ladigel @9 Do oo (lid S o903 (59, » 1) @lads
wloi (Sojlea aS aas o lis S Jloged g9,
(CassS) oondh (S5 p s 9 Siw 02103 |55 sla SIS
YU Gk 5l 1) (6h98 paes aiilion 5o (e o
G138 TDS l 81 L ada, 53 I g Na™ slia oo
Lulyd 095 T condh 0 5 S5 porldl izron 203 00
CbS 55 ey 2l 3l 6 BNl ley 5 L S
Clale oS L odes jeb 4 IS soge (BB (s )
- oo il oot (Soilsn 3k 5l 1) et sl slagys

Y
o
=4

-
(=
=

w
!
@
=]
=

0 0.5 1
Na/(Na+Ca)

0 0.5

Cl/(CH HCO3)

S 510903 (69 (0305 2T CardaS 0SS S a0 039ux0 5 i god CupxBge —A S
Figure 8- The location of samples and the range of groundwater quality control mechanisms on the Gibbs

a8 (5103l (Slgine b gy g rgae sloasile b

D5 e ARt gy ol dag]
i 2l e jlead clsy sladisad plad ls 5o
2 a8l OF) 5 (VY) o)leis slpdoim wlaiy,n b
g dndss dalaie 4y SGo3 g adllas 090 adhaie e Slelas
ol goas ;o o Sl Gblie ;0 4S5 (F) o leds Gaos ol>
‘sa_wl.vo y_».c.:S )| 9 099 l_m)la‘)l) |Bl_4.l ‘_gl)_) é)‘».\.:L_MJ
03, ;3 Jod Jlogai (wlowl 2 &S (5 sboas il oo Jl0 )95
b Sged aw ol izes WS (o0 18 Gl 5 o>
P S G 5sleS Silae gl S sShs lages

chart

& 5 A

G (ol rasges 3T 51 ol mls bl
S 40 48 dgad odnlin g oo b pl,Sho 5 Olus e
iy an ol glacas ol oyl g3y ol o 90 Wlass e
SIS — Slalga O s s aiges VY 55l as,le Syl
ol s Gl (VY o,les digad) diges | (jpumls — p2owe)
(aigai ) Wotigas 4 5 (o e ~poumdlS) 5 o ~0li S
Bl 53 5 Ol s IS jsbay g il 18 b3S (55 50
il Gl ot Sl pe cds (e o

Oliee N5 56 5 Lol sla SIS glosl aslis aclone L
i el slaaiilw j0 05250 sl SIS Pl
gldl asls (09 b @ gl b o S (et Sl ye
Lol o0 4 s ST g CondS wunglgo sla IS



)

e G AD 9 (2 Lioaligifo s B S g (o)

Neofitou, C., (2013), "Groundwater
hydrogeochemistry of Trikala
municipality, central Greece", J
Environ Monit Assess 112, pp. 81-94.

AYAD & o2 2 9T op 2> 0 s =N -
5 shole Jdow S 5 slopl SLs 5 oolazrw!"
iny 2l S oyl o el glaale
ol ey Alme M Gl33 g (62 pg) slacis
‘M—\ \f 8 “B5Q o)Lo.,i: “5..:.)..2.9,0

5- Hossain, G., Howladar, M. F., Nessa,
L., Ahmed, S. S. and Quamruzzaman,
Ch., (2010), "Hydrochemistry and
Classification of Groundwater
Resources of Ishwardi Municipal
Area, Pabna District, Bangladesh",
Geotech Geol Eng, V. 28, pp. 671-
679.

6- Emberger, L., (1930), "Sur une
formule applicable en geographie
botanique"”, Cah, Herb, Séanc, Acad,
Sci, 191, pp. 389-390.

(B b3 bl glaibhie Of lejlw -V
Mol ,e e Ol ko AVl 555" Ava.
VS

"'Qlﬂ.‘ Ls_M:L.MJ k’).:_‘o)'" ‘\\ﬂ/\\ﬂ c& o @l_..x L‘)—l -A
=i oo olBluaSTl s —wlis e lejle

DAS o

ul}-?ﬂ" 6)5133)5)A_~h ‘5».4)).3" AYAY %) .obl)' bT -1
asb oL s"OT 2k, Joe aljl g wlass e cls

G o5 ils (55919559 0 0l i IS

NFe o

10- American Public Health Association,
(1998), "Standard Method for the
Examination of Water and Waste
water", 17th end (Washington, DC).

11- WHO., (2004), "Guidelines for
drinking water quality”, (Vol. 1, 2nd
ed., p. 130), Geneva: World Health
Organization, recommendations.

12- Sikdar, P., Sarkar S. and Palchoudhwy
S., (2001), "Geochemical evolution of
groundwaters in the Quaternary

Waasige sl 45 col b 40 ol 5 Wit syl slre b
laaislo 092y 4 4z g b 15 iags (oowlie CudS (6l
il b oyt e 45 a5 Slac] it 1o (g ye5es
35 Jodome slse 5l (i polie (ol s 18 adlate
7 odle il e (s i S g s Slay (Il A
e Og Sl Jele Lo o5 sy ae cpl @ Ol )
aSb 0395 (6 s slaai;lw Plssl ablaie slaol jo
2l os= ol e T 51 Jol slge Lol 5 (Sojle
Ded o il ddlhie glacl

5 G308 ey B)las L Sl ol gandinl oizes
i) 2l @lie Jo ol Sho ull a8 ols i Canio
8 5rbaels SLlS b Lawgie sdgame 45 oy ks 5l adlaie
oS el el (S 9Shy ol Sl el 2 5 35S o0
- 5,8 C4S, 3 C4S3 .C4S, C3S) CaS1 CoSy s
=5 g @lel caz Lol (nl bl (ol 2 a5 w8
gl 5l (B b (e S)las I Gl aites cuslial
s 0959 S (A 5 009 (IS Dgm; Sl Sl
anlllas 5,50 saibate (vej ;o sloaised 15T s sl
o Bilas gl g s ()05 A Cosgas Sl
el a8 el T 5 S gt o) s il s celiol
2O Ceaio 5 (659 oy 15l ol celS lac
)l 929 Dlasj e ks Jlod 5 (655 50 A

AN0903 (59, ;2 Lavasiged (0,5 O 5l Jol> s Guizren
55 Gla B (pleerd (Fojlsn o5 aimo o0 GLAS S
it Pl (i) (st $9) 32 P 5 S o
il e e Olady e culo

P

1- Singhal, B. B. S. and Gupta, R.P.,
(2010), "Applied Hydrogeology of
Fractured Rocks", pp. 205-220.

2- Pazand, K., Hezarkhani, A., Ghanbari
Y. and Aghavali N., (2012),
"Geochemical and quality assessment
of groundwater of Marand Basin, East
Azarbaijan  Province, northwestern
Iran", J Environmental Earth Sciences
72, pp. 134-146.

3- Skordas, K., Papastergios, G.,
Tziantziou, L., Neofitou N. and




olhSen 9 &539) IWAF Aol o339 comn ) auxo (55909055 g poke ay

Metallogeny, the Evolution of
Geological Provinces, and Exploration
Methods", Geological Association of
Canada, Mineral Deposits Division,
Special Publication 5, pp. 1007-1033.

ol mlie (S g (o8 ()" TR L (Dl -V
olied)5 asbipbly g3 cbs sl (sin
AVY Lo iy o231 (55509855 000 0 )
sl M o959 000" AYAD o . oo ~TY
NOO P ‘)9.3 'BL\J oEisls
slaccss 8l b slaglssel condg s
oyl el 15 aabi b Mecsaly 5 LS50
NFA Lo g oKzl (55505355 000
Mg B )las ¢l (Olhes Jleoi) a5 J5
25- Gibbs, R. J., (1970), "Mechanisms

controlling world water chemistry",
Science 17, pp.1088-1090.

26- 5 olaj Ol i owy " VYA G pudl Solo
SMaihaie o Sl Jlegsl 5 ST L oy tie
AYE oy olKtils cad )l cmliis I 4l L

27- Subbarao, C., Subbarao N.V. and
Chandu S. N., (1996),
"Characterization of  groundwater
contamination using factor analysis",

Environmental Geology, V.28 No.4,
pp.175-180.

13

14

15

16

17

18

19

20

aquifer of Calcutta and Howrah,
India", J. Asian Earth Sci 19, pp. 579-
594.

Pazand, K., Hezarkhani, A., Ghanbari
Y. and Aghavali N., (2011),
"Groundwater geochemistry in the
Meshkinshahr  Basin  of  Ardabil
Province in Iran", J Environ Earth Sci
65, pp. 871-879.

Guo, H. and Wang, Y., (2005),
"Geochemical  characteristics  of
shallow groundwater in Datong basin,
northwestern China", J Geochem
Explor 87, pp. 109-120.

Meyback, M., (1987), "Global
chemical weathering of surficial rocks
estimated from river dissolved loads",
Am J Sci 287, pp. 401-428.

Todd D. and Mays, L., (2005),
"Ground water hydrology”, Wiley,
USA. 652 pp.

Davis, S. N. and Dewiest, R. J. M.,
(1966), " Hydrogeology", Krieger
Publication Co, 476 pp.

Hounslow, A. W., (1995), "Water
Quality Data: Analysis and
interpretation”, Lewis Publisher. 397
Pp.

Parkhurst, D. and Appelo, C., (1999),
"PHREEQC for Windows version
1.4.07, A hydrogeochemical transport
model”, U.S, Geological Survey
Software.

Leybourne, M. 1., (2007), "Aqueous
geochemistry in mineral exploration,
in Good fellow, W.D., ed., Mineral
Deposits of Canada: A Synthesis of
Major  Deposit  Types, District



