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Geogenic Sources on Heavy Metals Concentration (Case Study:
Zanjan Plain Aquifer)
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Abstract

Background and Obijective: Industrial development, increasing demand for water supply and illegal
waste discharge into the aquifers have created major problems in most of the plains. Among the
pollutants, heavy metals are considered as common factors due to their wide application in industry
and urban communities. Thus, Zanjan plain as the hub of polluting industries is not exempted and the
gualitative samples taken from it indicate the presence of different kinds of heavy metals. To
investigate the role of natural and artificial factors in creation these pollutants, the used methodology
is proposed based on geology, hydro-geochemistry study, the relationship between cations and anions
and the distribution of heavy metals.

Method: Using the proposed framework for measuring water quality data in both wet and dry periods,
initially, all the factors leading to pollution were identified. Then, the role of anthropogenic and
geogenic activities was determined based on a combination of factors involved in pollution of the
plain.

Findings: The results indicate that the main part of contamination in the northern half of the plain is
due to anthropogenic sources and appears naturally in the aquifer. In the central part of the aquifer,
due to the centralization of industry and presence of Zanjan city, geogenic activities were identified to
be the source of heavy metals. In other parts, both anthropogenic and geogenic activities were jointly
involved in aquifer pollution.

Conclusion: The main source of pollution by heavy metals including Cr, Cu, Fe and Pb in Zanjan
aquifer have been natural and geogenic factors. Also, the elements such as Zn, Mn and Cd are mainly
associated with human activities and industries that are scattered throughout the plain. According to
the evaluations, management strategies can be presented for restoration and control of pollutants input
into the aquifer in that part of the plain whose contamination is due to geogenic activities.

Keywords: Hevay Mentals, Aquifer, Anthropogenic Sources, Contaminant, Zanjan Plain.
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Figurel- The proposed structure to determine the effect of geogenic or anthropogenic sources on the

metals concentration

10 yanil o B anils Lide cymets

Rt
N A - Ay I S
7 By N e
(W o5 o e, ) (o g ) ey,
e o Wl
Y . '

(o Jolas )

W oygeil 9 5 o b, )
el g prw oo bl )

("5l 3401 b, )

S gus g oS (2 alasy )
A 9 mrw o dlaly

\

([ Saabuzgays )

\

(gl adgs S5 g )
o

(| Gladgd oo )

(Mo iy s )

/

(ol @i g )

03323 2T 55 Bygul 5 Lygls Lics crunss oy -Y S
Figure 2-Methods for determining the origin of cations and anions in groundwater




Y4

S50kl g 313005 @il Jl (o 2 e (595549,

Oligaw 9 pandS oy alasly, ¥

Gilwsir by Copm b G puiiase Pl 5l Sld g
BGOSRV [RTVOUS SFCIUIN PRSIV Y GOV . S0 JPUUI L W1 0N
S s smiel 5 eSsym PSR, w5l
G ppdS A5 G0 o ol wll pedS 1 i Oldge
Sl STy alwg a0 b ConndS gy alwg 4y b3 Jlaxs]
el 0 M‘b).t J5J.’>u )‘ b.-y JOL.:

el oy oaimoylis wslb Ca2+ = SO42- 31

Bl b oy gmelonns] ssimslis La2+ < SO42-
S 500 CodS pie S samolas La2+ > SO42-
Bl go DL 5 Cuoglgd (CondST Jio

gl g 5 o alaly, v

30 9250 LIS a5 5 S aseine st e alail; pl 5l eslaal
Loy sk ol esed walysd byo Of 51 (G865 o
@pgbjﬁumMJ|w.wl&§e}l?
b g sholdl Jalse 25 Lo cnl (09 (gmme 5 (o
P8 Gogb @l el akie jLll e Sl
Sy Jolse A8 b el )by (e paine dlally 9925 )50
Sl g8 ally o gl cvnlin Ll oy salys ),

gl grnb é Jelse (5,355

aisly

slaol Fosdl e olulis (soleiinn 8,509, 4 455 b
SBad ol S Oy ol b (e
s 6 S0l e lale s lwl o ol i slae
(g oo snelS a3 5l 0l ol sl el
e aleerbsy sanld 5 405 Lase I 5 Sl S o
e S5 (e ol Sbo Glst ol (e o]
ROy u.,.i“.u yolie ol)'L')L.“sl L é‘)'w.a)‘ Cardyg

S S0 iliwsl b 1 el yly (oS 5IUT s Lo

5 St b 3 ad S og o slapdll mls (el

u] Lngo)‘-.Ul" )| ﬁol s | 3 L G'Q—‘ 4 ‘La.o

Sl piie g aiged sl o hg) (nl slacusgas 5l (S
g5 LogS o ples ©pu8 oty Gl 5l o me (B)b
oS J 50 (07 w,lai 1y gl o po calis oliee ialesl
20l dszg Bl I (ogams g bl slagsg, 5o
iy w2l S slite Sl L S le L
eed g el ez bl sl 5l sles 1S b S
3l il (pdize (19iST g g0 00, IS 4y ool cewlis
V) oy g 2658 9 (Vo) (Y0 V) g,lo g 90 B alex
losgas osliial S sy 55 o bl lazg, 51 (OY)
A 3 e o Ay v

Sl g 00gy (6 humail o)y slool o IS Lol g
Gk 5l by coss 5l O ke g gy Olie @ o
O 03,5 0 S8 gletl ailaie @ ol )y 5l 5 s
Cl- > Nat _iadge jo0 31 glusse Slidss Lull
aSepl b cel ool &, 3JLT 0 k> b e ol e b
S Sl e w85 2 slaalsd 5l O oS
Joz ol 00l (56T GugSan (onel (Fabipyi g osSne
ol ek e aijle Lids e gz (1)

el 5l 8590 SIS g s Egeme 4 e s il

(10) olet T Cudn 1y 50 slaijw Licie =Y Jgux

Table 2- Source of effective formation on quality
of the aquifer (15)

)‘»\.M s ’l R

)'l)#é@m.wm
cedl Jiw cedle

>0
Jols b la)S'su 5
R
—o 0 clls P!
s (Na/Na+Cl) <-/o
DS > o - oS S Jols

s (Na/Na+Cl) <-/0
O+ <TDS <&~ -
s (Na/Na+Cl) <-/o
TDS <0+

5T olas

bt <!

1-Revers Natural Softening



3 YYAF aoli o599 o ) buxo (55919550 g pale Yoy

Sop g y9lo,
-0 -0 055
- Y o
o ot sty | ol

1 -J¥ S

YO+ alls

f.. oo olgiin Sl g

Yoo owow PR

- \Y- by S o

Yo- - oS

b - o e

- \Y ol

Vo oo slgriny TDS
Vooo U adihio 0 5 codS b ol e ol ohg Llys 0™
asbge sl il 55 o5 o

Ola T 50 S b ol 0929 Lo (ynsd

dosllas 0,54, g 0ad (6,505l 2 slaosls sl 5
5 osliiul bays 5 coows o (Lol b 9515 g Laygusl Lavia
g“‘ Slodtges 0 o g0 6L"’L55i” ‘L_,;..S).s slo,loges g,
Ol st 90 e Ol S lsE ol e 5
lasgs S5 Boes o gy (5951 45 a3 o yLa5 L o0
Leas a5 aib oo ol Lats il ldigai onws 1) .ol
aSlgs o Alae (a5 009 (SasSTy (6l aaiges 5 5
Al lid paey alizes glaaile 5l polic 85,9 51 30
0399 e ;0 TDS jlacke lawgie a5 pl 4y asgi b (Y JS&)
Oz g adlioe s 50 )8 (e 000 b pln addllas 550
N el SemdS=asly S s oogama ol o T QI oS
Cind Hlezol jo Jele laryg Lice (S jloges @ollae
53 008,5 Lo el )l S s Live (a4 pladl o s, Le]
el Lo Layssls 5 Loyl (e abaly (bl 5 G,
Bgdos plolid plen Ol o il )y codsS o

A 9 o o abail

CA_JLQ as D?‘“"LSA ua;v.m.o W) W‘OJA Lgl.&:duyu VwLw‘ »

395250 ;1S 5 o (e 13 (00,9 0) (oSl 23

Aoy Fe 0 i Lo Op—iZeod RPN Ol_?d)‘ Olg_';%fl

(Y Jgaez) (V9) o)l =l VA 8-y s WHO2008  oalsl
o D30 o Sl g Lol sla el (e Cunsg
ol Jslome Slaale 5 5JUT (5 2 b 0565 o 5158
PNCOCR Y R I PTVEN (5 PENEE SR gRP
Vo g OA DO FF o leds gladiges b Lo po a5 Cal lms o
VY ojlemd abiged ;8 5 mrdn yol iz a8l o
Slgmsy Jdd an a5 w0 o lis ass o bl lake
(Ol o) Loy S (535 0 9 (0 Jlod 6 s
SBlge jlome w0 badigas plad o ey jlade aBl oo
Wt L o St o 50 enily jlade (052 al34
By ol (ing g o Ay S oo dlty slodsS o
Sie Ve oslel Aigas 13 a5 was oo (LS e 32 (s
SIS A8 g 50T ailoo o bl 51 G 02 0
i By sl Yo g DA Y ol cladigas s
o SBaiS 32y IS Al 3l ol cde 45 e o
9 875 o LSy )3 (6 el OSAS 0929 aBl o
9 Soygilgial g A5 2529 5 g s (8 Jled
959 2 SLUEE (o9balS al> o 50 sl (pl B pas
cdale e ased VO Ho L oad cels cailaio 10 04290
ol 508 5T s ayles el o bl Jlaie | lidges
sloaide Il 0 b (ol (oo 0392 2skhe 5l (S
Slaidu 5l (B0 50 52 4 5 el el (s culs
Condg ol il o Collas vy bbiwend 55T s oo
Blo 3 poeedlS 5 i 059, S5 e DI85 550 00
Les g s )18 Gslhas w> )3 9)l50 plos ;o g5 518 .ol

Abl oo sl a5l s (6laie (g1)lo O o les diges 4o

(i 2 5 (o) (S b yiol )y 8 uilewl-F Jguer
Table 3- Quality parameter standarad (Mg/L)

MWF—¥) ol pl 8 libwl | WHO, 2008 | suxy¥T ¢35
oY S S
[0 /) o
- [+ S
_ ofe ¥ r}ﬁ_uo.)lg

1- World Health Organization (WHO)




Y.¥

S50kl g 313005 @il pl (o 2 e (595529,

sisn = eI =5 15 (a5l aslizal L 1, ol S
Lie a5 ams oo lis (asls cpl cote polie .o,5 asui
55 lge Gk Gl G5 (Sojlsn ol o Slo S o
o S |y sl S sla s Lade o dite polie a5 Jl>
OV wadhaie olozol sladises ;0 .(VA) &S o Lo Ols S o
ol Glils diged plu g stin il lyls baiges oo ,yo
5 S o ale dndigel oses ;o a5 was o las Na—TDI

2,000 o0k Dl s g Wb oo aal38 DI ]33l b oo

200 -
150

100

Na (mg/l)

0 500 1000 1500 2000
DI (mg/l)

500
450
400
350
300
250
200
150
100

HCO3 (mg/l)

0
0 500 1000 1500 2000

TDI (mg/)

S Jo5 b g el codl SIS Plosil 5l 226 dadiges
S Jo5 5 o5b aiges wo s YO 48 pudw Lide il oo
St oL el ol esmi i S50 sl ol 035y (sSiae
OIS, 5 Gl 51 lgse c0lem 0T g (dmi ol e
9 i Jobs Jouily Sl Siie il 0903 ool
Ols ol b 5 iy St e b g ondS b Ol oy
2 9SS (oo dzgi 1) IS 5l o lade 0 7S g ail e
-5 Joled pas ouisS astiie «anl shin il 45 (50 )50
Siw 5 Gls3 ol bame praslty 5 s Jobs Sl 5 JISUT

700
600
500
400

300

Cl(mg/h)

200

100

o 500 1000 1500 2000
TDI (mg/l)
600
500
400 = . —s

300

SO4 (mg/l)

200

100

0 500 1000 1500 2000
TDI (mg/1)

=5 5 Sl S0 )0 gl el el ol saiged g598 (951 - ¥ IS
Figure3- Distribution pattern of Zanjan plain aquifer water samples in combined diagrams

alis ol as cowlasdl elS g, b g Jloy S
30 4S5 apo oo olis SO4-TDI 4 Ca—TDI o st
TDI Gaolidl L Slalg w5 puandS clale dadiges odas
a3 gad Hlid goly Olpass 9wl ed 33l

redS 9 2w (o alaal

S i) ) g,ai L;Lauw)acﬁf_@wlgﬁ.&w)ﬁ
3 =L s (KX diges odas ;5 a5 ard oo Hlis ol

PR PN RO SR I ROTH ST

Olguw g ponlS’ o 4l
iy 21 3 39798 Dl 5 S Lae aalllas ol
Gllae 03,5 o, n Caf(Ca+S0,) akal, ool 5 cuiss
Pl 45 098 oo asein (7) Jguzr @ 4255 L g alail) ol
Oyl Sl 5 emdS s 50 (05 Sl Q1B o
oy Pl aigai 10 L a5 (g 55b @ o)l oy cuds
39 pedS Ltiis a5 am0 oo ()Lt by oany -l aisls 50
Ll g el amils o Boes 45 badiges 5l os,s VA
LaolSkew 5 lacsly S dlowl 5l 256 oo ouST,y aiis

Jols 51 0 S cale dodiged 5l a0 YV j0 ail oo



e g y91L0,

A% 4ol ofrg ccom § buxo (5819385 g pole A7

0I Lg)ﬁfo)'l.x_sl u_‘.i_w Slyds cclale 4y ax g5 L sl 5o
258 o0 518 plulid )50 pleol jo polie ol Lase
(S 136 Lo g

45 wwd oo Lt jate ol (SuSln AdE ow)p iome
510 e 3l slaaxly joloms sladiges jo el cpl clale
Sloisly 4755 BB 255 Sy o a5l e cuts aug Ll
Slacsls p slaasses o atdl .cul pate cpl adg jo 0,30
S ol o W paie (ol CBLE 55 ol b e
S s o 48,5 &y Sl lacaled Wiy e ol S
Sl ol ca 50 45 yeb an il plog) (aie
Ciz ol ol Jdo 45 009 b paie cpl cdile (s

| ‘_,;:‘Puy‘ amoJﬁi&S 0‘9.4 .}a.«as} Sl

pu s Ol il dalaie b s N IR IPURWARW N
i anb g owyp Na/(Na+Cl) aal; olul

booygal 9 A5 (e alai

Sl oy ccis Gls ol (s py ol 0 09250 IS
2 a0s Gt bl (o bl ol - S STy
(F Jgoz) 0508 et i Lol sl odes [R5 Solys
U g5 SlaS i Ole ol aldis o ol (285 0 )31
et 55 Bacee boasly ol oyl O (ot 1o (5,208
0392 U_" UQL!.A e )r ‘59).,9 )‘ .J..‘))L) uuj.,.m.f ul?u"
Cinls 0,31 Glaasly 5l aS Solre soes 45 amo o LS

slazdl anwgt el Jlad olelis )| sladizls 1 S5 oo

=Y siaws 3! Koo Licw s -¥f Jg»\e
Table 4- Determination the source of the rock from ionic ratios

ol Lo oney | dbles

Jobls 51 ool as o YO

ISR (59

colle el

Cadl Plosil 51 6 s ys £0

e oS b Wl

@ | Na/(Na+Cl)

ES I IRV o

s IOl Sy OygelinnST 5l 5L ao 3 VY | aendS | Caf(Ca+So,)
Lol 5 ol S
Sojls S5l 3l ol ladigel odes
ol oSl
- - Sow o STy ) ool Lae s Cl/sum anions

Ol 30 Sl 9955 2l 5 srio g Sludl slac Il

813 3 e 33 5 5l (s oo
3y Sl (e gy 5o polis 0 50l 5l (e 9,089
98,18 Oy 4 (il Calids ol sla S
S5l el i Ceoms | oy il ailen ] el
DS ool Gl sl 5 Sl slacons caes 4y
e Gl cdale oS ams o0 Gl (g9, (SO Al )
o=l als JS 50 Ld)-‘“ 9099 ol [COWER o )lods diges |
2 Sey Bl aSipl g azgi b ol a2 B i

s B i s lelis ) o adly slaaiges i

ek @l plale B 5 9 A2 9 OV lio Clus 1pg S
=t S5 o & pate ol 4 OF (Fogll e Jelss
ey ol Gl 4 sms o Lt pate ol LSS, aiis
B a3 g S slaasly jslone slaaiges o Ly
Ay Oyl (o8 e o Lol ailioo by 5o
U oy s Jlos 5 EaV asly g g s pCOF
5haslo oo ol Ol sladiges 1o pg,S cale 5 (s i
Sy 2 Olsol (s o o Vb lackile 3,1

J_Abéso ul_.w.: )_A‘ u_;‘ as 09_..;‘50 PRV RN ul_?u) ,.e:_...v



Y0

S50kl g O30y @l 13l (o 2 S 595519,

L ol Jsoz onl 4l 2 ez o oo lid plesol
Lo iy, o ;55 olic 5l alaS o jsebs Lide @ a> g
ez 5 OlsFol it (Sodll 5l 5,5l Cazr sl

Sged il 5L u;.'—‘ & onl b

Cbd ol 58 Suw Wl SuisTy -0 Jguo
(w0 ,0) T Jloas! Licw g ol
Table 5- Dispersion of heavy metals in Zanjan
plain aquifer and their possible source
(percentage)
U E99 J=o

ﬁo‘.;» . '
. . Hey

- 7. S A £9S

Olsr ol wile &9

v. . s do ool
A v (s o P
Gl dass @y
- - S Ao IS

7 A ‘5>)$4A.u ﬁwolf

G5 A g S
ol slaadacs jI (oS (oin slacl 5 (Sogll &)
et 3 S Olse & Sogll a5 Line (et
La:o..\._l.ly—‘ R bl canlin Y bl caa aelad
39 o Sl S joes dy azgi b oy cods p0 adl o0
s yolie ol Lae (pas 23 b e ol (Sl ames
aS aes o plid Gl eogasme cwlidpae) il oo mie
i Syl syl Lan a5 0,31 slacow 5| gloas,
5l ol ol 03,5 395 s Bl lelis )| 4 il oo
52 097 25)lb Sl Cls p Golae dnng el S)b
mlo ole ol 658 Cux (B,b 5l g ool oad s,
@pﬁbl(ﬂ.wc&gb&kjb)awockw)eéom

39 o3l slaasly o 15 sawmslis el ol 1wl oo
Ly sbrdiged 5l B 0 el yate ol Clale @l s
0023 (695 Ralidl lony ot SLbl pgas a5 cis
Ailee lio Slay 3959 Jodo 4 ol (nl 45090 o0

5 Seygelin 5 )3T SlacSiw o gte L ks 10
OLES o (ST BB (g p il oo (Sl slaclad
olos; gl 1o BS jeb a4y paie pl il 4 was o
ez B Rl 609 Syge 4 oS 5 wBb e by
Ols=e a3l slaasly Coadse 4y azgi b ans oo (Lt
Sy0 50wl oyl kX Olsie 4 mlis g ol50p00; Lece
33 5 350y Lie lasco YV 9 PA O F o)lai sladiges
hp 1 ool Laie lgs oo 00 5 TV o)l (sladiges 5,90
S laSor Caled 5o 28 S )0 oy VL glacale
Sodsses 1o wyw clale &l ks o 3T sbhasly 3G
il o Lol Lo 5l iy sy cass

S Olpie 4 are (2l Slges 50 Boree yaie ol IS
Ol 38 ol AL () 90 aS il a3l (Sl
Lol 23lse oml Ol ol (35 o ) yaie (nl & Se e
sz 3 PCOr 3l asly b sl ()8 e o
YO o)leds sladigas jo S cdale alifl cely (i et
Rl el 5 ol el Jled o BAV axly g A 5 VA
V5 5 VO VY PO Y o)lads slratiged yo paie ol cbil
5 oS lyls e bale FaS|y lal oc il oo
3 ol opl Jlis! Lais dagyT 6l oty s slaliaie
Jgoz ol wilioe 0) Jsaz g0 & ol cubs plys-oo
slassilw Cun by oYl mlie Sabgo sl
Lite (olssol (S5alsiss s Slovgas 5 (oulidiins)
O 1) 4903 OV 51 S0 e o9 Sliplasl b g ol
23,5 oo dle OI3S 50> Lae 28 o3 g WS o
SIS el des Boee 45w o Las Jgoz o
Ol Coz & azrsi L aS oo (oS Sl clale 2Slas
Ol b 5 alie Cudso 45 S840 (g o (S0

ol Sosdl o1y U cp i Bav o 81 sl 35




e g y91L0,

IYA5 doli 0599 camn ) Juzo (65919555 g pole Y.f

O-

city (ltaly)", Environmental Pollution,
124(2), 247-256.

Garrels, R.M., Mackenzie, F.T.,
(1967), "Origin of the chemical
composition of spring and lakes. In
Equilibrium  Concepts in Natural
Water Systems, American Chemical
Society”, Advances in Chemistry
Series, (67), 222-242.

Schurch, M., Vuataz, F.D., (2000),
"Groundwater components in the
alluvial aquifer of the alpine Rhone
River valley, Bois de Finges area,
Wallis Canton, Switzerland",
Hydrogeology Journal, 8(5), 549-563.
Guler, C., Thyne, G.D., McCray, J.E.,
Turner, K.A., (2002), "Evaluation of
graphical and multivariate statistical
methods for classification of water

chemistry  data", Hydrogeology
journal, 10(4), 455-474.
Derher, T., (2003), "Comment on

Guler C, Thyne GD, McCray JE,
Turner AK (2002): Evaluation of
graphical and multivariate statistical
methods for classification of water
chemistry data (Hydrogeology Journal
10:455-474), Hydrogeology Journal,
11(5), 605-606.

sor AT 5,988 g Hmogia 0 (Bph -A
2 o i O e Cag (Sl

Gled end il (olosy Subs due ) slao]

Ol by (ol
Mazor, E., (2004), "Chemical and
isotopic groundwater hydrology", 3th
Edition, CRC Press, 352 pages.

10- Gallardo, A.H., Marui, A., (2007),

"Modeling the dynamics of the
freshwater-  saltwater interface in
response to construction activities at a
coastal site", International Journal of

5 ailal 5 0lx slojed o3 ©f Sl sloses (i a5

W g gn el las ol 51 o ol 5 Wl slaliwg, 520
5 e S5l e nSsle opan o los bl il
= 835Ny, dalllas ol )3 0,5 &0 Gleol sl
St 00 (6 Soslasl a8 gL mesls slime

5 523G b Il lagygsl 5 oy gslS alaly o cordiois onn

s3> Lide faad S (colidiey ladijle Condg 3
Ao oo lis gl s 5 olgan, S0l o K ol

u)_.wju.m] ) ‘H)Su,.i,.wojls Gfbgﬂ‘tmo..\o.cds

Sgg 90050 lyine) g (b D a0 an i b yo
L Lo e buss poraslS 5 5o w53, ol (g —olic

il e i e o 0uiSTy mlio 5 bl slacollis

Lide Condy 3 cmslin 0o 0y o s () 9,50,

L oy55 5 sl Sal, 0 L el 5 olmy] (Sl gla ST

as D994 6L®ws) U”)—’>.|‘ u,uLw‘ » |) oJ.ZJSaO}” k}.ﬂ‘s.c

led bl by asls 1) (o5l o lion 5 450 G yaS

1-

&l

André, L., Franceschi, M., Pouchan,
P., Atteia, 0., (2005), " Using
geochemical data and modelling to
enhance the understanding  of
groundwater flow in a regional deep
aquifer, Aquitaine Basin, south-west of
France", Journal of Hydrology, 305(1-

4), 40-62.

Bastami, K.D., Bagheri, H.,
Haghparast, S., Soltani, F.,
Hamzehpoor, A., Bastami, M.D.,

(2012), "Geochemical and geo-
statistical assessment of selected heavy
metals in the surface sediments of the
Gorgan Bay, Iran", Marine Pollution
Bulletin, 64(12), 2877-2884.

Imperato, M., Adamo, P., Naimo, D.,
Arienzo, M., Stanzione, D., Violante,
P., (2003), "Spatial distribution of
heavy metals in urban soils of Naples


http://www.sciencedirect.com/science/article/pii/S002216940400407X
http://www.sciencedirect.com/science/article/pii/S002216940400407X
http://www.sciencedirect.com/science/article/pii/S002216940400407X
http://www.sciencedirect.com/science/article/pii/S002216940400407X
http://www.sciencedirect.com/science/article/pii/S002216940400407X
http://www.sciencedirect.com/science/article/pii/S002216940400407X
http://www.citeulike.org/author/Bastami:KD
http://www.citeulike.org/author/Bagheri:H
http://www.citeulike.org/author/Haghparast:S
http://www.citeulike.org/author/Soltani:F
http://www.citeulike.org/author/Hamzehpoor:A
http://www.citeulike.org/author/Bastami:MD
http://link.springer.com/search?facet-author=%22C%C3%BCneyt+G%C3%BCler%22
http://link.springer.com/search?facet-author=%22Geoffrey+D.+Thyne%22
http://link.springer.com/search?facet-author=%22John+E.+McCray%22
http://link.springer.com/search?facet-author=%22Keith+A.+Turner%22
http://link.springer.com/search?facet-author=%22Keith+A.+Turner%22

S50kl g 313005 @il pl (s 2 e (595549,

16-

17-

Journal of Recent Trends in Science
and Technology, 4(1), 45-49.

RayAb  Consulting  Engineering,
(2008), "Investigation on Prevention,
Control and Reduction of
Contamination in ZANJAN Aquifer"”,
Geographic Information System, Data
Analysis and Pollution Maps Report,
Report No. 6, Department of the
Environment, Division of the Human
Environment, Water and Soil Pollution
Office, Iran, Tehran.

Gupta, S., Mahato, A., Roy, P., Datta,
JK., Saha, RN., (2008), "Geochemistry
of groundwater, Burdwan District,
West Bengal, India", Environmental
Geology, 53(6), 1271-1282.
Chidambaram, S., Karmegam, U.,
Prasanna, M.V.,  Sasidhar, P.,
Vasanthavigar, M., (2011), "A study
on hydrochemical elucidation of
coastal groundwater in and around
Kalpakkam region, Southern India",
Environmental Earth Sciences, 64(5),
1419-1431.

Environment Science and Technology,
4(3), 285-294.

11- Langmuir, D., (1997), "Aqueous

environmental geochemistry", Prentice
Hall Publisher, New Jersey, 600 pages.

12- Kalantari, N., Rahimi, M.H., (2007),

"Using a combination of diagrams,
factor analysis and saturation indexes
in the assessment of groundwater
quality of Zovircheri and kheran
aquifers”, Journal of Engineering
Geology, 2(1), 339-356.

13- Jacques, J., Preda, C., (2014), "Model-

based clustering for multivariate
functional data", Computational
Statistics and Data Analysis, 71, 92-
106.

14- Mazor, E., (2004), "Chemical and

isotopic groundwater hydrology"”, 3th
Edition, CRC Press, 352 pages.

15- Aher, AR., (2012), "Geochemistry

and Assessment of Groundwater
Quality for Drinking and Irrigation
Purposes: A Case Study of Sukhana
River Sub basin, District Aurangabad,
Maharashtra, India", International




