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Qal: Chanel fill deposit
Ot: Talus. scree rock fall Colluviom
att | Older alluvial fan deposits

-Pic ] Conglomerate, Poorly Sorted, few Corse- grained Sandestone

‘M2 | Sandestone. Shale. Conglomeratic Sandestone
it ] Purple- red and gypsum, Shale and Salt

|QUATERNARY
<
'S | NEOGENE
N
Q
g
o
Q
PALEGOGENE
Q
‘S | crRETACEOUS
N
=)
w
=
JURASSIC
TRIASSIC

[oMa| Qom Formation: marly few gypsum layers oyster

[E8F oypsum several intercalation of very marl

| sm | Sandestone and marl, Sandy marl

B8 marl- marlstone, light grey, some limestone

- Karaj Formation: TufT, dacitic, green and blac Shale-
Th: White to light Tuff breccia

Eendie Fajan Formation: PEfSc: Conglomerate

ER PEfSC: Sandestone Conglomerate, red Calcarcous

BB grey bedded Limestone

7 Lar formation: Sandestone, Shale thin Limestone

Shemshak Formation: Sandestone, well bedd to massive
partly Chert- bearing and dolomite
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CaCO3 in Sediment
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xxCorrelation is significant at the 0.01 level (2-tailed)
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Cu in Water

WHO 2011: 2000 ppb
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Pb in Water
WHO 2011: 10 ppb
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Pb in Sediment
W.M.S: 19 mg/kg
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Zn in Water
WHO 2011: 3000 ppb
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Zn in Sediment
W.M.S: 95 mg/kg
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W.M.S: 72 mg/kg

52°30'0"E 52°36'0"E 52°42'0"E
! ! 1 '
S ~ .
\’ % "

35°36'0"N
1

T T T
52°30'0"E 52°36'0"E 52°42'0"E
Lada)
2 0 15 3 6 9 12
. Ly k {Kilometers

— ol 4509,

E‘l—xﬂhaé),_oﬂ—ﬂkm %:I
g
Cr (mg/kg) S
[ ]17.30-19.60
-19,60-21,80 TSt sz s3 s4 S5 S6 S7 S8 S9 SI0 S SI2 SI3 Si4 SIS
Stations

I 21.80- 24.10
B 24.10- 26.40

dilais Cguy (sladigas ;o pg,S polie Ol poss ~¥V-0 S5
(Fe) ool -¥-¥-0
By e e fS5 1) ey dtgy 0 a5 el Gl G 50 y502 5 ke pats S ool
sl ,ls, ol dase slob ganlonaST bl s bl el JS5 5 LS acs ool oloonigds
Kabata- Pendias and Mukherjee, ) aas oo olis 1) Judgid 5 JudsSIS ¢ Ldg o Jud 5 e oiin
a5 Ol (VA0A) Coadlals (58 Lasgs Gl oo 1) (qigmy dzme )0 0l (pleardisss ,L3, (2007

Heoled) b Jolxe bl g ol bl jo 5 eiiad ol 5 ganST Llis o ol

aA



09)4.1.,} 45[5-03) k—-‘}ﬂ’)ﬁ‘-’imww

(YAY

gy dihaie 1o Cuilen & ygod WL ol MYVF-AIVA) ailssg, ST PH s EN-PH lsges 5:b

Qg, YV -0 S (V-0 JS8) wled oo ol el cpl Ol 50 0930 ol 6 liue g Gl 03,5

Qoo oo Hlas | ddlaie Ol sladiges jo ol clale ol s

WHO 2011: 300 ppb

52°30'0"E
1

Fe in Water

52°42'0"E
1

35°36'0"N
1

B 123- 169
B 169- 209

T
52°30'0"E

Lada)
0 1S5 3 6 9 12
. Liwg [ dKilometers
o 220
> ‘SJ_oo| d—.cL‘».),) 200
1801
— aal o
Ao adhio o 140
I R 2
= 100
Fe (ppb) £ g0
60
[ J43-87 a0
20
B 57- 128 o

T T
52°36'0"E 52°42'0"E

WI W2 W3 W4 W5 W6 W7 W8S W9 WI0 Wil W12 WI3 Wi4 WIS
Stations

ailaie O sladiges jo oyl polie Ol sy -YY-0 JSo

ly Sowalal Of jo ool Cgllae o oyl Vo O o lasliwl ¢ (WHO, 2011) sl cuslag slojle

5las cwl V\YVIEY ppb oy el ailsog, ol o ool cdale nSles .ol 00,5 Lo +/Y mg/L

19



(S ) Sy, Cawd¥L) WO wiges jo 5ol e oe YU Dol o ol Hlews odls SO polie
Ly, cawsV) WI2 aiges 5 5 Wil cbaed 5 B oeais, ea> JLoar Yl
il oo (o] sboayy sol>) SBgd je .8 wiile eers, Jdod Yhoim| (Caisd pmom

a3 o s 1) dilaie Ggey sladiges y3 oya) Cdale ol s ag, YY-0 S

Fe in Sediment

W.M.S: 41000 mg/kg
52°39‘0"E 52°3l6'0"E 52°4l2'0"E N
o,N s

\ .

35°36'0"N
1

52°30'0"E 52936'0"E 52°420"E

Lada)
0 15 3 6 9 12
' [CH k {Kilometers
— Lol a5y, 30,000
25,000

—_— aalyl
[ i 300

215,000
Fe (mg/kg) E 10,000
[ ] 10520- 15859 s
[ 15859- 1945
Diss-De ¢ S1 82 S3 S4 S5 S6 S7 S.8 S9 S10 S11 S12 S13 S14 SIS
I 19453- 23047 Stations

B 23047-27180

5 ool Sils 5l a5 ool VYYYAIES MO/KG 05,4k ailsog, Slgw, s ool clile uSilee

S2 &ges 4 5ol Glie (i il oo S (FYe o mo/kg L (Bowen, 1979) Sl b,



R N ] RV S E S I L

clale all o dalaie pl jo S wijle sl i ygeis, Jdods (09,03 b (BW 31 L3 0g,al>)

Slodiges o0 g Siad Wile lo et Hgeid, Jdoar CansVb loolKiws! jo Slbgaw, o ol

el @Bl a3l B 3 wile ool laagy fgeis, Jdoas S14 Cass iyl

@ ol 1y ol cnl Jdo a5 sl ge ailaag, O jo ol liee 51 i Sliga,y jo ool Gl US40

ol 0SS ol Jelse (plply ol o ol o Pl 5 lae (o9 GlownST g oL

Sl axllae 050 adlais o u.asTg,JaLc

ST gbo 38 )l —A-Y-0

ookl S8 Jloges pH 5 3g,dl> ail>og, ;ﬂ 3 e s cdale o b, o (6l

ol lSs Jloges g9, p |y addllae 0550 slaassaitF-0 U (Ficklin et al., 1992) wo 5

10000000
,g. 10000000
(=9
=
~ 1000000
S
'E 100000
@]
+
£
&) 10000
+
=]
[al
=
¥ 1000
z
= 100
&)
+
-+
= 10
=
= 1
e
bt
)
2 0.1
=
O

0.01

-2

Ultra-acid High-acid
Ultra-metal Ultra-metal
High-acid Acid Near-neutral
Extreme-metal|  Extreme-metal Extreme-metal
High-acid Acid Near-neutral
High-metal High-metal High-metal
High-acid Acid Near-neutral
Low-metal Low-metal Low-metal
R o
*
1 0 1 2 3 4 5 6 7 8 9
pH

.MOLSA

Ficklinetal, ) S5 jloges wlwl p adlaie ol yo pH s (Pb+Fe+Cd+Cr+Cu+Zn+Ni) o305 b akal, -YF-0 S

(1992

Slls clale sgemme a5 loges oyl (53, p 09,4k dilBog, Ol sladiges fols 13 L anlllas ol jo



S9,abl> a9, Slgu) 5 Ol CodsS ipomty Juad

—

IEVE S R OR Fpp-SU L PR PR SE VIR RS PH cod )5 naiges ples YF-0 JSCo ol oo

o ovgi§ o L 5 oo liuol b Slogusy (FglT 351 ~A-0

30,5 soliiwl (MCy) ooy Mol Sogll ax )0 5 (Cp) Sogll o yo (19€0) il cyuo;

(Enrichment Factor) 5o of <o o —V-A-0

(Loska et al., 1995) aiziw oo o)) (b Jloie & Cod 1) pate SO jlade oo opl Lelal
(Dickinson et al., 1996) uas o lis |, cdale (o133l sg, ol Jelse 18l Sas 28 cu o
s wiliee g bl Bblo o (ploordish Slaiow) 2 lp celis Jlpl o (Sudsf o
(Yinghong et al., 2009; Sutherland, 2000) &1 o Cowds (V-0) alal,

EF=(C,/C\e) Sample/(C,/C) Background (\-0) alal,

Lo 16 clale Cref 5 (o) 2 90 8 ClleCh o Sud 8y EF

Lol oai 03,51 V=0 Jgaz 10 Sliga, (S S8 Dol (gases,

(Sutherland, 2000) Sui 2é <o ypo polie (gaisos, =V -0 Jsux

EF S D Dl
EF<2 Sl Sab e b Sab e g
EF=2-5 bogle (San e
EF=5-20 arg b8 Sane
EF=20-40 b s (Sad e
EF>40 Y ol Sade




R N ] RV S E S I L

)M)‘SMO&LQM&J‘ dlwgs 4O )mLL wiuuhls)‘dg_m‘y‘)o Q;MLS“'C w),o @b)) L.S‘)"

VV-0 Jgoz 50 0 duwlome S g8 copo polie 00,5 soliiwl a0 paie lgicds pouing]

aalaie Sgw L_SLQ‘L'?.Q) 50 L;MQS"C w)..a ).,oLo.a—\ V-0 Jju\?

Cr Ni Pb Zn Cd Cu Fe Stations

\ VIYA VIYY VAR Yol A VRS YIve S1
VAR Y/-v ARAR V¥ FAIVY VoY YIAA S2
/vy \O/+7  YVA/PE £RIVY YYY/VY VO/XY YV/AY S3
\IYY YNNG /OA FINY \Rli4d V/EY S4
VIYA VA ARVAA A+ \Rlidd V/FY Y/ S5
\IYY ATAR Y/ay V/0Y  YFIOY YT YIbod S6
VAN fIA- IAE /7Y basY A7AR fIvYY S7
\1iNg Y/FY \PIf. RVA%4 by VIVY Y-y S8
YN ® YIVO ANING UvYy baFY VIAA Yig- S9
VIYE YIOA AAVAR U AA[-Q V04 YIA- S10
AN YIVO VY/IAE Uy #+/89 VIAY YIAA S11
\IOY YIVY \ /8% YIAD fVIfY VAN YIAY S12
</ VRS ARIENA DIFA FO/00 VY \Vidd S13

JAY YINO YIA- 1T fY/VY \IfF Yiva S14
V/-Q VYO 7I0¥ A\l Ya/f¢ VY YIYY S15

el 00U od)sT

S2 Olf.o.w.d‘ 30 Syy pas L Comnid g.;l.’j.w) as ML’AS" VY/OY SS9y Q;ML?‘C ;.,ufa u...fal.uo

(slzeds a3Ls pw) S15 o] «Sail Sob e b Sab 28 e (99,0 b S 5l L8 59,al>)

& o laolfias] 4 5 amdoe i ) YU Colie (Sodsé S8 olfiun] 5 bgio (Sad i

3 Slgwy a5 ailbco YIVO o paie (Sob 28 copd (ule ils azgs JB Sas 28 s,

loolSin] dxis ;5 5 lwgie Sodié ST 5 SO cloolSinyl o rgi BB Sui ié S3 olKiuy)

b5, Sabsié oyt Sln iilige LIS s & s |y Sl (Fabé b Sadgé e

loolSiy] b g brwgie Soiié S ol 5 drgi b Soi é S3 olSiy] 45 caul ¥/+0



S9,abl> a9, Slgu) 5 Ol CodsS ipomty Juad

aiboe FIVF ol Sob of oo Sl o o plis |, Swl Son s b Sob a8 g
slo s YUl Sos 28 S3 olSitay] (Swil Sas 6 b Sab 26 90 S13 5S4 sleolKins] a5

i o olii 1) bugte (Sad i b oK

D o GLS ) sy 2 8590 polie gl (Sab s oo (2Klae YO-O IS

100

80

=

20

Zn | Ni Cr cd Pb Fe Cu
MeanEF| 1252 | 345 | 205 | 818 | 2816 | 416 | 275

Elements

Sg ik ailBog) Sligasy )0 gy 8550 polie glp (Sab S oy (xSl -TO-0 JSo

S1 slaaiges 10 pguasls b Cond Dligury abb oo AVAL) pgedlS pate Sob o co o Sl
oy peSles i o Hlas [ YU Culed o (Sod é oKyl plo o Yo by Sas 22 S15
(0aned sliwg, CawaVl g 09,03 b 04l BM) S3 olKius] 45wl oo (YANE) G yus (Sals €
Sai e gl Lol plo g (55505 a5l 1 55,5 Jdoas Y YU Coles o (Sob e s
S1,54, S13, S15 (slaclSws! a5 wib oo YIFO IS5 Sod b cupd uFilos andl o a>gi bl
Sai e bolfiw! plo 5 4>y LB Sas 28 S3 olfiny] (Sl Sad oé b Sod b e

im0 Ol paie ol 4 S | bansgie
4 S Dligsy a5 Sjluge polae gy 390 polie (Fod Sbcu o polie anslis 5 sk

S (S SE Gy dzg BB (Fab 28 (g, cawgie (STl 28 ol 5 pg S (e (S5 yolie



R N ] RV S E S I L

SIS cayd Nk w4 az g 4 (nlplo ed oo (LA VL Culede (SB S8 paeslS 9 VL
25 Logods ewyp Ope pole 4 Cend ddlate Slgw, (SodE dnlie (ouyn d)5e I3
il g

Cd>Pb>Zn>Fe>Ni>Cu>Cr
(Geo Accumulation Index) Souiblilmo) ol -Y-A-0
Loska and Wiechuta ) 5,5 solatwl S5 j0 (nfw Slls Sogl o, p jslateds olg5 o 190
(Muller, 1969; Voral, 2011) a1 oo Cawas ¥ =0 alal, 51 a5” (2003
Igeo=Log »(C./1.5B,) (Y-0) alal,
clale Bn g gy digad j0 addllas 0y50 yaie clale Gy Sl o) (a3 Li :1gE0 akayly ol o
by Blas @ sl VB o pl 5l rizren aBboe (Jod nSle) aipe) 50 anlllas 9550 paie
Stoffers et al., 1986; ) ol oo oolaiwl il so (g55055d Dluss 4 bgyjo a5 die) &l puss
03,51 VY-8 Jgaz o (SKililipo; (adls wlal p Sogdl Gas gaies, (Goorzadi et al., 2009
5 ddlaie g, gboaiges gl Kbl (Al dslre mls (Muller, 1969) coul oo
olfiy] a5 0l o (VFY) pgresls Siililipee; Lasls Lawgie ol onds 03,5] VY-8 Jgox
el 4 s LolSiy] ol g 0308 b bawgie (S3g)1 S6 clawgie Sogll b Sogll w3ls S5 4 S4
BB S5 g pg)S 0l (e 1S9y polie 4 Cond Shga, wimd o Glis | lawgie Syl paie
5351 83 olfiuyl augie Fogll b Fogll wdls S13 5 S cloolSiny] ey &y Can 5 S]]
US) (Kbl ol oafilia prolie dlie i3l e (Fogll 2306 LaolKil o 5 Lwgie
polis ay G cagie Fosll pseeolS ay Cons Sliges, 45 wm o HLES VY-0 Jsaz b (P50

il oo (Fogll Bl (595 5 e o0 g8 < ¢ S



S9,abl> a9, Slgu) 5 Ol CodsS ipomty Juad

(Muller, 1969) ges, Sosll cpond 5o (Silil o) asli pyolie -1Y-0 Jgax

SSodl oo, Sodll s Ceililopey (>l
Sl asle o>
\ b Sl asls
; -\
hogie Sogll
Y Logie Sl V-
b lawgio Sl
Y o s7o9 Y-r
£ Qad (Sl v-f
b agas Seoll
N 25 oS t-0
oleds
s Caliis 525 >0

adlaie gy (Sbliliyee) (a3l VY0 Joox

Ni Cr Pb Zn Cd Cu Fe  Stations
AN -v/5a ) -+ Iv# VIYY SYINY VA S1
-VIAY -Y/04 AT Y. V/AY SYYA WYY S2
-Viva -Y/0) VY'Y AT S SVAD Vs S3
AN -Y/AA -y Qg “IA# SYIAY O -YIvE S4
=YY -vaf -+ IF¥ —I\A “IA# “YIN -] S5
~VIFA YYD -+ IYA -+ IFY vIYE SYNY O -Ase S6
SV ala =14 ) VIYY SYIYO O -AYY S7
-VAA -YIAY —+1a - I8Y VIYY SYIEA - -YINY S8
-YNY YYD . - I8Y VIYY YO -VIfY S9
=VIAA -YIAQ - Iv® - I8 V/AY -visy -YNA S10
-VIVA A L Al VTS SYF6 =YD S11
-Viva -YIVY -+ IOA -+ IAD VA EAIACIER AT S12
-\ -vIvE R —l5 VY SYIEY O -YAY S13
-V/#A =Y/ -+ IOA ) VTS SYRY AV S14
AL AN -+ 150 -+ /3A VTS AT V/N S15




R N ] RV S E S I L

Zn N C Ccd P Fe Cu
“Meanlgeo| 082 | -183 | 269 | 147 | 016 | -203 | -243

Elements
39yl w09, Slhigw 50 (o) z 3590 polie ln (Kiblilime) (aFLE Lawgie V70 S5

oo Mol Sogll a>,5 g (Contamination Factor) Sogll cums —Y-A-0

(Modified Contamination Degree)

Andy and ) 5,5 eolitwl oo pl 5l Olgce e 8 SO a4 b Sogll cursy ol sl
Turekian and Wedepohl, ) &1 o cowss Y=0 alal, 5l eoliiwl b Sogll <o o (khaled, 2009
:(1961; Hakanson, 1980

Cr=M,/My (Y=0) akay,
(o) dio) o yaie Cdale My g o0g)l digas jo yare cdale My o Sogll o CF ol oS
RV

loysS gsomo jl oS (Sogll az s pliy pasli jl Sogll 4 byyye glaools (gjlwaz )bSs
1l oo Gy F-0 alal, 51 Sogll ax o (Hakanson, 1980) o5 5 o soliiwl 04 so Jol> Sl
8 -

Ca=) C;
=1 (F-0) ak,



S9,abl> a9, Slgu) 5 Ol CodsS ipomty Juad

.(Abrahim, 2005)

i=n

i
>. G
i=lI

mCa = n

(0-) alaf,
ML’GA s )9 ).@L..C slass N 9 (;‘55” w)m Cf AW C)La‘ (;QQT 4.?)0 (mCd) dJaJ‘) k)"‘ °
el 00 03,51 V-0 sl Jgox ool oo polie Lulul 5 S o Sogl gaies,

(Hakanson, 1980) Sogll oo sl p S aS sanes, -V F-0 Jgo

Sodll oo gy SOl ke
<) omb (Sodll
\-y Lgie Sodll
Y-5 axg BB oyl
>f YU s ‘;ogﬂ

dslio b .l 00l 00,5l YV=0 IS ,0 04 al> a3y, Glguw, jo yobie Fogll coyo bwgle
oo bl g Slguw, Sl lie gomaib L (V0-0 Jguoz) sowl Casas Sogll oo bwgie
bopssS 5 onl w9y come (S polis & o Sligus; o 35500 polae (V-0 Jgaz) (Sog)]
Gy 4 S § b (ST gLl IVY g YV /AT VY IFY 5 a Sogdl oo bugie
TVE Sogll cpo bwgio b pgrasls 4 Cond g Lasgio (Sogll V/FY (Sogll oo bawgio b
5 54 slaolKins! =5 ol plad 10 Gy do Cod Slbigary s oo Hlis |y axg LB ool

s oo i 1) Jawgie L;%JT (b u_f%ﬂ) S15



R N ] RV S E S I L

dilaie Slgay 0 polic Sogll coyo polie -10-0 Jgax
PLI  mCd Ni Cr Pb Zn Cd Cu Fe  Stations
ofeed /AN <Yy IYY V0 AN YIEY SYE O eIfY S1

SRR BERVA R /%Y -Iv¥ VYD AN AR ARy N S2
ofeY i /fY A4 YIVO VIVE 0¥ AR TEERIA ¢4 S3

<IVO <IYY IV </ - 17¥ YIVY AREEERYAR S4
ofeeY < JAA <Y AR VY- VYN Y/IVY AR EEERYA YA S5

YO NVEF < [OY QAR A AR YIVY AR SRIA ¢4 S6

<[NF VA <IFA <IVY V/fe. AN \tial LA YA fA S7
LR SRR VRS <Yy AR V/E-. /¥ \tial VY eIYY S8
AT N VR § <Y AR Vb AN \tial SIYO eIV S9
ofesf  VYY /5 IV A A4 AR VY CYY S10
[++% \[-Q [fY <IYY A AN f/-q <YV Yy S11
ofee¥ - /A - /fY <IYY Ve <IAY YA DAAAERYANY S12
[++A NIYE IYA <IYY AN </AA Of« YA Y S13
R VA4 UArd AR Ve AN f/-q </ya  /f¥ S14

ofee¥ Ve <Yy AN AW AN f/-a <YYo eIfY S15

5
4
3
&
1
0
Zn Ni Cr Cd Pb Fe Cu
MeanCF| 092 | 042 | 022 436 143 | 037 | 027
Elements

39,8k ailssg) gy sladigas o yolie (Sogll o s HuSilee -TV-0 S
4k Jy wiese Glii | g5y 4 Cund bwgie (Sogll S6 5 S5 S3 (slaalliil o Sl
S4 slaolKins! 1o peaslS 4 Cond Slgay diiwd Gl Sogll Gl jaie pl 4 Cans ol
olas 1y axg BB Sogll o] aby 5 Vb s Sogl S6 ofiws! lawgie SoglT S5 4
SS9l S8 oKl (ool S0yl S15 ¢S4 slaslKiws] 0 Gpw pais A Cand Sbgw, 0

V.9



S9,abl> a9, Slgu) 5 Ol CodsS ipomty Juad

WIS jolie 4 Cans oK pled casas oo plis |y lawgie (Sogl bolKins! plo g a>g LB
230 L 1y Gl (oI o8l 5 gy e

Sl 00l 03,5 VPO Jga 10 e0ls Mol Sogll a0 polie ulwl 5 S o Sodl sumes,
il (YA-O UKo V0-0 o) ool 2ol (Sogll ax 0 arwlxe 3l sdnl cowsty ol ulol
al30g, Slhga, S5 j5b a4 plply il oo VVF 05 4l ails0g, Slgaw, oo ol Sogll ax o
S 1y Sl (ST 6 afTit 5556 ol el (g 3,90 yolie & o S el
s o lid |y Sl L_,’fo5.|'| (Ohlo e Ly, CawdYL) S6 g (ouuns

(Abrahim, 2005) oo ol (;.b}ﬂ az 0 polae gl 5 S a5 (gaises, V- 0 Joux

mCqy ,lade gy CarisS
mCqy<15 Sl s Syl B ongll 2
15<mCqy<2 Sl (Sl
2<mCy<4 Lisge Soyl
4<mCy<8 ol Sl
8<mCqy<16 ok sl (SS9l
16 <mCqy <32 ol eolall 358 Sl
mCq > 32 ol cole g (Sl

AR



R N ] RV S E S I L

16
12
0.8
04

mCy

S§1|S2 | S3 S4 S5 S6 |S7 |S8 S9 S10(S11 S12/S13|S14 S15
mCd 09 (1.2 1.6 0.7 0.8 1.6 1.0 1.0 (1013 1.0 0.8 1.2 10 1.0

Stations

dilaie Cgury slbaiges ;o polic sud Dol Sogll ax 0 -YA-0 S
(Pollution Load Index) . Ssgl jb jasli -F-A-0

5b ety 5l agjala wilog; Cgmy (650 paiged slaoliwnl 51 G 5o (Sogll b e e (ol
gy 1y el diges jo 8w Glls Sogdl 5l IS mlbhw asle opl ol eslatul PLI L (Sogll
(Paneer Selvam et al., 2011) ui acwle £-0 alaly 3l oolaxwl b jazls pl 08 o

PLI =(Cg1xCroxCrs. .....CFo) " (5-0) alal,
core Con pges 518 (T39Il apo Cra pgs 58 (Sogll cuyd: Crr o5l 518 (S0l o Cra
Axllas 5,90 SI38 olasxs N eln 318 So4]l

il o (Fogll a8l Slgay Sjgo ul i j0 g 00yl Slga, ail ol 5,5 Syl L S
-0 Jgoz) aidl o 034l ‘_;o?ﬂ L el elal p adhaie Slhgw, g w0g Sl eS pamolS
5 Olel gl wol> a4 (Suop o dw digel 4 bgsye Slbgw, Sl Jb ol o i (V0
5 gl Gl «Saels Wil (V) Wil S wiile Dyglre jo o) cpl 8518 iaren

(YFA-0 JSi) sl oo 4wl S sloSal



S9,abl> a9, Slgu) 5 Ol CodsS ipomty Juad

0.08

0.07
0.06
0.05
=
~ 0.04
0.03

0.02

. _ l_I_J__._ i

51 S2 S3 sS4 S5 S6 §7 S8 s9 510 S11 S12 513 S14 §15

WPLI o.oos|o.ooz]o.o7 | 0 |0.002[0.035[0016 | 0.004 | 0.005 | 0.006 o.oos]o.oos 0.008 | 0.006 | 0.003

Stations

dilaie Gguy slodigei o Sogll b polie -YA-0 JSo

(SQGS) (bl y adlaio Gligaw ) CalaS (w2 —B-A-D
oolaxwl (Sediment quality Guidelines) b clgw, coasS sloaly 5l Ggw, CutS s ol p
SQGS 31 ol (2 Slo] el (sl Shigmsy el 5 Comte Sl Ko 9B oyl o
cp! (Fairey et al., 2001) s4i 0 oolitwl Sojgdgm SYNEI L g Sogdl i coiiw &l
Slls S alex 5l b Lol Sbgw, ,o S 1,5 lors ool YA (lp amls
4> H5e Cale 0un ¥ ja (glp y9i cnl el 03 S s o 1Sl g Soileg,l slacn Sy e
155 e 0> 9 dawgas aS (MEC) ailos jige clile o (PEC) Jloisl g cdale (TEC) L asleu]
SQGs; Macdoland et ) 55 5 co (yuss Cguy CuteS Gyl ol 51l by 9 S co a5 |y all oo
o AFFY o S cdale aes o lis calie olie lp ], polie ! VY-0 Jsax .al., 2000
aolSiy! JS 15 5 0l oo MEC 51 5YL baolSiisl 0o ys VOIFA 4o g aily oo TEC 51 5YL ool
I Fomb oam) Gbollul ples )3 e 5 pg,S cdale aBloe PEC s 5l ol JSo cdile
US55 5 wilce TEC 5 5L laoliey] wo,s VOIYA 45 (g9, cdalé aaly o MEC 4 PEC .TEC

b oo MEC 4 PEC 5l 50l (g9, cdalé ol



R N ] RV S E S I L

olie TEC MEC PEC
Cd .12 Y o
Cr fY 4 )
Cu Yy ) V0.
Fe Yo Y. f..
Ni Yy A2 fa
Zn VY- Ya.- At
Pb \td AY Yo

5 PEC 3l y5ml boliiw! plad jo g cal TEC v 5l 5YL bolis] aojo VPR [0 oy clale
oSty S 50 5 aibce TEC 5l YL baolKiny) awys YAFS o ol clale sl o MEC
33 5 &3l oo TEC 51 5YU baolKiny] wops YAIFF )5 ageasls cilalé .aisl o MEC 4 PEC 5l 5ol

3l o MEC g PEC 5l 5ol oSl ales
@ Lolial 51 S ged 45 oy 9yse yolie Sl Sl az gl L aS o5 (e Ol e 5 55
56 polie ol eonlply ol oogw 5 (PEC) oy Slog>ge 5 530 slp Jlexo! S5 clale oo

sl il oo Dlgus, b bl | o a5 (65 Dlogzge S g shie

(Principal Component Analysis) &bgw jo ol addgo Judxsi —4-0
GaSoilal 5 xbhw slao] cuas obs)l Glp ccmlbie L5 L Ol (b st SO sl
5heslizul cban (nl @ vy sl ool S S e ol 1) O (S Slieis 5 pla il
Sy ol el sladle jo il oo ceslin (PCA) Lol adlie Jlow aisle 0yusite wiz (5,bl bo,

390 5 A w9 ol CoaS e 2Ly lp eduzy slaodls pwdd )0 008 5w 6)L°T



S9,abl> a9, Slgu) 5 Ol CodsS ipomty Juad

Aibos (Sogdl JpsS g ol pBd Copae Glp sosie )lpl PCA (Xiaoyun et al., 2010)
5 reb i dled byt a5 oy 5 O Slagiams » 5o Jlotol Jolse olulid jo (izen
oo 2z 5 k!l slayJUT (Shrestha and Kazama, 2007) ol oo dube g oo bl ol; 0
Gb 54 SIS 5 Gloj St sl 5 (ol ol SekS Gb3) 5 ooy Sln orizes
Nz O 9y Ol oediee 48,5 )5 @ s oo Sloml Ol Slapta ;5 Gl 5 b slac e
5,5 (Roger et al., 2012) aas oo zals | o e oland § oS o ol Glbil O A8 adlse
Anderson et al., 2002; Miller et al., ) cool 009 joliubdge  Jaacuw; Slalllas jo by, oyl
WS o alolis |y OT aS ol )l el 5 ipe |y o] S asls sl sze PCA (2002
.(Ouyang, 2001)

Gl 00l 00 IS 330kl b b gl ) Jol oS 35 Sogll (e Cpesd sl PCA
slal malS slaigy 5l (SS9 gy CudS s gl Lol saddse [l (Yujun et al., 2011)
g e el 5 g Ol slepbetsle plulis sly 00,08 by 5 wilbioe ool
(Paneer Selvam et al., 2011) o,ls 0,0,I5 jizw » Jee olewiishl slo Sl

VA0 Jga) o plonil ddlaie Cguny sladiges )0 (oS SI5l3 slaosls (59, (ol sadlie Julow
Gailse 10 b yitie dos Fo/NY a5 55 somaiws adlie g0 4o |, dmosls Ul ol (Frod S5
Syl j1h8 pe0 (sadlie yo by yusie do 0 YY/IVY 4 sl

il oo poradlS 5 S epgyS (ol ¢ e polie Jols Jgl adlge -

Ll $35) 5 2 polis Jold pgo adlge -



R N ] RV S E S I L

dibaie Slgay )3 oy 3590 polic 61 PCA G 5| Jol> sloadse -VA-D Jgu

Rotated Component Matrix®

Component
1 2
Ni .609 .048
Zn -.207 .836
Cr .651 217
Fe .843 -.081
Cu .789 481
Cd 734 -.098
Pb .318 .816

95 2 45 W) pelae Slgw) o polie STy 098 4 bgype (idu j0 0ad 59 s @ 4z g L
bl adlse Jolov 5l Jol> gl aillioe phe (oyp )90 rolie @95 5o oljpde g oliime; Jule
21y i b (T (Fojlgn Vgamme 5 o3k 02,31 slaasly) sliime; Jelse oS am3 e LS
5 wleyS Sl g ol pt Jelse 5 0 oo Lol 525 (o0 513 ol adlie j0 a5 (5 polie 2aSTy W,
oS anilge Blo 1) (ol (i pgs adlie jo i8S )18 olie 1Sy wg, 50 ol slaslaass]

D, Bllas abgy o iw jo polie by e Slviog b s cllae (0

Component Plot in Rotated Space
1.0
n
= o5
Cu

05+ o
o™ Cr
E o
a Mi
§ oo =

Td =

o o
E o
o
3}

-059

1.0

T T T T
10 05 0o 05 10
Component 1

dihie Sliges, 4o anlllas 3,00 yolis (gl PCA (guns dus logas -F+-0 IS5






olyudan 9 (&5 4o



ol 5 (5 amst ip Jo

G5 A g gauges —V-F

5 Sl )5S (39 yed Ll dw a5 il oo Lo Ll laailog, p yiege 5l (G 09, Al ailsog,
e Slgw, g WY Coroy owyp & dallae pl 0 0iiS o 4ds5 | Aoy, ol loeds
S5 Jolge b )T Loyl g GroshS YV (o, Jsb ) sloeds b 59 50 a5l 1o 51 59 ,ali> aslsos,
Doy 9 2l (610 paigas oKl 10 o joliie cpl slp 2B 15wy 0550 culidipee; Jalse
(2] s w9y o) e Sl g olie Gl g pleerdsSnd byl cdndy &g
@lisee slaylidle 5 5l oolaul b alol> mls 00,5 e Wl 0 (pg,S 3 JS5 pguesls
0,5 Julows 5 4326 (0,2 4 GIS, PHREEQC, AQQA, SPSS )

Sl Sligwy 5 ¥ 5 Stad glaiile) Seagioie iy S 5l anlllas 590 dilate oo
loaxly ( 58 5058 5 08 (2 @S laaijle) Sugisie oo 5 Sliais] LS 5 (auliS

ol 00 SCAS (6535195 slaaiins 5 (rgil) (68 9 (S anle = S)le (5o

39 aka> 439y Of CahuS 4 by po Slalllae Gusyge —V-1-F

5 7ol s (S 35 55105 T ol BgSe528 (sl o 5 4055 4 xS o o
CodS Zoled jo 5 (Sabeldl asls RO SRV § o 9 demlne (olendisSo s sla il )l
Gloasis cdS 3 owyp 390 g dmslie Gomeld] O ojlailinl jlre s> cdale b ailseg, O
30 o150 g ol5pme; Jelge LS| g pumo s GIS 3810 5 5 eolawl b ailsog, ol jo jolic claléya
8,5 8 Jelo g a3 950 bl jolie 1Sy

MYV 39,0l iy, b Sligw, PH 5:Siles 5 a5 ailoo AEY ailsog, ol PH (il

sl Plosl JJs 4 Vil Slge, 4 Sand b3y, ST PH Glee 09 Vb ol oo i



ol 5 (50t i o

Cawd iyl Cooms a5 anddllas 8,90 adlate CawaVl 5ol oo ail3og, Ol jo Sal lKiw g ail,S
slaSal Y wjlu) oS slaggeis ) jidw geis; Jdot Wlg ga pal pl0gh 00 o5 PH e
308 Wile g of Wile o3y geis) g jeax g CewsVl 3 (gl GlaSal 5 )l @nli S
il aslllas 3590 ddlate Sewdimmly 3 (gl 6P slavxly g (SBs

Sroes & &lyS ) ol slaasly dg> Cessiml S 4wtV Sl aSGl 4 a2g L
5t ol 0 EC polie b oo Sial38l Cand ol Cons 40 CewdVL 51 EC e cib oo yuis
M2 3555 5 sr3 5 Sol slasiile gog Pl Wlgiee o] Jds o5 wilbie Sl
Al axlllas 5,90 ddlats 1o ol ooltwl (g3,5liS glasgS § oling,

alo,S o basges YIVE o Ol ojlud) g ood od pund ol loges 5 solitul b ailsog, ol o5
8 e alS 63, 45 55,4l ailiag, Clail s SedS Ly S o badiges FUYE 5 5 ot
il o sl GaSal g laiyyle  auli,S GlacSal Y wile aily,S clgFimw 5l ks a5 5l
65908 L3 5l g 009y Jgud B e3game yo opd Sl 5l g jal ailiog, O el pl Lo el
355 0 )18 Lawgie 5 93 Slaog 550 (S WLy ol SL0)

g b 5 il (Folsn 0g,al ailog, Ol (cand 0aisS 58 Lol ole e logad (bl
4 S 5 2o ldlgs CodsST)T g CndS (ongsd lelS 4 Cand 05,4l dilog, O
S sl cou a0 oyl 4 Cand diges do o /Y g gldl Cov cudle g en ) SlslS
55l

DL 1y e 5 Wl (Kiad sy 5 ol Sl €SS S s b S S Cglan

il S SI Cglan i s baiygy ol cdale (oYU 3l s 4 Wlgh oo 45 ans oo



ol 5 (5 amst ip Jo

LT S e Lt oaimslis Ylatol a5 ans oo lis Cotte  Sirod Sl S o 9 Sliwd b o juie
ooy lis Yo a5 wims o plis Stacod 18 b a5 05 coaons (g coandS 0Bl o
Ol abige g3dse ol 0aiS anb adlate ;3 (53T SUlS (e S92y 5 el S it Lita

il o il g Latapn sainoy i a5 ans e ls5 e (Siaad oS L
>l Jomly US55 o8l ) paeasls gy, ome polis clile iSile 355al ailsog, Ol o
seralim wliog, ol o oy cile Sile 5 WHO, 2011) Sowelsl o1 s laibisl 5l
5o, FYIPY o sgjale ailsog, of g abboe Sowmelsl O sl o> 51 YL (VV/EY ppb)

ML*‘SA céjﬂ D LY L(boli..w.:l

39 abla 4ilB0g) Wligw) CadeS 4 by po Olalllao (guss o -Y-1-7

Sl e o She Jelse g polie o bls)l g G Judod g a3 lp Slgw, cou o
s 3235 00litnl a1l 5 pandS BlisS o T olge EC PH wsla, 55T 4 oyl (5,50l
Jaloxs) s bl ks 5 4525 b 5 EF SQGs PLICF dgeo wile il slaasls 5l asli b
3o polie chlege gloaiss ol a3, og,al> aldog, Glgw, CodS vy p 4 (ol adie
2 A5 Jelse 5 dmlio Slguy 5 O 5o polie 1381, Slnds Wiy 0008 a0l atilea Slga,
235 syt 5 o Wl il pas by (pigenan

Sopgeis) jgax wibe oll8 Hlai pl 5l as AT 05 jal> b3y, (o Slgw, PH (.Sl
b oo Eadge opl oS agl adlaie o )b g Sal

Yo NAA PSICM Sligas, EC paSilis ams sod Lt anlllas 5,00 ailae o |, ols Wy, Slgw, EC

a4 (9,4l b londs W 5 cdidpmon slimg,) S13 olftus] ;0 EC lime o yiin il oo

Y.



ol 5 (50t i o

ol olSs! cpl 4y sy, OB 34,9 9 (5 s Wil 0929 o

@) 99,8k wlogy Ol obj ey 5 (oulidiine) ooy G99 Omly Jelo & dilaie Slige, 2l
asls o 5 clawle JsI,5 slale Jsl,S oJsl,S ol Lols (e yio fygebes YV o YT+ VL
Sbbos (B anle g (Jol 5 (B awlo ( JlF

Cdld Lo @ olge cpl jpas 4 abl o o yd LAY 0y al> dilBog, Sbsw, o JT olge 1 SKile
394k ails0g; Sligay 50 el Sl S G:Siloo ity oo dilog; SLLI o Sl 092 5 (6555L8S
Golfinl o 0T 2alS Jy o)l cols wig, ailisg, yams 1 ol Slymis a5 il oo duo,s YT
g Ladis] SleSim (yyeis; byaS Sl S s 4 Sl

e 003 o (L Cote (Shan (0l 5 poresls )T (S L e 4T B (LA (Sien @l
il oo LT S e Late saumoylis a5 ol lis Cuie Stced 69, b 3w

YL o el alsog, gy 4o (4137 MOIKY) paroslS o (YAIFA MOIKG) oo polie clile .Sl
Ol el Slez Slgw; 5o NV MOKG 512 MOKG o 5 @) olie (nl cdile (2 SLs
9 AMY - mglkg (g, NYIEY MO/KG o « YYYA MalKg oyol « YA/-Y molkg JS6 polie cdale
YY  FVee e mglkg c OY MOKg cus b a) olie opl cdale (oSSl 51 500l Y/29 mO/KQ pg S
S YL bedigad 5l > 50 (g9, cdale Lol ceanl Slez lga, ,o (VY mg/kg 5 40 mg/kg. mg/kg
Lol Sl Sl ) (55, chale (5 Sile

s3a ol b s a5 asl e ailsog, OF 5l VL o9 el ailssg) Cgmy j0 S Sl (e
2 (G o8 g Scieds i@)S Wilo) ba ok (geis) 929 9 (GBS o8 ijle () Lo )S Wil
Ll PH e3gams 5 yolis l (5)58gmy a1 e I3 5 (5 iy JDlosl SIS a5 5 aiais

il oo (AN F-AIVA) ailssg, o]



ol 5 (5 amst ip Jo

P95 some (JS 4 S SDlgus) a5 8ls (lis Slgw; )3 yolie (Fadgé cuyd (Sl Slaslo
SxbE pseoolS 5 Vb sl (Sod b e azgi BB (Sad 8 (g5 chrwgie Sabge ool
s o olis 1) YU caly o

yolie & G 5 langie ( Sogll cpgaeols’ 4 Cud Sligas, (Sililipe) pasls dlme ol 5
il oo (Sogl 3 (595 5 e 0 p9,S < S

P35S 5 ool iS5 e 1SS polis & Cond Sligesy el ey (Fogll i GeSilee bl
bl s o Gl 1)z BB (Sogll pgeasls 5 lawgie (Sl pe il (Sogll sl
) Sl jlas ST G 009l 1 sy 3590 yolie a4 Cond dilaie Slgas, 00l ZMlol  Sogll ax o
i 039)] dilain Slgas, o o5l b el ulul 5 axtl e o

o S50 polie Shle oS 38 le Gl o0 SQBS o) CodsS aPlh @ azg b IS job &
59l (Jlezx i5e clale) PEC Sl ladiged adS o (2l 5 09,8 ¢SS pgrasls e g3 )
SIS Dlsgzge 6 NT Il Jleiol ao gy Sy polie CLlE &S U5 g e g 03,55
] 00 5

adlgo 90 ;0 1) bools bl cpl ol slosl Ggu,y puSw Ol3s slassls g9, » Lol (sadlie Judo -
S8 peo sadie o pxie 2o o YYIVY 5 ol gadlin jo baymie ao )0 T4/VY a5 5 57 (gassaius
S5y 5wy yolie Jols psd adlie 5 pgedlS 5 UK ps,S ol ¢ e polie Jols Jl adlze ol

RV

lh.bl.w -Y-¥
b Slegoge b 6‘;7 Sladsd adhio 0 Jasredns ) Olallas 040 45 a>g5 b aS oo)fsa Slgion



ol 5 (50t i o

Loty Olils clice 5 380 crund jelatods ail30g, Slga, 5l has (5,00 diges -
(Slee gl (g 5l eolatwl b Slgaw, jo yolie (6 pdy wyiws (2b3,l -
AlBog; 50 sl Slogrge p oK I8 Sogll 56 oy -

Aoy, Sligw, g ol (Sogll (2als cuz )5 i pae by, byl s oy -






&lw

bzl

oo o oSty Slanl Jl lr M s el ol Jgol! (YA  psie (50
¥

gl Sdxe SllasST g cwlid iy lole ‘"Qlﬁ.’: bl s (\YPD) & gl...:bi

S (Gae SBLaST g bt Slele psm lr M Glnl (owbbimes™ IYAT) e SLSET
DAF o o) 5

Olioms sl DBl 5 OT (5155 Mg jali ailseg; (S GRb" YA d (b jpate g S bl
N e

F8 gy Oylie FAY il ‘"L:ac\.;bloa) eYbogs e b Slallae LgLQ.;.m‘)" (YAN) o 28y
'@]391&)@96“4%

Olosl Sl g pame e D5y MogS g b (cwlidiney Al 5" (VYAY) o aten
s il e BLEST 5 olidiopee)

b ohaisle ailsog, i (S Camdg oy n VYAY) ¢ (el g oy (68 @ Lo y98 o sholyn
s A L s Lo i et ialed aegd NSFWQI asls jf eoliz

b Sligesy 5o S S (Sogll bl a4l (Ll COYAA) G gobl i o5
pole oasails Mol Jlaim! Lide a5 (Sl 5 Sy pol) oym 4K Byl Jolgun
29,0l daio olSiils (s

waass oBislel 5 Gioled Grege (ladilog; oVboss sladae g (VYAA) o pusld)s



5 o0 odlpl ez Moin ) e (waige” OYAY) @ W gla 5 50 95, om0 o
Dl339; ymy Sliguy 30 S polie Lite g Clile ()" (1YAD) g (bS5 o (SBolo b5

DV-FY o A 0,90 o oLy s ) bruxo (6598 98T pole almo M og i

(p3edlS g et 159y s y) e D38 (Fogll o) 2" COYA) oy (GBS 5 0 Sl o 2l
ol gl Copae Gul,AS ez MALEL GlSE e )*’l-’ 5 Sud)y wezyy Aoy, 4o
Oytd A L Syl sirio olEisls

AAY o S el Ll " o o] ool o 3" (VYAD) g 005 g0

Mal3ag, 2Yhost e olFaus 5l 89, dubw ailag, Ol CuaS anlllas g oy (VYAR) d 05555 0
Ol Vo ey base pwiige (paasS Giules (o)l

Ml 5 Ol &l aiar (o el slx 4 PCA 05500 ow) " (VYA B Jlgyele 5 o bjlms
Yoo o eolioms il MO 5 LT o8 5

Soslil ISl 5 02l ailsog, Of a1 YY) o) palaas 5 1 (BLS (5 ot
A o i pole lems )T eeSs 5 o 55T 5 b B)las gl O]

G 3 Jaume 00Sipgyy ¢ Jaore oy slaolailiwl" (OVYVY) oyl ) Cans ) lae cbla> ol
X8 o e yde San iy olBils

olioms 6wl (O FAR) ¢ liams il (g Lel aslils

anlllas) alizes slopds, 5l eolinul b (glailrog, lae gusy 0)1 0" «0¥A) o] (LSLe 5 0 Jlos
Oledol V(o sl quiige 5 pole (Lo Gialen et M(og Al s5ul ojg> 169,50

A P 5ULO; f.asb olKislo g.;‘)Lw.u‘ P9 uL> " ‘Sdlaa.hﬂ ‘S'NLU"’OM)" (YA i )?UL?(“’



o2 Ol osipke Sl qwid olr M (omeip GLOT) OT gl g e (1WAP) o cilaw
YA

NFY Lo wgeion ¢3imme Ol el " Sasmelil ©f catns™ (1TYY) (§ so9e

V0 o o)l oRiils ol jlazsl ¢ Jol ol "‘slamw) b..wl.u...wu*o)" OYAY) O luas

J9205 4zl o gl Camj e p Gldl slacdlas 56" ((VYAR) ) (e 5 & 5,08
AV leyS e 2olS d)LﬁT S ool yor o patd ‘"Q‘ﬁ-.’.)"

2 Al geis, slaaiile 56" (OT) 0 Wl Lheg 5 | STi> w0 Lolas o esljenls
obdime; oS et M OSAS ailhog) Ol kS n (e g plhle glauwadl
29,8L0 (aio o8ails Ao o) Lazme g (cwiigs

Sl oBws 5l ogjal> iy, O (5598 1als slo Kal; (o) " ((VFA4) & (om g o gl 08
o & 2 il pot cmiitn oke 0,555 cymonic "RS § GIS 5l ealiil L

Sligesy 3 oS polis cilogludl (ol e 3,51 0" COTAY) o (gmo 5 il g (ols)S
ohaly B o wdlag Jo Gislen pessil Mg x> ailsog,

3 i polie oliond SUSE byy (o OITAA) d Wgel 5 ¢ gaims (o g (mb)S
Ol 2T e Copae (ool <555 (3155 Mog el alsg, (Sogll el

(sl S Saliag, ol cuS 5 (mj a3l 351" YA o Ll g 0 gl o JLoS
Sl5T olSails (WU almo M(g3aS ol Dl malsr aliwgy Lol pliw s sisle 5 Jogais)
AV o ) 0,90 F o,leds clgal axly oDl

e Sl amacen s 5 pleerdsss 2l OTAN) o (e (B> 5 Lz (gomsld i gl S

FEXD o YV 0,50 AD o lads (w0 pake Ao " 5T b 5| Jols oSl



FOV ol el L 5 Ko e oo ol " sngas (535, (1YAS) e (53

Dass N olend g (Sopd sl Sy - gowelsl O (VYA O OY flpl e o lailiwl dvaste
N8N L iy

olzils whlinl ety Slr eg (B9 5B e anz 3 1 (oowbigh] Jgol (VWAY) oS o 5 0 (gs
BYY Lo ol

oY bl

Abrahim G.M.S., (2005), Ph.D. Thesis, “Holonce sediment of Tamaki Estuary:
Characterisation and impact of recent human activity on an urban estuary in Auckland,
New Zealand”, University of Auckland, New Zealand, pp. 361.

Ahmad M.K,, Islam S., Haque M.R. and Islam M., (2010), “Heavy metals in water,
sediment and some Fishesos of Buriganga River, Bangladesh”, Environmental
Resourses, 4, pp. 3121-322.

Akcay H., Oguz A. and Karapire C., (2003), “Study of heavy metal pollution and
speciation in Buyak Menderes and Gediz river sediments”, Water Research, 37, pp.
813-822.

Anderson M.J., Daly E.P., Miller S.L. and Milford J.B., (2002), “Source apportionment of
exposures to volatile organic compounds: 1. Application of receptor models to team
study data”, Atmospheric Environment, 36, pp. 3643-3658.

Andy H. and Khaled A., (2009), “Heavy Metals Contamination in Sediments of the
Western Part of Egyptian Mediterranean Sea”, Australian Gornal of Basic and Applied
Sciences, 3, pp. 3330-3336.

Bellos D. and Sawidis T., (2005), “Chemical pollution monitoring of the River



Pinios(Thessal- Greece)”, Environmental Management,76, pp. 282-292.

Binning K. and Baird D., (2001), “Survey of heavy metals in the Sediments of the
Swartkops River Estuary, Port Elizabeth South Africa”, Water South African, 27, pp.
461-466.

Bowen H.J.M., (1979), “Environmental Chemistry of the Elements”, Academic Press,
New York.

Bradl H.B., (2005),“Heavy metals in the Enviroment”, Academic Press, New York, 6,
pp. 283.

Chakrapani G.j., (2005), “Major and trace element geochemistry In upper Ganga river in
the Himalaya, India”, Environmental Geology, 48, pp. 189-201.

Derver J.I. and Hurcomb D.R., (1986), ‘“Neutralization of atmospheric acidity by chemical
weathering in a alpine drainage basin in the North Cascade Mountains”, Journal of
Geology, 14, pp. 221-224.

Dickinson w.w., Dunbar G.B. and Mcleod H., (1996), “Heavy metal history from cores in
Wellington Harbour New Zealand”, Environmental Geology, 27, pp. 59-69.

Duruibe J.O., Ogwugbu M.O.C. and Egwurugwu J.N., (2007), “Heavy metal Pollution and
human biotoxic effects”, International Journal of Physical Sciences, 2, pp. 112-118.
Eby G.N., (2004), “Principal of environmental chemistry”, Massachusetts, Lowell,

Thomson, pp. 514.

El Bouraie M.M., El Barbary A.A., Yehia M.M. and Motawea E.A., (2010), “Heavy metal
concentrations in surface river Water and bed sediment at Nile Delta in Egypt”,
Suoseura Finnish Peatland Society, 61, pp. 1-12.

Environmental Canada, (1990), “Sediment Contamination”, Ott awa, Canada.

Facchinelli A., Sacchi E. and Mallen L., (2001), “Multivariete statistical and GIS- based
approach to identify heavy metel sources in soils”, Environmental Pollution, 114, pp.
313-324.

Fariey R., Long E.R., Roberts C.A., Anderson B.S., Phillips B.M., Hunt J.W., Puckett H.R.
and Wilson C.J., (2001), “An evaluation of methods for calculating mean sediment
quality guidline quotients as indicators of contamination and acute toxicity to amphipods
by chemical mixtures”, Environment Toxicology chemical, 20, pp. 2276-2286.

Feng Peng J., Song Y., Yuan P., Cui X. andQiu G., (2009), “The remediation of heavy

ARA)



metals contaminated sediment”, Journal of Hazardous Materials, 161, pp. 633-640.

Ficklin W.H., Plumlee G.S., Smith K.S. and Mchugh J.B., (1992), “Geochemical
Classification of mine drainages and natural drianges in mineralized areas”, In Kharaka
Y.K. and Maest A.S. (eds), Water-rock intraction, Balkema, Rotterdam, 7, pp. 381-384.

Folk R.L., (1954), “The distinction between grain size and mineral composition in
sedimentary rock nomenclature”, Journal of Geology, 62, 4, pp. 344-359.

Gibbs R.J., (1970), “Mechanism controlling world water chemistry”, Science, 170, pp.
1088-1090.

Gomez-Parra A., Forja J.M., Delvalls T.A., Saenz I. and Riba I., (2000), “Early
Contamination by heavy metals of the Guadalquivir Estuary After The Aznalcolloar
Mining Spill (SW Spain)”, Marine Pollution Bulletin, 40, pp. 1115-1123.

Goorzadi M., Vahabzade G.h., Ghanbarpour M.R. and Karbassi A.R., (2009), “Assessment
of heavy metal pollution in Tilehbon riversediment”, Journal of applied sciences, 9 (6),
pp. 1190-1193.

Gundersen P. and Steinnes E., (2003), “Influence of pH and TOC concentration on Cu, Zn,
Cd, and Al speciation in river”, Water Reserch, 37, pp. 307-318.

Hadadan M., AfshinZadeh A.M. and Chaichi Z., (1994), “Geological Map of Semnan
Province”, Geology Survey of Iran.

Hakanson L., (1980), “An Ecological risk index for aquatic pollution control a
sedimentological approaches”, Water Research, 14, pp. 975-1001.

Heiri O., Lotter A.F. and Lemcke G., (2001), “Loss on ignition as a method for estimating
organic and carbonate content in sediments: reproducibility and comparability of
results”, Paleolimnology, 25, pp. 101-110.

Hem J., (1985), “Stady and Interpretation of the Chemical Characteristics of Natural
Water”, U.S Geological Survey Water-Supply Paper, 2254, pp. 272.

Hhuizenga J.M., (2004), Ph.D. Thesis, “Natural and anthropogenic influences on water
quality: an example from rivers draining the Johannesburg Granite Dome, MS”, Rand
Afrikaans University, pp. 83.

Honslow A.W., (1995),“Water Quality Data: Analysis and Interpretation”, firsted,
Lewis Publishers, pp. 397.

Huang K.M. and Lin S., (2003), “Consequences and implication of heavy metal spatial

VY



variations in sediments of the keelung River drainage basin, Taiwan”, Chemosphere,
53, pp. 1113-1121.

Ibrahim Korfali S. and Davies B., (2004), “Speciation of metals in sediment and Water in a
river underlain by limestone: role of carbonate species for purification capacity of
rivers”, Advances in Environmental Research, 8, pp. 599-612.

Kabata- Pendias A. (2011).“Trace Elements in soil and plants”, 4rd ed, CRC Press, Boca
Raton, pp. 534.

Kabata- pendias A. and Mukherjee A.B., (2007), “Trace Elements from Soil to Human”,
Springer-Verlag Berlin Hedelberg, pp.561.

Kalbitz K. and Wennrich R., (1998), “Mobilization of heavy metals and arsenic in polluted
wetland soils and its dependence on dissolned organic matter”, The Science of the
Total Environment, 209, pp. 27-39.

Keller C., Kayser A., Keller A. and Schulin R., (2001), “Heavy- metal uptake by
agricultural crop from sewage sludge treated soil of the upper Swiss Rhine Valley and
the effect of time. In: Iskandarl k (ed) Environmental restoration of metals-
contaminated soils”, Lewis Public, Boca Raton, FL, pp. 273-291.

Liu H., Probst A. and Liao B., (2005), “Metal contamination of soils and crops affected by
the Chenzhou lead Zinc mine spill (Hunan, China)”, Science Total Environment, 339,
pp. 153-156.

Loska K. and Wiechula D., (2003), “Application of principal component analysis for the
estimation of source of heavy metal pollution in surface sediments from the Rybnik
Reservior”, Chemosphere, 51, pp. 723-733.

Loska K., Cebula J., Pelczar J., Wiechula D. and Kwapulinski J., (1995), “Use of
envrionment, and contamination factors together with geoaccumulation indexes to
elevate the content of Cd, Cu and Ni in the Reybnik water reservior in Poland”, Water,
Air Soil pollution, 93, pp. 347-365.

Macdoland D.D., Ingersoll C.G. and Berger T.A., (2000), “Development and evaluation of
Consensus-Based  Sediment Quality Guideline for freshwater Ecosistem”,
Environmental Contamination Toxicology, 39, pp. 20-31

Marghade D., Malpe D.B. and Zade A.B., (2011), “Geochemical characterization of

groundwater from northestem part of Nagpur urban”, Environmental Earth Science,

AR



62, pp. 1419-1430.

Mcgrath S.P., Shen Z.A. and Zhao F.J., (1997), “Heavy metal uptake and chemical changes
in the rhizosphere of Thlaspicaerulescens and Thlaspiochroleucum grown in
contaminated soils, plant”, plant and Soil, 188, pp. 153-159.

Miller S.L., Anderson M.J., Daly E.P. and Milford J.B., (2002), “Source apportionment of
exposures to volatile organic compounds. I. Evaluation of receptor models using
simulated exposure data” Atmospheric Environment, 36 (22), pp. 3629-3641.

Muller G., (1969), “Index of geoaccumulation Mullen sediments of the Rhine River”,
Journal of Geology, 2, pp. 108-118.

Ostroumov S.A., ( 2004), “The Effect of Synthetic Surfactants on the Hydrobiological
Mechanisms of Water Self-Purification”, Water Resources, 31, pp. 546-555.

Ouyang Y., Higman J., Thompson J. and Toole T., (2001), “Characterization and spatial
distribiution of heavy metals in sediment from Cedar and Ortega rivers subbasin”
Contaminant Hydrology, 54, pp. 19-35.

Paneer Selvam A., Laxmi Priya S., Banerjee K., Hariharan G., Purvaja R. and Ramesh R.,
(2011), “Heavy metal assessment using geochemical and statistical tools in the surface
sediment of Vembanad Lake, Southwest Coast of India”, Environ Monit Assess., 184,
5899-5915.

Piper A.M., (1944), “A graphical procedure in the geochemical interpretation of water
analysis”, American Geophysical union Transaction, 25, pp. 914-923.

Prathumratana L., Sthiannopkao S. and Woong Kim K., (2007), “The rationship Of
climatic and hydrological parameters to surface water quality in the lower Mekong
River”, Environment International, 4, pp. 860-866.

Roger L.O., Rick W. and Chappell J.C., (2012), “Water quality sample collection, data
treatment and results presentation for principal components analysise literature review
and Illinois River watershed case study”, Water Research, 46, pp. 3110-3122.

Sakar B., (2002), “Heavy Metal in the Environment”, Marcel Dekker, New York. Basel,
Inc, pp. 743.

Shrestha S. and Kazama F., (2007), “Assessment of surface water quality using
multivariate statistical techniques: A case study of the Fuji river basin, Japan”,

Environment Modelling and Software, 22, pp. 464-475.

\YY



Singh K.P., Mohna D., Sing V.K. and Malik A., (2005), “Studies on distribution and
fraction of heavy metas in Gomti River sediment- aturbitary of the Ganges, India”,
Analytica Cheimica Acta, 538, pp. 355-374.

Skoulikidis N.T., (1993), “Significance evaluation of factors controlling river water
composition”, Environmental Geology, 22, pp. 178-185.

Stoffers P., Glasby G.P., Wilson C.j., Davis K.R. and Watter P., (1986), “Heavy metal
pollution in Wellington Harbour”, New Zealand Marine and Freshwater Research,
20, pp. 494-512.

Sutherland R. A., (2000), “Bed sediment-associated trace metals in an urban stream, Oahu,
Hawaii”, Environment Geology, 39, pp. 611-27.

Takeno N., (2005), “Atlas of Eh-pH diagram”, National Institute of Advanced Institutrial
Science Technology Research Center For Deep Geological Enviroments”, Geological
Survey of Japan, Open File Report. No. 419.

Todd D.K. and Mays L.W., (2005), “Ground water hydrology”, 3rd ed, jhon Wiley and
Sons, New York, pp. 636.

Turekian K.K. and Wedepohl K.H., (1961), “Distribution of the elements in some major
units of the earth crust”, Bulletin of geological Society of America, 72, pp. 175-192.

US EPA, (2006), “Urban strom water preliminary data summary water”, epa.Gov/
scitech/.../ 2006 10 31 guide storm water usw_ b. pdf.

Valerie C., Rudy S. and Jiska V., (2004), “Assessmen of acid neutralizing capacity and
potential mobilization of trace metal from land- disposed dredged sediment”, Science
Total Environment, 333, pp. 233-247.

Vikram B., Dhruv S.S. and Singh K., (2010), “Water quality of the ChhotiGandak River
Using Principal Component analysis, Ganga Plain, India”, Water quality, pp. 11.

Voral M., (2011), “Assessment of heavy metal contamination in sediments of the tigris
river (turkey) using pollution indices and multivariate statistical techniques”, Hazadous
Materials, 195, pp. 355-364.

Wang L.k.,, Hang, Y.T. and Shammas N.K., (2005), “Physicochemical Treatment
Processes”, Environmental Engineering, 3, pp. 731.

WHO, (2011), “Guideline for Drinkig-Water Quality”, World Health Organization, 4rd
ed, pp.564.

\YY



Wilcox L.V., (1955), “Classification and use of Irrigation Water”, Us Department of
Agricalture, Issue 969, Washington D.C, USA, pp. 19.

Woitke P., Wellmits j.,, Helm D., Kube P. and Litheraty P., (2003), “Analysis and
asseeement of heavy metal Pollution in Suspended Solid and sediments of the River
Danube”, Chemospere, 12, pp. 633-642.

Wisconsin Department of Natural Resources, (2003), “Contaminated sediment Standing
Team”, WT 732, Washingtin, D.C.

Xiaoyun F., Baoshan C., Hui Z., Zhiming Z. and Honggang Z., (2010), “Assessment of
river water quality in Pearl River Delta using multivariate statistical techniques”,
Procedia Environmental Sciences, 2, pp. 1220-1234.

Yi Y., Yang Z. and Zhang S., (2011), “Ecological risk assessment of heavy metals in
sediment and human health risk assessment of heavy metals in fishes in the middle and
lower reaches of the Yangtze River basin”, Environmental Pollution, 159, pp. 2575-
2585.

Yinghong F., Chunye L., Mengchang H and Zhifeng y., (2009), “Enrichment and Chemical
Fraction of Copper and Zinc in the Sediments of the Dalio River System, China”, Soil
and Sediment Contamination, 18, pp. 688-701.

Yujun Y., Zhifeng Y. and Shanghong Z., (2011), “Ecological risk assessment of heavy
metals in sediment and human health risk assessment of heavy metals in fishes in the
middle and lower reaches of the Yangtze River basin”, Environment Pollution, 159,
pp. 2575-2585.

Zourarah B., Maanan M., Robin M. and Carruesco C., (2008), “Sedimentary records of
anthropogenic contribution to heavy metal content in Oum Er Bia estuary (Morocco)”,
Environmental Chemistry Letters, 7, pp. 67-78.

\Y¥



Abstract

Hablehrood River is one of the main rivers in Semnan province with three branches; Namrood,
Goorsefid, and Delichay. In this study, the concentration of heavy metals (lead, zinc, copper, iron,
chromium, nickel, and cadmium) was evaluated in the water and sediment samples of the river
(Branch Namrood to Dalichai). In order to measure the physicochemical properties, heavy metals
concentration, water quality parameters (concentrations of major cation and anion, pH, EC), 15
water and 15 sediment samples were collected. In terms of geology, Cenozoic and Mezozoic
sedimentary rocks have outcrop in the study area. The results of water quality investigations
showed that the quality of water in Hablehrood (branches Namrood and Delichay) was influenced
by carbonate and evaporate outcrops of the region. Interpretation of water quality data reveals that
main hydro-chemical type of water is bicarbonateand the face is calcic and magnesic. Water is
classified as very hard. Water is in the range of moderate and good for agricultural and Acceptable
for drinking. The pH indicated alkaline water. Saturation Index of the samples was under-saturated
with regard to halite and gypsum while it is over saturated by calcite, dolomite, and aragonite. The
heavy metals in river water samples showed that among the target elements namely lead, zinc,
copper, iron, chromium, nickel, and cadmium, the level of lead in some stations was higher than the
standard limit for drinking water (WHO, 2011). Sedimentology studies revealed that sediment
texture varies from gravel to sandy mud along the river. Average organic matter and carbonate
calcium in the sediments were 0.93 and 3.13 percent respectively. Lead and cadmium levels in the
sediments of Hablehrood were higher than the world sediments average. Enrichment factors of Pb
and Cd were higher than the other elements. Geo-accumulation index showed amoderate pollution
by cadmium. Pollution factor indicated average contamination of lead and significant contamination
of cadmium in sediments. According to modified contamination degree, sediments of Hablehrood
are none-contaminated to low-contaminated but not contaminated base on pollution load index.
Sediment quality factor revealed that the concentrations of these elements in sediments did not
reach to the probable effect level to affect the benthic organisms. Result of statistical analysis
demonstrated that the origin of copper, iron, cadmium and chromium are mainly natural and sources
of Pb and Zn are mainly anthropogenic.

Keywords: Hablehrood River, pollution, water, sediment, heavy metals, Semnan.
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