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EXTENDED ABSTRACT

Introduction: Rivers are considered as a vital resource for mankind from the past to the present
day.Considering the ever-increasing population, industrial developments and the expansion of
modern urban societies, it is expected that the rivers located near densely populated urban and
rural areas to be in danger of destruction due to a large part of urban, rural, domestic, industrial
and agricultural pollutants to the sources of surface and groundwater in the riparian and
riverside more than any other water ecosystems. On the other hand, regarding Iran's arid and
semi-arid climate, the use of sediment qualitative indicators in research and investigation is
crucial in order to predict, evaluate and provide a sustainable solution for controlling the amount
of pollutants and also improving the quality of river water. The Karaj River is one of the main
freshwater and energy production resources in the region, which plays a vital part in creating
an ecological balance in parameters affecting the quality of this water ecosystem. The purpose
of this research is to measure the concentration of heavy metals in the sediments of the river
bed and to evaluate and analyze it using Geoaccumulation index and Enrichment Factor, which
led to the suggested solutions in order to avert and control the further spreading of pollution.

Material and Methods: In this research, nine stations were selected based on the land use of
the area. The sediments of the river bed in each station were sampled. Sediment samples were
prepared and later transferred to the laboratory and the total concentration of heavy metals was
measured by Inductively Coupled Plasma Mass Spectroscopy (ICP) device.

Results and Discussion: The results obtained from the measurements using the mentioned
indices assessed that the level of heavy element pollution is relatively low in the Karaj River.
Nevertheless, part of this slight pollution is related to human activities such as road
construction, tourism and the leakage of local runoff and sewage into the river and its riparian
zone, which led to the increase of the Geoaccumulation of elements including copper and
chromium to the numbers of 1.01 and 1.96 in downstream stations P8 and P9, respectively.
Also, the highest average amount of Geoaccumulation for copper in 9 sampling stations was
0.23. On the other hand, these anthropogenic activities have significantly increased the arsenic
Enrichment up to 17.81 in station P4 and the average Enrichment Factor of Arsenic in 9
sampling stations up to 13.12. But since each heavy element has its own unique nature, part of
the quantity of the pollution present in the sedimentary environment of the river is related to
natural factors, geology, soil erosion and weathering of riverbed rocks.

Conclusion: The process of changes in the amount and distribution of elements in the
sediments were compared and the factors affecting their alignment or mismatch were discussed
and researched. Generally, the results of this research show that the Karaj River, taking into
account the Geoaccumulation index and Enrichment Factor, has negligible contamination of
heavy metals in the riverbed sediment. However, the trend of index changes along the river
route shows the direct effects of destructive human activities in the region.

Keywords: Concentration of heavy metals, Sediment pollution, Geoaccumulation Index,
Enrichment Factor, Karaj River
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Table 1. Classification of sediment pollution severity based on Geoaccumulation Index (Muller, 1969)
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Fig. 3- The maps of heavy metals’ concentration changes along the river
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Table 3. Geological map guide

GEO

UNIT DESCRIPTION AGE AGE_ERA
COm Dolomite platy and flaggy limestone containing trilobite; sandstone and shale (MILA FM) Cambrian PALEOZOIC
Ea.bv Andesitic and basaltic volcanics Eocene CENOZOIC
Eav Andesitic volcanics Mlddrllf;Eoce CENOZOIC
Ebvt Basaltic volcanic tuff Eocene CENOZOIC
Ed.at Dacitic to Andesitic tuff Eocene CENOZOIC
Ek Well, bedded green tuff and tuffaceous shale (KARAJ FM) Eocene CENOZOIC
Ek.a Calcareous shale with subordinate tuff (Asara Shale) Mlddlllz.Eoce CENOZOIC
Ekgy Gypsum Late.Eocene =~ CENOZOIC
. o . Middle.Eoce
Eksh Greenish-black shale, partly tuffaceous with intercalations of tuff (Lower Shale Member) ne CENOZOIC
. . L Jurassic-
J Light grey, thin - bedded to massive limestone (LAR FM) MESOZOIC
Cretaceous
. . . S o L Early.Cretac
Ktzl Thick bedded to massive, white to pinkish orbitolina bearing limestone (TIZKUH FM) cous MESOZOIC
MT’S’ Marl, calcareous sandstone, sandy limestone and minor conglomerate Miocene CENOZOIC
P Undifferentiated Permian rocks Permian PALEOZOIC
. . . . . . . . PreCambrian PROTEROZOIC
pC-Cs Thick dolomite and limestone unit, portly cherty with thick shale intercalations (SOLTANIEH FM) = Cambrian  -PALEOZOIC
pCk Dull green grey slaty shales with subordma.te intercalation of quartzitic sandstone (KAHAR FM; PreCambrian PROTEROZOIC
Morad series and Kalmard Fm)
Pd Red sandstone and shale with subordinate sandy limestone (DORUD FM) Permian PALEOZOIC
Pr Dark grey medium - bedded to massive limestone (RUTEH LIMESTONE) Permian PALEOZOIC
Qft2 Low level piedmont fan and vally terrace deposits Quaternary CENOZOIC
Qs,d Unconsolidated windblown sand deposite including sand dunes Quaternary CENOZOIC
. s . s . . Early-
thick bedded grey o'olitic limestone; thin - platy, yellow to pinkish shaly limestone with worm . .
TRe tracks and well to thick - bedded dolomite and dolomitic limestone (ELIKAH FM. ) Mlddsliec.Trlas MESOZOIC
Triassic-
TRIJs Dark grey shale and sandstone (SHEMSHAK FM.) Jurassic MESOZOIC

&y s Ly aoys ol P6 o PS5 P4 oo oSl
ol Jlss a9 olel dabing, jga> cde 4 astine
LP7 oKias!) jo oyls )13 o ol 5 Jol> sl (Sogll
5 S el S (5 4zl 5o il il jeao 4 a4z
£5 izt 5 1o o 5| Jole Saislyer sla 5oy
oole col&in! T ;o (Eksh) jew 0 ble obow Juds Ko
Gao,0 VO iolidl aads pl Slgw, ;0 9440 k;—‘ <
P8 o] jo el aislo 095 CawaVl o] 4 S
LY L1 VAT e s JTesle JS 0oy olgs oo 3
Oidg SIS sk 4 g b s ye (Sl jpam gzmen
WIYE) 8, L PY oK) Ll oged mezg 2LS
6L‘° cLi'JM.ﬂ S als uL~‘° o |) )|)§ ‘_“JT Y O i

coti g slola, o Lol e 5l a8 s)ls 5,18, aiged

201y gl eaisS fpend s Sligus,y 5o JT (5 eole oyl e
a> » (Langmuir et al., Y-+ ) .o, laxo pH lads
ol Janome a5 Celine (pl @ il 5 ol b pH
rolie S35 Ol @SS Sl s g 00e
Bradl et al., 2005; Berkowitz et al., ) .ol oo S
eV Sieen T (s oole Jaie &l enis Logec (2008
a2y bojls adlate Cgu) 5 SISl 50 o) Gl b
dﬂ oole w0 P2 5 Pl sl oKiis] jo (F Jooz) @
Ol oo ) o Jedo g 009 bli o 51 5 ol b
Bl ;o phpl sy lo cdlid 5 LS (g 950aS
Sl oole IS soy0.0,5 b #,S (5 aildog, cwsVl
Ll Ll a5 P7 b P3 olSiy) 5 ibaie dig, G L

\FeY QL.W.A) f o)Le..fa AR 0,99 ~‘5!a,:;w P}l& asllad

AN



e 53,3 B

oole Lyialdl Lol Je slailsog, 4y 15565 slo oM
Nezami and) .ouil o yiws Sbgw, 50 JI
(Khodaparast,1996

@ a3l oo ailesg) 5l Al cnl 4 s 0ed sle SMLSL
SLla g 2l GB, (sl HllS ssg S jsb

3959 izred 3 O e (o2 9 b ale pulas 63T ()il

TS5 & Wog; Sligu 1o 4158 I ool J5 o yo -F Jou
Table 4. The total percentage of volatile organic matter in Karaj River sediments

(LOIX) 1,5 JT solo 5 o yo
Loss on ignition (%)

Glop digei b oK
Sampling station

6.83
6.40

8.62
9.38
9.55
9.09
10.55
7.90
11.26

P1
P2

P3
P4
P5
P6
P7
P8
P9

TS & 4oy, ) peeesls (SISl ey 5 lawgte

BV
oS (Sl oy el g0 PT g P2 sleolSins]
o 0 o5 6 5zl (Sodll Siblei a 005 09,5 sl )
P6 P5 P4 P3 Pl sl oSl )5 aily o oSyl 50
So g e G golael pg S EBlal ey (LS PR
b6 il o Bl al 5 o8 Fogll Sl o ooy
CawdVl lo Ly, sl cudled @ ol 0 SIS
3 Golw oy sl oS58 Sl ldas 5 P1 oS!
P3 slo ol (5 4l 50 5 S Sliws) s (il
Y pualsS a8 ylol (gl gy g (yrizean g P4
3 a5 PO oKl 9 PS5 o] cawdVl jo Yl
sl Culys 1o g 00,5 #dlg |y sliwg; (5 00g05xe
cge dihie oling, 5 (6,5X00,5 slo o Jled a5 P8
s 15,5 o0 Lil conys )5 g8 Silil e il
bl olas b 0 09,5 sl V/AF oLl oy LPY
50 odd LSS oo aS oyl 1y e YL (g 10 diges
BYs 5l g 00,8 o b hwgie Sogll (5 odg0mme
slo s @ olg (o0 eSS ey I

SN ey pB)l g olael Jols a5 (F JSC3) @ 495 L
polie (KLU mnj olime 0T 5 s a3l oo
Ll 2y Gk 4 (V Jgu) (o abib ulul 2 (S
IRV 4

Ol.iou.u." ) l-ér-’ Sy il 6‘)) ‘si».ml.u‘ Oy ua}l.m
03, 4o ollius] (l g 00gs IFY L ply g Cude (g00e P8
el aS a)ls 18 (S Sogdl 6 ail o Sogll son
Codled s agdlaie (o ofj iy sl oo dld 5l L Al
S s & Ll Bl o K505 5 lieg, sl
S 0l (oo OA L ply oy (SO (e (555
Dgd o Gk awd oS U b Sogll (5 00, 40
Oy P2 g P (slo olKis] 5l 1f 4y o oSyl colead jo
ahati g0 (pl ;0 g 00y shin o pgedls il
P9 Mb e YA L: ).g‘)._) r:y.oalf ‘;A.MJLAJ‘ O2R) u‘),ue
sl s 45 Ko 5 0 wgmie oS (S35 00500
o eSiln a8l a8, ol e kol Jle
-+/09 La )._)l).g 6)|o)..: Lgod Oli:.«n{‘ q Lg‘)'.’ wl.u‘ O2R)

Slr 05 U 52l (Sogll ¢ aib Silas o wal

\FeY QL.M) f O)Le.:a AR 0,99 ~‘5!af;u P;l.c asllad

Ad



it 51 35, Slogusy (Sl (fimo Jelos

Lorle g5 s albog; 5o e SELN (o) nSles
yais 4 &by, o5 Sogll Kby a5 asl o /VY
Slp Gy wges blas  oled 10 sowl caws 4 sluel
)‘ 43[505) as 0392 ‘S‘L».A M)T u...uLu‘ ) ua.’>L..u
Slr ol A 5o 5 oo bl e a3l
B oS bl Sogdl s e, yo S, yaie
50 S, | @ ailsog, ‘;oyﬂ Corog aS abl o - /FY
il o0 52l (Soall (ixy v (258

TS & albog, Job po 3K (Sl e e Lo
e (633 ol (5,0 diges o oKl ples o
$5ie pais & 05U ezl (Sogll ;Siles a8 onds (3138
SOk oo a0, Gk oy, i Slisw, Sl
bonle S @ albsg, 50 550 (SEalil e (Sl
e b_fa}ﬂ).la'.-’ a5l ails0g, 45wl oo -+ /Y'Y
355 o0 )18 )95 e s 03 0

d)L..?-‘ l.: 6)‘0).: 4)9,‘0.: ol.i..m_»‘ ﬁ )d U"DT (é_i,.ml.u‘ u.o_ﬂ)
Sogll 5l 2, 6 albog; 009 yho 5| yaS g0k
ol 05 oo sl o5 b ezl (Sogll s 00, 50 ol 4
o5 o 556 S o8l oty (KB (e ks
o mamssS T o al Sogll jlal o iy sla ol
Wlsg, 9 58T (KL o) eSihan IS sl &2 001
S, )18 el a4 5l Sogll cansy o ailsog,

posS 3yt 4 yolis (oalos ln (SISl ey L0
6)|oﬁ A gad Lgl.@ olil'.mg.‘ u.l.C‘ ) ‘ﬁ.ﬁ.uo ‘505) O™ 9
Slges; 5o pole cal 5zl (Fogll Silas a5 wsl e
OR) > °Li:“‘-.’.‘ u.l.c-l o fbﬁ)s ML\ ) 43[}05)
paie ol oS Sogllas asls G g yho oo Ssll
)Owum_\.@dsaulﬂu AJL‘.>\)9) ul.ig.w) ‘_g‘).s ‘)
Oy Sl 1 (5)l0p wged sl ol 51 (o 5l e
A5l oo oS Syl ghls sl

Al3g) > Sile (s g dihaie (oliwg) 5 600
P95 LSl (e Egeme y3 Lol oS o) Lal 4l cnl 5o
wl>og, IS jsbo 4y a5 all oo +/FA (1Sl jobo
Oliee 93,5 (o gme o5 (Sogll 500, 10 25 6
135 wged (sl oLl (ooled ;3 pg S (KBl (e
Ll 4y 7,5 6 al505, 45 009 ya0 3l S go0c 00l
B e b 5zl (Sogll (5 atws )0 (55, Sl (e
V50 Gy Sl o) xNlee izres 0,5 (o0
ol as allbico = /YY Ll ool (610 digad ol
a5l 0 755 6 Wog, )0 5 ezl (gl ol o8,
ged oSl A 52 50 S5 (SIL ey (aP Lo i
o5 U 5ozl (Sogll Silo aS 005 50§l 2eS g30e (50
S ey (Sl rizren Bl (o0 JS5 e (S
S ssb o8 Atk o WA S s b, s S
58 o ol 55, a8l USG5 522 (Fogll Cans
P6 P4 P2 slo olfiey] ;5 oo S5l (s e
S el e (nl g 03gr Sho Sl S PT
paie |y S bl Slogu, o5 b 2l ol Siles
30 PO 5 P5 P3 P1 (sla olfieyl ;5 il oo e
o Ol ) Sas she (m goue e (SBL (e
Ay 4 05 (Sl jlaie shyls o oKl (! a5 aa
oolal ey P8 oliins] jo Lol oty oo o paie
G 03, ;0 o8, (pl a5 Al o VoY dgus 0 e
355 oo gl o] sl gl e s rsgie (Sl
Oy S5 5IP8 g P3P sla olSinsl Jloz! j5bo &
b ol plo s Cond (g0b5 DS L o (St
Cellad g5 g0 l5 ey Jalse y ogdle 4 005y 5 03]
Cedled o PT oliwsl ooVl (gl Liwsy 5 (2,45 35150
Lol 5o 9 P3 olSs] sV jo JSlyee g oling, sl
Jus 4 5 olinag) 5 e slo Culad gros o3
Gble 5 o (g, slo Gl 5 o OMSL ot ]
S P8 oSl jo (Fogll (raliil g ailsg; 4 JsSams
o 4 s 135 ol 5o e Fa¥T ol Jle

\FeY QL.M) f O)Le.:a AR 0,99 ~‘5!af;u P;l.c asllad

q.



Ko 55,5 S

25
2 o
35 1.5
= 1
=
2 5 05
‘QJE ;
i g
5 3 0.5
()
© s
2
2.5

Pb Cd Cr

/n

e S

Ni Cu As Mn Fe

TS & 4309y Olgm ) (ufiuw polie (Sl oo (as Ll (gl duzer Hloges —O S

Fig. 4- Boxplot diagram of heavy metals’ Geoaccumulation Index in Karaj River sediments
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