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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 Mlddrl]i.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) MIdd:](Z.EOCG CENOZOIC
Ekgy Gypsum Late.Eocene CENOZOIC
Eksh Greenish-black shale, partly tuffaceous with intercalations of tuff (Lower Shale Member) MlddrI]vZ.Eoce CENOZOIC
JI Light grey, thin - bedded to massive limestone (LAR FM) CJurassu:- MESOZOIC
retaceous
. . . N - - Early.Cretac
Ktzl Thick bedded to massive, white to pinkish orbitolina bearing limestone (TIZKUH FM) 20US 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
Dull green grey slaty shales with subordinate intercalation of quartzitic sandstone (KAHAR FM; .
pCk Morad series and Kalmard Fm) PreCambrian PROTEROZOIC
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
. - . i . . 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. ) M'dd;?éTr'aS MESOZOIC
TRIJs Dark grey shale and sandstone (SHEMSHAK FM.) Eﬂlésssslicc_ MESOZOIC
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Table 4. The total percentage of volatile organic matter in Karaj River sediments

(LOI) 1% JToolo JS o ys
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

sl
S 2l e Lasls gl PT 5 P2 (glaslSio|
ol 2 056 52l (Sogll ;Slles a5 009 09,5 (61 )
P6 (P5 P4 P3 P1 (gla olfiuyl ;5 bl so oK 40
Se g e olael pg)S Sl ey L PB
@ aS aib oo bl ol o o5 Sogll Sils aS sog
sVl o Ly, gl colled 4 ol oo S
2 il ol o 5,5 e Sliles g PL olSio]
P3 Glo oK) (5 4zl 10 g jxS (slimg, Cawd Gyl
Y sl ool ol (gl bisg y5i (reiean 9 P4
13 45 P6 olfiunl o P5 olfiul amsWl o Ylagoms 5
o) culys 10 g 00,5 #dlg |y (sliwg, (5 009050
g dilate olimg, 5 6,550, sla cullis 45 P8
RSN NI INTNC I B R s
Bl ales e 0 ps,S (sl 128 S5l yee; L PO
50 0dd LSS oae aS oyl |y e o YL (5,10 diges
BYo 5l g 00,8 o AL Luge Sogll (5 0dg0me
S el 4 5 e 55 S Gy Sl
WB3g) > Sile (G g dihaie by, 5 600
P95 LSl (o) Egeme y3 Lol oS o Lol 4l cnl o

Sl e o1 g Slael Jolis a5 (T JS2) 4y 445 L
rolie (Sldl Geej oliee 5T 5 (bl wBl o
bl ps Gl () Jgu2) o ainds ulol (S
U

o] )3 S o paie gl (KAl e LS
03,y 4o olfius] (l g 00g PV L ply g Cudie (g00e P8
el aS o)l 18 (S Sogdl o anb o Sogll son
codld jlas asdlaie jo oly iy sl ol 5l Lo alivs
S b 4 Wl il e 8805 5 iy, slo
)oé\SMlg‘ff'/&/\ Lg).glﬁ —pow ‘;A,AL..:‘ Ol u..f.»l...a
Dgd oo Gk Alwd o5 U 5uxl Fogll (5 00,
w03 P2 g PL sla oK) 5l 1f 4y o o8yl sl o
ahadi g0 (pl 40 g 00g e (GOus pgenls SOl
399 .\...ul) = <IYA Lfﬁ‘ﬁ ‘awolf k_giwL..s‘ ) u‘).uo
sl b 45 Ko 5 0 wgmie oS (S35 00g0me
ald 5Kl Al o 0B (ol Ty el e
St o5 6 52 Fooll ¢ il ,Sas o5 sl
TS & Wy, y0 peedls (Sl ey S5 Loy

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

)



it 51 35, Slogusy (Sl (fimo Jelos

e pie 43 509, 05 Sogll Sl 45wl o oYY
il

Slp oy wges bli aled 0 oal cows 4 slael
3l AilB0g, 4 c0gy oo c_i.:.l.w)T Cainldl ey Lol
Sly ol 4 5o o Jse cdlil ooy a3l Sl
8 oS bl Sogl s 00, 50 Syl yaie
33 Syl ) oy, (Sogll Comdg a5 abl (o - /FY
5k oo 2B (ol s v e

5 s Ay, Jsb 5o 555 (S2A s et
e (g0as 0ad (5, wiged sl il plas o

i paie 405 6 s Sl s o5 as 5
Ak oo s 03 Geb alsog) e Slige, sl
Lol asS 6 ey, o 5fe (Sualil ey 2Slkee
P8 4 Sogll e adasi jl ailsog, a5 0Bl e -+ /YY
2 yS 0 )18 5850 s 03 53

d)L\?‘ L! d)‘b); d.)j,o.s ali;..»..u‘ ﬁ )Q U“J ;iM»/ L,.)‘ Q"‘A)
S5l G 5l asS 6 6l 00g: o 5| eS g0k
ol 025 oo Gl o5 5zl (Sogll s 00, 50 ol 4
o5 Sl 55U Sle ol Gl (Sslil (e jlade
oo pimmmgS T 0 yal Sogll Ll o i sl codlad
2 ool (Sl ey el IS jsb a4 il
ey Bl a5 asl o VY b plp 2,5 5wl
I8 sl 4 el Sogll caxsg ,o alsog, Sl
N

posS 3yt 4 yolis (oalos ln (SISl ey L0
Sylop diges slo oKiunl el o sate (68 o g
Sligusy 5o polie onl 5zl (Sodl Kilss o5 0l o
Oy B ol el o pg S asl (o ailSs,
paie ol oS Sogllas asls G g yho oo Ssll
I3 e el A (o0 (LiS AilEsg) Shgw sl )
Oy Gl 2 (6,10 0 Aigad (sl o) 5 oo 51 G
il o oS Sogll s Srslil

G 4o, S jsb aas Bl oo IFA (2Kl j5b 4
03 Ol 9955 (o0 Dgmime o5 (Sogll 00, 0 7S
0o (6,10 5 Wiy glo olKT] _alad ;5 pg,S KLl
Llod 4 g5 s albog, &5 0o jho 5l S oue
B 5L 2l (Sogll (6 aws ;0 (59, (Sl (an
150 69y Sl ey (Sl Guimed 05 (e
ol as aldl so = Ll eads (610 o diges oS
il oo 7S 5 oy, 50 6y ezl (SogllelsS o8,
ol 4 je 0 S5 (Sl ey (a2 (e
Sl Sl a4 0051 yio I 2eS go0e (gl diged
oSl Geizmen ABL (o0 S paie lp 05U ezl
2Bk g0 VA 255 6 ailsog, po U (Kbl e
Gl sl IS5 52l (Sogll cndy 5 j5b ap o8

Sl o ol a0,
P6 P4 P2 ols oSl ;5 o Kbl (e e
Sl (e 5l el cnl g 009 Jho Sl ST PT
raie b 553 bl Slgu, o5 b 5zl (Sogll Sl
Olsee PO s P5 P3 PL (ola oSyl ;o il o
o 0L 1) o g pho o (s398 ee (SN (e
Ay 4 05 (Sl jlaie shls o oKl (ol a5 aa
S5l o) P8 olSzul o Lol aiil o s yaie
G 00, )0 of, cpl a5 Al po V) Sgu> j0 e
555 oo gl o] ol sly e s Lansgte S0l
ey 3 51 P8 g P3PL sla oliwl Jlozl 55k
b ol plo 4 s (g0l ST oo (Sl
Cellad g5 g0 l5 ey Jalse y ogdle 4 005y 5 03]
Codlad 5 PL ol ] CowssVl (slo Ly g (o2 55 35T 50
Ll 55 5 P3 olSiany] CassWl o lyas g lis, sl
Jus 4 5 (olinag 5 e slo e gros o3
Gble 5 o olygin; glo Clay 5 lo L6 s
S5 P8 ol o (Sogll (ral8l 5 ailsog) 4 s
ssb 4 cals (2l onl 5o e (San¥T ol Jle
Lople g5 6 alog; 5o e (SOl e eSSls

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

ay



Ko 55,5 S

St e et Gl

Geoaccumulation Index

Pb Cd Cr

==
ou

/n

==

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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