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Figure 1. Location of bed sediment sampling points in Khamsan watershed

1- Inductively coupled plasma mass spectrometry
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Table 1. Classification of heavy metal pollution according to the contamination factor
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Table 2. Classification of heavy metal pollution according to the degree of contamination
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Table 3. Classification of heavy metal pollution according to the modified degree of contamination
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1- Contamination factor (Cf)
4- Pollution Load Index (PLI)

2- Degree of contamination (Cd)
5- Geo accumulation index (lgeo)

3- Modified degree of contamination (mCd)
6- Potential ecological risk factor (ER)
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Table 4. Classification of heavy metal pollution according to geo accumulation index
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Table 5. Classification of heavy metal pollution according to potential ecological risk factor and ecological and

environmental risk
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Figure 2. Bed sediment sampling points and land use map of Khamsan watershed
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Table 6. Concentration of heavy metals in bed sediment samples (mg/kg)
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Figure 3. Average measured concentration and background concentration of heavy metals (mg/kg)
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Table 7. Mean, maximum, minimum and standard deviation of heavy metal concentration in bed sediment samples
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Table 8. Muller geo accumulation index in bed sediment samples

i o g pa3LS

e Pl 05> prodlS ol S| ) o S ey Y Syl il
VYD YV YiYY Iy ) —/a- —% NP A ZORY Yo \
-V/¥a -Y/¥Y -Y/vY —/¥0 —-/va —-/v¥ —+/8A -\/v¥ A —/V¥ -\as Y
S\ —¥EY -YIVE —./%0 — /5 —o vy —. /o) V¥ Y S YRY ¥
R YAC R 77X S, /1 BVRY —+ /YA — /¥ N YN A A SVAs ¥
YA oY -Y/fD “V/f- —V/YE ~\/o0 \/SY YA —IM VM Y )
-¥/\Y —¥/a) -Y/\- Y —\/of —\/os Ly N S VA - N 021 5
S\IVA ¥/ -Y/\- oo —J¥Y YRS AV RY = NS A VYA v
-¥/\Y SEOE —Y/AN —+ /A /WY Y A5 SV =AY Syvay o =YAY A
SVAY S -v/%o —+/Ad —V/of —\/$5 —f5- SVOA =AY SVEA —YRY q
Y L V) -¥/¥Y BVRY —+ /YA .5 —Jy- Y =N A SYRY \e

bla pl o lawgio ‘_539]1 o> ylis ¥ Jodo 4 dagi b
ol 5 easpMol [ Sogll 4y el s ol
S (539 Cundg orimd s a5 0dg VD 5l 35S bla
ol 5§ (s bytises LB S, g ol il
o) e ladigas ded 3 g Wyl LB exgll dibs 3 Sol

Wl S 5l S pasls

9 00w ol (39l dn > ( Sogll an yd s yaA LS
9L
oMol Sagl s ( gl daps (cloasli 4 Jg
3390 bl )3 sy ey sladiga gl |y (5ol Sk g 0
sdises Syl iy jasls wad e i dddles
S s JEWE b o) sV D XX X ojlas

anl ] Gguy sladiges 1 (539l )b (adli g osd ol o9l as s asls  Sogll an > (asli ( Sogll Jole - Jouo
Table 9. Pollution factor, Pollution index, Pollution degree index, Modified pollution degree index and Pollution load

index in bed sediment samples
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Table 10. Potential ecological risk factor and ecological and environmental risk of the bed sediment samples

SIS s pasla SejdsS) jad Jewily jadls G ol
d) ey o9 w3 S| S o S P9y e
AYIY ¥I- W ¥ nE VA YR vis \E )
VIV A X " WA A ¥\ ¥ VA v
551 ¥/ 3 *” an VA ¥/ SIA Vo ¥
va/y Iy v Y VWA VA vI¥ v/ WY ¥
f5IY VA M W ol /A Y ¥/ <IA 5
£Y/A W v 8 o Iy VA ¥/ A 5
Ald vIy " £ vI¥ <A ¥/ sIV Vo v
VIV W A v ¥/¥ <A Vi Al Ve A
oviy A M v 8/ Ve vid Y/ VA 3
AVIY Iy \ Y /v VY IV SIA Vs Ve

ROl 2 O S S byl Gy bl s Bls
S pdiges bl i Glgwy olyen 1K cljle clale
odaline B VY Jodo j0 &S jeb lan N0l duslio ¥V o £
L oS cwl luli8l polic dan ¥V 4y & o)jlods dbais | conl
o5 50 g OB (298 )b JB Ol cudS 4 g
ol JoB B 5 (alaie MolS )] 5 Slusl lacullasd
GIS P ned g Gl ausly 252 ol cuas
s 5l edlatal Sl o aejn ol cunS p o gjy5lis
Mg p§1f Fodad cuwndVb o bl cwl ol
Oszee 9 2l Wil ohy @ (ulis el
ol 0385 LB Ol CutsS p 33l s @) Sixiuo cullsd
Bl ) Jl a polie ple V4 0 o)l dais
oyloud dladl &y Cowd 120 (65558 ycplyd & Gl 04
ol & (0 Jgaa) sl adly2al38l ol w5l Gl 0
Wgad )3 pate cpl B)lateed aljil 4 by je g9y HialS
)..oL.C- clale L.:I)M:v Ly Ll O o)waB alads PG
plai g 039 Cglite Mals A 4V 0 leuis (6 )5 prdiges alais 5
IS5 0 a8 job lon lad )3 5e8 a4 dalS Wy yolie
5 Y oyladds gyl pdiged blis alold )3 da (ST 50 0 0000 ¥
oilPl ks & Jeenl b Jy b an) aslyl
oeals ol clale asly vad o0 odalin pole clale
DP9 S A olg e gadse pl LY dlesjl Ll aidl
w513 IRl 5 anln] Gl Sl ogig 4 g big) Cunex
L.JI).L‘? clale uu.mlf 2 4\!&]).:1 LsLibo)L'S G.QLS gy
Oh&ed Zhao zols b &S dgei ojlil lgw) ;0 (pSiwe
pg)S polic clale A &y A oyl alais 510yl cillas (YY)
g wedlS polie g andly (Ml Cpw g o9 (e sy
5 g il pale g Aim gl QU 1) (5 gt podll
o dhd p pole den coly bl el 5
o« Sladly gSede Gl 23 (LS dall 4 Cons
b2l opy 4 inlis mls phl@l Bl slgie

Q‘)ﬁ‘éj oy
B pals 4 o paie b Syl Ao W) Jgie
Vo pdiges bla y jo aSO1 @ dagi b amd o LS
O 392y Mo (S g5l pSogw) sl Vg
JUl g9y Slgi e bty ol d929 & CE)5 a0
9 w3 il <59y e Hilo gpolie g i Clgu,
b ase oyl bl dnisly ials 180 Ghow,) boolyed oy
9 Jg.u ;‘95; )AQL.C » Lol 0392 d.:lw.o (Y\) ul)&oﬁ 9 Liu
e &S (YY) cul 035 osalie yole jials 55 Siw)l
S gl ol adlas 4 S s bl (izen g S
Y ojled (gybpdiges dbad | de pised sl Cglate
Erore nl 4 dag b & Cuwl aaddly (So e,
Olgicds 3gS o la iS00 puile paie salitwl ol
(V) ool s il
sl )> Syide jobas Cpuw g @uedlS polie uzen
30 g g8 w2 oy pals G5 g audh )8
i P F Y oled dbds jl Gl aopd (ANFD)
Jb ol bl awsly i)l cdbs sgn jl pfa polic
Lol ol @il pag BB w2l )5 ao )y o
o @ w2 @hygliS )l &S dede ol ) JSS
OSes Gayb cpl &S Canl oid S50 Hlons (5l ppdiges
A5l 00,8 dbul 05 Cuwnd ol polie p (Sl Cowl
s polie plad )3 @y 4 )leg Jl Chu dop pize
JS5) wsb o ol (o)l pdiges dlads alold yivl3al 3]
ey U‘y@ Calo ) o> yais dlb.))))lf A.LQ>)| (\
OIS @B S 68l s 5l i sld (slacaeY ) ool
ool gd il polie [ Son 3l L(VA) 5,8 o)Ll iSe i
ausly il do s Yoo 5l i &S cunl g5y paie bW
Al sl iz 0 paie opl edlatw] p e ol
SB - blog g bl 9098 Clines syl dex ]
abi cpl > pais ol G158 Hlade 1V (V) cal saicas
gy 15 0)lod diges Cunl Jgona sl (6513 piges
L b)) me g sddcuiby old g0 albd )0 jiuw
W o Jgie JE bl cul e g 28 363 51 8 sladiges


http://dx.doi.org/10.52547/jwmr.12.24.159
https://dor.isc.ac/dor/20.1001.1.22516174.1400.12.24.19.6
http://jwmr.sanru.ac.ir/article-1-1118-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-07-14 |

[ DOR: 20.1001.1.22516174.1400.12.24.19.6 ]

[ DOI: 10.52547/jwmr.12.24.159 |

Oligyd B wslgllie o (siomel daxe

\s5 sl Cymo 550l 0595 50 wldgy Lhb o 53 s Sbow, (539l slaadlis ¢ uSiw wlils cdale ol s

Z

S Gowy diged ;0 pSiw Gl cldale Glyuss do > —VY Jods
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Extended Abstract

Introduction and Objective: Stream sediment load usually acts as an important source and
indicator in geochemical elements concentration changes especially heavy metals and the extent
of human impact. Studying the trend of downstream changes in sediment pollution indices and
the factors affecting it is one of the most important interdisciplinary research needs. In present
research, the concentration of heavy metals and pollution indices of bed sediments were
investigated in the main river of Khamsan representative watershed and the factors affecting the
downstream changes of indices were analyzed. This river is one of the two important rivers
entering the lake of Gawshan dam and for this reason; the study of water and sediment pollution
of this river is of special importance.

Material and Methods: To achieve the research purposes, along the main stream, 10 bed
sediment samples were taken from upstream to downstream and the concentrations of heavy
metals including beryllium, chromium, nickel, copper, zinc, arsenic, selenium, cadmium,
mercury, thallium and lead were measured using ICP-MS. Then the indices of contamination
factor (Cf), degree of contamination (Cd), modified degree of contamination (mCd), pollution
load index (PLI) and geo accumulation index (lgeo) and the downstream changes of these
indices were calculated and analyzed. In addition, the percentage change index was used to
determine the downstream change of the heavy metals concentrations.

Results: The results showed that reducing the steam slope and increasing the density of
vegetation along the stream was effective in downstream reduction of the heavy metals
concentrations and neutralizing the effect of residential area. Toxic elements such as selenium,
cadmium, mercury and arsenic have been reduced by about 40% in the downstream direction
and the effect of check dams in reducing the transfer of lead, zinc, cadmium, copper and
selenium along with bed sediment was also confirmed. The results also showed that after the
ganat water joined the main stream, the concentration of heavy metals in the bed sediments
increased and the highest increase with 1/116, 3/114, 0/100 and 5/79% was observed in
selenium, cadmium, mercury and beryllium, respectively.

Conclusion: Conclusion of the present study shows that although according to the studied
indices, none of the bed sediment samples of the studied river from the upstream to the
downstream is contaminated, but the trend of changes is especially worrying for heavy metals
nickel, zinc and cadmium and can be an alarm for water and sediments entering the Gawshan
dam reservoir.

Keywords: Bed load, Check dam, Geo accumulation index, ICP-MS, Potential ecological risk
factor
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