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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
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Table 9. Pollution factor, Pollution index, Pollution degree index, Modified pollution degree index and Pollution load

index in bed sediment samples

S Jole yasls

u‘»u Sl ey u‘»u p oled
>t s CML:‘ B R T S A S T T P Y 5T B
-5 <A AR Y Y VY] R
-y <A N do Ny N A MY A s W A Y
-5 N AN\ 8N Y AN D AN s N Ny Y
N - ¥ NN Y Y WY N Y NE A E X
-I¥ <IN YA .I¥ ol A N4 4 /o A 72 SRV RN -I¥ A o
-I¥ /o o/ Iy A Al v /o -1 LAY\ SEERVLUNEY ) AL 4
-l Iy A -I¥ A /¥ Vo \A) v Y7 Y V) Y YA 4 \
-I¥ -1 o/ .Y A Al /A -1y -I¥ B R N LNy I N o A
/¥ -l O/A -/ A As <IN -1 -l YRR [ Y/ N IRA Y a
-y - /A 8Ny Y MELN Y NE A Y

Jod cboodly 5l .l (So59681 jaslis dlslas (> T 394
IS md & caol o)l BB O Jods b awlas jo V-
5 NPT bt el Gl e Cgw) ladiges

A 03g)] Jaie

b0 9 (Ku59loST s ad i
e ol 9 (SO3PST ety (asls Ve Jga> o
ek 9 0l ol jpds polie plod Jame 5 (SS39l6S]

cledy yolie opl dubre pae Jdd .l oads ooy L



At

Obizgyd B wslgllie o gzl tazxo

Froaogey hdiged (Jas 5 (SojleS] s 5 (S5eIsST iy padls =N+ Joio

Table 10. Potential ecological risk factor and ecological and environmental risk of the bed sediment samples
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Table 11. Percentage changes of heavy metal concentration in bed sediment sample
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Table 12. Percentage changes of heavy metal concentration in the bed sediment sample after natural spring
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Table 12. Area (Hectares and %) of land use at each sampling points
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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


mailto:a.khaledi@modares.ac.ir
mailto:a.khaledi@modares.ac.ir

