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Fig. 1 - Geographic location of Shahrud watershed
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Table 2. Physical and chemical properties of water at sampling stations
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1. Domestic Water Quality Standard (Department Of Environment) / 2. Standard 1053(Institute of Standards and Industrial Research of Iran)
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Table 3. Physical and chemical properties of sediment at sampling stations

olins | 0 5lois
Station number by
5 4 3 2 | Parameter
7.11 6.79 7.09 7.39 7.13 pH
0.135 0.13 0.061 0.085 0.315 Toc
ppm
Ve ooy CdeAsPb) WHO syl 5l cbslas QT 6&433.03 3o u..i..w 6&}.@ AP Cyay

oy CdeAsPOYEPA § (i e 9550 T 9 )0
S dolie (R 2 p)S 950 D9V 500
S Jad 1o ol 4o Sius slojld cdils

Ol g 53k slaJad ;o oy Zdile 0 VL

poeedlSic i (eiw lajls clale w2

Y5l ol Camods slaosls ol (sladiges ;o S, g
odal Cewdds b 5 o (6,:5le iolel o 1,55 L
dgos ool ;o Aildle Sl g o fuad S8 &

Oleile iyl pl o lailin! dunge ladgain, L (5,0,
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Sdlad 5l (26 JLeg 95 5 (295 o)l Gizeen
$lp aS adod j0 008 Jadie lig) lesw a5l
03gasts ;o paredlS cdale 1 Kilo a8 5 sl lads
locdpas gly 5 48,5 )13 55,0laS OT sl sl
J,“.:.wjl cdale o 3YU(Shanbehzadeh et al., 2013)
san ;o a8 (F Joaz) ab oamlice oyl Jad jo
Loaibco oal a8 slaolastin! 51 YL eolSis
-@M)o&wﬂfw;&la’iéoay&ﬁggdgg
SEelo b iy paie opl cdale oS c8 8 ass oy
S| Fogll Lol slagin 51 (S 55 55,9La8
LB ol k_{..,.;.wj chle (Sle sl ouls plodl
s olul g9 0090 dn . liee 5l eS (glala>de
5 o sl BT ¢ Soi e Jole 5l onnel cuvoay
5l s i k_{..,.;.w)—l chale e o ol sloadlie
(Amanollahi ef il oo adlaie owlil ) Lol

al., 2015)

5 20 oeels Jdos wlgh so a5 (F Jguz) ol oamlice
,o (Hasani et al., 2013) ol a5l3-0g, ol o oo V1
Wl go Al0g; Ol 4y oy 9959 aalllas 3,50 dilaie
ol el ML 5,5 aiile ol Jele Lavgs
G938 sl 3l Gyme slogydeE S ) vz
g oo 5l oolatul Sl o ioren 5 muad ool g ol
Soge 6yl 5 (55,5laS (i 50 (alerd ladsS
plxl 09, GBS albog) 59, &5 iz )0 dpdy
Lthb),a.:.c 6YL.’ clale )" QLW ‘w)f

Agod 6&0&.“.:‘ Ao 4O g_i.......u)—‘ 9 Ia}."uool.{sg).w

Sl sbalzog, sles bl wlol 5 lop
ol cpl &S s,ls (Salomons and Forstner 1984)
O 5 et Ll g 53l Silis Yo
clale o 3G (Forgani et al., 2014) .abb o 4504,
a8 (F Jgaz) ol cawline el fad )0 pgesls
-0 0l lo sles laibul 51 YL leelSws] 5l oan
lar pgeedls 29)5 anlllas 5)50 adlaie o . il
L 5l oolaiwl sl olo fole Jaw gy wlgy oo ail0g,

5 Syl g 63,laS w0 sleerd slaogS
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Table 4. Heavy metals concentration in water in different seasons

(As) pg/l (Cd) pgil (Pb) pg/l
ol |
Ol e pleey  al plewl e gl ml lewt ke plamey by Station
Summer Spring Winter Fall Summer Spring Winter Fall Summer Spring Winter Fall
10.43 1.85 2.13 1.92 143 8.45 0.85 1.79 23.20 2.30 3.18 8.94 1
11.33 0.26 0.51 2.33 3.71 0.67 2.13 1.41 19.71 2.09 2.34 7.30 2
10.62 1.12 1.72 1.69 4.92 2.35 5.90 3.92 24.56 4.40 1.31 16.9 3
11.33 4.47 0.2 0.15 4.52 1.52 0.19 0.72 25.13 2.82 3.34 10.7 4
9.72 0.87 0.43 2.47 5.97 1.74 1.32 1.12 9.01 2.53 6.20 10.5 5
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Table 5. Calculation of qualitative index for the average concentration of heavy metals in water

e As oy cd oy Pb RESW
Qualitative ng/l Qualitative ng/l Qualitative ng/l Station
¥ 408 s 3.13 bge 9.41 1
Good Average Average
N 3.61 = b 1.98 =5 e 7.86 2
Good Semi-good Semi-good
Nl 3.79 ha 4.27 e 11.78 3
Good Semi-bad Average
o> o s .
4.01 . 1.74 Average Lu g 10.5 4
Good Semi-good
N 337 L 2.54 Semi-wos Lo 7.06 5
Good Average good

Srod (45905 0) O Glodiges ;0 pgadls . Sleo
aS 0l odwlie /o0l dme mhaw 90 /AF) Ciis
2 3979e peeedlS g S s cliie Jd Wl o
ote 5o odd oolaiul ojad st (sloogS
Olbgl adbhie o shy GLEL ohe (5)ylaS
Slbl slaac )10 S5 (g9, a5 gy yo(F JSS)asl
5 Sl Cowsdy stolio mls a8 5 &g lprol g
O Gyl G alal) (s bl lagesl 5l solal b
3 oolaiwl g leac )t S, paesls cdale il
el ool cumlie LQQT aslans &L.M e 6Lmo95

.(Pourmoghadas et al., 2017)
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Fig. 4- Correlation between cadmium and phosphate in water
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Table 6. American and Canadian sediment quality criteria

As ppm ppm Pb ppm Cd gy Sl sloslone
Sediment quality criteria
5.9 35 0.596 TEL ol gy oS 5 sl
17 91.3 3.53 PEL National Oceanic and Atmospheric Administration
59 35 0.6 ISQG 1L gy oS sl
17 91.3 35 PEL

Canadian interim marine sediment quality

<l sladad 1o Js 05,00 VL St glo fad o
Slbl glaailaie S 5 Syzg0 paeesls Syl il 5
5 bl ol bawgi gL 5 laas )50 S loges a5 S
Sriey S g ol a4 azs b ead ated gl
gR 5 S5 g0 dl0g; Ol 0)ly Lt pus 4y psrasls
ey spelin gl 5 0 plowll g IS a0y (9, a5

.(Monjezi et al., 2016)as]

bad )3V Jgoz) ab saslive e 9 b 50 pseesls
59,08 ailsag, O (08 g e halS 4 4z gi b olials
poadls dy Cornd Sty g 0y 205 logw 95 25
") 59y pare 90 (pl (e Ol il o ge a5
Lﬁyﬁm))b%u)ijyﬂwd%ﬁ)bsbb;@u

liseo (b Jad 10 Cgw ) 50 (i glajls clile -V Jgua

different seasons Table 7. Heavy metals concentration in sediment in

(As) ngll (Cd) pg/l (Pb) pg/l
R e ol sml pbeel Gl b b ol e oy mlb oSyl
Summer Spring Winter Fall Summer Spring Winter Fall Summer Spring Winter Fall gation
4.12 10.31 0.91 4.13 5.16 14.83 1.14 9.74 28.37 26.60 1.52 6.42 1
4.11 15.55 246 43 0.24 11.13 1.15 5.11 25.74 23.55 225 5.80 2
0.17 6.31 2.16 4.14 1.13 13.42 1.14 11.28 2537 21.76 11.80  7.36 3
1.16 3.83 1.74 4.87 0.13 12.49 2.37 8.81 18.3 18.67 8.28 7.05 4
10.50 10.41 0.61 3.74 0.37 14.16 1.40 6.23 21.78 19.39 0.87 6.9 5
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(Sakan et al., 2015
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Qilgs oo Guiow dilaie S0 ,0 lig) e ails IS
ashis )0 poesls clale yiol3dl sl s 5l s (SO
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Table 8. The average concentration of heavy metals in sediment

eLi’»’.m..ﬂ

Stati relis
5 4 a310n 2 1 (ppm) Elements
12.23 13.08 16.57 14.33 15.73 Pb
5.54 5.95 6.74 441 7.72 Cd
6.32 2.9 32 6.61 4.87 As
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Fig. 6- Correlation between arsenic and lead in sediment
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Fig. 5- Correlation between arsenic and cadmium in sediment
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Table 9. Rating of sediment contamination level

Cgw)y ;é,ﬂ Cardyg g;.bgﬂ By LR RV-N mCd olKiws |
Sediment contamination level Contamination factor Station
P
AW o aye 8-16 8.94 1
Very high degree of contamination
. oIV 2 4-8 5.35 2
High degree of contamination
$a4)1 5
e 4-38 7.84 3
High degree of contamination
oV ey 4-8 6.9 4
High degree of contamination
Sl IV az s 4 -8 6.55 5
High degree of contamination
oS 38 Cblil ooy a3 Ll -V Jgu
Table 10. Land accumulation index of heavy metals
ool wads Fogll oo Igeo T b Fosll 03, Igeo Igeo oK
3 Lo
Contamination intensity (Ca) COI}tamll}atlon (As) (Pb) Station
intensity
of N é T e 'l' -
s 2ad o 5o 6 4.09 NO (Fogll o5 I 200 -0.93 I
Extremely contamination and Contamination
- e 'l' e ‘l‘ .
Extremely _\4_\...; Sl S 5 398 No 67.5'5] .>.5,'.. | 1.09 -1.06 )
contaminated Contamination
. g5 Eadl s
Extremely % s 535 5 3.90 NO (Fogll o5 1 262 -085 3
contaminated Contamination
2 é 1 e 'l' -
Extremely sas Lo 539 5 372 NO (Fogll o5 1 274 4120 4
contaminated Contamination
2 é 1 e 'l' -
Extremely sas Lo 539 5 3.61 NO (Fogll o5 1 A4 129 5
contaminated Contamination
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.(Haghshenas et al., 2015)
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Table 11. Ecological Risk (RI) in sediments

SglT| Sy Cndy RI Er(As)  Er(Cd)  Er(Pb) ol
Ecological risk level > Er Station
3L 777.48 3.74 769.8 3.94 1
High
Considerable >l i3 449 49 7.01 4389 3.58 2
3 680.37 243 673.8 4/.14 3
High
3L 600.39 223 594.9 326 4
High
Considerable >l i3 560.62 6.76 550.8 3.06 5
OBl sy 5 (55 89, Slale ) g 69l & S Ao

A 58 deted sln Szs8 slavly 3l 4z LS

9 \)b; ral.‘?u‘ ol Lb..\}‘j u.a‘ )‘ ‘_?5)9 6&0..\..)\”
olij’;..:l‘S g_)l.uLa 9 LQ;JL....J ééo 097L; R U’“"M

D558 sy 0590 Ly el 5o HLSLe d

! Biological Oxygen Demand

2,Chemical Oxygen Demand

3 Environmental Protection Agency

4 IRAN Surface Water Resources Quality Index for con
ventional

5 World Health Organization

¢ IRRN Water Quality Index for Surface Water
Resources-Toxic Parameters

7 Threshold effect level

8 Probable Effect Level

9 National Oceanic and Atmospheric Administration
10 Canadian Council of Ministers of the Environment
' Contamination factor

12 Modified degree of contamination

13 Geoaccumulation Index

14 Ecological risk index

15 Potential of Hydrogen

16 Dissolved Oxygen

17 Electrical Conductivity

18 Total Organic Carbon

19 Ecological risk index

20 Ecological risk factor

21 Toxic response factor

22 World Health Organization

23 Interim Marine Sediment Quality Guidelines
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Introduction: One of the major contaminants of surface water resources are heavy metals. Heavy metals are
natural components of the earth's crust, but human activities, and geochemistry and biochemical cycles may
disturb their balance and release them into the environment. Release of pollutants into the aquatic environment
will affect both water body and sediments, mostly sediments because they are less dynamic. Therefore, the
concentration of heavy metals in river bed sediments reveals the pollution more intensity or its history far better
than the water body. This research was carried out to determine the concentration of heavy metals in water and
sediments of Shahrud River with the aim of determining the condition of heavy metal contamination and their

sources in the study area.

Material and methods: The Shahrud River is one of the main branches of the Sefid-Rud River which
originates from the central Alborz Mountains, and is the only river in the southern part of the Alborz, which
flows into the Caspian Sea. In this study, the concentration of heavy metals namely lead, cadmium, and arsenic
in the Shahrud River and sediments in Lowshan city has been studied. Accordingly, the physiochemical
properties of water and sediments were investigated in the first stage of sampling. Moreover, five sampling
stations were determined and four sampling stages (autumn and winter 1395- spring and summer 1396) were
carried out. Totally, 40 samples of water and sediments were taken along the river and the concentration of the

considered parameters was measured.

Results and discussion: The results demonstrated that COD was lower that the EPA standard in all sampling
stations except station 5. Furthermore, regarding the IRWQI (SC) water quality index, all stations were ranked
from average to bad classes of quality. The BOD in all sampling stations was higher than the EPA standard
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and according to the IRWQI (SC) index, all stations were ranked "semi-bad" to "bad" class of quality. The
concentrations of lead, cadmium, and arsenic in water samples were compared with the guidelines of the Iranian
National Standards Organization, Department of Environment, WHO and EPA. Moreover, it was ranked based
on IRWQI (ST). Our results proved that the mean concentration of lead at all stations was lower than the
standard except stations 3 and 4. The concentration of these heavy metals was relatively ranked into moderate
to good classes. The average concentration of cadmium was lower than the standard at all stations except
stations 1 and 3, and in regard to the descriptive index, it is categorized into good to fairly bad, respectively.
In addition, the average concentration of arsenic was lower than the standard values at all stations. Also, it was
classified as good, regarding the descriptive index. The concentration of heavy metals in sediment samples at
sampling stations showed that the concentration of lead at all stations was lower than TEL values in NOAA
and SQGs standards, and the concentration of cadmium at all stations was higher than the PEL values. The
concentration of arsenic at all sampling stations was lower than the PEL values and at stations 2 and 5 was
higher than TEL values. To quantitatively assess the sediments, contamination factors (Cf), degree of
contamination (mCd), molar accumulation index (Igeo) and ecological risk assessment (Ri) were considered.
Results showed high manmade contamination of cadmium and significant ecological risk in sediments of the
study area. The use of phosphorus fertilizers in fields and gardens as well as the location of the cement factory,
which is near the river, are the main causes of cadmium pollution in the study area. Additionally, the high
levels of BOD and COD in water indicated high levels of organic contaminants, due to industrial and traditional

olive processing centers, olive oil mills and poultry slaughterhouses in the study area.

Conclusion: The study area was contaminated with heavy metals, which is mainly caused by the high
concentration of cadmium in sediments of Shahrud River. It is essential to mention that its negative impact on
humans, organisms and urban environment in Lowshan city and downstream of the Shahrud River is

undeniable.
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