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1- Contamination Factor
2- Contamination Degree

3- Modified Contamination Degree
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Sr Ni Co Cr Cd Pb Zn Cu 610 paiges slaolSiny!
195 101 035 0.23 3.09 720 122 196 S1
1.79 059 039 0.28 332 6.78 0.83 1.30 S2
095 073 038 024 305 6.76 1.28 1.59 S3
2.07 056 041 031 364 6.26 0.79 1.63 7]
222 029 041 024 409 3523 1.80 1.44 S5
1.74 043 043 031 373 6.92 085 1.24 S6
1.27 029 035 0.18 277 6.94 119 1.70 S7
145 041 048 0.36 445 253 124 262 S8
156 0.41 046 031 486 15.68 3.58 6.28 S10
1.73 0.34 045 0.29 5.09 17.93 4.13 4.49 S11
098 0.19 0.35 0.14 223 459 090 2.03 S12
239 028 037 024 264 694 091 342 S13
164 0.29 042 0.27 336 7.88 102 212 Si4
1.72 033 040 0.26 3.73 9.88 0.78 2.62 S15
186 0.32 0.46 0.28 459 10.09 10.54 256 S16
1.28 032 041 0.26 514 6.54 0.64 1.53 S17
1.30 029 039 0.27 314 7.26 105 1.87 S18
1.32 036 043 032 373 751 124 1.72 S19
1.20 033 039 0.24 255 547 052 1.28 S20
161 0.29 0.38 0.27 3.23 217 099 1.69 S21
242 024 040 0.20 3.09 163 057 1.43 S22
200 024 040 016 255 145 0.31 1.35 S23
168 0.30 044 0.24 332 201 042 1.28 S24
158 0.24 033 0.17 250 148 0.21 1.09 S25
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Cd>Pb >Cu >Sr >Zn >Ni > Co>Cr

Cul Pb| cCr|cColNi| zn!|cd
Cf| 210 | 7.7 | 025 | 0.40 | 067 | 1.17 | 3.38 | 1.65
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mC,q Cd 10 pigad (gboolSins
2.13 17.01 s1
1.91 15.27 S2
2.70 21.56 S3
1.96 15.66 A
5.72 45.72 5
1.96 15.65 S6
1.84 14.69 S7
1.69 13.54 S8
4.14 33.15 S10
431 34.45 si1
1.43 11.41 s12
2.15 17.18 s13
2.12 16.99 S14
2.46 19.71 S15
3.84 30.70 S16
2.01 16.11 s17
1.94 15.56 S18
2.08 16.61 S19
1.50 11.97 20
1.33 10.62 21
1.25 9.98 S22
1.06 8.44 S23
1.21 9.69 S24
0.95 7.59 S25
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Vol S 1 g Slges, 5o (Sogdl goams las il Vo3l i Sogllb el axibs

(Tomlinson et al., 1980) <l Ggus, sladiges ;o Sogll pae caslis il

J3s Cguy sladiges pled jo ( Sogdl )l asls wab oo saplice YF-0 Jgoz j0 a5 jghailen

S12 ST oSyl 5 0 o ot 1y Sligesy po (Sogll g el VI 5YL (simio 3blio 5 s
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< ‘ ( ..
S13 S12 S11 S10 8 S7 6 S5 4 3 2 S1 Stations
1.16 0.80 1.83 1.89 1.18 0.99 1.13 1.49 1.20 151 1.14 1.31 PLI
25 S24 S23 S22 21 S20 S19 S18 S17 S16 S15 S14 Stations
0.60 0.81 0.68 0.81 0.93 0.87 1.18 1.08 1.04 1.77 1.21 1.15 PLI

1- Pollution Load Index
5- Tomlinson
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25 1y glasleog) piucssST g Hludl Cadles aiilgl oo 58 Dligesy ol (55,0 Lamo 4y (oS
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(SQGS, 2003) w5

"5 il as (TEC) ' j5e cdale ailin] 4> Slhgw, 50 0aisS oS5 0an¥T j2 ol

2 rolie R 5E e 00ilS s sl e3ls & (MEC) il j3e clilé 5 (PEC)
Aigad ;O Og>ge polic I SO o chale adllas ol jo .ol ool (G pai il o0 0y Slogzge
oud duglis il Jho Clile 5 e ool v ige cil ailil as ol b aihte e,
V-0 alaly 5l 5 035 PEC § TEC lawy o> MEC 4S5 el ;S5 4 p3¥ (SQGS, 2003) o

1wl 00U Ml.?bo

1- Treshold Effect Concentration
2- Probable Effect Concentration
3- Midpoint Effect Concentration
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TEC+PEC

MEC = A\Y-0)

oD o\))s] W LJ"‘ 3o asJlUas Sy90 )mL& 6‘).3 MEC 9 PEC .TEC )‘A.{Lo YO-0 JBJ..‘> L

(SQGs, 2003) (Sis (335 p,5skS 2 o5 e o ) yolic 51,y PEC s MEC TEC ,35lis -Y0-0 Jsu

Metal TEC MEC PEC
Copper 32 91 150
Zinc 120 290 460
Nickel 23 36 49
Cadmium 0.99 3 5
Chromium 43 76.5 110
Lead 36 83 130

YL MEC 4 TEC jolas I o 38 clale Jawgio wgd o oanlice YA-0 S o a5 jghailen
3o o] jo g 0l J2Is solius! jo e 38 clale el 50l PEC polis 3l Jg
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2 sy, B chle cul sauS IS S g P Bblie Slgw, 0 on Olog>ge
S9oF 4 59, Ohilw e 45 sg2g cwwl SYL TEC polie 3l 0l Jolo slaolSins!
SYLPEC ¢ MEC (TEC polie 5l olius! cpl 4o (g9, 38 cdale a5 cwl oo caww S16 oSy
PEC o 5l sYU (5,5 a5, sbails I8 .56 LJs 4 S3 5 ST oS! g0 o U clale sl
Voo IS Ll o 60 slacadled 3G .ol SQGS (2003) o 518 ol sl oo iy a5
PEC I 5L wsls 8 oy ,is Jeloe ,3b cou a5 slbolSius] 35T 50 ameslS g oy yaie
a3 oo HLis SQGS (o 39250 ozl polis b yole cdale (Sl anslas IS jobay .ol
g 00w 0 Slog>ge g Ls)bf/wb aliw] a4 Slgw, 40 peeolS 5 pg,S jolic polie a5
5 9y S vy polis polie iSils 25500l Cgmme s3] Shogzge ly (S Lole

) yolic ol & Coms dibiie 0 5 e Syl 5 495 4 5L a5 Ceal YL TEC de I e
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SQGS ;5 35750 sl asli olie b jolic clale o Siloe anylio -TA-0 S

Ao gy sWaigai 33 (PCA) ol ailio Juloxi —1¥-0
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b yolis e s ol 5 055 et |y e SI318 o Sis 5 5505 Ghymo |y bl sli] 525

I8 el adlie SOy atie S i clide b g alie olesdssy (LS, lils a5 ol e

o 4 Caws (Varimax) b ,lg b sl iSlas glls ladse (Shan et al., 2012) 5,5 o

(Kaiser, 1960) arib oo ;50050 5| Jaiawe o Credds anil oo

03,51 YV=-0 Jgaz ;5 (aizeen 5 01-0 500 sla St o Lol adlie Julov I Jool> b

irles sdms s gty oy o il Lol alie dw o 655 L D)0 USE el o
S35 oS bl 5 YV L gl ailge o Lol dilge o 31 sl sy gulis e am e
JS oy SVIYEIS L pgo ailge 5 aumo s ol oYL slacs 38 L CU 4 Zn, Pb, Cd, 152
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Slao sl glel Blod 5108 o )18 Lol ddlie S j0 a5 ol rie om0 o oylid |) Cuie

(Shan et al., 2012) wuily o oSy 513, b slive s loowdissy Ll 5l g ylus

GRS 5 @is 09 Dlgay o polie clile (g pSojlul lensl Cussdy @S 4 ag L

dlona 5 A1y g2 83k g Slicma; Jelse a8l byl polie e Sl ki o L]
sy a3Vl ol e g Sliime) else cogm; (alrereSe it slal il g polie G (Ko
i polie ples (iSTn )0 (P10 JS&) (Sxio S b g mlio (sl OASL 5 lxiy e
Ol O b Gl abgiye lo i o yaie 2 mje ln &S Gl 4 a2 g b (Jy il
9 el il (eodlS (LS (pg S polis STy o Sl Jelge &8l jo Wledgs HluSy Jelge
30 pelal o r°9:t-‘-.‘.-°9ﬂ ‘QJ::—‘ L yolie opl o 05,5 b yol cplas ailaiils 1, cwlol s JSGS
Lo St meedlS g s 1S9y v polie @i S e 3 Sl 590 Lol adlge Jlow
Sy 50 b hol ailge Jlo s g oty 18 (s, 9 o Sl @mles) Oty Jalse 3G
Solie hYs Gl o pgo 5 Jsl hol adlie 90 j0 oS yaie (655,18 W55 o0 )8 095
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Laools ads) Jsles 5l o gl i) Lol adlge ans ~Y5-0 Jga

Component
3 2 1
0.498 0.550 0.469 Cr
0.064 0.769 0.497 Co
0.916 -0.087 0.066 Ni
0.539 0.711 0.182 Fe
-0.096 0.074 0.847 Cu
0.190 0.154 0.873 Zn
0.250 0.555 0.651 Cd
0.357 -0.099 0.751 Pb
0.780 0.481 0.276 Al
-0.044 0.554 -0.117 Sr
0.619 0.644 0.102 Sc
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Abstract

Zanjanrood River is one of the most important rivers in Zanjan province. The study area is part of
Zanjanrood (approximately 45 km) which located between the two branches, Zaker and Sahran, east
and west of Zanjan city respectively. The present study dealt with the evaluation of water and
sediment quality and the concentration of heavy metals (Cu, Pb, Zn, Cd, Cr, Co, Ni, and Sr) in the
river. Water and sediment samples were collected from 25 stations along the Zanjanrood River.
Physicochemical parameters were determined and concentration of heavy metal content of water and
sediment samples were measured by using ICP-OES techniques. The tests showed that the pH for all
water and sediment samples were alkaline with no remarkable variation. lon concentrations in water
samples were below the standard limit for drinking water (WHO, 2011). Stiff and Piper diagrams
showed that the type and face of water samples were, chloride calcic (15%), calcic carbonate (75%)
and calcic sulphate (10%). Classes of 60%, 35%, and 5% of the water samples were very hard, hard,
and relatively hard respectively. Scholler & Wilcox diagrams showed that water quality in the study
area for drinking was good and acceptable and for agriculture and irrigation purposes was suitable.
Except for lead, which in all samples of water was above the limits set by WHO for drinking water
(WHO, 2011), Zanjanrood River was not contaminated by heavy metals. Geochemical indices (EF,
Igeo, CF and PLI) were used for assessment of heavy metals contamination in sediments. Multivariate
statistical approaches including principal component analysis and correlation analysis were employed
for statistical analysis of data. The results showed that in upstream stations, sediments were coarse
grain in texture, and towards the end of the river became fine grain. The Organic matter and calcium
carbonate content of sediments ranged from 0.04% to 0.72% and 0.18% to 1.8% respectively.
Geochemical analyses of the sediments showed that chromium and cobalt had lower concentrations
than concentration limits of the World Mean Sediments. Zn and Ni at some samples and copper, lead,
and cadmium in all samples have concentrations above the concentration limits in the World Mean
Sediments. Mean enrichment factor was calculated for the elements and showed that sediments
enriched highly with lead and cadmium, moderate with Cu and Zn, and low to not enriched with
nickel, chromium, strontium and cobalt. Mean geoaccumulation index of sediment samples showed
that the sediment was moderately polluted by Pb and Cd while they were unpolluted by Cr, Ni, Zn,Cu,
Co, and Sr. According to the mean values of contamination factor, sediments in Zanjanrood were
contaminated very high with lead, considerable with cadmium, moderate with Zn, Cu, and Sr, and low
with Cr, Co, and Ni. Pollution load index indicated that 67 percent of sediments in the region were
polluted and 33% unpolluted. The results of multivariate statistical analyzes showed that the metals
such as chromium, cobalt, cadmium, nickel, and strontium had litogenic sources and Pb, Zn, Cu and
Cd more likely had anthropogenic sources. Cadmium was originated from both litogenic and

anthropogenic sources.
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