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Mo=0.75 PPM, Ni=14 PPM, Pb=11.50 PPM,
Zn=33.50 PPM
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Contamination Factor Class CF
low contamination factor Ci<1
:moderate contamination factor 1<Cg<3

considerable contamination factor 3<Ck<6

very high contamination factor <6
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Enrichment status Class EF
No enrichment <)
Minor enrichment 1-3
Moderate enrichment 3-5
Moderately severe enrichment 5-10
severe enrichment 10-25
Very severe enrichment 25-50
Extremely severe enrichment 50<

(1g0) Keilil e asli sk 4id —YJ5u

Sediment quality Class Igeo
Practically Uncontaminated <t
Uncontaminated to moderate 0-1

Moderate 1-2
Moderate to strong 2-3
Strong 3-4
Strong to very strong 4-5
Very strong 5<
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One-Sample Kolmogorov-Smirnov Test

Cr Mn Fe As Co Cu Mo Ni Pb Zn
N 86 86 86 86 86 86 86 86 86 86
Normal Mean | 6452 | 742. | 4411 | 155 | 1594 | 18.3 | 2.90 | 40.67 | 25.1279 | 68.2326
Parameter 3 7442 | 4 19 49 7 44
sab Std. 2754 | 331. | 1507 | 11.2 | 5.805 | 7.04 | 1.37 | 12.36 | 10.83762 | 25.95774
Deviat | 6 4618 | 4.3 37 38 57 74 83
ion
Most Absol | 0.077 | 0.18 | 0.109 | 0.15 | 0.134 | 0.14 | 0.22 | 0.052 | 0.164 0.123
Extreme ute 1 3 2 9
Differenc | Positiv | 0.077 | 0.18 | 0.109 | 0.13 | 0.134 | 0.14 | 0.22 | 0.052 | 0.164 0.123
es e 1 2 9
Negati | -0.037 | - - - - - - - -0.118 -0.102
ve 0.10 | 0.066 | 0.15 | 0.074 | 0.05 | 0.16 | 0.037
1 3 6 2
Kolmogorov- 0.712 1.67 1.008 | 1.41 | 1.245 | 1.31 | 212 | 0.482 | 1.518 1.142
Smirnov Z 4 9 9 3
Asymp. Sig. (2-]0.691 | 0.00 | 0.261 | 0.03 | 0.09 0.06 |0 0.974 | 0.02 0.147
tailed) 7 6 2
a. Test distribution is Normal.
b. Calculated from data.
andllas 35 90 i A3 ()T o 5 —F sk
Statistics
Cr Mn Fe As Co Cu Mo Ni Pb Zn
N Vali
g 86 86 86 86 86 86 86 86 86 86
Mean 44113.000 15.000 |18.000 |2.000 |40.000 |25.09 |68.00
64.0000 |742.0000 15.0000
0 0 0 0 0 53 00
Std. 27.0000 331.00000 15074.000 {11.0000 |5.0000 |7.0643 |1.000 [12.000 |10.00 |25.00
Deviation 0 ' 00 0 0 3 00 00 000 000
Range 103.0
128.00 |1462.00 68900.00 |62.00 24.00 [35.00 |8.00 |68.00 |57.00 0
Minimum 7.00 228.00 16600.00 |4.00 5.00 4.00 1.00 [12.00 |9.00 |18.00
Maximum 122.0
135.00 |1690.00 85500.00 |66.00 29.00 [40.00 |9.00 |80.00 |66.00 0
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Cr Mn Fe As Co Cu Mo Ni Pb Zn

Cr 1 .665 .822 405 779 162 -.067 .802 .061 242
Mn .665 1 .808 484 794 720 .069 .502 .293 420
Fe .822 .808 1 514 .829 .817 .096 .607 169 .346
As 405 484 514 1 457 465 .621 .339 272 .250
Co 179 794 .829 457 1 .844 -.040 734 178 .228
Cu 162 .720 817 465 .844 1 -.159 .670 .025 311
Mo -.067 .069 .096 .621 -.040 -.159 1 -.114 .285 .008
Ni .802 .502 .607 339 134 .670 -.114 1 .030 -.041
Pb .061 .293 169 272 178 .025 .285 .030 1 .016
Zn 242 420 .346 .250 .228 311 .008 -.041 .016 1
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Ol ets SN iled ke 4 jwle chle slie oy
L el sk ool 4l O G s T Olegen
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Mn: 0.762, Fe: 0.863, Co: 0.922, Cu: 0.896, Ni
UL))‘ (_;b\) PCA2 LY L;))“p 03 96> g 0874

As:0.75,M0: 0.894, Pb: 0.624 slse sl s3ie
P et 4y dade (B 1 bl IS NANVY oS
shls 5 ZNn:0.95 jae ¢l gods 5l gl L,1sPCA3
Ol abasly sl i 1y ibols IS 519 VY &S
slad o Jol b ail o o plal S 3l
S 5 b el sl esls OLED S s (gday 4
Cr, Mn, As, ,sle 05 &S dadw oL FL il
SIFL S5 551y 6 mie el slis Co, Cu, Ni, Fe
w2l Gl wly 65 6 Saly boes OLES 54
Zn,Mn , (F2) _.s ;5 ;5 As,Mo,Pb «s Ji= ;5
Shsad wdall 5 Cdns bl F3 S5 s
IS e il 4 pobie Sos g Cand 1 65 chend

A Jsa)

D e cro@rarer s S es e L ir ooy e (E e v e e ey oo o om=)

Al gla el 53 ol HpSl an (IS o auls fule
gl o axilIS ol a tash ol s edd

o ol b o xiy S SB pl sl eSB
sl 035 Cr, Mn, As, Co, Cu, Ni, Fe.

S S 36 o iy Sl s 5 5S6
Asb » As, Mo, Pb

Zn S 5 b o i 586 ol ip e 5550
Ll

ol S AL L ) i egy olied S sl 0L
Sph oo Jela 1y bols S 5 VAVIE ssas sl
LSS wjfjla;): Lg)LdT LLA;M‘ L jii; L;LQ)}.SU

Lgh e bela 1y bl 5l WS dens &S O

o bl 1 Sbols S 31 FASY% & - sPCAL
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Dendrogram using Average Linkage (Between Groups)

Rescaled Distance Cluster Combine

RS I3a e Kls gy Sbgwy 5 okd LT i DI Kaon (gl a5 ILT-Y IS

0
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SIS l5a 93 Al 3l edd Jsl gl & ged (5,586 LT L Jule ot pwy = A Jgd

s

M

]

i

r

In

hin

Rotated Component Matrix?
Component
F1 F2 F3
Cr 912 .027 .063
Mn 762 .248 .384
As 420 .750 184
Co .922 117 .106
Cu .896 -.018 222
Mo -.148 .894 .013
Ni 874 -.016 -.281
Pb .080 .624 -.039
Zn 152 .014 950
Fe .863 .210 .268

10

Fe
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1y med 55 58 Bl cnl 5 sh ad g LTl ped
sl K plgl fols a5 ola, 5816 518 o sl
5 e Ol sla sl ((Saslse slannl B Sl
LLoslames 53 5 05 Slgay 55 54 90 Sl 5l aSEIBE
Vgors fpioean (AEL Cowal Sl Wlge /50
LS s 58t S Olga 5 a8 SIS ol (sl e B
JJ:;S@\;;.EBJ}HQ}JL“:;-H{JJH:}ﬁ)iJBJQ&

(F JK2) dzes UL oS

3038 Sole mld pl 5l 50 (A2 2 e Sl (e
ol ey OLAS Wil xS ole ol Ole Aol 4 »
OS5 3L (Stmnens 5Ll olie ol 4 o
4w 13505 55 MO, NI LAS alols 4505 (gl 5 biile
sl J= 55 5 e axs LB PCA 0 am
rae &S Sl b edins DL 5 (22 e Sl
ST Sl pede ke KuG b chns Koo 6Ll
ol a1y e B ns LIl 5o ) adsx
=l L Co, CU L Cr Jl adlso 3 Jilis 53 5 aniliS

e 5 43S el w1y 658 (Stesen 505 b

Component Plot in Rotated Space

0.5

Component 2

-0.5

05 0. s

Componen 1

1.0 40
come®

S s Js gla & ge5 (5,96 IUT U hale oot 51 aalitnl b opfim Sl k5, abs,l ¥ JKs

‘;ﬁm J‘}h 9 4.‘?\5.3_’)

S 5 S 5 SB2 oS 53 SE b
LeaKas) min &S . ol ol 55158 SB5 oKl s
e 0 1-3 Su 8 easdeee 53 Ao 3 AP0 Ol b
el 4 513 (Minor enrichment) s Sas e
(N0 Sus & 05 edsdes 53 Aoy VA0

Ll el <3l enrichment )

b Cswy G dged 5o oK SlpE ClalE 5305

EF Sad 3 jasls 5l eslisul

auls glyls fjjsj«é.;ﬁé‘ﬂEF Sl arls Ol s
5 Glel 5 0.39-2.58 (PPM) o clile ol s
oS Wil »1.35 (PPM) oLas 5 0.33 (PPM) Lss
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5 Gl 5 0.75-1.63 (PPM) o clle ol i
S 13l 111 (PPM) 0le 5 0.24 (PPM) L
SE s S 5 ST2 oK) 3 (Sad b o it
LealKan) min &S . ol ol 55155 S86 oKl 53
e w0 1-3 Sus 28 es s 53 Ao 3P4 VY Ol b
<l 43 815 (Minor enrichment) s Sas oo
(N0 Sus 6 Osls edsdoes 5 Ao 3V Y
EF S5l el ol i Ll et <31 s enrichment )
0.80- /1o clble ol s auls by 0] 3o pzie ¢l
Obde 5 1.65(PPM) las 5l I >l 5 8.63 (PPM)
oK 53 SAd 28 o i oS AL 0 2.56 (PPM)
edd Saol58 S19 ooyl 55 Sai b o jmeS 5513
o350 ;5> doys 5349 L LK) zio &S
doys YVAY 5 (Minor enrichment) o SAs 8
L Moderate Enrichment o3 500 53 LKl 5l
o350 53 alKiasl o3 V0, 535 o el
5- ;o <kl L Moderately severe Enrichment
(N0 S & Ol edsdows 3 Aoy Y FA 510
EF 5ol jaxls ol i il el &31, enrichment )
1.04- o clle ol by ghls IS0 e ol
Obde 5 0.57 (PPM) [Las 5l Gl =il 5 4.49 (PPM)
sl 53 Sdi & oy i S AL #2.14 (PPM)
e Siol58 86 oKl 53 S b S 5513
L S13 5580 534 ;S82 olKaws! Jlgzr 2w oS .
Moderate  Sus & exsdms 3 45 Aoy F,70
sl Llas S 51335 o clle L Enrichment
1o Sas s easdoe 55 L300 on Lallen
o5 (Minor enrichment) s Sis o& ae 43
o e G EF S5l jasls Ol s Al s S
5 0.63-6.92 (PPM) . clale ol is auls (sl
1.42 (PPM) oLde 5 1.14(PPM) Las 5 ol

S 5S4 Kl ys Sas pb op mio aS AL e

wals gl 38 sz G EF So )l axls ol s
5l 5 0.45-1.79 (PPM) o chle ol s
S asb «0.91 (PPM) 0L 5 0.24 (PPM) Lss
S s S 5565 Sl 3 (Sd o o i
L Lealal min oS, col ods 55158 S20 oK) s
xe ) Sl S S sE essdou 53 Loy FTAD
Lo,s Y2,00 5 (No enrichment) Sas oo 0y
oS S 8 e 4 1B Ss 8 e
serls ol s ol 4 S 1 s(Minor enrichment)
Sl auls gl Sl mie gl EF S5l

Shre 51 Gl sl 5 2.83-23.12 (PPM) 0 clale
R i oS A5l #8.18 (PPM) 0L e 5 4.72 (PPM)
23 S G S 5 820 el s Sk o2
L el iy o5 il sl 3158 82 ol&as)
Moderately severe —ossise 55 dwys  YYY
Y4,V 5 Llas § 51 35-10 oo cLle L Enrichment
L severe Enrichment os susee s Leal&as! 51 ds s
Leal&isl Ao, s YEVE 5 Ll el 21510-25 o Ll
3-5 .. ckle L Moderate Enrichment os s> s
Minor oS i g easdeee 5 Aoy VNE
S8l parls Ol s .ol s S )3 (enrichment)
o whle Ol a5 auls Glls LIS e sl EF

0.60 (PPM) ,lxs 3l il >l 5 1.72-5.50 (PPM)
SAE 2 o mie oS WL 0 3.03 (PPM) oL
S48 oKl 53 Sas 2 g eSS 5 S13 Kl o
SAs o6 L SI3 sl o L il sl 55158
Moderately severe Enrichment cs g 5 455.50
53 Aoy VNP L Lealasl zio ool 4 S 13
3-5 .o ckle L Moderately Enrichment o 5

03 g 3 Leal&asl 5l o ;34767 5 Ll S 5l 3
Ll a8 15 (Minor enrichment) s Sas o

wals G)ls s 2o Gl EF S5l jasls ol i
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Practically — essuss 53 b oKl as)s

Al as S 413 Uncontaminated

Sl 55 pas ln 1ge0 Sofl jaxls ol
Gl >l 5 -1.86-1.03 (PPM) o clale ol o5 aals
w5l «0.45 (PPM) olas 5 0.63 (PPM) [Las |
S 5 965 el > (Sud i S
oK) e a8, sl ol 3158 SB3 oKl j3 S
03 5doms 53 Slgw, cuaS o5 1.03 clile L S65
03 Ll Loy #AVY el 4 S 1 3 Moderate
4,3 Y4,+v 5 Practically Uncontaminated s sds
,1,5 Uncontaminated to moderate o> i > dwo
Ll as S

Slols Kol e (51 1080 S5 )1 ol ol s
Gl il 5 1.07-5.10 (PPM) oy e ol i als
S 43l 275 (PPM) oLt 5 0.90 (PPM) lxs |
S 2B e S 5830 e 3 (S5 b
S U w4 5 L sl ol 55058 89 oKl 53
Ol oo i 510 ke L S39 oKasl Igeo s
Sk 035 53 5 s e 0L 1) ST Sl 4 Sa T
S69,S14 slealKasl .ol a3 S 5l 3 Very strong
Strong g o35 53 ko y3 OAY L S40 5 S20 5 S66
4- ol bl 5 Wl w8 13 to very strong
ey w0 el il 5 s e 0L | 5(PPM)
5 34 o cble LStrong es sasee 53 Ao ,3 YYLVY L
Moderate t0 ossims 53 LalKisl dwoys TYOP
03 allas) Ao s YEVY 5 2-3 o, clale L strong
CXlas 851 51-2 o cble L Moderate o5 sise
Shls LIS e ¢l 1080 Soll axls ol i
Sl il 5 -0.08-2.39 (PPM) o clale &l o5 als
w5 +1.35 (PPM) oLas 5 0.53 (PPM) jLes |
e 5 SB8 oSl s SUE ity S
s e+ el ol 5158 SB5 oKl js S

o aS L Sl sl 5158 828 oKl ps Sas s
63 3dme 5 4S5 dwoys YXY L S13 5 S32 oKl s
3- = <kl L Moderate Enrichment  Sus &
S4 4S5 5S3 556 oKisl Jlex 5 Ll 3 135
Moderately severe ossias=s 5 a5 dwys Y,80 L
ol Ll as § 1 35-10 o ke L Enrichment
w13 Sui éeasdoe 55 Ao n ATVY L LalKe
a S 1 3 (Minor enrichment) oS SAE 28 e
SLls G, ae G R EF Sol jaxls ol s, el
G|l 5 0.58-5.37 (PPM) oy ke ol i el
A5l s 1.31 (PPM) 0lte 5 0.83(PPM) L Sl
G5 S 5955 Sl 53 (SAS 8 op iy &S
do sz aS Ll 0l 518 S37 WKl py S
03 5dos 53 45 Lo ,3 ¥.¥4 L S53 5 S56 5 S52 olSil
3- .yu oble L Moderate Enrichment  Sus &
53 45537 cLlle LS55 oKasl 5 Ll S 135
cLle L Moderately severe Enrichment o suse
Lo WAV L Lealles] il Ll ab 51 35-10 -
g;u@;@mglﬁ SAE S8 edsde

.l 4 S 513 (Minor enrichment)

b ) sl Wged 3 oS Sl B 350 5

Igeo &w_ﬁj ce."u' U"L‘; 31 eslawl

shls (’JJS s sl 1geo Ssll jasls ol s
Sl ol 5 -2.89-1.38 (PPM) o clale &l s asls
1L+ 0.28 (PPM) 0ls 5 0.73 (PPM) L
35 Sl S 5ST6 oKasl j5 o0 o mis oS
)823 Lgl.@,hli‘;.ﬁ.l\ Bk Sl 0l U':J)‘; S55 cli:.w.;‘
ax+ L S76,582 ,S39 ,519 ,540 , S77,581
1-2 wabjbujbg:)t{)m)%l.@]):ﬁwjh
LealBas] 1o ;5 0Y,20 el 4z S ) 3 Moderate

Y£,+0 5, Uncontaminated to moderate o> g s
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aw s Cosl el 5518 855 WKl s Sus
63 gdwe ;5 45 Ao ,s Y, ¥4 L S53 5 S56 5 S55 oK
o+ Ll 4,8 L3 Practically Uncontaminated
Uncontaminated t0 o3 sume 53 Lallon! ds)s
o33l 53 Lalinsl Ay ¥£0Y 5 moderate

Igeo Ss,l esls ol s Ll s S 51 5 Moderate
0.92- o clle Ol auls Gl e e
Obde 5 0.54(PPM) Slas 5l Gl sl 5 1.94 (PPM)
oK 53 SAd 28 oy i oS AL 0 0.37 (PPM)
ol oS 846 oKasl 5 Sad b oS 5S4
S6 5S3, S31,S32 ,S66 ;S27 lealKasl. ol
Moderate o5 s 55 Loy V0¥V LS4 ,S5,S39,
o3 5dme 3 LealKasl Sl Ao VEXY 5 Wl as S 13
5l Ae 3 10,)Y 5 Uncontaminated to moderate
Practically Uncontaminated os sd=s 53 Leal&aos!
e sl 1080 Sol jaxls ol ss Wl S 53
-147-1.28 oL clle ol s sl bl o)
bde 5 0.60(PPM) ,laxs 3l il >l 5 (PPM)
oK 53 SAd 28 oy i oS AL 0 0.41 (PPM)
ol il 8 S37 oKasl 55 S 6 o S 5 S43
5 S58, S56,S68 ;, S76 ,S57 lealKasl. ol
o3 gds 5> Ao,y Vo ¥V L S43 ,S44, S27 5 S65
Ll 5l Loy OOAY 5 Ll s S 1 5 Moderate
s Uncontaminated to moderate  o>suss s
Practically ossiase s Lallonl 51 as YT VY

Xl as S 513 Uncontaminated

b, b 08 53 i SIL lle 25l

CF 3l eslizul

auls gl yls Cj;fa;odlﬁCF Sl patls Sl s
Slas 31 Gl il 5 0.2-3.86(PPM) (0 clale ol s

S aiL e 180 (PPM) ol 5 079 (PPM)

Practically ossua=s 5 45 -0.08 ~Lle L S55
a S 13 Ol casS a5l Uncontaminated
oagdome 3 doys 0F,8A L Lallanl zio ol
o3gd=e 3 dwys  YEVY 5 Moderate
53 de ;3 10,)Y 5 Uncontaminated to moderate
Ll el gl ail Moderate to Strong os gioee

wals SLyls s yaie gl 21080 So 4l Laxls ol s
5Ol 5 -1.88-1.22 (PPM) . clile ol s
S Asb »-0.08 (PPM) 0Las 5 0.58 (PPM) s
S G o a8 5866 lSan] 5> S i o min
L S66 5S19 . conl ol 3,058 S55 oSl s
cuiS L 5l Moderate ossdses 55 4S5 doys YYY
0 el Ao 0F 20 ol 4 S 15 Sbsa
fv»Y 5 Practically Uncontaminated o jass
Uncontaminated t0 s susee s LealKas! 51 ds s
Igeo S5l jesls ol uxs &l s S ) 5 moderate
s ow bl Ol anls GLls Odd e e Sl
5 0.60(PPM) ,lxs 5l Gl 5l 5 0.04-3.06 (PPM)
23 SAs g8 o rie oS ail e 1.20 (PPM) OLus
S8l oKasl j3 Sus & op,wS 5 S39 WK
5520 5 875 lealKa] oo &S . sl sl SIS
63 3dowe 53 &S o5 £,4A LS39 5S40 ,S86 5 S70
s> 5 Al as S 13 Moderate to strong s~ 2-3
004 chle b as,sYYr LS80 5S81 (Kl
c.aS L sl Practically Uncontaminated os su>s
03 Lea&al 5l do,s OANY Ll 4 S 15 Db s
35 Lal&as) 5w ,s YY08 5 Moderate os suses
a3 S 413 Uncontaminated to moderate os s>
shls JS6 e 11080 Ss )l jaxls ol a0l
Sl il 5 -0.81-1.93 (PPM) 0 clale il i85 2l
il »0.95 (PPM) oL 5 0.48 (PPM) Lxs 3l

d&wjlas_}s40at§,@,i‘);§uwd%ds
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S e eoler aib 53 Ao VY TE L Ll
1 ,3( very high contamination factor )VL L=

Llaz S
slils SIS e ¢l CF (Sl el ol s
Gl il 5 142-7.84(PPM) oy clale ol s als
A3l e 3.82 (PPM) ols 5 1.53(PPM) L
SVAY chle L SB8 oKl s chle i &S
SolS VXY clle L SBS oKal s clile o xS
CF 86 gty adS sl 4 a5 Lol ol
Sl e olexr aib 3 Lealnl 1o ,510,)Y
1 ,3( very high contamination factor )VL L=
o aik 53 ;305 AN L sl il sl s S
S N

55 Lalkensl Ls s YVAY 4 (contamination factor

considerable ) PEYRT
moderate ) Lo | SaJl ae @ P53 il
Sl Ll s S 513 (contamination factor
Ol yuxs asls Gyl s yzie 6l CF S5l jaxls
0.61 ,las 5l ol >l 5 0.41-3.50(PPM) ., clale
i oS AL e 142 (PPM) oL 5 (PPM)
s bl oy S S0 chle LSB6 Kl s ckls
woar s bl sl 5180 ¥ clle L SB5 K]
L Lol 3las 22 CF 556 (iy audS 3o
by (Sl me o s> akb 3 Aoy ATAA
s Xlas S 515 (moderate contamination factor)
e sl aib s Ao TV L Ll ol
s (low contamination factor ) ..t SsJi 6
g JB O So )l e aib s Ao YT
Llas S 4l 3 (considerable contamination factor)
S Oddse pie sl OF (Sa ) asls ol s
Gl sl 5 1L47-12.53(PPM) oy clale &l a5 als

S 53.86 clale LST6 oKl j5 chale oy i
el 0ls 550580.20 cLale LS55 oKl js clale
a2 CF 58l (g adS Jsdr @ x5 L
Sl me o pss aib > Ao VALY L Ll
J1,  (moderate contamination factor) la.. s
wib 53 Ao \YVA L LalKan) il 5 Llan S
low contamination 5L SsJ1 ;356 sxe 4 sl
g LB SoJl Wil s as)s ANY s (factor )
Xlas S 413 (considerable contamination factor)
wals Glls 38 e ¢l CF So gl axls ol s
5 Glil 5 0.41-3.07(PPM) o clile ol s
S wil #8.59 (PPM) oL 5 0.60 (PPM) jLxs
eSS 53.07 chle U SB5 oKl 3 el oy i
ok 518 041 chle L S53 oKl s clale
oty CF 86 (g S Jor 40 a5 Lo
e s aib 53 Ao VYA L Ll sl

(moderate contamination factor) L.y Ss I
03 o dYEVE L LealKansl il 5 Ll a3 13
low ool Se gl et e o ol b
b 5 dsys \,\$ 5 (contamination factor )
considerable contamination ) 4>y LG S
sl CF S5l jasls ol s .l as S 5l 3 (factor
315- o chle Ol asls gl Saw)l e
obde 5 8.59(PPM) Slxs 5l ol >l 5 51.31(PPM)

il j3 clale o i oS usl . 10.08 (PPM)
LS9 oKl j5 clale - 28 551.31 lale 1L S39
S Jadr wax g b oclods 5158 316 bl
& p i 3 Ll o 5Y7VE CF s o
S e

(contamination factor

considerable ) w5 LG

TR
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«3 S, 3 (moderate contamination factor) L. ;.
e sl aib )3 Lo oYY L LKl ile s
s (low contamination factor ) ..t SsJ1 56
g BB Sl ppm Akl s Aoy VoYY
Llas S50 3 (considerable contamination factor)
wals slls sy e $1 o CF S5l jaxls ol i
5l Gl >l 5 0.54-3.64 (PPM) .o chle ol s
S 4l .+ 1.99 (PPM) oLe 5 0.78 (PPM) Lixe
S Y PY Clle L SA3 Kl s chls o mis
el 0 S8 OF chale L S37 oKl s clile
Ax o i CF 5586 (g 4 Jsdr w45 L
ST me g aib 3 Ao s ATVY L Ll
a3 S 5 (moderate contamination factor) L. s
e o Jsl aib s Lo 0AY L el il 5.l
s (low contamination factor ) ..t SsJi 06
s QB 5ol s b s dop VYV

&las S50 3 (considerable contamination factor)

b g sl Aged o o Slls Clale 25l

PLI jasls i eslizl

S il 512 6106 o s L PLI sl
GLls Leallansl 5l dops YAV 05 Jsir @ ax 5 b
5 &b . (High contamination) S )1 - zé
VAT 5 aal 0, Y clale L S39 olKal oy 5 e
(Moderate )law 2o S5 507 03, 53 LealKausl 5 ds s
5@l a5 Jdsd 53z CONtamination
O 53 &S sl o o351 olan 555 Slesls =l
o3ls jolamtl s |y doo s o jtds SO, gla 4l

G

sl » 3.47 (PPM) OLs 5 1.78 (PPM) Lxs 5
AYOF clle L S39 oKl s clile oy i &S
sl 18N PV chale LSBT oK) s lale oy xS
Oty CF 86 (g audlS Jor 40 a5 Lo
LB Sl o g aih 5 10,307, 9A L LalSans | sl
1, (considerable contamination factor) - 5
53 4k 53 oI L LpalSin] Lble b1 45,
moderate contamination ) L e SsJl xe 4
Sl me w eolexr il 3 A3 MNP 5 (factor
,1,3( very high contamination factor )YU L=

Llas S
wals ghls IS0 sz 61, CF Sol jasls ol i
5 Olsul 5 0.86-5.71(PPM) .o clile ol s
S Lib +2.89 (PPM) oLae 5 0.88 (PPM) jlxs
S OVY clale b 840 oKl s clale o i
el o (i8S AP clale L SB5 Bl s clale
shans o 2in CF 558U (g S Jsdr 0 x5 L
ST e p b o0V Y L LalKe
a3 S 41 3 (moderate contamination factor) L. s
e Jglaib 3 4o,V V8 L el ale 5.l
s (low contamination factor ) ..t SsJ1 6
g BB Sl epe Wil s Aoy TR0
Llas S50 3 (considerable contamination factor)
wals Gbls e p2e 61 CF (Sodl jastli ol s
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Abstract

Riverin sediments of the Dohezar River in Tonekabon contain high levels of heavy metals and therefore, they were
chemically analyzed to determine concentrations of these elements. In fact, this research intended to evaluate the
ecological risks of the heavy metals As, Pb, Cr, Zn, and Cu in the river sediments. Contamination indices such as
enrichment factor and contamination factor, were evaluated. Considering the average concentrations of the heavy
metals at all of the Stations, the maximum average for the elements was zinc and the minimum was copper.
Therefore, the averages of changes in the concentrations of the elements are Zn > Cr > Pb > As > Cu. Considering
calculation of the enrichment factors for the heavy metals according to the EF classification table, the maximum
number of Stations (43.02%) with respect to contamination with As were in class 4(moderately severe enrichment).
With respect to enrichment of Pb, Zn, Cr, and copper, the rest of the stations with 83.72, 77.91, 86.05, and 69.77%,
respectively, were in class 2 (minor enrichment). Considering the high concentrations of the studied elements in
the sediments of the region compared to the background value, and based on calculations related to contamination
factor, arsenic with the average of 11.9 exceeded the most from the standard limit. It was followed by Pb with 2.2,
zinc with 2, Cr with 1.8, and Cu with1.6 (copper exceeding the least from the standard limit). This research used
statistical studies on correlation coefficients and cluster analysis to find the origin of the heavy metals in the
sediments of the region. The low correlation between the heavy metals in the soil can indicate they probably did
not have the same source. Moreover, these elements have different geochemical behaviors due to their low

correlation.

KeyWorlds: Dohezar River, Enrichment factors, Heavy Metals, Cluster Analysis, Principal Component Analysis
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