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4- Principal Component Analysis
5- Cluster Analysis

doddo

Slasiin 3 oglals Sy s ol amatan S35l

glen ol (im0l Lol mlie (K5gdsn g (lend (S50
Olgzge ;500 g sl Coodls g 5ldy a5 Sljee @ atdl ] S
0k oyl V) 25kw dgame |y b)) cdlad b g asslil s 4 1,
2 ke Jodne SO 4 g Conl Al (gl GAS A gxo
elmosi VT 51 ol 3 o 3w 0 i e s
ey e i S8 o 4 (i SIS o agaCins
ol ogoe iy g Cunyy bmo 13 YL () B0k 5 Cuoun
Bl il iy olade S > i Sl (Ve 5 ¥) 30 (oL
@ O S el 59)9 Gliee gl g0 Cunj lazee )My (Sglie
s P VR St BUSWICEWE EEE O S

ol )8 ggmiily g Hlisly )l bl S ezl iy 4 =Y g Vo)
QLQ,&..;I gaio oSl ‘Lg)'”hi;f 0l ‘L;wa 09,5 X5
(Email: ayoubi@cc.iut.ac.ir 2 gham 03hany 5 — )



OF ) o urionizr Lol 1 oolisw! b cpufoun @l3ls By elii i

bl o dilate (pl )3 (e g 0w 59y 29)9 ik (ke (Sl
o 5l onlisal Ly (V) ot 5 pmpiss 505 (slilllan 5
o el e g Lol (slaailg 4328 (clad s
Ol 5l iy (e SB 1K polis 0aiS S zie
2 K 9 LS pg,S cldale a8 wnly i gl aisdla gy olaen
3y50 ddlais 0 Jub claKiw Jolds &S 034y (5,00 dlg0 b bl
Sl (sl Ay 2 S yiiho by s alé ) adllno
~Clld g @ g9y 9 oy Sl 52980 S8 (63 Dlge

S 5oy Sl gl

5 o Jlo lsie 4 sl oad ool (6y5liS g iakio «(5 5005
cap Wl 1) (i polie (o35 3959 @iie (1) OySen
U9y 5 adllas )50 (cla pito dlax ialS jglate 4 Loyl 5> S
L golts 155,8 oolitl (gladgs Juloos 5 Lol sladilys Lo
2 9039 b clite (sh1> 0g> g o 59y oy 45 0> (LS
P9y K (JSg clale a5 Lo 3 6yS e )5 095 S
Sl slacJld dluwg 4 5 039 1503 09)5 13 el g LS
rolie (Bp S @iy (W) ohlSer 5 lb Xgdi oo S8
W00l 8wy 090 SSLE (o S 2 ) S
delss 5 035 (mbo olss U ol i o> ol o] gl

e o
1 1
J ) | "\\\
= . e | -
HTTN- bl _\\ — | Bkl
4 [ et Vs
q { ~ |
: ¢ > 3 .
J — - - ) 3
f 28 N ] ) - /
rd 1
4 o 7 \ J _
ey -
- T, A )rh o
% PR T R e § g ——
\ ‘m._va} e '-(7, \ (f Y,
. R AT N —
. « - ,ﬂ-s-e&*r-"-")x;A e ! —
L ey N g N |
o M0 s T f_.Jr' -5{‘\ X
"Q N
Pt N
. s 1 LN | I
woTh-y ,/ ‘_“'Iq‘_-’a.'_‘ \\_\ \\ I'I TN
’ / ~
C ™
e Pl iy S s
o~ ~
[ s
\{ N ~ ~
y i | ~
4 ! } ~
- S
4 /
. \ / ~
- " ~.
s o M LS Ko
-’ ] [ s 00
.
N
e T T ~
. + a0 <
4 ~
i ~
i ~
s ~
i ~
4 ‘ S
. ~
.

Losal,

4+ 4y
+++4' it

F o In s aged bLES
-------- aals

-L;]-!B;,_f

+

32°270'N

32°268'0°N

=l

ol ody
b S JE e
*

A ()

51180 51°190°F

| Kilometers

51°200°E

32°25'0°N

32°240'N

51210°E 51220 S1°230°E S51"240FE 51°250°F

OB gd (o aibie )3 (5,1 praiged (551 g 15 lgs Cubge —) S



WAY jo1 00— 31050 Yolouds o VY als oS g ST a5 OPY

g5 Sy oo ¥V S5l 5 Sl loa i STB diges Lstaliwl‘oj
bls ULQ(O_.o‘ uL_wl ;r"’LWu*—") Olalao d_Jo LA ool
5 5 1sS (Slasals (Bl Sligsy (59) 2 LIE ()0 riges
b)l.\:l S Wl el 6'915 (L;QJJ.E O"l)’) ba)b.l.’\.il)' st.\g L;me
ol b g il 59 S 5,3 /Y S alils S clale 4,8
5 e (IF) 355 0 555 s g B S 2l

35 e (el il ol ) edliul b IS5 g o pu puolie

Soteline) 5 s otel Jalad g asjas
Sl (il lne Gl (ke Jols Linogs slae,lol
oS (Sised 10035 (s (SadS g (Sgz ol pss aiald
O Sl e by gl S e I8 (e g
o] sl adg) Mol fyunss 31 Lyr i 03zl adllao 350
Looslsy @i (9= Jlo b (spp sgbate 42 i pronsl=B)S 9odoS
o3lisul b LB (6950 Jloy @jg j1 &5 (lapite (85 O )9
ymolis sliie i polate & AiS Jlop b w2y Lot )
sl sloadlge 45 Jold 0jusite iz la il 5 ()2 390
g 00l gyl (sla oo olos .003,5 edlitwl (ladgd Julos
90 SPSS16.0 l3-5lp 15 31 0itwl L o poite ki (sl Lulos
ol clitia g 0uiS J S Jalge (Sl (o) 0 pslaie 4 .08)5
J il adge yo (5] dsslons 1y el )90 yolis
Jie adlllas 3)50 LIS )3 (Lol (sloadlge 455 0 puiie iz (b9,
Variowin l531 p 5 jl oslizul b kil daigs don (slod puid (6955
@ ddlge o gly Koz S cladias ol ;0 5 b 03ld Loy 2.2

93,5 a5 ATCGIS 9.3 aoli ys dliawg

Lo i 5 o hseasi

SLaS e 3 oy 390 lils IS cbale o)lol Gluoguas
bt (ol cwl ol odly Lis ¥ Joda 53 addlles 350 adlaio
5 89y e & baype Ol dlels cppin ) Jgdo )3 005 1)l
SIS pmaie o byye Sy ateld (3408 g Al oo o puo
Clale 48 sl Y5 ek Gy 5058 3051 gl b
L &5 S cod S9pm Jlop @iy @B 5l pe)S 9 ) oy e
WWad Joas Jlo g clls s bodly aubs v, 1 oolazl

OaSies Ol (las (Shewsan
Gl s gy (Siwod S 023 LY Joi>
Adlon oy 2y90 dilaie 53 (S

G )l G500 b lagpe MU 5 (S0 Carasy >
slaybgy 5l odlinl ( o9l (5 me y> sblie 5 03g)] sblie yuss
Sl Sz S Lol (F) il oo dubo sl (s5l] (300
e 5 2505 (Y ity S oy Ko g5 e
Loos VT (claditis 4 g (2bioigy sl clie g, Olsie &
(F) wilosss dlpiuiiy
5 9504l W39y 4 (S35 Cumor y glapbi jped & (5005
O Ol clale a8 ST Jelge (e «(65)5LaS slaiie
Pl lelid sl Jolgs cnl @S g ()18 s imen
sl Ca] bl GBS l ol (Sl s (520 3
sladdge aio sladss Juloo 5l eolatnl b imgh cpl o 14
015 )8 Jlarol mlio (o 42 )bl oo izmo 9 (ol
olaiol lgd xio it s GBS ) i pobis
Ll 045 d.ob).:

W gy 9 dge

Solags digal g dalllos oy go dlois S y2s
ol 5 i LS Yo v o Canusg 4 adllas 390 dilaio
oyt Jlod g Jlod 53 45 23k oo (ladiol (o] g dilais 4l
bl Jsb o adbate ool ol 0ad @Bly b5 s e
YOS LYYOYY oldlhs o,e g Byd OV YY B OV WA
WEA Lys oo 1 6ld5)) bawgio () JSGS) sl 0 #8lg  Jlod
o o VOVIY dgas dalais pl > e SW,b lawgio g yio
m 05 colitlon o] 3] Wl & (elmodls ) o3lizl b ail o
5L 5js <> Wind Rose Plots 7 1581 o, 5 (SaS 4 g 0
S 3 by sy S ones (o Jlod dilte o L
S it T Senyi 5 Sl i 4 adllas 3,90 oS
Clacusbge ol il oolinul b diged 2 oro ()l diged ploxl
a2y L d S s plate (ga0a5d S5 bl (GPS) Sl
3)9-0 > Sz S SLBAdd dyd 45y Sl cwyp Bia 4
Sy Wged b plaie (505D (B9) g sy 090 Sl S s
X Voo ol ag asld )l Lah j0 o aSud b Ol dolas
A liwST Calises (slajle 10 5 (LSa A jd diges ) yio Yoo
28,5 plodl (S Y5 )5 digad (Sy) yio B oxFe e slal & o
sebaie dy (gyte Bl o=V Bes jl SB diges VoV Sl o
LUl ol 1 U s anslyy alKiylel cla sl plo

1- Aridic
2- Thermic
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1- Rotated factor loading
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1- Z-score
2- Ward-algorithmic method
3- Euclidean distances
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Abstract

Soil pollution by heavy metals is an important environment issue throughout the world. Heavy metals’ origin,
accumulation, and distribution in soil have been the focus of much attention by many researchers. The objective
of this study was to recognize the sources of some heavy metals in surface soils in Zob-Ahan industrial district,
Isfahan province, using multivariate geostatistical techniques. A total of 202 surface (0-30 cm) soil samples
were collected. Total lead (Pb), zinc (Zn), manganese (Mn), iron (Fe), copper (Cu), nickel (Ni), cobalt (Co) and
chromium (Cr) contents of the samples were determined. A multivariate geostatistical analysis was performed to
identify the common source of heavy metals. The results of principal component analysis led to the identification
of three components. So, these components were explained 31, 27, and 16 % of total variance of heavy metal
concentration, respectively. The distribution of scores of each components were shown that the quantities of Fe,
Mn, Pb and Zn were found to be associated with anthropogenic activities, corresponding to the first factor was
termed the “anthropogenic component”. The quantities of Co were found to be associated with parent rocks,
corresponding to the second factor was termed the “lithologic component”. Also, the third factor was mainly
attributed to Cu, Ni and Cr which also comprised the first and third factors, indicating a mixed source both from
lithologic and anthropogenic inputs.

Keywords: Soil pollution, Heavy metals, Principal Component analysis, Cluster analysis, Geostatistics, Zob-
ahan industrial distruct
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