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Background and Objectives: Heavy metalpollution has become a
widespread environmental issue, posing serious risksto-human health. The
primary causes of this pollution ‘include rapid urbanization, land-use
changes, and industrialization,, particularly in developing countries with
high population densities. This study aims to evaluate Indicator Kriging
and investigate the sources of heavy metal contamination in the surface soil
of the Shazand Plain, Markazi Province, Iran.

Materials and Methods: The study area includes lands surrounding the
Imam Khomeini Refinery, petrochemical facilities, thermal power plants,
and the Emarat lead and zinc mine in the Shazand Plain. A total of 230
surface soil samples were collected from a depth of 0-15 cm in 2019 using
a stratified random sampling pattern. The total (quasi-total) concentrations
of arsenic (As), zinc (Zn), lead (Pb), cadmium (Cd), copper (Cu), and
nickel’; (Ni) “were( measured. Indicator Kriging, which estimates the
probability. of values exceeding a known threshold, was used to develop
heavy metal risk maps. The Geo-accumulation Index (Igeo) and
Enrichment Factor (EF) were calculated to assess soil pollution levels. To
determine potential sources of heavy metals, Principal Component
Analysis (PCA) was conducted using SPSS version 22.

Results: The mean concentrations of arsenic, zinc, lead, cadmium, copper,
and nickel were 151.78, 104.04, 37.88, 1.17, 13.48, and 92.98 mg/kg,
respectively. By comparing the average concentration of all metals, it was
observed that the concentrations of lead, cadmium, arsenic, nickel, and zinc
were 1.4, 2.6, 18, 3.5, and 1.7 times higher than the global soil mean,
indicating a high level of pollution in the study area. About 90% of soil
samples for cadmium and 100% for arsenic had concentrations exceeding
the global soil average. Based on Principal Component Analysis (PCA),
three components accounted for 81% of the total variance. The results
showed that the first component (lead and zinc) can be classified as an
anthropogenic factor due to the high rotated factor loadings of these metals.
The average concentration of these metals was higher than their
background values, suggesting that their origin may be related to waste,
tailings, and acid drainage from the lead and zinc mine. The second
component (nickel and copper) was classified as a geological factor,
indicating that these metals likely originate from geological sources. The
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third component included arsenic, which may have a different source from
the other metals. The presence of arsenic in the soil may be attributed to
human activities, including industrial emissions (refinery, petrochemical,
and power plants), mining operations, and atmospheric dust resuspension.
Given the widespread agricultural land in the study area, the presence of
cadmium contamination may also be linked to phosphorus fertilizer
application. The Indicator Kriging method showed that the high-risk
ranking of heavy metal contamination in the study area was as follows:
arsenic > cadmium > nickel > lead > zinc > copper. The calculated
Enrichment Factor (EF) values for soil samples ranged from no enrichment
to significant enrichment. The average Geo-accumulation Index (Igeo)
values for lead, cadmium, copper, nickel, zinc, and arsenic were 0.37, 1.59,
-2.53,-0.48, -0.63, and 2.9, respectively.

Conclusion: The Principal Component Analysis (PCA) results. showed that
the origin of lead, zinc, arsenic, and cadmium is likely anthropogenic,
while copper and nickel are primarily derived from geological sources. The
risk maps confirmed that the study area has a high risk of heavy metal
contamination. The Enrichment Factor (EF) analysis indicated that copper,
nickel, and zinc exhibited no to low enrichment, lead had moderate
enrichment, and cadmium and arsenic showed significant enrichment. The
Geo-accumulation Index (Igeo) assessment classified copper, nickel, and
zinc as non-contaminated, lead. as non-contaminated to moderately
polluted, cadmium as moderately polluted, and arsenic as moderately to
severely polluted.

Cite this article: Hosseini, Shaghayegh, Cheraghi, Mehrdad. 2025. Investigation of soil pollution
Shazand plain with heavy metal and preparingia soil pollution map using indicator kriging.
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Figure 1. a) markazi province, b) Shazand County, ¢) Distribution of sampling points in the study area.

S GS el laolSKans sl d> .Ad Sl
S A T I S G
PRVEA (- ITVREERES (VR VLRV NV RIS QR s

S5 pSAS e Skttt
IS el S S el Ko S
S e ol Jlasl S ol olisss e i,
e ) dies () pshes el Sl YL
S Glods 5, So3ll pslas 4 Jhy, Gl o3 XS e
OF 5o pslie 5 08 e il A 51 5
i el K Sius 3530 03ls Sho IS
e S s ol s Sl elinad LZ() aolas

AV dslre) 533 0 faS Lexli

1, Z(w) > Zy

0, otherwise )

i=(u;zk)={

C(U()) e..\.‘;ad)b]:‘hjm QKA Lg’." DL B
Y sl el b ety Ko S Kness

5 g sl

i (UO; Zk) = jn=1 )\JI(UJ, Zk) )

L AFaA Il Ol Jsb s i slhe Sladlas
spbe oy 5 Sl ades Cany 4 g
S o e S L e YW Sl glags 0
WO U i Geo Sl (6505 0 5l (bysbe wsad 52)
ol gduaib slal O 4 S (g e Sl
Sl LT el sl baigad 5 A3 ol

s S iz ol lesl a4y S
05 S il 3l e :@L(.ia.l.aﬂ sl oo
> S Lol se °Jw'%§)ﬂ@~>.- S 5o
30 2 S DAJE e (S5l (g e s
Slls (Sa) 5 chle w33 plnl bawsel
ooyl lawl S 5 Ni 5 Cu Zn Pb Cd As
g N B =T - I VRYT-R W v
(JSed) S Clils (00) db pldl (s ,Seslas
3bwsslal 3l oy IS5 5 o a3l oo (55
e odl o (5 05 589 Sl olSs s L s
Js chle 5 (AAS Model GBC 932AB Plus)
Slowdly (Sl olas b ST (JSa)
(ICP OES GBC Integra XL) Sl sds coi>



V€Y & D)Low:} NE 5)9':‘),"‘1L-f~ Ng)’ghgb%ﬂ.\a d‘i)‘w"

oS NP5 S JT g5
Sods arls ol T KU e el
ssbe 5 (O W slgin 0404) Jee by
Sl ol s o Seilll gl (gles 1S
Sl 4 S 15 eslizal sy S K
25 slee Sl eslimal Lo el ol (V8 OY)

A dewlses

o = 0 ]

33 S 3 e o Seslnl el Gy s b
Chl By s (SAS » e S k) S g
e A 53 G B Oles sl 65 Slae )
4 Sl VO s il (o S5k e S )
wny Jlie 3 Jlexl Sl b onle, sl
oS Cas 4 Kbl e Latls palis Lol
s Sl Slab sk gk 5o
N ERE Sk Py e R W R <o

sl o 8l QL';;

(o) O 53 ali Slaie (Uj Zi) ol s «S
e T (UpZy) wsed 3148 N § (15 g
A 5 ekl (Sol3 g Sumdye 53 it SreSS
o 1T (UgiZi) o osls olasstl S35 oo
Jlo sl S (eass Al b ol 5
oSk sl e gl Sk sla et Ls
Lot Sloye S0ke Ll Ao 5 et Sl e
b oluye oSk Ldr Larls ad eslizal
Ol o cpl bl e & (glaesls 4 s
58 eslinal et Sla e 80Le Gl s |
s 5l o Dl e 800l ds > Ll
s 5l s Sl e 5L sl e
LI R T V) s 5 S o310
Lol VL s 23 L S 5S bl o!
Loy Sl s S O (Yor) Sl Ji,:a
Wl G S e bt Sl Sl Lds
B g S A 65 S 5 o e
Al Ve VL oS Sh5e 05 5 wge AEL VY U
Sl e claaii (1) cd Cias g3l
el S S dbe kel 5 S

A el ArcMap 10.3 Sl Jas

(SR ey s el (S JT il -
Table 1. Classes based geo-accumulation index.

Geo-aceumulation index Value Classes
Pragtically unpolluted Igeo<0 1
Unpolluted to moderately polluted 0-1 2
Moderately polluted 1-2 3
Moderately to heavily polluted 2-3 4
Heavily polluted 3-4 5
Heavily to extremely polluted 4-5 6
Extremely polluted Igeo >5 7

1- ME
2- RMSE
3- Geo-accumulation index (Igeo)
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Table 2. Statistical of total concentration of heavy metals (mg/kg) in soil.

GRCWICE N
As Zn Ni Cu Cd Pb O Sk
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Sl
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Shrs Sl ol
44.54 130.9 32.57 3,57 0.7 42.28 -
Standard deviation
1) s o o Aoy
29 125 35 26 60 111 () S o o oo
CV (%)
* g sl Sl
8.4 60 26 23 045 28 S s S
Average world soils
3 eBlim gl LS 528 Sl kS 5 bl
12 200 50 63 14 70 Ol et 5 s e
Canada's soil quality standard for protecting the
environment and human health
O ol Gy Jaee Cbli> Ole L 5 15kl
- 500 1o 200 5 75 Sl B S

Standard of Iran Department of Environment

)+

(\/\)(Y.\.)J“\i-@:u‘.‘s%
(V4) CCME Y+ v



12 33 0 g g B [ o W30 Cold GBS Sag oy

cleas LS S8 Lol e A S Sl
WS s KVl (s b 553
oBs,m sl iS5 3l e s Ll
Sy Go b 3l 3 et s oKV 5 S~
odd dikn a5y o i it
e 50 (W740) OlLKes 5 oecwl, (YY) ol
e S s e chle 0oy VL
alo ol Sl 5l BB et s oKV
YY) W S ol

b adlie Olpe 4 LS o 3 e
iy mbe 5 Yol S5l ol sss Ol
s 5 (YY) 0L 5 0L L,S s L
Sl pSb g als L JSS 5 e (T LI
Sk &, ;Jjbﬁ (Sl dlse alar 3l (g bl
ot el ally Gl S L s oL
(YO YE) dnea S nie (558 Jamecan)

Stz oS (S3ss 5l adlje Wl s adl o
el K ST ool Ul add 50 Soslize aie
53 Syl sl aals s il 51 s hline Lae
Al e slacdles 5 3 el Ses sl
sdate wle & edd Ol il Olllas o
sbadls (Ji 5 Jem iy abes 5otV
Col WelS s 0 3 5 g slga Gl eslinnl 5 xis
oy aslBlase 5 ol aislia, S ol Uizl
S S (YN gl 0 St a)ly iy b
5 et 2 (g5uliS ALl sl e 4 A s L
(Il oS wile pla iScile 5l eslina
bus S glade 030 o ) Glr ST
SIB o dea Sl gl &S OIS
Gl ol g3sliS Lol gl s of cbils
slasss a8 ol esls Ol L s, @L:j .(YA)
Rl Gl g 5B Sl Ole Lls S e

BE LSJ\J&J‘ 6LAJ\>U S99 (VA) Llad LAJ}S

YoV

on Slr ool dllie a1 ol e 4 o
R U R CP VP B T G [T B9
b A ey slasls p s A eslatal Wl
Forw) ohs palie b adlie an oSl 1
L JS =lols Sl dass AV oS a2l sl (&K
Oy (ot om ol CBa (Y Jsa) LS o e
hale la ) gme ils & delaze b ooslu jlitla 4
Gob Sl badlie Sdaes (Slasly S, ol
Sl Sl 5SS 5 Sz gl il 5S 5
Bl w (Op) i 8 5l s S S
Ll a

2 ol W, Bkl el Ul adlge
3 S Sl IY) Bl s o b e adlge ()
YE/60. 4 Cod 0/AE 5 /A0 S e o e
£ adje WS o e L S el Sl de s
SNV Lale JL L Gl e e s SO LS
S S bl 31 Ao YA/ER S il o /AVY
o3y DL e allie Loy Lald Syl S s
Sl W e oS cl +AT 0T ele L oS s
Db olie Lol oals olanstl s g |y IS bl
Olas 1y adse o s Waal o byl K o5l
bbaadlie 51 S a0k St 8 SIB s e
Gy LS e )3 K LS s lesls LSKis
Liws DL eS8 &b Bl 51sly Jlex]
(YY)

S el Sl VU ke ey Ul adle
izl Al Ol Ll e Ik ol il
S Aok Dl Bl Sle osd iy
ol e 3l ol Lie o Jler gl
3 Odre dewl 2S5 5 badbl (oluls
O 5 LS il 3l ooles 6o,
B P N S P TR NI LI ARRRY)

d\j{\ uj.ﬁ DL °}£"j"‘ QJ\&A g_ﬁl)bl 6(.&6[2—



V€Y & D)Loa:} NE 5)95‘),-\,’.L.f. Ng)’ghgb%ﬂ.\a d‘i)‘w"

it $La3sS 53 Vsana wasls AL Lind glas S
Al Ol 4 Ypens waslS 5 550 3L
m.a:lS (Y/\) Sl S 95 9o &:SLLM.‘) LSLA&M BE
s osliS cbedle s Sl e S
9 Lﬁ'il“'“"““:' LSLA{)S )‘ oalai! JALJ: PLY J)“;Lfd 4.:3J§
OLen 5 6 K- S5k (YA) cl by slassS
SIS Lypde Glaogd o5 Al (Y41Y)
& LI e Ob eslamal 5 s S b
LSLA;SB- DL J§~ 9 U WSS cmﬂ)ks ‘jl.p‘
aibaie 53 55 g0 SOl o0 5l s s
)JmﬂJS@?ﬁ.Jﬂ‘jﬁjlﬁJéw‘O&}é

) b aikeie el

Ol,slesS v g £ las S 5l eslanal 5 adke
el Syl clale 21 Jelse 51 Ko S5
VL Lol ps bagslae o N g2b 5Ly 5,08
Wb Kol sy slackle UG el sdoe
Skt i el Ses o SAS 208 ks
(YA) ol azils Sl s o
55w s Jol e po edlS ele L
O O Ip W ORI Y/ S PPV TY-
08 Ll 5 otlsoges Jolse Bug 5 o
A dsl e 5o s e L sl e
b 5 Ylaim oS ol ) ol 5E 35 4l
cla.amvjabsﬁfv»wd,tm\ul,m
candllas 3y g0 ailaie 53 (55,5l Glase 03 1S

g_éfm)'\&.:li;,.wlbﬁ“;,ﬁja]a;ﬂ);m»;tsb;p

S S Bl i Jule L ¥ d g
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Figure 2. Risk probability maps of a) Zn, b) Pb, ¢) Ni, d) Cd and e) Cu.
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Figure 3. Values of enrichment factor (a) and geo-accumulation index (b) of heavy metals in the study area.
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