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Introduction

In recent years, soil contamination with potentially toxic elements (PTESs) has become a major problem in most
parts of the world. PTEs are naturally generated from the pedogenesis in the soil and are formed mainly by rock
weathering. Nevertheless, the natural content of metals, i.e., Cr, Zn, Ni, Pb, Cd, used to be low in the soil, but due
to anthropogenic activities such as industrial emissions, atmospheric transportation, sewage irrigation, and
application of pesticides and fertilizers, there is an increase in the content of PTEs. PTEs in soil are one of the
most important environmental pollutants due to their toxicity, durability, easy absorption by plants and long half-
life. Therefore, the assessment of soil health is very important for the sustainable development of agriculture and
the rehabilitation of soils contaminated with PTEs. The present study was conducted to quantify PTEs pollution
for soil environmental assessment using a flexible approach based on multivariate analysis and using pollution
indicators in a part of the central lands of Khuzestan province.

Materials and Methods

For this purpose, in February 2021, 200 surface soil samples (0-10 cm) were taken using stratified random
sampling. The collected soil samples were cleaned by removing plant materials and other pebbles, and air dried,
powdered, and sieved by using a 2 mm sieve size. The interest in soil's physical and chemical properties i.e., pH
was determined with a digital pH meter. Soil textural particles were measured by the hydrometer method, soil
organic carbon (SOC) content was estimated by following Walkley and Black method, bulk density (BD) was
measured by the Clod method, and total metal content was determined using the aqua-regia solution digestion
method and analyzed using Inductively Coupled Plasma-Optical Emission spectrometry (ICP-OEC). The level of
Pb, Ni, Zn, Cr pollution was estimated based on environmental indicators including contamination factor (CF),
enrichment factor (EF), geo-accumulation index (Igeo), pollution index of individual metals (PI), and modified
pollution index of individual metals (MPI). Multivariate statistical methods including correlation analysis, cluster
analysis (CA), and principal component analysis (PCA) were used to find the source of metals in the soil. All
statistical methods were performed using SPSS (26 version) software.

Results and Discussion

Measurement of soil pH showed that the soil of the studied area tends to alkalinity. Also, the soil texture in this
area is loam. The results showed that the SOC in these soil samples is 0.71%, and the range of EC (between 0.18
and 60.5 dS/m) indicates the distribution of saline and non-saline soils in the studied area. The total average
concentration of Zn, Ni, Cr, and Pb were 60.26, 50.96, 50.38, and 12.67 mg/kg, respectively. The order of average
for heavy metals was Zn> Ni> Cr> Pb. The highest amount of standard deviation and concentration changes were
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observed in Zn and Pb elements. These two elements also showed a high degree of variation coefficient in the
studied area, which can indicate the high impact of human activities on the content of these elements. The results
obtained from the application of multivariate statistics showed that there is a positive correlation between the
elements such as Zn, Ni, and Pb in the study area, indicating that these metals probably have the same source.
Whereas the absence of correlation of Cr with these elements indicates a separate source for this element compared
to Pb, Zn, and Ni. There was also a strong relationship among these elements based on the PCA and CA
classification. Based on the multivariate statistical analysis the source of pollution for the metals studied was
mainly from both anthropogenic and geogenic activities. The results showed that the soil samples taken from the
study area are in the low pollution category based on the individual element indices of CF and Igeo, but in the
moderate pollution class based on the EF index. In addition, the evaluation based on the cumulative and multi-
element indices of Pl and MPI showed that 100% of samples have high pollution.

Conclusion

The present study concludes that the average values of Zn, Ni, Cr, and Pb were found to be below the guidelines
set by the IEPA (Iran Environmental Protection Agency) as well as the Earth's crust values. The results indicate
existing relationships among the studied variables, revealing that the heavy metals Zn, Ni, and Zn share the same
source in the study area. Additionally, it was observed that the source of Cr is primarily geogenic in nature. These
findings highlight the significance of utilizing multivariate statistical methods and pollution indicators in tandem,
as they prove to be valuable tools for evaluating and quantitatively determining the potential pollution risk.
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S a4l o J ool (S il qgpole Kiw capple L SB
o el Jols g9y ] lis pizmed wusl bLS)I
clile Sk sl S K 5 3Ys3 B «g) ine il
Cupd 9 PSS 2 eSS e 0485 oy 3y90 dilaie ) S
b 69y 5 L a4 Cand S5 D9 dopd ¥V 3Bl iy
» JS8 clale op i g og adlate > (638 clale Gl

WA odyd gmino (bl (o055

3- Principal Component Analysis
4- Varimax

MPI = EFav2+meax 2 2 ala,
S EF iSTas g bawgio polie EFMax 5 EFav )l ,» o
wad e ol 1, Sl WM b esls oyl
<V ¥ <MPI<a ¥ <MPI<Y N <MPI<Y (MPI <\
ufagﬂ ‘Lsf;?ﬂ pis odizd (lis iy 4 &S MPI <Y . OMPI <
5 35 (So3l 5by (gl b Laugie (Sogl dagie (Sog1 oS
[(Keshavarzi and Kumar, 2019) cul 105 34l

OSies &l 38 aulie
opite Az (5 el sl by I SB s Sl pte (8l (ol
5 5 (CA) "slaigs o gy (Stasan U1 sl
5l ool b (glases Julos b edliw] (PCA) ¥ Lol sladdye
Sl oolizl b Lol (clodilge 43355 pizman b &) ]S 5,05 L
Sl 1y 5 5S35 050 palie 8,5y b o TS ley g 25 2
Lo 4 Lg)LoT sl igy adS ui plodl Lol slaadlie olulis

Kumar et al., ) sad wyp Y8 o)l dswus SPSS 58l 5
(2016

sobel Sro g

015 SV Jgir 0 S sla Sy (B o ol a0
L addllas 590 ddbaio (oS ool Comsts ol b slae .ol
o3l oo 51 148 (clacS1s aye) 13 VY L 130y eSile e
S pH Slyus aialy (505 (gow 253,50 Lgwme I
Colaa aiely o (V) Conl GUWB oS U 25 03550 4 adleio
2 ooes; o YeEIO B /PN ) dikie Sy (S S
A8l oo adlate ) )9 uf g j9b SSE @i e LS (e
ool il pg) oy dy9e dibaie S el
oy e dalllan 3y00 dilato > (Wilding, 1985) (srdib
oM SB (Sl colin g T oS s 08 Sl
2 P Vb Gy o W35 (o0 (b YU (60 juS
5 2l (o2l Gl e 5l (U Wl e Sy cnl
Jeloe 5 by (ilis olles wlo placadlé isley
(Amuno et al., 2013) ail SB Loyl yb odind puss

2 SV Jouiliy b Sl iogs )Ll aod ¥ Jgaz 5
el Gl Sibo polasd ) 52 ol 05 03] adllas g0 allaie

1- Pearson’s correlation coefficient
2- Cluster analysis
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Table 1- Descriptive statistics of the soil properties (0-10 cm soil depth) (N = 200)

3 . . _ Sl ool 5 .. o
SB gl S Bl Sl ol sﬁsjﬁ RIS
Soil properties Min Max Mean )d»d e\évnes Kurtosis =
Std.dev CV(%)
o 22y 9.00 98.00 34.17 13.32 1,59 419 38.98
Sand (%)
;
R 1.00 75.00 45.00 12.80 017 0.18 28.40
Silt (%)
) 23 1.00 51.00 20.82 10.80 0.27 0.64 52.00
Clay (%)
'| .
_“J o e 0.24 170 071 0.37 7.59 85.41 52.00
Soil Organic C (%)
" .
SZ pogaze P> 0.98 1.76 124 0.11 1.06 3.48 8.62
Bulk Density (gr/cmd)
Sl gl 0.41 306.00 1353 32.86 6.90 51.51 242.86
Eelectrical Conductivity (dS/m)
e :‘“5 ! 7.10 9.00 7.84 0.32 0.57 0.55 408
p

S slaS539 9 (aSies Ol H8 ( (Shues
)50 polis 9 SB b Shy O Oy Shwer @b
3ls 5 SB la Shy o bl sl oad ST Jga2 )3
P gl sl s g polie ) mlio 0yl oge SleMbl (S >
Cawddy ols .(Dragovic et al., 2008) 1z o &) G jlare

10 ool s 3 PH g oy L pg)S ke (Stuan Sy o]
5 b S b e (Sten S5 51 uomen Wl oo ol
Suresh et ) .cusls «/+V (gylel oy clow b Cuto | Siusen
i by S st Stamads e o cladlio s (al., 2012
SB 5> il lade 9 0)> ul w53 39290 slaceslS g5 )

Al

SE S (Sl mese ol e lagiagy
Clsd 5l (B gy b (6559l (liond Slga I (8L (IS )5l
oy HMde pyieS (Maas et al, 2010) cul gxo sla
* o 3 351 (303 AIVA) 29y 13 & b po it )3 Sl
Dl adlas 3)90 dilaio ) (Ken @ig pe)S B Sy
o il S gq; p slaslllas 4> (Baltas et al., 2020)
aalain G 0 paie SO 0L Glyus dgng pae Lo 5155 Ay
(o ddlate )3 6 cpl clals o )3 i3> Jelge (992 39850 Sl
e b oo iy 16 ol clale & 58 ple g g A8k
S Shs il Br SV Sl cope Grtmen ol Slicye;
J> Olgie g 1) adate SB )3 b S cnl ol Slyss  SB-
Sl it 3 SV Jowily b Ui 555 51 pte 1503
.(Cerqueira et al., 2012 Arenas-Lago et al., 2014;)
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Table 2- Descriptive statistics of studied elements (mg/kg)

) ) ’ N Byl ) N oy sy Sl
o Jilos Pl V¥ ) (eSS TS & disS i s
Element ~ Minimum  Maximum Mean Standard Skewness  Kurtosis ’*:” Earth's crust
deviation CV (%) average
(Zn) 9, 345 294.3 60/26 25.43 5.97 44.40 42.00 75
(Cr)pss 25 86.40 50.38 4.48 231 10.50 8.79 100
(Ni) JSs 40.60 75.00 50.96 12.67 0.17 0.60 31.00 80
(PD) e 0.80 100.50 7.08 15.85 4.40 23.45 182.45 14

CV: Coefficient of variability
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Table 3- Pearson’s correlation analysis of soil properties and heavy metal concentration
e It . ‘G)e
. oSty (ol . oS .
$9) ©955 WSS b . .. o~ > o) " B e
@ e ) e o S ) ) ) O
n r i an ilt Clay W
(H)  (EC) (soc) ¥*
(BD)
(Zn) 95 1
(Cr) po)s 0.07 1
(Ni) Jss 0.242**  0.059 1
(PB) & poo 0.394** 0193  0.395** 1
(PH) SB &8ly 0007 0.151*  -0.069  -0.022 1
I b
K el h006 0085 o048 0031 0477+ 1
(EC)
(Sand) oy 0.045 0091 0267** -0.011  -0.261** -0.080 1
(Silt) cdous 0.019 0058  0267** 0108  -0.364**  0345%*  0.595%* 1
(Clay) ) 0.068  -0.156*  0.006  -0.127 0.072 0.052  -0.466**  -0.375** 1
(SOC) JI cp)s 0127 0015 0.058  -0.113 -0.159 0.047 -0.043 0.189 -0.131 1
CPFEEERT 0075 0421 0449% 0045 0031 0053 0051 0040 0071  0.174* 1
(BD) (snlls

4

Aoyd B g ) sl daw 3 (gl dme i 4 g "
*and ** indicates significant at P < 0.05 and at P < 0.01, respectively. SOC: Soil Organic C; EC: Electrical Conductivity

S b Lo ()35, 5 s b YU oo (635l 315 polass]
599 9,5 9 (b B9y 32 St HISHL g pogw adlge b i
WYL oo adlio g0l sy 1y IS Luiblg 5l o pd VE/5YF
weyae py> 59y SIS Sl Gl (JS ubly I e
wag bl) ISy oy sy polie Jald Jol adge 09 (50l
2 e gble (S5 5 ol ol @Y ekl )
b cov ailie leis 4 lei e D9 oo 0333 bli plu b dwslis
ohlKen g 355,05, &5 cuwl Jb o cpl iy Sl 5 Sles
il 3 5 oyole dlge wisly Lo (Rodriguez et al., 2008)
i SB )3 p9)S 9 S8 @39 9 Oliwe > kel Jelgs S59n
23 bwgio g Cute (6)IS)L s S 3B Sl 4 a2 5 b gyl
S (6 SISy Clal @ jg5 g Cutly pgd adle g Jsl adlze 93 2
Bl o 55 Bl o 313 Ladl g 3o Jole 93y 3, Slos 53T
asllas )> 35 (Hormozi Nejad et al., 2017) |)\Sen g (g30,0
Dol 555 lusies oY es mlio Blbl S ) wline
(Sl g b Jole 95 o 5, Shas Wl cov S5 g opal oljls
w2 poyS JB g Aokl Jale 8l cod 35 5 0 pw (g9, 3l
3ol Caws a1 gl ol ddlate ol )3 b Lie )y Yoo
ol claailye 455 s wslon (CA) ladss uloo o 45
1y ol aisss 63 gl oyl (¥ US3) 5 o sl |y o 4 552 (PCA)

9y rolis Om S ne (Stuen [4) (g)lol daws

(Sso pg)S 18 Lol b osmlie JS5 —0pw 9 JSm59) o
adlles wlel p ol Gl polie o b (g)bbxe Cute
Sl s Cutte  Siuod o po (Thollkappian et al., 2018)
G55 )3 5 S o gite oA S el (e ST )3 S
Oemen Al ploj (b y> alde olendsif (slaodyly (5 yme )
Glld o e s S il ol (Damian et al., 2012)
b e SLE o5jle Slge 4 bgyye sty ¢ San YT Lewsly ol

S slaSag 0 ppite Lia (slel Jalal g 41323
oy 23 Sl slaty ) (PCA) Lol slalie 4325
Sl zie ool g aljls Sogl e objyl glp &S conl
(¥ Jgiz) 8,5 )15 oolial 5590 (imagy cl 53 (g 3590 310
2 Jh o ke B Jg) adie &5 0 ol s ol gl
oSbouly i3 2 53 im0 pelaid g ]y Sl it 09
e g angs BB VYl 5ot (Sig )e8 L ladele olie
(Yinxianetal., 2011) L4 0 48,5 ,la )3 Cawnds + /T I S
Jole (elyls JS by 51 o3 YYIEA L Ul adlga ¢ polus (a1
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39 4 ]y olbly JS 5l 8eps VeIVE gy adie cuily JS L
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Figure 2- Cluster analysis of different soil properties in the study area
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Table 4- Principal component analysis of the surface soil properties (0—10 cm soil depth)

. . b, . 7 .
So eSS e Al s S vy S0 e
(zn)  (Cr) (Ni) (Pb)  (pH) (IéC) (Sand)  (Silt) (Clay) (SOC) (BD) st
Jsl adlye
PC1 0.714 0.134 0.604 0.836 0.034 0.035 -0.097 0.119 -0.031 -0.175 0.019
4&;
HI;CZ% -0.101 0.145 0.343 0.081 -0.641 0.051 -0.626 0.877 -0.225 0.391 0.044
Py 4dlgo
PC3 -0.080 0.402 -0.161 0.160 0.023 0.315 0.724 0.028 -0.966 0.281 0.170
Pl 4dse
pC4 -0.093 -0.599 0.251 -0.133 0.188 0.117 -0.033 0.029 0.073 0.311 0.792
Results of principal components analysis in the soils studied
it 2990 SBSB 3 Lol sadlge 4 o0 gl
ol slaadge Jol adlsa Py 4z Py 4ille Pl s
(Principal components) PC1 PC2 PC3 PC4
>N o%g 3
oy o potee 2.580 2.131 1.637 1.230
(Eigen value >1)
by 23.484 20.760 16.639 11.247
(\Variance)
e )2 23.484 44.246 11.247 72.132

(Cumulative variance)

S5 0 35 (Sl e lise cppide NAS 02l ausuis
Abodd luwjes DYl mlio joand & g xio S i
>89 PS> ey Ngy (Sl (o) padld (xSSlepsboay
P 3550  (Sidlil oy (adli (1Sl duslie b L 1) S5
(1031 4 o et S8 3 0 o5 o s0r4hb D Sy
sl 039yt IS adllas 3,0

5 (PI) S5 0l g0 olal pr S il (Sogl L)
b (o33 HJlde wlul ol ol &1yl 5 Jaas > (MPI)
dibaio glaSE o1y u§>9ﬂ oM (MPI) 4 (PI) sla s L
LBl e ddlaie jd &lild oyl

djg0 polis 4l (Sabas Sk (1Sl jlade Jlo cnl b

b ke o3 LS yal ) 4S540 1/ 3l iy ddlate )> ddlles
¢ -(Rashed, 2010) cul Jawxe (Sogl p3 Slusl clacules
Ay (rhaw SB ladigel (S 53 (w0 2y90 Sl (S5
JBgJes caihaio 3 nio gedld dles I Sl glacylld 4
drolomo  Candld bgypo 008 5 365 (Bl 183 pgans 3,8 9 Sdl 5
bodigel judn o b ol (Sl o) padld oy
45 5 25,15 )8 039l] o (IS )3 Jlai 350 adlaie Sl s (6 )lgex
o35l (oS (US55 g5y pais Sl SB sladisal Sl ao) ¥
6 bawgio  Suilsl S sladiged 5l ooy Vo jd picmed oy
ST il b yolie S0l 160 i gad dsds 5.5 0133 o
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Table 5- Descriptive statistics of some indices of heavy metal pollution in the study area

Sl sl M pad L Sl oo pad L
pais (CF) (EF) (1geo)
Jslas PSlas oSle JEIRTS Sl obe Jalas PSSl oebe
Minimum  Maximum Mean Minimum  Maximum Mean Minimum  Maximum Mean
(Zn) s, 0.49 421 0.86 1.81 18.90 3.50 -1.11 141 -0.76
(Cr) poys 0.02 0.86 0.50 0.10 4.16 2.07 -5.75 -0.64 -151
(Ni) Js 0.50 0.94 0.64 1.86 4.64 2.61 -0.74 0.14 -0.42
(Pb) o s 0.02 7.18 0.50 0.09 21.87 1.93 -6.05 2.33 -2.48
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Table 6- The values of Nemerow Comprehensive Pollution Index (P1) and Modified Pollution Index (MPI)

(P1) 9505 (5391 ol padLd

(ZM) 5 (Cr)pss (i) gy

(PD) s (PI) gyoi (59l ol 23l

2.99 0.71 0.77

5.09 9.59

(MP1) 05 Mol (S3gll yadli

@) s, (Cr)ess  (Ni)Jss

(Pb) oy (MPly s oMl ([Sogll IS asls

12.91 3.29 3.77

22.86 42.83

cdile bugio @bt (plul » .85 pbsl liwjd Gl (535 50
alllas 550 dilaio S SK 359y 9 S pg)S oy polic JS
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