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Extended Abstract

Introduction

One of the most significant environmental challenges today is soil pollution, which is particularly evident in
developing countries. This issue has consistently been a focal point of urban and environmental officials. Soil, as
a fundamental component of living ecosystems, is essential for sustaining life on Earth. In addition to its crucial
role in the continuity of life, soils have a significant impact on evolution and even the formation of life. They serve
as a primary source for generating societal wealth and play a vital role in development projects and community
health initiatives. Today, the accumulation of heavy metals and soil pollution in agricultural lands is recognized
as one of the most vital issues in the field of environmental biology globally. This not only compromises the quality
of agricultural products but also jeopardizes the sustainability of agricultural production. The entry of heavy metals
into soil ecosystems occurs through human activities, and researchers believe that these pollutant sources may
pose long-term risks to human health. This is because prolonged exposure to surface soils containing heavy metals
can lead to serious health hazards through inhalation, ingestion, and skin absorption.

Materials and Methods

The study areas in this research include two counties: Birjand in South Khorasan Province and Zabol in Sistan and
Baluchestan Province. In this study, a systematic grid sampling method was used for soil sampling. A total of 90
samples were collected, with a distance of 200 meters between each sample on both sides of the road. The sampling
depth was 0-25 cm. After sampling, the samples were transferred to the laboratory. Finally, 12 elements (Al, Mn,
Fe, Cr, Zn, Ni, Ti, Co, Cd, Cu, As, Pb) were analyzed in the soil samples using the ICP-OES instrument (Varian
710-ES model). Then, three indices, including Muller's accumulation index, contamination factor, cumulative
pollution index, and enrichment factor, were used to assess the degree of contamination in the soil samples. The
Pearson correlation matrix in R software was also employed to examine the relationships between heavy metals
present in the soil samples from the cities of Birjand and Zabol.

Results and Discussion

The levels of metals present in the soil of Birjand (compared to their concentration in the earth's crust) indicated high
concentrations of lead, nickel, cadmium, zinc, copper, and chromium, which are related to human activities.
According to the results obtained from the analysis of background soil samples, among the measured metals in Zabol
city, the highest average concentration was found in aluminum and iron, while the lowest average concentration was
observed in nickel. The results of the Pearson correlation analysis for heavy metals in Birjand city showed that copper,
zinc, and arsenic had the highest negative correlation with other heavy metals, while the rest of the heavy metals
showed a positive correlation with each other. The results of the Pearson correlation matrix for the concentration of
heavy metals in the soil of Zabol city also showed that there is mostly a negative correlation between most elements,
while in other cases, they exhibited a positive correlation. Based on the accumulation index, it can be stated that the
origin of pollution in Birjand city due to chromium and lead is primarily anthropogenic. Additionally, the origin of
other elements that fall within the non-polluted range can be attributed to the Earth's crust. On the other hand, in
Zabol city, the accumulation index indicates soil pollution with nickel.

Conclusion

Based on the results of the study in the two cities of Zabol and Birjand, it can be concluded that the pollution status
of heavy metals in these two cities differs significantly. Considering the correlation between heavy metals in soil
samples from the cities of Birjand and Zabol, it was found that in Birjand, copper, zinc, and arsenic had negative
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correlations with other heavy metals, while the rest of the heavy metals showed a positive correlation with each
other. However, in Zabol city, most elements showed negative correlations. Nevertheless, the strongest positive
correlations were observed between titanium and iron, titanium and manganese, arsenic and lead, and manganese
and cobalt. These results indicate differences in the pattern of heavy metal pollution between the cities, which may
be attributed to local factors such as industrial activities, traffic, and fuel consumption. Overall, this study
highlights the need for further actions to control and reduce heavy metal pollution in both cities.
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Table 6- Heavy metal content in soil samples from Zabol and Birjand city
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Table 7- Pearson correlation matrix of heavy metals in the soil of Birjand city
Al Fe Co Mn Ni Cu Zn Cr Pb As Cd Ti
Al 1.00
Fe 0.73  1.00
Co 0.82 0.88 1.00
Mn 065 091 088 1.00
Ni 065 050 0.77 052 1.00
Cu -0.07 -0.07 -0.01 0.00 -0.11 1.00
Zn -043 -031 -0.20 0.03 -0.25 0.30 1.00
Cr 074 076 089 068 090 -0.17 -0.42 1.00
Pb 006 014 016 024 003 0.01 0.26 0.02 1.00
As -0.68 -0.81 -0.81 -0.77 -051 -0.09 0.14 -0.67 -0.08  1.00
Cd 023 020 021 017 023 0.08 -0.02 0.25 -0.16  -0.13  1.00
Ti 073 098 088 091 050 -007 -0.31 0.76 014 -081 020 1.00
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Figure 4- Graphical representation of the Pearson correlation matrix for the concentration of heavy metals in Birjand city
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Table 8- Pearson correlation matrix of heavy metals in the soil of Zabol city

Al Fe Co Mn Ni Cu Zn Cr Pb As Cd Ti
Al 1.00
Fe -0.35 1.00
Co -0.06 059 1.00
Mn -0.18 083 0.76 1.00
Ni -0.13 046 048 051 1.00
Cu -0.26 014 -0.06 -0.04 -0.03 1.00
Zn 0.15 -0.09 -0.12 -0.13 -0.11 0.10 1.00
Cr -0.35 052 028 040 051 -002 -0.17 1.00
Pb -0.20 -0.14 0.22 -0.03 -0.34 -020 -0.16 -0.36 1.00
As -0.12 -0.20 0.05 -0.25 -047 -027 -0.14 -0.04 0.81  1.00
Cd 011 -009 -022 -0.05 -0.06 002 -0.12 0.05 -0.13  -0.09 1.00
Ti -0.35 097 059 083 046 014 -0.09 0.52 -0.14 -020 -0.09 1.00
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Figure 5- Graphical representation of Pearson's correlation matrix for the concentration of heavy metals in Zabol city

Dals ol il o) gy § e |y sl 3
Fr 4 polic don oS b oLt Bl oltwjged 53 (bl
gl jut Bagaoe 3 b JBb S diges pd K5 g awedls
B o3g)] yué 8dgame y3 JSi5 g powadls yolic g 03 (Ig€O <-)
215 )15 (V< 1ge0 <¥) lawgio ( S34)l

Haghparast and Torshzian cldles b yicy ool gobs
S g a3l § ol LSzblol e Lasls 4 (2019)
CF a3l oy gols )b Slgen casl JSG 4 dilats
ol polie oy L wsp s SB ladiges 0 Jods
2 poseedll o redls (S]] wppu ue G5 S
I3 (CF 1) ol (Sl s 10 005 ()5laez (sladiges
BB as > Sl YA Jlade b (ISl asls ol b
85 Sy ot o9 sl 5 3,5 syl scdls aog
» CF adls wyp mb g bwge Sogl ()
polie L o dlie o L 35 bl pd SB sladiges
2 posregl g weodlS Syl o e S LS (0]
B (CF V) ol (So9ll o )3 0ad (5)laer (sladiges
S g5 e 5 g M5 Sogll b S5 paie 5
ol 0l ob3)l lwgie

Bhlie SB 3 Cowte polis (Sagll ©ads bt
by s sl 5l 00! b axliae 3590
5 Bolme Comgjlame ) (ol Cud e g b)) Cax
5 bylxe jl oolaiwl b lgi o 0yl 2g3g Al (sla et
Al ors g byl S s (Sogl e walise (gla el
il iz gla s s | oslatwl b« guiod opl )0 08 s )
(CF) (So9l s (108O0) Yoo (Srdliloppoj padld alox
o 035 3 S ol e (EF) (S8 sl
Bble S 5 lilé 51 Sy ja gl (Sadlilie) pasls
o o3 (Ui A gl )3 ol doeis 45 b duwlixe dulllas 3,6
&S ol i Mo b (Sblolopme; (edls @bl wcwl
2 B3y > 0ol S s e 555n 8l LS ol
posizedll 5 Sl (g9 (JS polis 9 (19O <) 55)l> )13 03]
2yl 515 (+ <19e0 <) Lwgio (539 o3yl yué 839000 ,
< 19RO ¥) Lawsgio (Sagl b 8390 13 55 o p g oS olic
b iy by S _Sogll aimdslits gl 5yl 5 (1<
Suililope; (adls & a2 b &S il oo pw g pg)S pals
alie St L2y b 3 polie o) Ui & 3905 ol (Jgiise
03g)] yu& 8390 13 S yuolic o Liie ¢ pinpen Al o Sl



Y€+ GIYY Ot Y £+ € JLw ) b)l.o.a.s ] a)sa/dlé.,g,:i %ﬂéﬁ,d)u‘)u Q)M/‘;N)ﬁ "

dilaie o) SB _Sagll st 139 YU cails 3 Sag ol
b g b s g el lollad &) bgypo Ylats] s |
2 Pl jasls sy gl (Fei et al., 2023) ol Llus
Taw > @y paie 3 gL j5 Bl5 b g SB sladiges
S8 pate el 0a3ls om0 8 (Sogll i
doiges il gl 5 0392 bawgio p9)S (sl 9 25 (So9ll s
(Y+¥Y) o), Ken g Abdollahi sls olis |y ol (5ol o
Sl lse glanly s 53 (P1) (Sogll pasls bl
ol 2 3t o (Sogl (o9 ol iledges sl 35 1y oy
5 saes sl (VYY) ohen 3 Asvad zls L gudss
9 sixbo Slugsli 3529 s olgiee ol Y5 3l 50, Cbllas

Dy pb 1y dalllas 550 adlais ;0 wlxls S

Jole &5 85 i (g e (o 4 g b e

55 M5 S gud 53 (i polie I Sy sl (S22
wilaie ol > ame (Sl 45 amd e o5 ol 5 VL
S polie ol din g o 1 Sadd Hlows 5 dtdld 292
(Cr) p5,8 9 WIAY a5 B Sus e Jole sl)ls (NI)
Sygots Bl el 53 pe)S 9 S8 wad e (i 4 sl B/BY
5 oo ol pole cozen Wy Subl ey LB
Behrooz clisiss .sel cawsds bawgio (Sad sé Jole alis
b awlio Sl gl &8 ol olis Ll5 5o et al (2017)
posS oy dle (S8 (S S5 53 (65 e e (0 Abwgy
S ladges » Pl adls )y b 5 JSS
Slodiged )3 59y 9 JS8 polis By LS dixje Gl el
391 el G g 0390 3bj (Sgl pxaw 45 0ad (gy9lxen
ew ) adllas 3y50 yolic plo glp edls cpl .l Bad

axdlho 5,90 Bblio S 45 Lot polie (39T wund byl B ad b uiibo -4 Joua
Table 9- The average indices for assessing the contamination intensity of selected elements in the soil of the studied areas.
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