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Article history To investigate the environmental geochemistry of potentially toxic elements (PTEs) in urban and
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Accepted: 24 December 2025 agricultural soils of Islamshahr, south of Tehran, 21 topsoil samples were collected and the total
Keywords: concentrations of PTEs were measured by an ICP-OES device. The obtained data were analyzed through
Ef;:ﬂt;'i'ﬁf;‘;’;iiccu‘i:szf”ts' the calculation of geochemical indices and the application of statistical methods. Based on the average
pollution, Islamshahr. values of the enrichment factor, geoaccumulation index, single factor index, Nemerow integrated
pollution index (NIPI) and potential ecological risk index (PERI), the studied soil samples are polluted
with Cd, Pb, Zn and Mn. The statistical analyses indicate that Cr, Ni, Fe, Zn, Cu, Cd and Pb originate
from anthropogenic activities (e.g., industrial activities, traffic, urban and industrial waste disposal sites).
Human health risk assessment shows the non-carcinogenic risk of Pb through ingestion for children in
some sampling stations. The carcinogenic risk of Cr and Ni in the soils of the study area is higher than the
acceptable value (1x10) for children through the ingestion route. The results of this study highlight the
necessity of environmental management of human activities (traffic, agriculture, and industries) to reduce
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the negative consequences of potentially toxic elements intake by residents of the study area.

Introduction

In recent decades, global concerns about the potential
effects of harmful environmental pollutants on human
health and other organisms have received increasing
attention. One of the most important factors in the
increase in the intensity of environmental pollution is
population growth, especially in urban areas.
Urbanization is usually accompanied by improper waste
disposal, increased traffic, rapid industrial development,
and destruction of natural resources (Shakeri and
Forghani Tehrani, 2023). In some cases, the development
of agricultural activities is also developed around urban
areas. Potentially toxic elements are considered as the
most problematic environmental pollutants, especially in
urban soils (Yuan et al., 2008) which can threaten the
health of residents of such areas (Yaftian et al., 2023),
because these elements negatively affect biological

functions and, by accumulating in the body of organisms,
they may cause serious health disorders (Khaghani and
Forghani Tehrani, 2024; Ou et al., 2025).

Islamshahr County, with an area of approximately
195 km?, is located 10 km south of Tehran. In recent
decades, due to its proximity to the Tehran metropolis, it
has experienced rapid and excessive population growth
(population of nearly 500,000). One of the possible
consequences of the enhanced population in this area is
the pollution of urban soil. Some important sources of
soil pollution in Islamshahr County include: urban and
domestic waste disposal site near the city, wastewater
discharge in absorption wells, brick kiln activities, coal
mining units, Ni and Cr plating units, industrial units,
agricultural activities, etc. There are approximately
12,000 hectares of arable land in the county, of which
9,000 hectares are currently under cultivation. Moreover,
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Islamshahr County has heavy traffic due to its proximity
to the Tehran-Saveh highway. In general, the excessive
population growth in this county can be considered the
main reason of environmental issues. The main
objectives of this study are to assess the pollution level
of urban and agricultural soils in Islamshahr County, to
determine the possible source of pollutants, and to assess
the possible health risks induced by potentially toxic
elements.

Materials and Methods

21 top soil samples (0-15 cm) were collected using a
stainless-steel shovel. After being transported to the
laboratory and dried at room temperature, the samples
were passed through a 10-mesh nylon sieve and
pulverized using an agate mortar and pestle until the
particle size was less than 200 mesh. The concentration
of major and trace elements in the grinded samples was
measured after strong acid digestion
(HF+HCI+HNO3+HCIO,) of the samples on a sand bath
using an ICP-OES device (Varian model). The detection
limit of the device for Cd is 0.1 mg/kg; Th and Sc: 0.5
mg/kg; Co, Cr, Cu, Ni, Pb, V, and Zn: 1 mg/kg; Mn, U,
Ba and Zr: 5 mg/kg; Ti: 10 mg/kg and, Fe and Al 100
mg/kg. The physicochemical properties of the soil affect
the mobility, bioavailability, bioaccessibility and
accumulation of metals (Kelm et al., 2009). Soil pH was
determined using the US Environmental Protection
Agency standard method (USEPA Test Method, 1998,
Method 9045), the organic matter content was
determined by measuring the organic carbon content in
the samples using the ferrous ammonium sulfate solution
titration method (Chopin and Alloway, 2007), and the
carbonate percentage of the samples was determined
using hydrochloric acid and back titration method. The
percentage of sand, silt and clay in each sample was
determined using a hydrometer. The individual pollution
indices (i.e. enrichment factor, single-factor pollution
index, geoaccumulation index, and Nemrow integrated
pollution index) and combined pollution index of
potential ecological risk were used to assess the pollution
level of the studied soils. The probable health risk of
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potentially toxic elements was assessed based on the
method provided by the United States Environmental
Protection Agency (USEPA, 1989). In this method, the
carcinogenic and non-carcinogenic risk of potentially
toxic elements from the three exposure routes of
ingestion, inhalation and dermal contact is obtained using
the calculation of the average daily dose (ADD) (Sawut
etal., 2018; Soltani-Gerdefaramarzi et al., 2021). In order
to investigate the possible source of the studied elements,
the correlation and cluster analyses were applied.

Results and Discussion

The pH of the studied soil samples varied between 7.2
and 8.9 (average value of 8.4). According to the standard
classification of the United States Department of
Agriculture (USDA, 1999) classification, the pH of the
studied soil samples ranged from neutral (6.6-7.3) to
highly alkaline (8.5-9). The amount of soil organic
matter is controlled by rainfall, temperature (which
directly controls the rate of organic matter
decomposition), soil texture, and land use. Finer-grained
soils usually have more organic matter content. Soil
organic matter is important in the stabilization of some
metal pollutants, such as Cu, through the formation of
bonds with metals and creating stable compounds (Six et
al., 2002), leading to the retention and accumulation of
metals in the soil (FAO/WHO, 1993). The amount of
organic matter in the studied soil samples varied in the
range of 0.2 to 2.8 % (average value of 0.9 %). The
highest organic matter content is observed in agricultural
soil samples, which is due to the application of fertilizers
and soil amendments. The calcium carbonate content of
the studied soil samples varies between 12 and 39%
(average value of 25.9%). The high carbonate content in
the soil samples explains their neutral to alkaline pH.
Carbonates are an important reservoir for the
accumulation of metal ions (Rocco et al., 2016) and can
adsorb some potentially toxic elements such as Cd, Zn
and Pb. According to the standard classification of the
United States Department of Agriculture (USDA, 1999),
the texture of the studied soils is mainly clay and clay
loam. In general, the bioavailability of elements in fine-
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textured soils (high clay content) is lower than in coarse-
textured soils (high sand content) (Yu et al., 2019),
because silt and clay have a higher potential to retain
potentially toxic elements. The average total
concentration of Ba, Cd, Co, Cr, Cu, Fe, Mn, Mo, Ni, Pb,
Th, U, V and Zn in the soil samples are 552.9, 0.2, 12.4,
58.4, 29.9, 31203, 895, 1.2, 38.1, 35.9, 15.3, 4.1, 107.4
and 129 mg/kg respectively. The average concentration
of Mn, Zn and Th in the studied samples is significantly
higher than the respective concentration of these
elements in the world soil average composition. The
average concentration of Ba, Co, Ni, Pb and U is slightly
higher than the concentration of these elements in the
world soil average composition. If the EF value of an
element is between 0.5 and 1.5, that element is mainly of
crustal origin, and if the EF value of an element is more
than 1.5, the element is probably introduced by
anthropogenic activities (Zhang et al., 2009). Based on
the average enrichment factor values, in the studied
samples, U, Th, Mn and Zn probably originate from
human activities (average EF values of 1.5, 1.8, 2and 2.1,
respectively). Moreover, the studied soils are moderately
enriched in Th, Mn and Zn (2<EF<5) and slightly
enriched in other elements (EF<2). Based on the values
of the single-factor index and according to the
classification provided for this index (Yang et al., 2011),
the studied samples are at the low pollution level for Ni,
Pb, Zn, Cd, Mn, U and Th (average Pi values of 1.3, 1.3,
1.9, 1.1, 1.8, 1.4 and 1.7, respectively). The most
contaminated sampling sites are located adjacent to the
Sahand industrial zone. The values of the
geoaccumulation index showed that some stations are
more polluted with Cd, Pb and Zn. According to the
values of the Nemerow Integrated Pollution Index
(NIPI), the studied samples are in the severe pollution
level for Cd, Pb and Zn (average values of 7.1, 3.8 and
4.1, respectively); in the moderate pollution level for Mn
and Th (average values of 2.4 and 2.5, respectively), and
in the warning level for Ba, Cr, Cu, Fe, Ni and V (average
valuesof1.8,1.4,1.3,1.4,1.9and 1.1, respectively). The
values of the potential ecological risk index values
indicate that the samples are in the level A, indicating low
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ecological risk. The HQ value of Pb through the ingestion
route for children is higher than 1 in some sampling sites,
confirming the possible non-carcinogenic risk of Pb for
children. Based on the results of non-carcinogenic risk
assessment, the highest non-carcinogenic risk through
ingestion, inhalation, and dermal contact routes is related
to Pb, Mn, and Fe, respectively. The non-carcinogenic
risk of all elements from all routes is higher for children
than for adults, which is due to the more sensitive
physiology of children and their lower weight compared
to adults. Based on the average HI values, there is a non-
carcinogenic health risk only for children via ingestion
(average HI value of 1.3). Based on the results obtained,
for Cr, Ni and Cd, the risk of carcinogenicity of different
pathways decreases as follows:

Children's ingestion > Adults' ingestion > Children's
dermal contact > Adults' dermal contact > Children's
inhalation > Adults' inhalation

CR values higher than 1x10* indicate the risk of
cancer (Young et al., 2014). According to the obtained
results, in the soil samples of Islamshahr, the ingestion of
Cr and Ni for children is associated with a possible
carcinogenic risk (average CR values of 0.003 and
0.0008, respectively).

In general, significant correlations between elements
indicate their similar physicochemical properties or
common origin (Xu et al., 2025). Most of the studied
elements, especially Cr, Cu, Ni, Co, V, Th and U show
significant positive correlations with Fe, indicating the
presence of these elements in silicate minerals and/or
amorphous and semi-amorphous iron oxides. There is a
significant positive correlation between Al and Co, Zr,
Sc, V, Ti, Th, Fe and Mn, indicating the presence of these
elements in the structure of soil silicates or iron and
manganese oxides. Cd and Pb do not show any
correlations with other elements, indicating the different
origin of these two elements, or their presence in other
minerals in the soil such as carbonates. Zn shows a high
correlation just with U. Given the high correlation
between U and Fe, it is likely that part of Fe and Zn
enrichment is probably from anthropogenic sources and
these elements have been absorbed by soil oxides. In the
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dendrogram of cluster analysis, two main groups can be
identified. Sample number 21, which was collected from
the slum of Islamshahr and far from pollution sources, is
located alone in a cluster. Cluster 2 consists of two
subgroups. The first subgroup includes samples collected
from urban areas contained waste disposal sites, and the
second subgroup includes agricultural and garden soils.
Therefore, the cluster analysis has separated the different
samples based on land use.

Conclusions

The geochemical study of potentially toxic elements
in urban soils of Islamshahr shows that in some locations
are polluted with such elements, especially with Cd, Mn,
Zn, and Pb. Considering the adverse health impacts of
potentially toxic elements for local residents, especially
sensitive population groups (e.g. children), proper
practical measures (e.g., soil clean-up through
phytoremediation) are of crucial importance. The results
of the present study indicate the need for environmental
management to control the entry of potentially toxic
elements into the soil.

References

Chopin, E.I.B., Alloway, B.J., 2007. Distribution and mobility
of trace elements in soils and vegetation around the mining
and smelting areas of Tharsis, Riotinto and Huelva, Iberian
Pyrite Belt, SW Spain. Water, Air, and Soil Pollution 182
(1), 245-261.

FAO/WHO, 1993. Evaluation of certain food additives and
contaminants. 41st Meeting of the Joint FAO/WHO Expert
Committee on Food Additives. World Health Organisation
Technical Report Series no. 837, Geneva, Switserland.

Khaghani, J., Forghani Tehrani, G., 2024. Assessment of the
concentration and health risk of potentially toxic elements
in agricultural soils of the Bastam Plain (Semnan Province.
Kharazmi Journal of Earth Sciences 10 (1), 234-264.

Kelm, U., Helle, S., Matthies, R., Morales, A., 2009.
Distribution of trace elements in soils surrounding the El
Teniente porphyry copper deposit, Chile: the influence of
smelter emissions and a tailings deposit. Environmental
geology 57, 365-376.

Ou, S., Sun, J., H, F,, Chen, C., Bi, X., Wu, L., Li, Z., Wang,
J., Xiao, T., Cui, J, 2025. Source-oriented and

546

bioaccessibility-based health risk of persistent toxic
elements in peri-urban vegetable farm soils of a magacity.
Environmental Chemistry and Ecotoxicology 7, 2005-
2016.

Rocco, C., Duro, 1., Di, R.S., Fagnano, M., Fiorentino, N.,
Vetromile, A., Adamo, P., 2016. Composite vs. discrete
soil sampling in assessing soil pollution of agricultural sites
affected by solid waste disposal. Journal of Geochemical
Exploration 170, 30-38.

Sawut, R., Kasim, N., Maihemuti, B., Hu, L., Abliz, A,
Abdujappar, A., Kurban, M., 2018. Pollution
characteristics and health risk assessment of heavy metals
in the vegetable bases of northwest China. Science of the
Total Environment 642, 864-878.

Shakeri, Z., Forghani Tehrani, G., 2023. Environmental
geochemistry, source, and health risk of the potentially
toxic elements in the urban soils of Shahrood, Semnan
Province. Kharazmi Journal of Earth Sciences 9 (2), 1-25.

Six, J.,, Conant, R.T., Paul, E.A., Paustian, K., 2002.
Stabilization mechanisms of soil organic matter:
implications for C-saturation of soils. Plant and soil 241,
155-176.

Soltani-Gerdefaramarzi, S., Ghasemi, M., Gheysouri, M.,
2021. Pollution, human health risk assessment and spatial
distribution of toxic metals in urban soil of Yazd City, Iran.
Environmental Geochemistry and Health 43(9), 3469-
3484.

USDA, 1999. Soil taxonomy. A basic system of soil
classification for making and interpreting soil surveys,
Handbook No. 436. Soil Survey Staff, Washington, DC.

USEPA, 1998. Test methods for evaluating solid waste,
Method 9045D. EPA, Washington, D.C.

USEPA, 1989. Risk Assessment Guidance for Superfund, Vol.
I: Human Health Evaluation Manual. USEPA, Washington
DC.

Xu, H., Hu, P., Wang, H., Croot, P., Li, Zh., Li, Ch., Xie, S.,
Zhou, H., Zhang, C., 2025. Identification of the pollution
sources and hidden clustering patterns for potentially toxic
elements in typical peri-urban agricultural soils in southern
China. Environmental Pollution 370, 125904,

Yaftian, Z., Shakeri, A., Hadipourdeshal, M., Rastegari Mehr,
M., 2023. Investigating the contamination of heavy mentals
in soils of the Sangan mining area, Khorasan-Razavi
Province. Kharazmi Journal of Earth Sciences 9 (2), 26-46.

Yang, Z.P., Lu, W.Z,, Long, Y.Q., Bao, X.H., Yang, Q.C,,
2011. Assessment of heavy metals contamination in urban


http://dx.doi.org/10.22034/KJES.2025.11.2.106463
https://dor.isc.ac/dor/20.1001.1.2538449.1404.11.2.11.2
https://gnf.khu.ac.ir/article-1-2972-fa.html

[ Downloaded from gnf.khu.ac.ir on 2026-05-18 ]

[ DOR: 20.1001.1.2538449.1404.11.2.11.2 ]

[ DOI: 10.22034/K JES.2025.11.2.106463 ]

Arabamiri and Forghani Tehrani

Environmental geochemistry of potentially toxic elements in ...

topsoil from Changchun City, China. Journal of
Geochemical exploration 108, 27-38.

Yuan, M.Z., Yu, R.L., Hong, Q.H., Ji, Z.H., 2008. Mercury in
soils of three agricultural experimental stations with long-
term fertilization in China. Chemosphere 72, 1274-1278.

Young, M.H., Green.R.L., Conkle.J.L., McCullough.M.,
Devitt, D.A., Wright, L., Vanderford, B.J., 2014. Field-
scale monitoring of pharmaceutical compounds applied to
active golf courses by recycled water. Journal of

Environmental Quality 43 (2), 658-670.

CRediT authorship contribution statement

Yu.Y., Zhao. C., Zheng. N., Jia. H., Yao. H., 2019. Interactive
effects of soil texture and salinity on nitrous oxide
emissions following crop residue amendment. Geoderma
337, 1146-1154.

Zhang, M., Cui, L., Sheng, L., Wang, Y., 2009. Distribution
and enrichment of heavy metals among sediments, water
body and plants in Hengshuihu Wetland of Northern China.
Ecological Engineering 35, 563-569.

=

Mohammad Hosein Arabamiri

%

Giti Forghani Tehrani
g

Conceptualization, methodology,

Conceptualization, software, formal analysis,
investigation, resources, writing-original draft

methodology, validation, formal analysis,
writing-review and editing, supervision

\

547


http://dx.doi.org/10.22034/KJES.2025.11.2.106463
https://dor.isc.ac/dor/20.1001.1.2538449.1404.11.2.11.2
https://gnf.khu.ac.ir/article-1-2972-fa.html

[ Downloaded from gnf.khu.ac.ir on 2026-05-18 ]

[ DOR: 20.1001.1.2538449.1404.11.2.11.2 ]

[ DOI: 10.22034/K JES.2025.11.2.106463 ]

YAA-IE1A S Sl Ll YOYA —FFAX ol LLs

OYY 5 OFY amio VF- ¥l s 5l oY o)lod o)) ol

e’ 03197 o) pols alxo

Journal homepage https://gnf.khu.ac.ir

Cojigs Y

g R dlie
T (7] o yuid

Ol 5 9 ¢ pheiinods! (3l s (55 )b 9 (6 e SRS 10 gomws 09Il yuolis  ruxocoms § (o33

R e e

09,0ls o olKiils e pale 0aSiils ¢ oot ) (cliipe; g sl 0,5 .Y o)

oS> Wlio Sl
s SB 250 YV 05 stz pbadlol (65,5088 5 (5 b SOSE )o (sow 05l polie aomacens) (cardishy sy s5hite 4 Ao azso U

ol g dlone ) ooliiwl b odsl Caws 45 slaosls .o (s puSo;lail ICP-OES olKiws 5l sslisal L s:"‘“ ogilly yolie J5 clale g ol cusls
ol lole S5 a3l uilil (e oy SOBHE o pd 5eSils polie (bl Wiad Jolod g 4328 g bl sl by 5 sileerdis
0301 33500 5 (59 o o0l 0509 42 g 098l polie 4y Ced olSi] 31 (S coslly (SuislsST s (a3 g 9505 4z )Ly (Sooll
(stro slacllad Jali) Sladl oy g mandls (e (535 08T (S5 cpy S ol Jlosol Lt gl sloJulos 4 4255 L akin
Slr el e Bk 5l o b e JlaS saims Glas (Sl St bl aBloe (e 5 et sbaall) i 90 9 «SElS
QXY ) U3 BB oagazme 31 58 )50 ol s Bk 5 05055 (sl S 5 5,8 il s (Jlaol s sl oolSits] (32 50 (lS058
rolis hie gladely (hals jshaie 4 (glio 5 (65)3laS Sl ) (Sludl slac Il armecon s Copde poi) (hagh onl bt ol o

IREXIPPE ol 3,90 1, dilate LS Lg‘)g‘_,’_;.moﬂlg

VEF/ALF il
VEFN Y il

ol sl
S5 o comw 09l yolic

«553LS (5 54

52 Ol 4 gams 098l polie e 2l 5 g 2 e ane
Gl SB 50 (ame sloosnVT (p slualine 5 (nnte
St GBS 5 polic pl cble (5] sla Lo, sl (50
Conez oy 5l Bowe a5 codl sl bl 6 oSai> Hliee 4
ol dogyosn S il GeiST (s D)) Sl
Lol 5 aalr allj ads Gy slacd (b8 dapbls zsh
ghe Ghlep wlewy 85 (Slas @lie Sl 5 Jile o
dog 45 a5 5)ykeS Sl 5 (ssr byl s bagjesly
yole clale zoldl (Yuan et al., 2008) sgi o 5L Lo o

WS (oo s 1) Bblie (nl GeSlo Cudlos (s 0ed GBS 50 (som

S Jisl 0j5e 0 S S GIS 23 sleans o

a5k Slogzge b g (il codls (59, 2y (ams glaoasY]
ol Jalos ( Frtes 5l (So Canl 4313 Az g 0590 (9385
Ghlio ;3 ohis 4 Cumer wB) (e o Sogll was
ialidl ol bl @8 b Ygone (eiined ol (5,0
Sl olyen (anb e o5y o @ arug Sl
Wylse S5 40 9 (Shakeri and Forghani Tehrani, 2023)
odalie 5ed Bblio Skl ;o 55 (65)slas slaculld anwys

Sy 2 (St dnwgs OIS Sbl slahg, 5 (S 0gh o

DOI http://doi.org/10.22034/KJES.2025.11.2.106463

forghani@shahroodut.ac.ir s o5 o8 1] ghamo odiums i

Gz pedodl Sl 0l (65,585 5 (6l LS 0 gows 0gill olie areins ) condsd) (VFF) (I Sles SBLS cz p esmel oo tddlio (pl 4y oLl

ool

http://doi.org/10.22034/KJES.2025.11.2.106463 .0\ b 8FY amio oY o)lads ) ala . ayls e pole alms .15


http://dx.doi.org/10.22034/KJES.2025.11.2.106463
https://dor.isc.ac/dor/20.1001.1.2538449.1404.11.2.11.2
https://gnf.khu.ac.ir/article-1-2972-fa.html

[ Downloaded from gnf.khu.ac.ir on 2026-05-18 ]

[ DOR: 20.1001.1.2538449.1404.11.2.11.2 ]

[ DOI: 10.22034/K JES.2025.11.2.106463 ]

e G305 St LS 55 cews 05l jolis areday (soriisl

S G5 5 sl oo

g S (log ;095 o8 yasi oo o S5 L od 3424 odl> )
S92y 5 Mol J& 5 Jom oS0 (pain Ll 5 oS
Sl b ol K Sl (K adss Loy oSisles
alysy ( Sadly 5 plesal,
glsn (Sogll 4 Culed ;0 45 aiS o 205 (i e (l 03500 o
O 0 Camex dgy 0 GRIB LS sk 4 el e aihie S
2855k )0 ety Wilase ol ele plgioa Ty Gl ot
5 b S (Sogll ol Ghegsy ol plosl Lol Glaal

Lite el e o 03l yolic &y steadlal (s g (5,5le8
s s ) (Sl by ) (s peie sloooiy¥T Jlazs]
ool s a1 e jed S sanaig 5 gow osill polic
AW b e 0l sl gomed (elge a4y az i b Sl o
2 Camez gy g Sy 5 adlate )3 00 1S (55 0laS Codlad S
oSl (Sogll byl L alal, o ctmgyy ploxil 3 gla Lo b

e ys0 A (6590 (so yolis il

°5L"‘"_Q‘)'Qj ool.?)’ljaaég)d?\/““

ailiio sl § ST 5 bt
sl s 655 0 Olnl Sas) e Jold 9y il ddlase
035 6 o iy pulidione; ) dilate (pl el 42855
odos (b olpd Gacdnl pelidine axly 5 oyl 8 55l
aibio Ko Sle a4 sl ooy plais] 0 a0 1, b0l
3o )l slacdliws il by e g lacd pl (g5, 5 ol
iy Sty ke )18 L8 655 e sl (o slaasels
sk sy slaasly Jold aibie o ol slecdy]
Loolyen (Koo (glpeglSS” 5l JSiie 0)0 5158 wjle) Grgimgady
5 Gre Veee 5l Gl Cald b () 9 Scwanls 5l plaaY (s
s SeEde (ol Jlad (Kol sl 1) 6515 slacd ]
a8 IS Sl JeS el (Ol Bl Wile 5 xS
WEboe (SaS JoS 5 65 w8z ) Jed) )5 s deS 6 m
LGre Ve b)) ool ojlgns US54y g conl adlate oS Siogee

bY¥A

Soieden slas Slae v polie opl 1,5 (Yaftian et al., 2023)
el dop sl )l plail i b o 50 mezw b g asliS ane 3G
Khaghani and ) «gis e o> sl 51 golewn 390
Je e 4 (Forghani Tehrani, 2024; Ou et al., 2025
5 Olb s Slml eaddS e ol 5 Shoe 4l (59 oeedlS 2o
S3elS ol 5 (55 05 (s @R ;5 PS4 0 p g
Dy g0 e
29 O D P GreskS Ve o il e 0l
ol el 5 ouds gly 535 50 5yl ogSais, i sloasless
VA0 Sgux jo liw el Cowg el e VIO g0 j0 Lo o
Al oo Liwg, FA 5 plins ¥ in ¥ lls 5 Conl qpe feglS
b el Sgle o b &Bly Jds a il (i 08
9 Sl 035y Sz di5) 0 5 @ sl A ol S 3 slaans
S sl osls gl 093 j0 1) 5 e B0 4w B (Sne
Lme S Sogll wihie oyl 5o Cumer 35,03 Joil mbs
ol liw ol 0 S Sogdl mlie oy et el (5500
«Silax Sped s Fro 0 (Sl g b Al Bl s le
Collad jed s o 0T (3,5 1oy 5 (2 laely ;o LG ado
5 el o blmed Skl 53 Base o5 hp2l slao,ss
sl 5o 65l leanly colld s Jld ol Jeslo!
Sl ol 0 colled el 5 obT oo, wblier slab,
Gl s5slaS Clled g (S slaasly codlad oy, 5 IS 3l
Cenl a8 BB Sl LS e VY ls (o B job a4 Gl 0ed
Ygame cuiS elgl n5 ol JLSe e A 5 @l pole Sl o o8
45 0O (sho 9 Srew sSladsle D)3 iz S JoS Sl )
Ol GGt jo osee glgil Jod 5l (£l SV game (g yaS (5o
b teieadlsl iy 55 YA Jlo Lol Lolal 1 095 oo g3
3wl oals Bran g a8 oleord 355 03 YYIY s> JLo )
335 e 5 b @8ly Jodo ar jiadlal (b el 05 (S5

G 93 )0 J& g Jo sasiie slocS 1l )l 5 oglum )] 45 550


http://dx.doi.org/10.22034/KJES.2025.11.2.106463
https://dor.isc.ac/dor/20.1001.1.2538449.1404.11.2.11.2
https://gnf.khu.ac.ir/article-1-2972-fa.html

[ Downloaded from gnf.khu.ac.ir on 2026-05-18 ]

[ DOR: 20.1001.1.2538449.1404.11.2.11.2 ]

[ DOI: 10.22034/K JES.2025.11.2.106463 ]

e G305 St LS 55 cews 05l jolis areday (soriisl

S G5 5 sl oo

YD Ysare 3 605 bl S1 aigas cuils, e (2015
andllas ol yo ¢ wlal ol o .JOhnsonetal., 2011) cowl yio Sl
-V0) o 3151 S aiged VY slaed congasme Carwg 4y axgi b
S 0 0l ciley SOy as g0V axly hawgy (5 e gl
Solliwl cirags | Jgaz ;9 5 5,1 paiged broliiny] Cuadge)
Bgad 232 O (5,0 paiges ol ;2 ;0 .cowl ool &3] (5 )ls pdigas
2 S ol mpe o S e g e 5l (RS Ve (e B B39 @)
oKl j2 ;0 g 2l bglore po b ladiges s ol s e SO
5o aigad el oo a 2,5 9LS ) (o058 (59 4 S aiged S
Sl pizes e olilyin Slaise 53,8 i 5 5 ik
@ g ol aSy; el Gl gleanS 0 GPS oKiws buwgs
lal (S sladiges gjlwoslel johaie a5 .050,5 Jatie olfiulss]
3o el FA oo ) gl 12 g 0l o S 5l Kwogld ilalad
s S5 St olKiyle] glos o b b )T 15 sl L B L
Al 09 ale sl eolatwl b g al 0olo jaue e Vo ST 5l diges o
iz 9 ol polie clale vy G Voo 5l sS4 DI3 o3ll b
HF+ HCl+) oul pan 5l e wood 05 glodges 5o
oo 3l oolaiwl b ops pla> (53, 5 bdigad (HNO3+HCIO4
5 el plojle oKisle;l (Varian Jos) ICP-OES
S FTR) CORR P W L IRCEIR VPO S ARY ISPV L RPN - Ay
e 10 Sl 5 w5 0 S okS e S (e /) peedlS paie
V695 9 mbly copm (S5 i g IS i SSlST 2 e )5
2 Sk 8 05 n5 9wl eyl K o SelS 2 S (s
ke Vsl 5 08l ep SOl e S oo Vil o SlS

el @S 5kS eSS

IATAR

Vool e lils s ol Coom @ cd (08 — (B8 b,
B Caos 32390 00 003 (§) D L9 (S ykaskST V¢ 50 SeglsS
Sl s g slalhog; Glox Slogw, nj 0 JeS ) o s
Jlods 50 S5 1S (o) Sloidins oS5 0S JuS glil) 50 050
el o0 oily gtz 0 S8 slacdpl 5,

ke VYoo Sl ¥l 5 Sle b peieedll adlais
FA o Cagby g 0l)F il as 0 VY &l axjo ¥l .Sl
Ol st gommge SOl ol S35 05 (slgmac] (lls w0
G a8 5l ke had )0 a9) Jl el slaol sl s le el
(ol oo L 5 5 00y 435 30 520 )+ 21D 2 5] e 5 950
295 0k a9 35500 @8 4 5y 5l il Jad 50 45) el 0k
Jo 0 s Jgad 30 jgetidll (slsm g 0T (I 5o ay (Sl By
8 el (g iz g (8 Sl 5 (Jlod e slapTcns 51 il
255 il o 55 1) Gl b ol Ol 5 ol S 4 Sk b
9SS g 0y sl Gl 50 ppedadll L 0l aim3 e )l 3
Bl S g )5 slge oLl o

e s, g olge
— o b sl elyly g pSeluil g gilwedlel (gl paiged
SL sbaiges 2l

oS5 g Sl e dlge 5l (Seal (bgle (s S
2l b 4ol Sl sleeddls ab Base o] ol
Wy F LY ol Sslottcen 2892 Sl 600 (soedtghy Slalllae
3 sloosi ¥l s ol B ogd oo cdlor qye yoshS o 40
Demetriades and Birke, ) o,5 w,» &b JSo a1, S o


http://dx.doi.org/10.22034/KJES.2025.11.2.106463
https://dor.isc.ac/dor/20.1001.1.2538449.1404.11.2.11.2
https://gnf.khu.ac.ir/article-1-2972-fa.html

[ Downloaded from gnf.khu.ac.ir on 2026-05-18 ]

[ DOR: 20.1001.1.2538449.1404.11.2.11.2 ]

[ DOI: 10.22034/K JES.2025.11.2.106463 ]

e G305 St LS 55 cews 05l jolis areday (soriisl

AT S8y g sl e

51“1:.)'0"E 51"1i5'0"E 51"2?'0"E 51°2l5'0"E
~
SRS 439 |
D090 \\«\\ : N—, § T OIS S e J
T
“ =l -~
\ ~ A 16
X ~— 15599 u')@
o 26 | | eion -
§ 38 356 -;§
el N PRt RV 5 7
¢4 i
. ® . = \
: L Ve \
z 7 O X \ o
5 7 ) “ ® : 5
8 Gesls K s @ | ‘ EX
Y 8 T AN | & 5
‘,“/ R @7 o ('
// B M)Lu@ ® //
o ws @ ® g eyl
< olawls @ o~
z /" ®© ® z
o Y allo 7 - (<
8 / ~ P - _g?’
3 U5 | My // 3
/
//
Y,
f Legend
z \l =
o > | o
] 7‘ . ~
& e | O Soil Sample o
(e )- (2]
é ‘,“ © OpenStreetMap (and) contributors, CC-BY-SA
] ] ] ]
51°10'0"E 51°15'0"E 51°20'0"E 51°25'0"E
N
0O 2 @4 8 12 16 XM
N I Kilometers
1:250,000
S (5,18 paiges (sbolins! CunBge -\ S
Fig. 1. The location of soil sampling sites
AR


http://dx.doi.org/10.22034/KJES.2025.11.2.106463
https://dor.isc.ac/dor/20.1001.1.2538449.1404.11.2.11.2
https://gnf.khu.ac.ir/article-1-2972-fa.html

e LS 5 S S 58 e 0gilly polie apeluny ) cardsl) S B3 g syl pe

[ Downloaded from gnf.khu.ac.ir on 2026-05-18 ]

[ DOR: 20.1001.1.2538449.1404.11.2.11.2 ]

[ DOI: 10.22034/K JES.2025.11.2.106463 ]

S (50 paigad sloolins] hogi -V Jgo
Table 1. Description of soil sampling sites

Gl agedojled

bl ool b alols za Be v eyl ol Ly, b alold 2o V oodiS CutS (g),5liS pms \
aJlaw| o 0ol jalore ( Sxiio (5l0s8 L e Ve (loresl CuiiST (65,5LiS (s Y
SOk s S ¥
)5 sloejlie jglome cadlan] (lap bl (e J3o ¥
A.c)L.”GQJ uLﬁ..ijJ ‘).er.: f)l.m‘ ‘J)La> I\
biogy b yie B0+ L CatS (65,5l (e (a8l ol e (slis ) anllo 7
Slozslo Al ppile sl v
i ol ol 5 e Vo o oy o 5 oS S (65,5LES (yue) A
oS iS55 )5S e A
455 g byl Ci5 (55,5l (e Ve
i ol ool b o 0+ + dlg) CetS (65,5l oy 1
il Lol ool b yio B (b gy 81515 aiome) s oDl ol3T olStils jglons VY
S s S5 Wy
595 5 Sl s ST (65)5L88 (e —3L Tl (gL Vf
l;..uj) oés..\m gdLgT Sbe LgL.M:ﬁj \Y
PS5 Sl s iS5 (55,588 (e el (e (sl VA
Serdly Y gams Al IS gl «jgtiedlos dog> 14
olokis asi A5 gams 21515 abgs Y.
Lag) et (65,0l oy atllinsT ole S oKtz ST yinr (sl Y\
Ao, 1951 i bagad o olie oLk s ke ol 5 o il sladiges g a2 o dlge 5l dmosls Coro b5l sl
Al Cady g diged 0 53 paie 8 6 S ojll bl jlecds bl sl
(S esle Jlade PH o5 0 S oleowim Sopud slo S5 10 ool s 8 lailil GBIyl o 541

S g‘_g).w\.buuﬁuow) “S).?U Sy » GMBL' 9 ul.._;; o0 RSD = (S/m) xloo

" \
pH .(Kelm et al., 2009) 5,135 o ;56 &lpls 35,05 5 ol )3 o

VL) G s hame il lojl 5 st g, 3l eslisl b ST

M 5 Lse Bzl S ¢ s o lasliwl Bl >6l RSD e, !l jo
Gk 5l ook Jlaie (USEPA, 1998, Method 9045) soxie

5y50 polie gy o 3 ikl Gl ke ansl Lrosls (pSile

) T e ] ooliiwl b adiess o JT - )S |ode )..fo"-\ﬂ
gl Y (209 Ll b beasges ) JI e S i axlllas
o o9 ? ? ? " ools s plplo el Cawd a0 Vel S
A5 Pl J

IATAN


http://dx.doi.org/10.22034/KJES.2025.11.2.106463
https://dor.isc.ac/dor/20.1001.1.2538449.1404.11.2.11.2
https://gnf.khu.ac.ir/article-1-2972-fa.html

[ Downloaded from gnf.khu.ac.ir on 2026-05-18 ]

[ DOR: 20.1001.1.2538449.1404.11.2.11.2 ]

[ DOI: 10.22034/K JES.2025.11.2.106463 ]

e G305 St LS 55 cews 05l jolis areday (soriisl

S G5 5 sl oo

Al’lfln ) \b; @L»))‘ Lmu] Aoy ).'QLM Lv IR (5)5—‘&9.9 6[@445.:,..)

Dy p dmle p) Jge,8 3o,k 5l asls opl (et al., 2025
Ige0=logz[Ci/(1.5Cri)] )

9 S dges ,0 oo s S0l paie cdale Ci b, cpl jo
oSl Jed) aiey b gz e wiged j0 pate ol laie Cri
4 slp VIO o il e (Turekian and wedepohl, 1961
oy ol el Ay e 45 b Slleg b uile, J8la>
dame 5 yate o CLE L ssmge b Slluy S L
Shomali ) sjle ce ybles 1y oljoladl @l 3151 a6 Swl @l s
.and khodaverdilo, 2012
S Sogl s (By) ele S5 Sogll jasls ) eolaul L

«(Lietal, 2011) g8 0 (o))« com 03l yolic 4

-

ainj o0le yo pate cdale By g S aiges jo pare cile Cp

<l (Kabata-Pendias, 2011 . slg> slbS Sl oS )
gy 42 LG Sogll Lasls « Lele 5 Sogll (asls 5l eslizul b
Abrahim and Parker, 2008; Tomlinson ) . acwl=e (NIPI)

(et al., 1980
NIPI = ’Piéve ';Pirznax

Pr%lax 5Pl )‘Mhﬂ-‘}“é’)ﬁpltgve 54&]LE.AO)9A)@LLC¢‘A.’JI’]

@)

el oli».m.;‘jh).) Pl )‘._\_m ),.5‘» F3%
sz a0 o)l sl PERD o5l So59d581 Jlas a3ls |
Hakanson, ) s oo eoliiwl S 50 cow 0gill yolic SG5¢lsST

(1980
PERI = El *
i=1
Ef =T} X Cf o)

ooy

«(Chopin and Alloway, 2007) iy psgelys Joloe Lawgs
G9y b g el SeHu S L STy (b ladiges Slo S we)s

2 loaigh§ sl s ls anwlxo
o Jols) 0 5ate (Fogll ol o dnle mlis 5l aalllas o 5o
S35l Lol 5 ocilil e gy ¢ lole S5 sl o Sus i
ool (3l S5l a () o ol 5 3

LOSKa ) 55 oo dumslone 5 alasl) 5l oolatuwl b Sads o oy
«(et al., 1997
M sample (Y)
)
EF _ Nsample
M background
o )
N background

ol 001 gy jare cdale N g (a5 550 paie clale M
Slyss 1o Jlo s g5le] 395 45 sl (g paie 00isS )lvigy paie
Lo o)ls oljoludl Jelse b cow g atsls e yo Suil
5 0] el walul (oS 5 ool polic Ysane 9 oi
Q0,8 oo LB eolauwl 0,90 0aiiS gy ol e 4 3K
sy 3 om adlas !y (Uugwanga and Kgabi, 2020)
rais Glsis 4 prteagll dpaigad o 0uiiS lrigy ol )bl g
Kabata-Pendias, ) sl nSle S oS5 5 cansS g
28,5 18 oolawl 090 die Bole ylere 4 (2011
L shapl slocdale auslio 5 sul> aiges Sogll S (6 S0kl
— 0 ey Ol byl sl 090 (a1 ol Sais 5l LS polie

4 GL»}@L.; el lode awslie G,k 5l 1) Sodl ol olg


http://dx.doi.org/10.22034/KJES.2025.11.2.106463
https://dor.isc.ac/dor/20.1001.1.2538449.1404.11.2.11.2
https://gnf.khu.ac.ir/article-1-2972-fa.html

[ Downloaded from gnf.khu.ac.ir on 2026-05-18 ]

[ DOR: 20.1001.1.2538449.1404.11.2.11.2 ]

[ DOI: 10.22034/K JES.2025.11.2.106463 ]

e G305 St LS 55 cews 05l jolis areday (soriisl

S G5 5 sl oo

alys, 8L ,0 590 lawgio Jlade awbxe jl cslawl b slwg
Sawut et al.,, 2018; Soltani-) ssd oo aswlxs (ADD)

:(Gerdefaramarzi et al., 2021

C X Ring X CF X EF X ED A
ADDing = BW x AT »
C X Ryyp X EF X ED
ADD; , = Q)
inh PEF X BW x AT
C X SAX CF X SL X ABS X EF X ED
ADDderm = )

BW x AT
)‘ 4.:‘)5) 4.@‘.>‘9A )‘.\M w).w L ADDderm 9 ADDmh 5ADDing

Goy 2 eSS 2 p ko) (S oled g il ey &)k
&k &5 Ring (0,5 9kS 2 0,5 (eo) aigad ) yaie clale Caily oo
9 Voo iy @ VLS 5 005 Gl SokS 2 o5 ko)
5 OS5 sly Sk 2 pSokS) has core CF OV -
5 OB sl ol 550 axzlse Slsld BF %)+ (lSoss
5 0805 @l (J) agzlse oy90 Jsb ED «(YPO (VLS5
Slr 55D O 0j9 bawgte BW LYY 5 7 o5 4 (VLS 5,
59) Lagie Loy AT BB/ 5 V0 i @y (VLS50 5 (5055
xS yie) liciiwl # 5 Rinh ((YPOXED (YL )5 5 5065 (6l
0)3 JoneS )5iS18 PEF (VLS )50 5 535S (612 Yo 9 V17 39
SA OFExN Y (555 5 LS5 sl sy » S )
O35S Sl cuaSte o Blw) jle (2 yme 53 Cewgy (Helaw Sl
4 ké (Satz oo SL (B g VAL
5400 B35S 5 VLS 5 sy cnSe a il 1 0,5 o) Sy

m 1) QYL o 5 (5055 6l (sesy iz wuyo ABS

i YS )5

Sl sy 5 abuly 5HHQ) pms 2 il zé s s
«(Yakamercan et al., 2021)

_ADD;
RfD;

HQ; an

¥ s s ool alis, aglye S M g0 i5la RED;
)ial.w.s HQ<1 R PR 43‘)| alisee ).@LA.C (5‘)" ).A.O‘)L' U"‘ )JOLM

OOY

S35 Corons LSBT paic o ogilly (Su3elssT o Ef

(ool polie T Jaie ol paic jo Sogll Lile S5 a3Ls Cf 4
oSS 9 O oy (LS S5 e oV ma3bly 9 29,5 <) (59 9 55
ax LG Sogll jasls a5 o5 (Hakanson, 1980) el Y-
(warls cpl jo as cwl cpl ol Ko sla a4 s g e
S0 paiges olias! G 0 anlllas 0,90 polic dasn Sogll S,
wals opleg, ol 5l g (Mazurek et al., 2019) o4 o Laseive

O s (b5

ssbiie 4 (S 50 39290 (om polie (Idle (h3) S,
3590 Loan¥T ol S50l 5 5 230l o Sllas oS 5!
s Jols agzlye sos aw gl 2L Gl S o0 LB o
JuS 55 5 Jlos 3 (fw 098 50 slp g Lol 5 (g ples
e G ke 59,5 9 S L agrlse Lol S50 058 0 ploxl
S gl ool ame S oot Slge b agrlse 53515 5]
b ) (loond Slge b aglge 05l jmo S 5Le 99,5 4
polde Cewl Sow o v 5095 el 5055 5 YLLS 5 sl
92 5 omd 69y 3k 4 gl bl o 41, Sl (6 Seitr
Sal (Koo 5 VLS )30 S Bpae Cewd b g plos 4 bl 0
395 Cawd b g 8w olde olge 4y S Lo 5 0,8 L S ol
Pl (5095 5 (VLS )5 (reizmen S mda b ol |) Wl
s WS B e polie gl (o yo il laitl
0 09zge gla)le 505 Gkl Jle ) eogll S L g,
g 0¥ jolic il 0 cel wilgs o s (Sleislo o9, slalas
29 pladl oy 4 byl 09,
Lot 00 61 by ool s o5l polie bl o
USEPA, ) IS5 0] oasie OB G jlanme cbile> ol
»& 5 @holbre she iyl s ab bl (1989

oo 5 Lol gl s s 3l o a3l olis il


http://dx.doi.org/10.22034/KJES.2025.11.2.106463
https://dor.isc.ac/dor/20.1001.1.2538449.1404.11.2.11.2
https://gnf.khu.ac.ir/article-1-2972-fa.html

[ Downloaded from gnf.khu.ac.ir on 2026-05-18 ]

[ DOR: 20.1001.1.2538449.1404.11.2.11.2 ]

[ DOI: 10.22034/K JES.2025.11.2.106463 ]

e G305 St LS 55 cews 05l jolis areday (soriisl

S G5 5 sl oo

5 oL sdle e Sl pae Silas S 5l s HI e
Dulfour and) cusl e osllasl oll Silas HI>Y
(Ballentione, 1986

2D dple 5 Laly, jleslitul b o8 50 sl by 595 sl
((Fakhri et al., 2018; Yakamercan et al., 2021)

ol Bl Jlasl Sles HO>L 5 cudls 5 i 11 ozl pas
«(Soltani-Gerdefaramarzi et al., 2021) coul s iio

Sy byl Gy emlin ale s HQ ,olis Egaza
o] 6)10)4445.0.‘ eliﬁ-ﬁﬁ‘)‘ s.i) 5o ‘5..;;){_...4

" VY
HI=ZHQi On
L

(USEPA, 1989; EFSA, 2010; IRIS, 2020) l50lb yes 5o 5 stljoslby s oyl o¥olas gloyial l ¥ Jsuer
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(0.009), Fe (0.0022)
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Table 3. Descriptive statistics of physico-chemical parameters of the studied soils

pH oM CaCOs Clay Silt Sand

average 8.4 0.9 25.9 394 210 39.3
min. 7.2 0.2 12 25 8 17.5
max. 8.9 2.8 39 60 375 64
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Fig. 2. The texture of the soil samples based on the percentage of clay, silt and sand
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Table 4. Descriptive statics of the element’s concentrations (mg/kg) in the soil samples

Element Mean Std. Deviation Variance Skewness Kurtosis Minimum Maximum
Al 61361 4444.6 19754537 0.1 0.2 51533 69035.1
Ba 552.9  109.0 11881 1.05 2.4 355.4 866.9
cd 0.2 0.2 0.03 0.7 -0.9 0.1 0.6

Co 124 22 5.0 -0.9 0.9 6.8 15.4

Cr 5846 11.4 129.5 05 0.6 31.3 78.2
Cu 299 83 69.4 2.3 9.0 18.6 60.3

Fe 31203 4333 18782065 -0.9 1.4 19713.4 37068.7
Mn 8955 94.3 8900.7 0.6 0.4 666.1 10415
Mo 1.2 1.2 1.3 2.1 5.0 0.4 5.0

Ni 381 9.6 91.3 0.6 0.5 16.7 54.4

Pb 359 248 613.1 35 14.0 14.9 135.1
Sc 104 13 1.8 -1.0 1.9 71 127

Sn 2.5 0.4 0.2 0.5 2.8 1.6 3.7

Sr 4645 103.2 106485  -0.02 0.2 271.3 670.9
Th 153 2.7 7.3 0.5 1.2 10.2 22.4

Ti 3053 3333 111056 0.1 1.6 2212.8 3691.1
U 41 0.7 0.5 0.01 1.8 25 5.9

\ 1074 155 241.4 -0.8 16 69.8 132.6
Zn 130 63.9 4086.2 2.9 9.1 76.1 363.6
Zr 2840 26.7 713.9 0.4 0.6 240.5 333.8

(CCME, 2007) calizes (slas )l b S5 50 (p,59kS p p,5 o) (coww yolic 5 o lailinl polis -0 Jgo
Table 5. Soil quality guidelines (mg/kg) for different land-uses (CCME, 2007).

Element Land-use
Residential Agricultural Industrial Commercial
Cr 64 64 87 87
Cu 63 63 91 91
Pb 140 70 600 260
Zn 200 200 360 360
Cd 10 1.4 22 22
Ni 50 50 50 50
Ba 500 750 500 2000
U 23 23 300 23
\% 130 130 130 130
Co 50 40 200 -
OOA
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Fig. 3. Distribution of potentially toxic elements in the study area
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Fig. 4. The average values of single pollution indices for the studied potentially toxic elements
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Fig. 5. the values of potential ecological risk index (PERI) in soil sampling sites
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Table 7. Non-carcinogenic risk (HQ values) of potentially toxic elements in soil samples

Sample Fe \Y, Ba Ni Cr Mn Cu Co Cd Zn Pb

1 0.04676  0.4803  0.03273  0.02936  0.33332  0.07877 001099  0.00742  0.00176  0.00796  0.89491
2 0.04814  0.15102  0.03239  0.02896  0.26999  0.08415  0.00987  0.00855  0.00585  0.00496  0.70113
3 0.03001  0.09911  0.04207  0.01170  0.3353  0.07468  0.00594  0.00511  0.00376  0.00324  0.67172
4 0.04623  0.14769  0.03434  0.02250  0.24042  0.08194  0.00939  0.00701  0.00264  0.00418 1.07815
5 0.05074  0.16572  0.03792  0.02478  0.24479  0.08406  0.00927  0.00762  0.00227  0.00437 1.08650
6 0.05114  0.16599  0.03239  0.02622  0.24252  0.08461 000987  0.00881  0.00236  0.00472  0.75166
7 0.04254 014018  0.02272  0.02972  0.26579  0.06915  0.00637  0.00877  0.00096  0.01550  0.42301
8 0.07256  0.16188  0.03985  0.02334  0.28221  0.09512  0.01926  0.00888  0.00096  0.00975 1.42961
9 0.04602  0.14352  0.02907  0.02629  0.26328  0.06083  0.00689  0.00708  0.00096  0.00376  0.38144
10 0.04209  0.14029  0.05542  0.01900  0.20596  0.00000  0.00826  0.00777  0.00096  0.00388  0.86631
1 0.04787  0.15594  0.03341  0.02434  0.23451  0.08619  0.00970  0.00906  0.00536  0.00518  0.79292
12 0.05040  0.16209  0.02915  0.03110  0.31033  0.08049  0.00815  0.00987  0.00721  0.00458  0.51618
13 0.03561  0.10381  0.04504  0.01065  0.16984  0.07953  0.00681  0.00437  0.00096  0.00382 1.16417
14 0.04732  0.15575  0.02986  0.02567  0.25662  0.08163  0.00976  0.00726  0.00491  0.00523  0.62093
15 0.05469  0.18266  0.03988  0.01971  0.19854  0.09275 001096  0.00971  0.00096  0.00477  0.73461
16 0.05611  0.18660  0.02830  0.03477  0.32453  0.09048  0.00953  0.00885  0.00168  0.00449  0.72857
17 0.04628  0.15076  0.03788  0.02064  0.19465  0.08302 001051  0.00719  0.00096  0.00519  0.84019
18 0.05364  0.16233  0.03458  0.03275  0.26799  0.09258  0.00958  0.00913  0.00596  0.00470  0.62295
19 0.05590  0.18839  0.03935  0.02105  0.25699  0.09238 001013  0.00975  0.00462  0.00449  0.58447
20 0.04553  0.14483  0.03378  0.02678  0.27449  0.07938  0.01007  0.00731  0.00096  0.00689  3.45395
21 0.04393  0.14815  0.03218  0.02226  0.25277  0.07062  0.00927  0.00754  0.00392  0.00467  0.91280
Average 004826  0.15261  0.03535  0.02436 024872 007821  0.00955  0.00796  0.00286  0.00554  0.91696

Orf
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Table 8. Correlation Pearson matrix of the studied elements

anllas 3 )50 polic (gly (ygm (Kot o il A Jgo>

Cd Cr Cu Ni Pb Zn Co Al Zr Sc V Ti Th U Ba Fe Mn
Cd 1
Cr 0.184 1
Cu -0.123 0.331 1
Ni 0.275 0.880™ 0.149 1
Pb -0.327  0.057 0.276 -0.065 1
Zn -0.289  0.340 0.226 0.318 0.091 1
Co 0.334 0.548* 0.381 0.633™ -0.211  0.237 1
Al 0.080 0.002 0.385 0.010 -0.114  -0.406  0.521" 1
Zr -0.125 -0.174 0.449" -0.261 -0.041  -0.251 0.300 0.730™ 1
Sc 0.195 0.499" 0.376 0.557™ -0.170  -0.043  0.833™ 0.685™ 0.567™ 1
\Y 0.158 0.580™ 0.457" 0.583™ -0.123  0.006 0.851™  0.707™  0.542" 0.964™ 1
Ti -0.079  0.298 0.606™  0.146 -0.030  0.042 0.595™  0.717" 0.800™ 0.715™ 0.760" 1
Th 0.052 0.444" 0.720™  0.409 -0.159 0.221 0.745™  0.590™  0.495" 0.707 0.782™ 0.762" 1
U 0.184 0632™ 0.611™  0.570™ -0.211  0.434" 0.681™  0.204 0.166 0.561™  0.608™  0.525 0.783™ 1
Ba -0.253  -0.614™ 0.098 -0.715™  0.144 -0.412  -0.316 0.0354 0.350 -0.274 -0.272 0.028 -0.176 -0.361 1
Fe 0.019 0.553™ 0.840™  0.464" 0.035 0.198 0.712™ 0.608™  0.507" 0.726™ 0.789™  0.825™ 0.908™ 0.780™ -0.140 1
Mn 206 0.128 0.632™  0.130 0.081 -0.100  0.493" 0.731™  0.603™  0.518" 0.605™  0.635™ 0.631™ 0.328 0.173 0.683™ 1
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