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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.
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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

NZ

axlllas 350 00ga0 4

lv'V:N’E si'vlsVE SI'NIN'E sv'zfvs 3|’|.UQ‘E 5!'!]3‘\1‘( SI'?YGT 31’2?0‘[ !1'1?‘7‘5 SH‘TVE 5|‘2:N’E :I'}:‘O'E
O 2 R - EEFO -
/ / /
i £ 1 £z} it E
§~ o % 5 o rs o H
L L) 3 . 8 3 \ 8
» g
Z £ z
2 15 £ E ¢ AR .
H 2 B Ry % Q¢ B
] g 3 5 / 2
) el ¥ ol
L s j
e " N A
z e -
H £ z g z|} . |z
c4 £ g £ J
4 8 B ré 34 L
& L L a
Legend Legend Legend
cd(ppm) Cabom) Mn(ppm) Pb
* oorsom-019r20e ppm) Mn(ppm) pom)
Value ® 500050000 - 773.242000 Pb(ppm)
z @ ormes.o3ieer won osraues || £ Value * aviens.2n7se
£ M — £ z @ 773242001 - 881332000 E > © 2061803561 el
1 oamer-oune o |[§ R @ wis00m sissnieo Fe B @ s saoonsc IS £
1o -0sesie 3 2 B Ceatiche P
@ conose P — ) ® - e || B
T T T T 907841138 74280
511100 S1150E 51200€ 51250€ T y - T T
51100 SISOE 51200 SI"250E . iy T 517207 51250
N'IIVV'E S1MISUE SIW0E S1BVE 51-1‘mr§ 5!'1.5!!‘6 S|1:7|YE 5\1:?6 S1"100°E S1"1S0E 517200 SVTASV'E
H ! i ¥ i !
e g 0 9 o ¥
/ ] 4 \ /
= = g 2 ! z r
z | B E £
51 S s £ £rg Lo B S 53
2 \ . 2 3 . 3 4 o, 2
t '
£l LE £ e Bl : £
g i g 2§ 4 4
) o -]
g ,—"’. 0 . \ @
e o . . . B \» T
£} § £ . £ z =z
21 B 34 FR & 3
] 8 2 3 3 8
o Legend Legend Legend
(ppm) cr(ppm) Ni(ppm)
o oo mionce 2100 o s wser SHEPT o Touso. serae M)
z @ 9010801 122600000 § £ z © s mime o 908158 g z @ oniocr iz2eni00 VOIU® £
& @ 1200020 em000 um Hh 343001 '§ 1 @ o o 'i 2 @ 1220000 - zmessoon gy M R |ER
2 - 3 >
@ 2200015660000 @ s nren . @ s s
51100E S1150E sravee sr250E P == pos s e svivee poc: e o7 — pevs ey
S1MO0E SIMSUE 517200 S1250E 1 I00E SIMSTE 51200 S1250E
i i i i y i i 1
== N
o ¥ ¥ e i
\ i} -3
4 { / W E
= / = . 7 =
§.‘ . S '_5 ,E- { erd '.s (-3
8 . 2 2 . 2
“ e B X 3 “ .
N ¢ E RS s ‘ i
S s 2 3
g \ 5 &
5 . ®; s|L (
» \{ . ‘
ot g @ ¢ el §oew a5l
\s | Y g \ A St
e[} e’ o i@ P _—_— U :
B ; o E H
2 3 3 A
Legend s Legend
U(ppm) “ ™ (ppm)
+ some aumeo YePm) 3 o o msres PP :
- Pk i @ s ssoreo
£ psipmeni— L] LR - rutbningup |
g - e (G 8 | 8
[ — 13001 22 08200 Lo 930801
v r T T 1100 I s1200E svoe
I S11s0E s12E s1250E
1:250,000
Km
2 4 L] 12 16

o 09l yolie @jes -1 S5


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 2026-06-17 ]

[ 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

05> )Lad s Gl Hezmen (Sl L atansslye 5o 5 VLS 5
YL zsbw bl U5 aezlge ol ol en (655 slacenl
05 039 9 0009 Obely (2lies e iz e Sl WS o
Syge S ladiged (i yo oy oy cdile lply osh ole
25 8 Az i 3)50 Wl g el 0alS (LS aslllae
i o5 Addll SB gladigel (S s pgS clile
2 Sk PP GsSan 5 55,5laS SlaSE (sl jlxe e3g0ore
5 oo )5 Sl sl 03g9ome )0 Ladiged den 5 039 (o, 9k
lardss Guis () 5,57 061 518 (2,5 5LS 52 0,5 oo AV) 5 18
3] bansgs 5l o Sl (VD) 5,5 Ll S o ig] g
e olsie 4 (ARC, 2016) ol wligins Lol
o 3l a0 4285 a5 0 | 0,8 ol sl ol
45,5 )18 anl 3)0 5 oad AL 5 idyk b g Las e
96595 9 Sl compin 5 (S OWSae Eiileys Juld oS
Alvarez etal., ) cusl 093909,5 5 S95> slas,lxal uzen
(2021

1y sl e 2STas 5l mslily o S cale dadiges (2 5o
ke 0 15 8 5 (S9Sne ¢ Sako 165,3LiS) e slas S
Hollom alil ol iy (Sl Gl & TS 2 )8
Lol Sl 35V 05,5 50 1) o bS5 5 UK ol oo Sl
JEYURRCO FRCCTS SEPNNEN RCH DI gt S LU FRPVIPS FONSICI PSR R
23Ul b agzlge 092 JILLL (slagmainm 5 gm0 i ) Gl oo
» al @hob e b wlg oo (@lasiul e @5k Sl ok &
ol yo2 Joa i o (59elS (Slocpnl ¢ ol pianas 5 (e o
LS e cdale (Escutia-Martinez et al., 2025) sl
S )5 sl e oogame ;5 baaiges plad 3 il gl 9 peedls

..))‘O )|)3 ‘_g)l.?u 9 ‘5'5&»‘& ‘(5))5Lm5 LGM

SB Fogll s usy

N

oSl 55 5 (LT iae § S lax) 1Y 5 0 (glaolSil o
Slr e cile 2Sla sl )b cdale () 5 F) ddhaie )8 Jlod
Bee dlee VB ol f ) (oS 5 (Srio «53,5lS slags )5
S e slme cbale 4 o g i (p SIS » S e
oo ;0 ) 5 F oK) sl S oKl dan 4o (5,5
loss adly  Sarudly Y g ol IS 45 05 5 (55p5liS
Jolgs 5l Wlgi oo 5 S35 o gl i po )b 0 )5 Sl
520 (S szl sloeysS b bl o)l 4 ladiged (S 8
53 b e gl 4z )5 Sl Sens Lanzeo 4 o5k 099 @l
S flad as cuils a0 Wb Lol o lo 592 g aslllas 550 05g00xe
2 Nlgee pate pl plply g Col 4d sy 4 Sl @b
Rl IS8 4 Qlawald pely aile) penliy gl sla S5
OSoe cglaiinl 5 aly slo s 5l pa)l ZBL,0 05l enalie Js
(las gl Jols pludl jo (s DA (S 590 4 ol
Sl 3)lge )0 5 ey 5L Gl o8 el (L3155 YL
(Kravchenko et al., 2014) 54 e S0 4y S
odgaze 3l iy el S lodiges 0 j0 o clale
39 Sl (eSS 2 p S ke Vo) (55)0liS oSS (6l slre
BB oogaze 10 dos )5 plu glp sl Jade pSTos b annlis
Sl 30 eansl 0l ol oy Cale a5 _lmolSgl 0,5 13 Joud
dgzg s dxgi b aS W5l (18 Allole 5 ppd sogaome yo spdeedlul
42 BB oy (SS9l e ol (bl cpl yo Gixio slacs 0
BU) SREPIS IV S PSS OIP PR CHWE S SOC SR SN | ISV 1 EORCI
Wit gle ) glo (ol 0w slag b adg wgd
692 ok 4 ope b aglse oy ol ri Bl g Sl e
@slasl SIS 4 5 sl oo ol 5355 035 4 (sl Ceodls &,
5 G50l EMSie i) (G5 ¢ s 3 00 2 o] il
Gl (Sh9r cups el (o laS g lent OMSie (L8,

byuﬂuﬁb)OQ}w@)Mm)M)ow\))msa;fu


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 2026-06-17 ]

[ 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

o M ke 4l jglme glaolin] g wblplrpe sl
Al

SE o polie ctliline) cuyd (el polie C-F S0 5o
wdal Caws @y s elal el ol @) ppiedlal oyl 5ol
(Sling, 3o Sty B gazmo Al g5 s IS s0ga5me 51 45 1§ Wiges
L 65,0leS e 5l a5 VY o,leds diges el 0uds Cuiilo 4y 50l
S1aTY o led diges g oo el p oLl o (slivg, posS cusls
Soke Sl Dpglme 53 g gl o3l a5 (65,5l (e
SOl 59y 9 wm puedlS polic a4 Cad wonl ool iy
Qe o Hlis (6 A

- JS8) (NIPD) 550 a2 )LSe s58 (asls polie 4 azgi
389 5 2 qeeedlS yolie 4 o aalllas 9550 sladises @
SS9l 08 )0 muyg 5 35 polie 4 Cond wyad (Soagll oo,
55 mlls 5 IS el s 19y i)l polis & S g oo
A3l 518 Sogll lace mlaw

251 a
2 4
Anthropogenic
S
©
& 15
-
@ Natural
£
g 1
=
(=4
w
0.5
o -
Co Ti €d Cu V Sc Al Cr Fe Zr Ba Ni Pb U Th Mn Zn
015 Unpolluted to y polluted
C
" = i
I w |z|| III 1
-0.5
o
)
8o
=,
1.5
Unpolluted
2

AT

yaze 1l VOB /0 (o yaie SO EF Jlaie a5 590 50
VO 5l i s pare EF Jlaie 519000 (slatug Lice oS j5b
ol 0sd el Sladl e bawg jate o] 5l oise sl
yobie Vx>l a-F s 4y a>95 b ol by (Zhang et al., 2009)
Sl jlaslllas 5,50 sladiges 13 (59, 5 5K 88 sl
(ShE oy xSile polie lul  ilass F Lase Sl
Sl 65y 5 2w ey pole 4 Cod adllae 3,50 sS>
— s sl polie plo & cuns g Q<EF<B) Lawgie Soi oo
it (BFS2) o5 Sus
—os ol |y delecSs asls aulxe 5l Jol> gl b-F s
Sl games;y 4 azg b g Jole ST amls polde olul 5 aeo
anlllas 5,90 sladaiges (Yang et al., 2011) jasls cpl gl p oo
2 25 5 plygl i (LS 5w (S5 polie 4 s
rioogll aitus 0agllé jolie plu @ Cowi 5 o5 (Sogll e,
Suoyp g adhaie 5,0 0 &lg Ve g 19 sladiges Joli baolin]

21b

Low level of pollution

04 4

Co Cr Cu N Pb Zn C Fe Mn V Th u Ba

High level of pollution

NIPI
»

Moderate level of pollutio

Ba Co Cd Cr Cu Fe Mn Ni Pb Zn V Ti

Th U Sc Zr Al


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 2026-06-17 ]

[ 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

aslllas 390 cows 058l yolic 51y 0 te (Sogll sla sl (Sl polie -F JS&
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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Fig. 6. The results of non-carcinogenic risk assessment of potentially toxic elements in the soil samples
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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

N


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 2026-06-17 ]

[ 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

09,5 ;390 Jeld ¥V abes canl aid F 18 ades G jo ol @
oo 9 6 03gaoms jl a8 Sl pladiges Jold Jglog S 5 o]
P9 09,5 25 9 odd Sy Slaitle sladls 5 ladllj 6325590
OF s ool aiten SLL 5 (55,5laS Glagre; ol (Koo
S5 (6,05 bl |y cilises gladiges o slaigs LT aS cas

sl 00,5

Slaigs Judoxd
stlor5) slaosls sladgs Jolou I Jol> pl Sg 00 A S0
Jol> 61,5 9000 10 000 oo lid (5,10 paigad oK) wlul 1)
Sl A o)l diges .l Lansis BB Lol 69,5 9o 5JUT ol
ol o0y il p  Sogll &lis 51590 4 5 ppiadll dog> 0350ce

Dendrogram using Average Linkage (Between Groups)
Rescaled Distance Cluster Combine

S 10
1 1

15 20 235
1 1 1

|01 01 0 T

L] Ll

= Agricultural-rural lands

Urban district

l__lrlfL

N Sub-Urb area

S gladigas ;> axlllas 3,90 yolic Clalé glasgs Julow ol So s -A Ko

Table 8. Cluster analysis dendrogram of the studied elements in soil samples

Cengl 51 a3 )0 amo o LiS (S8 (e S5hS )5 e
ol @holbm Jdo Ll ool so eolitul laowg! <o o
ol plin S oo oolainl o b SIS 5 edd saiS oy sloeS 5
3 b adale molssl Lo wiled o cool> LS 5l lndiged colils

S ldiges ;0 Oy Hlade il adllas 5)50 S sladiges

S ams e oLi spdedlul et S alerdsls o)y
aslllas 5,50 GBS |5 08 15 cea Sl raieng)] joble clale
MoolSiay] B 50wl cbale ool o leSy e a9 o

7 oSl Sl SB 3 yaie ) clile bawgte 4y s


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 2026-06-17 ]

[ 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

)l oolaw! .ol )..i».a 9 D ‘m.m)ls “«S59) s)...i...a ‘f“'l)ﬁs ].al...c

lroysS 5 (Sdly DY guame odgi ails )15 odled aiile) sxo
3590 03g05me 40 Sljludl (Sogll Lol mle 51 S35 5 (55,2 ]

A b 05 sl IS 5 p)S &l pededll S sladiges

Jles! po3 onmsylis odel Cews 4 =l cwl ol ol

51 oo 098l polie 3959 S8 slil) p3 (amreem; Cy paa
ol el o Sbladl g ik S 4 ol bl b 3,0
sogima s S (il o sloasTs )b 5 Sl (Foyl]
Sleladl plol ¢ ol )y OV game CutS S oAbl oo pededll

b ke 90,5 89,9 5l 65 ol sliwl) jo LS lawgs sbla>
b S Fosll glo g il i oo (slalid 4 ST iyl 3

5 e e 4 S5 3blis 5 i SIS L gblie ;5 o3
Cedls S5 ) 4y wilsi oo 45" el 2 ke Lol ala 51l ado
&S oS Sl

References

Abrahim, G.M.S., Parker R.J., 2008. Assessment of heavy
metal enrichment factors and the degree of contamination
in marine sediments from Tamaki Estuary, Auckland, New
Zealand. Environmental monitoring and assessment 136(1-
3), 227-238.

Adimalla, N., Chen, J., Qian, H., 2020. Spatial characteristics
of heavy metal contamination and potential human health
risk assessment of urban soils: A case study from an urban
region of South India. Ecotoxicology and Environmental
Safety 194, 110406.

Alvarez, C.C., Comez, M.E.B., Zavala, A.H., 2021.
Hexavalent chromium: Regulation and health effects.
Journal of Trace elements in Medicine and Biology 65,
126729.

Arifin, Y.I., Rauf, J., Akase, N., Djibran, F.R., Nurfaika, E.,
Lakilo, A., Jahja, M., Sakakibara, M., 2025. Integrated
geological mapping and spatial distribution of heavy metal
contamination with geoaccumulation index assessment in
Juriya’s artisanal gold mining region, Gorontalo,
Indonesia. Journal of Hazardous Materials Advances 19,

N

2 Sz Sl SB o ol e & cond jetedll gl el

30 oy il pioren 000 ool Sad of belSi! Sy

LS (gl sl oagase 3l pinn il S sladiges > 5

ol b oy cdale a5 Sladiges 5,00 )18 Jaub LB odgazs o

Aoyl plplo wloads clloy srie gl gl Slbl el

Saslil )] (Slyes isu o5 el); SV game cuiS 3l 058 o0

bl nl 5o () qmsd (oo Jlo sl Sl oy

Sl Sl 9o 5| ity blie 2515 (g5, Sl 5 (5ol

el aS bl g cal )l g crio ( GeSums «55,5liS S

@‘9 Sluls sla,lil g (S0 S 0l cogamme Ho oS!

il ey w8 o SIBE G p2) (ol ds) g (larretans

a7 e (Sosll a5l 5 agills (SagslssT s o Jale S5 a3 Ls

W S 059 4 cdnfllas 5,90 ddlaie S b_foeﬂ oaipd )Lis (g 005
100861.

CCME (Canadian Council of Ministers of the Environment),
2007. Canadian Soil Quality Guidelines for the Protection
of Environmental and Human Health. Summary Tables,
CCME Ottawa, Canada.

Chopin, E.1.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.

Demetriades, A., Birke, M., 2015. Urban geochemical
mapping manual: Sampling, Sample preparation, Analysis,
Quality control check, Statistical processing and Map
plotting. EuroGeoSurveys, Brussels.

Dulfour, A.P., Ballentine, A.R.K., 1986. Ambient Water
Quality Criteria for Bacteria- 1986.

EFSA Panel on Contaminants in the Food Chain (CONTAM),
2010. Scientific Opinion on Lead in Food. EFSA Journal
8(4) 1570.

El Yaouti, F., El Mandour, A., Khattach, D., Benavente, J.,
Kaufmann, O., 2009. Salinization processes in the


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 2026-06-17 ]

[ DOR: 20.1001.1.2538449.1404.11.2.11.2 ]

[ DOI: 10.22034/K JES.2025.11.2.106463 ]

eSS g St LS 55 ce 05l yolis arecn soriisl

S G5 5 sl oo

unconfined aquifer of Bou-Areg (NE Morocco): a
geostatistical, geochemical, and tomographic study.
Applied Geochemistry 24 (1), 16-31.

Escutia-Martinez, J., Hernandez-Cruz, E.Y., Avendano-
Briseno, K.A., Pedraza-Chaverri, J., 2025. Vanadium
toxicity and mitochondrial dysfunction: Health effects
assessment, Caenorhabditis elegans as an emerging model,
and the role of plant metabolites. Clinical Bionenergetics 1
(7), 1-25.

Fakhri,Y., Bjgrklund, G., Bandpei, A.M., Chirumbolo, S.,
Keramati, H., Hosseini Pouya, R., Asadi, A., Amanidaz, N.,
Sarafraz, M., Sheikhmohammad, A., Alipour, M.,
Baninameh, Z., Mohseni, S.M., Sarkhosh, M., Ghasemi,
S.M., 2018. Concentrations of arsenic and lead in rice
(Oryza sativa L.) in Iran: a systematic review and
carcinogenic risk assessment. Food and Chemical
Toxicology 113, 267-277.

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.

Guo, G., Wu, F., Xie, F., Zhang, R., 2012. Spatial distribution
and pollution assessment of heavy metals in urban soils
from southwest China. Journal of Environmental Sciences
24(3), 410-418.

Hakanson, L., 1980. An ecological risk index for aquatic
pollution control. A sedimentological approach. Water
Research 14 (8), 975-1001.

Integrated Risk Information System (IRIS), 2020.
Environmental protection agency, advanced research. U.S.
https://cfpub.epa.gov/ncea/iris/search/index.cfm?keyword.

Jiang, C., Zhao, Q., Zheng, L., Chen, X., Li, C., Ren, M., 2021.
Distribution, source and health risk assessment based on
the Monte Carlo method of heavy metals in shallow
groundwater in an area affected by mining activities, China.
Ecotoxicology and Environmental Safety 224, 112679.

Johnson, C.C., Demetriades, A., Locutura, J., Ottesen, R.T.
(Editors), 2011. Mapping the chemical environment of
urban areas. Wiley-Blackwell, John Wiley & Sons Ltd.,
Chichester, U.K., pp. 616.

Kabata-Pendias, A., 2011. Trace elements in soils and plants.
4rd ed, CRC Press. Boca Raton., 534 p.

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

oy

Geology 57, 365-376.

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 Science 10 (1), 234-264.

Kravchenko, J., Darrah, Th.H., Miller, R.K., Lyerly, H.K,,
Vengosh, A., 2014. A review of the health impacts of
barium from natural and anthropogenic exposure.
Environmental Geochemistry and Health 36, 797-814.

IARC (International Agency for Research on Cancer), 2016.
https://monographs.iarc.who.int/agents-classified-by-the-
iarc/.

Li, Z., Feng, X., Li, G., Bi, X., Sun, G., Zhu, J., Qin, H., Wang,
J., 2011. Mercury and other metal and metalloid soil
contamination near a Pb/Zn smelter in east Hunan
province, China. Applied Geochemistry 26 (2), 160-166.

Loska, K., Cebula, J., Pelczar, J., Wiechuta, D., Kwapulinski.
J., 1997. Use of enrichment, and contamination factors
together with geoaccumulation indexes to evaluate the
content of Cd, Cu, and Ni in the Rybnik water reservoir in
Poland. Water, Air, and Soil Pollution 93 (1-4), 347-365.

Mazurek, R., Kowalska, J.B., Gasiorek, M., Zadrozny, P.,
Wieczorek, J., 2019. Pollution indices as comprehensive
tools for evaluation of the accumulation and provenance of
potentially toxic elements in soils in Ojcow National Park.
Journal of Geochemical Exploration 201, 13-30.

Miller, G., 1969. Index of geoaccomulation in sediments of
the Phine River. GeoJournal 2, 109-118.

Ou, S., Sun, J., Hu, F., Chen, C., Bi, X., Wu, L., Li, Z., Wang,
J., Xiao, T., Cui, J, 2025. Source-oriented and
bioaccessibility-based health risk of persistent toxic
elements in peri-urban vegetable farm soils of a magacity.
Environmental Chemistry and Ecotoxicology 7, 2005-
2016.

Parton, W.J., Schimel, D.S., Cole, C.V., Ojima, D.S., 1987.
Analysis of factors controlling soil organic matter levels in
Great Plains Grasslands 1. Soil Science Society of America
Journal 51, 1173-1179.

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


https://www.sciencedirect.com/science/article/pii/S0278691518300188#!
https://www.sciencedirect.com/science/article/pii/S0278691518300188#!
https://www.sciencedirect.com/science/article/pii/S0278691518300188#!
https://www.sciencedirect.com/science/article/pii/S0278691518300188#!
https://www.sciencedirect.com/science/article/pii/S0278691518300188#!
https://www.sciencedirect.com/science/article/pii/S0278691518300188#!
https://www.sciencedirect.com/science/article/pii/S0278691518300188#!
https://www.sciencedirect.com/science/article/pii/S0278691518300188#!
https://www.sciencedirect.com/science/article/pii/S0278691518300188#!
https://www.sciencedirect.com/science/article/pii/S0278691518300188#!
https://www.sciencedirect.com/science/article/pii/S0278691518300188#!
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 2026-06-17 ]

[ 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

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,

Shomali, A.R., Khodaverdilo, H., 2012. Contamination of soils
and plants along Urmia-Salmas highway (Iran) to some
heavy metals. Journal of Water and Soil Science 22, 157-
172.

Tomlinson, D.L., Wilson, J.G., Harris, C.R., Jeffrey, D.W.,
1980. Problems in the assessments of heavy metal levels in
estuaries and formation of a pollution index. Helgolander
Meeresuntersuchungen 33, 566-575.

Turekian, K.K., Wedepohl, K.H., 1961. Distribution of the
elements in some major units of the earth's crust.
Geological Society of America Bulletin 72 (2), 175-192.

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.

USEPA, 1998. Test Methods for Evaluating Solid Waste,
Method 9081A. EPA, Washington, D.

Uugwanga, M.N., Kgabi, N.A., 2020. Assessment of metals
pollution in sediments and tailings of Klein Auband
Oamites mine sites, Namibia. Environmental Advances 2,
100006.

Xu, H., Hu, P., Wang, H., Croot, P., Li, Zh., Li, Ch., Xie, Sh.,
Zhou, H., Zhang, Ch., 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,

IANA

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.

Yakamercan, E., Ari, A., Aygun, A., 2021. Land application of
municipal sewage sludge: human health risk assessment of
heavy metals. Journal of Cleaner Production 319, 128568.

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

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.


https://www.researchgate.net/profile/D_Devitt
https://www.researchgate.net/profile/Lena_Wright
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
http://www.tcpdf.org

