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Article Info ABSTRACT

Article type: Background and Objectives: Heavy metals in agricultural soils may be
Full Length Research Paper  naturally present in the soil under the influence of the soil parent materials
(geogenetic) or may be added to the soil as a result of human activities
(anthropogenic). Heavy metal pollution not only reduces the physical and
Received: chemical quality of the soil, reduces biological activity and biological
Revised: availability of soil nutrients, but also poses a serious threat to human health
Accepted: and environmental security through entry into the food chain and

penetration into groundwater. Industries are one of the main sources of

heavy elements production, which lead to the entry of these materials into

Article history:

Keywords: the soil and its accumulation through irrigation with contaminated water
Hamaneh, and through atmospheric deposition. The toxic properties and
ghﬁzzab?d' bioaccumulation of heavy metals in soil and plants, as well as their entry
ollutant,

into the human food chain, double their risks. Therefore, industries can
respond to society's expectations of responsibility and reduce concerns
about human health through social and environmental initiatives.

Shehneh,
Toxicity.

Materials and Methods: A completely randomized experimental design
was conducted in three replications and three depths (0-20, 20-40, and 40-
60 cm) and three areas (clean or control (Hamaneh), semi-polluted
(Khazarabad), and polluted (Shahneh)) in the west of Yazd city. The fields
in question were planted with pistachio, pomegranate, and walnut,
respectively. All fields were irrigated by flooding. About one kilogram of
soil samples were collected from each field from three points and at each
point of three depths, using an auger, and a total of 27 samples were
transferred to the laboratory. After preparing the samples according to the
instructions for measuring heavy metals in soil, the total concentrations of
heavy metals lead, cadmium, arsenic, nickel, selenium, mercury, beryllium,
chromium, and thallium were measured at all three depths with an atomic
absorption spectrometer equipped with a furnace, and then the land
accumulation indices and enrichment factor were measured, and the data
were statistically analyzed.

Results: The concentrations of mercury, beryllium, chromium, and
thallium were not significant in any sample. In all three areas and at all
three depths, lead and selenium contamination was within the permissible
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limits. Cadmium contamination was recorded only in the contaminated
area of Shahneh, and arsenic and nickel contamination was recorded in the
contaminated area of Shahneh and the semi-contaminated area of
Khezrabad. The interaction effect of the level of contamination and soil
depth was significant, and the 40-60 cm depth of the soil of Shahneh
(contaminated) area had the highest concentrations of cadmium, lead,
arsenic, nickel and selenium compared to Khezrabad (semi-contaminated)
and Hamaneh (clean) areas. The concentrations of mercury, beryllium,
chromium and thallium were not significant in any sample. The results
showed that heavy metal contamination, especially in flood irrigation, has
the ability to move in depth. Thus, in the contaminated area (Shehneh),
with increasing depth, the cadmium concentration increased by 92.63%
compared to the soil surface, the lead concentration increased by 44.48%
compared to the soil surface, the arsenic concentration increased by
97.14% compared to the soil surface, the nickel concentration increased by
71.72% compared to the soil surface, and the selenium concentration
increased by 91.75% compared to the soil surface. According to the two
measured indicators, the concentrations of cadmium, lead, and selenium
were in severe and dangerous conditions in all three regions. Arsenic was
in a dangerous state in the Khezrabad and Shahneh areas, and nickel was
only in the Shahneh area.

Conclusion: These results could be a warning sign that these pollutants
may reach groundwater and canals. Also, following soil contamination, the
absorption of these substances by plant roots increases, causing toxicity in
the plant and subsequent entry into the food chain, which requires
prevention of this process. The social responsibility of industries requires
that any pollution they release into nature be minimal or in accordance with
international standards and limits.
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Figure 1. Heavy element cycle (7).
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Figure 2. Location of Yazd city, Shahneh ,
Khezrabad, Hamaneh, industrial town and
steel factories.
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Figure 6. Predominant wind direction in
Yazd city.
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Figure 3. Distance from Shahneh to Yazd
center.
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Table 1. Classes based geo-accumulation

index.
Classes value Geo-accumulation
index
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moderately polluted
3 1-2 Moderately L s S0
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4 2-3 L s S5l
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Table 2. Pollution levels according to Enrichment Factor.

value luis EF Index ,==L: Factor and origin. i 5 s
EF<1 Lack of Sus s&eue b el b
enrichment Natural/Geological
1<EF<2 Partial ;> Sas Natural/Human sy b
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2<EF<5 Moderate L.z Sis s T I LI S W
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5<EF<20 Severe nas Sas o (o3 Ol (5 4/ mnr
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Table 3. Permissible limits of heavy elements in soil according to various standards.

As Sl Ni s Cd wsls Se ik Pb < . sl
25 75 3 3 300 EU, 2002
20 - 0.35 5 30 FAO/WHO 1984
23 40 0.06 4 10 USEPA 1983
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Table 4. Permissible limits of heavy elements in agricultural soil.
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Table 5. Results of analysis of variance of heavy elements in soil.
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™ and * are significant at the 1% and 5% levels, respectively.

140 -+

s

=
o N
S o
| I—
—2

m0-20

o}
o
1

H 20-40

(o2}
o
1

40-60

N
o
1
(e

C_C_ Cp T

(0SS 5 0 5 ko) e
D
o o

slala sl as Lo

.(mg/kg) s a8 CBlE  Gas 5 adlate flie SIS

Figure 7. Interaction effect of place and depth on soil Cd concentration (mg/kg).
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Table 6. Geo. A. and EF Index of Cd in all 3 places.

il el el Sl o Al Sl e
place depth e S Pollution level of S Pollution level
cd Con. lgeo ) Igeo EF ) of EF
(mg/kg) (Index (Index
Hamaneh 0-20 5 4.06 Heavily polluted 25 Very intense
Hamaneh 20-40 5 4.06 Heavily polluted 25 Very intense
Hamaneh 40-60 5 4.06 Heavily polluted 25 Very intense
khezrAbad 0-20 5 4.06 Heavily polluted 25 Very intense
khezrAbad 20-40 5 4.06 Heavily polluted 25 Very intense
khezrAbad 40-60 5 4.06 Heavily polluted 25 Very intense
Shehneh 0-20 7 4,54 Heavily polluted 35 Very intense
Shehneh 20-40 12 5.32 Heavily to 60 Extraordinary
extremely
Shehneh 40-60 95 8.31 Extremely pollute 475 Extraordinary
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Figure 8. Interaction effect of place and depth on soil Pb concentration (mg/kg).
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Table 7. Geo. A. and EF Index of Pb in all 3 places.

il G cBE e esls Sl o e ol e
place depth r S Pollution level of S Pollution level
Pb Con. lgeo ) Igeo EF ) of EF
mg/kg) (Index (Index
Hamaneh 0-20 537 4.49 Heavily to 26.87 Very intense
extremely
Hamaneh 20-40 649 4.76 Heavily to 32.44 Very intense
extremely
Hamaneh 40-60 844 5.14 Extremely 42.22 Extraordinary
khezrAbad 0-20 686 4.84 Heavily to 34.29 Very intense
extremely
khezrAbad 20-40 824 5.10 Extremely 41.22 Extraordinary
khezrAbad 40-60 875 5.20 Extremely 43.77 Extraordinary
Shehneh 0-20 1415 5.90 Extremely 7.75 Extraordinary
Shehneh 20-40 2056 6.10 Extremely 102.8 Extraordinary
Shehneh 40-60 2549 6.75 Extremely 127.45  Extraordinary
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Figure 9. Interaction effect of place and depth on soil As concentration (mg/kg).
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Table 8. Geo. A. and EF Index of As in all 3 places.

adais Gos S| oS el S el ol S el

place depth As Con. S Pollution level S Pollution
— lgeo ) of Igeo (EF Index) level of EF

(Index

Hamaneh 0-20 5 -0.58 unpolluted 2.5 Moderate

Hamaneh 20-40 5 -0.58 unpolluted 2.5 Moderate

Hamaneh 40-60 5 -0.58 unpolluted 2.5 Moderate

khezrAbad 0-20 5 -0.58 unpolluted 2.5 Moderate

khezrAbad 20-40 18.33 1.29 Moderately 9.16 Severe
khezrAbad 40-60 55.33 2.88 Moderately to 27.66 Very intense
heavily

Shehneh 0-20 5 -0.58 unpolluted 2.5 Moderate
Shehneh 20-40 111.7 3.90 Heavily 55.85 Very intense
Shehneh 40-60 175.7 4.55 Heavily to 87.85 Very intense

extremely
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Figure 10. Interaction effect of place and depth on soil Ni concentration (mg/kg).
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Table 9. Geo. A. and EF Index of Ni in all 3 places.

ailae Ges edlS Chle ey el S o s atls Sl e
W] S
place depth Ni Con. S Pollution level of Igeo S Pollution
level of EF
(Index (Index
Hamaneh 0-20 5 -3.91 unpolluted 0.1 Lack
Hamaneh 20-40 12 -2.64 unpolluted 0.24 Lack
Hamaneh 40-60 32 -1.23 Unpolluted to 0.64 Lack
moderately
khezrAbad 0-20 136.7 0.87 Moderately 2.73 Moderate
khezrAbad 20-40 183.3 1.29 Moderately 3.67 Moderate
khezrAbad 40-60 215 1.52 Moderately to heavily 4.30 Moderate
Shehneh 0-20 183 1.29 Moderately 3.66 Moderate
Shehneh 20-40 2717 1.86 Moderately to heavily 5.43 Severe
Shehneh 40-60 488 2.70 Heavily 9.76 Severe
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Figure 11. Interaction effect of place and depth on soil Se concentration (mg/kg).
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Table 9. Geo. A. and EF Index of Se in all 3 places.

dalae G cble e el _;;)ﬂc]a.ﬂ s arls _;;)JTCJM
Y SCR S
place depth = S Pollution level S Pollution level
Se Con. lgeo ) of 1geo (EF Index) of EF

Hamaneh 0-20 5 3.42 Heavily 10 Severe
Hamaneh 20-40 6.67 3.83 Heavily 13.34 Severe
Hamaneh 40-60 7.33 3.97 Heavily 14.66 Severe
khezrAbad 0-20 9.67 4.43 Heavily to 19.34 Severe
extremely
khezrAbad 20-40 30 5.42 Extremely 60 Extraordinary
khezrAbad 40-60 57.67 6.33 Extremely 115.34 Extraordinary
Shehneh 0-20 16 4.83 Heavily to 32 Very intense
extremely
Shehneh 20-40 61.33 6.42 Extremely 122.66 Extraordinary
Shehneh 40-60 194 7.72 Extremely 388 Extraordinary

Yy



OlySo2 g 55105 pouly [ oo (T 15 (315 93U 395 b duadiuuio 9 juw iw

S VL g s iy ol ol 5 oS
350 03 S Ky ol 2 b A e AL
o 3 Gao e ol il S Sl 2
Ly opl S eds SIS (Yor¥) K 5 o bu s
C3l) St il s sl s 4 Llg e e sSns
sk adlas s Sl JT p S ol a5 (i
O 5 SIR6T kuly fwan 3 LOF) 2L o
oS el s plie mlS 4 (Yh0A)
ek S5l b &Y 5 S Sl
Wl xS w53 5 I ol oS oL
OF) el S ool sbaaY G &

e 5 oS Sl wSle (g e Lo slas T
5 o abex Sl Sl slac Il 5l b cali
ol o3 ol laile 3 e Glacst g it s
0 1 (So gl ol mie i las mle cnl Ols
ot God VT Uy o oS At (5 b s
L Lol VT .6 5 oo p 538 5 o alax
ciln glao3lbl 53 mle b dalr JISCEL 55 (s 4
P I N R Y N S
Lo Jdns ol fley Sl el lacs s
Sl S5 a3 00) el g ol
SIS L s S dn esr pole ol
3 S

23 e gy SIS g Sl S S5l
53 0AE o dig) sl L &S e sl 03
ol s dal el ol chle s
St ol i (Gl slas il
Syl i pols 4 by S ol
Wl il 5 &8 Col (695 5 e (S
Lss hls e Gble essios 3 Gl chle
3 oS @edlS OV 5 08) el ls iae il
2kl S s g ole aher

Yy

sy adlaie a pa oS 3l OLE Ve Jads slaesls
s o5Sb 5 Sl s pale Gl asllles
Gl L o3l 355 B s So T gy S
S a5 ol slages 53 Sl nl oS
Llgh oo oS Conl 038 Uy (6 2oy Dl wd
Wb alaily opl 3 kil el e ¢l S5
oo SO 2sd 53 5 SUITULE S il c Bl
s JB e Sl S S 53 e S e 50 6
St ks JS Chle U ind bliyl Sbe il
S Sl s gl lds 93 a0 s 5 atil
el Gl Sl peal b S Bl i
Sl gl S 5 b ol bt slaw S
VOO R VN [ (PN KT A R
Conds 5 PH T 5 ol slatS s 0
i ol g edhe s Koy ialS LS|
wlo e ol gl oS B, el
5 glaie, ods I gl 5 olind Sl e
5 sl b e Sl s ) il (eSS
e ol bl (S s (s Sor 2l
O R R I = P e g DROW
Sl e 6 st s Sl S il it
03,5 S Soml sbges 4 bl iy 03

sl
Sl s 53 FA) (o 5 s b sy 5o
S e s Sl L s S Sl s
Ssisms sl sduns OLE sy dope e35 s0
ol S ol chle S g,k 4 ol bl
Y 2 g g s S e e S R
Lo bl e oY 5l iy e
Sl s pd a2 gn s S Sl S
Ol A2l o8 S Cil e b
Al als S K il g Ak
Sl s Y 4 o 3l Jlasl Jlazs|



VF+Y &) b)l.o.n.:}c\‘“ 0,93 ‘)'.\,{Q .\.}‘939‘55- Cu o & il

Sl glialy 5o gl 51 o dnalr
4 Ol A Jald QU ams s 5 olo|
5l 5 s e GBS el G
)&wéudw&ll,\@)@hpcé;
Lol b 5l A Ol s dal 5 S L
el sl OUT (ISl o poan 3L A 5
Ao sk 4 dadipr 4 LSS e S A5
Lol bl ol 5 St 5 s slao VI
Olser 33 s a0 shie 4y (Ol o 5 Ol
Sl 5 OblS 0as w3l 51 6 Sl 5 o G
St Sl o LS e edns gl
08) sl o bepl 55 OUT Jases sy 5 slaz]

S S
Skl K Sl oS w5 Geds 3
adls S Lby 53 &S > 5 S 4 Ol sl
(Seml @3S pobe S S g 4
53 5 3L SRl Ges GLIBEIL el 5 SO
S i slme 5 o3 )] ik Olye 4wl adlae
adie 4y s 557 MR (s 4 2y e
o Sodl sy wlils SU 5 sUl o o3l ans
Mﬁ)})duwﬁ)ﬁﬁbjyﬁ‘ﬁﬁbg
Ky Ll E=E ol WS LS edalis Ges
L b Sl ol Odey bzl e (b
Sde 33 53 5 Al 5 Sl 5 e sl
W.njfél}%ﬁ);;)ﬂ@u\dﬁcb
wioy 5l sl pl Cls S Sl JLs w
4 5ol 55 e bl Sl 5 Rl e DALS
S AL anils oa W s a4 saus O Jlis
Loadl & cl ol p ol 51 oS5l sl
& G 0oy peial 8 5l slacos sdse
SoSoill gl e 5 T S > cg 5 Sl

Ol i ) il s axlse 5 K obe

Y¥

&\}A(JBJJLSJ@&}JM&D&%JB
LOA) el

rrage S SIS 5 peo felse (B85 B8 s L
Sl ) e s s S0 sbul alye
5l clle & 5 8 IVl Ol e (St s Isa
s el (Sl gl L e
Shestanal L3 51 el sla, Kl 3l Ll
LS s & SV oS b sls OaLS
Bl o3 bl Ll Ol 5 a8 S5
Lgd S Dl clle il )
6ﬁJg.C,\.;.‘)§M.A C,.;.o.h‘ donSQlc_’ 4@\.’0 u;"l
Shaly 3 ohs 4 mlo a5 el
DL w\é”dblﬁﬂ L )‘J.;Lz w‘);g_g{‘ufﬁ
e 5 L3S D ey e T (1S
aal= ollasl 51 glas gezes @ zbe poey
St bl s @L;.p Lo Sblasl 5 e
@Lmﬂ d]a.nmg;—w.i)jd&wl C,.J}i.....a .JJ‘J e)LfL\
3 5 S o daly Sl el pggis S
S Olps a4 LS s das e med s |y analr
O odd @ asl arw sy slaysis oy K £ et
Sb ane g al B s DS ES s sled (g s
2 0) spde s e S 5 Ml
bl 2 S Sl sl S sl sl
Dl Blas &S dw o Sl o4 lie ol CfL“



OlySo2 g 55105 pouly [ oo (T 15 (315 93U 395 b duadiuuio 9 juw iw

Sl tass ol o3Y 4Gl e ol el 0L g2
Wi 5 domes Wik m B 3,8 elnl (6 S0s
S b nl okd 68 o3l K Il
s 03 fadse onl &S S onl S e
ST L S 5lSy sy 65 el S

Q«:a.h‘ sl )L:» S48 ebjﬂ Sk 6[.@,‘%)).1»

.JJ‘) C)\JJ.B g]‘il J.b;- JL.’.)J‘ L L_;‘aj”.i}

1. Wilson, T. & Temple, N. (2001).
Nutritional  health: strategies for
disease prevention. Human Press;
p.16-93.

2. World Health Organization. (2003).
Reducing risks, promoting health life:
The world health report. Geneva:
p.162- 163.

3. Zhao, Y. Wang, Z. Sun, W. Huang, B.
Shi, X. & Ji, J. (2010). Spatial
interrelations and multi-scale sources of
soil heavy metal variability in a typical
urban—rural transition area in Yangtze
River Delta region of China.
Geoderma, 156 (3), 216-27.

4. Artiningsih, A., Zubair, H., Imran, A,
& Widodo, S. (2019). Contamination
and characteristic of Ni and Cr metal
on top soil from Antang landfill,
Makassar  City, South  Sulawesi
Province, Indonesia. IOP Conference
Series: Earth and Environmental
Science, 175 (1), 012-021

5. Ravankhah, N. & Mirzaei, R. S. M.

(2015). Evaluation of Geoaccumulation

Yo

TESN R R f,}& Coetl slias slgly 5 oS
e 03 b Olge @ dadipa LSS e S
5 S eVl Ao, ke 4 Sl oSl
bkl e 5 Ul L 0T Byl 5ol 30 5 S
S s 5 Dl G ae U 5 s 460 5
b &S 35 e 5 Sleel 5 OWLS O o3 T 5

S S el glacala s 5 8 el sl

Index, Contamination Factor, and
Principal Component Analysis for
Estimating Soil Contamination.
Iranian  Journal of Health &
Environment, 8 (3), 345-56 [In
Persian].

6. Karabi, S. M., Shahcheraghi, S. M. &
Nazari Jaghargh, A. (2013). The
importance and necessity of soil
pollution management (with emphasis
on agricultural pollution). The first
national conference on conservation
planning, environmental protection and
sustainable  development  .Shahid
Mofateh  College, Hamadan. [In
Persian].

7. Polemio, M. N. (1982). Soil
contamination by metals. A survey in
industrial and rural areas of Sonthem
Italy. The  Science of Total
Environment, 25, 71-79.

8. Hosseinzade, F., Moomeni, A. A. &
Bagheri, R. (2018). Assessment of

heavy metals pollution in soils around



VF+Y &) D)Lo.n.:}c\‘“ 0,93 ‘)L\,{Q .\.9939‘5‘:- Cu o & il

10.

11.

12.

13.

14.

Behshahr landfill. Applied Geology, 12
(24), 77-88 [In Persian].

Saheed, I., Azeez, S., Jimoh, A,
Obaro, V. & Adepoju, S. (2020).
Assessment of Some Heavy Metals
Concentration in Soil and Groundwater
Around Refuse Dumpsite in Ibadan
Metopolis Nigeria. Nigerian Journal of
Technology, 39 (1), 301-305.

Yang, X., Zhou, M., Cang, L., Ji, Q. &
Xie, J. (2020) Enhanced Electrokinetic
Remediation

of Heavy-Metals

Contaminated  Soil in  presence
tetrasodium N, N-bis (carboxymethyl)
glutamic acid (GLDA) as chelator.
International Journal of Electrochem
Science, 15, 696-709.

Boateng, T. K., Opoku, F. & Akoto, O.
(2019) Heavy metal

assessment of groundwater quality: A

contamination

case study of Oti landfill site, Kumasi.
Applied Water Science, 9 (2), 33-45.
Alam, R., Ahmed, Z. & Howladar, M.
F. (2020). Evaluation of heavy metal
contamination in water, soil and plant
around the open landfill site Mogla
Sylhet,
for

Bazar in Bangladesh.

Groundwater Sustainable
Development, 10, Article100311.

Rezaei, A., Hassani, H., Mousavi, S. B.
F., Hassani, S. & Jabbari, N. (2019)
of Metals

Assessment Heavy

Contamination in Surface Soils in
Meiduk Copper Mine Area, Selenium
Iran. Earth Sciences Malaysia (ESMY),
3(2), 01-8 [In Persian].

Nezhad, M. T. K., Tabatabaii, S. M. &

Gholami, A. (2015). Geochemical

M1

15.

16.

17.

18.

19.

20.

assessment of steel smelter-impacted
urban soils, Ahvaz, Iran. Journal of
Geochemical Exploration, 152, 91-
109. [In Persian].

Zaheri, N., Khosravi, Y., Mokhtari, M.
A A & Zamani, A. (2019).
Distribution pattern of the heavy
metals in stream sediments of the
of
Zanjan. Journal of Stratigraphy and

35 (2,

Baycheh-Bagh area, northwest
Sedimentology Researches,
135-50 [In Persian].

Talaei, E. (2007). Study of role of
north Meshkinshahr regions on soil
pollution to arsenic. 10th congress of
Iranian soil science, Tehran University
[In Persian].

Lacatusu, R. (1996). "Soil-plant-man
relationship in heavy metal polluted
areas in  Romania",
Geochemistry, 11, 105-107.
Magalhaes, V. F. (2007). "As
concentration and distribution in

Application

Engenho Inlet, Sepetiba Bay, Brazil",
Water, Air and Soil pollution, 18, 83-
91.

Tao., C., Xingmei, L., Muzhi, Z., Keli,
Z.J. W. J. X. & Panming, H., (2008).
"ldentification of trace element sources
and associated risk assessment in
vegetable soils of the urban-rural
transitional area of Hangzhou, China",
Environmental Pollution, 151, 67-78.
Hans-Rudolf, P., Anne Haussermann
L. & Werner, H. (2007). "Distribution
and behavior of arsenic in soils and
waters in the vicinity of the former

gold-arsenic mine of Salanfe, Western



O)Ko2 g ;995 crownly / . O“”i O 1,5 93U 395 sbiaastiin g jaw Fw

21.

22.

23.

24,

25.

26.

Switzerland", Journal of Geochemical
Exploration, 93, 121-134.

Xiang, M., Li, Y., Yang, J., Lei, K., Li,
Y., Li, F., Zheng, D., Fang, X. & Cao,
Y. (2021). Heavy metal contamination
risk assessment and  correlation
analysis of heavy metal contents in soil
and crops. Environmental Pollution,
278, Article 116911.

Irshad, M. K., Ibrahim, M., Noman, A.,
Shang, J., Mahmood, A., Mubashir,
M., Khoom, K. S., Ng, H. S. & Show,
P. L. (2022). Elucidating the impact of
goethite-modified biochar on arsenic
mobility, bioaccumulation in paddy
rice (Oryza sativa L.) along with soil
enzyme activities. Process Safety and
Environmental Protection, 160, 958-
967.

Kabata-Pendias, A. (2000).
Element in Soils and Plants, Third
edition, CRC Press, 413
Maller, G. (1969).
accumulation in the sediments of the
Rhine River. Geo Journal, 2 108-118.

doi.10.4236/ampc.2011.12005.

Trace

Index of geo

Ghasera, K. M., & Rashid, S. A.
(2024). Assessment of Heavy Metal
Contamination and Ecological Risk in
Soils Developed on Different Rock
Bundelkhand

Soil and
Contamination: An

Journal,1-17.
15320383.2024.

Types in  Southern

Region, Central India.
Sediment
International
doi.org/10.1080/
2305414.
Kuang, Y., Chen, X.,, & Zhu, C.

(2024). Characteristics of Soil Heavy

v

27.

28.

29.

30.

31.

32.

Metal Pollution and Health Risks in
Chenzhou City. Processes, 12 (3), p.
623. doi.org/10.3390/pr12030623.
Yildiz, U, & Ozkul, C. (2024).
Heavy metals contamination and
ecological risks in agricultural soils of
Usak, western Tiirkiye: a geostatistical
and multivariate analysis.
Environmental ~ Geochemistry and
Health, 46 (2),
p.58.doi.org/10.1007/s10653-024-
01856-0.

Zou, H., Li, W. Q., Ren, B. Z., Xie,
Q., Cai, Z. Q. Chen, L. Y., & Wang,
J. (2024). Heavy metal pollution and
ecological risk assessment: A study on
Linli

organizing

County soils based on self-
map and positive
factorization approaches. Journal of
Central  South 1-12.
doi.org/10.1007/s11771-024-5624-5

European Union, (2002). Heavy Metals

University,

in Wastes, European Commission on
Environment.http://ec.europa.eu/enviro
nment/waste/studies/pdf/heavy  metal
sreport. Pdf> (accessed 12.06.12)
Deputy for Human Environment. Water
and Soil Office. Soil resource pollution
standards and its guidelines. 166 pages.
[In Persian].

Fotovat, A. (2013). Heavy metal in soil
(Alloway B. J). Ferdowsi University
Press. 704 pages [In Persian].

Solgi, A., Shahverdi Nik, M., and
Ramezani, M. (2020). The effect of
irrigation  with  untreated  urban
wastewater on the accumulation of

heavy metals in surface and subsurface



VF+Y &) D)Lo.n.:}c\‘“ 0,93 ‘)L\,{Q .\.9939‘5‘:- Cu o & il

33.

34.

35.

36.

37.

soils. Environmental Science and
Technology, 22 (3), 317-333 [In
Persian].

Dragovi¢, R., Gaji¢, B., Dragovi¢, S.,

Pordevié, M., Pordevié, M.,
Mihailovi¢, N. & Onjia, A. (2014).
Assessment of the impact of

geographical factors on the spatial
distribution of heavy metals in soils
around the steel production facility in
Smederevo (Serbia). Journal of cleaner
production, 84, 550-562.

Yang, X., Li, Q., Tang, Z., Zhang, W.,
Yu, G., Shen, Q., & Zhao, F. J. (2017).
Heavy metal concentrations and
arsenic speciation in animal manure
China. Waste
Management, 64, 333-339.
doi.org/10.1016/j.wasman.2017.03.01
5.

Marrugo-Negrete, J., Pinedo-
Herndndez, J., & Diez, S. (2017).

Assessment of heavy metal pollution,

composts in

spatial ~distribution and origin in
agricultural soils along the Sint River
Colombia.  Environmental
Research, 154, 380-388.
doi.org/10.1016/j.envres.2017.01.021.
Goodarzi, F., Sanei, H., Labonte, L., &
Duncan, W. F. (2002). Sources of lead

and

Basin,

zinc associated with metal
smelting activities in the Trail area,
British Columbia, Canada. Journal of
Environmental Monitoring. 4: 400-407.
[In Persian].

Rieuwerts, J. S., Thornton, I., Farago,
M. E. & Ashmore, M. R. (1998).
Factors

influencing metal

YA

38.

39.

40.

41.

42.

43.

bioavailability in soils: preliminary
investigations for the development of a
critical loads approach for metals.
Chemical and
Bioavailability, 10 (2), 61-75 (15).

Tabari, M. & Salehi, A. (2011).

Studying the effect of irrigation using

Speciation

urban wastewater on the accumulation
of heavy metals in soil. Environmental
Science and Technology 13(4):49-59 [In
Persian].

Naderi Khorasgani, M., AzarBeig, T. &
Mohamadi, J. (2023). Factors affecting
the zoning of soil contamination by
heavy metals in the Sirjan Plain -
Kerman Province. Journal of Soil and
Water Sciences, 27 (3), 165-177.
Rodrigues, J. A., Nanos, N. Grav, J.
M. & Gil, L. (2008). Multiscale
analysis of heavy metal content in
Spanish
Chemosphere 70: 1085- 1096.

Ding, Q., Cheng, G.,, Wang, Y. &
Zhuang, D. (2017). Effects of natural

factors on spatial distribution of heavy

agricultural topsoils.

metals in soils surrounding mining
regions. The Total
Environment, 578, 577-585.

Vali Nejad, F., Arbabi, A. & Borna, R.
(2023). Investigation of heavy metal

Science  of

concentrations and soil pollution indices
in the western region of Tehran. Iranian
Natural Ecosystems Quarterly Journal
14 (52): 39-53 [In Persian].

Yan, C., Zhuang, T., Bai, J., Wen, X,
Lu, Q. & Zhang, L. (2020).
Assessment of As, Cd, Zn, Cu and Pb

pollution and toxicity in river wetland



O)Ko2 g ;995 crownly / . O“”i O 1,5 93U 395 sbiaastiin g jaw Fw

44,

45,

46.

47,

48.

sediments and artificial wetland soils
affected by urbanization in a Chinese
delta. Wetlands, 40, 2799-2809.

Nekoeinia, M., Mohajer, R., Salehi, M.
H., & Moradlou, O. (2016).
Multivariate  statistical — approachto
identify metal contamination sources in
agricultural soils around Pb-Zn mining
area, Isfahan  province, Iran.
Environmental Earth Sciences, 75 (9),
1-10. doi.org/10.1007/s12665-016-
5597-2.

Rastmanesh, F., Safaie, S., Zarasvandi,
A. R., & Edraki, M. (2018). Heavy
metal enrichment and ecological risk
assessment of surface sediments in
West
Monitoring and
Assessment, 190 (5), 1-9.
doi.org/10.1007/s10661-018-6650-2.
Boudia, H., Vassalo, L., Hadjel, M.,
Prudent, P., & Boudenne, J.L. (2019).

Spatial contamination and health risks

Khorramabad  River, Iran.

Environmental

of heavy metal (loid) s in surface soils
from a petrochemical complex in the
northeastern  region of  Algeria.
International Journal of Environmental
Science and Technology, 16 (8), 4707-
4718.  doi.org/10.1007/s13762-018-
02195-1.

Ghadimi, F. & Mirzaie, M. (2019).
Study of contamination and depth
profile of heavy metals in sediments
around the Arak city landfill. Iranian
Quaternary Quarterly. 5 (4): 541-579
[In Persian].

Kabata- Pendias, A. A. & Pendias, H.

(2006). Trace elements in soils and

¥4

49.

50.

51.

52.

53.

plants. 4nd ed., CRC Press, Boca
Raton, Florida.

Karimi, B., Abdi, Ch., Fathi Tilko, Z., &
Goililen, H. (2016). The effect of using
treated urban wastewater on the amount
and pattern of accumulation of some
heavy metals in the soil profile under
corn and tomato cultivation. Journal of
Water Research in Agriculture B, 30
(1), 89-101 [In Persian].

Wu, J., Song, J., Li, W., & Zheng, M.
(2016).

metals in agricultural land and the

The accumulation of heavy

associated potential ecological risks in

Shenzhen, China. Environmental
Science and Pollution Research, 23
(2), 1428-1440.

doi.org/10.1007/s11356-015-5303-z.
Naimi Marandi, S., Ayoubi, S., &
Khademi, H. (2013). Vertical and
Horizontal Variability of Lead and
Nicel in Zobahan Industrial District,
Isfahan. Journal of Water and Soil , 27
(2), 394-405 [In Persian].

Zhu, Y., Xu, F., Liu, Q., Chen, M., Liu,
X., Wang, Y., Sun, Y. & Zhang, L.
(2019).

Positive effects,

Nanomaterials and plants:
toxicity and the
remediation of metal and metalloid
pollution in soil. Science of the Total
Environment, 662, 414-421.

Bhati, M. & Singh, G., (2003). Growth
and mineral accumulation in

Eucalyptus camaldulensis seedlings

irrigated  with  mixed industrial

effluents. Bioresource Technology, 88
(3), 221-228.



VF+Y &) b)l.o.n.:}c\‘“ 0,93 ‘)L\,{Q .\.9939‘5‘:- Cu o & il

54.

55.

56.

Aghabarati, A., Hosseini, S. M. &
Maralian, H., (2008). Heavy metal
contamination of soil and olive trees
(Olea europaea L.) in suburban areas of
Tehran, Iran. Research Journal of
Environmental Science, 2(5), 323-329.
Sillanppa, M. & H. Janson. (2007).
Status of cadmium, lead, cobalt and
selenium in soils and plant of thirty
FAO soils Bulletin 66,
Romet, Italy.

Antoci, A., Galeotti, M. & Sordi, S.
(2018).

engine

countries.

Environmental pollution as

of industrialization.
Communications in Nonlinear Science
and Numerical Simulation, 58, 262-

273.

Y

57.

58.

59.

Ebenstein, A.
of

evidence from water pollution and

(2012). The
consequences industrialization:
digestive cancers in China. Review of
Economics and Statistics, 94(1),186-
201.

Adimalla, N. (2020). Heavy metals
pollution assessment and its associated

human health risk evaluation of urban

soils from Indian cities: a review.
Environmental  geochemistry  and
health, 42(1),173-190.

Faghih Khorasani, A. A. (2017).
Theoretical ~ Analysis of  Cultural
Contexts  for  Realizing  Social

Responsibility in Iran. Culture, Art and
Communication  Research Institute,
Ministry of Culture and Islamic
Guidance. 202 pages.



OlySo2 g 55105 pouly [ oo (T 15 (315 93U 395 b duadiuuio 9 juw iw

)



