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Abstract

Monitoring and remediation of metal contaminants in roadside environments is of particular importance in order to
estimate, control and reduce the level of threats to humans and the biosphere. Therefore, this study was conducted to the
evaluation of the ability of some herbaceous species (Cardaria draba and Achillea wilhelmsii) collected from the
roadside biotype of Hamadan, west of Iran to biomonitoring the Co, Cr and Mn in 2019. In this descriptive study, a total
of 63 soil samples and 126 plant samples were collected from 3 stations. After preparation and acid digestion of the
samples in the laboratory, the content of elements in them was read by induced coupled plasma spectroscopy (ICP).
Also, bioconcentration factor (BCF), bioaccumulation (BAF), and transfer factor (TF) were calculated to evaluate the
ability of plants to monitor and refine heavy metals. Statistical processing of the results was performed using SPSS
statistical software. Cardaria draba had average BAF and TF values greater than 1 for cobalt and manganese and mean
BCF values greater than 1 and TF less than 1 for chromium. Besides, Achillea wilhelmsii had average BAF and TF
values greater than 1 for manganese and mean BCF values greater than 1 and TF less than 1 for cobalt and chromium.
Based on the average content of elements in plant tissues and the average values of BAF, BCF and TF of elements can
be used from C. draba and A. wilhelmsii as efficient native species for monitoring and remediation of heavy metals in
contaminated areas.
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Extended abstract

Introduction

Heavy metals, as a hazardous group of inorganic chemical pollutants, could be originated from natural
sources (Volcanoes, sea spray, soil erosion, storm runoff, and forest fires) and also anthropogenic sources
(mining, industrial activities, smelting and quarrying activities, agriculture, and fossil fuel combustion)
(Hosseini et al., 2020; Karmakar and Padhy, 2020). The pollution and destruction of ecosystems following
the development and advancement of technology in the industrial world has gone through a growing trend
and has caused the aggravation of environmental and health threats (Hosseini et al., 2020, 2021). Meanwhile,
heavy metal contamination of the ecosystem is a global concern due to its long half-life, toxicity, high
stability, ability to accumulate and bioaccumulation of these pollutants. Roads, as one of the basic pillars of
the infrastructure development of any country, are considered the second non-point source of heavy metal
pollution in the urban ecosystem. Metal pollutants related to traffic are released due to fossil fuel
consumption, tire wear, brake pads, depreciation and corrosion of metal car parts, lubricant leakage and
erosion of road surfaces and directly (dermal contact, ingesting, and inhaling) and Indirect (food chain) are
considered a potential threat to human health and the biosphere (Acar & Ozkul, 2020). Co and Cr due to
widely used in engine components and cover many mechanical parts of the car such as brake pads and tires
(components that require high wear resistance) and Mn as a fuel additive in gasoline and diesel are the most
common metal pollutants related to traffic (De Silva et al. 2021).

In recent years, various physical, chemical and biological technologies and methods have been developed for
monitoring and remediation of heavy metals in the environment; but among them, biotechnology is
considered a useful and environmentally friendly method to evaluate the pollution of ecosystems due to its
relatively low cost and ease of implementation. In this regard, plants have become the most suitable
biological tools for estimating and reducing the amount of pollutants, including heavy metals, due to the ease
of identifying species, easy sampling, and widespread presence in most environments. However, native and
herbaceous species that have the ability to adapt to polluted environmental conditions and the ability to
absorb and accumulate heavy metals are suitable options for monitoring and bioremediation of metal
pollutants (Raikova et al., 2019; Hosseini et al., 2020, 2021).

Therefore, according to the environmental and health concerns and risks caused by heavy metals and despite
the studies conducted in the field of monitoring and refining these pollutants through grassy plants in the
roadside environment, the problem of metal pollutants related to road traffic is still standing and can be
evaluated. On the other hand, the situation of heavy metal pollution along the main roads of Iran has not been
fully studied and lacks basic data; therefore, this research was conducted with the aim of evaluating the
capability of monitoring and remediation capacities of heavy metals (Co, Cr, and Mn) by some herbaceous
species located in the roadside biotype of Hamedan in 2018.

Methods: In this research, three roads Hamedan-Goltepe (30 years old and average daily traffic of 2417
vehicles), Hamedan-Saveh (approximately 10 years old and average daily traffic of 11326 vehicles) and
Hamedan-Kermanshah (with more than 70 years of age and an average daily traffic of 14,797 vehicles) were
selected as sampling stations (Figure 1). The studied areas have a cold, semi-arid climate, an average annual
rainfall of 330 mm, and an average annual temperature of 11 °C (Hosseini et al., 2022). In this study, a total
of 63 surface soil samples and also 126 plant samples were selected along 700 m from a 9 km section of
mentioned roads and preparing and acidic digestion of samples in the laboratory, the content of elements in
the soil and plant samples were determined using ICP-OES. The bioconcentration factor (BCF),
bioaccumulation (BAF), and transfer factor (TF) were calculated to evaluate the ability of plants to monitor
and refine heavy metals. Statistical analysis of the results was performed using SPSS software.
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Figure 1. Sampling sites in the study area
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Results and Discussion

The results of the analysis of variance test showed that the increase in traffic volume, in most cases, has
increased the content of cobalt, chromium and manganese elements in soil and plant samples significantly (p
< 0.05). Based on the results obtained, the highest concentrations of all the analyzed elements in soil samples
were found to be 0.033 mg/kg for Co, 0.060 mg/kg for Cr, and 8.90 mg/kg for Mn and in plant samples were
0.171, 2.51 and 58.7 mg/kg for Co, Cr and Mn respectively, and all observed in specimens collected from the
sites with high vehicle traffic (Saveh and Kermanshah stations); that can be related to the high volume of
traffic and consequently the high rate of combustion of fossil fuels and the depreciation of car parts. This
finding is similar to those obtained by (Novo et al., 2017) and (Bernardino et al., 2019) who concluded that
the increase of element contents in roadside plants and soils coincided with increased traffic volumes.

The results of the independent t-test showed that the washing process caused a significant decrease in the
content of cobalt, chromium and manganese elements in the samples of both investigated species (p < 0.05).
Based on the results, the highest content of all the studied elements in shoot samples belonged to unwashed
shoot specimens of C. draba (with the mean contents 0.252 + 0.070, 2.44 + 0.071, and 50.9 + 0.265 for Co,
Cr, and Mn, respectively) and A. wilhelmsii (with the mean contents 0.136 + 0.054, 2.35 £+ 0.053, 41.3
0.649 for Co, Cr, and Mn, respectively). In this regard, the reduction of the content of elements due to the
washing process can be related the atmospheric depositions. Similarly, (Abbaszadeh et al., 2019) also
reported that the washing process reduced the content of heavy metals in leaves by 50%.

The results of this research showed that the C. draba had the values bioaccumulation and transfer factor
greater than one for Co and Mn and the values bioconcentration greater than 1 and transfer factor less than 1
for Cr. Therefore, it can be concluded that C. draba is a suitable species for extraction for Co and Mn and
stabilization of Cr in the soil. In the case of A. wilhelmsii, the average values of bioaccumulation and transfer
factor for Mn were greater than 1. On the other hand, A. wilhelmsii had the values bioconcentration greater
than 1 and transfer factor less than 1 for Co and Cr. Therefore, A. wilhelmsii is a suitable species for
extraction of Mn and stabilization cobalt and chromium elements in the soil. These findings are analogous to
the results of (Hosseini et al., 2020), who reported that A. wilhelmsii and C. draba had high potentials for
transferring Cd, Cu, Pb, Ni, and Zn from the roots to aerial parts.

Conclusion: The results showed that by performing the washing process, the concentrations of Co, Cr and
Mn elements in the samples significantly decreased, which was also confirmed by the independent t-test
results. On the other hand, the content of elements in soil and plant samples was affected by traffic volume;
so that the soil and plants along the highways with higher traffic volume (Saveh and Kermanshah stations)
clearly had the highest concentration of elements in their tissues. This shows that significant amounts of
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elements released by traffic activities have caused contamination of roadside soil and plant species. The
evaluation of phytoremediation capability of the studied herbaceous species based on the values of
bioconcentration factor, bioaccumulation, and transfer factor values also showed that C. draba is a suitable
species for extraction of Co and Mn, and stabilization of Cr, A. wilhelmsii is a suitable species for extraction
of Mn and stabilization of Co and Cr in the soil; that the results of the average content of elements in plant
tissues also confirmed this issue. Therefore, C. draba and A. wilhelmsii can be used as effective native
species for monitoring and remediation heavy metals from soil and air in polluted areas.

References

Abbaszadeh, H.; Mohammadi Roozbahani, M. & Sobhanardakani, S. 2019. Use of Ziziphus spina-christi and
Prosopis cineraria leaves as bio-indicators of environmental pollution emitted from industrial areas. Iranian
Journal Health and Environment.12(1): 87-100. (In Persian)

Acar, R.U. & Ozkul, C. 2020. Investigation of heavy metal pollution in roadside soils and road dusts along
the Kltahya—Eskisehir Highway. Arabian Journal of Geosciences. 13(5): 1-11.

Bernardino, C.A.; Mahler, C.F.; Santelli, R.E.; Freire, A.S.; Braz, B.F. & Novo, L.A. 2019. Metal
accumulation in roadside soils of Rio de Janeiro, Brazil: impact of traffic volume, road age, and urbanization
level. Environmental Monitoring and Assessment.191(3): 156.

De Silva, S.; Ball, AS.; Indrapala, D.V. & Reichman, S.M. 2021. Review of the interactions between
vehicular emitted potentially toxic elements, roadside soils, and associated biota. Chemosphere. 263:
128135.

Hosseini, N.S.; Sobhanardakani, S.; Cheraghi, M.; Lorestani, B. & Merrikhpour, H. 2020. Heavy metal
concentrations in roadside plants (Achillea wilhelmsii and Cardaria draba) and soils along some highways in
Hamedan, west of Iran. Environmental Science and Pollution Research. 27(12): 13301-13314.

Hosseini, N.S.; Sobhanardakani, S.; Cheraghi, M.; Lorestani, B. & Merrikhpour, H. 2021. Feasibility of
using Achillea wilhelmsii and Cardaria draba for biomonitoring and bioremediation of heavy metals (Zn, Pb
and Ni) in the roadside environments. Iranian Journal of Health and Environment. 13(4): 607-620. (In
Persian)

Hosseini, N.S.; Sobhanardakani, S.; Cheraghi, M.; Lorestani, B. & Merrikhpour, H. 2022. Expansive
herbaceous species as bio-tools for elements detection in the vicinity of major roads of Hamedan, Iran.
International Journal of Environmental Science and Technology. 19(3): 1611-1624.

Karmakar, D. & Padhy, P.K. 2020. Metals uptake from particulate matter through foliar transfer and their
impact on antioxidant enzymes activity of S. robusta in a tropical forest, west Bengal, India. Archives of
Environmental Contamination and Toxicology. 76: 605-616.

Novo, L.A.; Onishi, V.C.; Bernardino, C.A. & Da Silva, E.F. 2017. Metal bioaccumulation by plants in
roadside soils: Perspectives for bioindication and phytoremediation. Enhancing Cleanup of Environmental
Pollutants. 215-230.

Raikova, S.; Piccini, M.; Surman, M.K.; Allen, M.J. & Chuck, C.J. 2019. Making light work of heavy metal
contamination: the potential for coupling bioremediation with bioenergy production. Journal of Chemical
Technology & Biotechnology. 94(10): 3064-3072.



YAGYY axao jINE- ) Yliwo) 5 b X7 oplaids AT Jlw wois jlou=o sl yiud 9 52

> 9 bugl 30 909, (odlS i O WL g Gl Culils U5
S1001> JUS cuigw 90 siiuwe Als slda oS

Y Sl gloean Juew i lobudl 0y

Obrl Wl (Souwl ST oy (ylaod als @b f}l‘: 0381 e jboa=e 09,5 ( auasS (5 )T S QJ.}}ATUMJL) A
Obrl Wl (Soduwl ST olEiisls wolaoed Qals b f}lc 0 ASEGLS e ) bou=xe 09 55 Sl .Y

VE/N /1D sallie b pady s VEN/-P/\E allas Jguop &)

SR
5 oldl el Slanses g (2ol 5 55 @yl glaieds ool SIS slalasme 3 (g5l slaosYT (YL 5 il
995 IS polie (Wl g b Cabl oLl Gaa b gl cul agycnl Sl el jl3)08 0 lofag Coonl 5l oS s
oghie cpl 4l plol WAA Jlo p3 plian (slosls LS g 53 jiue olidlogs 5 Sojl (ile (saaigS bawgs 5350
3 aiges (sl paan g (gilwodlel s B bl o] aw I alS wged WWE g S diges BT ggezxe
Gl coiman 45 ol (ICP) Ll oidcdn clowdly omiwiish by, bawgs bl )3 ol s wlfutylej]
9 (BAF) (ssjpeas (BCF) (gt baalss (sloygiSs (i le (WL 5 (b 53 oy 590 lalS <l (L))
Soj) 48 3l i gl il ol SPSS (ylel 13l 5l edlisel b 55 gulis (ylel biloy b dusbona (TF) Jlis!
TF 5 ol 38y BCF ol (x0ke 5 5800 5 S yolie glpy ol 5555 TF 5 BAF il (5:50Le Iyl
Fo pais gy Kol S5 TR 9 BAF jlis (:Sike gl olpoleg: ¢ )b 5l g2 po,S paie glp G 5l 5SS
sgme (xSke a Sl b 3g pgST 9 LS polie el Sl 3o S TR 5 S 5l 55,5 BCF pslie (:3ke
Olles: 9 Sl I g e polie TF 9 BCF BAF il arslone jlie (1:5ke (yizred 9 (LS sl o yolis

3,5 o3lizl 03] 3blie ;5 lsn 5 S 51 i il L3V 5 Lol el 3ol oy clodisS lsisa,

Email:s_sobhan@iauh.ac.ir i) tne Blggs ¥

DOI: 10.22034/eiap.2023.169978
DOR: 20.1001.1.20089597.1401.13.26.2.5


mailto:e.solgi@malayeru.ac.ir
mailto:s_sobhan@iauh.ac.ir

VE-) Ume))).uL» Y7 oolouis Y Jlw s ylouxo ;5'&0»-&3)—\

Y7

Com jlase b 55l g Ao (digy 1l )0 clgpaw 5 o5 biwd

Yan et) 55 e Cgucxe o5 jlopg (39l b)) pslire
al., 2013; Wiseman et al., 2014; Galal & Shehata,
2015; Zhang et al., 2016; Raikova et al., 2019;

s & lals Ly opl y> (Hosseini et al., 2020, 2021
2 3 i s ool ()b ptiged dasisS Lol Clses
5 o35 Ulp e Rl npcelie @ bl ke
Wlosds e ¢S l3ls ales 1 oau VT jlade ialS
Sumiahadi & Acar, 2018; Gajbhiye et al., 2019; )
L .(Korzeniowska & Stanislawska- Glubiak, 2019

bilyd o Bl clll o le 5 (o gladiss (Jb ol
wils ) S Sl calil 5 Cls WUl 5 039 Llace
ey oYl oy ol lp cwlie dlaans il
Garcia & Millan, ) $gi 0 Cgume 6 (claossYl

1998; Lai & Chen, 2004; Jankowski et al., 2015;
(Wisniewska-Kadzajan et al., 2015;

Obgpes odlgls 5l (Cardaria draba (L.) Desv) el
5 Loyl Gyb g 9 Ll oy ey (Brassicaceae)
w8 olgls ;I (Achillea wilhelmsii C. Koch) l)sless
ales 5l 0,0l Jlwd g Lgyl dwl o9 (Asteraceae)
Glise Lulps cglosls HUS bl )3 @)y Lale o ids
lopgcun ) )3 slo3y1uS (iS1y 5 WS o Jeovi ) Jarme
gl il Wile ((sgias 5 unbdos o) cilisee
oxonl S8 b g (xie bl g (5)ygliS slage
WS Gl b g oSl lys 4 Wl e

(Hosseini et al., 2020, 2022) .4
Ol s GVl g Rl b dal)y ) addlle pain (5T
wily plgl ol Lawg ool il slabioe )3 (i
9 s cuwilsl {Galal & Shehata, 2015) .cl
» sl as) NSiayl oS hwy (i clis gbals
a1y olS ol g 03,8 byl 1y Kbl b cov axgll SK
L basye jiSie 5 LS pg)S polis oaia¥Wh 5 Sl lyis
Cuws 35 (Jeddi & Chaieb, 2018) .15)S" (5yxe S8l
4 o3l slaSE YLolS ;5 1 SIS S5 oS 5
@ lyie ol cul 5l &5 a5 aoxis g )8 pladl s
4 o3yl (S oYLelS )3 w5 g 45 G lsie
Anwar et al., ) .5 o0 SBl5 5l ol piitie $Kie puaic
5 ool 5l oad yitie ane slaosu¥T byl L (2020

ST

S90Sy g b yaS St B jlopgr o35 g (Sl
RIS a9 03)S (o ]y (6 4y g) Wg) ixio (s> )
Sobhan ) cuwl ead gl g cjlase b
Ardakani et al., 2014; Luo et al., 2017; Pan et al.,
39 obe cpl > (2018; Hosseini et al., 2020, 2021
oo (SYgb jesrer cams & 0N SIS 4 poicny;
Wnosiy W1 ) (gt el 5 (6 ppdaoos okl ol (gl
Rezaei Raja et al., 2016; ) cwl ks S, S
.(Salehi et al., 2018; Sobhan Ardakani, 2016, 2018
0piS p 2lup dswgi (colul QU1 S plgie 4 laosle
2 oS alils (Sagll sbul jy (ldbiil mie e
(Khaleghi et al., 2019) 1u] o jloid 4 (608 porcons
Cogu Bpae dauly 4 S5 L by i glaosyYl
Sk (53,95 5 SVag o ) (St sl o
o3l by golaw (yalw)d g LaodliS ylg) Cudi ¢9)395 (32
9 (S g g (g o) pafiins sb & 5 oA puiiie
5 sl ceodls (gl 008l (sa005 (2le yox55) pmadiians o
De Silva et al., 2016; ) N4 0 Cgwmo oo )
Farzan et al., 2016; Janta & Chantara, 2017; Novo
et al., 2017; Sabzevari & Sobhanardakani, 2018;
Yan et al., 2018; Bernardino et al., 2019; Acar &
03,3 o3kl cawdy po)S ¢ LS (Ozkul, 2020
Wl 995 (Sl Clabad I ()l (iS5 5 s5550 132
35 il plp 0 Cuwglio 4 &S Slial) Sl g 505 el
5 (R > Cgw (9l Sy plgisdr J3SUe 5 (W)l
Sl @ byye 36 sloosVl oy ply dex 5l Ug)
Lu et al., 2009; Tian et al, 2018; Devi et al, ) scwn
o) (2019; Kumar et al., 2019; De Silva et al. 2021
5 & gy Sal gl 5 gyepe ol lysa il
2 bl s S g pY il e gl
3 IMB] Coge Al o 3L pdlie b g Lolb sla S5
comas SYMS] ales 3l gl jop daplil aub 5, Slae
Ngb Sye ol d)lpe 3> g plbpw Elgl 5 Wi
Sobhanardakani et al., 2017; Sobhanardakani et )
.(al., 2019; Karimi et al., 2020

5 lerd (S5 sbghyy 9 bysld il sl
o > (S Sl LYl 5 Gl sl e )
anse > 4 ) 6yalnd bl o 5o Lol fxlabl dnwgs



YY (ST Ylorw Juigw (i olsludl 0 35) e oS ﬁw S VL 9 il culsB (b))l

bolSiny]  aon sl Falilne e juals
590 o s @Bl oy 2 (S 5 SB) (s)bpdise
Lodlr o (5yiogks & anhad Sl pio Vor Job 5 Sk
b 9 4l dlwg G p (5:50ke diike) wlidie (la Sy
adls ik g3 ya jl g S0y 5l e Ve olgd ) (ool
ars jolaiods .l pbol H1)ST dw b (o3l 4 I 2o =) ool
GL Y 665 2 lodls o 0 ojlusll g ady) | (Kon digel
4 g Cudly alold pa gl (oMo g (plag) alie Lailys L)
Lol el a4y byl S5 L 485 S
Zhai et al., 2016; Wang et ) sab Jatie ‘pme cuw>
S sladiges .(al., 2018; Hosseini et al., 2020, 2022
Sl by Lug 5 (eple 0 Gas) (o
Wyl S ard Gl g (PS5 0r ol o ) cudby
SesSy b ddlaie ja 0nd (gpglaen SB gladiges (Sen
Bub JEme s GWlGh ghanS & 5 by
W& g0z )0 «jeo ps [(Abbaszadeh et al., 2019)

A5 (6yglaen (daw S dgei SY g aLS diges

2600?0 2800?0 3000?0 3200?0 3400?0

LN
S S i

3950000
b €T3 Ay
3950000

3920000

3890000

3860000

Legend

3830000
T
3830000

Sampling Sites

* Saveh

B Kermanshah

. Gholtapeh

=== Road
Topology

3800000
e
3

A Hamedan Province
Y A L
R AT DS 25 B 5 g
260000 280000 300000 320000 340000 8

shol ool S5 5l plals 5 )Lea)S S )5 o] absy
olys 4]y Poygl g sy Mg mal sladiss sty
5 e o Slils (Sogl bl pesls lals
4 Cauws 3o (Hosseini et al., 2021) .65,8 Syme 3500
5 Ok slp Sl 5 lpleg slaasss I eslital (xSl
S basoee ) IS5 g e 59y i SIS (s (YL
CollB ) baisS o) & 50,8 Uyl 5 03,5 plidl ool

5)10)98 595 3o il s g il
9 jhow Clbbw g LS 4 ey b olpl
025 pldl Cldllas 3929 L g (S I3 I i il
ile ool &b 5l esy¥T ppl (YL 5 il diej
b by il goanVl St ool audls bowo
Col bj)l By bpl plores ledle Sl
aljls oyl cunsy 8k (Jankowski et al., 2019)
adlln JolS ssb 4 oyl Lol slaodls slial 3 i
Gan b imgh cpl agyopl 1wl wl glaodls 18l 4 onis
9 P9 IS i Clils GG 5 il cubl L)
S o i e (bAS Sy by (S

L8 el WA e o e (glosls

Py

anlllao 3,90 aibiie (5 yns

Yo b) acls—laen o> dw 1 (g)bpaiged (imgsy ol )
(4 by YFVY &iliy, Sl (ke 5 codd Jlo
4l Sl 5:Sbe 5 ceodd Jlo Vo b Ly ys) oglomlian
Jlo Ve 5l Lo b) olisle)S — laan o (44l aluwg VIYYS
L plol (adds alusg VYVAY 4iljg) Sl (ke g ol
s oy Sl g ol (gl adlae )50 bl () JS)
buogia (oo 5 oo VY- &Yl (Sl (xSilen oS5
.(Hosseini et al., 2022) s 51,5 oolo 450 V) aYle

S 5 S 51 5 fo paiges
GBS S b shie —deoy Glagh cpl 2
9 Olpley Jols e 6655 Y (Jbo g Sloj (sbacudgimme
Bblie 53 6358 Sy 5 (e 55) g5 oty S
g &Sy lals dbul jelaiedy wud Q] adlles )50



VE-) ume))).uL» Y7 oolouis Y Jlw s ylouxo ;5[&0»\&3)—\

YA

VIY 2400 2500 3 Jboy & Soyu,l8 sl 51 eolatwl b
@ e yob ) SB &5 g90s o jl o5 Ve e A5 e
ke Yo g3l o 5 0058 S sy e V0 )
@ g diw ol Gy o)l e 4 DTPA gzl Joloxe )
Opd (9) by ;490 We Ceyw b ocele 9 G
Lf g’LDl} o)l..a.c ‘A.x., 4.1>)A ).) LA D.)‘.) )I)ﬁ ‘5)1)9.) éj&n
Lindsay & ) as Glo ¥V o)lad eily Slo il
.(Norvell, 1978; Randelovi¢ et al., 2018

Sad 3yl g (Sgiwl) plo Joloro caluw I us oles 4
=YY+ Jse Varian o5l s oKiwd 035 0,8 g yolic
d)ge sladiged ) Kie g pgyS WS ol gye ES
SYNEND slagse Job o cuiypas SB g olS | el adllas
olie 5 oniled LSS dw j3 g yegil YOV/EN. 5 YEVIVVS
b ply coipe 58 g cllS ol polie (ly pasets 1
WJ)M\J )-u @5 Codgdono ):’..)L:Lo 9 +/-aY 9 NALGURYAN @
i dols ol el cawd 4 /YA g /YAD </EVY L lp
aiged glp AV ) e Sl (bl ao)p
a5 ol i 5 (alS sladises sl OV o s S
)‘ dxlllas D90 U"'i"“) ul)b u.u.:u dba ookl d)90 L)"’9)
(omzad Gl 039 Yoyt g By g (S el
A odalie 07 3 )bl bl >l

blis )556 (BAF) Vs good ;9516 apmlone

(TF) MJES! ,9516 9 (BCF) ) s
bl (BAF) i g8 sbpasls iagy ol
bl b))l jekaieay (TF) Jlasl jg56 5 (BCF) (s
i i e S5l YL g il 53 (gw)p 2y90 GlaLS
Wang et al., 2018; ) uuib duwlro ¥ U Loy, 5l oolatwl L

:(Devi et al., 2019; Aghelan et al., 2020

Czhoot
BAF =

Csoil (V)

(V) sy yo

54 55 Cooil oCshoot i s jaes yS1 Sl BAF
SB g (2ls plul) olS ojludls (5 316 sgime snimd i
el p)SolS )3 p)5 o e

Croot
ECF

~ Csoil (¥)

Sy omn g SB g LS ladiges gilwaslel
L’oai 3> ypols

5 (lon cloplusl) lo)lasls 53,8 I ) ey 0Eiiloj]
09,5 9> 4 Jldld sladigel ((duojpj slaplil) boas,
sobatods baylus Lyl 09,8 <SG g ) sladiges NAD o
Lo 9 b O b il ¢ odans slaos YT GBls g 999;
oditd Aul3 500 09,5 1> WS dtud el Jlgd
s St oy b ol cladiges s byl by ylusls
3,3 il a3 £ clod b gl 3 (sl ¥A 3g0s ) ol
Suid gladiged ()5 g 5l g s a5 18
(ol s 4 bl Jisl g (p Clwl bwg LS
Zhai ) sab (o)l ol Sle )0 Hles slod jd ladiges
sbdiges (et al., 2016; Hosseini et al., 2020, 2022
solaiods g g ond Sits ool oStlef] )5 53 S
o3l yoe (ytokee ¥ S5 T sblis 5 5y5 il s
.(Sobhanardakani et al., 2018) .

Wgod yb jlp)S Sy ((BLS sladises | 5S0)las jslaiea,
Ve piy & e yob 4]y (ade) 5 o)l ls) oadydg alS
Sl gl oo gy (99381 5l g g 038 Jitie gyl e
S9) 4B Ve ey ol Joloo iy po 4 Lade S50
25 Jl o b ) 0l ole 423 A0 gled L i
& b Jlgie dspe 93 )3 o Jsle (A8 3w 9 K,
Jslome 5 03938 badiged 1) Lale oy dpul il oo
43 Yo Coaoty 35 5l a3 30 slod by sm gy Sl
aw g skt O i e 93 )l J e o S, T
o 9 09938 Jglome a YUl g pamansly il e
M)F il axd VO glod b jun (69, 4dd gy U 9> ey
IS s S5 e dls g > 0l 03 @l
V0 jlam g ad alal Lade G008l i e Ve L]
Y o)l cyaily blo JE | Lol ojlas (WS, dads
a5 oxiby il Voo o 4 i Sl Of b g Glo
.(Khalid et al., 2018)

il oytwd B (sgime ot polaiedr 0> (o
IS gladged o (pSiw alils Ol B i)
o Pyl Sl t;.gwid)sdl,;lda) DTPA ,56,lac
Jobl 55 9 5 > Jge ofo) Voud o)1 5 2 5> Jse
#Sojlas Jobxo PH g 05 ol (1) ) Jgo /v Wipel



Y4 (LUK PUESVRY PRI THERIER KN VW PV IRIPILIN | FL VL « PREER) GV L IR TAY PRSP FIRLPOY I S Py 1

SSE 4 (SB g 2l cloplyl) adlas )50 gladiges
el 005 1) (F 5 V) gt 15 (613 piges olStu]

o gt W) 5 40> LS e (5 (ko] (903l @l
P e g pe)S S ole ggme bixe il
Lo(p < o/0) 8 gy 2y90 455 93 o Ll cladiges
LS slaplsl o ole ggire i pls 4 sl
Saige p» CS paie gge (1Sl dinin (V Js2)
P S SIS ) pS e HNYE g VOV L jlusls
Dy ddl xeo lydlogy 5 Kol ladisS ol A Hlud L
Sladiged 3 pg)S paie gyme (pSle Al (piomen
YIVD 5 VIFE | syt olplog: 5 Siojl (sloisS Hludli
Gl aieS cpl oads atad Jludld 4 pSolS )5 )5 Lo
pais clald (ke dinler S0d e J Y o) cush
A sl & by cwga jo FINY 5 04/4 L 35
(7 Jgi2) 392 oldlegs 9 Sojl (slodioS ot

o2 GRIBl S g ol Sl sy Jibs gl @l
P e g pg)S LS polie (sgie 3)lge el ) Sl
ORIBH(P < +/+0) gyl gme yob ]y 0lS 9 S sladiges
(5S1) b pSile awslie fygosl zols Lolwl p .l ol
L S glaases 0 S paie ggime (10ke dindn
IV L 5 (BLS sladiges 13 5 p)SokS )3 p)S (e +/+TY
() Jgi2) 252 olitile S olSius] & bgyyo p)55bS™ 1 £ )5 o
S Sladiges 3 pg)S paie Ggime (1Sbe dinde ()b
@ bgye p)SolS )3 £ (e VIOY g o/+F 0 L s e ol
(Y Jgiz) 292 oglus oyl 5l 00h (55l e (slodiges

(V) aaly 5o
iy 3 Cooil §Croot ¢ s Ladss 58 5 Lo BCF
RSBy (es plul) ol ady) 5 6 (g snmd s

el p)SolS )3 p )5 o e

Cshoot
F =
Croot (¥)

(¥) sl 5o
ox@)OLj}d A Croot 9Cshoot fJLS;‘J] )9:515 )ful“ TF
P pSGe Gus olS ady) 5 alse plul 3 8 g

ol p kS

odly (g bl wijlo 5

ool l8le s VA aseus I eslazel b Waosls (gyll bjlp
g wodl> @95 o Jloy (y ly 8l pll SPSS
—byS9elS (slagigeil I cwpa by sply
aljls cble 1 Sle amlie yobaiods Mgl g Mg ol
2olSin] o S g 6lS slotiga > adllas 390 yeSins
(b JloSy (39051 pilioly il cigail 51 6yl paigad
5 O sloisime o )3 (S0l (ouis (pgesl ] Jli
Oeiles LS)LJ )bujum M| S99 pas b Doy (awyy sly
Qo 5 00l A (o)l po S S8 ggie
A5 ool Jie (5 90 5l aaieS e

=W
2 5550 5 9 SIS (i S 55 it

(0,595 1> 0,5 o) SB 5 (LS Sdiges 15 CILS (550 s Jlol () Jgo>

ﬂ;ﬁ“{S ..l.l~
| (FY3KY)]
SB sladaiges o S . , -
ladigei by WA WS B Ly L E)
G W
> nﬁ < olpbey Sl olybg Sl ol ydlegs Sl
OOl
XYL [P OAVNVELENE G AAYESAYYRE  AEVE/eANE o/ e [eaY® ofeVEE eV AV AV AV YR/ sYE adls
RN P L AV A= YRS CRNRYLYN SV C VAN (= VA« Y YN T VRS ARV RYN 200 LY AL 2 ALY (U SV ogle
B L= ARSI AN S AN SRYAY S =3 M8 L LY L SV 4 Y 1Y A E AL ALY AL U= J LY VR Y N e olitile S
o/ eXOE] oA SNFNEL/ A RAYZ=-29R5 N AN == 08 N J[q0E-/-50 N =9 4) VS 0F TS RN il

At S (gylol 905l gl Lolul p 07 Jlassl gdaws 53 (gylol o dime cglis Bl ygiar o 4> S yiitie g gyl polie



VE-Y plowo) 5 juab F7 ool VY Jlw g jou=o sla ik 9 5 Y-

(05945 13 0,5 o) SB- 5 (LS Gadiged 13 09,5 Soiome Siwogi Yol V) Jg>

P9 il
S sbaiges s ‘%l,a ‘_g%m | | | _
S Ay 8w A jlus L s dind s L
o pwd J9B 3 olypby Saj ol by Sw 3l ol by Sej!
ofo¥VE[o)V \V/NE 2900 0 CEER AT SYALACIRNNRVAN & VAN e VIOAE DN AYER YAV YRAR N YD Ak N a5
eseefo P AN ES A AL E AU L 7 o s s R VLV ALY L s AxaR 7AL ESY P L L VIV S A A ogbs
eaede Y yvakeaVND YATEYYY YEYEYAR YASENRE AWEANE vieRR v v faazD olitsle 8
NAYENRN VIVEE¥AY O YISYELYYD  Y/\SE/VYY VAVESYNA VESEYOY  YYOE.[OF Y/FFE./VN Sl

A G gylel 9] ol (bl 07 Jlessl gdaw 3 (g)lol o gime cglis S8 gt o 4> S jide gy (gl polie

Losd and (gloylusls 3 56 ol clale 5l 5k p)SokS
oSSle (b 1o p)SelS > 28 e /40 (1Ske
ady » paie cpl Cla B ke p)SolS 5 0,5 e YY)

Dy pSokS )3 p)S dee YW (1S5ke b Ko
39S g tawj bl (s reo sl yeSl alxe gl
W b ls lbdiges > jiKie 5 gy LS olie Uil

a0 4l (¥

P PR pals ggie pSle Aldy S0 (gew
Glbdiges 2 5 pSskS )3 pyS ke ARA L S5 ladiges
@ bgye cuia pSkS ) pS ke AV L (LS
@L) ¢u~>:,o..m .(\" J5A>) 39.3 o9L» 9 oLf;}Lo)f Lgl.moli@‘
pais ablpens clale Sl as sy olid yols ingl
s YV L cwpas lyoleg 5 Sojl digS 93y ddy )0 pg,S
B pais ol ol 1 SGke pSelS 5 p)S Lo VIFY
ONlbe b i iay glpleg 5 Sojl odd ad glajlusls
Slee cnl p 0933l D9 S ShS 3 p S (oo VAN 5 V/FF

(0,59 13 0,5 o) SB- g (AL diged 3 jiK (S5m0 oy ol (YY) Sy

S gdiged ) gt gl : : eS|
AU sbdiges ady, D dand 5L L WA IWES
o9 pwd 4B 5 ol ey S Ol ey S 3l ol ey S
AIYE-[YFED YY/0ES /YT VEIOR/ VYD AsfsErAYD VARGV RERELAND yovEereR rvvE sy agls
V/VE./.ayd OAIVEAA/SD ABIVE-IFANS  YEIVEVYAS  AYIYEFSYC vrALRC syakyvaP AYYE - [FAND ogls
A /yyye Yo/VE/IAY? VIAREEYFD AYAENAR YANE D YEAELFVER vy AR fraf? /ak./\ord olisle S
M-AZ-[¥AS PN/ PELEONNA OVANESSOA YEIYESYOR FENEYEY FV/FEL/SYR b-/a%- /Y50 oSl

A G g ylel 9l gl (bl 07 Jless] gdaw 3 (g)lol o gime glis B gt o 45 S jide gy (sl polie

sty Bl polie (:Sle ()b 51V loges) 392 olitile S
P Ay g odd died gla)ludld polis den () gead g
e JH7 Jbged) 3 Sl SS5 adlae )50 WS 9
JUSl cops s Sl 45 Jlaml el polie (ke
G55 balal) ) g e 5 SIS polis iy S5l S
FSop e pais Jl HeSl polie (1SSke 5 o leg:

WDe S

sy bz polie (Vg V) Hbges 5 z)ke ol 4 sl L
2 olpleg g Sojl 455 93 1o > polic den o) zed

polie Sojl ()b il b Sl 5S35 kel den
ol > LS yate (lp 1) S 5l BS,5 sl el

M Gl b o] den p 3K6 paie 4lp g oliile,S

oWl 3 e 5 SIS polie gl Sl 55,5 Jlsl



Y\ (LUK PUESVRY PRI THERIER KN VW PV IRIPILIN | FL VL « PREER) GV L IR TAY PRSP FIRLPOY I S Py 1

(S 5 4o g Sy
G )l oS Sl I ead e S il
(ads)) o) sloplsil g o 5 SB maw o)
Sl bug Cla g gyt lacuniind Gk 5l L
Nabulo et ) aul xess ools asls lalS j5 (459)) olsn
al., 2006; Feng et al., 2011; Jankowski et al., 2015;
&S ol s Gieek oyl gols J(Hosseini et al., 2020

@ Cuwd odd ald gbjlusls ol gy
Ol g0 e 5eS wlp d UV/De ol dtud glalusls
lgien |y gt 313 3l )3 polis (ggime (1ol (pogad
ol s Aol 50 iy gy (g pawled lacaiiy,d «
O o3y wyp b (Y0V0) o) Ken o NOrouzi « yings,
S 605 plgie S Sl (Sogl s Sols Jgs
LS 4 bgye Sy sladigel (5ie paie gy dndn
o (Serbula et al., 2012)  yicxed g oddid dud
wlys a8 w5,S 5)l55 ;6 (Pourkhabbaz et al., 2015)
S 1 53 (st SIS (g 31 07, ialS sl gttt
woop b (V) o Ken o Abbaszadeh .cul ous
lgis oS Olils (Sogll s Sl Gl 4 s
4 by Sy pladisel pole chle ady o xS

Dy 00l diwnd s y
|y il 538 claos¥T (T L ke slaclld 5 Sl
2 oy g pdls jobo 4y 45 A8 e O] Lore
Maeaba et al., ) 5)l58 o 23U Bjlupe 5 o lusl oo
pols imgh obs (2019; Acar RU & Ozkul, 2020
P e g pg)S S polie gptme dlndn o Sb (LS
oliile S g o5l (loolSiun] 4 bgyo olS 5 S (gladisas
Ol ) egdse ol g (Sl ok o b laolSiny)
5 g)ss clabad Mzl ] gy 9 Sl obj e b
Oldlas (3w by Juwd glacdaw sl obj &5
Eid (Y++5) o\ Kon ¢ BayCu « fols gl 4ol 5 ¢ alie
(V+VY) ol,Ker 5 BONANNO yizad o (YY) o) Kon o
&S 23S SIS oS Sl (gl ooy adlls 5
9 p9sS S yolie clale (ilidl 4 Sl o Al
2 ooMe cawl 8l e odls LS S 5 ylS i
Gl oxd 555 liisee o lwss 35 aolie gls ol
Wessolek 5 Kluge « 3, ;I (Malizia et al., 2012)

EBAF mBCFETF
60 - | |
s | P95 | prLaes
50 | 1
| |
4[4 | [
kS [ '
o [30 4 | |
%, I I
X |20 I I
| |
10 + | |
| |
0 -
2 ¥ }?ﬁ S ¥ }?vé P y“é
aab_-

Bl (5 025 (g2 y9S16 U0 1()) lag0

Swojl HLS LCEL diges
=BAF mBCF u TF
70 I I
LS | rssS | P
60 7 I I
50 : I
4 [
N I I
"1 30 1 [
R | I I
20 I [
10 - I |
| |
0 -

sals
Lol ¢ ann § o5 (5,98 y3lio (Y) 13905
) CEs 9(99; ‘Q‘JL:S )_.pu,c JL&”J' )92;&3 u:""‘*i}

mBAF uBCF mTF
60 - olsles | S
|
50 - |
I
El 40 - I
3
% |
b 30 - |
% |
20 |
|
10 |
|
0 .
Co Cr Mn Co Cr Mn
S 313

(s ) g (5,81 pdlie (uS5le :(Y) 1905
P50 9 09,5 IS polie JWSI (g5l g S j Ll
Oldlog: 9 Sojl (AL sl diged 4



VE-) ume))).uL» Y7 oolouis Y Jlw s ylouxo ;5[&0»\&3)—\

vy

a3 p9)S 9 SIS yolie gead Sie bl I olpoleg:
aoplplo 0g Hbyes odd diwd ALl L dawlie o
CoslS ey cunlie (glaisS Sojl &5 ity ledl i e
rolis Coli gly bbo LS ol A5 5 pg)S pals
Sl e LS cot Jcwl SB o pgS 5 LS
2 oSl (8 sgume o] a5 Sl Spg tals
Gl oS laads, oblg 5l anld ol ) 0,8 eslizel Sk
ol hajp; ol wle 4 B osdilyy o Spo talS
255 4 3959 Sly Sl ) cenld it )3 g 29 e
O Cans dld ol bl 5l S b e el lie
oo polae a5 LS dlge 28> oS cuwl oyl 2LS sl
5 3y9e sl Al pess o] Ll slaplsl > Sl )
b g wlie olles ,> (Naderi et al., 2013) cuws
B oLyl b 5s (Y+)0) Shehata ¢ Galal « Jols obs
Sia)l 48 bawg 5w il plal 5 ) culs]
@65 ol (Sl eyl 5l slie eagll SK- > assl s,
5 p9sS S polie alS cots lp culie (lanjs |,
By 18 e odgll Gble 5 Leosle (pgelyy basme > 55
JUl )81 5 () oS ¢ ) oo 505 (Sgw jl0008
JUl g Ol 53 0lS ol 048 e Lol Julge (lgie
o 2YhelS AnT8 5 b jasls (npere Sl olis
Weis et al., 2004; Galal & Shehata, 2015; ) wus
copo b alS 465 wll opl 4 (Zhang et al., 2016
Cubby lp o5l 5SS JUsl 98l g s jaens
5 S5 FS )5 Gy Bl oo b (alS G5 5 alS
ookt S o sy oKy ) 5Sas Jlanl gl
(Abbaszadeh et al., 2019; Devi et al., 2019) s
oS g Kojl e w8 oS o LS imgh cpl o
5 S yole gy Sl 58,5 Jlsl e g
FSess Juml g8l g Sl SR g bl 5 5
S 85 i e ol il 25 p9yS pais lp Kl
9§ 5 SIS polie culby ly culie (lags (Sl
Osobe jdlie (lpdlege 3)90 3 sl S )3 pg S 515 s
Sl P 5K pate gl JUl 986 g g @eas
Sl $S ) sy Blss s lplegy 4555 ()b ) og:
D pg)S o S polie gl Kol SegS Jlil g6
g 2 5l by lp cwle Gl Glleg (onlpl

olen ¢ Bernardino 4 (Y+\Y) o, 5 NOVO (Y- 1Y)
olalS 5 SB oS s gead (wpp L 35 (V- W9)
LS S I3l sbj ggime &5 MBS s edls LS
5 Uil Sl (86 Sl oo Waosla poloxe Lo 13 ji5Ua g pg)S
Cuti oy g nb Gl wtb) g5 cllad (5555
330 0l S ole @l (ommen A3l s 3lya g WoaiS oy
DoS 93 o ddny ) pg)S pais dblaecd clld (S0l o5
alyy p S pais g (1:Ske 5 olpley 5 Sl
ol A (slylud L > yolie pl cdale 5l 5 i olyoleg
Cobld 51 CILS 5 pgyS oS wtils bl 35 50> Gl o9
Baycu et ) b)ls)s8 5 ol (glady; phusws 5 2bj ze2s
al., 2006; Eid et al., 2012; Bonanno et al., 2013;
chle 1WShe & cwl Jb > pl (Romeh, 2018
o Sejl ol atnd Jludls 3 S pats 48l aecs
o @ oS 50 Sladlas ple )0 0 ddy) O paie pl Ol
polie Jsl oblg L)) gadse ol ablailcws alie
Sy osen (Jeddi & Chaieb, 2018) wlawsly by ye
ol culil game (0 ol &S WS i)liS et
S s 4y Canl 5Sae 0l iliis (glacdl 55 i
Li et al., 2007; ) 13l olS 5 S > @lils s il

(Taskila et al, 2012
sy Comjlame )33 g juw (5)9ld plgie 4 (2 VbolS
@ (sl St ¥l el g (pedd jslaied) 4 jaeS
Aghelan et al., 2020; ) cuwl S ls ohs
Uibey 38> Jbj,l «oycpl ;1 (Davodpour et al, 2020
ool Slusl lacdld cuwa oS ible ;5 34090 2T
Slgicse 5 Cwl )55 (alie @ Cool | gl o Cgucs
o Yh g ik ln el (2S SaS alulid 4 e
Bl ) oo 4lalS diwly oyl 53 09 Jawsxe (slaoss Y
@ ady) jl oemen g adyy 4 SB I ol Jsl &5 )0
calil Bl onl jl nlpls WS sgame 1) e (slaplal
&S b o awimd o Gials 1)l edgicaw; j oIl
p3gcuj o |y lils ¥l saScuslillp alS shass
Yoon ) uiS o b als g atilil cods ([ludls g ady)y) 095
et al., 2006; Rafati et al., 2011; Ali et al., 2013;
uols imgh eols 4 skl L (Jeddi & Chaieb, 2018

S55 5wy 3 pS 3B Sl e Blg J Keil 555



vy (LUK PUESVRY PRI THERIER KN VW PV IRIPILIN | FL VL « PREER) GV L IR TAY PRSP FIRLPOY I S Py 1

lop el 53 (posedls g 59y o) (iw Clils clale
a0, oylis Jlasl e o 4.¢.wl:>u polde g ylyolegs
ol o o>9ﬂ SB YL Gl ol 4535 olyolegy olS
ol el e by g (Jlo slacudgize 4l ] S
5 2L sass nlo (oYl 5 il bl b5l eyl
S sbadlas 1> ow ool polie plo 4 SB (5ol

ol ol J el SB35 pg)S g LS olie cops
5 ol slp LS o sladisS lsis 4 olegs o Kol
ool o>9ﬂ bl jd lga g SB35l S lils (2L
Shas w0y 5155 0 Cldlles > 50 K00 ldisee S
@ Ol Sl 555 e g 5 Jl s L plals
S Jb o el alS glsasl gy ogill b

Dgbia ity ) bt g SO ) a8 Jliml e gl o5 Slals
Mousavi ) x)b 1y als o el citn S 5l 55,5
Lewslasl b (et al, 2020; Cheraghi et al., 2011
1. Plantago major L. olls cdale wyp b g (YeV+) o,en 4 Hosseini

2. Erodium cicutarium L. ) _ _
3. Calotropis procera L. el 3 SB 5 (Sofl 5 psloge) 03l JLS LS 1o (S
4. Rumex acetosa L. @ olwl b glpl oy j0 &bly laen sbeol )35 51 (S p
5. Datura stramonium L. e e al s .
6. Diethylenetriaminepentaaceticacid $55 52 g & 05 gt JUE 458 e dpelone 30
(C14H23N3010) 5 e 189y oy queedlS pole JUinl 2 LB oUly Sl

7. CaCly, 2H,0

(Eomen lodgy 43585 (lgn slaplil 4 ady) S
Se 68 cubls Sbjyl L o5 (Y+Y+) Chaieb 4 Jeddi
&S 13,8 lgie @l 4y oagll slaSE HYLoLS SIS
il 5l 568l e ) HoS o duwlee palie 4y sliwl b

8. Triethanolamine (CsH1sNO3)
9. Bioaccumulation factor (BAF)
10.Bioconcentration factor (BCF)
11. Transfer factor (TF)
12.Kolmogorov-Smirnov
13.Levene’s Test
14.Independent-Samples T-Test
15.Duncan Multiple Range Test
16.Tolerant plants

Caol 0dg Hyedp SB 5Kl jaie LS cun
51 ookl w8l b 35 (VoY) oS 9 Adelkhah
Sole 4 sliel b (olad il 90 adllas) ondonn

&le S o8
Abbaszadeh, H.; Mohammadi Roozbahani, M. & Sobhanardakani, S. 2019. Use of Ziziphus spina-christi and
Prosopis cineraria leaves as bio-indicators of environmental pollution emitted from industrial areas. Iranian
Journal Health and Environment. 12(1): 87-100. (In Persian)

Acar, R.U. & Ozkul, C. 2020. Investigation of heavy metal pollution in roadside soils and road dusts along
the Kltahya—Eskisehir Highway. Arabian Journal of Geosciences. 13(5): 1-11.

Adelkhah, A.; Babaei Semiromi, F. & Alipour, S. 2020. Feasibility Study of Using Adsorbent Plants to
Remove Heavy Metals from Wastewater of Petrochemical Industry (Razi Case Study of Tehran). Journal of
Health. 10; 11(3): 299-310. (In Persian)

Aghelan, N.; Sobhanardakani, S.; Cheraghi, M.; Lorestani, B. & Merrikhpour, H. 2020. Evaluation of
chelating agents with different biodegradability rates on the enhanced phytoremediation efficiency of
ornamental species (Amaranthus caudatus and Tagetes patula) in cadmium contaminated soils. Journal of
Environmental Health Enginering. 7(4): 427-442. (In Persian)

Ali, H., Khan, E. & Sajad, M.A. 2013. Phytoremediation of heavy metals—concepts and applications.
Chemosphere. 91(7): 869-881.



VE-Y plowo) 5 juab F7 ool VY Jlw g jou=o sla ik 9 5 Ye

Anwar, S.; Naz, A.; Ashraf, M.Y. & Malik, A. 2020. Evaluation of inorganic contaminants emitted from
automobiles and dynamics in soil, dust, and vegetations from major highways in Pakistan. Environmental
Science and Pollution Research. 27: 32494-32508.

Baycu, G.; Tolunay, D.; Ozden, H. & Giinebakan, S. 2006. Ecophysiological and seasonal variations in Cd,
Pb, Zn, and Ni concentrations in the leaves of urban deciduous trees in Istanbul. Environmental pollution.
143(3): 545-554.

Bernardino, C.A.; Mahler, C.F.; Santelli, R.E.; Freire, A.S.; Braz, B.F. & Novo, L.A. 2019. Metal
accumulation in roadside soils of Rio de Janeiro, Brazil: impact of traffic volume, road age, and urbanization
level. Environmental Monitoring and Assessment. 191(3): 156.

Bonanno, G. 2013. Comparative performance of trace element bioaccumulation and biomonitoring in the
plant species Typha domingensis, Phragmites australis and Arundo donax. Ecotoxicology and Environmental
Safety. 97: 124-130.

Cheraghi, M.; Lorestani, B.; Khorasani, N.; Yousefi, N. & Karami, M. 2011. Findings on the phytoextraction
and phytostabilization of soils contaminated with heavy metals. Biological Trace Element Research. 144(1):
1133-1141.

Davodpour, R.; Sobhan Ardakani, S.; Cheraghi, M.; Abdi, N. & Lorestani, B. 2020. Bioconcentration and
stabilization potential studies of arsenic and some heavy metals in Astragalus spp. Journal of Plant Research
(Iranian Journal of Biology). 33(2): 477-488. (In Persian)

De Silva, S.; Ball, A.S.; Huynh, T. & Reichman, S.M. 2016. Metal accumulation in roadside soil in
Melbourne, Australia; effect of road age, traffic density and vehicular speed. Environmental Pollution. 208:
102-109.

De Silva, S.; Ball, AS.; Indrapala, D.V. & Reichman, S.M. 2021. Review of the interactions between
vehicular emitted potentially toxic elements, roadside soils, and associated biota. Chemosphere. 263:
128135.

Devi, U,; Taki, K.; Shukla, T.; Sarma, K.P.; Hoque, R.R. & Kumar, M. 2019. Microzonation, ecological risk
and attributes of metals in highway road dust traversing through the Kaziranga National Park, Northeast
India: implication for confining metal pollution in the national forest. Environmental Geochemistry and
Health. 41(3): 1387-1403.

Eid, E.M.; Shaltout, K.H.; EI-Sheikh, M.A. & Asaeda, T. 2012. Seasonal courses of nutrients and heavy
metals in water, sediment and above-and below-ground Typha domingensis biomass in Lake Burullus
(Egypt): perspectives for phytoremediation. Flora-Morphology, Distribution, Functional Ecology of Plants.
207(11): 783-794.

Farzan, M. & Sobhan, A.S. 2016. Analysis of Fe, Pb, and Cd content of surface runoff in regions with high
traffic intensity in Hamedan, Iran, in 2014. Health System Research. 12(2): 208-213. (In Persian)

Feng, J.; Wang, Y.; Zhao, J.; Zhu, L.; Bian, X. & Zhang, W. 2011. Source attributions of heavy metals in
rice plant along highway in Eastern China. Journal of Environmental Sciences. 23(7): 1158-1164.

Gajbhiye, T.; Pandey, S.K.; Lee, S.S. & Kim, K.H. 2019. Size fractionated phytomonitoring of airborne
particulate matter (PM) and speciation of PM bound toxic metals pollution through Calotropis procera in an
urban environment. Ecological Indicators. 104: 32-40.

Galal, T.M. & Shehata, H.S. 2015. Bioaccumulation and translocation of heavy metals by Plantago major L.
grown in contaminated soils under the effect of traffic pollution. Ecological Indicators. 48: 244-251.

Garcia, R. & Millan, E. 1998. Assessment of Cd, Pb and Zn contamination in roadside soils and grasses from
Gipuzkoa (Spain). Chemosphere. 37(8): 1615-1625.



Y0 (LUK PUESVRY PRI THERIER KN VW PV IRIPILIN | FL VL « PREER) GV L IR TAY PRSP FIRLPOY I S Py 1

Hosseini, N.S.; Sobhanardakani, S.; Cheraghi, M.; Lorestani, B. & Merrikhpour, H. 2020. Heavy metal
concentrations in roadside plants (Achillea wilhelmsii and Cardaria draba) and soils along some highways in
Hamedan, west of Iran. Environmental Science and Pollution Research. 27(12): 13301-13314.

Hosseini, N.S.; Sobhanardakani, S.; Cheraghi, M.; Lorestani, B. & Merrikhpour, H. 2021. Feasibility of
using Achillea wilhelmsii and Cardaria draba for biomonitoring and bioremediation of heavy metals (Zn, Pb
and Ni) in the roadside environments. Iranian Journal of Health and Environment. 13(4): 607-620. (In
Persian)

Hosseini, N.S.; Sobhanardakani, S.; Cheraghi, M.; Lorestani, B. & Merrikhpour, H. 2022. Expansive
herbaceous species as bio-tools for elements detection in the vicinity of major roads of Hamedan, Iran.
International Journal of Environmental Science and Technology. 19(3): 1611-1624.

Jankowski, K.; Malinowska, E.; Ciepiela, G.A.; Jankowska, J.; Wisniewska-Kadzajan, B. & Sosnowski, J.
2019. Lead and cadmium content in grass growing near an expressway. Archives of Environmental
Contamination and Toxicology. 76(1): 66-75.

Jankowski, K.; Ciepiela, A.G.; Jankowska, J.; Szulc, W.; Kolczarek, R.; Sosnowski, J.; Wisniewska-
Kadzajan, B.; Malinowska, E.; Radzka, E.; Czeluscinski, W. & Deska, J. 2015. Content of lead and cadmium
in aboveground plant organs of grasses growing on the areas adjacent to a route of big traffic. Environmental
Science and Pollution Research. 22(2): 978-987.

Janta, R. & Chantara, S. 2017. Tree bark as bioindicator of metal accumulation from road traffic and air
quality map: A case study of Chiang Mai, Thailand. Atmospheric Pollution Research. 8(5): 956-967.

Jeddi, K. & Chaieb, M. 2018. Evaluation of the potential of Erodium glaucophyllum L. for phytoremediation
of metal-polluted arid soils. Environmental Science and Pollution Research. 25(36): 36636-36644.

Karimi, A.; Naghizadeh, A.; Biglari, H.; Peirovi, R.; Ghasemi, A. & Zarei, A. 2020. Assessment of human
health risks and pollution index for heavy metals in farmlands irrigated by effluents of stabilization ponds.
Environmental Science and Pollution Research. 27(10): 10317-10327.

Khaleghi, S.; Safadoust, A. & Kolahchi, Z. 2019. Pollution Status of Some Heavy Metals in an Agricultural
Land Along Arak-Qom Highway. Iranian J Soil Res. 33(3): 387-400. (In Persian)

Khalid, N.; Hussain, M.; Young, H.S.; Ashraf, M.; Hameed, M. & Ahmad, R. 2018. Lead concentrations in
soils and some wild plant species along two busy roads in Pakistan. Bulletin of Environmental
Contamination and Toxicology. 100(2): 250-258.

Kluge, B. & Wessolek, G. 2012. Heavy metal pattern and solute concentration in soils along the oldest
highway of the world-the AVUS Autobahn. Environmental Monitoring and Assessment. 184(11): 6469-
6481.

Korzeniowska, J. & Stanislawska-Glubiak, E. 2019. Phytoremediation potential of Phalaris arundinacea,
Salix viminalis and Zea mays for nickel-contaminated soils. International Journal of Environmental Science
and Technology. 16(4): 1999-2008.

Kouhi, S.M.M. & Moudi, M., 2020. Assessment of phytoremediation potential of native plant species
naturally growing in a heavy metal-polluted saline—sodic soil. Environmental Science and Pollution
Research. 27(9): 10027-10038.

Kumar, R.; Kumar, V.; Sharma, A.; Singh, N.; Kumar, R.; Katnoria, J.K.; Bhardwaj, R.; Thukral, A.K. &
Rodrigo-Comino, J. 2019. Assessment of pollution in roadside soils by using multivariate statistical
techniques and contamination indices. SN Applied Sciences. 1(8): 842.

Lai, H.Y. & Chen, Z.S. 2004. Effects of EDTA on solubility of cadmium, zinc, and lead and their uptake by
rainbow pink and vetiver grass. Chemosphere. 55(3): 421-430.



VE-Y plowo) 5 juab F7 ool VY Jlw g jou=o sla ik 9 5 Y7

Li, F.R.;; Kang, L.F.; Gao, X.Q.; Hua, W.; Yang, F.W. & Hei, W.L. 2007. Traffic-related heavy metal
accumulation in soils and plants in Northwest China. Soil & Sediment Contamination. 16(5): 473-484.

Lindsay, W.L. & Norvell, W.A. 1978. Development of a DTPA soil test for zinc, iron, manganese, and
copper. Soil Science Society of America Journal. 42(3): 421-428.

Lu, X.; Wang, L.; Lei, K.;; Huang, J. & Zhai, Y. 2009. Contamination assessment of copper, lead, zinc,
manganese and nickel in street dust of Baoji, NW China. Journal of Hazardous Materials. 161: 1058-1062.

Luo, Y.; Zhao, X.; Xu, T.; Liu, H.; Li, X.; Johnson, D. & Huang, Y. 2017. Bioaccumulation of heavy metals
in the lotus root of rural ponds in the middle reaches of the Yangtze River. Journal of Soils and Sediments.
17(10): 2557-2565.

Maeaba, W.; Prasad, S. & Chandra, S. 2019. First assessment of metals contamination in road dust and
roadside soil of Suva City, Fiji. Archives of Environmental Contamination and Toxicology. 77(2): 249-262.

Malizia, D.; Giuliano, A.; Ortaggi, G. & Masotti, A. 2012. Common plants as alternative analytical tools to
monitor heavy metals in soil. Chemistry Central Journal. 6(2): 1-10.

Mohammadi, M.J.; Yari, A.R.; Saghazadeh, M.; Sobhanardakani, S.; Geravandi, S.; Afkar, A.; Salehi, S.Z.;
Valipour, A.; Biglari, H.; Hosseini, S.A. & Rastegarimehr, B. 2018. A health risk assessment of heavy
metals in people consuming Sohan in Qom, Iran. Toxin Reviews. 37(4): 278-286.

Nabulo, G.; Oryem-Origa, H. & Diamond, M. 2006. Assessment of lead, cadmium, and zinc contamination
of roadside soils, surface films, and vegetables in Kampala City, Uganda. Environmental Research. 101(1):
42-52.

Naderi, M.R.; Danesh-Shahraki, A. & Naderi, R. 2013. A review on Phytoremediation of heavy metals
contaminated soils. Human & Environment. 10(23): 35-49. (In Persian)

Norouzi, S.; Khademi, H.; Cano, A.F. & Acosta, J.A. 2015. Using plane tree leaves for biomonitoring of dust
borne heavy metals: a case study from Isfahan, Central Iran. Ecological Indicators. 57: 64-73.

Novo, L.A.; Onishi, V.C.; Bernardino, C.A. & Da Silva, E.F. 2017. Metal bioaccumulation by plants in
roadside soils: Perspectives for bioindication and phytoremediation. Enhancing Cleanup of Environmental
Pollutants. 215-230.

Pan, L.; Wang, Y.; Ma, J.; Hu, Y.; Su, B.; Fang, G.; Wang, L. & Xiang, B. 2018. A review of heavy metal
pollution levels and health risk assessment of urban soils in Chinese cities. Environmental Science and
Pollution Research. 25(2): 1055-1069.

Pourkhabbaz, A.R.; Shirvani, Z. & Ghader Ghaderi, M. 2015. Biomonitoring of air pollution in urban
regions by Platanus orientalis and Fraxinus excelsior (Case study: Shiraz city). Journal of Environmental
Studies. 41(2):351-360.

Rafati, M.; Khorasani, N.; Moattar, F.; Shirvany, A.; Moraghebi, F. & Hosseinzadeh, S. 2011.
Phytoremediation potential of Populus alba and Morus alba for cadmium, chromuim and nickel absorption
from polluted soil. International Journal of Environmental Research. 5(4): 961-970.

Raikova, S.; Piccini, M.; Surman, M.K.; Allen, M.J. & Chuck, C.J. 2019. Making light work of heavy metal
contamination: the potential for coupling bioremediation with bioenergy production. Journal of Chemical
Technology & Biotechnology. 94(10): 3064-3072.

Randelovié, D.; Jakovljevi¢, K.; Mihailovi¢, N. & Jovanovi¢, S. 2018. Metal accumulation in populations of
Calamagrostis epigejos (L.) Roth from diverse anthropogenically degraded sites (SE Europe, Serbia).
Environmental Monitoring and Assessment. 190(4): 1-17.

Rezaei Raja, O.; Sobhanardakani, S. & Cheraghi, M. 2016. Health risk assessment of citrus contaminated
with heavy metals in Hamedan city, potential risk of Al and Cu. Environmental Health Engineering and
Management Journal. 3(3): 131-135.



Yy (LUK PUESVRY PRI THERIER KN VW PV IRIPILIN | FL VL « PREER) GV L IR TAY PRSP FIRLPOY I S Py 1

Romeh, A.A.A. 2018. Risk assessment of heavy metals pollution at Zagazig University, Zagazig, Egypt.
International Journal of Environmental Science and Technology. 15(7): 1393-1410.

Sabzevari, E. & Sobhanardakani, S. 2018. Analysis of selected heavy metals in indoor dust collected from
city of Khorramabad, Iran: A case study. Jundishapur Journal of Health Sciences. 10(3): e67382.

Serbula, S.M.; Miljkovic, D.D.; Kovacevic, R.M. & llic, A.A. 2012. Assessment of airborne heavy metal
pollution using plant parts and topsoil. Ecotoxicology and Environmental Safety. 76: 209-214.

Sobhan Ardakani, S.S.; Razban, S.S. & Maanijou, M. 2014. Evaluation of concentration of some heavy
metals in ground water resources of Qahavand Plain-Hamedan. Journal of Kermanshah University of
Medical Sciences. 18(6): 339-348. (In Persian)

Sobhanardakani, S. 2016. Evaluation of the water quality pollution indices for groundwater resources of
Ghahavand plain, Hamadan province, western Iran. Iranian Journal of Toxicology. 10(3): 35-40.

Sobhanardakani, S. 2017. Potential health risk assessment of heavy metals via consumption of caviar of
Persian sturgeon. Marine Pollution Bulletin.123(1-2): 34-38.

Sobhan Ardakani, S. 2018. Assessment of Pb and Ni contamination in the topsoil of ring roads' green spaces
in the city of Hamadan. Pollution. 4(1): 43-51.

Sobhanardakani, S. 2019. Ecological and human health risk assessment of heavy metal content of
atmospheric dry deposition, a case study: Kermanshah, Iran. Biological Trace Element Research, 187(2):
602-610.

Sumiahadi, A. & Acar, R. 2018. A review of phytoremediation technology: heavy metals uptake by plants.
In IOP Conference Series: Earth and Environmental Science (Vol. 142, No. 1, p. 012023). IOP Publishing.

Taskila, S.; Tuomola, M. & Ojamo, H. 2012. Enrichment cultivation in detection of food-borne Salmonella.
Food Control. 26(2): 369-377.

Tian, X.; Zhang, H.; Zhao, Y.; Mehmood, K.; Wu, X.; Chang, Z.; Luo, M,; Liu, X,; ljaz, M.; Javed, M.T. &

Wang, H.; Nie, L.; Xu, Y.; Li, M. & Lv, Y. 2018. Traffic-emitted metal status and uptake by Carex
meyeriana Kunth and Thelypteris palustris var. pubescens Fernald growing in roadside turfy swamp in the
Changbai Mountain area, China. Environmental Science and Pollution Research. 25(19): 18498-18509.

Weis, J.S. & Weis, P. 2004. Metal uptake, transport and release by wetland plants: implications for
phytoremediation and restoration. Environment International. 30(5): 685-700.

Wiseman, C.L.; Zereini, F. & Puttmann, W. 2014. Metal translocation patterns in Solanum melongena grown
in close proximity to traffic. Environmental Science and Pollution Research. 21(2): 1572-1581.

Wisniewska-Kadzajan, B.; Jankowski, K.; Malinowska, E.; Kolczarek, R.; Sosnowski, J.; Jankowska, J.;
Ciepiela, G.A. & Szulc, W. 2015. Copper content in some grasses from the areas adjacent to the E30
highway in Poland. Fresenius Environmental Bulletin. 24(2): 498-504.

Yan, X.; Gao, D.; Zhang, F.; Zeng, C.; Xiang, W. & Zhang, M. 2013. Relationships between heavy metal
concentrations in roadside topsoil and distance to road edge based on field observations in the Qinghai-Tibet
Plateau, China. International Journal of Environmental Research and Public Health. 10(3): 762-775.

Yan, G.; Mao, L.; Liu, S.; Mao, Y.; Ye, H.; Huang, T.; Li, F. & Chen, L. 2018. Enrichment and sources of
trace metals in roadside soils in Shanghai, China: a case study of two urban/rural roads. Science of the Total
Environment. 631: 942-950.

Yoon, J.; Cao, X.; Zhou, Q. & Ma, L.Q. 2006. Accumulation of Pb, Cu, and Zn in native plants growing on a
contaminated Florida site. Science of the Total Environment. 368(2-3): 456-464.

Zhai, Y.; Dai, Q.; Jiang, K.; Zhu, Y.; Xu, B.; Peng, C.; Wang, T. & Zeng, G. 2016. Traffic-related heavy
metals uptake by wild plants grow along two main highways in Hunan Province, China: effects of soil


https://scholar.google.com/citations?view_op=view_citation&hl=en&user=P1PZ9IsAAAAJ&cstart=20&pagesize=80&citation_for_view=P1PZ9IsAAAAJ:dshw04ExmUIC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=P1PZ9IsAAAAJ&cstart=20&pagesize=80&citation_for_view=P1PZ9IsAAAAJ:dshw04ExmUIC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=P1PZ9IsAAAAJ&cstart=20&pagesize=80&citation_for_view=P1PZ9IsAAAAJ:0EnyYjriUFMC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=P1PZ9IsAAAAJ&cstart=20&pagesize=80&citation_for_view=P1PZ9IsAAAAJ:0EnyYjriUFMC

VE-Y plowo) 5 juab F7 ool VY Jlw g jou=o sla ik 9 5 YA

factors, accumulation ability, and biological indication potential. Environmental Science and Pollution
Research. 23(13): 13368-13377.

Zhang, H.; Zhang, Y.; Wang, Z.; Ding, M.; Jiang, Y. & Xie, Z. 2016. Traffic-related metal (loid) status and
uptake by dominant plants growing naturally in roadside soils in the Tibetan plateau, China. Science of the
Total Environment. 573: 915-923.

Zhou, D. 2018. Transcriptome analysis reveals the molecular mechanism of hepatic metabolism disorder
caused by chromium poisoning in chickens. Environmental Science and Pollution Research. 25(16): 15411-

15421.



