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ABSTRACT

Introduction and purpose: Nowadays, the use of biomonitoring to determine
air quality is continuously increasing. Heavy metals are of interest among air
pollutants due to their detrimental effects on health. The present study aimed to
biomonitor heavy metals from the ambient air of Ahvaz, Iran, using lichen for six
months from June to December 2019.

Methods: Heavy metals, including arsenic, cadmium, chromium, nickel,
and lead, were adsorbed on lichens cultivated at 26 sampling stations with
residential, industrial and traffic occupancy in the desired locations. For each
sample, cleaning, drying, extraction, and digestion were performed, and then the
concentration of heavy metals was determined by inductively coupled plasma
optical emission spectrometry (ICP-OES) with three repetitions. Afterward, the
data were analyzed using Excel software, and the non-cancer and cancer risk for
adults and children from the ingestion, inhalation, and dermal exposure routes
was calculated and evaluated.

Results: The highest concentrations of heavy metals were recorded in industrial
and then traffic occupancies. The most important heavy metals in the ambient
air in industrial sites were nickel, chromium, and arsenic, with average
concentrations of 141, 87.27, and 103.33 mg/kg DW, respectively. Moreover,
in traffic occupancy, the most important heavy metals in the ambient air were
nickel, chromium, and cadmium with average concentrations of 87.35, 41.24,
and 2.48 mg/kg DW, respectively.

Conclusion: Heavy metals affected by industrial and then traffic activities
indicated a potential carcinogenic risk. The potential carcinogenic risk of heavy
metals for children from the route of exposure to digestion in industrial and traffic
areas of Ahvaz should be considered by the authorities to provide management
solutions and reduce the concentration of pollutants, as well as to reduce the
exposure of residents to these contaminants.

Keywords: Ahvaz, Biomonitoring, Heavy metals, Lichen, Risk assessment

P Citation: Goudarzi Gh, Baboli Z, Khodadadi R, Sohrabi M, Tahmasebi Birgani Y, Babaei AA, Nisi A, Dastoorpoor M, Loppi
S. Risk Analysis Of Atmospheric Heavy Metals In Industrial, Traffic, And Residential Areas Of Ahvaz City. Journal of Health
Research in Community. Summer 2025;11(2): 32-46

Copyright© 2025, Published by Mazandaran University of Medical Sciences. This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International (CC BY)

License (http://creativecommons.org/) which permits unrestricted use, distribution and reproduction in any medium, provided appropriate credit to the original author(s) and the source, provide a link

to the Creative Commons license, and indicate if changes were made.



https://dor.isc.ac/dor/20.1001.1.24236772.1404.11.2.8.4
http://jhc.mazums.ac.ir/article-1-1172-en.html

[ Downloaded from jhc.mazums.ac.ir on 2025-11-04 |

[ DOR: 20.1001.1.24236772.1404.11.2.8.4 ]

JHRC

arols o odlew ludag alas

ey Ulic

S5m0 § Sy (o S (S5 b bl 33 15T (Slgh (pui D3 sas  fudoxs

lgnl e

oS

ol a3l 3 i sy 5 gl ] 98 CuhS s g S Ry Slealizal o5 el HBAR 9 Ao
S50t sk 4 s (D S0y 1 oS g pn S W 4y (K DAl pm (slao T
oslizal b 31 sal g 3137 (515 53 K 6 oty e el ol salllan O Bl o (pios 4 5
A3l o VWAA Jlu 55T L sl 5 Shole tid Sote 4 <K

b (513 2 303 oSt Y9 53 g 5 IG5 08 ppnnal8” ST Joli 8w I3 115 395
.44_3,?9.1?)2;;,yJ,u;);amwéu&fdwﬁé@u,w‘@ﬁwéuéﬂs
I3 Tl o g A plal o 5 ol St (03 S (G3LueST|y Dlkes i gi 2 81
Sy g0 (ICP-MS) LWl sds i slowdly o o (mimihs 3l o3lizal b 5 1S5 b 4w b Ko
St s sla el 5 25 8 15 T 55 5m Excel S jhle 5 3l elizl L lassls aalsl 5.28 8
Sl 5 drlome s ool 5 Glizal ol Gagrsn e 4w 51O S 5 S 55 6l S s
Lds
GMUL.Agsizé‘}f6[&6})‘.{).}QTJ‘&)W&L&!&ﬁJK))&:iQwQUECMa%:lﬁﬁk
e b a8 i3y 6T 05 87 JSG Jols 8 3B 0 Sodas ¢ o 5 )18 53
£35S ¢ JSS 55 SIS 53 ks (5,5 o511 (mgkg WD) 1 ¥/¥Y S AV/YY OFY slac bl
(mg/kg WD) Y/FA 5 FI/YF AV (5 s aoT Clle o be 5 dizils | g o 2 pgonsl8
385557,

(S5 s 0T Sz 5 o Sland 31 3o (Ko I3 487 313 LS 516 o
b e s 51 O3S (ol K DI 50l e st s 150 e 0l s gl
Sl 3,8 513 OV shen 5 3550 L oS Sl g (5550 Slsal gt (S5 5 ks Gl
Vb 3lsal e OUS L gl 3o Olsoe 2l 50 5 Lo VT CBls 2alST ) litens 2 pote (sl )ISal 5
25 gh 2 gema h 308 L 0 g 53 ool Sy 51 S clae iy VT

BIPEPRp IS P PR SR CH FIERC N g IR W i LY

s Lo ke
TRl s

# oobolas &l (&)

T ol daa

'S bbb
bl S e

Y s (’b&”'\"
T mr

by sl

Wl 0y Jae cuilag o a_,; A
Ol Sl Sl [ ls s (K85 ke oKl

i Sblen 5 I Sodl Clids S X
Ol Sl lpl 5 mls gua Sa5 psle sty

éﬁﬁ;f)&&#.@‘}x‘kﬂw‘){qfwa}f A
olp e oler

5 ole by ool (35S 08 F
R RRI PRI P

Wl s L o8l (s psle 558 0

Cuilagy aige 05,5 (b )t e sk 5
) Ol Ol SE5 e RCRCH P PN
Email: Baboliz87@gmail.com
otige 05 8 galalus il T2 103 Jss s it
r}l.: J&Kssls g 0aiils (dame clag
Ol Slsl Gl 5l gue S5
Email: rkhodadadi7712@gmail.com

VEF/F/Y sl s
VEF/8/X0 s sl

fos 03y e erb&!l.x,; (o ST e ¢ oLl ¢l ( S8 o cmlagh tlasms ¢ gl g 40 S S (5355 8t 4
Ol chmnlar 53 oM Sl aloen 31sal g G sSe 5 (SGI5 (s sla (5,8 b bl 55 515 (slgn &K D3l st bows . gilizul ¢ oY

B0 & O,k 5 S50 S is) 5l SS i 5 K Sl

YY-F7 (Y)Y FeF

Aol

S ol sl ol Olsea eSS 1 eslizal

PY-FF ¥ oylad 1) a0 I P F Glinls (Slotislo (S asle 8IS0 woniblug suStily ctaola o ciodaw Slisins ¢las


https://dor.isc.ac/dor/20.1001.1.24236772.1404.11.2.8.4
http://jhc.mazums.ac.ir/article-1-1172-en.html

[ Downloaded from jhc.mazums.ac.ir on 2025-11-04 |

[ DOR: 20.1001.1.24236772.1404.11.2.8.4 ]

S 503 03 S0V 5T 55358 o0 e3lizul Sladlae 31 (65l
S5 SranS s (ST om0 55 (O s 2575
S0 05t (G e 31 5Vl e a5 gk oS
V0] 535 oo a1 ((lanS”
348 s S Ol el ga lao s VT o e 51 SO
(JB 5 Jom (mino L3l Ll Sl b 5 b wbio b
g oo Lo 35l Jend GBS s Ol g 5 (6,5 Oudme
Gl les dox I e O g Sl Ailg o S5 !
s 4 5K Sl s S sloul Gl i s S
5 L;umg&ﬂ 53 sl (S5 Ol ew sl LUl
s (WHO) cilag sl objl s 150b 0 (DNA
SI6 ol 5l s TARC) Ol Sliiss Ml s il 3T
03,5 tp el (S )T il 130U o a3 Jalse Olsiea |,
—A] Lilos S guuaid G wle Izt 6150w b o
Cab ol il 5 o O o 0 gDe Kt Sl ¢ pimman [V
A 2l 48 65 aa b Gl e b Slacs ey S Sles S
cblf:; BLEE T g ulwhlf Lol P Ol il J.«L."«
s s 3 0 4 ol JT (5l 6 5T W
(S o DN O iSOl DB 5 ) dBlalis (65le)
oMl e se (olaw Lilan By o b 5 ol Slais len
4 T ity Ol ol 5 B g o Sl o cS 325 S5 et
So5obb Al e a5 5 5250955 3de YN 5 US 5 Al
conl 2l [VY N AL Bl e L5 eyda) Sl 5 Ol e s
Gk 3 ) 5 a5 (5 bl 5o S D3 o
Ol A8ly Chle 4 glaws bl 4 il - ol s
4 55 Gldl el OT D131 oy 5 25T sl 5o e
OLan 5 s gws 3505 35 353 (S,13 paiged Sl B,
3 Jals Slsal s 1ea laedu VT &8 Wsls Ol (Y4IA)
D] L g s o35 0 (21531 2, CO ,SO, NO,
sls oLis Slsal es 5n (Y2¥) 0L 5 551 0 anllas =B

Js 4 beKdE el G b (ST Sllls s
Sl YU Ul e I b e b S5
5 e DlLd 4 Cawlas (ST 5 a5 Lo YT
bl Sl b g glaetls Olsea (Vb
Lo S oo 15 o3kl 5550 K Sl 4 158 S5 T
Wl 3 ¢S S 3 b s eSS ) eslinal
18 31 bagiten 5 JMed e Sy 1 Lo VT Sl s
Db 53 S DI B (ol S e e L
ol 3550 O gumn |gn (ST 05 5 G050 T
s 5 S e e 51 (36 5 (ST 4 eSS (Y
5 i D o e 6 el e 85 i
238 o ST Sl s LKel 5 LoT slacil
(S A e Gt ST 53 LS (ol 03
o 2 s il Ol 5 Lls ST, Sl S 5 K
G pi 05 s (S 3 Ll g 23 5 gLl a s
TP N P U T P POF- PRI RCINE S INCLCON g [y
035 j4bponis i (ST o ool a5l) 15
o3l 53 e VT maznd o551 Sk S sy > s
S e el Dok L D 5 5 SYsb Sl
eSS b g5 ol Sl szl sl gladle s ¢ ulal oyl
Gblie 3 03 54 dlgn LS Sl sl T, iy, Ol siea
O S ans5 a5 5)5m iy Sladame S 5 xS 4
(dome s 1 eslinal eSS [FV] ol i S 13
b el Olsea (o 53 s se Sl a5
CalS1 5 gy oS ol J s ol S e eslizal
KdE glaws 85148 ol ) b gy S o KnlS
LS oo o3zl g;..ﬂgjjsiijj o3, ol 5 S sbls
Gblie 61 Y pane) s ool Sos 5blia 3 1y s il
Co NS S 54 e plmil (bl )3 Ygams s ool (o AT

03 ol dl 5 sy opl ol @ 8 515 s ST 56

Fr—rf.r oJLa.J N 8y 9d R f‘jmufubd.u&a ‘JSJ/_):’ ‘a‘;‘lc LA rCA.sZ/.lg_l oS il :‘L:.c.h od o ew ;;La:?...u_? 1’5.0


https://dor.isc.ac/dor/20.1001.1.24236772.1404.11.2.8.4
http://jhc.mazums.ac.ir/article-1-1172-en.html

[ Downloaded from jhc.mazums.ac.ir on 2025-11-04 |

[ DOR: 20.1001.1.24236772.1404.11.2.8.4 ]

YO/ SLlKen 5 siousS

6315l Lo 5 oS Kl Sl oslinal b 31sal g 13T (gln
(s il ITAA gl BTV OLT I 0L

Baigei S3lodkl § (59TRee WKl sl
Ol D50 CBIE Gyt 9 mis ST 5
Usnea articulata (L.) el « Kol a1 sl s
el ol sl 8 L ks, aba Y4 5 Hoffm
© ol el Lyl 5 s alie sbaojll s eSS s
P SRU o5 SlaanS 5 0 8 B o B
S o sle /N e plo b 6,8 ol Sie slay )
SanS Ui osls I3 (Wsgedd ags 5 b S )
ol Sl N S ke s a ksl s Sl
&:U'cle.n)'\ SYL e ¥ B Y/ Aol js cldd )b Coua
Sde Sl g 0k 5 gk gas LA Ol 35T 5
o3 gar Slsal Ok gl o 51 olo (22) i 5550 0L
Ko 5 4 5 s 2use U ks Jame o le3T «
o bajT lomme 3 ¢ gleont ol 5 4 525 51 5. 5,8 513
o sn 3 oslizal b G sle 51 (SeudS (glawipes plas
(ol Lo3T Jame 53 o 5 ikl 5 05 e 5 5 S5k
I was oSKas on amas U1 ¢S s KidE o sus
ip 5 Sl sl (05 SOl (05 S 5ad Jorl e 5 ey
ol iz Gl (oo (il o 5 4 b sl
YT Al plosil jne el po 53 0yl gy bl o
S o OS 0 l ae Skl 5 sl Slge el [YF
Sl Hldde s oslizul 3 4 (Merck, Germany) olJT
JSGUCD) 5,8 UCA) pgaslS” ((AS) )T Jali S
ICP-MS o&ews 3l oslizwl b s yos 53 (Pb) o 5 (NI)
AQ/) &S Slasin 3b 5 (Agilentvo.+ ,USA, Y. +Y)
(O ez ) (ome LT Ol 2305 &S5 o Le5T 55 (CQ

IS 53 (S5 4 dol 5 Kls 2818 4 o PM | L gl e o
e L PO VL5 Sl PF B o5 8 (Coner
e glaasl Cpmed L3 gl o Jl V& 5 Y YD Ol 4
5 BB ol Kol e e 53 (119) O, 8en 5 (o
Slsp o ma 53 D538 53 o K S L1500
(Y10) 0L 5 Ghames (5,505 Sin st 53 [VF] 55 03T
Solot 31 3L (6 s 35150 3 Aoy F 350 o8 s S 518
cble oS cl esls Fo S (COPD) 4, (s3luil oyasm
Sl 035y S g 5 085 Ko V0 S s 039 55 S s
&S das o 0L jleal s sdate Olalls o (S sba VO]
5 o35 o il Sl ks 1L s e (slac YT
DAV NF] L5 s B Gl sy Sl
ST lsn K b gy ke ) addlae oyl o
Js w0 Oler sl e T (S Olssa Glaal el
G s Calises gl dex I L o3 S b
Bt 3 S et 5 S S 55 mbo oo 3 o
358 oy g5 Bk 35 5uslS Glacled (S
Ky £35S0 5l s il o Leascnl Sl e oLe
Sl S S iy Bl a4 plies 5 (6513 4 g0 S
5 Sl ot L5 L Calgsn bl eslizd i gal 15T

el s Slsal lsr ChST oy 4 S e
SLRETS

S0 pdiges blai 9 ddllae 3590 ddkaie
e (S5 G L bl Y8 candlas ol s
o S edlimal b5 s Sl sl ed 3 S
ST Gler oK Sljh g ods (Kl il
3 8 e AN Jle 5T B osls = 3l ele Jid Sode

S D3 5 il sadllan saalsl 3 Sl (sadlllae

PY-FF ¥ oylad 1) a0 I P F Glinls (Slotislo (S asle 8IS0 woniblug suStily ctaola o ciodaw Slisins ¢las


https://dor.isc.ac/dor/20.1001.1.24236772.1404.11.2.8.4
http://jhc.mazums.ac.ir/article-1-1172-en.html

[ Downloaded from jhc.mazums.ac.ir on 2025-11-04 |

[ DOR: 20.1001.1.24236772.1404.11.2.8.4 ]

Sl Sl gl e ol oS om0l s Asb e ogline
L;\wkh»@a): hm@gﬂfﬂﬁd\}m):ﬁ.«
ol 4 [YF-YP] s oslizal s Sladllas 31 es 0is oLl 8
S g b 14 Sllas K5 5IBAF Slaie ki
RABLE Y C\j'».:....‘\ (L3 03 S eslatul ST ol en wi..«

258 15 eslial 500 V0 Sl 2S sue dnllla

(58 (i O3 s 5
boagrlse 51 a0 Oludl Gt &Sy candllas opl s

ST e ol s b s g 3 55 g Ko Sl 3l
A2 b5y (US EPA) cdoeie OV Gy o 1 Sl
Jols 35T shsn slaodu VT L 0Ll agrlgn ool s 4w
5 x5 (inhalation) Sliz.l (ingestion) ol
S35, 593 ple duzl 53 . LsL e (dermal absorption)
«(ADD_ing) o Jsls ¢ e 2 G b 51 (ADD) 3L 55
L (ADD_der) sws ks s (ADD_inh) Glacl

JIV-YA] i dnlons ¥ 6 Y SV slee 1 o3l

ADDjy = C+ PETEED ¢ 1076
)
inh RXEFXED
ADD;p, = C # 2

PEFXBWXAT )

SAXAFXABSXEFXED -
—_——x107°

ADDgerma = C* BWxAT (F)

cble Sbomgkg usls LC (F LY SYslae o

il e S Sl s e, S oSl S ol
e\ pole el gl & Sl gy olda oo s ABS
obe AT el /0¥ ST 6l 5 ok w3 8§ i o
Sl 5 555 Y000 130U s ol 5l 5 48T Sl agarl e O
55, Y70 sae 5 ED el oL G b SH0b w8 ole
Y SVslee sle elyl 5 ol oo 503355 o dwlous (Jlu

53 05T 58 Ol e (STl 53 b i
CIN o3 5dmes 5318 O Co w5 alSs 5 2 VY/Y 03 g
d> 5 (LOD) Lasis d> ,slis ..\i;fr;u@;j,g
CAY 5 s 3050 S DI sl (LOQ) s
VAL SF VAR RG-Sy BrIVEL - DRV ER QT WL PPV

STOEY S IN o gt/ /N Jgf-‘./mj././\p;

4 S S b i D8 CLlE pod
AT Slgd cdaké
Glsn s andlas 5,00 K Ol Clile e lie ol
cble sl 5 e p’\( g ge las,lulel b leal i 55T
PSS 0 S ke o ) GG s LS D
CLl 4 5y edeT Cowsay (Mg/kg dw) KelS oo o35
Sl OT ol ol s 358 s 515T (slsn 55 azem— 8
5 35T Gl s oK Sl 4 by e slasllll oS
B el o)y Lisdor Ol ez Sl
e 35T (63 53 o g IS S, T 156 55kl
pg/wﬁp;”ﬂ;lfcaljké.w\.uu\;,wjng/m3
R D3 LBl Js gl el s 518 M
Vo alslae 31 skt pl ol s odd €510 o)lad Jada >

..\.i.s)f ol
ey il s b clie CL W)
BAF =—6“'J J, gmg
i G

XL BAF (Bioaccumulation Factor) dstas ol s

Sy il (R B ) VT ol o
Sl Chle .ol 33T glen 53 0T Chle 4 g V.M.:Jlf)\
Sl 5 b s YU by s 4 beKalS s K
pn 53 oS S CBle 51 iy il oo Ysens (baOT
(S3IT g (o b g5 4 e BAF slie il
candllas 5y5e aibie gles 5 OT iz 5 K8 68

Fr—rf.r oJLa.J N 8y 9d R f‘jmufubd.u&a ‘JSJ/_):’ ‘a‘;‘lc LA rCA.sZ/.lg_l oS il :‘L:.c.h od o ew CJLE:I.EA_.; 1’5.0


https://dor.isc.ac/dor/20.1001.1.24236772.1404.11.2.8.4
http://jhc.mazums.ac.ir/article-1-1172-en.html

[ Downloaded from jhc.mazums.ac.ir on 2025-11-04 |

[ DOR: 20.1001.1.24236772.1404.11.2.8.4 ]

YV/ G LlSaa 5 siousS

[F1 e P e ) A] bl phs oL B ) SYsles 3 a5 sslitwl el s aslie 5 el pd ) g

LS55 OIS 55 A=l iy a5 ol o
V-5 ad Year oo Age
A1) Y- Kg 0% O)9 BW
Y Ry mg cm Clix S AF
s Yo Year azlge Ol e ED

1 <.
.. Voo mg day S R
A Y. m® day' izl &

Y000- Y000- Days Vo0 ool ol s oKl AT\

Y\4- Y0 YSOED st L0 s pe 0l e (uKSbe AR (1 car
VA- VA- Days year! agzlyn sl EF

YA- - N2 cm? day' ovles e SA

V/PEx) o V/PEx) -t m’kg' s sl ey b PEF
Y Y - ENTVR G ABS
ADD oy [“Y—“' ’\I\] g;.w‘ ol 4:‘)‘ \ d)-'\" DL ?
HQger = RFDaer
V)

(Hazard Index) o5 § s o>l

D136 HQ §pnzme 51 (HD s asls A ol 3
Caliben (Glo VT (51 agrln jomns o 2 53 Caliien S
Ly psete ol 8LV > HI lze 4ol 0T o Cos &
ol 5 03y Jsd B Sl 5 b & Ll o
oLl Codlr 28l jae 50 Kby sl Y <HI lue
st S0 e 4 5L

HI =YY H
Zl—l Q (/\)

(Cancer Risk Assessment) Jlbo s jas
oo L (CR) 150w b dj0b w ole ol
ol e b o e 53 (ADD) 8L ys 4ljs, 5o
obie 35 e ol A dslee ulal , SF) K ol
el ok &1 ¥ Jgder 5 56 8 6l SF) iy
WHO 5 EPA sl 16l 3 0l o st J5 16 oo

(Hazard Quotient) Sl s ué jas b 35!
Gtmlons 51 s 5 ) il 5 syl cul o bl
sy HQ) b, ks (ADD) U ,s «ljy, 9o
o3l b (g o3 5 Glaztel k) aglpe s 4w 2
e 533 (US EPA, Y141) s lons V 10 S¥skas
Cds ldis ST « mgkg.day a1y LREDo)
s gl s s e O 1 OLl jes sk s jlee 413,
S350 93 o 0k BUIY g 55 cagrlga e 5 S0
&Sl OT (godasolis AR HQ< jluis 5
st HQZ Y 15 col (ot LB Sl b o
IFF XY YA ] il e agrlge ialS SLelsl 4 5L S
Sl oled Sl 5 agxlsn s o ) REDo sl

ol 0 B Y T 53 candllan 350 Ko

. __ ADDing
HQITI-Q - RfDing (a)
_ ADDinp
HQinh - RfDinn )

PY-FF ¥ oylad 1) a0 I P F Glinls (Slotislo (S asle 8IS0 woniblug suStily ctaola o ciodaw Slisins ¢las


https://dor.isc.ac/dor/20.1001.1.24236772.1404.11.2.8.4
http://jhc.mazums.ac.ir/article-1-1172-en.html

[ Downloaded from jhc.mazums.ac.ir on 2025-11-04 |

[ DOR: 20.1001.1.24236772.1404.11.2.8.4 ]

O Sy (2Lo0) 5 158 G @l e G3/YA

IO paw jb3 § duslre 10 SF cads ol pud polie ¥ Jgoz
(Ve VAL pafitan ol 305

Pb Ni Cr  Cd  As 5.0
LZARE REANVVA ST PR 74 KF S RN JA SR VI A ER “F:

S CBle dsl o s oS5 sbOles il e ps S 5 ST
cé:é‘jM}‘é)‘bﬂdﬂbwéwjéﬁ}rj;wi;w
CLE i A DB a5 VL e 5 S
035 gxo &) 3 e Sleal gd 3T glem o Ko S
SV St ez Sl s gl Mo o 23 8 s 05 o
Ll 5 enl e 33T (glem S Sl 1o il 55 1y i i
Sl b o (68 031 S S ke gl

534S Y dslae alal 53T (glen Chle & OT b 5 (s
o315 OLES O Jsd 3 S 5 bolen 5 i osls c..;é}:)l{di”
030318 cps S ST ke 08 8 4 O o (Lol 0
il o 33T (glsn Sl = 1 5YL s Gble s S s
5 SB5  re )8 53 JSS 5 s S hle imes

- TET.  PUN P S P W

S 9 Sy D151 (Sb5
S 8 elul 1y (HQ) Jlas Co e ) o leis S

SIS p 905 Ciliseo bl (slod puSiuw Ol pd Cbile (1S5l :0 J9s
3 lastuwl b MLM 9 6,{)‘5 &y L)"L"")‘:'

RYRY W
Olpl Lo e Sl
Oljlwy  (Fofme  (Jao (SIS sely i Sl
S lsa

Cudlage
5 Y/SA YO/M v/or  ngm’ As
o SNY O ay/sy $/Y.  ngm? Cd
RN R /XY Y. ug.m? Cr
Y- YV/-¥  vav/a-  Yiary  ngam’ Ni
/0 oo ¥ /eeS /.. q pgm?® Pb

OLBHQ b Cami Lol $lr @z re 9> polis ¥ Jgax

[Fe)8] oS

RFD -

Gwgy s il pane 2l e g S8
VAT AR R ¥yt As
Yx) .0 yx) .t Px) .t Cd
x| . Y/ASx\ - Fxy. T Cr
O/F - x\ . Y/esx) T Yy Ni
o/Y0x) - ¥/ovx) . Fxy T Pb

o o as Ol CRS VXY e 7 i 08 o iy 5 Oy sem ol @0
Az b el Gl s CR = VXY 1500 5 s 0 53l
o b Jpd b6 laie L CR= VXV o™y Jleosl Lo g2
IFF ATl oS o5l
@)

CR = LADD = sf

adl

CRl” CLlT1 8 (Slddiges 1o e O35 cdald
53 ok (6, S ojll K Sl SKle ke ¥ Jsds
sbOler s o 0L (6 )5 £ 5 SIS @ 1y il bl
SIS 4 by o 8 DI LBl o 2 5 55 0 oalie oS
Ls o sme 608 5o SBLE 4 i romen AL e sxio
Ly o (S5 5 oS 8 53 5 S 5 ST eps S

St il 3 03 §pS0ilnl peiw Il CBle F Jgaz

(mg/kg, wd) KudS

Mean+SD 35 i Sl

e o Sl SoudS” 2L,
V/- V£ /04 Ve /PYES /YO VAEVNY As
/oYY Y/AOE-/0- Y/EAL-/F5 Cd
MASEV/SA  AY/YVEY/EY  FV/YEEV/A- Cr
Vo /AVES/AA VEA/-EVOA AV/POEV/Y Ni
NEVVY. O Y/MAERVY/SY L /YSEIANG Pb

Fr—rf.r oJLa.JD N 8y 9d R f‘jL}:“uLT:UDJJ_)La ‘JSJ/_):’ r«J.lc LA rCA.sZ/.lg_u oS il (w'h od o ew C;LE:I.SAJ 1’5.0


https://dor.isc.ac/dor/20.1001.1.24236772.1404.11.2.8.4
http://jhc.mazums.ac.ir/article-1-1172-en.html

[ Downloaded from jhc.mazums.ac.ir on 2025-11-04 |

[ DOR: 20.1001.1.24236772.1404.11.2.8.4 ]

YA/ GLlSas 5 siousS

0.50
0.40
0.30
0.20
0.10
0.00 l l _.. W
As cd cr Ni
LSS

Pb

. . _ ___ _Ha
As  cd cr Ni  Pb

SLE

e A

WS B Seie WS

G=lge puanno dw jl YLl )50 9 S35 ciww (505U 95 3 Calie Sl IS 3 S D138 (510 23 e (HQ) jhas s 1) JSi

Lib oo etie oS sbOles Wlazils st Cod i1 s
D 5 e S0 & by ST chle o i

il n (SO e 5 e S 4 b e e bl

gl sn s dw p (HID) ezl i ¥ ojles S
o3k 33 53 (SB35 5 G5Sme ¢ gmto S 8 ol 1
S das g OLE s das e Ol JLE 5 5 S5 S e
SS S gmio 50 aw a3 (HD rem sl
D5 7S IS 55 5 858 o o3k 33 03 5 S5
Slp K DIl ke 4 Ly a1 psghe 5 AL o
JS s 53 )18 o mblig e 1 0Ll oDl g5 515T

0.50

0.40

0.30

0.20

0.00 II dow _I_ s

LS )5 585555 503k 33 55 S5 5 5 oKwn (st
2345 a3 o OLES gl s e LS Uil 8 36 6
L;)\gﬁa,gbwcwj;wi;wglﬁ Chad Gl ot S
SIS 55 588558 s (503l 53 53 5 ks Slacs 1,187 L
pde Sy 5035 031 a8 gy 5 BLimal (odh s
Bl e 1 (SEle (e S
S, el HHQ s s Hldin ¥ ojlads K
QU8 )5 568358 503k 53 53 (S5 5 (5 5Sn ¢ oo
das o Ol s s ga OLE JUES] (Sla e £ sz (S
2 5 eay F 5 OS5 S0 b o S

bﬁcﬁ%gﬂ)éﬁ&w)T&:i;w}é@dUt{J’f

As Cd Cr Ni Pb As Cd Cr Ni Pb As Cd Cr Ni Pb As Cd Cr Ni Pb|As Cd Cr Ni Pb As Cd Cr Ni Pb

O LY Ao --‘_:"_i_,-_',-f-

5 CE NS

S man | L NE .
B A

i g S e GULE 5

BSOS BTl B S5

JUS )30 9 355 i (595 95 > Cilidee Sags p IS 13 ¢yuSiow I3 (51 5238 dwlone (HQ) yhs canunss :F JSib

PY-FF ¥ oylad 1) a0 I P F Glinls (Slotislo (S asle 8IS0 woniblug suStily ctaola o ciodaw Slisins ¢las


https://dor.isc.ac/dor/20.1001.1.24236772.1404.11.2.8.4
http://jhc.mazums.ac.ir/article-1-1172-en.html

O Sy (20N 5 15 0w @Bl s Lis/Y-

1.00

0.80

0.60

040

0.20
0.00 [

N o
5

WISE
e B ebe WSS
JUS 529 S355 (g 50L 93 03 (S 9 (F9Sume ¢ 2o SIS polwl i 42 lge s 4w 2 (HI) (gm0 b5 JSb

ooal 9 () SUhs ((5) SU b 09dll (s93930 bl g (CR) oW pao b5 x5 g

(S35 o Sl O O3 2O s Sy

[ Downloaded from jhc.mazums.ac.ir on 2025-11-04 |

Y/ 0x) .0 #3614 AXY - 51/40x) - As

S/ fx) .0 Y/ AVx) - s V/Fexy T Cd

HY/0x) -0 SeHY/ Yx) T s /Y x ) T Cr O 558
#4/FAXY - #4/YAX) 2 #O/FEx) 2 Ni

E/VEXN /5 .2 #Y/YYRY O Pb

2F/$ )7 2P /PEx) .0 2F/¥Ex) .7 As

YV ex) 2Y/YOx) - 21 /Fax) .0 Cd

SY/5Ex -7 AR s\ /vox) T Cr OIS, 5
4/AOXY - #4/5Ex) #0/55x\ 7 Ni

F/a0x) - #E/AAXY - YV x) Pb

SY/YSx) .0 sV VA T S#Y/\Ex) .0 As

#Y/voxy .0 sy /vTaxy T %361 /OAXY T Cd

SV/AOXY -0 ey /Yrx) T sese) /Frxy T Cr P
S/ Fx) 2 A I $/0x) .0 Ni
20/VOx\ 7 o/1Yx) Y/EEx) .0 Pb

VX)L VAsxY A VX)L As

V/¥ax) V/PYx) AJEAx) Cd

Y/egx) ot V/1ax) . Y/$0x) - Cr Bl
0/0YxY - o/Fox) - ¥/ ) Ni

Y/A-x) Y/VEx) VY ex) Pb
HY/0Vx\ 7 SY/FYX) .0 SY/PAX) As

$/0Fx) A F/5ex) ¥/ A Y Cd

Y/orx\ - #E/PEX) 7 SV/A-x) -7 Cr .
Y/oEx) A V/44x) .Y VAVx) Y Ni

Ve Yx) - Ve Ax) Y F/VYx) Pb

[ DOR: 20.1001.1.24236772.1404.11.2.8.4 ]

FrY—rf .oy oJLa.i/ N 8y 9d R f‘jmu:‘jbm_)b 4,&5‘:’.):’ ﬁ\}.[c LA rCA.sZ/.lg_u LA ] ‘w.h od o ew QLE“ﬁ;J ‘L.ho


https://dor.isc.ac/dor/20.1001.1.24236772.1404.11.2.8.4
http://jhc.mazums.ac.ir/article-1-1172-en.html

[ Downloaded from jhc.mazums.ac.ir on 2025-11-04 |

[ DOR: 20.1001.1.24236772.1404.11.2.8.4 ]

N/ OLlKea 5 siousS

it 15 ok jhie Sl S AT 4 s o i p guaslS”
Sl rzmen (SO 0 S (gSledl ) Dbl )8 Sl
Lyl Jle s 8 5 CIe sb gy 36 5 VT T 5L
Sl s a8 3 ps S Chle [FV] AsL wils
gle srie S Sl L WIS S 0 Y G
(35 sl gmio S i Sl Sl uman 5 5V 5 5 8T
Lo g SYL palie man 5 8L ailate (Sl 5 s a8
b adlete IS o0y ST i (ol goee Js 4 p il al
Sl 28 p 50 dites Sladllae &7 Sl S34505Y [FA]
Ll S ASTG 0557 Sl )3 4l s S35 055 4 Sl
PIIRETE ple & ST sl G VL ke [0 R4
L;L&Jﬂ)\f&.lja-b&j‘é}@‘a&a:bwéb&y
SV okl il 5l (S5 Ol e 67 035 3Y 58 aio s S
CLle ¢l ol [OY OV ] 355 s oslinul 656 Y gyl
S S 5 3V b o 1 STe Slaal gl 3T gles S
3Ll 53 sl s 5K Gble Syl 53 S 03 5K 5
Sbte Kos e (ST ol sl 5 o8 Sl sl 5n

b el g s Ghle alor

o SN Gy e S 3 b
sl gl (HQ) ot Co o8 s o 0L ) S s
Caleien (lacs )15 b (51 i ged Bl 4l s K S5l
4l 3n oms a 51dLS 55 5 TS s 0g 8 53 a5
el el 035 (V) e Sl S gy Ol s Blazal el
5T g 53 oK Sl Chile o ol OT Sy 3050
Sy st 55 BB e 5T (615 14 g 03l b S sal g
O F St BB w53 G e b sl Ol
LHQ ,slie 50 Sladlas ple ¢ tags opl @l:;l{&Uu 3,ls
Llos S S Sl do 1 1S OVLE 5 5 08558 (4l
Y LY DAL Wlesls Ol OLS L Codw (6 5 (ko ol 5L

A2 o J g8 LB S 2
ol 5 15 (CR) 150 e st lis # ojled st
S5 8 n (503 93 53 (S5 5 G sSms (gmino Slas
S 5sb0les ns oo DU gl s s 2 (sl JLE 5
Seal sl o SKw Sl S50k s AsL e asete
s Sodgtoms Sl FESL ks QT3S e (gessdns
agrlsn s 53 2500 e st oy ity 5 ABL e OVLE

Aib o (g e s b
/ - .
&S dnii 5 Lo

OF (bl 9 (i O3l Ll
;5 U-articulata ¢Ked8 55 jole cilil by, awlis
e s £ 55 suate ol Sl mbs b sl asdlls
ol s Sl Ol oy A il slak £ 5 Sl
Jod> @Lﬁ [Fr-¥o] cals Calee Sldlas ple 53 OlaS
4 by e K Sl clale o 2h das e 0L O 5 F
5 il o 6 s JSG s ST S K
3 IS a b S5 G s > Sl o i
Olllan s s b Gilae ol (sanlllas gl L3l o o3 S
b e e Sl a8 I W ke
o DI YU s 8 Wiz O Kby 5 Lol 15
e Sl dar Sl Gl b s bgy o 158 53 55 50
Chle b oK Sl 5 [P FF L Y 8 N Y]
Lo ol Sn JSG 5 o 028K JT‘(ﬁ;*uL‘YLI’L::“J
5 @oblis sadllan mls [FF] Bl ails egme gmio
Y 6l S mis dibate 55 8 55 0T b (Y4 YF) O, Kes
20 it 5 L )sT B il L S d Ok
o@m{;ﬁ;L;u;gT,ﬂ};-&T@ud\ﬂu{,mbgs)\
Clle [Y0] sl e el glen o Siw Sl 6 L ol pe

PY-FF ¥ oylad 1) a0 I P F Glinls (Slotislo (S asle 8IS0 woniblug suStily ctaola o ciodaw Slisins ¢las


https://dor.isc.ac/dor/20.1001.1.24236772.1404.11.2.8.4
http://jhc.mazums.ac.ir/article-1-1172-en.html

[ Downloaded from jhc.mazums.ac.ir on 2025-11-04 |

[ DOR: 20.1001.1.24236772.1404.11.2.8.4 ]

LY sl oo (V) 5l S

O D16 (20 pw o (20551 ki

(el 0 5 0 Jsdr 53 48 odaT Sz 4 ol 3
s o 3 ok agxlsn e 53 210 b o 2l
God3doen 35 p3lie sled ekl (Gaglge s 3 L LEL oo
Gl S Ao ol e s pomen s el
s (03 9we (I FESTU last (OS5 ST i (G0 5dmee 3l gal
@30 e o i 51 & 6 o 5 e il e OVLE
5 Syl 5 psS ipsedlS O3S g godsdoms )
S eomen AL o0 (’5; OYL?)J',: e (S0l )3
oS 3 gl i Sl gl oK Sl S50
Al (SIS e 5 e

30555 cosndlS K Sl ot Twmsay uls bl
(xo Ghla S glams 3 03 9 Slaal g (slam s ST
O 558 Lsd oo O guims OLS L S (5 (Sl S lidgs
3 2500w ot o 5V 5 e 3 i Sl s
slowl )3 e B LIS a s (158 (S5 I ez )3 5 il
2 L alis [0F FF] A8 ) OLT (sl S5 ogllaab Ll 5
S, BAYAY OLT 51 a8 0LSKes 5 (galslis canfllas oy
Seal 33T lps oK Sl Gl Sl ) 4 ITAA
Sy Tl 150U o Jlast oS Likows y a0 Lz s
Fos o gl (Godgdzme 53 O3S ol sae GbLa 5365 S
Calien Slallas 3 o5 S 5 &St T 2150 [Y+] 5,0 13
Gl S jele pl Jl WS pslie g Gl odd WU
JENES Ly il 5 oo 55 o Ol Oty 3515 il (5o e
(Y19) O 5 o [OV FOJL 52 Sl s g3l (gl b
025 38l 03 038 Sl s b 55 8 1 55
56355 3 A 250W s 05l S ot 313 OLE s 5 s S
D]l 03 a5 BB ano Gblie yo JSG

S el ol ABL e a5 3550 Yo ) IS 53 4T Ll [0V
5 Pl n Sl e S K DI s o
S Lol ropen Ao 65V sl 3le s sy
gl il 855 OVLE 154 S D358 5 aly s
035 yhe OYLE )5 51 O35S st o &5 das e 0L
i e 3 ST 5 e o3l 53 a3 s
Sy IS b oy lezbls st ok 31y 2
g’}*’“‘ Ol pl 53 6 ,es0S bl (gl 5 oddos) s ildg
ks o mn 53 BN Sl kb ST I Sl
casdllas pl Glaasl b pllas o3)lge mi 53 5 Sl STU b
ol bl (b pme 53 B F N F I s Ol 4 o s
)L;,gjfjsucqn;wmgéaw [OF Y ]
ol ol Slaj o3 885 55 35 S o ol oy VT (651
L;Lawycﬁaédgﬁmjbébsﬁq&‘p:c&ﬂjt{é@\
ot 03 15 ABlgn dly s D3 Fpmws ez 3 (Sliiad
gl 03,55 G b 3l lesits ks Jaoms sl S3 T s
Lo dT sdalal O ) GoaslaS OV sames 5 Lalde
b 535 w3 JTeS b b, S oles Gy b 3l paitans b ol
S das e 0l ¥ S =W [00] das s ) sk plu s
S5 ¢ gree $ 05 a5 (HD e bl
D5 2eS IS 55 5 &S5 w503k 33 03 5 555K s
L;lﬁ&:é.ﬂguu;ms,uu)@b“@w,up@
S 5 38 o g e 31 0Lt (2o (555 515T
Ol Cadls (250U o (razs ozt li i 51 o llaal
56508 sedlan cadllan ol s L Gillae LS oa sl
250l e 5 o500 Sy o 2 03 (Y OIAO,Ken
stalin laal 20N clgn 55 PM| s oK oljl
DA dzn o e 51 5ol HI s HQ # sl o8 55 5
Sl a8 515 OLas (Y YF) 0,8 5 (glalds (gantllas ¢ uimean

3 b b 3 5haal 3T glan K Sl Sl s

Fr—rf.r oJLa.J N 8y 9d R f‘jmufubd.u&a ‘JSJ/_):’ ‘a‘;‘lc LA rCA.sZ/.lg_l oS il :‘L:.c.h od o ew ;;La:?...u_? 1’5.0


https://dor.isc.ac/dor/20.1001.1.24236772.1404.11.2.8.4
http://jhc.mazums.ac.ir/article-1-1172-en.html

[ Downloaded from jhc.mazums.ac.ir on 2025-11-04 |

[ DOR: 20.1001.1.24236772.1404.11.2.8.4 ]

YY/ OLKea 5 siousS

Ll o Jbo Colas Sl gal ) 0l gk
@l )3 3l

Sl s g g able sLaS
O hiy § S Lo

) e dezea g 6))3}? Lo e (gslslus I»lc})

By Jaw g e gl s 555 L3S (b |5 adlllae
Cupde 503585 Lo ehe it plail b s solslus
3y el 5 (S13 paped ¢ omlid gy (Ol g €1 o5
S\ e 5 S8 rrlogh el (AL 5 s sdge
s g m e L2y Bedls Jlos 5 6)sT e e UL
LLOT 5ol ey gl 2 o f) slitel 5 s (B8l
(sap s e g e O iy 5 alad 5 ST otz

S <ol

S, sl o8l bty 5 b ol b aalllas oyl

(ormpan A8 plosl (APRD-AMY o )Les) 5lal ) Lo gt
Sy pole onils G ST I ras GO 4dnl
IRUMARECAYAAAF) 551 08 | jlal o s

s 8 sl s
L 6sld (o pd

U&A J}imﬁ OM‘}J L: g\}s@ aosls D (oD e

s

- Sl gl o 8 Sosls 5y Sl Come
Ll e Daddy 53 = smo SeS gh 5 DY B wlo o5
30 adkate 53 150 w0 sl Jlas 5 g 5l (Glodias yllin wlis
&S jleal SN B Lo .l 5385 gw )y p kel 4ST ASL anlllas
0235 53 G e e ok Bl g8 g i
conl s L [OF PP 555 0 slad a lgn 4s S Sl i)
e Dlilie Sl (655,20 el VT () et L g
oS4 pe plis 5 oks BT s 50 Comdy 4 o
g fie RS sl
) il sl eks il KadE ol anllle o
Olgea Gloal g 53 LOT S Ol i 5 K Sl clale
CLle o i sl ol o3lizal Olgar (sla g o Fo3 T 51 LSS
e 3 e S L ol g Bl s Ko
Sl oS DA b b o S etalie S35
ol el 4 5 5 st 3 g2 5 ke odas Ol 5350V 31 S S
08757 (6l JSG 5 S Teps S e 538 250U o ot
2351580 53 (K315 e 5 srio Slas 58 s 0594 ok e
(bl | SIS ol 55 g0 1Al o 0 4l ot (03 guloen
sl 51 st Ko ol Las) e 2l (sl st
DLt Lol .55 8 il jlsnl g8 53 (S5 5 (mio Calibus
Sk Ol 6l el s Kol &G S8 s
3 Rl Bl 25t Sl 5 Bl o S S SIS
oslatul (g ,ed Gble 53 Gewn u;‘Ji’ Claasl 5 55 158 ;:}JT
4 S 40 40 05 e 5 (353 tmlie 2 Kol oS5 635

il o 685 lie 5Ty claodn VT il sla bs, pla
uj‘))-’é

L sslalst bl #5557 aboLl w8, e oyl
Sy psle oKails bwg S ol APRD-AAVY oo

PY-FF ¥ oylad 1) a0 I P F Glinls (Slotislo (S asle 8IS0 woniblug suStily ctaola o ciodaw Slisins ¢las


https://dor.isc.ac/dor/20.1001.1.24236772.1404.11.2.8.4
http://jhc.mazums.ac.ir/article-1-1172-en.html

[ Downloaded from jhc.mazums.ac.ir on 2025-11-04 |

[ DOR: 20.1001.1.24236772.1404.11.2.8.4 ]

O Sy (20N 5 15 0w GGl G L3a/YY

References

1. Abas A. A systematic review on biomonitoring
using lichen as the biological indicator: A decade
of practices, progress and challenges. Ecol Indicat.
2021;121:107197.

2. Varrica D, Lo Medico F, Alaimo MG. Air quality
assessment by the determination of trace elements
in lichens (Xanthoria calcicola) in an industrial
area (Sicily, Italy). Int J Environ Res Public Health.
2022;19(15):9746.

3. Brunialti G, Frati L. Biomonitoring with lichens and
mosses in forests. MDPI; 2023;14(11):2265.

4. Paoli L, Bandoni E, Sanita Di Toppi L. Lichens and
mosses as biomonitors of indoor pollution. Biology.
2023;12(9):1248.

5. Petrova S, Yurukova L, Velcheva 1. Lichen bags as a
biomonitoring technique in an urban area. Appl Ecol
Environ Res. 2015;13(4):915-23.

6. Caggiano R, Trippetta S, Sabia S. Assessment of
atmospheric trace element concentrations by lichen-
bag near an oil/gas pre-treatment plant in the Agri
Valley (southern Italy). Nat Hazard Earth Sys Sci.
2015;15(2):325-33.

7. Adamo P, Bargagli R, Giordano S, Modenesi P,
Monaci F, Pittao E, et al. Natural and pre-treatments
induced variability in the chemical composition and
morphology of lichens and mosses selected for active
monitoring of airborne elements. Environ Pollut.
2008;152(1):11-9.

8. Turner MC, Cogliano V, Guyton K, Madia F, Straif
K, Ward EM, et al. Research recommendations
for selected IARC-classified agents: impact
and lessons learned. Environ Health Perspect.
2023;131(10):105001.

9. Cardoso E, Librelotto L, Bandini V. IRIS. 2023.

10. Jafari K, Ghalhari MR, Hayati R, Baboli Z, Zeider
K, Ramirez-Andreotta MD, et al. Using date
palm (Phoenix dactylifera L.) as bio-monitors of
environmental quality for exposure assessment
and pollution source tracking. Atmos Environ.
2023;313:120055.

11.Kong S, Lu B, Ji Y, Zhao X, Chen L, Li Z, et al.
Levels, risk assessment and sources of PM 10 fraction
heavy metals in four types of dust from a coal-based
city. Microchem J. 2011;98(2):280-90.

12. Salih Z, Aziz F. Heavy metal accumulation in dust
and workers’ scalp hair as a bioindicator for air

pollution from a steel factory. Polish J Environ Stud.
2020;29(2):1805-13.

13. Dastoorpoor M, Khanjani N, Bahrampour A,
Goudarzi G, Aghababaeian H, Idani E. Short-term
effects of air pollution on respiratory mortality in
Ahvaz, Iran. Medical journal of the Islamic Republic
of Iran. 2018;32:30.

14.Neisi A, Goudarzi G, Akbar Babaei A, Vosoughi
M, Hashemzadeh H, Naimabadi A, et al. Study of
heavy metal levels in indoor dust and their health risk
assessment in children of Ahvaz city, Iran. Toxin Rev.
2016;35(1-2):16-23.

15. Mohammadi MJ, Godini H, Khak MT, Daryanoosh
SM, Dobaradaran S, Goudarzi G. An association
between air quality and COPD in Ahvaz, Iran.
Jundishapur J Chronic Dis Care. 2015;4(1):e26621.

16. Goudarzi G, Baboli Z, Moslemnia M, Tobekhak
M, Tahmasebi Birgani Y, Neisi A, et al. Assessment
of incremental lifetime cancer risks of ambient air
PM10-bound PAHs in oil-rich cities of Iran. J Environ
Health Sci Eng. 2021;19(1):319-30.

17. Moradi M, Hadei M, Yazdani M, Goudarzi M, Baboli
Z, Tahmasebi Birgani Y, et al. Effect of long-term
exposure to PM2. 5 on years of life lost in a populated
Middle Eastern city. Environ eochem Health.
2021;43(8):3229-35.

18. Goudarzi G, Alavi N, Geravandi S, Idani E, Behrooz
HRA, Babaei AA, et al. Health risk assessment on
human exposed to heavy metals in the ambient air
PM10 in Ahvaz, Southwest Iran. Int J Biometeorol.
2018;62(6):1075-83.

19.Maleki H, Goudarzi G, Baboli Z, Khodadadi R,
Yazdani M, Babaei AA, et al. Temporal profiles of
ambient air pollutants and associated health outcomes
in two polluted cities of the Middle East. J Environ
Health Sci Eng. 2022;20(1):347-61.

20. Khodadadi R, Sohrabi M, Loppi S, Tahmasebi Birgani
Y, Babaei AA, Neisi A, et al. Atmospheric pollution
by potentially toxic elements: Measurement and risk
assessment using lichen transplants. Int J Environ
Health Res. 2024;34(3):1270-83.

21.De La Cruz ARH, De La Cruz JKH, Tolentino DA,
Gioda A. Trace element biomonitoring in the Peruvian
andes metropolitan region using Flavoparmelia
caperata lichen. Chemosphere. 2018;210:849-58.

22. Garty J. Biomonitoring heavy metal pollution with

Fr—rf.r oJLa.JD N 8y 9d R f‘jL}:“uLT:UDJJ_)La ‘JSJ/_):’ r«J.lc LA rCA.sZ/.lg_u oS il (w'h od o ew C;LE:I.SAJ 1’5.0


https://dor.isc.ac/dor/20.1001.1.24236772.1404.11.2.8.4
http://jhc.mazums.ac.ir/article-1-1172-en.html

[ Downloaded from jhc.mazums.ac.ir on 2025-11-04 |

[ DOR: 20.1001.1.24236772.1404.11.2.8.4 ]

YO/ GLSas 5 siisS

lichens. In: Protocols in lichenology: Springer;
2002:458-82.

23.Kranner I, Beckett R, Hochman A, Nash Iii TH.
Desiccation-tolerance in lichens: a review. Bryol.
2008;111(4):576-93.

24. Agarwal S, Albeshr MF, Mahboobb S, Atique U,
Pramanick P, Mitra A. Bioaccumulation Factor
(BAF) of heavy metals in green seaweed to assess
the phytoremediation potential. J King Saud Uni Sci.
2022;34(5):102078.

25. Cobanoglu G, Kaan T. Biomonitoring of atmospheric
heavy metals in native lichen Xanthoria parietina
around Salda Lake (Burdur—Turkey), a special
environmental protection area. Air Qual Atmos
Health. 2024;17(12):2789-800.

26. Dziurowicz P, Fatlowska P, Waszkiewicz K, Kaminski
A, Nicia P, Zadrozny P, et al. Metal bioaccumulation
and physiological responses of Arctic lichens
under climate change and pollution. Ecol Indicat.
2025;178:113959.

27.Khare S, Latifi H, Khare S. Vegetation growth analysis
of UNESCO World Heritage Hyrcanian forests using
multi-sensor optical remote sensing data. Remote
Sens. 2021;13(19):3965.

28. Mohammadyan M, Naderi H, Mousavinasab SN,
Rafiei A, Dasturani M. Health risk assessment of
occupational exposure to BTEX in the painting unit
of a bicycle industry in Quchan, Iran. J Health Res
Commun. 2020;6(3):43-54.

29.Nezamodini Z, Jafari B, Sari H, Jazayeri SA.
Hazard identification and risk assessment using
hazard analysis method in facilities zone of a steel
industry in Khuzestan, Iran. J Health Res Commun.
2020;6(3):33-42.

30. Behrooz RD, Kaskaoutis D, Grivas G, Mihalopoulos
N. Human health risk assessment for toxic elements
in the extreme ambient dust conditions observed in
Sistan, Iran. Chemos. 2021;262:127835.

31. Ghanavati N, Nazarpour A, De Vivo B. Ecological
and human health risk assessment of toxic metals in
street dusts and surface soils in Ahvaz, Iran. Environ
Geochem Health. 2019;41(2):875-91.

32. Tabatabaei Z, Baghapour MA, Hoseini M,
Shamsedini N. Carcinogenic and non-carcinogenic
risk assessment of exposure of housewives to volatile
organic compounds (benzene, toluene, ethylbenzene,
and xylenes) in the indoor air of houses. J Health Res
Commun. 2021;6(4):51-62.

33. Mohammadian M, Babanezhad E, Esfandiari Y,
Ramzani S. Concentration evaluation and health risk

assessment of welders’ exposure to total fumes and
manganese during welding at metal industry. ] H Res
Commun. 2020;5(4):45-56.

34.Zhaoyong Z, Xiaodong Y, Simay Z, Mohammed A.
Health risk evaluation of heavy metals in green land
soils from urban parks in Urumgqi, Northwest China.
Environ Sci Pollut Res. 2018;25(5):4459-73.

35.Garty J. Biomonitoring atmospheric heavy metals
with lichens: theory and application. Critic rev Plant
Sci. 2001;20(4):309-71.

36.Klos A, Ziembik Z, Rajfur M, Dothanczuk-Srodka A,
Bochenek Z, Bjerke JW, et al. Using moss and lichens
in biomonitoring of heavy-metal contamination of
forest areas in southern and north-eastern Poland. Sci
Total Environ. 2018;627:438-49.

37.Paoli L, Vannini A, Monaci F, Loppi S. Competition
between heavy metal ions for binding sites in lichens:
Implications for biomonitoring studies. Chemos.
2018;199:655-60.

38.Demkova L, Bobul’ska L, Arvay J, Jezny T, Ducsay
L. Biomonitoring of heavy metals contamination
by mosses and lichens around Slovinky tailing
pond (Slovakia). J Environ Sci Health, Part A.
2017;52(1):30-6.

39.Salo H, Bu¢ko MS, Vaahtovuo E, Limo J, Mékinen
J, Pesonen LJ. Biomonitoring of air pollution in SW
Finland by magnetic and chemical measurements
of moss bags and lichens. J Geochem Explor.
2012;115:69-81.

40. Ataabadi M, Hoodaji M, Najafi P. Biomonitoring of
some heavy metal contaminations from a steel plant
by above ground plants tissue. African J Biotechnol.
2011;10(20):4127-32.

41.KiliC DD. Investigation of heavy metal accumulation
and biomonitoring of Calepina irregularis species
growing in Amasya (Turkey) province. Anatolian J
Botany. 2013;3(2):44-50.

42. Alaqouri HaA, Genc CO, Aricak B, Kuzmina N,
Menshikov S, Cetin M. The possibility of using
scots pine needles as biomonitor in determination of
heavy metal accumulation. Environ Sci Pollut Res.
2020;27(16):20273-80.

43.Fang T, Jiang T, Yang K, Li J, Liang Y, Zhao X, et
al. Biomonitoring of heavy metal contamination
with roadside trees from metropolitan area of Hefei,
China. Environ Monit Assess. 2021;193(3):151.

44 Narsimha A. Heavy metals pollution assessment and
its associated human health risk evaluation of urban
soils from Indian cities: a review. Environ Geochem
Health. 2020;42(1):173-90.

PY-FF ¥ oylad 1) a0 I P F Glinls (Slotislo (S asle 8IS0 woniblug suStily ctaola o ciodaw Slisins ¢las


https://dor.isc.ac/dor/20.1001.1.24236772.1404.11.2.8.4
http://jhc.mazums.ac.ir/article-1-1172-en.html

[ Downloaded from jhc.mazums.ac.ir on 2025-11-04 |

[ DOR: 20.1001.1.24236772.1404.11.2.8.4 ]

O Sy (2Loo) 5 15 0w SIBB Gw L3a/YF

45.Balali-Mood M, Naseri K, Tahergorabi Z, Khazdair
MR, Sadeghi M. Toxic mechanisms of five heavy
metals: mercury, lead, chromium, cadmium, and
arsenic. Front Pharmacol. 2021;12:643972.

46. Urrutia-Goyes R, Hernandez N, Carrillo-Gamboa
O, Nigam K, Ornelas-Soto N. Street dust from a
heavily-populated and industrialized city: Evaluation
of spatial distribution, origins, pollution, ecological
risks and human health repercussions. Ecotoxicol
Environ Safety. 2018;159:198-204.

47.Li Z, Feng X, Li G, Bi X, Zhu J, Qin H, et al.
Distributions, sources and pollution status of 17
trace metal/metalloids in the street dust of a heavily
industrialized city of central China. Environ Pollut.
2013;182:408-16.

48. Vuckovi¢ 1, Spiri¢ Z, Stafilov T, Kudan V. Moss
biomonitoring of air pollution with chromium in
Croatia. J Environ Sci Health, Part A. 2013;48(7):829-
34.

49.LiH, ShiA, LiM, Zhang X. Effect of pH, temperature,
dissolved oxygen, and flow rate of overlying water on
heavy metals release from storm sewer sediments. J
Chem. 2013;2013(1):434012.

50. Qing X, Yutong Z, Shenggao L. Assessment of heavy
metal pollution and human health risk in urban soils
of steel industrial city (Anshan), Liaoning, Northeast
China. Ecotoxicol Environ Safety. 2015;120:377-85.

51. Panahpour E. The study on the level of pollution and

spatial distribution of concentrations of heavy metals
(Cr, Ni, Cu, Pb and Zn) in the Industrial City of Mah-
Shahr. J Nat Environ. 2018;71(3):399-412.

52. Odabasi M, Tolunay D, Kara M, Falay EO, Tuna G,
Altiok H, et al. Investigation of spatial and historical
variations of air pollution around an industrial region
using trace and macro elements in tree components.
Sci Total Environ. 2016;550:1010-21.

53.Mateos AC, Amarillo AC, Carreras HA, Gonzalez
CM. Land use and air quality in urban environments:
Human health risk assessment due to inhalation of
airborne particles. Environ Res. 2018;161:370-80.

54. Baghaie AH, Aghili F. Health risk assessment of Pb
and Cd in soil, wheat, and barley in Shazand County,
central of Iran. J Environ Health Sci Engineering.
2019;17(1):467-77.

55. Assessment E. Guidelines for exposure assessment.
Federal Register. 1992;57(104):22888-938.

56.Jiang Y, Shi L, Guang A-L, Mu Z, Zhan H, Wu
Y. Contamination levels and human health risk
assessment of toxic heavy metals in street dust in an
industrial city in Northwest China. Environ Geochem
Health. 2018;40(5):2007-20.

57. Nazarpour A, Watts MJ, Madhani A, Elahi S. Source,
spatial distribution and pollution assessment of Pb,
Zn, Cu, and Pb, isotopes in urban soils of Ahvaz City,
a semi-arid metropolis in southwest Iran. Sci Rep.
2019;9(1):5349.

Fr—rf.r oJLa.JD N 8y 9d R f‘jL}:“uLT:UDJJ_)La ‘JSJ/_):’ r«J.lc LA rCA.sZ/.lg_u oS il (w'h od o ew C;LE:I.SAJ 1’5.0


https://dor.isc.ac/dor/20.1001.1.24236772.1404.11.2.8.4
http://jhc.mazums.ac.ir/article-1-1172-en.html
http://www.tcpdf.org

