[ Downloaded from ijhe.tums.ac.ir on 2026-03-13 ]

B9 oode gaollad (Cons ) o 9 Cuodlw alxo

Olp! e clilogy (oode pozxil
FYAL PV Ol AVAR o) opylez o )lads cpadjpw 0,90

&b

Available online: https://ijhe.tums.ac.ir

F . ‘d 02
R s
0 0f Eyiron™

Wlowwg, (190 Jomo S 50 39290 (pufoow OI8O 590951 Seuny (2L )
Ol salxe (S5 adbaio g oyl 45wt

oo Lo podE ¢ ()L 50 diaSuw (g Loy 55 e
Ol e ey S olBidls ( (Kb h pole cuSiils e Cdlage (owiige 05,

FYC VU & -l fo ol M b

@ Jedad S Fogl 50050 00V oo plio 5l (5,4 ol oy i dud gamo)  44/.4/YF bl o gu,b
Se399sST Sy bl adllas cnl 5l Bae ol ovg @l sl illy 5l peSw DI A4/1Y/4 iomlpg &b
el 0049 Qiﬁl:gm S5 un dilaie g )l ,g8 o] S 0 020 i ol 1 SLVALSARY ,_,o)m.’ @.)L}'
oy (83105 SBlaals sl 5 Ll )5 L ojsliiin 51y 1ot b9y VANVITY Dbl &6

ol Jgz L SLS g pad s 5 (600, diges b ¥ o 5 olnl ki VY
Sy 5 23 TCP-OES olSi s | oy s o Lilé 5 oLl HNO,:HCIO :HCI:HF
o 5 ey B S g ook 1S 50l sS slaggail 5l o aslome (So5slsST
Solo paiged BLE 5 Joad Ly s o bale oo LLS | (el S Gy (oo

b eslalwl (S Fogll (K Ol g uds (5lg

S5, S polpsiasll ©ygo an Gl CllE C i aS ol Ll gl easdly ol S s o SugslsST S,
IS5 (el b (gl 09 poedlS St IS LSS s i S
Joad g bLis jo olp b e bale o jlo cine Sglds 5l L (o295 lamlie 5 (ol
L)l gyt (Ko g po s GLL Jgmad )0 (ogmasas 510 maiged cilize
Lo ol e 5 Sym s 5 G357 s e SBlE (5 Sl (o S 5 (058
VL 1S e g CegraS gl 5o e 506 0l Lt +JAAY 4 JAVE (- [AYY

5l o (Sl ey (as L g 009 VAR YT olio Ly (o Sogll j5o5e J gano 6 dian 95 (5Kig yiSII Comag

e VOFIY LS PVIY 0090w 0 S59g81 S ) 02 ablaie S Siigng 561 Sogl  s.shekoohiyan@modares.ac.ir

895535 S S IS IS S s pgreolS Djg oty jolie i 45 00g
R
Sy adlaie ;o Sl o s L5 bgie (S0550sS] Sy az gl Ly g S Aol
5 515 ks S L0 ol e elin il s o Lgl YL il g o
el a0 45 & e slacodlad ) 3le SLs _Sayl]

Please cite this article as: Karimian Sh, Shekoohiyan S, Moussavi Gh. Ecological risk assessment of heavy metals in landfill soil of Tehran and its adja-
cent residential area. Iranian Journal of Health and Environment. 2021;13(4):621-38.



https://ijhe.tums.ac.ir/article-1-6485-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-03-13 ]

Sl 4 09 yidoy dbee; sladiges jo ol cbile
30 el 00gs aalaie pl laS a ail, b dg a5, 3U
So59l951 S, (V) e g Seyed Asri «, s aallas
Syge ly S 589 e SLS )0 9250 (i D33
Sl el g YU 5 Sl ol assls 8 )
G0 Ol asog ol 5 Sk sbbs,latoul ;)
Q) plasy dA) plaaly 89 (e Lo (59, = 55
aS cowl a8 pdy sl (VY) glaen 9 (Vo) olos5ke
Ailws Sl ol sy J8add ;00 s e Sen
ez LAY Jlw (lodi s o 3T Gl ot
ade adby ADe - ton aslys, a5 yedio AP o 2L
pae LS (00,0 V0) ol c8b5l #,5 aS 00,5
Jleia! (il bl g 0090wl cwlio lorme jo S S
979 O3S Jome 4 (S SIS (gola slvailony 0955
Aoz 5l s b Fogdl o wilgs o a5 A ils
5 Aol 580 55 0 g3 VYYD Jluw 5l.00,5 ailie SLs
VWP aws )3 9 08 S 8 6)lo 00 9)50 S xS
555 55 0 L 4y s (oS o) S s S (50 55
580 sl sloay L(VY) 0l ol g o dalz 0l 0lg s
SN gy Sl 5l le S 08 Jdad jo0ud
Sad 5 ek slwley (Sl byl
AT jemwdlly S 5 o2 (llge 4t o Sl Lo
Slazl;s 352y 0ol (8 slasilonn ge T a4 L
Bl S L (sl 185 el 88 e o s
Sty Sl S0l (e ol plome (SsSs
Sondy 3590 )5 gl laalllas 09 izmen 5 (ane
S50 Jedodd SLs 40 550 i Syl Sl
Omlnbe 0,25 Ojso laslllas L el (5595 45
(oS S atpey e s () caalllan () 5l Bas
g tailaie S 50 afi Sl3ls 05 2g0 o bale oy o (¥
Joe 5l alais VY o S Sodl sloas Lo awla (F
SRR SUPCRUST JUNONIE SUNT SUE SN

el 039 @»LP Lgl.ﬁéﬂ.\;bw‘ l_: 4\_..»41.3.4 9 U‘

ZYY

e O30 (S 5900ST Sty (213!

dodlo

59 00V e aslin 51 S o dsls ol Slge
el S e pae g 039 o 0 DS oga Lo g
e Loz ;e allgie ol a8 5 g pslasr 50
ady 3l glaans (o1 085 (ase S g (Sdlage
dagi ool 8 aal)s mha (558, YU wimer g0
9 M cge o g M5 Come (5 el g (Sl e
b5 9 S 5 b sl 5l (ool e (at Ll
b5 5T )0 b Ol 2ol g Sl oud oglite
hee Sy 5 (Sbloge oz slalz g oM in Ly
(V) Sloos a>lge

0=l n 3l S iley 53,8 Sl Ly 80
ol 50 Gt il Sopae slaghy,
45 S9dioe Lo Gl yo esat g e bLE
G oo laibul g iled cole, pace &ygo o
plad (e 5100, o0 imnransST (S 09l s armo
el LY a4y S il o e g sliouiy YT
009 ot 9 4528 J2B et il e 0l e
ol 2959 Jo—ere lavol 5l (50 (V) w)ls Glojg Cnoal
Joe 5l 25,5 glme Lol 5 S o Lacasy Yl
g Wlomny (bl J& 5 o 5l 80 (Sogll b0
A S ol s I3l ] el Jd 50,5 3
S5 pos 3l Gliabl Cgr 69,25 Lol 51 (S (Y)
Sl (S3el58T S ()l eHarme S S
i 50 sy Sl gady ezl caiylyd ol 4o ()
5905 50 =)l e i Jele S L agerlse
Lot 3 4]yl il e dmosls 50T gy b ol
(0) ol Su39dsST a0 il g Jlaxal s L)
S92 90 S O3 (595 (mlaiagh S sladlu o
Shakeri .cwl sais ploul calizes sla Ldod SLs o
Cedimly 5 S (Sogll oy an ) S
ot s ozl oltile S oy wlamy Jpdadd
S ladiges jo pSiw olild clale Sl a5 ols

1199 Yo /r,lg2 o ladh /padsjam0)9s ¢
)

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6485-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-03-13 ]

Ol Red g oy )5 Mg

Olpdd i § SLS Slpdiges pidd (g jlawoslo] -
Sy Jnl ol islesl a4 Jsl 5l sy S sladiges
Sz 2 59 ey L G sles jo g laz )]
S K 5l ooliil b oot S SLs cladiged .o
o e, T M 51 68 4 s ool U ol o5
S slaygla sl ool wl L oud 0,5 sladige
S5l aSges gz 30,0 AO L ciad islo 5 Juoi!
g S sloadises 5l anles joue (YO W) i Voo
ol ez by, 4 (el slaalgl jo g adlsn /YO
S8 (0 MM) S 9ldg ;s sladewl o Joiioe
(V- mm) S5 15,00 9 (0 MM) S5 (Y mm)
Hot Boxa liazs jo Ladiges olos (VF) 0l poin
o - 50 00ls &l > Fh o 4V Y °C slao o
> 4 ke T Ly g oa s Si lasee gles ;0 Ladigas
ICP-OES o5ins b el oolol s tasou—w, 6+ mL
Inductively coupled plasma-optical emission)

X5 Varian 735 J e (spectrometer

ICP-OES oKiws [oasid o> -
L —b3b 75 dCP-OES 7l como ool j5laie 4
i ol3 s sl i (59, o (FECOVETY rate)
S o an gloolw a5 &ygo ol 4 085 g0
aid] S Sl3ls 5l sas e slacdale an |y 3,
53,5 ploxloud oolial by, 3k DIyl gl el
Szl gl bk 25 0,5 Ghorw ol by
G0 pgedlS gl oo, 0 VeV LAY 59,5 ol S
O Sl 0,0 Vo0 L5 A5 S, | 6l cao,0 V4 Y
Gl oo, VY L5 A S (sl comoyn V-V L5 AQ
VoF B Ay K lm cooy0 VoY LAY pg i)l
VO B AP g, slim a0 VoY LAY ol 6l o ooy
A 55 LS gl g o, 0 YV A LAY Lo 6l pm cooy0

o9 .\.»zoé NI

h 1199 liao /o,lg2 0 jloss /@ juww 6495
- QLo /g2 o 140 09

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

ZYY

Lo gy 9 olge

axdllae 3550 ddibiio -

245 009 (Jloi- oy g5 il g (e ol sl
Jedod el a8 5 800 (s -t Jdd S )
Ol A adlaie VY godsi wilony slmdy im0
@z Job az;30) 5 oo a0 Y0 j0 a5 059
YOR U1 ZS DN BNV N | IV EPN [ SN [P Wy -
O rf S 3l ol cdle slash cog> g YO MM s>
AOY) el

&0 paiged (roliiiums (ynd -

Siigy ey SLE )5 saiged gbrolKiny] Clse!
95 =t Sl Sllas ()] )0 48 00 dad plas
Jome do amzlye L omlplo 8 pds (o0 &0 Siloay
L & 5 0wnline b 5| ol s oy (589
30 6,10 pigad ool VY cddlate (5|0 pa il yeansie
PS03 35y 50 ol Sy g S 005000 JSlo
ol ool (18 e Gl )0 (FeSuww adhaie
ao sl aseg ole (g)lomdiges blas a S (Y JSl)
Wt aslBadal 639y (V) JW 33 Jome (9
OB e Smwa il d(F) Al (888 s )5 (T)
S 595 Sy e B0 o(F) Sl Loy sLaall;
doe F) SmgeoS (59,5 gl S Joe «(B) j5ally;
GBS Joe M) G55 el oo V) it goos
Slge il o] s Ak Q) 50l oSS 3
ol () +) (Materials recovery facility (MRF))
(S9mme adlate (1 S35 55 10 g (V) Wiloan ;059
30 sie Jead F b 510 i 45 (O Y) sblauld
5 oo sl b e Laulgl )5 VYAA L
Gig e +=Ye M Goe 5l SLS again) O o] o
D ) o 5 4rtd osLél amby Slosli Wl L0 - g
Db Jrole S e agad So g by e o Ly diged
olStglojl ay Jlocs (Seimodly aeS 5o )L 390 digad


https://ijhe.tums.ac.ir/article-1-6485-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-03-13 ]

O SG5deST Sy (U5

s U'ut}»&f-"’(:l””
Al At adal 63555 -2

a5 s > -3

,//‘ - i
Shslen ol s e sl 4 - ' ' )
Sy iS353 Gl s 00 B // \\\
S oS 035 1S fe -6 e d = ,e® ' '\.;
b ol Joe T { = - ///
GENS el sl -8 T <7 ol
2 Pannd ~ \f //_/
o oSS B 33 Jme 9 y o' <° /,-
slpe 3Lk el 2 s -10 //-/ ////
Llog o Sule -11 / - /_7_7_/,
Ul 5 sSs e o S35 S0 12 // /-/
o r
(.\// S b &
- ¢
\"“*\.\,_ L //
(S alllaio 3 i 1S 3o (6,10 paiges b g (2lgh 4l ) o

Sl Hgusld SB Sogll s psli -

00 (=S olul K lils clale awslia L CF Slasile cwyp 9,50 SielsST Sodl slaasls
S0 e e 4 a ey cdale Jlaie L SLs 4>, { Contamination factor (CF)) _Sa4l )56
59 g 9nlioe S N adoles 51,55 ol o3le 1 o w=>Ls (Contamination degree (CD)) _Sadl
S9NV < CF <Y (o5 S CF <\ 45 5,50 5 (Geo-accumulation index (I ) Sislil (e
S9N CF 25 5 (ol So9N) ¥ < CF <5 (lawgio (Ecological risk index (ERI)) <3595 Sy (aslis
(10) vg0 salgz> (ol b RUN PR 'vES N Leja_g)_i)' s

% 9 yﬂy
199 gliwo /plg2 oo /pasjuw0y9s | T
-

7YY Ol a0 il sgy ale (ol iadgy ale aobilind
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6485-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-03-13 ]

Ol Red g oy )5 Mg

Y < Igeo S fos U bwge Sl ¥ < Igeo <Y,
o U was Sogdl) F< Igeo < 0o Sodh)
S dplyS (Aol Jlws S Igeoz 0 gddas

(\Y)

Cn
lgeo = Logz (7 557) ®
5P Sy 203

5 o5l (0) Hakanson L.y L odsl asls ol
rolie ol Gl 5 aie ;o 6l Fadoles 5o b
5ySasy ol Seics dle Badoles 5 b
oy s gl (T caew &l ,ezsl.Hakanson
ciyja Zn 4 Pb Ni Mn Cu £r Lo Cd As
JRYPRCCINVSIL SRR .S WA S SN S P B
f+ < ERI < A (o5 Sog)l) ERI < f0u5 5,50
YV d(ogos Sogd) A < ERI SV Fe(lawgie Sodll)
ERI > ¥Y.5 (o L3 Sodh) V¢- < ERI <

OY)ogs aaled (woabosldlssd  Sodl)

Cn f
ErizB_nXTri Y

ERI = YL, Ey ©)

5 yaie 0 sl (S35 Sy By cadolas sl po 4
ol S 18 o (sl e 5 iSB T

Wools 3JGI g, -

@yt SPSS22 5 sla s 5l ey ls bl jromiu 5| asy
Jos oy 8l - ookl (55lal slavgygajl ol
DL g Jyab o i ol ls colale slaosls (o9
SBogi ol — S5 5055 slaygel 5l kLo (5 )0 aigas
Shapiro-) sbg — g,sLs 9 (Kolmogorov-Smirnov)
Sl LB eyl 5l imen s oolaiwl (Wilk
Slalie 3-JUT 3 (Kruskal-Wallis) udlg- JSwg S

h 1199 liao /o,lg2 0 jloss /@ juww 6495
- QLo /g2 o 140 09

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

Y0

CF==on )

Wi, 3 clale s sa B g C ool o) o as
ey cbile o anb aiey S bale g oy 0)90
09 S 0 oS S Slae e bile (oanl
() 955 o0 iy o5 (Sl slacdlad 5 Jalge 5o
3o ey Sale sl o)l s BLE e sl
Stz bl g Jdod 5o Jelo (Lalid )5 o5l
5 o CewoVl o ahad Ve (3,20 4 o 8) oL
5O diged Ve mlasad ol Ve e e M g 85 alold
30 (F) Wasds g yglazr o 51V e M Ly Jolsd
(International Soil SLs ol Sledbol 5 x> 5
Reference and Information Centre (ISRIC))
oS 4y by o salid g (S ilojl LMl olos
Moled (oo Gt 00 o 5 sloaiidl bl 1) (e
D3,8 p CymtS Ao (il lawgi 50 S o lailul aS
s clile bgte Sl S skl ) sl
el 009 o) Ay 4O S

ol azyo

4>, 4y a5 ooy CF pwx Job> «sLs CD
adolee 5l 5 035 Bg,2e ;5 Hakanson 5o
(oS S99 CD < £ a5 J 50,00l eccwoasY
1Y < CD < YF (bawgie Sogll) #< CD < 1Y
sl (0L Hbmwn S3NCD 2 YF 5 (ol SoglD)
(V0) o9

CD = ¥, CF! )

Sl ey L
‘;ojﬂ 5o ol il Jslge - Sb ooyl Igeo ol
3000, 5 o pmexd ¥oadole 3o,k 5l g 00 S
wos Ly S Veog T L) I S caS s

(lagio Soglh V<l S Vi(lawgio Soglllosgllye)


https://ijhe.tums.ac.ir/article-1-6485-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-03-13 ]

chle Kool (D= /0 2)) oS,lo g)lo gre Dglss
LIS Gl —5lte 9 5wl e Jo—ad 5 olie
chale Hogn YL L Sls 4S aws (g)lo re Dol
S (Gl 3 52b) (SL Jgmad 5o S Sl S
)‘Q‘S..v.a B OBBLC ] (ul—o—A.M-’L‘ 9 )Léf) S J}aﬁ a
Slslie (5,0 paiges calizes blLas jo clale ciglas yoss
ol ylid 30 (g)l0 ymdiged bLE jo (S Sl B =45
A5l (,le e gl G liSee

Y Jsaz 5o ol gl s plomil s (oo 5L
P VES CHNON-SY 29 ST g KN U A PO 0] RGO W |
poirag-CILS (CTAAY) (g5 ympms (IAVE) (s,
CIEYA) al-cdLS (IPFY) K dLS o(+/VYY)
957095 (IPW) Guompg S (- IV 2 A) pyiagll—(y2]
\ Lg)lo‘fi_ua C‘L""’ )o (‘/9“) ;.J)_..u—‘bj; 9 (‘/9\"0)
P =R C AN S-S T IV S N R W
(oS ol 5 58 L oIS o (0> - 17) (558
poeeogl LS pgingl - 5i8ie (JSi- (5, «s9- 095
AN ) M ""—.’.J“ A odliie ﬁwjﬂ—u&—‘ 9
L Blod 3l oo b jolie LSl pae by 20 L g
S

O CF olis codp ccwl oas aSl) F Jgos j0 55
gl S 0w < (59, S e adlllan 3550 ailate
poodls < Sl < 58 < ol < edls < JSs
‘_g‘)lo $9) 9 D= s )_»OL».C ] 09— raj_uﬁ‘o}ﬂ <
[SPN) 450\)9.3 u_..uj...os J..Js.a Jm)o CF )‘A_O.A u_,)_hll.»
BN PR S UI | U Y WP W) ‘_,’_fo}lh\_ﬁ.,la)a IR
o=l gaale ¥ 5l 55,5 CF gble pluw o & alais
CF el 3 oplas S oy (Sogll saumsylis -l

59 Jl0de oy YL g ablo ol Fogll bla ass 10 s

L2

e O30 (S 5900ST Sty (213!

99 40 98 dnliie Sy (PAITWISE COMPArison) —>;
Lo ot 6‘)4 o eolaiul Lbu.:jLo.’ ST )y 9
Pearson correlation) (g s (Siaed oo o 5l l3lé
Coamdy oAy gl b eslaul (coefficient
Geographic)) _Lsla> cledbl g 51 Sogll

o= eolawl (information system (GIS

bassl

aliseo i IL'».O)Q '"S" u‘;—b P oy -
S0y digad

ol ¥ Jgaz o ead &l S lls cdale ba wigie
0 S glylo 2 90 bla jo pobe ccbalé as olo
cdale ip Bomb g o YL O Jgozr Gl ol gy
Yaary/vyior mg/kg L ‘awﬂ A be e cod e
bl Sle guls 090 YA /P mg/kg g_i‘,.;_m)—l 5
Joee o pufw ol b eclale s oo KA olo lis
Al S Ol b clale fcoan aila sty golis
10 piges adadi ;0 o 5 8l 55 oy (IS 9,5
O3 5yM D9y & SewgreS Sliloe (] 5 a5 F o lad
ol chale anglis cowl ooy Jlase o YL 0,5 oo
ol ay ccdale U asllac 5,90 adlais jo Sls (S
09 Sl ey Hrizmen 9 Sl chilé bwgle (2l L
Shggmld 5 Bgi ol F90lsS slaggesl moli
Jey ey 3w ol s cllale 4 ol lis
0331 5 Bl )| (o) p S gl caiias Jloye 5
oolai_wl A_¢‘>3) ul_m;lﬁ.a 9 u“*”j_JlL“"’ﬁ; 6)—».40‘)[)[.7
Jo—ad jo S olp s clhle oy g lo e s el
P < ol Y) o)lo gy gyl0 mdigel alize bLA
(S| olie 5l aS sl Lis og5 laslis

2 l_‘ $)‘Oﬁﬁ945 LS Js_»aﬁ 9O LW g raj_..ools

1199 Yo /r,lg2 o ladh /padsjam0)9s ¢
)

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6485-en.html

Ol Red g oy )5 Mg

Jad Sz 50 5,18 paiged ilizo LU ) (MGIKG) (afiow I3 Clile (nSSlae ) Jguz
oSl Lo Byl bl
Sy £9> pamesls o Js o s 695 A pgwingd] ool 518 71430
SIARND  YYIERE/A L fFYEe/YS S\SESY O YEORAEY  YYFEANY  AVEVEY  V-QEVAY V)0-/0FIAF VAATYFERINF FSY. - YEE-YAS \
BIVWEY/V  AV/FEE.  APESFE VSYNVEYYS  YVSESAY  FEOEY. VAEYAY  YeVE).) IYOFEISA Ve VFARVVYY  YOVYAVEATFUA Y
VOREYY  AVOESIA fYSEA[Y EYNEVVN PYOEYEY  YYFERAEE  VYSEVAL VVOEYAD  )-AFIVEYYS  OAVYAYE)-FEF TEAAT/OESATANN ¥
OIAYEYIS  SYNEY  YFERe/oY  FVAEVVA O YVERVYO  YABENY-  AYNEVEE  B4/VEJA ADFEY - SOFSYINEYA-0  YOVYY/OEF\YAD f
TAAEIS SYIYEOIE  IYAR-[-E OVOEVYE  YSNRYY  YOARYIYY  AVSEYAY  SANEGY VVEVEVVY O YYSEVARVANA FYVVAYEVVES/A )
BIYOEVY  AYVOEYY  FAEN. WVAFEAYY O FYARIAN  VVVOESYA  VABEYNY  YVAEIYE ). rVEIE SOVAAEAYAY  FSYPYIVELS- VA 2
NEYESIY  YEFEON XYY OYVETE O YAYRYY. O YORONY  VVSHELY  AGFEVAA  VNVUYEY/d  SAARARY-OF  FYAY-/dEOY-F/\ v
VISARYY  YVIOEY  /YQEe/oF VIABETY/A  YYFEYNE  SVAEYY WWHVND  VOYEFYY AACYEFAY  SEYFANENAY-  YYVAUVEVEYVX A
SRTEVY  APEVA o /YA/-0  OVOEYSE  YHARYIYY  YAAEVY AYEYRY  QSEVWY AAYERVYY SEAVEIOEF\VY  TYSVSIYEAYFE/A q
NNVOEEID  SOBEED  +/F-2/\-  FYAENY  YVSELY  YSAZSYE VS VEVYY O VVYEV-F VRADEOYA  OAVASAEYVIY  Y.OFY/aE)SA-/f Ve
VAVARY/S  AVAZY. /R0 NY  AYEARREY O YYARVYN  FONEASA VYAEYB YYAEIVA ASANNEVV/A SEY - FEVATY FAAY YY) - B/Y N
UYAEYA  VEIOENY  YAES[Y YADNEYY O FOYENSA  YSIOES/EO  VY/SEVA- \YFEAS  AVOVESAY  SYAQV/ARE-d. FYAYV/YEVFAL VY

Yy

éfg yﬂy
: 1199 ylimoj /,lgz o)lodh /s 095

'

-

ijhe.tums.ac.ir

[ £T-£0-920¢ uo JrFeswnyayll wo.j papeojumo( |


https://ijhe.tums.ac.ir/article-1-6485-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-03-13 ]

e O30 (S 5900ST Sty (213!

Sz bwgio Chilé g dow) jlado b axllle 880 ddbaio jo (ME/KE) (puSiiw i3l Clill duslio - Jguo

“ﬂ’r PEEL ke aep'ey O sle gk T ""'“J S 6
e Soso il il

14 1\ YAIY Y% FIVO ZIAY ARV Y/aA S.g...;;l
Y- YY/IX? Y¥/# ARYAY Yy AY/IY \YVY/O ZY/\ £9,S

<Y DART Yy/a <N\Y AR Avd VN <IY¥ popools
Y- \YIPY Yoy yay oy/a AWV \va/f ARVA o
O VVIYA VAR OIVD ya/a Y. fy/a YV/f S
Yo ARYARY forv V4/%) YA YO ARRYIA YAID o

A A< \VYIY Yo \YIYO AR YA ARIAYA LS
q. Y/ oF YAIQ OYIY WY YYY/A YVo/# YA S9y
Voeoo yay/a aUvd AAN 79 Ve 0/f \YOY YAaA/d Jri e

A 7O YIVY INRYl4 FOVTAQ FEVYA Yyary/y OAVYEIY W}ﬂ
Yffay \RVAT fYeYIY YOVY#/N YAYVZIY FEYPYIVO AR R EIN Q.:a]

OA) ol S 50 bwgin Jladio ¥ sk g i 1)

S0 paiged bLE jo paiow O3l Clale o (ygu pay (Shuunnad o 3 G =Y Jou

poosl] IS ol e &35 G dls o £35S pemedls Sl
Vo S
VT A psels
Vo TOvEY v s
v Tasy Tavee —avoy e
Vo —]eYA PR SEEARY . 4" SR ¢ L} s
Yoo oy s UYAN —evYE "
VoMY vy TTOAYE Taern TTOfAY SoAVA 63
\ 7Y & Y 10 AN SRR 7 WYL P 5K
(AR 7 VARV I 8 YRS A ARV 2 9 SNYY BT SR IY L | IV o2
YooY —endY ey AL = neA Teeas ey - o[ &Y S IYYY Jss
VoOTaewas Taven TTeara SeYAe —aYAe TOAY B Y VR T A sl
Qo,0 0 Glo pre mhaw jo (Swan ®

30 618 maiges LLE (6l ooal Cowoay Igeo §O—sdig
Igeo ’,..._.5 . ‘).v A_SRSs | ooy d_vc‘)‘ I\ de_‘> 9 Y le
Colw L F ojlods ahads jo aS aao oo olis (V JS)

ol a5 00 30,8 K,y du ,olie b 1SS
Sl bLa plaw 4 cous Sogll cmag g YL 5

ol L ST cndg as Jloml oS5 Sy Ly (priman

YA

doye )l pre mhaw jo (K ™

Y 10 8g, diwd YA G VY olie L VY o7 bl
CD Jlocie el oogs obsj (Sogll lyls bl ao,s
S i 55 Jomn S sLntigas olat (sl
o=l oL Sl ((Sogll ;i 45 005 YF I 555
Ll ;0 CD jlacie o 3L ol pSiw ol3ls @ adlase

Dlodgs YY/AY g O/YY S j aS o090 VY o7

1199 Yo /r,lg2 o ladh /padsjam0)9s ¢
)

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6485-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-03-13 ]

Ol Red g oy )5 Mg

LS o (Sogll copmdg bLis o) VO 4 09, (Grb & ot D ol Al gz w4z g LS aao o
Igeo 0399 g A dls lawgie Sogl bl ao,s £V o Jgoz b o lo 28Ty Cga et o ,olie i
LISV o Y L aS oo - IFY-VIOF 55 g5, gl po bk wtsls (PN G 1) T o iVl e
15 o et 5 o iy 50 U e Sall S Lome s yesg esgll o 4 gisSne adaie

A dyad Sl Glyls VY g F bl el eduy Jod (Sogll el d CewgeS 0,5

&0 paiged alizo L& o ‘;é,ﬂ Curdg g CD g CF luwgio polio -F Jgus

SSogll Jlode = = - ke — bl
CD ool pgrmedd] 3w g9y WS e S e sl pgyS Sl

b e SogT YOTY VA VY \VEA YO YAY  YAY  YAY  fAY  AYE YNe <Al \
b s SogT TENGV/FS VA VOA IOV VYO FY Y/FA VIb-  YIBY  ENF <IAF Y
b e SoglT YELEV/EN -IA% VYA YFE VDA YISA O YYR YR -NF YY VA ¥
b s SoglT YN \/FS Ve VeAVAY O YISE FIAY  YAR O YIEY YA YEE /20 ¥

s Syl YYES VA Y VYA YNE YIYe  YIOY  YFY YA <JAY  YIAA /5D 5
3 s o1 BYY VAR Ve WVEY AT VAT Ve YA- Y ANY BfF /A 5
sy s Sl YEOY VO VY VEV YVY Y. YIFS Yae YAY A8 YA VYA v
sy s Sl TYNE VNS -1a4 VAN o-F VER O SIY YAF AIYe  <JAY YFY VYE A
o5 o SosT YEAY VY -134 VAY FAY  Vde YIAY O YY YIAD  <JAY ¥ Aef %

sl Syl YWY VYO -aY Vee  WEd  MYE YEY YAA- YIYY AR YA AFE Y.
5 s 05T TYIAY VY .28 WAY O YNE VST FFe YRR YA VY YVS AVAA )
o5 o SosT YENY Y -1aY V- YRR ASY YEe fN YIAe JAY XYY VBE Y

Gl g b Ho (bl oy a3l p 3l -8 Jgua
JUCTINERI

0l pamedll  ERe 9) G e USH ome eemedlS ey Sl b
A0 SYL { Y Py ) SRS /XN VRV SR/ SRR VI WYL 2R YA SRSy /L |
SRS Sy N SYYNY OA MOE Y. YIYY YE ASY /A Y
Sl A =Y =AY YA Y A VAY VY S AA \YY -0 ¥
Sl SOV e /BYIYY AY YA XY VY VY AY -5 ¥
A NERYL  JRYL VY7 SRY /Y ST 12 SNRY [ UYL ¢ Y/ U IRNRYLY Sl 0
SYE S0V =R YAF XY YAYVYE YAY -\ VAR oY 2
S YL N P Y/ VY ST A A Y 1A SRR V1 0 SRRy /2 L VPV NSV LY ¢ y
SNE —efEe BT AN —fe) XY AN YIAY =AY ANE —YD A
L Ay RYL S RYLY SRSy P WYL SUY /2 SNV ¢ SRSy /Y S V1 Y I ¢ q
L A T Y | A WY LY Y ) S WY L PO VA O T Ry 11 y
V5% ST DU 77N SESYLY S TP WRNNPYLY. W 710 SESY7 SRR Y1 SR ) N
LN Ay T2 YL 4 L VA A WA V- SRY (2 W Vi £ SRRV L SRSy ) V.S VAR ¢ ey VY

h 1199 liao /o,lg2 0 jloss /@ juww 6495
- QLo /g2 o 140 09

Ol umo il gy pole ozl Liiag Ju ole oolilad £ya
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6485-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-03-13 ]

O SG5deST Sy (U5

a

[y

(™

AL

e ou

] FTURES ]
i

El "

619 pigns Giliseo b 55 SKdlilome ) sl g oiyaigs —Y JSCi

FY

% ) 2 ﬂﬁ%
199 gliwo /plg2 oo /pasjuw0y9s | T
-

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6485-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-03-13 ]

0o 5 Gleos )5 Yo

F_

610 paiges o blis jo (Siblilipmo) ao b (guduaiyy —Y JSCi aolol

10 paiges alise Gbln jo 8 12 (ol p SO 5eleST Sum y Jummnilly dunws lio —F Jgur

}E;@Eri Hlade aigol b

;a,ﬁ Cardy ERI B

e . . 13
S Bl g3y om e S8 ey pgmedlS Syl S0

KVREW RYZA Iy VIO Y0 YY/# YAIY Ve/Q #IY YVIY Vele \

Qv VOfIY ¥/b \lid ldl4 YVi6 YYN \YIY AIY Yo/t IN/d A\

KVREW AVIA YIY \/f Y/ VOID \YIY Ak Y YY/IY A7 Y

g ZYIY Yy \7Al V/a Vo/f Y/ /0 (NS YV/f /b s

Lugie Yoy \As \/¥ YIY ARVAY VY)Y V7 OIA Y¥Iv 710 N

g VOY/Y APA VY AIY 7OIA \Y/A V4/- ARVA YY/A AIA 7

KW AQIY \As V¥ YIv ARVIN ARIZN \Y/O #If YA VY/A \

KR VYA Y/ \7A! O Yo YoN YF/IA dl4 YO/ \Y/# A

KVREW MY Y/ \IAl Y/ ARVAY ARVAY VA AIY Y¥/0 Ve /f A

KR AVA YIY Ve Y/¥ kA \2IY VE/- (N4 Y#IY \YIf ).

KW \YPIY YIY \1Al YIY /b AAD VO~ Vi YN VYA AR

KR MY YIY \7Al ¥/- V¥ VV/A YN 710 Y¥f/4 Vo/f \Y
Socie 8 lge ao,0 YO 0 el YV/F-VO/F ssguss jo Oygmo dn ol e 5 aS ouwl £ Jgo> 0 ERI olis
Uoee) ¥ 61 iges abis o L g 4 ls Lawyie ERI < S < St < IS < yr < < pyrnolS
039 7+ 51,58 5 STE L JJacie dayl s asaias o, OIE, Hlaie a5 pgesls ol 38 < e LS < (g5,

% 9 yﬂﬁ/
) 1199 Gl /r,lg2 o )lod /@S jamw 093

Ol umo il gy pole ozl Liiag Ju ole oolilad Y
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6485-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-03-13 ]

CmwgaS 3,035 S 3gume o c0dlaiwl 5,50 ddlais
(V) o, g Rupani .(18) 00,5 o 55 oo 0 Jgs
CwgeaS 0 1) oK ol b clale 5 5 aslllas jo 50
O YL 5l (Sl ol 5 WSaiamw S xS 50 sods
Slw!l o> 4 Caris oy CenwgeS [0 oy cbile
Lol Jdad S o wlp s cclale awslie (V) 590
(YY) Gl o s (V) Libwl o(V+) i ol sl eSS
alo Lt g sl (e ¢80 e by, wiloay (80 4
59 yolis plos cble 5350 5 pyinagl] (pal jom a8
bl gy VL s 3 e b
ey Sbale o9 SVL oS S Jdud yo Sl ol

el j5 3 sla e iS L anlie jo Lyl
calizee bl ;o K Ol ls goomme duslin yioren
gl 3 Jome &jg0 a4y i 5 a8 0ls ol ()10 gl
o < b ailbaiar 0955 Jome < CemgeS (59,5
e < Silonny g3 gl < JLs (55 Jn s
ol Colw S 4l b g oo Sl b (iS5
< S aibie <yl Sl < TS
SLoall; Cwsiml < oud JaSS osb 80 e
Solas wde .o MRF ofs] )6 oo < Sliw,las
39 (6,10 mdiges calitre bl jo S ol cllale (o
0976 5 (0310 slacullad g9 a4 (S 45 33 S
50 paslideas an¥ jleslaiwl pae b ooliiwl cailauy 30
33,8 ooy 00l 30 ladlly OS5 g4 g pix> 2 S
ladilouy (80 Jore ;0 badd S5 505 Jdud ;0 (YY)
Loolgss o @S o Hdldea slaay 51 gl ley
g e, 50 godgr adby AL - toN jllog b o ool
Oizmad 35 o S8l 3L MRE o] jo an)0 10
5 o ;o SUS& Al vl gl pae Jodo 4y
o, bl ol (nSw Ol s ol slasilows 35>
s LSl lace da Pl 5 S5 oSy 2SIl s
bsloes &j90 an a8 (b ladilomay 5 b 2502

G il oo g o (6 y5lar (64 Silomny L

Yy

e O30 (S 5900ST Sty (213!

el S5edeST wuad Sy 9529 cuipd s ol g
ol )3 45 Dglds (nl Ly 059 poadls alie ot s
4>l oplgaslofe 5l 58 R E L lade CowgeeS 0o

2,10 S59deST Sy bl 6l ol Joily

SS9 505 slaallyy b St sl
ol Sl 5 S3elsST Sy e j9-laie iy S
S Sogll glams Lt dalllae (ol o sl (59,
Sl ol sslome (F9Sme ailaie Sy 5 S5 08 Jdadl
o Sys adbhie )oK Sl s eble s S
< porS < ) < Sk < el < pgiagll iy
352 p3eedls < St )| < LS < UK < oo S s
Se ojlaibwl g ey cdale U, olie clale anlas
rolis oaled cbile o Sile 45 apo oo lis (e
OeSlee bl g sl 00 ;YL ey e bale i )
Sz Bl Sl 50ak paiell 5 JS ps, S o il
P9 e 2y 159, Shile JLie gl .t 03gn SIS
ST XY s s S S Jdad) e LS
3l Sl cllae sl 45 el dine) e lale L, VA
035 ol aiaie SUs _Sogll 1 Jbod) o,
VOIY 5 AV (o 3550 yolic ]y Olyis sy
wilate S5 o yolie ol oly) ol is 5 Sl 45 005
e i polie Sl o g Sl (o) 890
SIS < S5 < 9, < Sy | < (59, S s S o
o S ity S5 pyieagl] < S < pal <
CILS 5 59y SmgpaS Sdgi Coliw 50 (5ol 5 e o
e 59 poiagll 5 5 iSie s ailsaiiual (59 50
i 9B odalide (SgSmns adlais ;3 JSi g Jlad (80
SwgreS dg Coliw jo cile (0 YL Ly 58 slas
J=B e cole 4y lg o ] ol o as acs oamlins
ailp b o oS Cdls S SIS (Soelen 4 i
o8l s odle g adly (il g ) 4 S w g

1199 Yo /r,lg2 o ladh /padsjam0)9s ¢
)

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6485-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-03-13 ]

Ol Red g oy )5 Mg

Sl o (1) Siaed oo 6Ll LLsd 5l oslass 5
SN S e 53 35D peadi G Loz il oo
$9 (SNmwod (A YV <T < [f g Swon
e b s Ko 3929 O 50y Cils aales
LgadF ol . K0 sl sl ol dd ol sl Sow
(6 bl pgeols Lice (YF) aiil ails wnb Lics
03— )L».»I o.)j_..u).é Lgl.b)_\la 9 LS:L@.&L»A C_]LAA u_i».._m)b
chp.._o.u ‘ksi..‘j).&.ﬂ &L»a)oumw OJOM)Q
445_.»@ oolai_wl w.al_..uJB K= \519_4 0‘5_.9 a LQU.CB)
o 1Ss, i da pScdl o o] oSy 3 Sl
sﬁUsLmoAJJSQ‘g))O}_‘Qg)_w ..\_3)‘0 é)_ulSu_L».ajj.»S.”
.s)lo o)_g)lS w‘)] .)‘9_,0 9 “j_;) ‘é..uel)_m L;l_m_sbd
ooisS Jlb lssie 4 (59, S| B j50 a3 (53, (VA)
oolai_wl g_i...._..uy QO;W&"jQO‘Q uu9_‘> c\_...:jj.“flo
adlie S o polie cpladale 80 Jmo ;0 Sy g

(V) el ools roliald,
G-ble plai sl mo ERI § S5 _Sogll slaaslis
Gl o b U aas (Sogll ag g 5l ol
BT R e e R s B
ar by 55 Ol e oml 5 oo 4 b e CF s
< CD Ls )_3‘).3 4«5 CF Eg—ra Ll 009 ﬁw?}“‘
=l ol aals ol by Sogl blas wles o
059 Ol ls las blas _oles jo ol Sogll 5l S>
o (S o9 yS olie J Ll Ll ST oS aalais
S Poml e Sogdl azye g ;556 (e 5 )
a8 S a0 Sladllas jo .l odgs Sy 95 adlaie
aS ols Hlid (V) (=55 5 () plaely Jdad SLs (g5,
0L b U lawgie Sogll gllo @l 18 CF Ll

h 1199 liao /o,lg2 0 jloss /@ juww 6495
- QLo /g2 o 140 09

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

Yy

0391 1) (g dg Siloun p> dod Wilouy LIS (958
dos 50 vl gilvlas pae Jodo 4 (V) agles
g a8l ioliel coder al b jo S SIS
booe (e Ol 8 ol L 50,5 g et sy
cdale fogu YL cde (YY) RUET Xy S8 il e |
O 4 g e |y SCis 4y cois S Jgmad jo Sl 8
S o ol ls fog ;0 0l Ghig 9wl adss jo oL
L s ol 50 00l oy =i ols cous 3 bl
5 cils cilbe 35 (Y0) o, 3 Vongdala s
Jo—ad 5l Vb (Shb Js—ad )5 59, 9 @ e o ale
| 00gs S

awslie JBud L) SeSe ailaie olpls cilale (5
IS 2 4 olie olad a5 0l o 0nnline 00,5
W L0555 5 (6,5l bl GeSas ddlaio o
S dibaie jo chale Ol sy ag, Al a g b
S D58 ¢ S5 ailae S Sogll de i
Sleacs oyl al s e 90,5 &1,3 b 5loos Jox
o, 5Kea g Klinsawathom a_alas ;o .oxws wiley
Rinklebe axllas ;o .coils ljls 51 oYL cdale Lsad
30 G0, e S 51 55 (YY) QL.QJT 30 o8 en g
YU lacdale g ol g )lo maiged Jdud Cwo il
oo asl)l lalllas .08 )5 (5)155 (59, 9 £S5 o
slaSodll 5l o Jlsomen sblie 623,50 sLosS
JCCEIW- SN CHDWRCH Y L P DS N PR )

Ot 695 heF 5 S ) gy (Ko ol
polas ol i ) S sladiges ;o 0gmg0 SI5lE i
155 s e SI31E et 58 (0) (St 5 YL
QJMLjoyTM&_A}IQ\}JEJMQHl)&Lﬁ
ot &l e i B 5 (o Lo 2Ty 3 b


https://ijhe.tums.ac.ir/article-1-6485-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-03-13 ]

ools Luals ,Le g5, 5 3,3 5 0L (339 3o,k 5l e o
JSen g Seyed Asri Lwgs a8 5 &0 anlllas o .l
59 S| g pgwesls clale a5 ol 0 ol o (V)
aS I 50 e0gn YL Sl len srailany Jmo
Sl jbo sl sloy (33 Jome )0 09,5 9 75500 45,
(V%) o Koo g Klinsawathom aallas ;o .0 sanliw
00isS ol jaie o s 3 0l dadd (g9,
Jeezs 1) (g0t SL50sST Sy 45 09 e (5 04l
.Ia_mj.uo ERI S99 9 C_aL..s u.ul_wl)a su_slj.sl.u SOg 00)5
Jdad jo gl ,mdigad blas xin ol was U
u—f%‘” S el sl cul p3Y ( SeSs ailais 4
JrsS g il dase jo SUSay g 8l s loladl oy
(s 3108 Do iglite Dypo 4 SLS (Sagll
Cogaze dn lad co asllas ol slodl slacysgame
dodd 4 3955 sl e 50 lpe Gimren g Az g
JSie pla sl L as 0,5 o Ll 5,00 ,mdiges ploxil g
S Sl il sy psil an ez Lags S b
e o=l 50 pale Sledlbol 0g i g (o) iz o

ool pes S
0dgs dipoy dale 1,V slale lils w0590 Ol 18
ww‘ooywmbyﬁu‘)_uxwfou_;);ybs
S¢>9 Lg)lo‘f;.:.a LS)L"T WS calisee 6)‘\))..'4.;9.0.; bl
el sl olds ool (28,5 Slas 1 gonlb (o 990
3,90 blis asa ERI gCD ozl Llsd 3l ogm aliw

48,5 1,80l b B ol (Sogll engase ;0 iy p

7YY

e O30 (S 5900ST Sty (213!

Shedl glocdls oi Gles e I a3ls e azg Ly
as Shls S e lay g 85 fess SIS oyl o)
slocddles pdi camposlis aslo V5l iy wsls
(V9) el S o Lyl eclale aolidl o Sifgug,0]
(2 (595 6y u‘)lﬁ Lg‘J") Igeo LPLJJJ )._:\)Ln.n u_,)AlL,
Sl el sl Jlaie a5 alh cualie JS 5 pg S
Slade i YL o CwgaS adgi Colw jo j5Sde ,olie
.Ia_mj.uo k;oﬁ.ﬂ 03910 4O w9 (GG (0 (5‘)_' Igeo
Loy 03590 )3 53 09,5 5 SIS sl 9 b e )
OLS CigSw e o ol (Sagllogle 8 b wgie
el oo () (SSG03 y0 il Al )0 0y blSay
adllas b asllas ool 5l Jol> Igeo rlimlia i b
50 (V) oK g Klinsawathom Lwg 48,5 &9 0
oo ipg,S Slle ol aS 00§ as i abl dadd
Qo (Sogll 55 595 9 2o b lawgie Sodll Sy
oL en 9 DINg aallas ;o o rimen (Y8) oal cwoas
9 5 oo Pyl 3B gl [ el (V) oz o
A5 05y 1 Jdaid gt Sy, SLE ases o
555 5l oolatwl g dilate jo g ILS ¢)l50 5425 o] Jdo

] 00gs 6))5LJ ‘_g‘)_»
L lon gloailoy 30 e j2r 4y Jodad )0 ()
B aas Sogdlaib ;o g wall; (i Ssg0 algme g
Sloie «So5esSTasa s Sw, b 3blo jo .ccnlas §
a5 5 I, 8A <ERI<)V#: o050 o ERI a3l
S ailany jo asyl o pde blas plw 4y cond Sl Loy
Oemzred sl b dilomay sl 180 (gl oul colaul

1y Ll ity ils Sl U laailoras ool ailyg, g

1199 Yo /r,lg2 o ladh /padsjam0)9s ¢
)

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6485-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-03-13 ]

0155 9 (yleos ;5 Voed

IR.NIMAD. 5 aJlie o) L3 oS alos S ol
sl REC.1398.272

(10,98 9 S
g oo tge b | iy Jol s
o Olse b (lasd) oliml (Sdiy pole Slinios
e b i S Sl 5 gy S
VWAA Jlw ;0 45 0055 AAYAAR ) boojleis L "yl 45
Sasils e pi¥ 0g o Bainng Cowl ood o gas
S i o zile puiorad g oot duwgo Sb slacsles

dbles ;Sis Ladiges (g 5lwoole] Cga wjos

References

1. Alam P, Ahmade K. Impact of solid waste on
health and the environment. International Journal
of Sustainable Development Green Economics.
2013;2(1):165-68.

2. Mazloomi S, Esmaeili-Sari A, Bahramifar N, Moei-
naddini M. Assessment of the metals and metal-
loids level in street dust of the east and west of
Tehran. Iranian Journal of Health and Environment.
2017;10(2):281-92 (in Persian).

3. Zhao H, Xia B, Fan C, Zhao P, Shen S. Human
health risk from soil heavy metal contamination
under different land uses near Dabaoshan Mine,
Southern China. Science of the Total Environment.
2012;417:45-54.

4. Adelopo A, Haris PI, Alo B, Huddersman K, Jenkins
R. Multivariate analysis of the effects of age, par-
ticle size and landfill depth on heavy metals pollu-
tion content of closed and active landfill precursors.
Waste Management. 2018;78(1):227-37.

5. Hakanson L. An ecological risk index for aquatic
pollution control. A sedimentological approach. Wa-
ter Research. 1980;14(8):975-1001.

6. Shakeri A, Youssefi F. Source and health risk as-
sessment of potentially toxic elements in the un-
engineered landfills soil of Kermanshah Province.

Az}?g J
. 5% M’ 1199 linsn; /o,lg o)lads /mS juw 095
. Qlino /plg2 o) D jutaw 69,

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

Y0

SS9 295 o ey e D3 Gl L 2Lt
Ao Lasols las!y Sodll W U lawgie mhaw

90 ol s pteclale yogs VL men g Jduid o
Al Olos oo diney clale ay il )y 0590 ailaie

SN s
=0l 8y pae ale S GBS LS B ainy
Alio ol jo 1) glwosls g bosls cas o ailE g0 Ll

Journal of Engineering Geology. 2018;12(1):63-84
(in Persian).

7. Seyed Asri S, Tavana A. Monitoring Toxic and
Nontoxic Metals Contamination of Soil in Landfill
of Tonekabon in Iran. Journal of Environmental Sci-
ence Studies. 2019;4(4):2082-92 (in Persian).

8. Bazzi F, Rezaei MR, Sayadi Anari MH. Assessing
soil pollution with heavy metals using contamination
factor index at Zahedan municipal landfill. Environ-
ment and Water Engineering. 2017;3(2):170-80 (in
Persian).

9. Afshari A, Khademi H, Hojjati S. Assessment of
heavy metals pollution risk in soils of central Zan-
jan Province based on pollution indices. Journal of
Water and Soil Conservation. 2016;22(6):21-40 (in
Persian).

10. Azimzadeh B, Khademi H. Estimation of back-
ground concentration of selected heavy metals for
pollution assessment of surface soils of Mazan-
daran Province, Iran. Journal of Water and Soil.
2013;27(3):548-59 (in Persian).

11. Barzin M, Kheirabadi H, Afyuni M. An investiga-
tion into pollution of selected heavy metals of surface
soils in Hamadan Province using pollution index.
Journal of Water and Soil Science. 2015;19(72):69-


https://ijhe.tums.ac.ir/article-1-6485-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-03-13 ]

80 (in Persian).

12. Jaafari J, Dehghani MH, Hoseini M, Safari GH.
Investigation of hospital solid waste management in
Iran. World Review of Science, Technology Sustain-
able Development. 2015;12(2):111-25.

13. Nasrollahi-Sarvaghaji S, Alimardani R, Sharifi M,
Yazdi T. Comparison of the environmental impacts
of different municipal solid waste treatments us-
ing life cycle assessment (LCA) (Case Study: Teh-
ran). Iranian Journal of Health and Environment.
2016;9(2):273-88 (in Persian).

14. Al-Taani AA, Batayneh AT, El-Radaideh N, Ghre-
fat H, Zumlot T, Al-Rawabdeh AM, et al. Spatial
distribution and pollution assessment of trace met-
als in surface sediments of Ziqlab Reservoir, Jor-
dan. Environmental Monitoring and Assessment.
2015;187(2):32.

15. Doabi SA, Karami M, Afyuni M, Yeganeh M. Pol-
lution and health risk assessment of heavy metals in
agricultural soil, atmospheric dust and major food
crops in Kermanshah province, Iran. Ecotoxicology
and Environmental Safety. 2018;163(153):153-64.

16. Agbeshie AA, Adjei R, Anokye J, Banunle A. Mu-
nicipal waste dumpsite: impact on soil properties and
heavy metal concentrations, Sunyani, Ghana. Scien-
tific African. 2020;8:¢00390.

17. Jiang X, Lu W, Zhao H, Yang Q, Yang Z. Po-
tential ecological risk assessment and prediction
of soil heavy-metal pollution around coal gangue
dump. Natural Hazards and Earth System Sciences.
2014;14(6):1599-610.

18. Martin J-M, Whitfield M. The significance of the
river input of chemical elements to the ocean. In:
Wong CS, editor. Trace metals in sea water. Boston,
MA: Springer; 1983. p. 265-96.

19. Rupani PF, Maleki Delarestaghi R, Asadi H, Re-
zania S, Park J, Abbaspour M, et al. Current sce-
nario of the Tehran municipal solid waste handling
rules towards green technology. International Jour-
nal of Environmental Research and Public Health.
2019;16(6):979.

20. Ghosh P, Thakur IS. An integrated approach to
study the risk from landfill soil of Delhi: Chemi-
cal analyses, in vitro assays and human risk assess-
ment. Ecotoxicology and Environmental Safety.

sYs

e O30 (S 5900ST Sty (213!

2017;143:120-28.

21. Herrero M, Rovira J, Marqués M, Nadal M, Do-
mingo JL. Human exposure to trace elements and
PCDD/Fs around a hazardous waste landfill in Cata-
lonia (Spain). Science of The Total Environment.
2020;710:136313.

22. Krémar D, Tenodi S, Grba N, Kerkez D, Watson
M, Roncevi¢ S, et al. Preremedial assessment of the
municipal landfill pollution impact on soil and shal-
low groundwater in Subotica, Serbia. Science of The
Total Environment. 2018;615:1341-54.

23. Daryabeigi Zand A, Vaezi Heir A. Application of
rapid impact assessment matrix and sustainability
model in environmental impact assessment and op-
erational optimization of solid waste transfer stations
in Tehran. Iranian Journal of Health and Environ-
ment. 2019;12(3):501-14 (in Persian).

24. Thongyuan S, Khantamoon T, Aendo P, Binot A,
Tulayakul P. Ecological and health risk assessment,
carcinogenic and non-carcinogenic effects of heavy
metals contamination in the soil from municipal
solid waste landfill in Central, Thailand. Human and
Ecological Risk Assessment: An International Jour-
nal. 2020:1-22.

25. Vongdala N, Tran H-D, Xuan TD, Teschke R,
Khanh TD. Heavy metal accumulation in water, soil,
and plants of municipal solid waste landfill in Vien-
tiane, Laos. International Journal of Environmental
Research and Public Health. 2019;16(1):22.

26. Klinsawathom T, Songsakunrungrueng B, Pat-
tanamahakul P. Heavy Metal Concentration and
Risk Assessment of Soil and Rice in and around
an Open Dumpsite in Thailand. EnvironmentAsia.
2017;10(2):53-64.

27. Rinklebe J, Antoniadis V, Shaheen SM, Rosche O,
Altermann M. Health risk assessment of potentially
toxic elements in soils along the Central Elbe River,
Germany. Environment International. 2019;126:76-
88.

28. Dolezalova Weissmannova H, Mihocova S, Cho-
vanec P, Pavlovsky J. Potential ecological risk and
human health risk assessment of heavy metal pollu-
tion in industrial affected soils by coal mining and
metallurgy in Ostrava, Czech Republic. Interna-
tional Journal of Environmental Research and Public

1199 Yo /r,lg2 o ladh /padsjam0)9s ¢
)

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6485-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-03-13 ]

0155 9 (yleos ;5 Voed

Health. 2019;16(22):4495.

29. Aydi A. Assessment of heavy metal contamination
risk in soils of landfill of Bizerte (Tunisia) with a fo-
cus on application of pollution indicators. Journal of
Environmental Earth Sciences. 2015;74(4):3019-27.

30. Ding Z, Li Y, Sun Q, Zhang H. Trace elements
in soils and selected agricultural plants in the
Tongling mining area of China. International Jour-
nal of Environmental Research and Public Health.
2018;15(2):202.

K 1199 Gl /i & los /b jusw 6,93
. Qi j /g2 ot D jutaw 69,

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

Yy


https://ijhe.tums.ac.ir/article-1-6485-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-03-13 ]

£
£

AN
@ ;
\ £

m|
PR
7
%,
R &
gy \@

%, &
" of Environ®™®

Available online: https://ijhe.tums.ac.ir

Iran. J. Health & Environ., 2021, Vol. 13, No. 4

0

&b

HETH AND EXVIRONMENT

Orginal Article

Ecological risk assessment of heavy metals in landfill soil of
Tehran and its adjacent residential area

Shahla Karimian, Sakine Shekoohiyan®, Gholamreza Moussavi

Department of Environmental Health Engineering, Faculty of Medical Sciences, Tarbiat Modares University, Tehran, Iran

ARTICLE INFORMATION:

ABSTRACT

Received: 16 December 2020
Revised: 9 March 2021
Accepted: 13 March 2021

Published: 17 March 2021

Keywords: Heavy metals, Soil
pollution, Ecological risk, Pearson
correlation coefficient

*Corresponding Author:
s.shekoohiyan@modares.ac.ir

Background and Objective: Landfills as municipal solid waste are considered
as the source of pollution. The present study aimed to assess the ecological risk of
heavy metals in Tehran landfill soil and the adjacent residential area.

Materials and Methods: Having consulted with the specialists and considered
the waste processing facilities, 12 sampling points were selected and sampled
in four seasons. Soil samples were digested using HNO,: HCIO,: HCI: HF. The
levels of metals were measured using ICP-OES which further applied for the
calculation of ecological risk. Kolmogorov-Smirnov, Kruskal-Wallis, and Pearson
correlation coefficient analyses were run to determine the significant differences
between metals concentrations in various seasons and sampling points.

Results: Metal concentration showed to follow theorder: Al>Fe > Mn > Zn > Cr
> Pb > Cu >Ni > Co > As > Cd. Kruskal-Wallis results and pairwise comparison
showed a statistically significant difference between metal concentrations across
sampling points and seasons, especially in rainy seasons. Pearson correlation
coefficient displayed a strong relationship between the mean concentrations of
Cu - Pb, Cu - Zn, and Pb - Zn with obtained values of 0.932, 0.874, and 0.883,
respectively. Cu exhibited the highest contamination factor at the compost and
fermentation sites (13.2 and 9.89, respectively). The geo-accumulation index
proved the anthropogenic sources of pollution. The potential ecological risk
index (ERI) for the sampling sites ranged from 67.3 to 154, with the order of Cd
> Cu>Pb>Ni>As>Cr>Zn> Co> Mn.

Conclusion: Due to the obtained moderate to severe ecological risk and exceeded
background concentrations of heavy metals, it can be concluded that metal
changes and soil pollution are both affected by landfill activities.
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Copyright © 2021 Iranian Association of Environmental Health, and Tehran University of Medical Sciences. Published by Tehran University of
@@@ Medical Sciences. This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license (https://crea-
A= tivecommons.org/licenses/by-nc/4.0/). Noncommercial uses of the work are permitted, provided the original work is properly cited.


https://ijhe.tums.ac.ir/article-1-6485-en.html
http://www.tcpdf.org

