[ Downloaded from journals.tums.ac.ir on 2026-07-02 ]

B9 ode gaollad (Cows ) o 9 Cuodlw alxo

Olp! e clilogy (oode (pozsil
YW b)Y Olxao NPl e gl o)les (o3l 090

&

(@

PG
5 8
Available online: https://ijhe.tums.ac.ir N \\/ -
u..f.h 9 j.._ag Jle %Y“w) 4 jg

(553915 Fblio sl S5 40 glaklosiz Silogf (glocys 1590 (9% (s 5 (2buslidd
Qe ¢yl poes

Sl o)l e fliz ol o0 F G0, Yl s czlian (gr) mulae

Ol eoloen ¢ oDl ol3T olKitils ¢ ylaed axlg ol pole saSails e jlasms cwdige g pole 09,5

0 b S sl Fo ool M LI

A (55l ‘;T LsLAoA;iYT (PAHs) sladlsais ;L:.SL‘:B)T Gy )S g0 iBud g dduw) VEee /AT /) :&:éb)é CJ)L‘

alos 5l Ladase dad 30,5 0091 L g oads adgs Sl slacadled 151 50 Joons Hobody 45 . :&I:,,, é‘)u
s plol VYRRl o laen (55,5LaS SLs gladigas ;o PAH &loS 5 oasleils T G

(it JLe o S09 L57‘-L‘—“’ S FaadP) S d Catd] VEY/-¥/¥) :)L&.’;.S‘ é.g')l&'

50 eSide oK VY Pdaw S digai YF gooome ;0 shrog anlllas ol jo 1wy N9,
Sl 5leg S Gy, 3l ealaS gus gy any Bl sl 51y 5 0 (6 p5lanz 55,5l (> 1s
diges yo PAH SloS 5 Glasiome s 9 ol 6l (GC-MS) ) (Pl g5
(TOC) Js I =y8 s EC) oSl csloa pH sl jal )b olis ¢ fpimmon .0 ooliul
plsl SPSS 15810 5 51 ooliil L 56 Laosls g5kl (o310, .0 (6 So3lasl 35 SLs sladiges
9 4ineS L S5 sladiges o cadlsl sl PAH oS 5V F Slolis [, Sls molsilaadl (sloyes il S L;agﬂ (oS o 55lg
VA £ UG/KG Lyl odlie (oSilon 5 YYAY 5 YO Ly ol i an (/) IS wbile an iy - Jls il aim Silog, ] (gloiyy,S's s
2,0 YA L (HMW-PAHS) oLy JsSs9e oy59 L PAH wloS 5 as o oo copdleds .09
cbli> olejlw (s,l0ly, a5l in Bghi)P s B@)P B&)F Bb)F .Chy B@A Pyr

O Ql)_ﬂ C,._..u).la.aw
@ lore o jleacd lulid glopeg il 5l 5 cdale (Sl jolon a az g Ly 1 (g g domais
Ol alex 1 IS g (ol Slaladl Jlesl 4y o laieis ) 9 e Codlw Laas jg bais

le ‘LS})SL':Z‘S

t ghann 0 My g (g SN Conmny

s_sobhan@iauh.ac.ir

Please cite this article as: Rabieimesbah A, Sobhanardakani S, Cheraghi M, Lorestani B. Analysis of polycyclic aromatic hydrocarbons in
surface soil of agricultural lands in Hamedan, Iran. Iranian Journal of Health and Environment. 2022;15(1):103-20.

Copyright © 2022 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://
AT creativecommons.org/licenses/by-nc/4.0/). Noncommercial uses of the work are permitted, provided the original work is properly cited.


https://journals.tums.ac.ir/ijhe/article-1-6636-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-02 ]

S PAH wlS 5 aS &hgoimas (0 DAY col atulg
b g (359,900 Kgm «(omi¥lgeS Wgm «(pbiB pd Dd> )b
Olo (V) Wgi oo ailb S ST 8lge b cudlg jaily SS9
e 0 00 piiie Sileg)l (slage 59,00 il 00
039l S5 )3 (VY ) 0iS o ga, S 0 olysyo
59,5 gl 5 ol Gkl peiies jsbay L PAHS
b @l p2d; Goyb jl pelieené okt b g (TY) jle
Sl Sl il g sl oz GBSl )0 o 0y
laiogy (> @b (TV) aisoee lis | 095 ogdll
PAH oS 5 s jlasme Con 1 glala>do LB ol 51
bl QLS oz 5l plaiais; s el g )Se
g ol oals Las 1y olhlaibing g B w5 a5 55 (b 590
(age Sooms Sl g S ga cady p SLS 5 Gl (o DA
98 JSS Cole 50 9 (G S oo g S
Oelple (Y0 V) ol onpmsy @bl 4y (b yus a3 Ml
@9 2l (S o LS5 Gl g pSeslil g olulis
slp o Ahhs bl g Canslase (Sodl S8 ol
0SB Sl e )le (VF) 958 00 gmme Ll Ceadls
(oY) LS 5 Nam ios alox 5l axdllas (o
&l S 0 PAHS S a5 5 lgime s Boa b
B @i o &S AD asie g el 9z 0 )0 @ip
DL, Canio £55 5 e o3hil e Fogll mlin b bS5 o
oo 4 Agarval addllae (YY) Conl alils 0929 0L
PAH olS 5 ololis 5 g0595 (owyp b ol ;045 (V04 9)
e a5 0 aedie oo e 5l siblis (g3,5liS S o
039 YA UGIKRG LAY -y 00900 10 lagy S p000 S
PAHS S JJoie ‘yizmed g Sl 009 piiie diges s
bl 5l i plp @ U g0 b 4 Suop @bl o
Liu jagh copdled 5 (YA) cul oo laling, 4 ooy
sy 0 PAHS o) Gaa L as (Y417) o] Ken
i g plxl ez )0 Sie el S SLbI g 5les
ldiges yo o glwlis PAH 55 V8 S clale a5 o
oo miie VoOVF pg/kg G A 51 2VY pg/kg Sl L
SLeS 5 Ggme et g @lelid ogas ;o (TA) ol

V- F

doddo
Sl gl a5 Cul (e 05 5l (e i S
Slssrge slacalls 5 (LS o) lase alox j goaxie
ST ) el Sllgem g ol 13E (yaals s g 008
Slogzse 4385 arie plyieay Fome 5 JI olaS 4 S
5 Ohlily cdle p alide lagtg s Wlgoe cons;
oS g s ol (ul 53 9 (1) wal 8,56 5 jlups
ST sbonn¥T o 5 sein 5| PAHS) (slail>ais SslegT
V) st i 5 il ol e ol
lond oly> 4 sl (s lame Sigi s 5 Jlil o5 (F
PAH (S 517 0956 .(A) o)l (S Janmo Ll
«(Ace) 8wl (Acy) olslwl(Nap) Jias Jols
«(Ant) !, —5T(Phe) o ,—sls (Flu) o 9 L
(D) g5y o PYD) o5yl (Fla) (il 8
() g3 «(Chy) sl S (B(@)A) sl )]
(W 930 «(BK)F) 51,88 (1) 950 «(B(D)F) yl,sls
(DB(ah)A) ol 51 «(gll) 9558 «(B(@)P) ¢ ml
(o) Vo) sl s B(ghD)P) (ol (Tl 932
Gl i bl g 1ls Jblsay A(123-cd)P) ¢, b
5 el il L« a5 5 Sl 5
wsld Cuglsl shls slooa VT plsicay 1S ol can s Lo
sledld oy mio PAH olus s (Ve Q) wloas
b B (e glacdan Gl pezes SL
by S Jij w555l slasilony aloz 5l edgiceny
Sy b 4 cdlan] adgs o eslisal 5,50 Slse 5l Lzl
PAH bS5 Las] Jlosl eipmmon (VY 1) Wigd o
5 9 sVl gl OLas] Slles b e
35 ol OF ) 0yl 052y smmb 5 5 cbi g3luo 3
39 oy ) @bs S 0 PAHS jLesil a8 cunl Jl>
PAHs .(\F A\Y) 050 a8 5 sas0b sl 55 Sl polie
SB I slge 5 Ol,5 Cia Saday g ode p,50 LS S
wileger (Jb S 3 (Vsb ploy Do glp g Wsdio
SS9 i (8, Waliae (pdize Sl (g ke ((VO-)Y)
SB 5 35390 T olge & S 5 sladloais Ssleg)l

% ) 2 ﬂy
1Eo 1 Jlgr /gl ojloih /s joly 09> -

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


https://journals.tums.ac.ir/ijhe/article-1-6636-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-02 ]

OhKes g zloas oxm) pulac

Sl b gleanS 4 bdised iz osle b T oo)8
oBtglosl ay JGl 5l gy 5 Jiite ez 92y o
56T by b g (Freeze-dried) ooss sesis aloldl
Copmdge (PY V) s ()05 -10 °C glos ,o alfiuss
oo 3l oolawl b 5 (g ls paiged slaolusl L3l ,5
b a8 o5 5 esl ETREX 32X Jas GPS
VS e gl paiged slaelSl il Condse ands

el 00 sl s

bdigai s jlwoslo]
L ooliiwl 0,90 By b dan ol dadiges (g 5lwoolsl jelaie a
oyl e Jgitie JT sla Plor s ity s g ebails Lg0 O
Fh coea )]l e g o ools gidud )b dwl;5a-n 4
Lol e JUT sl 5JUT 005 0l L3 V- °C gl 4o
S Pl )S al> e 95 (b 53leSh 5 silaba gl Fel
&5 5lks,S 5 (Column Chromatography) g
o&iws l eolixul L (Gas Chromatography) ;&
Oygoind b plnl (goyx gl 8 Sl Sgleg S
JEezms 693l b S diged 2 51V 8 inies ) o S
L laaiges 5l PAHS zlseiulco/s+ 0V g cdo b &l
Sdeds g IS 60 YV ML L aluS g olKiws 5l ool
ladiges 5| 5,555 B jshate 4y ¢ b 5l .ab pll V- h
oolitl S0 5wl b oads Jlb e axkad wix |
iy Sl Pl oK 5l eolaiwl b ¢ s 0
o> & Hdw, U s (Rotary Evaporator)
SlsS 5 Jgl o o (s S log S o g Landis ¥ mL
oolil s LS5 Lo 5 PAHS Lo ST Jolis s
o7 S @ OIS | lie 9IS (65 bglie Yo mL
g [EEJPEIR VS A R | LU FOWRS IV ESSUNT BN E AW RE S
pgo Al o Sgiw (3,5 gleg,S 40 o eolatwl O b sas
ooliinl b Jgl al> o (Sgi (315 55leg S 51 Jolo (sladiges
Las Y ML oo ap Qo B loaome (252 ol > 5
Lylie Vf ML 51 PAH cloS 5 gjlulon gl wins
o A oolainl i) ez Cnd 4 1580 [ ylieg IS g0
ML U 4 5 Sy D> PAHS o lax sy ol 5

® gﬁ/
yégg J VEo 1 lgr /U9l o)loib /s jily )93

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

\e.

QLQ'? C““" o 6)’)5Li'5 LSLQQ:-A)' uﬁtjaw S I PAH
3 sl slaanlllas plxl 5 slaile Jg el oois pll
s Ces 3 e Ll 0h94 5 Ol pl )0 o9
Lk sl sl Ghesin ool cegdse Coml 4 kg, )
GL""‘J?‘“‘ ° PAH ‘-’L'-‘S)-' )-,’,OLBA O g G:L.»L»...u RV
Ol s (53,988 bl 5l oas d)j]éo-‘? b S

RWIPAEH IR I & W W KOV

o 59, g 3l

albo 0,0 adhaio 5 pmo

23S 2 6Hlas slacks 5 (o plsrear plaes ol
JS colus 3l asye VY sga> NAOFY km? cawg b
SoygleS sol)l ggemme .l ooy olaisl sgs 4y 1) jaiS
30 A4S Sl 0 o)ﬂ)g Vooonns ha Sz ;0 Glawes Ll
Ol Dyt ddy g EesS 5 Voo e ha 350> ol
FOVAYY ¢ YAYY Km? g b oloes oyliw o .akiwn
95 SIS e yo yiagheS )0 @ VY o o515 5 Comaz H45
Cgeme Ll (Gmer B sl g ovgr Gl A i

JB}/‘L,L}X‘U}M
b ey S g o

s o b (Descriptive Cross-Sectional Study)
Jlo sl Jad (o« Sboy 5 Jb slocusgaon 88
5 &Blg ol Jolis (g)lo paiges 6 VY YTAQ
2GRS (S5 Gblis 5l ;0 e (65,5l Sl e)
o)) SKal 5 5 slaool> jgloes (55,5LiS slo iy 4o
6))9L~S LQLQ’L)""’) o 6_915 ‘_gl.boliu.u‘ 9 (\ ) 2NN 5
R )‘ )‘)SJ A la 9 0L ul.‘}Lu‘ (\\’ 9 AR dl.boli».ma‘) ;.\303.3
S 5l 6o pdiges 4 Cod (gad Y8 ggazme j0) Joxo
sleslazal LY kg 59 4 plas” o (+-V- cm) oo
[RES NEWIPFLEILIPW-IRURVIN § i S o B ISR | P S

e 5 S 51 S 5 g FLi g 05, (ezmen SISy 0,5


https://journals.tums.ac.ir/ijhe/article-1-6636-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-02 ]

Oygo e (YA-YY) ol eolaxwl (Loss on Ignition)
o wgoals joe VUM el el iz S diges Vo g eaS
b Lgs oI Ve mL s oo Jae Voo mL i
2 b e gladed (ren b byl 5 0038l (] 4
god b, 093 Jlb> 4 ¥ MIN Gow 4 bglsw o a> 0
o PH olss basgi (ygemnilimsgos PH. pi0lis (1 51 g
oS ostas s Coms BC g puFo5lail gl 0 (6,650l
shosliinl bond i gmliwgn 09,5 Slo e
Jols slisil o las ccoles o ol pladl e il olKiws
comzed b (6 S0l miwcslas JSws l soslaul b
Sid S 4503 ¥ g Jlaie TOC polie s jolaie
Sg oo odls ,13 Fer °C slooLioyeS o fh Gowasas
o oo e (gloo a4 U 0o, Jaie eilSws 4 |
SE diges adsl Gl 2 9w Sl e Jol> 059 Dol
Slgo lie i Colgdye ad Gy Ve dae 0 g e
(FF YD) ol s VA D02y IS ]
Wwosls s ylol o j1o

SPSS Jlisles Vo ass 5 Wosls g,ll 35ls, sl
3l ooty a5ei og Jloy oy ekaie 4 ol oolaiul
oieg,S slp «(Shapiro-Wilk) Sbg-g,mls ee;l
chile 5 Sile Sl )l paise slrolSiunl (s L]
olly et g5l 5l leaisas o PAH olos
5 (One-Way ANOVA) a5, b, Sogojl (s
oSl i a5 e ] ol Jl Ssa s
awlic slp 9 (Duncan's Multiple Range Test)
b ey 35— sloa isa 5 ;0 LPAH clal ¢
Slg ST 5 gyl 3ol sl wl , ols
(oies 03 oolitwl (One Sample  t-Test)
SlS 5 polie Sl G (Sarer oy Glp
e S g T
TOC s EC pH ol i oL las 1 >
Ot i, B ol S LS
oola_ | (Pearson Correlation Coefficient)

V5

3 edle 0l b by 5o 352 9e slaaiges ol Jiie V10
GC-MS ol8iws 0 ladiges (w5 00l SLis 5950
(FF Y)W 3,5

baigoi pKwwo jJGT

ilwoslel 51y PAH @loS5 polie oo ol
155 4 e GO oBiws 4 ladiges gl 5wl
5o o ooliiul gt WAB GiyF s> miecib
Jsb b DB-5f fluSghs 6 00l5 G5t coliws
Sho L clse s o - /YO mm sl s Y- m
(YF YY) 0g ¢ /YO Um

S i

Voo UL Gl daaised (69)08 Olime e jsliien;
0d o 9o LS 5 el (V- + nglg cdale L) euSy L
«Chrysene-d , .Anthracene-d Naphtalene-d,)
bl 2y bwsie 5 s wilol Ll 4 (perylene-d
Cowdds a0, AF B A+ o350 ;o (Recovery Rate)
5 a2l ol glackile (ol 5l ey el
5SS plite & gl 2 opdle b apla odly slocilile
S o banls diges (g, (Quality Control) coas
@ al> 5o Gl 6T sl (sl g 0l aLAISS Laaiges )
oiws a4y baiges plu po sl diges colliws Ko al> 0
P9y 3l olCs (ansidS 9> (e sl p codleds 0 )5
osliul (Signal-to-Noise Ratio) ¢ 4 JuKew o
o dwle PAH GluS 5 ol 0 5 aseid 9> ol
Caslsl clls PAH S 5 V8 olie coules jo (FF ¥T)
Pyr .Fla .Ant .Phe .Flu .Ace (Acy Nap : s
.DB@h)A B@)P B&)F .B(b)F .Chy B@a)A
e S sladig o ,01(123-cd)P 4 B(ghi)P
D ouly> (65)slaS slagre;

S (o lond sl 18 slo polsb polio frerd

celae s PH polie s pSojlil sl canlllas b o
s gbal 5 s, 3l wwise S ECO) (S s
o Jake @Seilal sl 5 el U 51 50 e
OBy 5o Gial S g, 51 (TOC) s I

% ) 2 ﬂy
1Eo 1 Jlgr /gl ojloih /s joly 09> -

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


https://journals.tums.ac.ir/ijhe/article-1-6636-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-02 ]

248?001': 27‘)(]’00['

SIU(IlOIIE

3ETEO0ON

I842000N
!
T

1
NODOOLRE

T
NOOOTHRE

T T
2480001 27900012

T
3100001

S 5l 5)lo pdiged b Jomo 5yl Camdgo aldi-) S5

Uil y305] s sl o055 DD 5 DAY VY Y
o5 ols plad (F Jgaz) PAH glo gl 48,0, uily g
cble (S0l o GINY 5V (B 5l Y Y slag e
Solel o gme S| = S sladiges o Nap
e sl S J s o(p > +1+0+) Wlazsly wa b
ails v b gkl s gime S o 1l 51 (5,18 paiges
SN F LD g glalme Sl b g (P < +/-00)
e SB sladises 0 ACy clale Sl G 51N
S P> lo0e) Wil on b gyl] s tne DS
s ol plolid sl pesnl plo sl lgise 1) emlds
@ Ogm Sad 303l @l (pizen il Lol
PAHs ol clile (:Sihe (o (Siana (o) 5laie
ouds 005l ¥ Jgoz ;o S alierdsSind slayslly

® ﬂﬂ%
_—/%9 J VEo 1 lgs /gl olas /s ity 6

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

\e.

l>asly
S o258 53 sl oy polieds by po aosi sloo o]
@logiz 18 codjias 00 lulis PAH (slayognl (glyine 5
Sladiges PH olie a5 ols lis zuls .ol sod 03,91 ¥ g )
55k L TOC ke VIAY B VIYY 5 VIOY (4oSlis L s
us/cm . Silos b EC 5 0oy VAT B +/¥0 5l oo +/SA
() Jgoz) Sl 03y paio FAYe ps/cm G VY- I YYVE
plis (e Silo o8 90 LS Y Jgaz 50 2000 ol 3,0
SB sladiges o ond gluls PAH o5 5 V¢ (ug/kg)
Pyr .Fla .Ant .Phe .Flu .Ace .Acy Nap : Jols
DB@h)A B@)P .B&)F .B(b)F .Chy .Ba)A
FoO/F XYL ol e e 1123-cd)p 4 B(ghi)P
AAY AFY AAY AFF A8F YY0 £V ATV FVA


https://journals.tums.ac.ir/ijhe/article-1-6636-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-02 ]

Ay (Staser olp5 b oo 54, 1(123-cd)p 5 B(ghi)P
SIOVA g /FND - IFAA IV F IPYE o [FO0 - IPVO L
g Ace (po cogdleds 09 /0 Ll gyl gas maw o
o0 s TOC s B(a)A oy .TOC s Flu . ;TOC
CIFAY Ll Saod ol o b s 5o TOC 4 B(b)F
o0 b ply sl s phaw yo [P 5 < /FOF -/PEY

LBl S92y Cute (Kiad

- EFP et g (oLl

O S98 e (S 9525 o0 i o i 45 o
Fla - Pyr 4 Fla ;. (Ant L Ace - Ant L Nap
Simro alpo b i 5 BD)F § Pyr (s s B(D)F 4
s 5 IAPY 5 HIAVY o [AFF VYN G JAFA L ol (1)
Ace (s Cuie (Siwaad g ¢/ V0 L ply (P) (5o sxe
s Pyr o B(ghi)P 4 Fla -, .Chy 4 Fla . Fla L
o= 3 B(a)P 5 Chy ., .Chy 4 B(a)A (.. B(ghi)P

$329LS (xw LS adiges (o1 luoadsss 18 b ypolyly polio ) Jguo

V/oY VEAL

v/e1 \

f/Ea YYY.

V/AN Y

f/EE ARY

VY4 0

Yo YVA«

V/VY \

VY AN

\ZAN i

e VEY e

V/0A R

2T Ve

A YY1

VI S

v/er oSk

gLy £e/t

% 9 oA
1Eo 1 lg2 /gl o)lods /maasiily 0,93 o

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


https://journals.tums.ac.ir/ijhe/article-1-6636-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-02 ]

OhKes g zloas oxm) pulac

by (FA) pgealonSt o (Smmjtrsz slaaslp @
(Y-YY) oK g Chen awliv olids o .cwdls
L olS s (F9) (Y- o, Kea ¢ Halfadji 4 (v9)
G AL SleS 5, (sladl> $-7) ok JeSdse 035
(YA) (V++9) ol,Ken g Agarwal (5L 51 s S
s b oleS s 5 (FY) (Y F) o Kes 5 Zhao
orreis Al ol 5 (Gladls YAY) oS (JsSdse
Egome (YY) (V++¥) e 3 Nam .« imen aisl
sSun JYAY- pg/kg Yy 511, PAH .55V p clale
Halfadji .¥¥A. ug/kg b A 51 (FY) (YY) o), K0
YefA pg/kg BOAYY 51 (F) (YY) o Kes
9 VoOVF pg/kg b A 51 (V) (Y4 9) o Ken ¢ Liu
Hg/kg B AY . 5l oa (YA) (Y- +9) o, Koo 3 Agarwal
Systiess b ety ol gl anglin . 0is,S 3L YAA
Ll oo ools L ¥ gy aliee sla g plw

® gﬁ/
yégg J VEo 1 lgr /U9l o)loib /s jily )93

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

\e.

Lot PAH 0951 V8 ggame cibald a5 sls olis gl
FYO 5 VA 5 pglkg oSl L S sladigas )5 oud
el ol (¥ Jsoem) s it YYAY pg/kg s
3xly o pog ! o laaiges o oo oluls sPAH
0-# L 4 (Chy 4 B(a)A Pyr .Fla) o ail> >
DB@hA B@P B&F BbF) s ail>
&S oy Je¥ge Htsle o (I(123-cd)p 5 B(ghi)P
Ak Jels 1) olls s S sl as, e YV 9 FY Cu g
Sl o Sim adls Yo L Lajeg) a5 J> o
Js ;! (Ant 4 Phe (Flu .Ace (Acy Nap) JsJge
09 oS a5 8g Ao, VY ead pluls olS s
L awlic ;0 AMW-PAHs) v slojogp! woe
SHlubb b oles o |y, HHMW-PAHS) S LS 5
bl pien Camlas 5 (YY) Lo )0 S sl pog 3]


https://journals.tums.ac.ir/ijhe/article-1-6636-en.html

PR

o (GGTTR g

e (1090 o7 sy
<o o (B @ 06 ) A’ e w0 D (o0

#

2

& T AHEG B A D

> d) B0 o9 e (9 | < g e K6 Km0 R (0 e (R0

RN D (Cor) A

0= e Vo

b/A3

ov\

03/

203/
FRYAv
gt/AL
PRAYS
AN
qOAY
4

/0%
pr/AL

pt/3\

CAANN

e[ A~ |0 o oerk S | Kbl S gy of robevenS 90 e o) omECCS ¥ ey oy @ (- Aap By/8m)

b
I3
RTAXN
AL\
vA/Q
53\
2A/ AL

v

Q3

50 VA

AL
A/oo
/03
bhi
(VAN
aV/o
PLEVAN
SA/04
PEZANY
AV
/e
£00/3
A4S
A
A
v.\.‘:

30/40

o/ov
V/A0
VL
A
b/3\
AL
2 /0A
1300
AL
Ry
FYN
/3
/0
VA
/33
a/Vo

YN

vV
AL
A3\
AL
AL

2V

QAL

Pt /oA

SL/AL

GAVA

PRIATY

3434
eA/00
S0V

PN

WL
0/%\L

0/ n

SL/34
YR
e300
pt/tA
g4/00
FRAN
A/b3
KIS

A

2b/43
1V

/A0

LAL
oA
AVO
LYAYY
/A
p/A3
5t/3
51/30
Vo3
yA30
3t/0vV
S
Ao

at/34

/by
00\
Lol
b4
A/A
/LA
A3
3001

2t/A3

/3%
04\
33\
A3
YAV

VAW

aV/A3

PRVAWY

gL
ALL
PAVL
WAVN
SV/00
AL

YAA3

AbL

(00

A
a'/b4
Ry

PR

/AN
Al
AT
334
/AL
pL/AO
ot/

QO/LY

RYY

VAL

NV

A0\

AVA

AL
oY)
‘W
A03
AL
/AL
Ry
S3IVA
QA
$9/33
A/AD
3/
Y
A4
QA4
JA03

AL

AMN
A

A0L

3\

yAls
404
et
pA/AQ
SV/AL
e3/A\
AL3

VRN

VAN
N33
A/VO
Lo\

AN
VN
SV/%\
54/00
Jr/AL
3+/%%
oL

PXIARY
FZENS
g\
q' A%
po/\A

p/rA

3/4v
/b3
/%0
A0\

WA
a0\
/34
Ao\

o WA
30V
AL

ML
WIW
F_o\o_e
1A
at/3\

IV

A/00

“Vh

LA

AbAd

043

\\o

043

EXZN

Vvion

AN

LhAL

*AbA

0344

9 yﬂp
Gadg ju pole ooliliad

2

g2 ol ol

.ac.ir

hazo Cuil

1Fo 1 g /gl o)laih /s jily )93

ulpl

VY-

he.tums.

ij

[20-20-920¢ uo Jroeswnyseunol woiy pspeojumoq ]


https://journals.tums.ac.ir/ijhe/article-1-6636-en.html

SB 2 boai s 38 s ol yb 9 PAHOLLS 5 clale (Sl (ygm y (Smnod oo yilo =Y Jou

OhKes g zloas oxm) pulac

TOC EC pH 1(123-cd)P B(ghi)P DB(ah)A B(a)P B(k)F B(b)F Chy B(a)A Pyr Fla Ant  Phe Flu Ace Acy Nap
\ Nap
\ VA Acy
\ amts v/onY Ace
) AR JEYV V/EAL Flu
\ LY ViAns Nind) JEEA Phe
\ /O e s VAT Ant
\ VYOr  YYO VAV /0 CYVE ree Fla
\ AN CJEAV Ak vjoovV AR ARY Pyr
\ /Yoo AV CAREYAY XYY /FAN VEYE /YN B(a)A
—
\ s/ AA EYY VA Y - 2 SRV § /e Nian! ey Chy -
) D /OVY e /)Y COA /Y Y VY0 1/iYo Y B(b)F
\ CYVY /04 +/eQY YT YA VEAYN VAL /LY iAm V¥V /80 B(k)F
\ CAAY O YYE w0 YO ARY ' /¥od VRSV w/e84 /Yol VYo Vit VYEE B(a)P
\ 2/00Y  /NAY /]y /Y80 /EYo v/oNE /88N AV T vy VEAY 04! —v /AL DB(ah)A 39
mvm I
23 ¢
\ VA AR oot iAmY VRS o/eqn #e Ve 0/ +/Y0 YT LVARYS CAYA AT VALY B(ghi)P mwm
193
5 59
Vo meOVA EVE ATV QY VEA AW S g g YT JATE VT /Yoo VW oAy —veay I(123-cd)P SRS
4
\ XYY B2V XIS b SR VARE ARNRTYLS PRNSVAT | SENNYA .\ SIY-R VAR ¥isd) —AYA = /Ne0 /N EY VAR —ATY —A pH mu
\ —/8Ye —¢/YAY SN Ve S BAY S ORA =YY —e /A S ATY S /A —/¥o0 — YV =YY a/Yor —v/¥AL Vg —u YT EC vmu
\ VAT -\ —/Y\ AT A TRVAYY AU aAVE Qe AT se/n08 /804 /8A0 AT VAVE s AWV e AY /89Y /041 TOC ylw
.\.o.rmy.u%mr{pu?% KX .w"
ARNY Is & 3 ﬂﬂzib.»\, EXS W,M,.
[©S) W_c.mrip 0 3D

[ 20-20-920z uo J1rJe'swnysfeulnol wouj pepeojumo( ]


https://journals.tums.ac.ir/ijhe/article-1-6636-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-02 ]

o shng3s yibas 95l b S sloaigns 10 PAH (Hg/kg) s 5 15 & gozxe Cilé dungllio -F Jpur

TS

(Yv)

Al

(&v)

AR

(Ya) YVA+

(Ya) yyayr

s s sl (grkg) Gl ceilme bl
Ace 3 Acy lp Yoo Nap slp Yoo b ool g5yles
o+ Pyr ¢, V0. Fla g Ant &l 0-+ Phe 4l f--
B@P 4 BF 4 BO)F 4 Chy I, — V- - B@A 4y
1123-cd)p sl V- 3 Bghi)P sl 6+ Flu s DB@hA
Sl S, secdal e (Sl saSab a5 (F5)
L Bghi)P 4 B@)P B&F Bb)F .Chy B@A Pyr

Slp g P < 100 ansls gyl o sme B jle o>
2 e Sl 039 (5)0lg aiption 5l fiien b jegil
s> (V23A) ), Sea 5 Baumard _as s laiteul 5.l
Sogllaws o 4 PAH (ug/kg) olus 5 clale wlol
g;%_ﬂ ((VeoomYeoo) laugio 65;511 (=Y 0) wg
G O ) J[_.,.). 61_, ‘;oj_ﬂ 5 (Vooo=Bove) bl—z}
ol aalllae 43 sl ol s 45 (FY) i ganails LS

WY

SLaS 5 polie uSilos dunlio 5 (SM503SS 35 yge;] s
530 dilate o S5 glaaiges ;5 o glulis PAH
oo &l S 55 o yag il (UE/KE) (s oy, arcivn L aslllas
lp PR b plp adde (559 9 08y ciutlage )l Lawgs
Flu ¢l 18-+ Ace lp #A Acy lp VY- Nap
VA« Fla s, fA-+ (Ant ol YF. Phe ol Y5 -
sl Ya- (Chy o V8- B@A sl Va- Pyr sl
DB(h) l,—— A+ B@P l,— ¢+ B(k)F s B(b)F
«(f0) 1123-cd)p !p YA+ 9 Bghi)P ¢, 4. A
ons bl PAH GloS 5 sgime (uSilos a5 ol ol
WS e a> b SloS 5 4o (haw S sladiged ;o
oS 1oyl dad sl g (P < o/ 00) axils g Ll s sne
polie pSiloe aslio ccpl 5 odle Ll 00gy e w>
Slojle 3 laliul b aaiges ;5 o glols PAH @los 5

% 9 oA
1Eo 1 lg2 /gl o)lods /maasiily 0,93 -

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


https://journals.tums.ac.ir/ijhe/article-1-6636-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-02 ]

OhKes g zloas oxm) pulac

SERg5 ;0 .0,S () ladiges o el slwls PAH
aS wis,S o)l (YA o Ke 4 Gereslassie « oo
Siwor ANt 3 B(2)P 50 oot ololiss sl oyl s
24 b egpl den gl 5 Wl TOC L ams (Lo
Sols i e ( Siwwon PH L 55 Nap 4 Chy (Ant
PAH @loS 5 o (Siawod ol ol addllas 10 .(0A)
GlaS b awlie o glaals V-V oluS g as ol olas
el als ma b 65698 5 Cate (Swon laidl> 0-F
Wy o PAH ClaS 5 (658 5 Cote (Sion o5 L]
59 L PAHS 5.5 5 (OA) ol Lyl S s sliie oaumoylis
Sl 5Sae g aiiad sl o YU Sy glls o5 JeSse
ol (mlam o 5 bl 90 slap S
(0%) amslb eas et (Atmospheric Mobility)
Gl Y- Gl a4 el oledl g ol
S92 e5)cnl 3l g Wlosgr )93 GLuSy ads Lace 51 Ylez>!
oy e ) ol g B il (558 (oSirad
5 el SB-PAH @S 5 Lol e (6 yaumnes! Saw SYsb
b mbio s (S hale S eaddis Blug oo 5 ole (a2l 5o
ol 3 OFA) o PAH LS 5 4y S Sogll Lol Llse
Olgies |y o)l paises cloolSiy! o PAHS slice ol
55 Cedls L ye lacelad il e 4 bl & sl 4
Slge 32> b g (hewd oS g gy 9 (aL 2T L
S 0 sl Cnitig b o g l9o .0 PAHS Lacsl el J1
el 10 0 ¥V ) o)leds laollins] caS 5 5bay .aSloas
Olvad (Lo ol Comaz 3150 5 5545 3bLe 510+ M
LUl s bl 51 00 M glads o ¥ oyl olSiyl
720l Sl (o dy g Sl 4215 )13 568 S5 g Copner
duslie ;0 ¥ o jlos oS! W PAH 5517 clale ggamme
A e nlpl el oS Gle 4 05 TV ) slaalSianl L
555 e LPAH 5517 clale ggamme polie duy oo
i 4 sl 4zl L3 ) S igle S g adis Jylos
Eooma polie (YA) (V:+9) o Sen 3 Agarwal calic
a S5 gblie g3,5leS S o PAH o5 5 Vs clile

® gﬁ/
yégg J VEo 1 lgr /U9l o)loib /s jily )93

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

VWY

WY oo 1) Y laolil o PAH Gl 5 a4 S Sogll
VDY sbelfig] o s "wS (Sogll" anus 4o
chyb 5 anals 5 Mlawgte Sogll anus o Ve 54 A
5 o VT ciigip y JT ol s PH a5 conl ot ol
PAH ol.S 5 (immed (FA YY) 85,105 o 186 SB
Sk I olse wiz 55,500 Al 5l )l Jdoa,
o 4 S Il oole sl S ol 5 L(FR) wigd oo
PH 36 e oo PAHS gy JA el pH 36 s
PH ol olis pols asdllas s (FA YY) 8 5 salss 1,8
[(123-cd)p 4 Chy Pyr Ace Fla ;>4 o g3 4o b
>4 yegp! PAH asa LEC § (ans 5 e  Seon
J9oz) conl ails Cams g hie (Siwwed Flu 5 Acy
5 1(123-cd)p ;>4 a5l ase L TOC (piman (Y
Lo Lol a s i i o Siewas Bghi)p
S B@A 3 BO)F Phe Flu. Ace Acy Nap

P }:9L".

ol LB (6 5598 5 St
Jobas S s gl Y-¥ LPAH oS 5 S cosl sids ol
» glail> > PAHS a5 J> )5 o 655 56 50 oows
iyl 1,8 (Particle Phase) glo,d 5 555 56 90 52
5 .slo,d 518 jo i ail> 0-F oxlg PAH LS 5 s Jb>
SS90 o S Hsbar (00) witws S-S 4 Late
o350 S35 36 5 o5 Jsze iy b shaloasy Sl
Lol it o yiwd 0 yidn S ST olge b SS9 sl g
S gloyd 5 o aSepl 4 azgi b il O-F LS s
Al oy 5o Sl Q] olge 4y Jlasl (gl p o
Culin (Swod 00 A9l Wlgi oo Eg050 (p) 45 (OY)
L awslic ;o TOC U glail> Y-¥ PAH LS5 sicsd s
ailice Sligios )0l ol aslllas o glail 0-F SloS 3
olis 55 (OY) )5 g Bucheli 4 (oY) ,ISen 3 Wilcke
St o5 J5S50 1359 L PAHS L TOC (1 a5 wiols
o2 s Heywood «yman .ol ails 0929 (5 5593
Nieuwoudt ((30) (Y« +V) o, 5en 9 XU «(0F) (Y- +5)
OY) (YY) o5 3 Tongo «(0%) (Y1) o Se2

Ol 5 polie (uSike L TOC (o cinds Cito  Siron


https://journals.tums.ac.ir/ijhe/article-1-6636-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-02 ]

F YO lbolSinl 5 "pS (Sogll" sgaze ;8 VY 5 V) Y
il L8 " lagie  Sogll" osgasme ;3 Ve 5 ALY F D
S5 St (S 3575 0aip i (@l ol 2 odle
o Pyr g Fla o (Ant L Ace o Ant L Nap
O Cie (Simsed g B(D)F ¢ Pyr - s BO)F 4 Fla
o B@ghDP 4 Fla ., .Chy 4 Fla .o Fla L Ace
B@)P 4 Chy .o Chy 3 B@A o B(ghi)P 4 Pyr
L TOC ( codleas .o [(123-cd)p 4 B(ghi)P o 4
5550 039 b Sl 5 @ S aly (J5SU5e 0039 L PAHS
OeSlee ol 4 4z g b2l 3925 (65698 (Ko VL
Cedls Lase jolaie ay ool lolid sl eyl §f (&5 cdale
&S g ol Sleladl Jlasl 4y Cod Glaiatiny; 5 Lo
Ygame 5 S 3 PAH LS5 gloyes il abox
Glcasgame 4y azgi b cnl »ogdle 095 o0 anogi ()
Sl ingsy 1o 955 0 anogi Shaghy ol gzl o e
Sladigel Sx (ized 5 (Sl pdiged doje (B0S e
ST sloas¥T Ll polie fposd 4 Cas o b)) 9,90 S

S ollasde
el ool iy pae Juld (I IS 4SSt

Wlos S Cole ) dllan ol jo 1, (g3lwosls g laosls Cay o (ailS g0

10598 9 ST
Coilame aax 750 dls, 5l i dae o)
Sl b glaes axly Ol ol dBails Cgae
o bl byl 5 S mig (pleline sge

» gl we Sl slagn Sy SSLles

WLy "phes Glipd 650l 5 Sale (2l S
sl WYFA £ YEFY 1\ FRAVFYYVY - FY

YV F

o155 laliwg) 4 S5 Bblie 5l i plpan B gol) b
Glaire; 0 Ve 5 VALY F Gl imen a0 ,S
acsly )13 Sl glaosl> 5100 M glads (o 4 (55,0laS
@&ujoo;lgolg‘sa\)boml Cﬂ‘)b‘;u)}].imds
6[.50&.“4‘ ‘U"‘ » Oj)’l.c W‘\) Ja.u)./o )9""";)")’“" 9 Q_;).nb
Oceem 3l o alold b g (63,5l lague; ;0 VY 9 V)
)‘)5 G».x.».»a 6&&4\*}& 9 (5)'94'“’ W).: ;‘]A cl.QoéL? )‘
4 .093 leolfu.w)‘ ).:Lw )‘ ]A.J)Luwu \Y 9 R 61.@0‘5;«.“)‘ )o
(V29A) ol Ken g Baumard sonail bl aS 5,9
Gidiwd oS (Sogll" aib 01V 51 (Y sleolKins! (FV)
OF) (V++8) ol Ken 3 Heywood aalllas G jo a5
chale o oYU b jlasl a4y (Soo3 S wis,S ediel
Esoze polie 409 oS oplpli o)l S W PAH wls 5
@ s VY 9 V) ool ,o PAH 55 V8 clale
aobo Sl aolSs] cpl ol alola b e co 5 |y Lol Lo

05 4> PAH ols 5 oJg

s 5y (oo Cymend g srlolids B b aslllas o]
S (Ply e S e iy Sl
oo nlid gl .ol plxl 1¥A Jlo o laes liw g
Ay polie (eSlos b Caglyl Ll PAH o9l V8 plulis
dop s (5Siln o By 3log ladiged 0 VA7 ug/kg L
5,50 dihate S gladiges 5 ons glulis PAH oS 3
g oS aila (1359 9 018 eudlage &)l jlore vl aslllas
aiien b olaSy cbile Sl anlie @l @S J> s
OeSile ol Sl Gl pl G jlame CBla> (ol (55005
B&k)F Bb)F .Chy .B@A B@)P Pyr s o935 polis
Sl 5 a8 wh et odleds .0g) e > 5 Bghi)P 4
5las o YA L (HMW-PAHS) oL JoSUse 59 L PAH
bl rimran 2o badiges )3 IS sla gl JS cilale
slaollws! (V43A) ) 5en 3 Baumard a5 o laslel

% ) 2 ﬂy
1Eo 1 Jlgr /gl ojloih /s joly 09> -

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


https://journals.tums.ac.ir/ijhe/article-1-6636-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-02 ]

OhKes g zloas oxm) pulac

References

1. Akumu C, Johnson J, Etheridge D, Uhlig P, Woods
M, Pitt D, et al. GIS-fuzzy logic based approach
in modeling soil texture: Using parts of the Clay
Belt and Hornepayne region in Ontario Canada as
a case study. Geoderma. 2015;239:13-24.

2. Mohammad Moradi B, Sobhanardakani S,
Cheraghi M. Ecological risk of heavy metals in
surface soils of urban parks. Iranian Journal of
Health and Environment. 2018;10(4):429-42 (in

Persian).

3. Chen M, Huang P, Chen L. Polycyclic aromatic
hydrocarbons in soils from Urumqi, China:
distribution, source contributions, and potential
health risks. Environmental Monitoring and

Assessment. 2013;185(7):5639-51.

4. Kamal A, Malik RN, Martellini T, Cincinelli
A. Cancer risk evaluation of brick kiln workers
exposed to dust bound PAHs in Punjab province
(Pakistan). Science of the Total Environment.

2014;493:562-70.

5. Sobhanardakani S, Einabadi F, Hashemi M.
Determination of PAHs concentrations in
water samples exploited from wells in vicinity
of gas stations in Hamedan, 2012. Journal of
Mazandaran University of Medical Sciences.

2015;25(121):227-38 (in Persian).

6. Gao P, da Silva E, Hou L, Denslow ND, Xiang P,
Ma LQ. Human exposure to polycyclic aromatic
Metabolomics

hydrocarbons: perspective.

Environment International. 2018;119:466-77.

7. Mohammadi SM, Lorestani B, Sobhanardakani
S, Cheraghi M, Kianisadr M. Concentrations and
potential ecological risk assessment of polycyclic

aromatic hydrocarbons (PAHs) in surface soils

® gﬁ/
yégg J VEo 1 lgr /U9l o)loib /s jily )93

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

from vicinity of Arad-Kouh processing and
disposal complex, Tehran, Iran. Iranian Journal of

Soil Research. 2021;34(4):515-29 (in Persian).

8. Neff JM, Stout SA, Gunster DG. Ecological risk
assessment of polycyclic aromatic hydrocarbons
in sediments: identifying sources and ecological
hazard. Integrated Environmental Assessment

and Management: An International Journal.

2005;1(1):22-33.

9. Keyte 1J, Harrison RM, Lammel G. Chemical
reactivity and long-range transport potential of
polycyclic aromatic hydrocarbons—a review.

Chemical Society Reviews. 2013;42(24):9333-91.

10. Yang Y, Woodward LA, Li QX, Wang J.
Concentrations, source and risk assessment of
polycyclic aromatic hydrocarbons in soils from
Midway Atoll, North Pacific Ocean. PLoS One.
2014;9(1):e86441.

11. Lima ALC, Farrington JW, Reddy CM.

Combustion-derived polycyclic aromatic
hydrocarbons in the environment—a review.

Environmental Forensics. 2005;6(2):109-31.

12. Bandowe BAM, Shukurov N, Leimer S, Kersten
M, Steinberger Y, Wilcke W. Polycyclic aromatic
hydrocarbons (PAHs) in soils of an industrial
area in semi-arid Uzbekistan: spatial distribution,
relationship with trace metals and risk assessment.
Environmental = Geochemistry and  Health.

2021;43(11):4847-61.

13. Achten C, Hofmann T. Native polycyclic aromatic
hydrocarbons (PAH) in coals—a hardly recognized
source of environmental contamination. Science

of the Total Environment. 2009;407(8):2461-73.

14. Wilcke W. Global patterns of polycyclic

aromatic hydrocarbons (PAHs) in soil. Geoderma.


https://journals.tums.ac.ir/ijhe/article-1-6636-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-02 ]

2007;141(3-4):157-66.

15. Akyuz M, Cabuk H. Gas—particle partitioning
and seasonal variation of polycyclic aromatic
hydrocarbons in the atmosphere of Zonguldak,
Turkey. Science of the Total Environment.
2010;408(22):5550-58.

16. Masih J, Singhvi R, Kumar K, Jain V, Taneja
A. Seasonal variation and sources of polycyclic
aromatic hydrocarbons (PAHs) in indoor and
outdoor air in a semi arid tract of northern India.
Aerosol and Air Quality Research. 2012;12(4):515-
25.

17. Feng T, Lin H, Guo Q, Feng Y. Influence of
an arsenate-reducing and polycyclic aromatic
hydrocarbons-degrading Pseudomonas isolate on
growth and arsenic accumulation in Pteris vittata
L. and removal of phenanthrene. International
Biodeterioration & Biodegradation. 2014;94:12-
18.

18. Rastegari M, Saeedi M, Mollahosseini A. The
Effect of Humic Acid on Phenanthrene Sorption in
Kaolin Clay. Journal of Environmental Research
and Public Health. 2015;8(2):237-48.

19. Liu H, Amy G. Modeling parti tioning and
transport interactions between natural organic
matter and polynuclear aromatic hydrocarbons

Science &

in groundwater. Environmental

Technology. 1993;27(8):1553-62.

20. Mader BT, Uwe-Goss K, Eisenreich SJ. Sorption
of nonionic, hydrophobic organic chemicals
to mineral surfaces. Environmental Science &

Technology. 1997;31(4):1079-86

21. Wild SR, Jones KC. Polynuclear aromatic
hydrocarbons in the United Kingdom environment:

a preliminary source inventory and budget.

AR T4

Environmental Pollution. 1995;88(1):91-108.

22. Tao S, Wang W, Liu W, Zuo Q, Wang X, Wang
R, et al. Polycyclic aromatic hydrocarbons and
organochlorine pesticides in surface soils from the
Qinghai-Tibetan plateau. Journal of Environmental

Monitoring. 2011;13(1):175-81.

23. Huang Y, Wei J, Song J, Chen M, Luo Y.
Determination of low levels of polycyclic aromatic
hydrocarbons in soil by high performance liquid
chromatography with tandem fluorescence

and diode-array  detectors.

2013;92(8):1010-16.

Chemosphere.

24. Hassanvand MS, Naddafi K, Faridi S, Nabizadeh
R, Sowlat MH, Momeniha F, et al. Characterization
of PAHs and metals in indoor/outdoor PM10/
PM2.5/ PM1 in a retirement home and a school
dormitory. Science of the Total Environment.

2015;527:100-10.

25. Naddafi K, Yunesian M, Faridi S, Rafiee A,
Parmy S, Safari GH, et al. Source identification of
PM10-bound Polycyclic Aromatic Hydrocarbons
(PAHs) of Tehran ambient air in year 2013.
Iranian Journal of Health and Environment.

2017;10(1):25-36 (in Persian).

26. Keshavarzifard M, Zakaria MP, Hwai TS,
Mustafa S, Vaezzadeh V, Magam SM, et al.
Baseline distributions and sources of polycyclic
aromatic hydrocarbons (PAHs) in the surface
sediments from the Prai and Malacca Rivers,
Peninsular Malaysia. Marine Pollution Bulletin.

2014;88(1-2):366-72.

27. Nam J, Song B, Eom K, Lee S, Smith A.
Distribution of polycyclic aromatic hydrocarbons
in agricultural soils in South Korea. Chemosphere.

2003;50(10):1281-9.

% ) 2 ﬂy
1Eo 1 Jlgr /gl ojloih /s joly 09> -

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


https://journals.tums.ac.ir/ijhe/article-1-6636-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-02 ]

OhKes g zloas oxm) pulac

28. Agarwal T, Khillare P, Shridhar V, Ray S.
Pattern, sources and toxic potential of PAHs in

the agricultural soils of Delhi, India. Journal of

Hazardous Materials. 2009;163(2-3):1033-9.

29. Liu G, Niu J, Guo W, An X, Zhao L. Ecological
and health risk-based characterization of
agricultural soils contaminated with polycyclic
aromatic hydrocarbons in the vicinity of a chemical

plant in China. Chemosphere. 2016;163:461-70.

30. Barzin M, Kheirabadi H, Afyuni M. An
investigation into pollution of selected heavy
metals of surface soils in Hamadan province
using pollution index. Journal of Science and
Technology of Agriculture and Natural Resources.

2015;19(72):69-80 (in Persian).

31. Xiao Y, Tong F, Kuang Y, Chen B. Distribution
and Source Apportionment of Polycyclic Aromatic
Hydrocarbons (PAHs) in Forest Soils from Urban
to Rural Areas in the Pearl River Delta of Southern
China. International Journal of Environmental

Research and Public Health. 2014;11:2642-56.

32. Melnyk A, Dettlaff A, Kuklinska K, Namies$nik
J, Wolska L. Concentration and sources of
polycyclic aromatic hydrocarbons (PAHs) and
polychlorinated biphenyls (PCBs) in surface soil
near a municipal solid waste (MSW) landfill.
Science of the Total Environment. 2015;530:18-
27.

33. Zakaria MP, Takada H, Tsutsumi S, Ohno
K, Yamada J, Kouno E, et al. Distribution of
polycyclic aromatic hydrocarbons (PAHs) in
rivers and estuaries in Malaysia: a widespread
input of petrogenic PAHs. Environmental Science

& Technology. 2002;36(9):1907-18.

34. Bakhtiari AR, Zakaria MP, Yaziz MI, Lajis

® gﬁ/
yégg J VEo 1 lgr /U9l o)loib /s jily )93

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

MNH, Bi X, Abd Rahim MC. Vertical distribution
and source identification of polycyclic aromatic
hydrocarbons in anoxic sediment cores of Chini
Lake, Malaysia: Perylene as indicator of land plant-
derived hydrocarbons. Applied Geochemistry.
2009;24(9):1777-87.

35. Heiri O, Lotter AF, Lemcke G. Loss on
ignition as a method for estimating organic and
carbonate content in sediments: reproducibility
and comparability of results. Journal of

Paleolimnology. 2001;25(1):101-10.

36. Khoshand A, Tabiatnejad B, Siddiqua S,
Kamalan HR, Fathi A. Assessment of Polycyclic
aromatic hydrocarbons (PAHs) contamination in
surface soil along Tehran-Semnan road, Iran. AUT

Journal of Civil Engineering. 2017;1(1):77-86.

37. Froger C, Saby N, Jolivet CC, Boulonne L, Caria
G, Freulon X, et al. Spatial variations, origins,
and risk assessments of polycyclic aromatic
hydrocarbons in French soils. Soil. 2021;7(1):161-
78.

38. Tobiszewski M, Namiesnik J. PAH diagnostic
ratios for the identification of pollution emission
sources. Environmental Pollution. 2012;162:110-

19.

39. Chen Y, Zhang F, Gao Q, Zhang J. Pollution
and risk assessment of polycyclic aromatic
hydrocarbons (PAHs) in agricultural soil along
a highway of Jilin Province, China. Soil and
Sediment Contamination: An International

Journal. 2022;31(1):97-114.

40. Halfadji A, Touabet A, Portet-Koltalo F, Le Derf
F, Merlet-Machour N. Concentrations and source
identification of polycyclic aromatic hydrocarbons

(PAHs) and polychlorinated biphenyls (PCBs)


https://journals.tums.ac.ir/ijhe/article-1-6636-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-02 ]

in agricultural, urban/residential, and industrial
soils, east of Oran (Northwest Algeria). Polycyclic
Aromatic Compounds. 2019;39(4):299-310.

41. Zhao L, Hou H, Shangguan Y, Cheng B,
Xu Y, Zhao R, et al. Occurrence, sources, and
potential human health risks of polycyclic
aromatic hydrocarbons in agricultural soils of
the coal production area surrounding Xinzhou,
China. Ecotoxicology and Environmental Safety.
2014;108:120-28.

42.Sun Z, LiuJ, Zhuo S, Chen Y, Zhang Y, Shen H,
et al. Occurrence and geographic distribution of
polycyclic aromatic hydrocarbons in agricultural
soils in eastern China. Environmental Science and
Pollution Research. 2017;24(13):12168-75.

43. Yang B, Xue N, Zhou L, Li F, Cong X, Han B,
et al. Risk assessment and sources of polycyclic
aromatic hydrocarbons in agricultural soils of
Huanghuai plain, China. Ecotoxicology and
Environmental Safety. 2012;84:304-10.

44, Wu ], LiK,Ma D, Yu N, Chao C. Contamination,
source identification, and risk assessment of
polycyclic aromatic hydrocarbons in agricultural
soils around a typical coking plant in Shandong,
China. Human and Ecological Risk Assessment:
An International Journal. 2018;24(1):225-41.

45. Verbruggen EMIJ. Environmental risk limits
for polycyclic aromatic hydrocarbons (PAHs) for
direct aquatic, benthic, and terrestrial toxicity.
The Netherlands: Ministry of Health, Welfare and
Sport, National Institute for Public Health and the

Environment; 2012.

46. Department of Environment. Soil resource

quality standards and guidelines. Tehran:

Deputy of Human Environment, Department of

Environment; 2014 (in Persian).

A

47. Baumard P, Budzinski H, Michon Q, Garrigues
P, Burgeot T, Bellocq J. Origin and bioavailability
of PAHs in the Mediterranean Sea from mussel

and sediment records. Estuarine, Coastal and Shelf

Science. 1998;47(1):77-90.

48. Wenzel K-D, Manz M, Hubert A, Schiiiirmann
G. Fate of POPs (DDX, HCHs, PCBs) in upper
soil layers of pine forests. Science of the Total

Environment. 2002;286(1-3):143-54.

49. Maliszewska-Kordybach B, Smreczak B,
Klimkowicz-Pawlas A, Terelak H. Monitoring
of the total content of polycyclic aromatic
hydrocarbons (PAHs) in arable soils in Poland.
Chemosphere. 2008;73(8):1284-91.

50. Baek S, Goldstone M, Kirk P, Lester J, Perry
R. Phase distribution and particle size dependency
of polycyclic aromatic hydrocarbons in the urban

atmosphere. Chemosphere. 1991;22:503-20.

51. Meharg AA, Wright J, Dyke H, Osborn D.
Polycyclic aromatic hydrocarbon (PAH) dispersion
and deposition to vegetation and soil following a
large scale chemical fire. Environmental Pollution.

1998;99:29-36.

52. Wilcke W, Amelung W. Persistent organic
pollutants (POPs) in native grassland soils along
a climosequence in North America. Soil Science

Society of America Journal. 2000;64:2140-48.

53. Bucheli TD, Blum F, Desaules A, Gustafsson O.
Polycyclic aromatic hydrocarbons, black carbon,
and molecular markers in soils of Switzerland.

Chemosphere. 2004;56:1061-76.

54. Heywood E, Wright J, Wienburg CL, Black HIJ,
Long SM, Osborn D, et al. Factors influencing
the national distribution of polycyclic aromatic

hydrocarbons and polychlorinated biphenyls

% ) 2 ﬂy
1Eo 1 Jlgr /gl ojloih /s joly 09> -

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


https://journals.tums.ac.ir/ijhe/article-1-6636-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-02 ]

OhKes g zloas oxm) pulac

in British soils. Environmental Science &
Technology. 2006;40(24):7629-35.

55. Xu J, Yu Y, Wang P, Guo W, Dai S, Sun
H. Polycyclic aromatic hydrocarbons in the
surface sediments from Yellow River, China.
Chemosphere. 2007;67(7):1408-14.

56. Nieuwoudt C, Pieters R, Quinn LP, Kylin H,
Borgen AR, Bouwman H. Polycyclic aromatic
hydrocarbons (PAHs) in soil and sediment from
industrial, residential, and agricultural areas in
central South Africa: An initial assessment. Soil
and Sediment Contamination. 2011;20(2):188-
204.

57. Tongo I, Ogbeide O, Ezemonye L. Human
health risk assessment of polycyclic aromatic
hydrocarbons (PAHs) in smoked fish species from
markets in Southern Nigeria. Toxicology Reports.

2017;4:55-61.

58. Gereslassie T, Workineh A, Liu X, Yan X,
Wang J. Occurrence and ecological and human
health risk assessment of polycyclic aromatic
hydrocarbons in soils from Wuhan, central China.
International Journal of Environmental Research
and Public Health. 2018;15(12):2751.

59. Chung MK, Hu R, Cheung KC, Wong MH.
Pollutants in Hong Kong soils: polycyclic aromatic
hydrocarbons. Chemosphere. 2007;67:464-73.

® gﬁ/
yégg J VEo 1 lgr /U9l o)loib /s jily )93

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

A4


https://journals.tums.ac.ir/ijhe/article-1-6636-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-02 ]

£
£

4
(agw) \r“(‘

ot e (¥7)
7
oy

o, o
" of Environ™

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

Iran. J. Health & Environ., 2022, Vol. 15, No.1

HERLTH AND ENVIRONMENT

Orginal Article

Analysis of polycyclic aromatic hydrocarbons in surface soil of agricultural lands in

Hamedan, Iran

Azim Rabieimesbah, Soheil Sobhanardakani*, Mehrdad Cheraghi, Bahareh Lorestani

Department of the Environment, College of Basic Sciences, Hamedan Branch, Islamic Azad University, Hamedan, Iran

ARTICLE INFORMATION:

ABSTRACT

Received: 20 February 2022
Revised: 07 May 2022
Accepted: 10 May 2022
Published: 11 June 2022

Keywords: Soil contamination,
Periodic monitoring, Polycyclic
aromatic hydrocarbons, Agricul-
tural activities, Hamedan

*Corresponding Author:
s_sobhan@iauh.ac.ir

Background and Objective: Polycyclic aromatic hydrocarbons (PAHs) are persistent
organic pollutants produced by anthropogenic activities that contaminate all environmental
matrices, including soils, and can enter the food chains. Therefore, this study was
conducted for the analysis of PAHs compounds content in agricultural soils of Hamedan
city, west of Iran, in 2021.

Materials and Methods: a total of 36 surface soil specimens were collected from 12
sampling sites in agricultural soils and after extraction of analytes based on the soxhlet
method, the gas chromatography/mass spectrometry (GC-MS) method was used for the
determination of PAHs compounds in the samples. Furthermore, soil samples were further
analuzed for the amounts of pH, electrical conductivity (EC), and total organic carbon
(TOC). Statistical analysis was performed using SPSS software.

Results: Results showed that 16 PAHs (3 16PAHs) total concentrations ranged from 435
to 3292 pg/kg with an average value of 1806 pg/kg. PAHs with higher molecular weight
(> 4 rings) were dominant in PAHs profiles accounting for 78%. Based on the results,
the mean concentrations of all 16 PAHs were lower than MPC established by MHWaS.
Furthermore, the mean concentrations of Pyr, B(a)A, Chy, B(b)F, B(k)F, B(a)P, and B(ghi)
P were higher than the MPC established by the Iranian Department of Environment.
Conclusion: Based on the results obtained, as the mean contents of some PAHs were
higher than the MPC, therefore, periodic monitoring of soil contamination with PAHs is
recommended for the environmental and human health aspects.
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