[ Downloaded from tumj.tums.ac.ir on 2024-12-23 ]

o) o PTG P90 olatnion £ o lack AV 6,50 V6V 45 1515 Sk o sle 0SSy 5Kty alao I l ”VI l

OWE 293 (i S8 b dpalge (150 yw € 9 (2150 pw Sy (5]

o8¢50 (65 lwam ST 51 aalaw! b

VESY/CRY ST VLYYl VEYAYA s VBT s 04&

33 e s i gl o0l e 5 o0 e Sl s bl Gs b aadllas ool ihide g 4l
el SLazal (2 5me 3 (388 S8 Gk Sl ey slaSLS

St 393 s S5y ;1 So5om 4 3 VEN) e UVENY (a8 5l o — do g adllae ol s s
Sos b pmimnciehy 3l oaliiad U Lo S5 555 e 53 (8 D3 ke s bl SIS G ez
A eslinad Jlaaml Sy bl sl S350 S5l 551D s p W ke L LSy
Fe>Zn>Mn>Ba>Pb>Ni>Cu>Mo>Cr>As>Cd La SUS 355 s 53 i Sl lale sls 0L anllas ol CLJ slaaisl
Golol b 51 Cidze (la SU5 s oK 3l lale oS s Olas Kruskal-Wallis Lo 5 4525 55 < 5 cpil
AL a3 sl I Lo S 353 s () (HD) ot st L juslie (P<2/20) 305 ylslme ooslis
A e sy VEE 5 VAT O/ER OV X700 X8V YL S a5 5 ek Oy i Ll s )
Ol i 5 AU s 3 Ll o5 I ims 5 gl (ILCR) ol plile Olb o 2l 31 ot b 1500 e
S APAXE=Y s 5 /OAXE=Y () /ETXF= Y V/OAXY=Y ¢ VTR s (VA=) s Y/AXT =Y s 5 Sy el
il 130U b Sy M g 2 V08 e b Il SLS 500 s 55

Gl 2V Gl 5 Gl Sy I S 353 s 4 ool nl Sl oal sy S g S
SOl b S 2l QB B pme sl 30U o 5 5O e b Dl kst L5 e 5 5005 e SLS e

ol (58 DLl Sl Dl ot eSS sl il LS kS ol

S Sy Sl LIS s (K Dl 30 e glS Slals”

oo Ol Slibrs b s e glaggslay Jdoa 00 G il 23

)‘ A.T:Jb ).:A}jf sy aS J).J:L;d 63} J?“"” Y.MAL;A Cawd _)\

Aoz (O3S e s s, Ak
! FOLLS sagn Sl
LLSJEJ (alﬁ,.; ;*VJK.:M)

ple ol g g il it 4zaS
Ol Sl jons Sl o Sy

il 0o Sl o s C g 05,5
Ll ST slas oy Slidnr 5,0
Ol Sl jos Sl jone Sy o 5l0

oSl came gy okiga 09, SN
liza (gl sloy lidni 45 0 iy
Ol by oo ol il o ol ey
gl o3 iz (o

Sy ple 0Tt iaome Cilig 04,5 £
Sl Sl Sl S ke oKD

S ke s Gl i s ity
s Sl 05 S (Sl eSS Ol
SOV—LE N VATV sl
E-mail: rastegar.89@gmail.com

PRV

Jlo s 8 Oadee i 51 Ry 4 VoY Jle s iy G s
Eo s Jm 55 Gl sdS 5o S e i 5 AL SRS
SVl O HLS o Sl 36 5 Sbils Cmis O 5 osdle ool dal g
Slaauze b Ol glaslasl & Vs 05k 5 Sl e

i’v..ul,.ﬂ)da 0L oo O3 Cews 3l 5 2l sl .

Tehran Univ Med J (TUMJ) 2023 July;81(4):295-306

http://tumj.tums.ac.ir

sbwl Jolss op e 31 (OLS GRL) Sl Jlaszad

sblen (s L Glagolen) e s B gl
ol 53 5353 S a5 SISU agy O 5 0 (g3ldd) o3
ol J= s Gl cdlig olosle 518 G sl e ol
A kS e Jleaal DLy Olgar Comer 31 & 3,0 WY


https://tumj.tums.ac.ir/article-1-12507-fa.html

[ Downloaded from tumj.tums.ac.ir on 2024-12-23 ]

OLan 5 a8 sy ub Y4

4 S e gles 8 Gloy itz Ll bidiged o |y chle
Lpd Lds 58 56w wilg e Sl ol sl Yo B8 6l
53 25815 sl i 5 3k ST L s s 5Tl 00533
Sl 0y 3513 ol 353 Gk S W15 e SIS e I
Sde Vb 58 515 5 ssn ool lae Sliad e sl
Caolor 5y slladl Sl 3 Jlat OLIE OULiS s B yme o
5 odee Olas sladl u hile Wlg o s das e Shlsl 1 Ol
“y Obsw (COPD) 4, solbdl pose slagsslen (50
L DNA 5510t el 5 kS 35,8 — B slagslew
Ol & (Health risk assessment, HRA) cod Sy b5
5 beed Glaesls & ol dalpd e TS 5 ke
sl il S i) oS e S L S
VLS e

21 e s el g5 8 OB S sl (5l HRA S
S e o8T S o i 1) Lol b 45 (glo sl ol last 5 5
ssba S ol ladde Gla s, Sl S S g gileand
el s olinal Jlanl Sy oLl @lp 0358
S 6 @as e 3L bl el sl e Kl e
(Monte I8 se (g3lwand 55 A8 Wy cl (glabads Slida
(Incremental Ol o oe J b ol 5! Ky Carlo simulation)
(Hazard s asli ol st 5 lifetime cancer risk, ILCR)
lags,s aon il dolas slie L L s index, HI)
Wl e gl 4 s Sl pll s e el
sty sl 5l glanals

ol e Sy Sl Gaa b (g3 i Dlallae Ol 1 s
Copo DS g et ) eslizal b SLS s K Sl
Sl oS et =) tedllas cpl S Gs s Sl 43S
03,5 (C0) IS (Cd) p gu3lS (AS) S Sl K ol
53 (Zn) 55 5 (Ni) S (M) 58 (Fe) opal (Cu) e (Cr)
55 S0l s alin =Y L0l G G ey LS Sl i
T ler s S s LSl sl bl 55 slasSls
5335 e S S 30 s 5 50 e e 4l
Golward =8 5 Slimal (b ,me 3 85 15 Gk 5l LSl

s B8 Sige dde 3k O e s 5 30 e ol

SIS Gpme s sla ) 5l (S aleysls oKanls L 0L
Sl Glagab O35 e fws 3 Ll odame felge TSl
rboa Sond OB O3 Sl oSy s Ll sl 5 e s LB
O Jlasial g o250 2l ol S el s dasils
Solte Sl OB 53 eslinad )50 o SLS labglie Sk

-4 |
e

Vsore b adoal " L Olpoe Vimms o bl o
S s ekl Ve 5 el SLE I ssde sl
el (e 5 D dle) LaotiS 1o 5 J g el clanodtiasals
alpS et Il dlacp Sooum) placd esle £ree 51ty
ol o ok Lo S 51 (S D3l 5 ane (glacn Sodn
e ik Moy al3l B T oDl Sy sl
e I3l T leds suail e slass S 53 (IARC)
orl olie Tasl e OLIS 553 5 SLs sl VT oy i 51 S
Ll s S pH 5 S Ol g5 ol o S s obe
Shras S il s LS wile Cundse il Lol e
350 S oS5 W gt ary b S Bb 3l (Sae
0> Sk olas OLS S sl g5 OLE s eslinad
oS Ml Slize O 1 36 s 5 il (gla O eV se b
Ll obe oal 5 (F s Sl R 3 Sl 28 e SLS
robe b a Cod e S BB Ssba b o) 5 paeslS (o
SLS elS ws; Uhss b 5o e pole o) S o Cdr iy
5 G e s DL ol e mea OT bS5 s
il Slaplbl 5 il 3 mamd Sl (S5 g 4 ps
Sl omly et slckile s o 5, ol 516 1 O
Sl Sl A enl 5 Tk e e Sl OEUS s
IARC Lo si JS5 5 £5,5 e oSl cppondls a0le oS
ol sl el SLsl gl 50U e 3150 Ol sy
sk b Skl els) g5, Shekoohiyan axlas
5 NVsams 3 5 ess Y Sl nl Ol 8 sls 0L il
(83 ole cble Yousefingjad f.oonl Coglize SLs glats
o568 0L OF 5 OLB (581 55 1) ST p 30038 (e e
ol 3 ol gl ol L5 e 3yge ki e slaslE
S 5 e oS Sl s s oS sl 0L asllae

FeF PO F o)locs Al 0y00 ) FoF i ol (s psle ol€ils o Koy oSy dlono


https://tumj.tums.ac.ir/article-1-12507-fa.html

[ Downloaded from tumj.tums.ac.ir on 2024-12-23 ]

Yav S po 55 Lotnd S5 Sl suliival b Gl 0 g 5Sicw B b tgalso Lol rns 5 ol Seasy (oboo!

Inductively o&iws SL5 5 s s K Slls chle s
coupled plasma mass spectrometry, Perkin, ELAN6100,
.58 eslizwl DRC-¢, ICP, MASS

skl 4 SIS w4 gl Al e a 0Ll 5o sden] e )
ah a5 S I 353 e 3l S0 S o g
o sk e sl OB ) A S S e e s
Al A s S DB e sl S IS5 L
53 gles Ol s s cele Y e 4 OLE e l edlias
St b adls S5 s 03 o Sl S 100 °C slos
Ol g1 ek bl s e 38 bl 05l b o
Vooml b god sl 2t gy A o3l S Ve ml b
505 o 3 5 L5 Lo g S S 47110 S 58
0 b s S slilesT s i sk 53 oyl Jlesl 05k
G IV SIS ded 0 ml dey Al e 55 5 S s ey
bz 53 ole o plam JoHs Ladipod g i3 5 SLS s
i S s Yl B ik esls )3 Ol mle LSE Y0 C
L5 okiloy YO MI 4 bak god om a3 Lo ,jp‘@jl o~
Sl B L s g 23 3 55 g0 S DI UL 51 ey
Mas 2 (/g0 pm zZl) sl
adlas pl 53 1 o305 GH0W e Sy oL
Slazzal e 5l e Sl BLos Ly, s Sl
Hazard L= _,,» (average daily dose inhalation)ADDinn
= 5 Cancer risk (CR) Hazard index (HI) quotient (HQ)
Incremental lifetime cancer rate ose Jsb 5 O o el

"o slial V=0 &Vl 51 (ILCR)

 _(CXTCxABSXEFXEDXCF)
ADDyy ATREW -\
__ADDinp _
HQ RfD Y
HI=Y HQ -y

CR=ADDjy, X S _g

ILCR=}.CR -0

sl cdale . Sle (Concentration) C G35 <¥oles o

SIS Oz & Tobacco consumption (TC) (mg/kg) SLS ;s

Tehran Univ Med J (TUMJ) 2023 July;81(4):295-306

http://tumj.tums.ac.ir

IR oI

Sy ol il LG olad laci e 5 slard 3150
(V) o=l (HCIOs) 1S 5wl (/10) o 55 L (HNO3)
oWl Merck 31 (JAA) Lok U (H2SOs) SO if e el
Ve gy o3 el el sy pd olpe L g b A (gl 2
5 okd id 058 e ol bodd ol b G ooeas HNO3
s S B culg

2o p 3 G — oyl cnl 1SLS ssslaer
Al K5 OV anaS agas bl p VES) ga B VEN)
IR MEDSAB.REC.1400.078 3551 U5 L ls5m Siigy pske
L OLE L5 eslinad 550 mly SlaSL ¢ 50 end Gl S bl
ol I g e S sl Ol s s aslae 60
B PN N S A T2 U VR T = vi e
doliti 5 oalinal L bnesls (6 5Taanr s La sSLS  58 5me
o3l gl slol daa=las cpl glaesls O35 WL gl 0l (aled\
I oMbl sl gla Shs 5l Sl 5 Bl oaises s
Ao a S ST culs, OS85 oS 5l uomen

S 5 ol 553 53 S Slls GIUT 5 ()l s
Jhie ol oS s 8 el Dype pdy S Cilise (slagab
Slaisn oS s ae, O O s Jlie O Vor ml
s 4 OLE 6y 4S5 sbay B fuate Sos o 40 0L il
S Y g OB e 53 e (235 e 13 O 1 53 e mm
Gos S Sl eslial b 5 o e3ls 13 (8810 sbay) andllae 3 50
38 ekili gy 5y slakiiss Ll arten sl

05 St &S o Js g sl LS slel g aalsl o
oy S OB S e 235 13 55 Sas 0 5 2 0
03 5 Ad Jeame akds o VL oo LoGke Je) (633 (gl pdgel
S S I3 Sl g1 e g ey 4 DLW Sl e
DB 05, /80 Wiy, sYomm sl das b oSS LG 2l
,avq?s;ﬁ_{i\w Joles OUES OLIS alde a0l ols
Pl Y s Aol 5 b Y S e Ol O ml (S
b ks S Sl sl e OB adr pledl ) ey

S Solg s a8 eslinad el pas By 5l 5 OIS


https://tumj.tums.ac.ir/article-1-12507-fa.html

[ Downloaded from tumj.tums.ac.ir on 2024-12-23 ]

OLan 5 a8 sy ub YAA

TN G Ky dolons g SF RID palie o) Jgo

SF (kg-d/mg) RfD (mg/kg/d) s S5
\/o Xyt AS

\/o AX T Cd
EEAL Y/ox " Pb
/0 \/0 Cr

/A0 oY Ni

It Cu

" Zn

N Fe

/e Mn

Sy il sl 03 28 sba &8 cd (giladde gla s,
ST Bl e S Wl Sl 25 eslitl oz
Cige Sl 53 NS A asialiie b 3505 pRie 8
e Balai yolie b L iy HE G ILCR slacSis s 51
S lr e Sy b 55 Ll o dnlns (g5 5 dan
S By wsdl at Jole xor U SO L agrlye e 53 Comer
by 0 Sy 2551 5 8 (Values point-single) sde S 5l Lgs
5 5l Olgabl s ol 5 5 a5 ol Jlazet o355 ealiced
S Gl 4 e Sems il s e Jol ld S
D P S B N A P PE FR S PR R
Silwans sl (Crystal ball software, Oracle, USA) JL Jlews S
M bl rlesT Ve L

laasily

§ S i sk S Sl e
Mn Fe Cu Cr Cd Ba As) Kww 611 (gl s llalsl =l
GSUS & OB s 55 ek e3lsyl 3 A3V s (Zne Pb NiMo.
b5 oyl W) 55ES G b 0L b me slasSL ) L
e 1) s pai 5 (arb 05 e 5 s il ¢ 5 Ll
bl s oK ol cble gl wl SD i .o
ol ok i 5 s (slaesls s kS eiasilis
Sy S Sl Chale il ol onls 0L 4S5 hiles

S/ BV Ol & (absorption factor) ABS «(Y+ g/day)
«(¥0/JL) ag= 30 sl Exposure frequency (EF) (a5 o5
(Jl 0Y) 4=l 0Ly s Exposure duration (ED)
Body weight (kg/mg) |45 —. > Conversion factor (CF)
agl 50 Oloy Kl Average time (AT) (Ve kg) Ok 035 (BW)
Vex¥0=Y000+ 3ol e Sl ¢l EDX365=18615 )
Al e (500 e 58 6y 555

Slope Factors (SF) s (Reference concentration) RfD sl
ol 0l ) s 3 K 3B A 6l

s el s AL HISE S1HD ke & a5
il et Sl HIZL 81 5 5yl spms ol cadl
United states Joddlysiws b syl sy Ok w8
5l S ILCR S| environmental protection agency (USEPA)
SUNUILCR 81 esyls 355 5l ohi0l e Jast casl YV o7
o0l et 81 s il ae Olusl Cadla gl AL Vx)
o33dms 53 30 o Sy, (il 1X1096 < ILCR <1x104
Tl e JeS B L JsS

SPSS software, version 21 (IBM  law 5 laesls (gLl J-,;JL'T
Laosls il 5 4325 g L3 | SPSS, Armonk, NY, USA)
300 S an b baddgad s Sl3ls Ol s chq Cowo 3l Obiabsl
23813 s s a3 T Sk

Wil heo s Ll el 03y Jlo w55 e slitens
odd (553155 Glaesls (555 b 35T Sl il 5 Sk
5 (Kolmogorov-Smirnov) by pambCiy S s S (slag sa ]
Sl S skiles s plel (Shapiro-Wilk) Sy g s Lt
b S o e mis Ol esls aeseme (23
S eslial b il gla SL > S Sl c Bl o dlal
A ey (Kruskal-Wallis) < el LG Sgasl

Ose3l 31 eslizal L laesls 03g Jloj 1l &S &g s
J:f\»ba awclie gl e 5 oo 2 350 Kolmogorov-Smirnov
Sl 5l Sls Cilete Glapsb o O COCH BT Y
(bl Jlod 5 a2 55 .S eslized Kruskal-Wallis <zl LU
A oslinl (g lobae 08§ b 45 (gl s P<e/v0

= (Monte Carlo Simulation, MCS) 4,5 50 (g5luans

FeF U FI0 F o)locs A1 0y ) FoF i ol (s psle olSils o Koy 0uSCiils dlono


https://tumj.tums.ac.ir/article-1-12507-fa.html

[ Downloaded from tumj.tums.ac.ir on 2024-12-23 ]

ya4 S8 g0 s Lty ST G suliin L LG g0 1Sice

80 - WAs ECd mCr mNi mPb

3 8 2

b
<o
M

(MEIKE) S ol 318 cdals
s [T I
< S O

bl

SR IS !’

=

Pl il slaaip (’y

L 0 s e Sy s o2t 104 Slie L S
Loy 5 aS sy Jys ol I PR UG F R PV
e 134107 g U IS e 5 oy S 5.65%107 luda
SLSLS 55 e 5o udls SLS pl 53 1y S0 e S
1X10% 5 LIx10% b e ps,8 58 Wl 5 o sl
593 gaea Cpomen L3 1y S50 b Sy e oy teS
WAE 5 VAT slis b o s Syl SLS g5 55 ol o
Al Ol e g cod |y ol e Sy Jae o iy
j:..i.:! J>u 6[.&)5@ 355 s D 5x10* )\.,ku L» g(:j)s Q‘j.b
r.&b U'l‘ B OR 390 CJ\J_E O B \J &\)QLE}.NJ:& )U;u
5x10° L u:.?).?m r}JS J,.L.é Lﬁ"jJ'H B L.’.\J‘ ‘J’.".’ Ju'j.g B sl
ol s 1y p30W e e Sy Olsae o 2eS 1107 5 2x107
JA6X107 L 5 jay oy 38 Ly 4w ol 53 &S ol J= s
il pl30W e Sy Ol sen 0 28 5.33%107 5 3.69%107

LSS s Sl 5B b Dy (e SSLS 355 e 3
Sy i o 55 2.70%107 5 5.87x107 5l

Adls s ple s cand |y ol e 5 S0 w8

Tehran Univ Med J (TUMJ) 2023 July;81(4):295-306

http://tumj.tums.ac.ir

LB b wgalso ololh sl 5 oo Seasy b5/

1400
mBa ®mCu ®wFe =Mn ®mMo ®Zn

1200

g
<

mg/kg oS oljls cdals
g

lisee (SLa ST 593 s 53 (Sis P s 3lhe dy e 1 i3 g3

Al S L L SLS 555 s 3 Oddse 5 pseeslS
Syl K SAGl5 slie Sy ke o VL SLS gl
NENE/00 pglg e Ly ol sl Oddse 5 opaeslS
3 5 ook DB CBlE s 3 VWL Vst
2y AL sl & S b D5 e SLS 553 e o
S VAENTE /AL mgkg S S Lyl sl 5 5 el olis
355 s 53 US55 ol Sl3ls clle el st FYVIYE /N0
33 W /8Y 5 \TVOEE/A pglg o S 3 ol g8 31 S
3o opa S Sl s VL SUS plG ple 4 el S
QWA YYAEAA mglkg slacble L og e s
Gl ool b S 555 s 53 YIAAE /A0 5 $AE4/AY
adllas 5,50 S SISl @ ol ool 5 Llpe W (g
STl
313 0Lz anlllas ol gl 2 30 e 5 (150U s e Sl a5
a adles 50 Sl Gl Bobw s Jloud 55 S
< AWK ) < Ll < < A S sl s


https://tumj.tums.ac.ir/article-1-12507-fa.html

[ Downloaded from tumj.tums.ac.ir on 2024-12-23 ]

OLas 5 asé sy tub Yoo

00 000 Trisds Frvuancy View 5. 26005 Dmplarped 00,000 Trnks Fiasdamsiioy View 9 37U Dhsadnvrd
I "Hi for Alrah Tabacco Hi for Amar tobecco
200
o 2000
1
+600
= L4
&= e n
E i
g
£ w01 3
Lo
it
40
0
100
A0 o
| A0 200000
b 2017 b |smunn Carmty. | S000 - of maim
@) (®)
Hi for Alfakher Tabacoo 70 Tek oy Vi 8,797 Drrrad
. o il T T N Tl T e,
1am
Va0
11100
1000 i
o
™
w0 g
=% |18
w00 5
[ i
e
2 n
o o s
© (d
10000 Trake. Frutpamncy Vrew 50 218 Denpdawed
o T ey [ —
Hi for Mazaya Tabacco
e e
180
3 = &
-l 2= "»-é
i 3 o 1o £
& £ L
"0
L] -
) ey 000 . 4 cira
¥ omn
(e) ®

100,000 Trinls Fraquancy View 95,268 Duapiyed
| HI for Sonati Tabaceo l

oz - + 2000
1000
| 1600

| 1400

Probability

L2000 13000 114000

| [10424 Cenainty: [FEREE % 4 [tes
(®
() LI @) oy} dd) Jsu ©) FWI b)) omys, el ((a) C‘J“ SLsSLS 595 s 53 230w Ky medS Gl I 50 lwand Y s gl

.(g) V"b Ogdy (Ko

B 6P F oylas AT 0y ) Fo ¥ i o5l (i sl olils o iy 0y aleo



https://tumj.tums.ac.ir/article-1-12507-fa.html

[ Downloaded from tumj.tums.ac.ir on 2024-12-23 ]

Yo S 50 55 s S 5 bl b L 459 i 238 b tgnlsm i 5 i o s Ko ]

100,000 Triaks Froquancy View 00,406 Dipheyesd 10000 fram [RT—— 8421 Cvacimpect
ILCR for Alrah Tabacco ILCR For Amor Isbacce -
aray | 1000 p 004
2.700 i
2400 1o
sz = tam
£ 1800 3 & o
& _% 2 E 'E
2 1.500 E on tom B
L 3 -4
1200 =
o
500 -
B0 i
w0 P
arae 1] . 1 .
2O000E-3 2200083 2ADCIE- ZEO00E-3 2me0ce3
b [1EsTiEa | Cortminty: [EO0E0E ] = S RETESTY | b iznaniEs

@ (b)
— RS— SR
ILCH for Alfakher Tabacco

00,000 Triaks Frguemncy Ve £, M Despiavert

ILCR for Nakhl Tabacco

i 1mg
w0 iy 100
i 1
zam
2ama 2000
bu 2000 2w
P <
g . E ]
18 - g
: " 3
£ v 3 £ i
1300 e
wiot 1e00 1"
e
o
o W
= ]
0
s (2] -n i
T * IGEED 1 TAEES NSHLE-D
o oA b sEEa Conznty | QIR | w 4 "TSES

(© (d)

160 000 Traais Frequancs Yiem AUINT Dmplaed 0000 Trnks - TSy —

ILER for Alrobi Tabacco ILCA for Mozays Tal

Probabiiy

£ o
.4

ot -
edee.1

¥ [amaiea P i Pl o ¥ [iowaes [ - 4 [imsric s

© ®

100,000 Trials Froquency View 20,743 Displaved
ILCR for Sonati Tabacco

o2
1800
1800
1400

1200

Probability
E
fouanhaiy

" .
SIODMES

TID0EL

P [nm00zE- Certninty | SIEN e 4 |o0zse4

(€3]
O3 e o) Ll3e (@) (3 (@) 55 €) S D) 38l (@) 1M (S gSLE 393 s 3 30U Sty s 5l S Sign S3latnd X3 el

(g) &"‘!’

Tehran Univ Med J (TUMJ) 2023 July;81(4):295-306

http://tumj.tums.ac.ir


https://tumj.tums.ac.ir/article-1-12507-fa.html

[ Downloaded from tumj.tums.ac.ir on 2024-12-23 ]

ODlSas 5 a5y 4ub ARA

S anale 53 BLiztal Lo ma s o5 515 gl (CR) 130 5 (THQ) (al30Us o b ol a1 J st

(THQ) (o)) Wby 1o

Fe Zn Mn Cu Pb Ni Cr Cd As SLs C-".’
o/vxy T Y)Y y/0X) T VAXY T 0/8X Ve yvoxX T ey ey V/04 Ll
VXt V/Exy T A2 b YX) T LN S R VAR S R VAR SRR vAd P TR /Y g3 5301
§x )T /1% T Xyt Xyt AR Yxy Y yx Y/ /e A
AX Yy T Y/0x YT YXy T Yx Y A\ ¥ X\t oyt Y/YXxy \/*A s
Y oxy oY §/Y VXY T Xy T ox )T Y/ox\ §Xy T YXyat VAT q/0%3 7 Ly
§x )Y §x T oxy " Yy 0/y X Xyt VXVt yvexy ) AOXN s

T/ T Y/ovxyT VVAXY T Y/ovx\ T o/v XV Yax T X ey O/AVX Y 47 b Dy (s

(CR) 150\ 5w

0/10X )27 1 /FEXY T yevX et g axytE 0/ X\t C'f”
ARSI Vi 2t DR TAA TS R v/ S £/64X) 7" 33 501
VEXNTO ys0eX et YVEXY Y 84Xyt Y/exy .t A
V/ANXY 0 0/AAXN S TE P AN XY Ty Xyt §IATXY J=
TAGXY T VAYXY T yeex ) E ey g/Yox )t Ll
O/FYXN T /XN T VeI YRy et YNYXY &)
O/FYXNTE YV o/AYXY T Y/ E VAVXY ot b Dy (s
Eow 5 50W e e alie 30 w5 130U e Ol g5ludue

3

et 33 S S gLl Chale oSl ) edunsOlES b

Fe>Zn>Mn>Ba>Pb>Ni>Cu>  asdles 5,550 SLS (glaai gl 395
adlas 3 K Sl cble sl sy Mo>Cr>As>Cd
Jb Q}Aﬂ @L'}M.:ﬁ L;a.é asllas (gl gs 5| 2eS Pourkhabbaz
Sl a5 aS as e 0L (Gl ol eals OLLS Waesls) O35
53 ol I8 S Oga3T (P</00) 555 o la SLs s K
A 5 DI Bl oSl 0L S L il s e
SHEs o faS b D5 (e SLSL(P</00) ol lalins bl
Oddse (B/802 /0 pnglg) Sl (EVYE /0L pglg) oS
sl w cad 1 AMWAYEY pglg) sy s QY pglg)
J ol b L SLS ramen iy addllas 550 e SLS
(FY0£V/+Y pg/g) cpal 5 (Voo /0N pglg) e 5l Jlde o S
03 pedlS Gl ke il sss e LaSLS ple 4l )

L Crystal ball )\j;é\p; Seslad b s Cige Jue L 30
et s a5 s gilead LSS Ve
F5 A 353 e O RO T pled sl ok w8
el ol ols OLES 740 Olaabl dlsle LY 5 Y Sls 50l 55 SLS
353 s 53 180 Olsabl L HI gl oS sl Sl o
b O o e s I a3 g0l ) sl S
2 VEE 5 VAT /88 OV Y00 Y8 YE S Sa e s
S oy VSl VG adles sy slag SUS gl HE ol
Ll DB NS e (6l 30 s o st iy ediasLES
Sl Gl B0 s Coad pde B s g
I i3 sal Oy pots S e 140 Olgebs! e b s
NN g S b Os e 5 AW o )l e
5 A70AXY Y TE /8 T O /0AKY T AV T YTk T

S AeAxY e

B 6P F oylas AT 0y ) Fo ¥ i o5l (i sl olils o iy 0y aleo


https://tumj.tums.ac.ir/article-1-12507-fa.html

[ Downloaded from tumj.tums.ac.ir on 2024-12-23 ]

Y.y S po 55 Lotnd S5 Sl suliival b Gl 0 g 5Sicw B b tgalso Lol rns 5 ol Seasy (oboo!

305 S5l e o 2o S SIS aes sl HI lis &5
on o SLSLS aes Doae 5 S bl o U5 e
(Sl Saa Vsb (o 53 B 5 5 b ) e
Ol IS @ SL &S oS Gl O e 2l A
s ) 5 fomd BB Sy ke Bl iy S e e
5o Shekoohian axllas ;5 A3l e HIEL Joss JG s 51 5N
P Gl VL addlles 350 sla S plei)s HI i

Lo ssel SL 55 ool Laxls L ILCR s
O3y o S5 2 VL L SLs il 4 0 285107 i
5ol SIS ple 4 Sl ILCR atld s o e oabs
ol i Sdd L IS, by s 8.8X10% ke oyl
Dok i U< ) <Ule < s S <quss gel
AU A SLs s ool sy b s Loy b
sy AL Sl b 4 e ST 0l e Sy 2L
Sty bt cewss Lsal SLS 3 paS 8 S s
US55 LS il 53 6 ol s ol mdls 1y 50l e
olie sy osls bl sy 4 1y 50l e Sy i
e ot 5me 53 ey p 350 S SLE aes Gl O
St 515 e s SLS ol o s o OLES § 50 ol 5 13 1 3
sl 4l 5 ol g ol e

Sy S50 2 2505 S bl Sl ol Ld w0
IS e e 3 0L B0k e s a0 s S
S Spdmd 5wkl pe 3 (250 slall
el Sad o o Sl ezl b 50 s 5 250U b
S ol s bl (Spearman correlation coefficient)
e Sl edemslss (e 5 ote) OF cadle 55l 3 0
0k s 5 230l e o Sy i 5 Olebl s s
sk b sy e 5 S s el ) SL s e
3 Cankd pde 5 ol el 5 g e O O35
A oMl sl L b0 e S S e
slasls s a8 el Jlb): LRy =10V s =/ 10 /AL
e TAY 108 UVY L Sl s s Lle (s
S0 s e Sy Gt 5 ol pde 3 ) U

(s AW s 33 5 g0l gC\JJ\)SLgJ)AW.wl; B

Tehran Univ Med J (TUMJ) 2023 July;81(4):295-306

http://tumj.tums.ac.ir

oS iy e S s ) o0 pL L SLS 55 e
OT 038 el sy /070N Y pglg OF Jldie 5 codls 1 lode
595 pen 3 VWVYELYY pglg clale L S 56 Jlde o S
S oS el Jss ol el sy S (g5 ol b SLS
521 5 5 el e SIS e p 2eS A1 (gl el L
Bl polail s 4 aallle 5,5 Sl sty ple
nglg VW80 pglg e 5K 5 el e SIS ks
25 N0/ WVE/£0 pglg 5 0V EE/AQ

e SLSLE 353 s > S0 S VL ckle
B SV N MG [ R LR AU RS
S S Rt T PR IS G PSR
LS e SL 3 5a (5o

BE uﬁw ol chle a5 wsls Olis Hessami 5 Golia
el ad e S s Sl O3 e mes 3 b SLS S
Il Bl bl PH uslie S 038 1S
Tl S S s S s Rl sl
Sy e SLi 55 59 g0 e I3 OIS 5 Pourkhabbaz
Sl 5 sl Ol s s S ) 1 Gl e il
K K Sl Gl 5 Z>N>Cu>Co>Cd S
el Olgr il e 53 0 (1S slie alie 1)

B s gl el smas b s lilal s S b o
Sl copl il 10 s Olex 53 SIS SN e 3 S
s L cilisee sl SLS (gl sdalowsy K ol chle

ol IS5 S (5 2L Osasl Sl sesls 035 Jle s g
o Sl bslae gl oS sl L 0T s s S eslinud
(P<e/a0) Cils 3 gy calises Glad 5 55d s 5y Sl 56 Clale
Sl el gies boslbliad s ol J s Sl 4 a5
S gy Olgr 3 SLE Vg 53 K Sl C}Ja.w
LSS Gy sdeliane S ol clle o Sike al
TS S el bt Sldlas L @b L il
on osm SLSLS gl S Sl chle 81 s sbe
*.55 Shekoohian aalas 3 sl 5,158 oslie 31 5oyl

ol ) Sl o D36 5 e e D e


https://tumj.tums.ac.ir/article-1-12507-fa.html

[ Downloaded from tumj.tums.ac.ir on 2024-12-23 ]

Ruenifard T., et al. vos

sls olas 740 Ol CEM LILCR s HI 3, » $,8 Cige e
St Sl el b U3 e Bld 5o T g p S
Soslp 5 055 i S IS 5 ol SLE S
Joxinl &8 55 wnd U5 byl ()50 J e
Sl e e Sl sl Jol Ll 5l S ol
S S L alad e DL =503 el QSIS e
Sty sdoms ann s wle Sol &S Aas e OGS Sl sl s
o Sl
L) el S elObL 51 s ol s cpl i/ iRl
rooks U )" Ol Lol Cdllg i and)
s Gl s OF G 5 318 I35 e 2ol sl
gl £r0r 08 U8 LV B Jla 53 0L 53 0L 5 S

RGPS5

References

1. Hossain, Md Tawhid, Hassi, Ummehani Huq, SM Imamul.
Evaluation of the prevalence of waterpipe tobacco smoking and its
related factors in Tehran, Islamic Republic of Iran. EMHJ-Eastern
Mediterranean Health Journal, 2017; 23(2): p. 94-99.

2. Makvandi Z, M Sharifi, M Barati, Assessment of Factors
Associated With Hookah Consumption Among College Students
of Asad Abad City Base on The Theory of Planned Behavior
(TPB) in 2015-2016. Iranian Journal of Health Education and
Health Promotion, 2018; 5(4): p. 270-279.

3. Hossain M.T, U Hassi, S.I Huq, Assessment of concentration and
toxicological (Cancer) risk of lead, cadmium and chromium in
tobacco products commonly available in Bangladesh. Toxicology
reports, 2018; 5: p. 897-902.

4. Shekoohiyan S, M Mahdavianpour, E Aghayani, Risk assessment
and modeling of heavy metals in universal and local types of
tobaccos. International Journal of Environmental Analytical
Chemistry, 2021: p. 1-16.

5. Meysamie A, Ghaletaki R, Haghazali M, Fereshteh R, Khalilzadeh
Omid Esteghamati A, Abbasi M. Pattern of tobacco use among the
Iranian adult population: results of the national Survey of Risk
Factors of Non-Communicable Diseases (SuRFNCD-2007).
Tobacco control, 2010;19(2): p. 125-128.

6. Zhang S, Song J, YinwenLiu G. W, Anna R. Trace metal (loid) s
exposure through soil-tobacco-human pathway: Availability in
metal-contaminated agricultural soils, transfer models and health
risk assessment. Ecotoxicology and Environmental Safety, 2018;
148: p. 1034-1041.

7. Talhout, Reinskje, Schulz T, Florek E, Van Benthem J, Wester P,
Opperhuizen A.Hazardous compounds in tobacco smoke.
International journal of environmental research and public health,
2011. 8(2): p. 613-628.

8. Cheng L, Lin C, Liu H, Li L.. Health risk of metal exposure via
inhalation of cigarette sidestream smoke particulate matter.
Environmental Science and Pollution Research, 2019; 26: p.
10835-10845.

Sty St 5 Sonlad oo 53 1) 0 G 2l e 5 Ll
o osal SIS s Sl S sl 1 ol
o s TN SIS s pseslS 5 Llse 5 s N AU
B 2130 e Sy S et 5 Camlad pde 55 3 ab O
esls
S gy cas s oS ol chle adlas ol s
teplie DLl bl b lad e Dl a5 D1 B8 s B e
Sl Chle geS 5 i el Cowsa ) ol RIS
D HE gy p50adlS 5 al @ byn s 2050 0555 53 S
HI 55 EPA s Jaally s 31 5V0 s 550 (sl 515 olad
L obdl it 1 0lb e b et o5 dns e 0L ol 5 G1)
Tl 53 s 2050 G SIS s S ILCR ol S 0 kg
it (o3Il 4 o Y 5 Sls 13 ALCR>1x10%)

Siloterd 253 S xS SV 5o S Sl

9. Wu H, Liu, Qiyuan Ma, Jin, Liu L,Qu Y, Gong ,Yang S, Luo, T.
Heavy Metal (loids) in typical Chinese tobacco-growing soils:
Concentrations, influence factors and potential health risks.
Chemosphere, 2020;245: p. 125591.

10. Nigra A,Ruiz H, Redon J, Navas A, Tellez-Plaza M,
Environmental metals and cardiovascular disease in adults: a
systematic review beyond lead and cadmium. Current
environmental health reports, 2016; 3: p. 416-433.

11. Liu, L, Liu X, Xiangyun M, Ning B, Wan X, Analysis of the
associations of indoor air pollution and tobacco use with morbidity
of lung cancer in Xuanwei, China. Science of the Total
Environment, 2020; 717 :p. 135232.

12. Sultana Mahfuza S, Rana S, Yamazaki S, Aono T,Yoshida S.
Health risk assessment for carcinogenic and non-carcinogenic
heavy metal exposures from vegetables and fruits of Bangladesh.
Cogent Environmental Science, 2017; 3(1): p. 1291107.

13. Khlifi R, Chaffai H, Head and neck cancer due to heavy metal
exposure via tobacco smoking and professional exposure: a
review. Toxicology and applied pharmacology, 2010; 248(2): p.
71-88.

14. Yousefinejad V, Mansouri B, Ramezani Z, Mohammadzadeh N,
Akhlaghi Mitra. Evaluation of heavy metals in tobacco and hookah
water used in coffee houses in Sanandaj city in 2017. Scientific
Journal of Kurdistan University of Medical Sciences, 2018; 22(6):
p. 96-106.

15. Shalyari, N, Hashemi, Alinejad, Abdolazim Ghazizadeh A,
RadFard A.H, Dhegihan M, Health risk assessment of nitrate in
groundwater resources of Iranshahr using Monte Carlo simulation
and geographic information system (GIS). MethodsX, 2019. 6: p.
1812-1821.

16. Smith C.S, Livingston D, Doolittle An. international literature
survey of “TARC Group I carcinogens” reported in mainstream
cigarette smoke. Food and Chemical Toxicology, 1997; 35(10-11):
p. 1107-1130.

17. Eslami A, Saghi M.H, Rastegar A, Assessment of background
gamma radiation and determination of excess lifetime cancer risk

B 6T F oylas AT 0y ) FoF i o5 logr (i sl olSils o 3y 0uSCiils dlno


https://tumj.tums.ac.ir/article-1-12507-fa.html

[ Downloaded from tumj.tums.ac.ir on 2024-12-23 ]

18.

Risk assessment of carcinogenic and non-carcinogen of heavy metals in hookah smoke

in Sabzevar City, Iran in 2014. Tehran University Medical Journal,
2016;73( :(10p. 751-755.

Bazeli J, Ghalehaskar S, Morovati M, Soleimani H, Masoumi,
Safdar, Rahmani Sani A, Saghi M.H, Rastegar A. Health risk
assessment techniques to evaluate non-carcinogenic human health
risk due to fluoride, nitrite and nitrate using Monte Carlo
simulation and sensitivity analysis in Groundwater of Khaf
County, Iran. International Journal of Environmental Analytical
Chemistry, 2022; 102(8): p. 1793-1813.

. Pourkhabbaz A, Pourkhabbaz H, Investigation of toxic metals in the

tobacco of different Iranian cigarette brands and related health
issues. Iranian journal of basic medical sciences, 2012; 15(1): p. 636.

Tehran Univ Med J (TUMJ) 2023 July;81(4):295-306

http://tumj.tums.ac.ir

20.

21.

22.

Adkison, Sarah E O'Connor, Richard J, Bansal-Travers M, Hyland
A, Borland R, Yong H.H, Cummings K. M, McNeill A. Thrasher
J. F, Hammond D, Electronic nicotine delivery systems:
international tobacco control four-country survey. American
journal of preventive medicine, 2013; 44(3): p. 207-215.

Golia E.A, Dimirkou I, Mitsios, Heavy-metal concentration in
tobacco leaves in relation to their available soil fractions.
Communications in Soil Science and Plant Analysis, 2009; 40(1-
6): p. 106-120.

Hessami Z, Masjedi M.R Ghahremani R, Kazempour M, Habib, E,
Evaluation of the prevalence of waterpipe tobacco smoking and its
related factors in Tehran, Islamic Republic of Iran. 2017.


https://tumj.tums.ac.ir/article-1-12507-fa.html

[ Downloaded from tumj.tums.ac.ir on 2024-12-23 ]

I [ ] ] VI l Tehran University Medical Journal, July 2023; Vol. 81, No. 4: 295-306

Original Article

Risk assessment of carcinogenic and non-carcinogenic effets of
exposure to heavy metals in hookah smoke using the monte carlo

Taibe Ruenifard M.Sc.!
Ali Oghazyan M.Sc.?
Mohammad Hossien Saghi
Ph.D.2

Mahdi Ghorbanian Ph.D.?
Ayoob Rastegar Ph.D.2*
Shahram Nazari Ph.D.*

1- Student Research Committee,
Sabzevar University of Medical
Sciences, Sabzevar, Iran.

2- Department of Environmental
Health Engineering, School of
Health, Non-Communicable
Diseases Research Center Sabzevar
University of Medical Sciences,
Sabzevar, Iran.

3- Department of Environmental
Health Engineering, School of
Health, Vector-Borne Diseases
Research Center, North Khorasan
University of Medical Sciences,
Bojnord, Iran.

4- Department of Environmental
Health Engineering, School of
Medical Sciences, Khalkhal
University of Medical Sciences,
Khalkhal, Iran.

*Con'esponding author: Department of
Environmental Health Engineering,
School of Health, Sabzevar University of
Medical Sciences, Sabzevar, Iran.

Tel: +98-51-44018307

E-mail: rastegar.89@gmail.com

simulation technique

Abstract Received: 30 May 2023 Revised: 06 Jun. 2023 Accepted: 13 Jun. 2023 Available online: 22 Jun. 2023
Background: This study aimed to evaluate the carcinogenic and non-carcinogenic
health risks of heavy metals in seven types of tobacco widely consumed in the east of
the country through inhalation exposure.

Methods: This descriptive-analytical study was conducted from April 2022 to October
2022 in the city of Bojnord, Iran on sook of seven popular tobacco brands. Metal
concentrations in sook of tobacco were determined using inductively coupled plasma-
optical emission spectroscopy. In order to analyze the data and ensure the accuracy of
the results, the amount of metals in the samples was repeated three times, and their
average was analyzed. Monte Carlo software was used to assess possible risks.

Results: The results of this study showed heavy metal concentrations in sook tobaccos
were, respectively, Fe>Zn>Mn>Ba>Pb>Ni>Cu>Mo>Cr>As>Cd. The concentration of
heavy metals such as arsenic, cadmium and molybdenum in Alrah brand tobacco was
higher than other types of tobacco. So that the amounts of heavy metals including
arsenic, cadmium and molybdenum for this brand were 14.2+0.05, 10.4+0.06 and
11.6+£0.04 micrograms per gram, respectively. The hazard index (HI) values for
different types of tobacco, including Al-Rah, Amordadsub, Al-Fakher, Al-Rubi,
Mazaya, traditional flavorless, and Nakhle, were 2.64, 2.41, 2.05, 1.7, 1.49, 1.46, and
1.44, respectively. The lifetime cancer risk (ILCR) for Amordadsub, Al-Rah, Nakhla,
Mazaya, Al-Rubi, Al-Fakher, and traditional flavorless tobaccos was 2.8x1073, 2.43x10°
3,1.72x1073, 1.58x1073, 1.43x1073, 9.58x10*, and 8.08x104, respectively. Lead in Alrah
tobacco sook had the highest non-carcinogenic risk value with a value of 1.59.
Conclusion: According to the obtained results, Alrah tobacco sook has a higher cancer
and non-cancer risk than regular tobacco and can cause non-carcinogenic and
carcinogenic risks for consumers. Thus, it is necessary to regularly monitor the quality

of prevalent tobacco to reduce delete human health risks.

Keywords: carcinogen, heavy metals, monte carlo, risk assessments, tobaccos.
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