[ Downloaded from journals.tums.ac.ir on 2026-06-11 ]

B9 ode gaollad (Cows ) o 9 Cuodlw alxo

Olp! e clilogy (oode (pozsil
YEF LYY Slxao VFF e oo ez o led ¢ gz 090

&

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

(@

£

uz&{’
6.-,

el
\
%Q/%
(AEH) |

‘,f‘f‘“Jj’:’, Jle

2

D
0 A
" Of Enyiron™®

oM Sty (1351 arIllne S 203 105 40 o0l dope S Loy 50 el ST (6 puFo 310!
o St e P less; dasme To39e (oime Tl) el e g sl Al Tyl e aezme TS g p 8 (oS

Ol et (ol s (S pole olRiils ccudlagy caSiiils o Cllilage owdiges 09,5 -)

Ol eolid e S35 isel 5 Gleys eodlage &5 eyl 5 138 plojls g lo 5 188 Slagims 550 -Y

Olnl gl gyl Si psle ol8ails ¢ ggmmisls Olidss aneS -V

u‘f‘ ‘L)‘)'ef‘ e S gsS‘“’J" r°5L° oKl ‘)5"“5 gs‘""\‘c (:‘L.@ 9 SYReY °MBI’ ‘Ls"“-“‘ L§)9L;’é UL‘L“‘L’U °5)§ -f

Sy pele ol zily ( Slie mlio g 4 dss pgle 0aSiils 58 Sl mlio 5 sldss Blidss gl  oldé mlio 5 pole 05,5 -0
Olrl Ol e e

Olpl g ol g 0l Ko pgle olfisls ( cblagy Cdglas -7

0 b sl do ol M bl

asile (g pae SluS 5 (gl Yzl a5 col Lis o138 Slse o Lol 51 (S b :Bus g o) VE-F/-a/1Y (el o du b

b &5 aw 10 AA s 6 pSoslasl ol adlllas Gan el (AA L Acrylamide) al Js ST VEF I/ YY . |" G
) - . . ¢ S AP XN s

Gl @i hg) Al NESY Q')ﬁﬁ aibio ¥l Jdolal O)js0 4 diges Y7 slass e o995 VEF/1Y/14 dt:..d gj)l.’:'
¢ ) %)

(GC-MS) oy (il 5315 31 5 5ileg S oS 5l 5 0 oolitusl ladiges g5l oolel g
Sleolatnl bzl glo b ol s Sy obj)) o005 oolatul AA e (6,05 ojlail sl
85 Syge )5 Soge (siludnt ST
FYIFY NNV IFEATA ol b slo aiges 40 (aieS-aicin) (HE/KE) AA Sl :loassly,
ANSEYEID ol i 4 S 5 3356 cUbly) o slo digad o AA :Sileo izeed 09 -
AA B+ Sao 5 (CDI) wlis, e ol olpae 05 Y-/ 2TV E pglkg o VFYsaY)Y 2230 ol anel Jo ST gomadds 555l
S FIVA Ll oS5 4 5955 5 Ve 55 sl gl sl 6 e 32 Sy 2ol e 2de
ey b Sao 0 (THQ) Lol e S,y polie ¢ 3,3l .0g V/-Yx) " ug/kg.day
Sy i) 45 I 5505 (THQ < 1) i L oo 45 5 D<) 5 YIFS5) 7 L Ll
45 09 OV ex) T Sag S g YV - YLLE 5 6l b Sacs 0 (ILCR) oliolb
ol Jg8 BB 18 g pae lasl cedls gl V%V - T < ILCR
L og (0 —A+ PEIKE) Ll aabsl s, lutil 5 5V b wiges AA _Sogll uSileo 1 g yuSdeas
Ol Sy 3950 Jlozl conds 3,51 TLCR jolie 5l o6 elsil jo AA clile (:Sle &y args

el b adg ol poled jo i law i 4y 5L3 1 g 800 3525 25 , L .
t g 0 W 9 (S g oS! Sy
sharifi268@gmail.com

Please cite this article as: Shariatifar N, Arabameri M, Asghari H, Bahramzad H, Moazzen M, Rouzbahani M, et al. Measurement of acrylamide
in traditional breads sold in Tehran: a health risk assessment study. Iranian Journal of Health and Environment. 2026,18(4):731-44.

Copyright © 2026 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://
A= 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-1-7103-en.html

[ Downloaded from journals.tums.ac.ir on 2026-06-11 ]

P sy, Jdo a lagb culwjls 1) 95 ol eab
&9) RESUIWE- o).o.wy Go.xlo 9 ‘AJ.; uSL) 6‘)‘0 Y}.Q.M ‘m
ootins o b pains 205l ol Yaere b Coxy
Oz 6ol AA LSS 4 e Sl e a5 Cl
095 Slagmselnyg g ity dadlieg S 5l (09> et
O Vo) ogd sode sl Sl 38l eels
6&&5) 4‘5»‘;)& &‘3.4 )é AA U‘J.,.A djjo)ldgl Ls‘)‘)
Vi S L ol 3 S55les S Lol o8 o Js 355 silises
35 5 5bs 5 5 (GC) 6385 S 5les 5 (HPLC)
SiloesS 5 @lold ;o 99> (YL Conlus 5 s Lo
5SS e sauzy sladiges jo ohgar (JT luS s
oS 5 0,b,0 aBo Sledbl wilgs o g ol [y AA S jlews
SlS 5 Jelos g a0 o obls Jds 4 GC-MS
50 eMb ojlalinl fleie 4 o558 mls @)l g eaory
9 Py Ahxe) 4O oot (2NE Olge p3 Suw; (b))
L 4y ilg3 o g Sl 10,95 5 oYU Coenl 5l a1
ol 5o Fhe slaghs) 5l (oS SeS (seges Zdles
oolaial b (b9 (nl-35l8 o0 Siany ()l 5o Waosls g5
alizee slagy liw (gilwJoe Sl ( Bolas slaSuss )
ssbar (Ve ) 0y5l e pal p 1) il @l oo 5
‘LS"'A'C o‘}a 5o AA b P 9o u_im.l) LS’L’))‘ ) 4uol>'
SrSoill g plulid a4 Wl e g5 Cige (giluand
5 WS NS pae LS 5wl b agzlse b las o ol ylas
AY AN A) aas &l LQ)T oelS Gl 6550 o, Kal,
(YA

Ae-0- ug/kg 6 0 AA Glp Lg,l aoloul s laslow! pdaw

YY'y

e syl 5o el b ST 6 Sojlul

Ao o

E AT G5 e aodlas (5l o 5 51 St ol (gl
@V ol wile pae g Sl Slse 5l sl
Sl ST 6l aten air Syl slagn Sy pum
b ool Jo,STo(F-V) el o é 4 (L Acrylamide)
ol b oles w55 S (CHNO) AA
Slge 5l Sl seanl o amb jsbay 45 ol
oles 1o Bone oS5 ol (F-F) 50 LSis la
b oyetisy 5 ol nms,S jea> )0 5 (VY- °C VL) YL
Shle Sty Gy b 5l AA oy S oy
&, baslgiel g o o a5 (Maillard reaction)
S 5 S Glare 4 oole (! (A-Y) Wyl e 3939 4 s o
ool o il _alEilesl Sllge 10 15l e g ons
el el e s 4 Wi 3
oaly lis sasie Olalllas (VY Ve D) wi S o )ly go =
)l Wiy AA L S SYsb agzlse o5 ol
Sl ELlesT Slls 53 1, laglb s glyl 51 S
sie b orae 0 Skae (59 p Lol (San (e g A
iy Jdo 4y (pogee Codls 09> ;0 AA Cosal 513K
o594 sl Cdlas (sl a2z ez sl sl T VL
Sladllas .ol axg5 BB« pdscaw] slaog,S 5 (5555 jo
b Wlge AA L Sse SVsb agrlse a5 wheols oli
Oyd e (omae S g gl I (Al lgil 59
s 3361 5 oole (pl ol 3550 40 (Sl BB el b
5 soyes Sedlos L sl (o] Brae JlalS sl oY
Sloe 51 Se (V) Ve b)) Conl (555,72 o Lo ) s ety
OY AT ) s b ool AA g4l a5 i
LS, 5l ol 5o 28 w23 Shel sl 5l (S ol
at yodee 5 Sead ol 3] gzmon LS 5 51 Vgone 5 oo
thor 5SS 5 938 Ay iile hane slagl 05 o0
Gapl w158 K05 s ol 45 sy lapl
o S plaS 2 o5 aten aliss gloil Jold ol pl glas

ﬁfg yﬂy
VEoF Qlivoj /o laz o)lads /pasameyys ¢

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


https://journals.tums.ac.ir/ijhe/article-1-7103-en.html

[ Downloaded from journals.tums.ac.ir on 2026-06-11 ]

Ol g 8 Sl o5

S5 iy 3onS5008 (s TV HCD) S 15
ey by $ 1552 (GO Ll 5 s pladl 61
eS b 5ol ags (carrez II) (g9, bl 4 (carrez I)
(20,0 A S ogls) salinl g Jgpaen il )l LS
S, F5ileg,5) GC olfis 3 andllae ol o 0 o )5
L ol e (A7890 Jow) Agilent s bv olis b (535
Jaw) Agilent ¢ ,Lss L b (o) MS 5L KT
B pl 5o solitul 8)90 gt o eoliiwl (C5975
Jeid ao,0 ) HP-0 ms gl L b (5 g gt S5
b s s slS ) b et 503 38 1 oS

8¢ (+/YO um :df ¢/YO mm x ¥+ m
Ailwg,8 1552 Vo /7 g (carrez 1) ) 5,15 Jgloeo ans (slp
V3l oo b o e ol Ve
YVA gL Sl ol Y mL 0,5 gl L (Carrez 1)

Voo ML g st OTL ol poro g e 45 (59, s
ol 5 AA 4yl s laslonl Jslome os pelass
O] G sl ol ags Jgilie 4o (Yo« pm/mL)
s latal Jslxe (Working solution) IS Jelxe
olos 65 5 Sl (elo Jsbus . 38, Jaiia b Yl
(Y) was 6,0 F °C sloo yo wligles]

diged (g lw oolo]

aged 1) g ad Ll b (iged (wyd 4 diged 5o
Jstl o (KOH) easly 9peSgy00 Jslro Ve mL
L 5ot yilo oliwsd S8 4 g 5 a8l Laaisas 4
A Geaty Sl OMIN o e as g Fev e TpPM e,
g Carrez I Jsl=o Y mL 1 51 w0l lax oYL 56
edigas .o a8lol 1259 g Ol joumgs S gm, 4 Carrez I1
150 5o ain Tl a5 L Isiime ympas g i bogliee SLalS
s B0 Sgudy Sl Yo MIN G0 4 9 O+ ¢+ TPM
b Alsl Jolowe 4 sl Yoo UL 5 Jgp0il; £+ uL
610655 (Y0 °C) s slos ,o ¥ MiN Gao 4 a9

® gﬁ/
yégg J VEoF ylimo] /1 )lg2 0o /@232 0,93

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

Yy

(YY) el
0,b,0 (goguazme Slalllas (Il o U (YL Bras 0ezg b
ol anlllas on o)ls 0925 o)l i slagl ;0 AA
bl s s sl 06 5o dszee AA (e 625 o)
(pimen g ol S8 la ol Srae 5l (S80S,
b S S8 o paiiSuds 4 wlgi o anllae ol mbs
) anslr Codls 5 oandon oo |y 095 0y slaany] b

o )
AA (l5ee @ pSoilail 58503 b addllas ol S0 g5l
(S 5 0386 Mg Sl e 5 e slap)l o
P Ipj amd oo Gy 9290 Dol j3 ele SIS &
orb (55318 5 st ghin ooy & Bitas ey ol
g wlals y AA (00l Fpw g 0ol (5,90,8 slalie aisle)
Loyl o2y Syl s oyl 0,90 ;0 (0505w Sledlb|
O35S (s 09,5 95 53 (alend oS 5 onl Sy (215
o3l S e 555 2 o5 & adllae ol YLAS )3
o, 5al, Wig o aSl (S o SeS ol3E 13, ;0 AA

20 &)l sges Coodl 55l 5 0ole ol B pae ralS 1y

g g lge

Sl g

Sygeo 1) e el adlaie ¥ 3 U diged Y7 adlllao ol jo
coile) b ggs w5l plas 1o sl aigad ¥ aS ol ags ((Bolas
LS Spge 4 6lop dged ad s (S g (9080
e VP clipoo)l U 1p0,9,8 sl ole o (5,0 digad
Log) o8 inbe)] 4 poditas 3 5l o La digass
dx abolddl b diges g5l ool .asis Jiiis (Cool box
8,5 O g olinle;l 4 Jlas! )

PV NEN

(€ 00,0 08/8 osl3) AA Jolss o B jre S po &S 10

Sl el (60 Oland 595008 (Lo ax0) Jsil]


https://journals.tums.ac.ir/ijhe/article-1-7103-en.html

[ Downloaded from journals.tums.ac.ir on 2026-06-11 ]

29 Y ng/g s £+ ngl/g s 4 LOD s LOQ 5
P BB 8ly aiges Slo a0 Sl b 2Lk i
WV B9y @bk Olee o8 Ceend 00 HG/L LY+ o350
Sero LY NG sl yJS (vie 05 0o
s 3kl Bl gy 1358 (RY) s Sen
&S5 AA C T i Llos 5 4z 3k 5l (RSD)
209 UTY g0l s

Sy 2/

b S Sty b3l sl o) Lige (giluand S
o b gl 5 sszge AA Gilise I3 L agalye ;|
OIS el )3 odd ad e (S 9 56« AMg)) has
ailig) Cre by e e ol (23] o plosl
5 @il Shbs Jewily b)) Geizes 5 (CDI)
Sbli> plojlo bawg aBliaswy (g, @bl e
2 odle. (YY) o9 (USEPA) oo VLI oy Lauma
sl (b, AA Bpas b badye ol né sl
Sy 5 (THQ) o a5 5l ool L st s

B LY Yol 3k (ILCR) yoe Jsb 4o ol pms il

b b,
CDI=(CXIR)/(BW) ")
THQ = CDI/R{D (f)
ILCR=CSF x CDI ©®)

o 590 1ol (Mg/kg) AA clal o CDI ] 5 a8
clile C g g, , o/-+Y mg/kg AA <l S5
Ol Il (Szs 59 mE/kg o sl &) b 0 AA
(YO A glday = olaells 5 VYe = l5555) b pas
3 Ve = O599) pBaSSrae o 0y eSke BWI
ol o ) Jlss! ILCR (F) el (Ve kg = ol

\AN1

e syl 5o el b ST 6 Sojlul

s - ol (3l Frdie Cond oSS sl ] B 0l
Gges Jolxe 4w KHPO, Y mL 4 (v M) KOH ) mL
VIY-2IA 05900 ;0 PH ¢ Joloro (050 5l au .o a8l
Yo min Soe 4 00 TPM 90 b Jodoo .ol oulas
@l Ao p3ad oz (Vb 5B G g 0b Gensy ol
alsl Jolxo aiges 4y CCL, A- pL 5 Joibl Yo+ uL
Qeve TPM Sy b Ve MIN S s diged (s e
GC-MS & (o5, 58 510 UL caleys 0 5ot il
(V) 22 3,5

CG-MS Lyl

Col 0385 (ypions anlllan gille GC-MS ol Loyl
Gty b a5 00 J > 55 lose 4 pe o (V)
I YA °C e85! sles .cusls (b ,> +/A mL/min
slos caslsl 505V UL 82,5 xS 9 G205
392 Ol adgl sleo V o+ °C o ks> YA °C (g9, ,5:555!
Gy Lod oy Loy g g Al Laa> ) MmN a5
Yo min Gowe abes ilgS LY. - °CL Y- °C/min
5yaslisl wile loj .0g YV MUN 1z oyley U5 s i
o3lalog V+/Y MIN 5 4/ ol 4 Bas oS 5 g A
s el ol ouds il cle aiged o AA (6,05
2 plsl (SIM) sy Sl (g0

Ay o8 les

odgaze ;0 AA 5 jlaslisl Jole 51 gml pdlS e
o> andllae ol jo ol asle gl ;0 Fe- ng/g G Y-
Syl 5l esliiwl L (LOD) Lasis o> 3 (LOQ) cuwes
ool 51 (S) sl S i s 5 (0) gy s st
0 Ao Vg ) SY0lee

LOQ=3LOD )

LOD=3.36/S M

%ﬁ yﬂy
VEoF Qlivoj /o laz o)lads /pasameyys ¢

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


https://journals.tums.ac.ir/ijhe/article-1-7103-en.html

[ Downloaded from journals.tums.ac.ir on 2026-06-11 ]

OHSen 5 8 (Sl o

ally Jass S oyl sla gesT 5l eolizad b Lo ools g
Ao sls awlic gl 9 (Kruskal-Wallis test)

5o A 6)10 o cb.m W) 3y (Dunn’s test) U“b
RUEEC I

Lasl

ol sle disei jo AA 5o

A2 o Hlas b sle aiges plad o |y AA (lie V Jga
AA G Sls e Jgoz ol ) 95250 slo @il il

)_:|)_’l_as4._.9 :fl ’.‘)\5(4 DN S - i)

Sg (Y V/F-#Y/5 pg/kg) \V-/f£A-/A pg/kg

@ (58l 5SS (I OU slo digei 0 AA i

- &5

olis SSE 4 o6 sl wiged o ) AA Gl ) Jgor
sl wsed 0 AA 1 Sle (Jgaz ol Billae om0 e
AMNFEYEID ol cdp & SSiw 5 el (ily) oL
S ol plis 09 YV /- EYAVN Y pg/kg o VFY/EEOY
Gb o S>> My Sjpe 4 U sle dise
Oliee 5> s ime DS Gully S S 5al il
o saslie (b gle diges calizes glgil o ;0 AA .Sl

p<-/-0)

o arog USEPA Laug o5 el (mg/kg.day) -/o
S (HQ) s oo pasls (oys Lld 5 (F) el
l). 05.5.”.3 A.Q)‘s.c Cond aS ol ).n.\.\dUa.u‘ 9 ool Q)S-.!j)
S ol as)le ma o] 0 aS el (mbhw 4 AA
a5 Ceol gre opl @ e THQ <V 85 058 o
(YF) el

Bl 5l oS e (laand 5l Coslad pae Jlos 6
Crystal Ball ,Version 11.1.2.4.600,) Jb Jtww,S
olaws eudais .o eoliiwl (Oracle, Denver, CO, USA
Slp Sl me Silodnd £9y0 pla (luand Jolpe
ol sl Sy Jelos g a5 ileand 61!
A gae ol 4ol ey Voo
Jelse 51 S5 5o sl (il jo Jladie Vee e oo
solol el

YA a5eis SPSS 6 bl ats buwg g bl Judos g @350
@ a>¢ L.as ple! (SPSS Inc., Chicago, IL, USA)

S9) Silwand

op Jboy mé laosls &9 (Kolmogorov-Smirnov)

(ng/kg) S a3 b 2 10 AA ylio 5l s -) Jgua

YWe/AvRE/A

V£4/0

YeV/e

A

S E e Gl

ANYEEV0

® ﬂﬂ%
_—/%9 J Vo (linnj /o lgz 0lass /a2 95

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

S &l il


https://journals.tums.ac.ir/ijhe/article-1-7103-en.html

[ Downloaded from journals.tums.ac.ir on 2026-06-11 ]

6L®QU B J.,./JJ%;T Lg),,fo)'l..\ﬂ

(ng/kg) Susii 4y U 2 10 AA (l5me g lel i -) Jguzr 4ol

VaY/a ale
S ol
YYY/A Al
A @S
VEY/0YEV N W WO O]
VY ale
0586 0L
ARKYAY Lo
AO/Y LS
ANZVARE VAT OSle £ lae ol ol
Y0/ 4l
:/:. OLv
YV/e Lo
Yoy LS

caws ol AA O Suo) ailygy oo <8l o ol
bo—l— e @ (805 5 Y55 6l
als olis ams wog Ve Yx) o g FIVAX) T ug/kg.day
JB lig) Gras ol 5l S ailiy; Bras Gl oS
(V) og Fo pg/kg.day cac cosn slp (TDI) Josw
slp (0 Sao) (THQ) L5 by i jas a3l
S YISV L ply i 5 a0 (F Jga2) 5358 9 VLS 55
Ol s e Sy 3539 pac saidd Hlis 45 54 BV XY 7
Oy 0AL ul.?u.i‘ ul; Lngu}o., )‘ AA uﬁl.’).) l.’ .L:.J).a ‘5")
ooy pé s axLs (percentile) sows,s o9
b Glodiges Bras @b 5l AA clile 5l 6 (THQ)

NG RN N A S PRSI

Sy b/
Lol slp ) s glo (il sl addllae (pl 4o
5 et AA S 5 o solaul sl codle S,
(S 5 0586 M) (s slo 0L ladiges B pae
e (VLS )50 5 05355 50 l5 4 50 ol adye
& (Bolal Sy b)) po el o)l Zige gy a0l
5 Coge slagiluans 5l asdlas opl j0 (YO) 99,50
(Jliml @5 (s 053959 e Sualad pas b5l !
5 ol AA Sy Sb5)1 5 aazlse olie s3ledoe
(CDI) alsg, crope il .o oolaiwl b 4o 1ol o
QLS Y o )0 0l sleaises Brae 3k I AA bl

el ool oolo

1Eok Yliwoj /p)lg2 o )loih /s oj9s | T
-

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

\An4


https://journals.tums.ac.ir/ijhe/article-1-7103-en.html

[ Downloaded from journals.tums.ac.ir on 2026-06-11 ]

OHSen 5 8 (Sl o

AA cbale 1 6 (THQ) (gl jmw jud Sy (125 Ll (CDI) dilyg) oo 30 <8l 0 Slglyd g Jlods! -V Jguo

VXY VYT VoY VYY) T olSs S

CDI(mg/kg.da
Y/ovx) et §/VAX\ oO/FEx ) UNIx\ et LS5 (mgkeday)

007
006
005
TN 004
ig
003
0.02 0% = 5.10E-4
001
0.0 & :
3.00E-4 4.00E-4 5.00E-4 6.00E-4 7.00E-4 8.00E-4
oy LS b3

2.00E-4 3.00E-4

AA CBLE I 250 eyl Sy ol s g Jlosol -) JSCi

® ﬂy
//%9 J 1E ok Gl /p,lg2 0losd /paaz 0 )93

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


https://journals.tums.ac.ir/ijhe/article-1-7103-en.html

[ Downloaded from journals.tums.ac.ir on 2026-06-11 ]

s gl s Sl Sy el s ool 6 51 AA

OV T Q) el asg LB
SAA il s LSTLCR oS ol o 5 4329
(CIOY) (STho> g 0 599 (S a5 a5 3l s ol
Sras Gle (/FY) GBaS a0 n (s xSl
e el ol a0 (/FF) L o AA clale 5 (+/T9)
PAAL gzlse 5 86 Gl Sy o) o 8,50

Log (V &) oI5 Chge (gilwanss wlwl »eyb

e syl 5o el b ST 6 Sojlul

ool plis VS yo lSesS g YLS 5 sl ILCR
axg B Jas b pas Vx5l 555 ILCR el o
> 50 ogdge axd S o (Sogll Jds 4 Sl
ol 32l s b ezl 1x) -7 5l s ILCR a5
6 @holb s Sy iy (1) 0pb 00 a3)5 5 5o
Slp B Sas 0 AA (00 Sao) ILCR a3Ls
ON oxV e T g VXYY oL ol s 5 as 5055 ¢ VLS,

b, bodag e cidlage &l jlas g2 caims ylid a5 oy

(St A
e mefYe o Yo ¥

ON 039 el

She> &z 0590 +/0Y
Span ol PR
b o AA Cllé -JFF

b 30 39290 AA cdalé 5l SUILCR (gl p Cambus yg03] guls -Y JSio

Ob S YL lales )0 055 4y g Sl STyl (ol
Sy oley 5 bed Gl con les g Led (V (09800 Sdgs
(SIS sba o9 AR JSs il 4 e wilgoe 0
AA oy Jleiol sl i oy ploy 5 JVL Lo 4z o
3550 adsl olge 50,1 £5) adsl DLuS 5 (¥ (el iy 5
ails AA liee 5 ool st Yl (b ags o oolizul
it awlgical b ool (slaasd 5l e oS olas )T el
oy sla g, (F (aws o il 1) AA o)y Jlas!
(S 59y 2 b Sy adile iy Gl glais)
lp gy bl sl AA JSas  glite 56wl oo
& e Vgoms oS o Jlasl |y (5 s ook > oS
Cagh ) Glie) Cughy (B (Wghoo oS 5l ydan odgs
3,38 5l AA S5 p Wlgigo 35 b e 50 99250
(el i AA oy Jlil ol Cagh) b Lulyd o

YYA

oL 0 AA Gl Lyl aolss! s laslin) mlaw a5 sl )
el 009y D920 (glao luslisl I VL b dges geled o
ol plas bl jo eadcwyp AA dle Slylas L=
3925 05095 5 VLS, lp ol p g0 S S &5
Sl g cmodho s bl slaadl 04l o dogi o)l
Slge p &yl glassls jo Slie oSl 0 AA L Las e

g 0diluiS (Wload (g5 aelip CBo b aS plas
Al g Jele cnaiz Jds 40 (2ld2 dlge ple 5 oL 0 AA
OB 0 AA sezg Lol IYs wlie 0925 4 oleesds
o)) (Maillard Reaction) s Dbl (ziSTg () 53l o5 ,Le

Ygame 3| (o AA o5l o U pab 5 S, s el

ggg yﬂy
VEoF Qlivoj /o laz o)lads /pasameyys ¢

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


https://journals.tums.ac.ir/ijhe/article-1-7103-en.html

[ Downloaded from journals.tums.ac.ir on 2026-06-11 ]

Ol g 8 Sl o5

5 Alpozen Lug 455,58 0 5,50 anlllas 4o (V)
P Ol sls diga )0 AA (Sl (e o Ko
Ly o5 asllas ,o (YA) g YARY ug/kg i,
b gl 3o AA (lsee ool o oLSen 5 Eslamizad
6,505 aalllas oyl 45 (Y9) 55 YE/F NG/G il SSins
elol )0 AA iy aS ols (ylas ], San g Norouzi Ly
0355 YAQIVY g/KG b VSOIFY o ool )y sl b
o ¢ Sadeghi Lug %0 adlas ;o .(VF) cul
5 95750 S e 0l g S (b 0 AA :Sle (e
5 (1) o 48 ug/KE 5 VYUY Ly s 4 ol
Loy Olnl s 0920 S sla (U 59, 2 65500 adlllas
—_—l s AA e Ske ), Ken 5 Dastmalchi
3 6,50 asllas o uzen (VF) 0y VYO/-F },lg/kg
5 S 58U Bl sle U el o AA (e o]
= O5en s Motaghi L SPME (39, 1) 5
ol cai 5 a ead ol b el ;0 AA 1Sl 4 0l
(10) 5 VY0 pg/kg 4 AP NP YF

oz 93 o (Suigde s sla Sy S 4 OssS
5 @l Srsl Fomb ahe VL el (e
2yl L8 AR Glas (0yxe )0 Sy i e 0 090
OB 05 sl 5 Sdplie glapinns (VLS55 b anslie
OBl 4 e Wlg e & aiwd drwg Jl 50 jeie
(Oiad 098 AA aile pie  oliowd Slge 4 Ll ol
0329 4 OIS OSS 53 (s (535 4 g 152 (VL U s
sl el 1y gy ol ool aile AA ool clalic
ol e sl Wlgs o oS 5 Jolgs cnl 0,1 olyen
A5 anals (35S e dnwgs 5 0l 59y 2 oSS
(YA XYY A\ F)

Wilod,S s |y AA Wljg, Bras e goonie Slallas
Ol «Bpae Sble AA zohw o Ol Lo 4 Ll
B @S ql) (2l dlge ;0 35290 lacdile 5 B pan
Srae Ol 5Slee (Jle Glaie 4l ool Cews 4

® gﬁ/
yégg J VEoF ylimo] /1 )lg2 0o /@232 0,93

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

AR

aile olde sla Jog38l 5l &) b Sog38l Jlake 9 g4 (F
FSE5 59y p il oe 0)laeSS Blge Ko g S WSS
a5 S8 solinal (Jle lereds 25,10 56 AA
argi b oGsd AA oy Gl carge Col (Ses ez
e adgl slge Dbl g oy Lalyd S Jolge ool @
A0 N ) oS SaS b, AA e elS 4 Wl o
(YA-YF O\ F

SOl & S SSiw (slagli 3 ity AA (Fogll 352
S bl dars 5o Jale iz 4 Vet 2y § 9330
S5 50 48 s S ol b 5 VL slales ;o Vpons
Mg a0 5 0 Mhle (ASly Al coge Lalyd (ol &S
OB ° e i Culrd (oizen 3pdioe i AA
Fdres 5 FISeSy jsb 4y &l a8 098 o sl S
Slogh e AA jlis LSas 4 Gilgs e 4 casS 34a
oles 5 it 5T Vgana G313 5 09536 0 S0 e
o5 Ll 0 AA oy Jlesl Gl cils g 708 oy
ol a0 ooliul 040 adgl olge g o, £ ¢ yizad ]
WB L sl b S b ay g ol 38,50 Yol 55 bl
a5yl AR ades 6l i Jemily YL (s s
AT AR AR

Alyousef Lwg 6 0 AA 5w 4 y9m 40 gl addllas 4o
AA 5:Sile Glie 0ls (i @S 5 a8 oy OLSes
(g 0,5 ;0 .(\Y) og wglane YEY pg/kg B VY] )
5 05 el (U sy 2 oLSes s Kim Lwgs ol addllas
Jesus axllae ;s .(YA) 54 ¥Y AA pg/kg - Siloo l5me
i 6 0 AA 5eSlos 5ee W55 5588 50 ) Sen 5
5 Boyacit Glndiiz adlas ;s (YY) o4 YAY pg/kg
poiS b alez 51 06 gl 10 AA (liee eSO S
OB loslr (b «pasS Gogems (b (S piS b coi
a5 olo plis bS5 ab (wyp I ges (U g 8 (g
CmeS Geed 9 5l e ol 0 AA Slig s
59 YYO AA pg/kg slgme oSk ¢ £40 pg/kg G


https://journals.tums.ac.ir/ijhe/article-1-7103-en.html

[ Downloaded from journals.tums.ac.ir on 2026-06-11 ]

O ygo o aiges 0 AA LSk e 5 ol addllas jloawl
AA Sl e aS 090 ilg) <98l i< SKw )b
03gs bg,l asoloul slao laibewl 51 YL b slo aiges ;o
chle polie (pSle 4 azg L .(0--A- pg/kg) cul
0ss 3,5l ILCR jolis g mlaws slo ol glgil 0 AA
O 5l g 05l S92y Gl 9n sl (o5 Jlexm]
aloz 510> 9929 0 adgs e (poled po i slo
Oizmed g (Jlo glie 09neS ol adllas slacy sy
g5 poe (Jle plsie ay og (SO, slaasgase
5 My Ll 330 S pas S ases 0 S
helos Sl SiSS 1 eoliial puizmea 5 (b (55lwe 35
Slgii oplply ol aaliS b mls cds ol (Ses
S50 M b b 5 50,1 @V game coled oai] ;0 09 o0
S JUT F1 R Vol IPARVEUC g - °MYT¢;.’.‘&M3‘5?L&})‘
oo 3 05 o oloiiey (rizen 05h (295 ol nl 5o L]
O elsl o AA JSas (liee 5o 5 <oy ooy 5 Sush,

D55 8 e 259

W llisdo
Slal e ool Cd s pae ol S IS 4 lS (Basg g
Cole, dlie cpl o 1) (gilwosls g ool cay o cailS o
IR.SHMU.REC.1403.014 o Loy 45 31 0S .ailes,S

el 009y 09,0l S pole olKisls

1098 g NS
e Oy b Slidss £k () 25w Jol> dlis )
3y ST S e 59, 2 Bl slo Sog38l ,5U
5 0835 o 2holb e Sew) Qb)) Gl s & 0
coilige Sleas g Koy psle oBisls Cgan " YLLS 5
aS el VFeYee e e AD WS LY L o 09,0l oo

Sloyo sl Sleas 5 Sip psle olKidls Colex> L

e syl 5o el b ST 6 Sojlul

o/« sA mg/kg Ao £A L Fe ol 3l s 0 cpls 0 olie
VWA O3l G o plnl o «(F) 05 55, 5o e 09
o 50 «(F) 352 555 58 o (yjg /- 00) Mg/ Sl L
2 FV) 29 595 50 5% (39 o)+ - OF mg/kg oLl
OS5 sl 39y 5 o 0js +/+ e - FY mglkg il B
Lol e Bl Cise iluand sl adllae (ol (YY) 55
Jiml 2595 Jedos g 40528 «(695,9 polie ;o Coabad pus
Lolo y g 5ol s e Sty (2b5)) 5 4290 (55lands
o5 5 Yazdanpanah (), s js 0,5 coliiul
Iy olpl 3o b Gras b lag e AA eolagy s b))
slarly (il S,y @byl b S L)
@hlo 5 pae AA Glp Slolb e 5 5 2liolb pw S,
et g Old poye aer Gl (2 BB bl S

(YY) aiogs
Sl paiz 5l oy e b lgl (b 0 AA zals sl p
Slallas o LQJ—l sidu Sl aaled oS auS eolatwl | Llas
5 Lo Lmals daig, cnl 5l (Ko el ot anl cilise
Fomb sbles ;o (b coy (ols jsbay el ooy Gl
B e @ wilgioe oy ol als 5 (V- °C )
5 eolaiwl copiman S 6,55l AA LSS 5l ae e
AL CeaS b slaol asile a8 aid (slgime b adgl olse
Syt Sl Ao (39380 Slge (0938l 5 ljanmg:,S o5
gl S2ol5 4 Wl oo (@525 wile) (LS slaojlac Ly
5 i s olgl ly Jes Olaxde 0SS SWS AA
oy SbSESS Syse 0 LS Gisel el (SO
oley g Lo 8 ol el Slpupas 5l oolaiwl g ag
g ol el s (b ceS b 4 U ol oy

Dy SaS

sl slaaises 0 AA (s o)y ol adllas 5l Baa

Cewdo CuLu d.»Ua.a ] 0o U‘J@f 6Lb d‘yb 90 O¢>ge

ﬁfg yﬂy
VEoF Qlivoj /o laz o)lads /pasameyys ¢

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


https://journals.tums.ac.ir/ijhe/article-1-7103-en.html

[ Downloaded from journals.tums.ac.ir on 2026-06-11 ]

OSen g 3 Syl (o
References

1. Mirzaei S, Ahmadi M, Shariatifar N, Ariaii P.
Extraction and measurement of phthalate acid esters
in milk using carbon nanotube magnetized with iron
oxide and through GC-MS device. Iranian Journal
of Health and Environment. 2023;16(2):229-44 (in

Persian).

2. Sharifiarab G, Ahmadi M, Shariatifar N, Ariaii P.
Measurement of polycyclic aromatic hydrocarbons
in canned fish using multi-walled magnetized carbon
nanotube and solid phase extraction method. Iranian
Journal of Health and Environment. 2023;16(1):53-

68 (in Persian).

3. Aghvami M, Mohammadi A, Khaniki GJ, Ahmadi
M, Moazzen M, Arabameri M, et al. Investigation
of cocoa and cinnamon effect on acrylamide
formation in cakes production using GC/MS

method: A risk assessment study. Food Chemistry:

X. 2023;18:100629.

4. Mousavi Khaneghah A, Fakhri Y, Nematollahi
A, Seilani F, Vasseghian Y. The concentration
of acrylamide in different food products: a

global systematic review, meta-analysis, and

meta-regression. Food Reviews International.

2022;38(6):1286-304.

5. Saleh SI, El Okazy AM. Assessment of the mean
daily dietary intake of acrylamide in alexandria. The
Journal of the Egyptian Public Health Association.
2007;82(3-4):331-45.

6. Stadler RH, Gokmen V. Acrylamide formation
mechanisms. In: Gokmen V, editor. Acrylamide in

food. Cambridge: Academic Press; 2024. p. 1-17.

® gﬁ/
yégg J VEoF ylimo] /1 )lg2 0o /@232 0,93

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

AR

7. Boyact Gunduz CP, Cengiz MF. Acrylamide
contents of commonly consumed bread types in
Turkey. International Journal of Food Properties.

2015;18(4):833-41.

8.Gazi S, Tas NG, Gorgulu A, Gokmen V. Effectiveness
of asparaginase on reducing acrylamide formation in
bakery products according to their dough type and
properties. Food Chemistry. 2023;402:134224.

9. Matthys C, Bilau M, Govaert Y, Moons E, De
Henauw S, Willems J. Risk assessment of dietary
acrylamide intake in Flemish adolescents. Food and

Chemical Toxicology. 2005;43(2):271-78.

10. Sadeghi E, Yeganeh S, Shoeibi S, Amirahmadi M,
Karami F, Sharafi K. Determinationof acrylamide
in traditional and industrial breads: A case study:

Tehran, Iran. International Journal of Pharmacy and

Technology. 2016;8(2):12881-92.

11. Hoseini Majd S, Shahidi SA, Shariatifar N, Ahmadi
M, Sharifi Soltani M. Evaluation of the amount of
acrylamide formation in crackers and wafers. Iranian
Journal of Health and Environment. 2024;17(3):581-
94 (in Persian).

12. Alyousef HA, Wang H, Al Hajj NQM, Koko
MY. Determination of acrylamide Ievels in
selected commercial and traditional foods in Syria.
of Pharmaceutical Research.

Tropical Journal

2016;15(6):1275-81.

13. Basaran B, Cuvalct B, Kaban G. Dietary
acrylamide exposure and cancer risk: A systematic
approach to human epidemiological studies. Foods.

2023;12(2):346.

14. Dastmalchi F, Razavi SH, Faraji M, Labbafi M.

Effect of Lactobacillus casei-casei and Lactobacillus


https://journals.tums.ac.ir/ijhe/article-1-7103-en.html

[ Downloaded from journals.tums.ac.ir on 2026-06-11 ]

reuteri on acrylamide formation in flat bread and
Bread roll. Journal of Food Science and Technology.

2016;53:1531-39.

15. Motaghi M, Seyedain Ardebili M, Honarvar M,
Mehrabani M, Baghizadeh A. Determination of
acrylamide in selected types of Iranian breads by
SPME technique. Journal of Food Biosciences and

Technology. 2012;2:57-64.

16. Norouzi E, Kamankesh M, Mohammadi A, Attaran

A. Acrylamide in bread samples: Determining using
ultrasonic-assisted extraction and microextraction
method followed by gas chromatography-mass
spectrometry. Journal of Cereal Science. 2018;79:1-

S.

17. Normandin L, Bouchard M, Ayotte P, Blanchet C,
Becalski A, Bonvalot Y, et al. Dietary exposure to
acrylamide in adolescents from a Canadian urban
center. Food and Chemical Toxicology. 2013;57:75-
83.

18. Williams J. Influence of variety and processing
conditions on acrylamide levels in fried potato

crisps. Food Chemistry. 2005;90(4):875-81.

19. Javedan G, Ghaffari HR, Heidarinejad Z, Zeraei
N, Hoseinvandtabar S, Pourramezani F, et al.
Concentration of potentially toxic elements in black
tea imported to Iran: a potential risk assessment
study. Iranian Journal of Health and Environment.

2022;15(1):153-68 (in Persian).

20. Moazzen M, Mortazavian AM, Shariatifar

N, Sohrabvandi S, Khanniri E, Khodaei SM.
Measurement of toxic and essential metal in yogurt
and kashk and risk assessment by Latin Hypercube

method. Iranian Journal of Health and Environment.

e syl 5o el b ST 6 Sojlul

2025;18(1):39-58 (in Persian).

21. European Union. Establishing mitigation measures

and benchmark levels for the reduction of the presence
of acrylamide in food. Brussels: Official Journal of

the European Union; 2017. Report No.:2017/2158.

22. Moazzen M, Arabameri M, Sohrabvandi S,

Shariatifar N, Mortazavian AM, Khanniri E.
The measurement of PAHs (Polycyclic aromatic
Hydrocarbons) in ice cream and cream samples by
MSPE (MWCNTs-Fe304/Ag)-GC/MS  method:
A risk assessment study. Microchemical Journal.

2025;213:113699.

23. National Nutrition and Food Technology

Research Institute (NNFTRI). National report
on the comprehensive study of household food
consumption patterns and nutritional status in Iran.
Tehran: Nutrition Research Group, NNFTRI; 2015
[cited 2026 Jan 10]. Available from: https://nnftri.

sbmu.ac.ir (in Persian).

24. Secilani F, Shariatifar N, Nazmara S, Khaniki

GJ, Sadighara P, Arabameri M. The analysis and
probabilistic health risk assessment of acrylamide
level in commercial nuggets samples marketed in
Iran: effect of two different cooking methods. Journal
of Environmental Health Science and Engineering.

2021;19(1):465-73.

25.Hadian Z, Shariatifar N, Arabameri M, Moazzen M,

Khaneghah AM. Risk assessment of metal exposure
from nuts consumption in Iran using inductively
coupled plasma optical emission spectroscopy (ICP-
OES). Journal of Agriculture and Food Research.
2025;21:101865.

26. Eslamizad S, Kobarfard F, Tsitsimpikou C, Tsatsakis

ggg yﬂy
VEoF Qlivoj /o laz o)lads /pasameyys ¢

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


https://journals.tums.ac.ir/ijhe/article-1-7103-en.html

[ Downloaded from journals.tums.ac.ir on 2026-06-11 ]

Ol g 8 Sl o5

A, Tabib K, Yazdanpanah H. Health risk assessment
of acrylamide in bread in Iran using LC-MS/MS.
Food and Chemical Toxicology. 2019;126:162-68.

27. Jesus S, Delgado I, Rego A, Brandao C, Santos

RG, Bordado J, et al. Determination of acrylamide
in Portuguese bread by UPLC-MS/MS: Metrological
and Chemometric tools. Acta Imeko. 2018;7(2):96-
101.

28. Kim CT, Hwang ES, Lee HJ. An improved LC-
MS/MS method for the quantitation of acrylamide in
processed foods. Food Chemistry. 2007;101(1):401-
09.

29. Alpozen E, Guven G, Ozdestan O, Uren A.
Determination of acrylamide in three different bread
types by an in-house validated LC-MS/MS method.
Acta Alimentaria. 2015;44(2):211-20.

30. Liu R, Sobue T, Kitamura T, Kitamura Y, Ishihara

® gﬁ/
yégg J VEoF ylimo] /1 )lg2 0o /@232 0,93

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

Y¥Y

J, Kotemori A, et al. Dietary acrylamide intake and
risk of esophageal, gastric, and colorectal cancer: The
Japan public health center—based prospective study.
Cancer Epidemiology, Biomarkers & Prevention.

2019;28(9):1461-68.

31. Delgado Andrade C, Mesias M, Morales FJ,

Seiquer I, Navarro MP. Assessment of acrylamide
intake of Spanish boys aged 11-14 years consuming
a traditional and balanced diet. LWT-Food Science
and Technology. 2012;46(1):16-22.

32. European Union. Commission recommendation of

8 November 2013 on investigations into the levels of
acrylamide in food. Brussels: Official Journal of the

European Union; 2011. Report No.: 2013/647/EU.

33. Yazdanpanah H, Kobarfard F, Tsitsimpikou C,

Eslamizad S, Alehashem M, Tsatsakis A. Health risk
assessment of process-related contaminants in bread.

Food and Chemical Toxicology. 2022;170:113482.


https://journals.tums.ac.ir/ijhe/article-1-7103-en.html

[ Downloaded from journals.tums.ac.ir on 2026-06-11 ]

Iran. J. Health & Environ., 2026, Vol. 18, No.4

HETH AND EXVIRONMENT

-J \\\ / - Available online: https://ijhe.tums.ac.ir

Orginal Article

o, o
" of Environ™

Measurement of acrylamide in traditional breads sold in Tehran: a health risk
assessment study

Nabi Shariatifar'2, Majid Arabameri?, Hanie Asghari®, Hossen Bahramzad?, Mojtaba Moazzen*, Mohammad Rouzbahani®, Gholamali
Sharifiarab®”

1- Department of Environmental Health Engineering, School of Public Health, Tehran University of Medical Sciences, Tehran, Iran

2- Food and Drug Research Center, Food and Drug administration, Ministry of Health and Medical Education, Tehran, Iran

3- Student Research Committee, Shahroud University of Medical Sciences, Shahroud, Iran

4- Department of Food Technology Research, National Nutrition and Food Technology Research Institute, Shahid Beheshti University
of Medical Sciences, Tehran, Iran

5- Department of Food Science and Technology, National Nutrition and Food Technology Research Institute, Faculty of Nutrition
Science and Food Technology, Shahid Beheshti University of Medical Sciences, Tehran, Iran

6- Vice-Chancellery of Health, Shahroud University of Medical Sciences, Shahroud, Iran

ARTICLE INFORMATION: ABSTRACT

Received: 3 December 2025 Background and Objective: Bread is one of the most important foods in the world that
Revised: 16 February 2026 may contain harmful compounds such as acrylamide (AA). The aim of the present study
Accepted: 22 February 2026 was to measure the levels of AA in three types of widely consumed Iranian bread (Sangak,

Published: 10 March 2026 Lavas, and Taftoon).
Materials and Methods: A total of 36 bread samples were randomly collected from 4
districts of Tehran. A derivatization method was used to prepare the samples, and gas
chromatography-mass spectrometry (GC-MS) was used to measure the amount of (AA).
Carcinogenic risk assessment for the different types of flatbreads was performed using
Monte Carlo simulation technique.

Results: The average (pg/kg) AA (maximum-minimum) in all bread samples was
170.4+80.8 (62.4-301.4). Also, the average AA in Lavash, Taftoon and Sangak bread
samples was 98.6+24.5, 142.6+£52.1 and 270.0+21.14 pg/kg, respectively. The chronic
daily intake (CDI) of AA (50th) from flatbread was at 4.78x10 mg/kg/day for adults and
1.02x10-* mg/kg/day for children. On the other hand, the non-cancer hazard index (THQ)
(50th) values were 2.36x10" and 5.13x10", respectively. While the incremental lifetime
cancer risk (ILCR) (50th) were 2.31x10* for adults and 5.10x10* for children.
Conclusion: The average AA in the samples was higher than the EU standard (50-80

Keywords: Acrylamide, Breads,
Food exposure, Risk assessment

ng/kg) level. Considering the average AA concentration values in bread types and the
estimated ILCR values, there is a possibility of carcinogenic risk and further monitoring is

needed at all stages of bread production.
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