[ Downloaded from nsft.sbmu.ac.ir on 2025-07-24 ]

[ DOI: 10.61186/nsft.20.1.73]

Oln! 188 gluo g 49045 pgle almo
VY -Ae Slrio NF+F lg ) ol cpimns Jl

S 031599 oyl ylisT
xS 59 6 S ol T S (Jols Lw g 18 et (o BT (Y50 el (Sl salr Lo bl Ml Lo e
T oo Ly Ty oz IS0

Ol el el (S pale olRasls coilagy oaSisls (o138 slge cres] Lidy e Clilags 09,5 )
Ol 0l A8 (0I5 (i pole oAl (gl lataghy (sole 35 ,o-Y

Ol ol o Sgy Sisel 5 leys 9 cilige l39 )l 5 138 plojls sl cuadles Slihons 55 a-F
Ol igS (AR sk (plord grlis anwgs oaSingsy-F

parisasss@yan00.com : g xSl s Gyl eyl a5 (a5 (S pole olfiils ciailags 0aSiails « 13 lge ol Gidy dasre Clags 09,5 1 gtune 0aiusgs —0

VECYIRNY ol Gl VEYIPN el gl
odwS>

g oo ailid olae slge oV oy Szl 5l (S Glgie a1 B1 a8 9T 5 gldil> siz Sileg,] slacy g 0un S g dislw
)| p.b |) ULAJS).’ k)"‘ .))L) LJLQ.O‘ as w‘ )l\))?).’ Q‘)"‘ )D &YL: t_‘!)m 9 U.A.I}J.A )l P9 yo U)Lﬂ.u ;55" u|9...c L ooLsy ul\))iui 4\4‘0
S M g (slail siz Sislog,l sl )So e g pSoslul g (alolid adllas () Bus aiS 28l y0 ols 52 wld (e o0 g e
el (S O yg0 4 00 9 gi 00l0gs )10, Sls] ils jre g Cwgy 0 Bi

ol s digas 3l oo 2l Sl Jgloes tos ool AlaS g b, 5l gl aiz Silog,l (slay S5 0u 2l 5wl ol sgug y 9 go
S M 0 650l sl i Sl 03latl b S 5 ol S5 5 By5 (BCMS) oy i il 8 (31,5 g,
A S ojlail sidlaial sleygiw g YU L)L asle Bl Saileg S olws b diges Br

S 53955 Le 3929 Ll 5l ladiged diwss wuo 0 FF g ladiged jae duo,0 VY 0l (65503l YIFEY/Y ppm g «/FAE-/T ppm S 5w

idg sk

oS M 50 a4y a9 b yuizman el ot s (Ll (g1, (Acenaphthene) (xslwl o5l a8l a5 axg5 L 3.5 g 4%id
Spas ozl 0¥l g0 ol Bl 5l Jgame (] G pas &g 50 45 CdS )lg5 o g oo oMl jloe o> 5l jieS ladiges 4lS 0 Br

IRCLPBNINVRVER PP RCELY

B1 iS5 e yiilid cmle 3, Fgiles S o3l 3,5 55les S conlogy s, SlisT ails o arsms oos¥VT 2l 4850

kol sloply
ol BL S I b aame (Sogl g oy0ls g 01,3 51 o PAHS a0 Sogll s oo, SlsT ails @
Sgr e 3l i ol sladils atwg 40 Bl penS 9T liae @

Dy dlwgy 5l i o, KLST sladils i ,oPAHS (i e



https://nsft.sbmu.ac.ir/admin_emailer.php?mod=send_form&sid=1&slc_lang=fa&em=parisasss-ATSIGN--YAAHHOO-.com&a_ordnum=3905
http://dx.doi.org/10.61186/nsft.20.1.73
http://nsft.sbmu.ac.ir/article-1-3905-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2025-07-24 ]

[ DOI: 10.61186/nsft.20.1.73]

\A

o3y g2 D50 ay g AT Glgie 4y (SheS als (nl SBran
o3log Q‘Q)i.jtéT Gl (V) oyls zlg, ez bl 1 g )l o
Eleblne oy Gladeul paglls 9 Golsgr il s @
aiz Slegy| slocn oy 5l azxd M8 aie Wl
Lyl s o axils als ol Huses ((VA) wib slaal>
59 B1 a8 T b Fogll JLatol g (5 (srmlisl
OenS 555G Lke ol Jlaie 05z g0 Dlaiue Bubo 5 0400 35>
@lmlr (Bl ) e Sllag Sule) pas b Gl
el ey oal 51 0R) Cenl lalo KT 035 (g5luo S
Sl ,Se e 5l egi V8 5 Solail g i Bas ) axllas
o, ails 1o Br S 9081 g (sladls aix> Sslag
A bl (S o dy ol dgd oologs
Ligs golge o

31 (Helianthus annuus) ls SiLsl w50 pl> diges #Y
sl (pl Cqzr (SB ot a5 wd angd Gl 3 L
5 Jyore sloyig, ailen ols o anlyd 0l g5le colel
$95 5 alple 05,0 (S S50 @ G0, anss (ol
ob VAC &l a0 .08 )5 &5 oSioles] jo yim
S Sad (Fig 203 ) e dr ool s an ] e
Sogo arBo VO B Y. ol g lo) Do 0,8 adlsl s
O

361 2] 5 ol CaphsS el gl p3¥ Lol
i aluil gl g slazel B 51 liabol gl p3Y el
soliczs| Grade GC/HPLC (sl s b il 5 Lach yae  San
30 05 ol 00laiwl 550 o g, Cors g B0 b londs
5 Jaslisl gla Jole s ooliil 600 ol 5l dalllas Jsbo
e Ohly g OESTonl da Plo s angs ailyg; ©)90 4
M il izen diad )l Gl Spe 0S50
V8 oyl el 0 il bgliee 1033,5 augs 3 ol Lo
Jels) Gilie glails azz Soilog,l (slog, S0 £
sl G Gl il sl s
53 0 () 53 0o m s S o1 () 53 il y5isle
(ool 1 (@ D) g3 ey () 935 0wl 59518 ()
28 Jslme S50 4 (s ool cosbim (ST el o) 95
Supelco (Bellefonte, PA, USA) <5 .4 51 s ogiul
diz Sileg,l slogn 59,00 5l plaS o clle w55l >
Dg Yoo MO/l | xigiwl Joloe o (gladls

Aoddio ©

loaisS 03gll I (slail> wiz Seileg )T glan g0
5 1 ols0 5edssm oaBl (iSge sk 5l 45 ais s
2 oleS 5l (V) Wgd e el Sliaas! slacJles
Sn,S o (S atws oo 4 S5 laadl> shasd bl
Az Soileg,l gla S50 5 S lil> wiz Siilos)]
Sl i b0 s ek oo e (S sladl>
slail> sz Slegl slagn Soynen 5 e atws o
(T) 0,5 oo sl S s jo S adl> 0 3l eS gl yle
b aslio o onSiw lil> wiz Sileg)l slacn Sg,000
SV 3ol 5 (55 Sl sl 5 S 5
SLS 5 ol b agrlye it (F-F) Wi Jls 55
2oy Vo3l i S (5y5b 4y el 136 G,k 5 ST ks
(VA 055 0 D90 138 B )b 5l (6 K 1d ol 3l agrse
Az Sleg,l slacn Sy 4 lié slge Sodl iy
(Gl sbanl ) @lie slge adgs wulp Jsb )o sladl>
519 ol Goyb Sl ol (o oo (LS Jg bl o 3lis!
A0 0) amsl oud ool Gleard SluS 5 ol 4 S
(551 595 0955 PLS Ly ool 099 13,8 Ol slaonl b
Gl 1138 ) (sladl> wim Sisleg,T slagn S'g 0 lais
Siilog,l slognSgyae pog Sbylas e 4 aims oo
LT os s Se3lil s by pty codls sl (gl 2z
Gl O Gl 65y s i Slse g s 4o
agzlye Jloiml 5 oo Gobol 2 1S sl Gy bapomo csli
1y il iz Slog)l slacn)Sgyaen 5l 0,50 18 ¢l
Seilag,l slagnSoyer plsis Cod Cud S Oj50 4
03,5 (ganaiws (olic dlge 5 Ol oY o glgl b (sladl> iz
A AYNE) 35l oS ol slge o T byl g el

N garmo 5 ks S5l §l 35 (AFB1)B1 Ly 553081
o 2 e SEMT i 50 e S35S0le e | (8
oSy a Sdglie anyly b oo cwl 5 SUhs g 5
D9d oo b B Q#“Si's)&T S g2 A STyl L,
=y DYgaze 39 o0 05 by 4 e Jol> oS 5
S S Ao 9 G n S Syt S )0 i o (Rl L
(VD) 098 o0 0dalin

Do jl i 45 ol (e Ly 0be Sy o, SoldT ails
SUDPTICSIOR IRVES B RGO PR WA o0 SRRt BN IRV
(OVF) (el oy gLl O jgo a4 o) 4y g gLl 8 4


http://dx.doi.org/10.61186/nsft.20.1.73
http://nsft.sbmu.ac.ir/article-1-3905-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2025-07-24 ]

[ DOI: 10.61186/nsft.20.1.73]

Yo

Gly ol 35,5 GC-MS olSiws a5 ouls zlmeinl sladiges
oo wlewday (oS 5 jlade s i g Bdo olulil
)l IR C‘)M‘ J51.>m R ‘bl.?u‘ ¥R 9 uL...S).'
S Y Glahss O el ST slo Jolowe g Ly Slodigas
Bas SloS 5 o5 g pSoslul ol B, GlesS baylpd s
(SIM) dastiv O u,uLw‘ » @LMJL»-AM U’dj) )‘ oalazwl L|
b oz b Billai g wle oy oS 5 b g wal g5lulax
Aol olelld eak G S oyl anwl LIS slas lastil
2 27 Sy pSel SLulid 55 g (B gileg S olfiws
L5k 5 )90 slooa¥T (6505 o3ll Ll 5 03g: 0,5 Lyl

sl sheo <10 o PAH Lgloes o jlasbiv] Jolowo ags sl
e Voo 4 i pe)S (e Voo o luslinl Jolowe S
g g dgd Ve PPM 5,5 o jlaibinl Jelowe g oasbe, 2d
Vo b)Y 6,5 laolaslin] gl y IS comie o, (6l
GC-MS Gl 5 090 0 00lel ¢ Joloro (! (63w 38, b« ppm
O3yl s Oledlbol g S3 S jo LPAH Lol
odslin Table S1 Jgu> )0 gw,yp 9,50 PAH S5 V#
D9 s

Ladigas Joloi g 45265 B (S 53T (6 S 031l g
YL (eXielys) HPLC Agilent oSeiws 31 eolazul L
5 plxl (FLD) (il ,0ld 5L, SoT a0 saome (I 5ol oo
Eclipse-XDB S, C18 ygw | izl (gilolos (6l y
o koo F18 4a8 e il YO Jgb 4y (15 50l someie <L)
apd sloo,lac ool .ol colaswl ag Ko O Y Calbess
slssl (S sl sutdsisal slapg 3l baised sloas
A E O W (] z9o Job ol ooy jee AFB1 golais
S e 0y Gy e O ML Mp.*la.u).‘.oyl.:f’f' 9
ol baes ag s o o e Y ol >

0pd8 Wyl s 0 FLD Slulis 35 g HPLC oKiwo
S ey bG8 5 00T (6,505l Loles o oo
atd sl b plxl gz pe olabial vy el I
Jeboee 51 o) (o +/Y Bl S T o lasliwl Jgloe
Sk Voopme 4 i) 8 See B0 ol
) Sln S9boe s PPDY -+ Sl Jolowe 5 onila,
Leppb 5.0 b 0.125 5,15 slas lasbiw! ¢ ygaunl WIS covio
HPLC G135 0gi o oolel «Sgiwl Jolomo ol (o3l (3.8,
QWLSA odaliw S2 9 S1

o5 g 5lw oolel

diged (53l oolal cayad (sla by, | (Ko AlaSgu g,
Cewgy g Al jhe (Vo) Cenl oad awl o] SIS a5 el
oS Slel G lawgs g oadlaz Sy 5l ol Skl asss
@ dgad 2 100 O s 150D j3g Ao O g0 4y Sy
@O Al e o ol Ay, B0 ML ple )1 S S
15 (KOH) 4S5 s oty Voo 5y Jona 51 VoL
(xylene) oLl5 +,0 ML e t0u0,5 adlsl plo 14y Jgill
S lpg/imL cdale L) A3l Jalxe lgie 4 o lasbi]
ol el 5 0 Lol I 5,50 Lol & e (sl
el v gl e Lo Ol celu ¥V Sas 4y Jolons
2dydgds ild iy 4 Al Cungy dged e il RS
Buchner ) M ol alws 4 4ils jae diges o Voo lad
Yo ML bage gad 5 Cond lp 0us )3 2l (filter
Jsloma ol G 10 48LS1 A2Y s 0 0 g Jgilie Joloxo
oals Jlauil susSTas a8 SO a4y LS Tg5! &ML of o oy
300l olSTo5l 56 g ol 00) o 488 O Sow 4 b e g Al
Jsibl g of Jgloea Voo ML L g ooy aisuy, ailSlas B ,b G
Lok g,k g0 GSTgnl Jelowe ol annd Vi) o
Vgl e 03 zlhdenl 0 o2 4830 0 g LS Tyl 0-mL
Jol STl Jsbos gyame o JUsb Slilses a3
Wl 00 p olSwd lawgi ddBs ) e 4y g ool adlsl oal
a5 ks SIS, g (BSTgn] Jylone (nl cm al> 5o 50
00 sk L (Rotary Evaporator) sl »lsl (5,s, 4 (e 3
oy VML oo 40 Ul ools Jas! oguades a0
s 5IGT

L il 0z Sl T (slo S5 0 ctalllo ol 5o
b Slolis 4 e 555 81,5 53leg,S oSws 5l oolasul
Agilent 7890A- 5975 MSD  Jas (GC-MS) 0 > (2w
sheslainl b wlS 5 gilulas wias oluls 4 la> GC
e Joi8 RXI®-5MS 5% ool 98 (puadins digo (y5imm
CIYO PM oL Cwlses g 59, ;0 /¥Y Ml x £) S olews
@ Jol 5B plgre 4 (ae)3 AV (o5l> L) poude (1>
A Gens 4880 50 L (e Ve s

Y Soe o g adgl sles « YA+°C 5,5 alaios gloo
YoOC s Lyl a0 ial58l g oudais V4 °C (g9, aiibo
L oyl &yl am 0 dm al> e j0 9 aloul YY - C b aids o
e s Led ol 5o 5 20l381 YA C a i 10 0°C Ce pun
JEl bz YY-°C jo e g los waile Soli aids A
SV pLas sl V0: 5 ¥VR-°C kb Jle> sles g MSD


http://dx.doi.org/10.61186/nsft.20.1.73
http://nsft.sbmu.ac.ir/article-1-3905-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2025-07-24 ]

[ DOI: 10.61186/nsft.20.1.73]

lSan 5 o)l Lo ple L Silog,T clbiysySgiad Jie (6 pSojl

\id

O 30,5 ALY Jaaz 40 ¢ dcwlxe 0 quantification)
Can gy 50 Sl wiz Soileg,l slacn S5 008 £95 005l
s, 5 el 5 il 50 ol SASST s e
S ol lade g olwlb b 8l wl add (LS 5 ol
PpPM ¢ «/FAZ-/F ppm i a4 o] e g &l c g
odlaw! e o lo Sre Dglds Ll (6T o3l Y/TEY/Y
o, Slsl aass ils g atwg Br Sl e g
ol Kkl als cuw gy 4o oaile BLPAHS g5 .0l ounlics
i glels Gl ails 5xe 0 g

sl zal b ol e 4 Br (S 1 0 mlis ¥ Jgar
b Seelus leodgaze ams oo i 1) (g lel
«(LOQ 4LOD iy ay) lbeiwwS g v pmuseis o> (LDRS)
RSD) (s pdymazs 5 6385 5 glinl (o SL5L
o )0 585 D0 By (a0 Sl o 90 ags
Seeliad o0g00me .l dslne Jlgie 55, 4w 0 )5 5 5,
<5 sl RSD .y (R2=0.9994) ppb & - +/\YD s
FITY-XIVY adgaoma 15 coth 5 42 5 pduoad 5 (6 1S5
pug) Ve mhe ;0 AFB1 s 2L5L VY RSO P UV
Dy dwo, ANY B YAUYY 5l (kg

Solel LT
SPSS l3la 5 51 oolica L Waosls (bel Julows g 4550

5 ebe 5 20,5 dcwlre oy Lol ol alowl Ve ases
yobateds ol z Sl sawliawsds slassls (gly jlare Bl ol
P55 e g g 09)5 93 G e slaslys L)
s ool (ANOVA) il g Lo oyg031 51 eyl Sois]
30 oSl awslio gl ANOVA (ool candllas ol jo
Dyge ) 5 L85 I8 ookl 550 ilie (slaeg 5 e
T 0505l sl (eSS slagsesl locine Sglis 052
)55 4 plete slaog 5 olulid gl oSl 5 gl
basl e
o Sz ol )0, Kb ansss glodigs 5JUT plowil 51 3
5 oS LAt 9> 5 bk e ps wle LT by, collB
4 Sl Jolone Sl by, 5 dla ol b S
S—oyd 285 513 2b )l 3,900 PAHS 5l s )le slaaiges
slroslo bas 0g a0 0 VoY G oo,0 VY &, ;0 bk
5 oS LAt dgdx Ll b g9 Cilhe Olagon sl
LOQ (limit of 5 LOD (limit of detection) & .5

03lagr )10, KolsT ails (sladiges jo (gladl> sz SSleg,l lacy S 0 sgime ) Jgu

a5 sy wls i LOD LOQ JJRRENT oa¥l g5
Qla;_)t;é-l o\o)i;l.';ﬂ mg/kg mo/kg
- - 0.3 0.9 Naphthalene s
0.48+0.4 ppm  2.4+1.1 ppm 0.3 0.9 Acenaphthene ol
- _ 0.3 0.9 Acenaphthylene RNICE P
- - 0.3 0.9 Pyrene O
- - 0.3 0.9 Fluoranthene ol ol
_ - 0.4 1 Anthracene QK|
_ - 0.4 1 Indeno[1,2,3-cd]pyrene Oy ool
_ - 0.4 1 Dibenzo[a,h]anthracene oyl (gl Dy s
_ - 0.4 1 Benzo[ghi]perylene ok (T g () 930
_ - 0.3 0.9 Benzo[a]Pyrene o () 950
- - 03 0.9 Chrysene RS
- - 0.3 0.9 Benz[a]anthracene ool 5T (1) g5
_ - 0.3 0.9 Benzo[K]fluoranthene ol gisls (15) g5
_ - 0.3 0.9 Benzo(b)fluoranthene ol 5eld (0 95
- - 0.3 0.9 Fluorene RINE
- - 0.3 0.9 Phenanthrene oyals



http://dx.doi.org/10.61186/nsft.20.1.73
http://nsft.sbmu.ac.ir/article-1-3905-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2025-07-24 ]

[ DOI: 10.61186/nsft.20.1.73]

oolsgs oyl SolidT ailo slodiges ;0 Bl cpnS $MT (410 .Y Jou>
FUCS WY Gls i LOD LOQ eode Y b oanYl g4
ol Sebisl ol Sl okgu uokg
0.67+1.6- 0.045+0.12 0 0.125 Aflatoxin B1 B1 (S 95D
ol ¥ s )3 TARC L 51 pmdli] aSiyl o, e Coy

line &y ol YD) 5,565 o 513 (s (gl oot Ll 5
and Ol 6l @leerd S 5 Gl BB o9 s> (o
YOr L s olos a5 ail ools ples Jlge> olelliae
Sllge> ol (53 50 Slhmets Sl 59, YV Jsb yo (u8l]
(VF) Cosl 03,5 3)l5 ol Wil @, 9 4SS @y 5 000
e iSTas (USEPA) IS ol 3 s clslis w5
O% 033 eSS il a8 Mg 1y bl b Ll a e
FSlas Ve KG ol SO gl e (YY) Gl 00,5 s
aSol 02 b sl 4.2mg m8lewl b ailyy, agzloe 5o
4zlge g S | 0I5 w2lge 4 by hid o) ol
wlllae ol @l b aslie 0 055 o0 2 yo o0 ) (i
Sy eyl adlllae o pbliu] clil o CiS g
S sl) gaz oMl s 0uisS B pas sy
b ¥ ol asdllas (Y- YY) ), 4 Shavali-gilani
Sals I 5l SO 50 a4 eologs o Solisl ails calises
Slan S 908 ggeme Sble (Sl 5 islo plnil Gl
€5 O, LT Ails jre g Cawgy yo |y sladl> s Sileg,]
ppM o YEV/Y ppm o5y a4 (Gl 5 Jolate a8) (S
iyl dls JS gaemme 8145 Wo )5 (g S ol V/IVEL/A
Gl gty oS ol axlllae o oyblind e 5l vey s
Eaorme hale Sl addllas ol o pooren (VA)
ol 950 039 b il iz Sisleg, slogeSspaen
PPM o5 5 4 o] e g dils gy gl AlSla & g0 45 o2
linl aSn) a4y azm g ol 3 I35 +/SE+ /0 Ppm 5 /A%
Sl Ssyied 557 55yl aallle b 00 (s Sejlad
walsn led 4 ol JsS5e 059 b il wizr Sl
Soyge ool o all 5 Jsline p3l ooy Voaulie wls
539 b sl iz Soslos, T (slo S5 0 Sl Sils
chale 5l a9 Shavali-gilani asllas o ol JeSdge
30 (YA) csl S oS olpd 4 yolo asllas jo 8l
wslsg Qlajigl;;ﬂ $ls g9, » (Y-1Y) Akbari axlas
ge ¥ ochle ghemme Jy s plolin sl

AW LS’L“"’L““" 6‘40.19 .)u.’> ‘-i"‘l"’ﬁ)‘ 6““;}-’)53)‘-\*“’

2 oS & (Oom () g3 ontilygisld (ol T o i)

5 V5 pSoilail 5 il 4 b ol adlls o

uﬁu‘&ywbbdﬁﬁﬁwswa aolayolo)i,l.‘;ﬂ
Az Silegyl slagnSo,ne plo 5 o ladiged ;o
WESSWINIW B1 * yonnsS 9.’)151 e ALS @L.)L.w 6|4§l>
9 o 5ol gl ()55 i 4 desainglg /- F0
)‘ L?J'«‘ oW US.M 9 »))_:5‘.5@ O ye0 YL: Q)‘)} 4> ,0

Slecp,Seuue e (YY) 090 JSis olae olge o

A0 4 S ools g oldd Blae yo glaal> wix Sl )
e slas 10 dg2ge DLS 5 g ols g ley Do (D)l >
Yo o®C Vb ogas & Oyl ax 0 (il L (YY) o)l
a2 ololid pac cdl wales moldl OlS 5 ol ols
G50 039 b il iz Sileg)l slaSg 0 isS
23 3 Jyame nl a5l (GBU Jgame (nl 0 YL
Satlag) slogs a0 and Y+ °C | ol o >
S 4z 50 Vgons Yo J5Slga (339 b (slail> iz
Slade (YY) wigh oo JoSis of 5 il a0 Yoo (YL
g [FAL/T ppm o1 530 g ails Cangy o cod i 4 8l
ke yra 30 S 5 ol lade Lol (g S0 3lasl YIFEY/Y ppm
clsle sl oy ade a @gles ol e 09 ] atwg
Jesezs e 51 (S6 (V8 el Qlo)igt.ﬂ &l jre 40 3ez g0
OS5l S50 el wiz Sileg ) slagss S 000
Ol Ol s OO S e e o W cle o2
@ sladae Gb p pdee JSAT i OLS S
Sl ol )3 glaidls v Sleg)) lan S5 000
JSis allgs lawisn b gldl 58 ohy 4 oy
Olee b a8l Al gs slaisy (nl j0iz o &5 Wed oo
e plP 58 sladls sy Sleg)l lan Sy 0

(YF)


http://dx.doi.org/10.61186/nsft.20.1.73
http://nsft.sbmu.ac.ir/article-1-3905-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2025-07-24 ]

[ DOI: 10.61186/nsft.20.1.73]

lSan 5 o)l Lo ple L Silog,T clbiysySgiad Jie (6 pSojl

YA

(YY) 0 s 472 00/0 Lawgio Hlade L HPLC olSiwo
D31 (5955 axdllas 10 ool i a3l iy o2 lade oyl
S5 Azl

az Soleg)l glagnSoyae ol walllas ool o
S Seus ws gluls bl bo (glal>
lotigas 061 1o Y J5Slpe cyj5 b slail azy Sslos)]
Oy cde ar y8liwl ouls (g ,Sojlwl cdalé aid sualive
gy S|y Qo R8T ess o el 18 0z sl
sloaly atwg ;0 Br Sl ol pien 0y
§ S oah Bl polha gy i Sl i ol Skl
Jyaze cnl Gras gz pl 51 0g Sl slas,lasti
Al g 380 (b)) sl (S d9d e Cgmne (el
Slocusgimms | (K2 o ablo sl | areils ool
g 00ls gy 0, als (8 pme dl s 09 astinels dxllas
ol Bpan dl s e 1 cwl Jlas Sbs)) s pas
S5gn sl 1 lallhs sy Jyano
ez I B S 45 Bas 1 S ollsde
ol o1y silwesls g laosls (o you cailS g jLacl o ool o
Ailos S Cole, allie
ol 5 5o i 2, Sl ol Alie ool 1SS

Sl YYYOF oS LYYl

o References

1. Lederer M. Analytical chemistry of polycyclic aromatic
compounds: by ML Lee, MV Novotny and KD Bartle,
Academic Press, New York, London, Toronto, Sydney,
San Francisco, 1981, XI1+ 462 pp., price US $60.00, ISBN
0-12-440840-0. Elsevier; 1981.

2. Moreda W, Pérez-Camino MdC, Cert A. Gas and liquid
chromatography of hydrocarbons in edible vegetable oils.
Journal of chromatography A. 2001;936(1-2):159-71.

3. Yancheshmeh RA, Bakhtiari AR, Mortazavi S. Ecological
risk assessment of polycyclic aromatic compounds in the
surface sediments of Anzali Wetland in 2010. 2014.

4. 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.

5. McGuire S. Centers for disease control and prevention.
2013. strategies to prevent obesity and other chronic
diseases: the CDC guide to strategies to support
breastfeeding mothers and babies. Atlanta, GA: US
Department of Health and Human Services, 2013.
Advances in Nutrition. 2014;5(3):291-2.

6. Ewa B, Danuta M-S. Polycyclic aromatic hydrocarbons
and PAH-related DNA adducts. Journal of applied
genetics. 2017;58:321-30.

+0 ppb ¢ VO/AF/A ppb solsgs oyl Solisl ails jae g gy
SlnSoied goeme cbale [l 5l as wb 315 U0

&9 el oS Sl ol anlllas | (ladl> wiz Sleg)f
(YY) Akbari addllae G35 3 ,ol> adlllas |5 Koo )b |
Seilag,l sl yS9,002 g8 ol &5 Gye (D 935
wls alie (V) el onts glolid ool glail> ain
4S5 558 0 (VoY) en 507 mlis )0 J5iS Gadoss
Silogl Gloge,Sgymen Gl Beid (ol 5o 0 oanlive
5 coyplol (3ud plol sladises ;0 39z ge sladl> v
G5 gd g A ey B el s el
Yo JsSse (339 b il wiz Sileg)l (slan Sgy00e
(Vo) aid o8
5 7S o (lulids ol By (S 53T (o505 o
o ol oy sl linl ggw 5l oad wlel jlre o
ol 5le o> (CXS 193-1995) 508 all oy o luibin
plonl clanlias ool azils oMl 10 HO/KG T, cypnS 3555Lo
Ol ey (YY) 1) g MMONGoyo lawgs oo
15 el 235 5 1591 g, b 0l ,SoidT 050 B S 53]
aS cowl YEV/ANGIG ool (5,155 Jlade (p iiion axlllas oy
B iy w3l o ey sl adlls gl 5 lade ol
Upama il Gy 0in,S oLl iS5 ol 4y 55 dalllae ]
ol anlllas 13 (F)) 0l o HEALS G pae (ol ylas ol
Liogs ol SKlBT 056 a5g03 VY [0 S T 50 o0

7. Rengarajan T, Rajendran P, Nandakumar N, Lokeshkumar
B, Rajendran P, Nishigaki I. Exposure to polycyclic
aromatic hydrocarbons with special focus on cancer. Asian
Pacific Journal of Tropical Biomedicine. 2015;5(3):182-9.

8. Akbari-Adergani B, Mahmood-Babooi K, Salehi A,
Khaniki GJ, Shariatifar N, Sadighara P, et al. GC-MS
determination of the content of polycyclic aromatic
hydrocarbons in bread and potato Tahdig prepared with
the common edible oil. Environmental Monitoring and
Assessment. 2021;193:1-8.

9. Wenzl T, Simon R, Anklam E, Kleiner J. Analytical
methods for polycyclic aromatic hydrocarbons (PAHS) in
food and the environment needed for new food legislation
in the European Union. TrAC Trends in Analytical
Chemistry. 2006;25(7):716-25.

10. Lee J, Jeong J-H, Park S, Lee K-G. Monitoring and risk
assessment of polycyclic aromatic hydrocarbons (PAHS)
in processed foods and their raw materials. Food Control.
2018;92:286-92.

11. Moazzen M, Ahmadkhaniha R, Gorji MEh, Yunesian M,
Rastkari N. Magnetic solid-phase extraction based on
magnetic multi-walled carbon nanotubes for the
determination of polycyclic aromatic hydrocarbons in
grilled meat samples. Talanta. 2013;115:957-65.

12. ATSDR. Toxicology profile for  polyaromatic
hydrocarbons. CRC Press Boca Raton City, FL; 2005.


https://journals.tubitak.gov.tr/do/search/?q=author%3A%22EMEL%20%C3%96Z%22&start=0&context=26838904
http://dx.doi.org/10.61186/nsft.20.1.73
http://nsft.sbmu.ac.ir/article-1-3905-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2025-07-24 ]

[ DOI: 10.61186/nsft.20.1.73]

va

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Rabieimesbah A, Sobhanardakani S, Mehrdad Cheraghi
BL. Analysis of polycyclic aromatic hydrocarbons in
surface soil of agricultural lands in Hamedan, Iran. 2022.

Manaffar R, Sehatnia B, Sabzi R, Ehsani A. Determination
of polycyclic aromatic hydrocarbons in water using an
electrochemical DNA biosensor. 2015.

Sadighara P, Ghanati K. The aflatoxin B1 content of
peanut-based foods in Iran: a systematic review. Reviews
on Environmental Health. 2022;37(1):29-33.

FDA. Seeds, sunflower seed kernels, dried: Food and Drug
Administration; 2019 [Available from:
https://fdc.nal.usda.gov/fdc-app.html#/food-
details/170562/nutrients.

healthline. Are Sunflower Seeds Good for You? Nutrition,
Benefits and More 2023 [Available from:
https://www.healthline.com/nutrition/sunflower-
seeds#what-they-are.

Guo S, Na Jom K, Ge Y. Influence of roasting condition
on flavor profile of sunflower seeds: A flavoromics
approach. Scientific Reports. 2019;9(1):11295.

Mariod AA, Idris YMA. Aflatoxin B1 levels in groundnut
and sunflower oils in different Sudanese states. Food
Additives & Contaminants: Part B. 2015;8(4):266-70.

Koina IM, Sarigiannis Y, Hapeshi E. Green Extraction
Techniques for the Determination of Active Ingredients in
Tea: Current State, Challenges, and Future Perspectives.
Separations. 2023;10(2):121.

Okoronkwo N, Ajuonuma D. Evaluation of polycyclic
aromatic hydrocarbons levels in roasted food samples.
Acad J Sci. 2014;3(1):1-8.

Singh L, Varshney JG, Agarwal T. Polycyclic aromatic
hydrocarbons’ formation and occurrence in processed
food. Food chemistry. 2016;199:768-81.

Singh L, Agarwal T, Simal-Gandara J. PAHSs, diet and
cancer prevention: Cooking process driven-strategies.
Trends in Food Science & Technology. 2020;99:487-506.

Nie W, Cai K, Li Y, Tu Z, Hu B, Zhou C, et al. Study of
polycyclic aromatic hydrocarbons generated from fatty

25.

26.

acids by a model system. Journal of the Science of Food
and Agriculture. 2019;99(7):3548-54.

IARC. List of Classifications: International Agency for
Research on Cancer; [Available  from:
https://monographs.iarc.who.int/list-of-classifications/.

USEPA. Acenaphthene: United States Environmental
Protection Agency; [Available from:
https://archive.epa.gov/epawaste/hazard/wastemin/web/p

df/acnphthe.pdf.

27. USEPA. Provisional Peer-Reviewed Toxicity Values for
Acenaphthene: United States Environmental Protection
Agency; 2011 [Available from:

28.

29.

30.

31.

32.

https://cfpub.epa.gov/ncea/pprtv/documents/Acenaphthen
e.pdf.

Shavali-Gilani P, Yazdanfar N, Jahed-Khaniki G, Molaee-
Aghaee E, Sadighara P. The effect of flavorings on PAHs
level in the roasted sunflower seeds. Scientific Reports.
2023;13(1):17508.

Akbari-adergani B, Khaki T, Jahed G, Ahmadkhaniha R,
Rezapour S, Sadighara P. Polycyclic aromatic
hydrocarbons in shell and kernel of roasted sunflower
seeds. Journal of Pharmaceutical Sciences and Research.
2017;9(6):994.

Oz E, Ekiz E, Savas A, Aoudeh E, El-Aty AA, Oz F.
Impact of roasting level on fatty acid composition, oil and
polycyclic aromatic hydrocarbon contents of various dried
nuts. Turkish Journal of Agriculture and Forestry.
2021;45(2):213-21.

Mmongoyo JA, Wu F, Linz JE, Nair MG, Mugula JK,
Tempelman RJ, et al. Aflatoxin levels in sunflower seeds
and cakes collected from micro-and small-scale sunflower
oil processors in Tanzania. PloS one.
2017;12(4):e0175801.

Beheshti HR, Asadi M. Aflatoxins in sunflower and
safflower seeds from Iran. Food Additives and
Contaminants: Part B. 2013;6(1):68-71.



https://fdc.nal.usda.gov/fdc-app.html#/food-details/170562/nutrients
https://fdc.nal.usda.gov/fdc-app.html#/food-details/170562/nutrients
https://www.healthline.com/nutrition/sunflower-seeds#what-they-are
https://www.healthline.com/nutrition/sunflower-seeds#what-they-are
https://monographs.iarc.who.int/list-of-classifications/
https://archive.epa.gov/epawaste/hazard/wastemin/web/pdf/acnphthe.pdf
https://archive.epa.gov/epawaste/hazard/wastemin/web/pdf/acnphthe.pdf
https://cfpub.epa.gov/ncea/pprtv/documents/Acenaphthene.pdf
https://cfpub.epa.gov/ncea/pprtv/documents/Acenaphthene.pdf
http://dx.doi.org/10.61186/nsft.20.1.73
http://nsft.sbmu.ac.ir/article-1-3905-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2025-07-24 ]

[ DOI: 10.61186/nsft.20.1.73]

Iranian Journal of Nutrition Sciences & Food Technology 80
Vol. 20, No. 1, Spring 2025

Assessment of Polycyclic Aromatic Hydrocarbons and Aflatoxin B1 in Homemade
Roasted Sunflower Seeds

Bakhtiyari A2, Jahed Khaniki G !, Molaee-aghaee E*, Shariatifar N*, Shavali-gilani P!, Akbari N*,
Akbari-Adergani B, Yazdanfar N*, Sadighara P**

1-Department of Environmental Health, Food Safety Division, School of Public Health, Tehran University of Medical Sciences,
Tehran, Iran

2- Student’s Scientific Research Center, Tehran University of Medical Sciences, Tehran, Iran
3-Water Safety Research Center, Food and Drug Administration, Ministry of Health and Medical Education, Tehran, Iran
4- Iranian Institute of R&D in Chemical Industries (IRDCI) (ACECR), Tehran, Iran

5- *Corresponding author: Department of Environmental Health, Food Safety Division, School of Public Health, Tehran University
of Medical Sciences, Tehran, Iran. Email: parisasss@yahoo.com

Received 22 Aug, 2024 Accepted 2 Dec, 2024

Background and Objectives: Polycyclic aromatic hydrocarbons and aflatoxin By are addressed as one of the most
common food contaminants. Roasted sunflower seeds as traditional snacks include high acceptance and consumption in
Iran, which is likely to receive the contaminants from the environment and during the roasting process. The aim of this
study was to identify and assess polycyclic aromatic hydrocarbons and aflatoxin B in the skin and core of home-produced
roasted sunflower seeds.

Materials and methods: Soxhlet method was used to extract polycyclic aromatic hydrocarbons. The solution extracted
from the sample was injected into a gas chromatography-mass spectrometer and the content of these components were
assessed using calibration curve. Aflatoxin B1 of the sample was assessed using high-performance liquid chromatography
and immunoaffinity columns.

Results: From the 16 types of polycyclic aromatic hydrocarbons, acenaphthene was detected in the present sample and
its quantity was assessed in the seed shells and kernels as 0.4 ppm +0.4 and 1.1 ppm +2.4, respectively. Moreover, 11%
of the kernel samples and 46% of the shell samples were positive for the mycotoxin.

Conclusion: Since carcinogenicity of acenaphthene has not been verified for humans and the level of aflatoxin B in all
samples was lower than the permissible limits, it can be concluded that this product does not pose a serious risk to the
consumers for these two contaminants.

Keywords: Environmental contaminants, Roasted sunflower seeds, Gas chromatography, Liquid chromatography,
Snaftan, Aflatoxin By
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