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ABSTRACT

A philogical study on poisoning of acrylamide in food

Young-joo Shin
Advisor : Prof. Kyong-Su Kim, Ph.D.
Major in Nutrition Education

Graduate School of Education, Chosun University

In 2002 Swedish National Food Administration(SNFA) was detected acrylamide
in baked and fried foods, were carcinogen suspicious material, after being
announced, IARC(International Agency for Research on Cancer) were classified
"Group 2A carcinogen’ and treated about hazard specific gravity. The
acrylamide present in high concentrations in heat treated food products rich in
carbohydrates, and like this research variously research was executed about
that mechanism of formation, reducing, toxicity, method of analysis, content in
food. The formation of acrylamide was comes to created with non-enzymatic
browning reaction by sugars and amino acids with maillard reaction, out of this
combination of glucose and asparagine are accomplished mostly composition. In
the all countries of the world executed monitoring test and hazard evaluation
about acrylamide, but international acceptable daily intakes and provisional
tolerable weekly intakes were not concluded. For acrylamide reducing find
result of research that the raw material(potato etc.) control heating time and
heating temperature, pH, and when preprocessing soaking temperature and time.
Especially to in case 60C distilled water to soaking 45 minute bring about 74%

formation of acrylamide to reduction, also be with various research were

- VI -



advanced for reducing of it. In future the research of acrylamide hazard affect
to the human body continuous must be enforced, and so must set up the

foothold will be able to contribute national dietary life development and

healthily
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X IJUPAC(International Union of Pure and Applied Chemistry)ol]A+=
2-propenamide® W AT B, &, ofHAE T FAHAEH &dFH = wrdo, W
A, Fd 22 v =54 B4 §HA e AdS AU dv4). AL2oA s
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A 2 A olagolurol = A A

1. AF Ul ofadolutol =9 AA wWIIYF

7}. Maillard reaction®] ¢ 3k o} = & o}lujo] = o] A

Asparagines ¥ 9o T3 7 100C ol &%= 7149stH of=Eo}n}o)
=7 A7) AlAeke] 160-180TC ol Al 74 B2 ol A4 ¥+ Aol dFEHSA
om 200C o9 oA 2 o] thAl A skdTh oy whgS 1§ 39
maillard reaction®ll ¢ g Aoz el ok g2 FolA ofn ity o] whg
3} maillard reaction 72, FH|, dho] S F3 JUYHPR LR EAFIE

gH(16).
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NHa CH |
OX ; \ NH
OH TOH 0 0 & ]
HoN ; s o
OH " NH
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: OH
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CO,
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OH
NH
NHE D — HC © :
- HO
CHy -— OH N/
acrylamide

<19 2> asparagine® glucose°l] 2] 3% o= Holulo]=2o] AA(17)
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. methioninel. 2 5 €] ola Holulo] = o] A

Methionine ©. 2 %€} asparagine©] <74 uw] of=mHolnfol= YA O A=,
ol Holrpol= A 7S EREAREE o} Holn mwh§5 F 3] methionine & &
E] methionale] ¥ A @ t}. o] asparagine®] a-NH.¢ ¥+ Schiff baseE A

st Blolth. o] Schiff basew "©EHAPEolH| =wt-§-S F3 N-glycoside® W3
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e
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et
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Z—CH—NH: Oxc R 7o sN N o R
+
0= “SoH 0% ™ R» “Xo GF R
Amino acid Dicarbonyl L| z
compound —Cy H
H2NM /R1 z
CH " Amino —N- .~ R
& ketone C
07 "Ry (I1:
. H.0 H—0 T Re
P Ri—CO—CO—-Rz +
Z—C7_ S;[(;eﬁk?jf NHs + CHsSH +
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I l Acrolein
H2N\ CHz=CH—COOH
_C—CHz—CHO @ NHs
CHz—CH—COO~NHs*
@ * HzN H /

~
C—CH —CH:2
o

Acrylamide
<219 4> Methionine¥} asparagine?] &t ofa Holulol=29o] A 7 Z(20)




A3 A okaPolutol = AW Aeld 54

o}z ool =0 F

obagotrtoln FBAY A} AT FAR AWl FrE & gor, 53

255 Folol BY Al A o] 4EL 50-75%2 obF Ertn RuEATH2D). 1Y
o AE M elA ok elrtelmol Al o] 88S WA F F ool A
@ AT dolg gl Aol od g Fr4Hd AT Besrh e
He AT AN HFAAAA Ao ofadolriole] wEHA e Al

PR =S AV E:ken, ofad™otmol= A=<l

=]
it}
glycidamide7} 2 H At o] 2 T3l A5 W] ofaHojrfo]=rp FEA 0T A
P~
T

b= Yolulol =9 ¥

ol otulol = Ay Bxol BF APEE WA olAUolulolnE
AuFabsa 302 W= AU A4 Adel PEHgiew, ZFF10 mg/ke

bw(body weight)]s} & A$ol= Hzx TAZF ojHe Ad & FFHe 7|Fo=

o
N
N

>
T
T
>,
N

g,

o

r G
o

rlet

o,
2

v}

. EF ofa ool I Al 22

SAzA e @ Aol SHHAAL g A ATHE3).

. ofaYourel = o] YA}

ofmdoetrpol == HE, FY 2 AFE FEA GA FFHoAE Aom deA 9
ot

ofzolrfolme] Wt glutathione FHAFH BEAFHE Fo Dojur). A4

¥ ofAdotrtolss ThAl el s, Bt A= g HAH A

ol



o oM HEH= U7HA

D
o epoxide Q OH
'- cylachrome o hydredasae '}—({_
"o NH o 8] +H ¥ Hgh OH
m—: (s * MH, F ¥
ecnanide shveidamse i
glutathione reduced = G5H = propi
M= M- L-y-glutamyl-L-cysteimd jglycine
ghutathione *G5H | guathione § ESH
y S-transferase S-transferase
GW - o 53 o, i oH
HaM ~Yl\/
glutathicone adduc NH; OH hHa
-Gy I franspeptidase isomars glutathions adducis
1, franspeplidase
= S-Cys-Gly 2. plutsthionase
i 3. postyl-coenzymed
HaM
a oH
Gy l glulathionase HO—4 T MHy [} Q
: AE_NH_
OH
DW F-Cys-MNHg )-=C| l.>=ﬂ
HaM
M-acatyl-5-{2-carbamoyl- M-acatyl-5-(1-carbamoyl-
J acelyl-cosnzymes A Z-hydrowyethyl)cysteing 2-hydroxyathyllcysieine
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(2) ofm Holulol= o] 13 ¥ 7]
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1 Abgrell Al %= wER (31D,
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A
e
o,
=)
o
il
=
b
M
(i,
o
t
D)
rlr
=)
B
2]
ol
o
=2
o]}l

e Btk metA oz olu}
oj=7F <Clzke] g AAFS doxS & £ Uy, olmaHolmlo] =9}
N-methyloacrylamideE *33 T EMNRWES BHZFZ HEA ) 2PHoz =

=9 249 B 22As 2xABEA S-S dEdd. ol o718 JECFA(Joint

Expert Committee on Food Additives)e] 644 3 ooA] A FHA FE&TE &
3 ofmaHolufol=E 90Y 9ok Foygk A 02 mg/kg b.w./dayol A 27l o}

9 GEsta Wit waNA @gel WEsol oladolviolme] HuwA g

(No-observed-adverse-level) < 0.2 mg/kg b.w./day= A 25t U tH(32).

2) A7 =4 714

o 10

obz 2 obrtol =7k 4

off
i
=2

A7 Wk o] axonopathys Yo zlithta 3ich &
9] F & oA axonopathy “ell”
BEAel B F A Fa AEAQ sHAHe]l Uk AHA = kinesin-based fast
axonal transport®] Aol ThE sty AAAGE] AHAHQA AAolvh(17). &
2 ol ™olmtol= 100 mg/kg 13 FHUSAS W, AF Y > lA neurofilament
proteins®] ™3 mRNA<9 odSE F7lA 22 ofaolulo]=o ot o
T3 7IHE ¥ ddY FAE Avicte A 2l HItE FEAE

= AL AAEATE. EF in vitro®} in vivo FEA A ofzHolulo]=

2
£
o
S

t
(il

S

ohulol=o] AAEAel U@ b4 e lde chadoln

ol=7} =4 EH#o|lw, CH,=CHX hydrophobic interactions 3t CONHx&=
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Njo

mg/kg bw/day o =

9 A4 F7
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+

1=

mg/kg bw/day®] &FOo= FH AF oA FAA &
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]

|
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A 34 ofaPolulom o B why

A 132 LC/MS/MS| ¢ g +4 W

ol Holufo]= o] A WHo|= HAE FAIey EEZ FEI T SPE(Solid
Phase Extraction)d®-& o]&3sto] AGAlgt & Adojzl A|gd & AS LC/MS/MS(Liquid

Chromatography-tandem Mass Spectrometry)ol]l FU3+e] MRM(Multiple reaction

monitoring)< ©] &3] A= WS AFSSHTH(35).

1. 248 7171 & A%

ofZPolulo]l=o] HA wWrHol= LC/MS/MS(Liquid Chromatography-tandem

ofo
ol
3R
(o
)

Mass Spectrometry)2 A} Al 5% HPLC 552 AH&3dd. AA
AH L OASIS HLB(Cis, 200 mg, vol: 6 ml), Bond Elut-Accucat (Cs, SAX, SCX
200 mg, vol: 3 m)E+ o9} 5% AES ALY R ETYAL &413 &
APD2FCHR A8 ofAHolrtol =7} vigh&o] Mo} gl & (1 mg/m)S Ab
ot om, WREFANe 01% 7HH4kS 7Hsl 200 ng/m = ARE-sE T o IR
H® X Maxi-spin filter tube(0.45 ym PVDF)IEE o]9} 53 A5 AL&3a

(35).

2. AgEqe =4

AA = HA7IE o] dsto] st 3 F 1 g AYS FHete] 50 m E2z=d

d A FHo ¥ R FF58Y 1 et B 9 mE Ve & st 2
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Bl 713 7,000 rpm o 2 10&3F vhA] fa st A A WEE 35m
o & 35 m=E &3 A 71 OASIS HLB SPE 7}EZ Ao A 15 mE Yo T34
AZl F 5 05 mE S8HE & 15 e §EA1A Hof BAS der) wekE
25 met = 25 M= ZA 327 Bond Elut-Accucat SPE 7FE @ X o] B 1.5 ml

5 822 F AF 05 mE SHHL ofF dojxd 1 mE HALRvEIYEZ

71 $1g LC/MS/MS®] =71& tha 3 2 TH(33).

[e3
2
i
e
[e3
2
o
R
°
Iy
il
M
o
ol

<3} 1> LC/MS/MS¢ #4 x71(33)

MS method & tune file| Acrylamide_ ESI_MRM & acrylamide.jpr

Ionization mode ES+

Run time 0-9.8 min
Inter-channel delay 0.03

Inter scan delay 0.02

Source temperature 120C

Probe temperature 240°C (2 min)

Collision gas pressure | 8 x 10-4 Torr

45 volts(MN: Adujust to yield fragments

Collision energy in approximate propotions (m/z 27 80(%),
m/z 55(100%) and m/z 72(30%))

MRM (Multiple reaction ion monitoring).

MS/MS experiment . .
Z p +0.25 amu window on each monitored mass

Ions monitored Acryamide(my/z 71.8, 54.8). Internal Standard(74.8,57.8)

_16_



Crush and homogenize of sample

Weight 1 gram
Add 1 m¢ Internal standard solution
Add 9 m!{ water

Mix for 20 minutes on shaker

Centrifuge tube at 9,000 rpm for 15minutes

Micro Centrifuge at 9,000 rpm for 2-4minutes
(0.45 ym PVDF Maxi-Spin filter tube)

OASIS HLB 6 w SPE (CI8)

3.5 m¢{ methanol condition

3.5 md water condition

1.5 m¢ sample load

2 ml water elute
Varian SPE catridge

(Mixed mode ; SAX and CX)
2.5 m¢ methanl condition

25 ml water condition

All sample load

LC/MS/MS analysis

<2 6> LC/MS/MSell o g ofadofmto] = o] T4 W (37)
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A4 ZH -9 HF F oladoulol=e] BElY A 3 w3

A1 4d =9 BUEHY 23 2 uF@

2dde] g T WA FEHA @S AE AR AES AR <F 2
Ao} Zo] 71&& AASA L UIFFY Porridge oat(AEE Eoly /= #
A =), AE "H7E Fo] ofmadolutol= FHFF 30 ppb olFE B

(38). o] 2M ol olrtel i YARAAE A AEHA FEL ¢ & Aok

<E 2> 7hEE A g2 AEe ofA™olnlo] = $FRE(38)

Acrylamide Measurement
Products concentration uncertainty
(ug/ke) (ue/ke)

Wholemeal(Kungsérnrn) <30
Rey flour(Kungsdrnrn) <30
Porridge oats(Axa) <30
Oat-bran(Kungsodrnrn) <30
Bacan(mixed products) <30
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U, THE H

<3 3>ol A et Zo] oA ¥H EZ(First Price)= 332 ppbe] ofadolnjol=
7} A ZE Q) Original(Pringles) 614 ppbo]al, Grillchips(Extrella):= 669 ppbo] tH(38).
Vickningschips(ICA)¥ 694 ppb® Grillchips®t ®l=3d $£x2 = gtl. Original
chips(ICA)E= 906 ppbe] of=aHolulol=rt HEFH Y. Naturchips(OLW)%=
Original chips(ICA)¢} vlszet A7t Y gkth. Svenska Lantchips kantarelli= 1000
ppb oAt e] of=ZHolnlo]l =7}t HE %S 1L, Potatischips(KF) 1407 ppbe]l #H & o]
B¢ t}h, Grillchips(OLW)%E  Potatischips(KF)9} ®] <=3 X9 AyES HA
Weekendchips(OLW),  Potatischips  dillsmak(KF), Svenska Lantchips %
Grillchips(OLW)2 o}z &eolufo] =7} Z+z} 1573 ppb, 1594 ppb, 1833 ppb, 2030
ppb 7F A& v}, Lattsaltade chips(OLW)& 7Fd =& X9 2287 ppb9 ol=

Holulo] =7} &5 AT
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<E 3> TEHE o] ofAYolrtol = (38

Acrylamide Measurement

Products concentration uncertainty
(ug/ke) (ue/ke)
Potatischips original (First Price) 332 +66
Original (Pringles) 614 +123
Grillchips (Estrella) 669 +134
Vickningschips (ICA) 694 +139
Original chips (ICA) 906 +181
Naturchips (OLW) 980 +196
e et kel
Potatischops (KF) 1407 +281
Grillchips (OLW)® 1418 +284
Weekendchips (OLW)* 1573 +315
Potatischips dillsmak(KF)" 1594 +319
Srensha Lanichins AB) 1633 +367
Grillchips (OLW) 2030 +406
Liattsaltade chips (OLW) 2287 +457
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1 0] Al 2
T

ne
&

o

Be A, 23AE, o, QEW F9 B 4FAME <E 4>0Hsh 2ol o}y

ohulol = W 30 ppb o] stE HE@ol HUTHER). ol =H olAYolule]mE M
G s A AL WA 81 neolA H1 ATA 0P wAdTGE AL

P~
o At

<E 4> #FHQA AF9 ofa™olulo]= g RE(38)
Acrylamide Measurement
Products concentration uncertainty
(ug/ke) (ug/kg)

Potato <30
Spaghetti (mixed products) <30
Rice (mixed products) <30
Oatmeal porridge <30

H7 g0} ARt EHE A2EFAA AR 4L BFoR BAHY

< 5> WA, ohF, ¥R YAHA, 1] golg, FuF 2gtd, FopA
w7 ALY, AR SolME opaAolulol=e] PEFL 30-64 ppb Abol® HL
ol th(38). mEAA HA AFESo| AT &FF o

oF e A2 FEFo] BA &

_Igr
o AEo| ML olzaUolrlel sl AEHA @ Aot
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<E 5> AMEE 7T HA 49 ol Hotuto]= 3HEK(38)
Acrylamide Measurement
Products concentration uncertainty
(ug/kg) (ug/kg)
Pancake (mixed products) <30
Waffles (mixed products) 42 +21
Fishfingers (mixed products) 30 +15
Chickenbits (Restaurant) 39 +20
Deep fried fish (Restaurant) 39 +20
Meat balls (mixed products) 64 +32
Cauliflower gratin (Restaurant) <30
Vegetarian schnitzel (Restaurant) <30
Pizza (Restaurant) <30

uh whALE W
habg WRE 5 WAARE WE §3 wabuAbd W aZlolt <E 6>004 9
o] Vete, Falu riagrut, Husman, Mora,original Krogarknicke, Havre, Mora,
normalgraddat(Wasa), Régi(Wasa)©= o3 dolvnlo]l= HZE=o] 8 ppb °|stz= Y
2kt}. Flatbrod (Wasa)9} Flatbrod (Kavl i) ZHZF 307 ppb9t 560 ppbe] o} =& o}
ufol =7} HEF Ak Rig(Ryvita)9t Rag(Ryvita)= 27 1453 ppbet 1874 ppb=®

P w2 obadotviolE HEFS B ATHES).
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<& 6> wpArek W) ofA™olwhol = gk (38)

Acrylamide Measurement
Products concentration uncertainty

(ug/ke) (ug/kg)
Vete (Wasa) <30
Falu ragrut (Wasa) 41 +21
Husman (Wasa) 50 +25
Mora,original Krogarknicke(Wasa) 51 +26
Havre (Wasa) 60 +30
Mora, normalgriaddat(Wasa) 65 +32
Régi (Wasa) 86 +43
Mora,sprodgraddat (Wasa) 102 +20
Runda Bjérn (Lovanger Brod) 129 +26
Tunnbréd (Gene) 135 +27
Mora, brungridddat (Wasa) 142 +28
Vika (Vika Brod AB) 174 135
Finn Crisp (Vasan&Vasan) 177 +35
Brungriaddat, 830 gram (Leksandsbrod) 185 +37
Vetetunnbrod (Mjalloms) 186 +37
Sport (Wasa) 214 +43
Flatbrod (Wasa) 307 61
Flatbrod (Kavli) 560 +112
Sesam (Ryvita) 1194 +239
Rig (Ryvita)® 1453 291
Rig (Ryvita) 1874 +375

_28_



u, W

<FE 7oA e o] MRE EUHE th38). 2R wE AWy 43 39
b= WS 30 ppboldtet 45 ppbel of=mHbolwmpol= A =S reElUITE Dunkles
Vollkornbrot$} M& Bittre hevre(Fazer)© o= € olufo]=29] 7 Z=Fo] 30 ppb ©] 5}
2 7ok}, Jattefranska(Pigen), Jitterasker(Pigen), Jittefranska(toast - lightly
toasted), Tunnbréd, Hoénokaka® 30 ppb ©¢|3}& o}=m Holufol= 3 & gFo] H| L3}
ATk Jattefranska(toast-"well done”), Jatterasker(toast - "well done”),
Kavring (Europabagaren)+= ©¢}32Holulo]l=9] HZE=Fo] 52-69 ppbol Tl Rye
bread(mixed products), M& Bittre rdg(Fazer), Efterugnslimpa (Fazer)2] o}= ™o}
nfol= AZ=#HL 81-89 ppbo] ATt Fullkorn righréd(Pigen)= 162 ppbd 714 =

e FA 9 oladolriol=t AU B AFFAA AAH O o} A Holniol

T AEFE =X &4Jdy. 71 =2 X7} 160 ppb = Crispbread?] 1/10 4=
AEZ v AgS Ho FA.
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<HE 7> WFO ofAYolulol = FFH(3B)

Acrylamide Measurement
Products concentration uncertainty

(ug/kg) (ug/kg)
White bread from wheat (mixed products) <30
Bread from wheat amd rye(mixed products) 45 +23
Rye bread (mixed products) 89 +45
Jattefranska (Pigen) <30
Jattefranska (toast - lightly toasted) <30
Jattefranska (toast — "well done") 60 +30
Jatterasker (Pigen) <30
Jatterasker (toast — lightly toasted) 30 +15
Jatterasker (toast — "well done") 69 +35
Dunkles Vollkornbrot (Purgebacken) <30
M4 Bittre hevre (Fazer) <30
M4 Bittre flerkorn (Fazer) 33 +16
Delikatesslimpa (Schulstad) 45 +22
Kavring (Europabagaren) 53 127
M4 Battre rig (Fazer) 81 +41
Efterugnslimpa (Fazer) 85 142
Fullkorn rigbrod (Pagen) 162 +32
Tunnbrod (Anglamark) <30
Hoénokaka (Pigen) <30
Tunnbréd (Polarbrod) 36 +18
Polarkaka (Polarbrod) 49 +24
Citronmuffins (Hagges) <30
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A AE DR

Algde 49 Corn Flakes®} T2 ofadolufol= gk 7+Z} 53 ppbe}
61 ppbE e Misli (KF)9 Miisli Bran Flakes (Frebaco): o} #olunfo]l =
o] AEo] 31 ppb 30 ppbE HAF AFFTA 7HE LS g& yEFWTE Start
Naturell(Ceralia Breakfast Cereals)®] of=dolwufo]lt HZETFL 164 ppb oH,
Cheerios(Nestl ¢ ), Kalaspuffar(Quaker), Rice Krispies(Kellog ~s), Fitness(Nestl
¢ ), Special(Kellog " s)%& 207-269 ppb2] 18] =A] & olaHolulo]=7} 7 &5
A+, 18y Haver Fras(Quaker)®} Haver Fras (Quaker):= 1000 ppbo]lAe =&
olzolnlol =7} HAEEA+=d ZHzE 1031 ppbet 1346 ppb7t AEFHJTL. #&
Breakfast cereal ©]A| %+ AlFol we} ofadoluto]l= Fhafo] Apo]7l e HOE
YElsEh 30 ppb oldke] w2 FHEE 200 ppb A =] AlFeol 7 @k, 2FFH
9] Haver Fras A&k 1000 ppb7F B+ H2 FAHE HoA] o] F AFL ofzd

olmfol= A 7+sl7b HQdttta ® a9 thH3).
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<E 8> AT opAPolviol = FHGY)

Acrylamide Measurement
Products concentration uncertainty
(ug/kg) (ug/kg)
Corn Flakes (mixed products) 53 127
Rostat Ris (Rainbow) 61 +31
Special (KF) 73 +37
All Bran plus (Kellog’s) 99 +50
Start Naturell (Ceralia Breakfast Cereals) 164 +33
Cheerios (Nestlé) 207 +41
Kalaspuffar (Quaker) 236 +47
Rice Krispies (Kellog’'s) 247 +49
Fitness (Nestlé) 254 +51
Special (Kellog’s) 269 154
Haver Fras (Quaker)’ 1031 +206
Haver Fras (Quaker) 1346 +269
Sunt&Goee Miisli (Finax) <30
Miisli (KF) 31 +16
Miisli Bran Flakes (Frebaco) 30 +15

_27_



oh. Wl =AT AYAF

=AY AgAF] A$ Guld Marie(Goteborgskex) ¢t Guld  Marie(Go
teborgskex)9] ol=ZHolnlo]= ZHZEo] 652 ppbet 642 ppbE 7FF = A TH(3R).
1 thg o & Digestive(KF) ¢ Digestive(KF)" o] W$7F =4 A=4AE=d o2
olufol= HZE#HL 630 ppbet 539 ppbol ¢l tl. Variant(Géteborgskex) 9t Variant(G
oteborgskex)” ¥ ztzh B X7} 479 ppbot 442 ppb%th. Riskakor (Friggs)el of
AYolutol= FAAI= 333 ppbAth. 28l3 A AF (mixed products)= oF=
olulol= HE o] v WA ¥ 534 ppbol Attt A F7HA] AHE olaHojulo] =
HETFL 300 ppb oldo 2 e Holoy Uz AF2 300 ppb ©lste] A=
Btk ¥]2AF (mixed products)E AEZI 230 ppbola,  Mjs
lkchokladflarn(Karen Volf), Gammeldags Pepparkakor (Pricks), Smorgisra
n(Oxford)®] o= Holutol= HE=FL Mg kel Zk2b 128 ppb, 129 ppb, 134
ppb At Wl =AI AW AF 14709 AF F ok dotntol= HE o] M w2
A2 Krisprolls veteskorpor(Pigen)2 ofa Holulo] = HZE=Fo] 30 ppb ©]3t=
bk Th o] e A e AFFoAAE AF wet 2007 dE AelE B A
(38).
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<& 9> WA} A [ oA olulol = 3 EF(38)

Acrylamide Measurement
Products concentration uncertainty
(ug/kg) (ug/kg)
Biscuits (mixed products) 230 146
Crackers (mixed products) 534 +107
Krisprolls veteskorpor (P8gen) <30
Haverflarn (KF) 73 +36
Mj6lkchokladflarn (Karen Volf) 128 126
Gammeldags Pepparkakor (Pricks) 129 126
Smorgisrin (Oxford) 134 +27
Riskakor (Friggs) 333 167
Variant (Goteborgskex)” 442 +88
Variant (Goteborgskex) 479 +96
Digestive (KF)" 539 108
Digestive (KF) 630 +126
Guld Marie (Goteborgskex) 642 +128
Guld Marie (Goteborgskex)” 652 +130

_29_



Zalz zepol=Foll tigk 1071 AFe] AFE <E 10> ek Zo] Hluldt
24 8+ 91 tH(38). Pommes frites(Saffet * s), Pommes frites(Saffet " s)", Pommes
frites(McDonald " s), Pommes frites(deep frozen; briefly heated in oven),
Klyftpotatis(Restautang)®] 5% &+ 10712 AL AF T 7MY $2 F£3<2A 300

ppbthe] HEHS HAT. L z+zF 306 ppb, 321 ppb, 379 ppb, 301 ppb, 367

S

ppbol 21t} Pommes frites(mixed products)¥® King fries(Burger King)" & 72
450 ppb9} 483 ppbd EAXE YElIWY. HAAL T & A E9 King fries=
514 ppb, Pommes frites(McDonald " s)+ 2 A= ¥ 755 ppbol At 71 =&

T2 B AL Pommes frites(deep frozen; heated longer in oven) & & o}=

dojulol= AZFo] 1104 ppbRAth. ZAA Zejo|=xFel olaYojulol= AEGL

Ao we At old@d Ase chaYolulo| =l maAlA Zebol =i

N ETE AL OA B 8 AFHR
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<E 10> ZAA Zepo] F o] ofUolriol= FH(3)

Acrylamide Measurement
Products concentration uncertainty
(ug/kg) (ug/kg)
Pommes frites (Saffet’s) 306 161
Pommes frites (Saffet’s)” 321 164
Pommes frites (McDonald’s) 379 176
Pommes frites (mixed products) 450 +90
King fries (Burger King)” 483 +97
King fries (Burger King) 514 +103
Pommes frites (McDonald's)" 755 +151
Pommes frites
) ) 301 +60
(deep frozen; briefly heated in oven)
Pommes frites
) 1104 +221
(deep frozen; heated longer in oven)
Klyftpotatis (Restautang) 367 +73
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A, g 2uF
vpAlEto 2 J1 e 2uFe A4 <HE 11>l A9 o] FHI(OLW)olA of= o}
ufol= o] HE=Fo] 7} wol 416 ppbE& YEN Y YH(38). Tortilla chips(OLW)2}

Nachips(Old El Paso)+= ZtZb H] =38k 4=%] ¢l 122 ppb&} 149 ppbol At

F 11> 7]1ef 2979 ofzHolnto]l = TFak(3R)

Acrylamide Measurement
Products concentration uncertainty
(ug/kg) (ug/kg)
Tortilla chips (OLW) 122 +24
Nachips (Old El Paso) 149 +30
Tortilla chips (Diva) 184 +37
Pop Corn (OLW) 416 +83
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2.1 =

ul a2 2002 9YH-E w] oA F o] oFE b A (Food Drug Administration) ol A

K

oA dolufol = RUEY APS AE <FE 12> AL o] oF 9007 2%
9] o] gl o] ~(database)S X 5} TH(39).

FAHAFORE ofo]2ad, HAdeld, £3dU o5 AEY M EUHYS

ol
R
3

AA AT o5 AFelE ofaPoulolst AEFHA AT 1 o] g
.

o] 4 AFoIHE AZFER WE 7717} 305 ppb, o7} tp Al AFEE v
Aol 381 ppb% 7h Egrou AAHoRE THFU opAleh 1B e o HAE,

ZAERF T 22 AFAAME HEHA @k vtz Y EvtE, 7] o4

EF AN B N A, @FF BolAE AEFo] 3050 ppb Abe] Avt o] 3
2w gEe v
F5, FF, olFE BY AR 2AAESY ) ol FEHA ¥

oFE o HE, 99 AL LB 2 A% AFHA Gt Ha

71 Golgel A= 19 ppb7k wskar A 7hEded = HEHA 4ok o] HA
of - FHANAME oA Holrtol =] HEFo] Ao gloka 2T F
T Aems ARy WITHEA 54 ppbe HAE o] AU, 7

W s & A2 41 ppb, ALV} FE& Mo wHE A2 22 ppbE Uit

3e B

[
2L
ax
o
fitl
=)
o
i
ftl
dr
v
1
=
i)
S
o
N,
X
Lo
i
Ho
2
(o]
d
fitl
of{l
K
1>
ot
=2,
>
rlr
(e}
o
i
i)
o
=)
o
=)

ok AEE 7w AFED AMdo], wlol=, WA= 77t 18, 32, 25
ppbE 22 o] AEHAer ZA(E = d FHe Hesia gEg A
7)ol A& o] 470 ppb o2 7 Eoka, EEEOR(IA A AW &
A& Sl A 355 ppb7k, ME ®EE =27 7F 336 ppbol AEEH AT o

HA gl AZddAe] AEFE MHAE25E 230 ppb Aol® vE AlFE 7
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aspartic acid®] o] £ TAE FHAHAS u olmaHolulo] =29 AA] o]
< ¢ 5 Utk

=

AEAAY AME 2 2FeF 45 Zduxs ¥ A wrls 443

_H
k)
N
i
32
=
ﬁr]
Y
K=
o
rlr
=~
=~
o
S
o
N
N
by
i
i
32
i)

2F(HAA A a8l e 55 ppb”
gy N EZ 2EZ2Vte 2 (AR 2R e o, FolA e Z)v - A
(o3

& Woll M=AAT A= AEFol At

Al el M= 17 ppbel AEH AL AlHelAM = 32 ppb7t A= 59

SEHAAE ALY AL AAS AdA = of AE&HA L)
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<E 12> v A RET ol ool = g RF(39)

Concentration of

Food .. .
Food Description Acrylamide
Category
(ug/kg)

Ice cream, lights, vanilla 18
Dairy Ice cream, regular, vanilla ND
Milk shake, chocolate, fast—-food Nd
BF, arrowroot cookies 305
BF, carrots 33

BF, cereal, oatmeal w/ fruit,
prepared w/ water ND
BF, chicken noodle dinner ND
BF, chicken w/ rice 55
BF, Dutch apple/apple cobbler ND
BF, green beans 27
BF, macaroni, tomato and beef 32
BF, mixed vegetables 19
BF, plums/prunes w/ apples and/or pears ND
Baby Food BF, squash 19
BF, sweet potatoes 30
BF, teething biscuits 381
BF, turkey and rice 32
BF, vegetable and turkey ND
BF, vegetable and beef ND
BF, vegetable and chicken 35
BF, vegetable and ham ND
BF, zwieback toast 33
Infant formula, milk—based, high iron, RTF ND
Infant formula, milk-based, low iron, RTF ND
Infant formula, soy—based, RTF ND
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<E 12> vE HREFY ojAPolulel = Fu Y

(39)

Concentration of

Food .. .
Food Description Acrylamide
Category
(ug/kg)
Chinken breast, fried, fast—food (w/ skin) ND
Meat/Poultry  Chicken nuggets, fast—-food 19
/Fish Fish sticks or patty, frozen, oven-cooked ND
Pork sausage (link/patty), oven-cooked ND
Peanut butter, creamy b4
Peanut, dry roasted, salted 41
Legumes Pork and beans, canned 22
Refried beans, canned ND
Sunflower seeds (shelled), roasted, salted 33
Apple pie, fresh/frozen 18
Bagel, plain, toasted 32
Biscuits, refrigerated-type, baked 16
Bread, cracked wheat 16
Bread, rye 25
Bread, whole wheat 19
Breakfast tart/toaster pastry 15
Grains/ Brownie N 43
Starches/ Cake, chocolate w/ icing 20
Chocolate chip cookies 229
Baked Goods Corn flakes cereal 50
Corn/tortilla chips 355
Crackers, butter—type 336
Crackers, graham 130
Crackers, saltine 39
Crisped rice cereal 36
Doughnut, cake-type, any flovor 26
English muffin, plain, toasted 23
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<E 12> v A8E%F9 ofadoln}o]

= 2 G9)

o TT ©

Food

Concentration of

Food Description Acrylamide
Category
(u/kg)
Fruit-flavored cereal, presweetened 28
Granola bar, w/ raisins 26
Granola w/ raisins 129
Muffin, fruit or plain 28
Oat ring cereal 156
Pancakes, frozen, heated 17
Grains/ Popcorn, microwave, butter—flavored 103
Starches/  Pretzels, hard, salted 470
Baked Goods Fumpkin pie, fresh/frozen 37
Raisin bran cereal 151
Sandwich cookies w/ créme filling 101
Shredded wheat cereal 237
Sugar cookies 105
Sweet roll/Danish pastry ND”
Tortilla, flour ND
Fruits Prune juice, bottled 326
Black olives 237
Green beans, canned ND
Vegetables Potato chips 346
Potato, baked (W/ peal) 23
Potato, french-fried, fast-food 393
Sweet potatoes, canned 30
Mixtures Beef and vegetable stew, canned 22
(e.c.. Burrito w/ beef, beans, and cheese, from 18
Mexican carry—-out
casseroles, Chicken filet (broiled) sandwich on bun,
sandwiches ND

fast—-food
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<E 12> "= A 5EFFY ofadoluto]l = 3 E(39)
Concentration
Food o of
Food Description .
Category Acrylamide
(ug/kg)
Chicken potpie, frozen, heated 44
Chili con came w/ beans, canned 55
Clam chowder, New England, canned, ND
cond, prepared w/ whole milk
Egg, cheese, and kam on English muffin, \D
fast food
Fish sandwich on bun, fast-food ND
Fried rice, meatless, from Chinese carry-out ND
Pizza, cheese and pepperoni, regular crust, ND
soups, from pizza carry-out
pizza) Soup, bean w/ bacon/pork, canned, cond, ND
prepared w/ water
ND
Soup, chicken noodle, canned, cond,
prepared w/ water
ND
Soup, vegetable beef, canned, cond,
prepared w/ water
) ND
Spaghetti w/ meat sauce, homemade
Taco/tostada w/ beef and cheese, from -
Mexican carry-out
Tuna noodle casserole, homemade ND
Candy bar, chocolate, nougat, and nuts 17
Candy/Sweets/
Candy bar, milk chocolate, plain 17
Sugar/Syrups
Syrup, chocolate 32
Coffee, from ground ND
Beverages
Decaffeinated coffee, from ground ND

ND: Non Detected

_88_



3. My
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Ax meolRih EHE PRe 2L AR o] x nedd HA HEAA
ohaolriol o] PHao] ¥ ¥ F gtk

<E 13> AUt 4ES ojABolrlol 2] B HAFM0)

Food Number of | Average | Minimum | Maximum

samples (ppb) (ppb) (ppb)

Beer 5 <6 <6 <6

Bread 10 27 14 47

Bread (toasted) 2 159 28 290

Cereals 3 130 100 170

Cocoa products 8 <50 <2 190

Coffee 11 27 4 150

Coffee substitute, grain based 1 430

French fries 8 679 59 1900

Hamburger, fast—-food 1 <3

Papadum (East Indian snack) 1 170

Peanut butter 1 53

Potato chips 10 1271 430 3700

Potatoes, boiled & mashed 1 <4

Roasted nuts, seeds, & legumes 5 87 25 260

Sweet potato chips 1 260
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4. 9 &

Aol 2003 AEW ofZHolriol = S e 4T AFE <FE 14> A A
Bl d2E LC/MS/MS B GC/MS W2 Hdstols A6 0041). 19

of +& & AYA E, F, G, HE UF 1 45755 24359 o LC/MS/MSZE ¥
3l

o\

Hatgde AooE 117-303 ppb FFo|%
84-223 ppbAth. F71%= Ast B9 2 FHE wFolA LC/MS/MS W3t GC/MS
P g ol g5t EAs Ay Y 92-104 ppbet 89-100 ppb 7t HEH AT AHA =

1578 2Asaded 242 189 20 pob7t AFHAAT. Wl 4Fe w2n H3)

GC/MSi "?‘}H 0]'/\1\3 73"?“01]%

Karintox= LC/MS/MS W o=z 433 w 136 ppb, GC/MS WH o=z 243

o)
o

ul 133 ppb 2 H]=23 FA R FEHAC. 9" 3FF9 4= LC/MS/MS %
0 2+ 119-147 ppb, GC/MS WHOo 2= 84-139 ppb& TAMeE A &S Ht. F
N FS 459 39 ppbd] ofmolmtol =7t AEH AT, T WS 729 51 ppb, =
F(AH HAA EH)AE LC/MS/MS B2 GC/MS WHe ZA37F 11 ppb&
2okl =Bx 30 ppbet 29 ppbE A8 #2 FAE UEHlY d2HE Fx4
T (FAA Axe)= 18 ppb¥ 10 ppbe] ol Heolmfol =7t HEHAT. T E F
2 S22 Feo = 49 8 ppb 2Ela mpA T oz FH A AHE LC/MS/MS
Yo w E49S W 4 ppb, GC/MS B oz EAS W 6 ppb7t A=A

Qe 2003d ZUEE Ay AR5 BA& By T # AgAG gk A

N

d
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<E 14> LC/MS/MS¢F GC/MSell 9|7t Ui A3 Fof of=dojnjol= Fhef =24 (41)

LC/MS/MS GC/MS Average Median Minimum-
Foods . n
(ug kg-1) (ug kg-1) (ug kg-1) (ug kg-1) maximum
Rice Crackers
) 117 87
(grilled) E
Rice Crackers
_ 120 102
(grilled) F
Rice Crackers
. 125 84
(grilled) G
Rice Crackers
. 303 223 112 96 42-303 8
(grilled) H
Cookies A 92 89
Cookies B 104 100 98 98 92-104 2
Crackers 18 20
‘Karinto”
) 136 133
(fried and sugar cake)
Candied sweet
119 84
potatoes A
Candied sweet
140 126
potatoes B
Candied sweet
147 139 135 140 119-147 3
potatoes C
Fried beans 45 39
Roasted chestnuts 72 51
Snack noodles
(dried by frying 11 11
and seasoned) A
Snack noodles
(dried by frying 30 29 21 21 11-30 2
and seasoned) B
Precooked Chinese
noodles 18 10
(dried by frying)
Fried Chinese
4 8
noodles
Fried rice threads 4 6
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dis F8T <F 15>oAe 2ol 4FFE EYEY stth42). #EA] F¢t

Ao BE 93 29 Fagd FREE 15 ppb2 2 UTh

W E(Larger) = 35 7S 243931, Gin young Dutch ¢ Gin old Dutch:® 270
o] A& Z, Coffee liqueur®e 9A] 2709 #A|#FS EYHY 3140 ofmadolnol=
o A7 g Rk dme SRAL ofAYclntelnr} Ao PEAA
.

<E 15> @A SR ohadoclviol = FeF(42)
Product description N Mean S.D. Median Range

Beer (Lager) 3 15 0 15 <30-<30

Gin young Dutch 2 15 0 15 <30-<30

Gin old Dutch 2 15 0 15 <30-<30

Coffee liqueur 2 15 0 15 <30-<30

TRE <FE 16>0A e o] 2719 FHE EAMsA L A4 479 F

15 ppbol Gtk FUE SRANAE ofAPojriol B o] PEFS We FEOE 4
% A9l

- 44 -



<# 16> FLdIE 559 ofAadotrto]l = FF42)

Product description N Mean S.D. Median Range
Whey drink 4 15 0 15 <30-<30
Breakfast fruit drink 4 15 0 15 <30-<30

o sFe s AY R

a7l sh A FE <E 17>oAS 2ol I8/l FHl UE olAYolulel =

i

Foll ¥

i

f
rot
i
i
a
o,
o

A A8 TH42). WA Berliner pastry, Butter biscuits,
Suger coated long egg biscuits, Bread crumbs?] AFEL 1F7F4 EYUEHHEE 24

Zz =2

Alstel=dl AL wldk gheol uvskth Hatgkel 15 ppbth. Macaroni raw %A 2
=2 FAE Bl e

Aol AFEE BHRAS 9 GGl 15 ppbol Ak 7+
u)

Gingerbread= 21719 #|% & EUYEHH 39S Hargkol 890 ppb, T4 #kol

1,070 ppb= o}l=ZHolutol=29] HEo] 714 =t I tF o2+ Children’s
biscuits2. 2 37§19 A E=S EUEE

3RS uwl 283 ppbel H i k¥ 300 ppbol
GaS JHAT 3WAR =2 A5 Xl A2 Spiced biscuit speculaas®Z 7%

22 279 AF TUHHS AASY A gk 213 ppbol 9aL, F 2 190

AAHoZ ZAAFHE 22 X9 #AAZHRE B AL olYA|uk Gingerbread

AFS WFAdde 22 FAS HoA Azgss A4 2700 A58 274
= =
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<EAT> H2F e AL Fel ofm Yol = FeH42)

Product description N Mean S.D. Median Range
Berliner pastry 1 15 <30
Butter biscuits 1 15 <30
Cafe Noir biscuits 11 166 127 210 <60-400
Children's biscuits 3 283 126 300 150-400
Cake sponge plain 1 15 <30
Cracknel 1 15 <30
Doughnuts plain 1 15 <30
Gingerbread 21 890 393 1070 260-1410
Fruit biscuits 1 110
Shortbread biscuits, Bastogne 1 70
Spiced biscuit speculaas 27 213 132 190 <60-510
Suger coated long egg biscuits 1 15 <30

Cereal products

Bread crumbs 1 15 <30

Breakfast cereals 2 15 0 90 <30-<30
Corn flakes 12 121 89 15 <30-300
Macaroni raw 2 15 0 <30-<30
Muesli 4 31 33 15 <30-80

thol]oE AlEF 3 2 15 ppbol 9
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<E 18> EWAOR AGHE 2459 olaolviol s FF(42)
Product description N Mean S.D. Median Range

Whey drink 1 15 <30

Breakfast fruit drink 2 15 0 15 <30-<30

A ABs PR

HBEe FAdFdE <E 19> 9 o] Gravy powder 24 &S RUEHH Y

U F gkt $E2 15 ppb ol e ofAHojmol=of ghfrFo] ofF mnH|s}A

<E 19> sjBe} el ofA-otvtol = gHaF(42)

Product description N Mean S.D. Median Range

Gravy powder 2 15 0 15 <30-<30

S92 Cocktail snacks 19709 AFeo B4 AHAAe ZAI FHgho]l 1060
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A4 A4 90w
2 27 7 (Complete dishes)®] AFolA= MA I} EnfES} X =7 ezl
2}, Sping roll fried B2 1A#FS EUHE 39 TH42). 7 A= <F 20> H

= A3 o] Hgko] 15 ppbol At}

<FE 20> QA QYo ofa™otvio]l = Fak(42)

Product description N Mean S.D. Median Range
Pancake ready to serve 1 15 <30
Pizza with cheese and tomatoes 1 15 <30
Spring roll fried 1 15 <30

. AR

Chocolate nut spread= 14% & EUHT A TH42). H gk 15 ppbo] At}
2

Sugar soft brown? RUYE & A% Chocolate nut spread® z29kt}.

. ARF

AAFE <F 21> 42+ #Zo] Fish fingers fried, Haddock fillet deep—fried, Eel

smoked, Fishburger?d 4FFE 22 14X EYUHA 19 vH42). A3 = HT gk
o] 15 ppbE EF 3ot AHFAXNE ofadolntol=e HEFE e FFo|

ot
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<E 21> AAFY ofmdolrtol = FEF(42)

Product description N Mean S.D. Median Range
Fish fingers fried 1 15 <30
Haddock fillet deep—fried 1 15 <30
Eel smoked 1 15 <30
Fishburger 1 15 <30

B $F o A

=
ar

e

Tt FAEF 5FERE <FE 22>cA 9 o] A7 1AFH RUEH 63
(42). Chocolate drinking made up with whole milk, Coffee creamer powder,
Yoghurt flavoured drink, Custard caramel, Milk powdere] R UE = A3zt 7
T3k 15 ppb= AT ZdT FAlFolAE ofA-olnio]= o] HE 2 1]

@ Fol ok

<HE 22> H9 FAFEFY ofaolvlol = FEF(42)

Product description N Mean S.D. Median Range
Chocolate drinking made up with

) 1 15 <30
whole milk
Coffee creamer powder 1 15 <30
Yoghurt flavoured drink 1 15 <30
Custard caramel 1 15 <30
Milk powder 1 15 <30
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ns

o =2 =
= T

npAEto 2 SR{HFE= <FE 23>0]A 9 o] Hamburger, Chiken nuggets
deep—fried, Chicken with skin grilled, pork schnitzel with breading prepared,

Sausage smoked cooked®] 5FFE 717 1AF4 ZUHH 3FATH42). A3 A

AFok SHAET 2o WiEgh 15 ppbeth FHFFANMNE ofaBolno] =]
o e e narh
<3 23> FRFY ofmadolntol = T EF(42)

Product description N Mean S.D. Median Range
Hamburger 1 15 <30
Chiken nuggets deep—fried 1 15 <30
Chicken with skin grilled 1 15 <30
pork schnitzel with breading prepared 1 15 <30
Sausage smoked cooked 1 15 <30
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6. 8 4% =71 2YEHE

ofmHofrtol =0 thF FH =7IES EUHEH ZA3}E FHHEUF 24>,
Chips, potato?] & #o] 30-3500 ppb= 7Fg =9kow Folo] Biscuits, Crackersi
50] 30-3,200 ppb, cirps, potato/sweet potatool A 170-2,287 pph2 A= H& <
A5 UEATH26). ol AR Ffrdel B 7tdxe AFelA tde] of=d
ofrfol =7t HAEEHASS & F ANoH, WA olE FAAAZ F e et o

@ 7o Wage Amec

< 24> AFET ofAdolmpol= o g w9 RYH Y 2326

Acrylamide level k
Foods and food product crylamide level (ug/kg)

Minimum- Number of
group Mean Median )
Maximum samples
Crisps, potato/sweet potato 1312 1343 170-2287 38
Chips, potato 532 330 <50-3500 39
Batter based products 36 36 <30-42 2
Bakery products 112 <50 <50-450 19
Biscuits, crackers, toast,
] 423 142 <30-3200 58

bread crisps
Breakfast cereals 298 150 <30-1346 29
Crisps, corn 218 167 34-416 7
Bread, soft 50 30 <30-162 41
Fish and seafood,

35 35 30-39 4
crumbed, battered
Poultry or game, crumbed,

52 52 39-64 2
battered
Instant malt drinks 50 50 <50-70 3
Chocolate powder 75 75 <50-100 2
coffer powder 200 200 170-230 3
Beer <30 <30 <30 1
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pH, 2% A& 4% o8 a9 93 Aoz HuHEH49-50). ol wat &

%, A%, pH, AA Y, A4xA ol td ojAUolulol= AA W WHE AT

A1 A 7ME2E0 & ofadolrfol=o QAT W3

F o2 A AGLEs 4F Ul chaderiels 4 acleleh: A5l
o]2ol7 gz ol Yolufolui= A ALY M= BAGAE A AMAHA i
2571 A% e Ao QAL ol AAHAT. 2AE A A ofZolupo] =
EE7F S gl we S7hs TG,

120-140°C ol M= ofadojutol= A& H A ekgkor}, 160CoA HA 3 Z7ta
o], 180°C, 200°C ol A of=z A o}rtol=o] WA o] FAF =7}t ).
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A2 A 7FEANZ mE ofa-dolrtol= o QAT WA}

7hA A Zro] b S ZAllx] Zoto|uyl o] ofaHotmfo]lm A4 o] ALAH 0w
S7tE AT 7FE AR oA bofrtol = A FI O] FHdA o] i E e AT
o A mlo]lm R Y olH R 50%, 100%, 150% ¢ mash potatoE 7}EstAS w Z+
7} 5, 47, 4,400 ppb®] ot Hofmtol =7t FAHEAT. w3 ofAHolrtolE FE

T =M 7bg Azt w & skl vH(51).
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Acrylamide(ppb)
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Meal category acrylamide intake(ug/kg b.w.) exposure(%)
Breakfast 0.022 3
Lunch 0.057 21
Dinner 0.061 22
Snacks 0.037 13
Coffee 0.100 36
Total 0.277 100
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Qo] Aol AR ol B AEC] FA s MFo] wom, oo i A
AFe Zol/W AE ofAYorlolEa Ry wEHE JEE A4 Y+ AL
2 Q5 Ao =W FAY F obag

wEF LA RE A Aol AHAYE T AR AR T 5% vRke 2 YERRTHS0, 6).
2. FAO/WHO
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o], 2~ ol 294 IARC(International Agency for Research on Cancer)9
ERIC(Educational Resources Information Cancer)AtE =2 H¥H 2% Z4H] HolHE
TRt A= FrtE FAsAT. ol Fl AVY =EFS 03-0.80 pg/kg
b.w./day® F 43} tH(12).
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Fop Com
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Chocolate Products
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5 _
0 Ug/day
<9 12> "= A Fe] ofaHolufol o gk A =% (52)
4. JECFA(FAO/WHO T & AEH7/IE AL $1¥43)
JECFAol A= At AHAAY A5 ofmadolrtol= %S 1 pg/kg b.w./dayo°]

5. E=

298 - (95th percentile) 2]
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