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Abstract

Since the Swedish National Administration (NFA) and researchers from Stockhorm University
announced that acrylamide, a toxic and potentially cancer-causing chemical, was formed in many types
of food cooked at high temperature in April 2002, there have heen a lot of international meetings and
researches dealing with formation mechanism and toxicity of arylamide. It is hard to surely figure out
the mechanism and toxicity of acrylamide at present time. This article deals with the detection levels in
various foods, toxicity and formation mechanism of acrylamide. Acrylamide formation during food pro-
cessing and cooking was confirmed by researchers of UK, Sweden, Switzerland and United States. They
insisted that acrylamide in heated foods was formed by Maillard reaction between asparagine and glu-
cose during cooking and food processing. It is well-known that heating time and temperature are sig-
nificant factors for acrylamide formation in food processing, Regarding to the toxicity of acrylamide we
need more experimental data to conclude its toxicity for humans. So far there is no credible evidence
that acrylamide in foods poses a human cancer risk. Though acrylamide increased the incidnece of
tumors in the high-dose rodent tests, it is difficult to relate its toxicity to the human carcinogens. In the
future, more accurate analysis of acrylamide in various foods, the human toxicity, and reduction study
based on the formation mechanism should be investigated to prevent consumer’s confusion.
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7} A&7 HigFH ok v AL JEAE &
o ofayeluielErt e FEOR HEFHUUL
BiE AL AFegiy B3 1dol A ¢
2002 49olqitt. A, 24de SHAEHAY
SNFA(Swedish National Food Administration)$} 2=
BEE g A7REL ofadolvpol=rt YR
JMEAFLENE AFER HEHUATGT BEY
HTareke et al., 2002). AA o8 vl F 244
o] dAEe] 7 UA ofmdolule| =g 7HE A
F FoM HEH A2 A= oM 24T 3 &
ZAAAeA HIEEFCr gt 1997 29Ele] E
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GFARNM 8 2] 8 "] & ol=m¥
ofnfo| = &xAfe] 3}etefEe]l EX A FEH
AT A9 e FEEF AYPAEC] FAY &=
ARz e, 2 AR <lE] EldEAl Q1FEe
T2 48 YAtk A5 (neurotoxicity)
A+AA7E B HUTHReynolds, 2002). ©] AA%
qe AT A dAAREE &l 43, ol=¥
olulelto ol AHFFEA LR UFHUTHGodin er
al, 2002). ASHe ATE 25EF Uiy
Tomgvist BfAR= Alal 2PalEe] Ee dlze) 2
3 otz dolrlolne] FEE HH ST ¥
AUAES] Y ¥ op} dRxoz AHE o
HRIE9)-HE olzgolulol=e}l Haf HA Zi-
o Mx o] EFe] tF HAEH], A+HE o}
Fopulo| =g YT AELY EHE HEEL Y
23 SNFAS] #E3 § HEFe] ot=idoe}
nlol=g AESP] #i% BAHE gt (Hagmar
et al., 2001).

Aq7|A L7t FEE AL 7P W EA
alA = 2Fel Fa o, o2 golulo| =9} 7t
£ 54 EFE YAdsidrhs gl vt oz ™o}
nfolEx= 19940} A oF A-71F(International
Agency for Research on Cancer)oll 2|8 7Fg3t ¢l
A 98 (probable human carcinogen)®  #3
kel 2l ti(International Agency for Research on
Cancer, 1994). SNFA2] W ol% z}=te] B A P
I 2 EF A A= olE AFAIe] AWAAE ¥
3 tztxe] AE-E Yk 41, UN 719<)
AARAZIHWHO) B AAIA 7] HFAOyE 29
dl Arzel wgzh oA 27HE HA 20029 6
4, 292 AdibtelA 3o E 7t F AE F9
ol golnjolxof gt AZHH ol@ FURIAME
B G CHFAQ/WHO, 2002). 2E-2 R.IA oA
Al AT AHRRE ofmYelvle]=rt A o)
3 AAEHelety WE )7t vl oY, o=
Aro Fxrb rHEA] HEE AABH7|7E vl
& Agolgtz BRI 28 AF oA
olzolulo| =g HH 3] AAY e vty FE
A A},

u)=e] AFo|FF(FDANIME o] EAlo] #AE
7FA 2002 9"t 129 A AAIR AFAH
£ SESIATHEDA, 2002). $-2Vets ofagelw}
oj=o et g Wi Al&EA A 2002 11
o, dEAA A= A Fol] otmHolwle] =t A

EHhe BErE A B3 153do] dEe
=4 E o] ek H(KFDA) A $-elvele] o8 4
FAME g YoM HEd 29 A '
EE ofaygolulel=rt HEHAWL BR23AT
(KFDA, 2002). @717kl A MAQIES 8¢ F
g e vHd AEFe] oladolulolzol It
Ate FAH, 84 7FEAEF e YA =
& ol HEIR = WA Adejol). &AIRt ol
dolnolmo] HAdo} A% A7 71 Al B
k¥o] 285w BOR olRE ABREY FHEE
€ HAAFA I e Aol Fd olmy
olmpo| =7} AE F & B¢ AR, YeolE
ZAMW(nitrosamines), A4 28591 e FA E
ol & A7} 3w A GoRe A7 AAE
o AFHKolol & Zlelt}, ¥ =RMe =] o
A7} B ofmdolrle| =Y JHEAE W HEFE,
A 7] &t B ol diet W88 SHoR e
2} g,

Ol &0loo|=8t?

#or3 gelo| oty ofzYolrlo|lEg A
70.082 532 wjAAolH, HFL 1.122(30°C), &
A 845°C, ¥ 87°C(2 mmHg), 125°C(25 mmHg)&
7HA 3FHEo]th(Rogen, 2002). &, ¥¢3AE, o4 E
of &= widde f=A %= EHRE He
o Me g, SEde] UaL, FAA, ek,
HABLE Foll ol dAl FEEI B B F
g dEw EEHE 4TA Uth o] H§FES 4
HAalolA 7] % (electrophoresisyg- polyacrylamide
gel(PAGE)E Tt=&d] Wol AR-HI o, 2
stEHtoll|l A FAe] YERA AMSETH E7 &
44 9 #H& A2lA] 8504 (coagulant) 2 ARE-E ™
HAA, Fol, e A2 AdE AMEEHE 2o
2 geiA th olzdelrlel=e] BARYe dis)
A WAl A 22 Liguid Chromatography-Tandem
Mass Spectrometry(LC-MS/MS)ell 9§ #-2ge] ¥l
5 (sensitivity)$}F B-olA] (specificity) A 713
$sitta oEld ArHTareke et al., 2002). Gas
Chromatography& ©]-8-% B4 = /fgse] A=A
gk A REH] GAZE ol EEt 9ikEel HE
AollAl LC-MSMSel vl FA dojRle R
a2 Aok AR LC-MSMS7E AP SL7ke)
Fulelqr, 71718 thFe Bty SuE Ao
ZA5ojolyt 7hgdleg Aul AFFTFoNnt A
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718oM E4A ofadelutel=g §43517] S3)
Me Bt b3 BAYol AgEolel frt &
et

71gAE 32| olzZopIE s

oy geA] 2 A8E F3 I8 2(120°C
ohe g 7Hdst AFE Fof olaYelwlel=e F
= BsiEo] gol THE AFM HL 1my
kg(1 ppm)el, AlHERA AF FolMe A HelAM
#H3 4mgkgol &9 cHSharp, 2003). 7332
Z A7 €83 7 Fxe2de], &9, 29
&, @5, vF-9 EAARE H7d HA AAE
Table 1o VFERARAT) 7hRbe} apwiid] AEFL
Bt 1312pgkgl 8 7P B ol £AEU=H,
Ha 170 pg/kgFE Hol 2287 ugkg ¥ =AU 7
A B 537 pghkg, PIAF, A B Ha
423 ug/kg, AE|Ee HF 298 pgkg, SFFHAA
© W 218pghkg EAHAT. e e W
50 pghkg, 2IARE HF 75 ugkeg, WFE 30ugke
ol&te] o] BAECt e AFolEe nl¢ t}
G T otAolmie|mrt HEHE ALE H
o MEHoly} AlgFEH el whepr BE e}
7} B 5 e ez AzrEch SevelelA
SHEE A8E BH, A8AFE AR W(steamed
rice)oll e otz golnlol =yt HEEA] ghghon,
ER AENME 36pph, AW ABNME
854~1081 ppb, 2"WollAl= 30ppb ©]&}, AL
51-283ppb FEE AEHAUTE. FAFFH ALY

2 598~709 ppb, H]2ZIL 115~241 ppb, FHX] ¥
glo] A& 341~1896ppb 4 HAch(EA 4,
2003). 7t =R L AFoht Y 52 e v
oA g 2xoA g AEFELS A olmdg
olulo| =7} HEHA FUAY vig A HEHAU
th AAR A7 HWHOYE &85 Wel oladeln}
ol=e 34 FEE pgl®E A Ut} & HZ
A&¥ otadolulel=e] ke 3 BA(1009 %
Aoz AMRE o FEx2] 4004 o), 2
EFcyox Hujshs Al B3 1008 ol B
<& Reolt}, ARt ofmdolulo]ze] 4l 3F A
FAFe 74 pgoll EXG Aoz guiA o) A
A 3T vhe ol FAOSH WHOE A3l
) THFAO/WHO, 2002).

71GAE B2 OI3R0IONIE My 2

HES B, BrehE, AW, 2d3 @9 Fo
2 o]Fo|z] flrt. AFo] sIEHY ol FAHHE
£ HEEE A FHL 318 Bl dojdrt
Aadez o e NEL IPEES Pk
b ol sieHEEe] A&l A, Fv], 237 F
A 71993 @t HFe] 74 QEET 85 g
$E° OFE AR 7HE HE 9 olmEolv}
ol= AA7I1FRE dthe AL wif olEe Y
olghil #etelo] vt

ol golviol=e] Aol thsle FEE AL 7}
g HF FolA ctadotrte|=e] AFH7L FAo|
M A A= 9 73] F9Y7t she Aolth. FAO

Table 1. Detection levels of acrylamide in various foods and food product groups from Norway, Sweden, Switzerland, the
United Kingdom and the United States of America (FAO/WHO, 2002)

Acrylamide levels (Jg/kg)

Food/Product Group

Mean Median Minimum-Maximum  Number of samples
crisps, potato/sweet potato 1312 1343 170-2287 38
Chips, potato 537 330 <50-3500 39
Batter based products 36 36 <30-42 2
Bakery products 112 <50 <50-450 19
Biscuits, crackers, toast, bread crisps 423 142 <30-3200 58
Breakfast cereals 298 150 <30-1346 29
Crisps, corn 218 167 34-416 7
Bread, soft 50 30 <30-162 41
Fish and seafood products, crumbed, battered 35 35 30-39 4
Poultry or game, crumbed, battered 52 52 39-64 2
Instant malt drinks 50 50 <50-70 3
Chocolate powder 75 75 <50-100 2
Coffee powder 200 200 170-230 3
Beer <30 <30 <30 1
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o} WHOE 259 BRI, 718 A& F9| o}
Agolulel= A7z dis) @2 Asiart Aot
I AFEE AR, 95, 2992 283 d)
vitle] A Eskaige] elmgelnol= A7)l T
3 AF AAE AA A HMottram er al,, 2002;
Stadler et al., 2002; Becalski et al, 2003). Al 4
T2 BE 7MGAE Fo] olAYolrlelxe 4 F 3}
gojjx FR83 H8E A WdHe wkge]
AHE olgln FAEr WdBtE wkee w3t
B3 wige] AR olv|iite] sthyEZo
2 Mo MAE gAsks 2, 7RI Ee] ¥
3 gbg AAsked vl 83 9E8 @it
Hdzte dhe-2 Ao 19129 kAol F3r)
¢ Louis-Camille Maillardell 2l8] FH =T YEE
ATHMaillard, 1912). o}F wjget= yhgol thgh 2
E3td A3 AAEL o FH=REE 2EE
v} QlchParliament er al, 1994). o}g&# HYei=
ukg AMEES B4 Fisbeol disiME 32
FHEE 8 A, THEITHLee®t Shibamoto,
2002).

HA7pA] 712 FolAle] ofadolnie|e QA F-
B AFAZ acrolein, acrylic acid, o}v|x=At, 28]
2 oAtz YA T Az WHEE Fo
FEE FRFLE AN 2 B acroleind
acrylic acides ol Eolujol|=e} FRH0E ¢ #
A " vdels vkl Fodshs e B
8 ARgolz}t 7189l HH I Foll AwelA fe]
H© wiglyceride® FE A EHE 35HEloA -
NARog ZEL B} kX9 Hae A7A)
N F Ea@e JFH A7) obdg el

e

o

5 10 20 30 60
Time (min) at 180 °C

Fig. 1. Production of acrylamide from various N-glycosides;
[] asparagine, 2 , giutamine, O methionine (Stadler et
al., 2002).
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Ak &, A9 A7e] Y AN Hoe
zg o] obd HAAR A e 287 s
= H3 AelM 3 E e olZolrlole F
(424 nghkg) Bl EL 447 pgkgel o}z doln}o]
=7t AAERE Aed Hol XA s e
0] HAjolAe] ofsigotutole Ao T AP
A7t ehzhs Aol UFEUKTareke ef al,, 2002).
ofu|icAite] A4k, 2 AAEE 71EAFEFTY of
Aolrjolz=e] FE A opd AR BHEH
Art. wEkA oA AFEE HE 7P §8E FR
T omiity) FHAAFEEY, #F $)9 HA
& zZhgl kgl mlYEs HHEEE ofo| mof
A5 Qdek 9=, 292, 299 a3 Ao A
THES 4 AT AT FE o] FEE HN3
&t et wdet= wkgo] 7MEAE Fo ol=md
oppfol=o] WPARE FEYL olfe=, EA7 €
HFE A A7 AiHer e ¥ A of
Ptk &S] okamElye FEka A, wider
E pkge] B ThE gheEQ #dEE @siEe
FEHE o ghsle 7] HEQ AeR sidE
Atk ofvjieAt FoM s PRI FRo 53] @el
¥ oliuleizlo] ¥ ol dolntol= AAF o}
AlieAtolgtal BALEHT o8 oluleAtE S Ix
S vdets ¥hg-E A[AH RO} olm¥olrlolE F
EE 2T Aol dd otxmeizle] & o}
Aolrlo|= MYTFE BTHFig. 1). ok=ukEzlol
ol dolrlol= el FE ofrimAlolghe A
& 3183 dW(Fig. 2)& ‘Chemical & Engineering
News'ol} “ofzigotrlolz=e] v]AE{2]7} Erhet
= 71AFE Fd FEEArk(Yamell, 2002). 2924

OH
HO&& HaN NH,
HO oH * YY

OH co, 0
Asparagine

OH
HO’X:C;\&—N NH NH
HO W 2 > N 2
o - 0
Acrylamide

Fig. 2. Proposed mechanism of acrylamide formation by
Maillard reaction between asparagine and glicose
(C&EN, 2002).



714N EZ] Acrylamide 69
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z-ohnH, VoMo Sod &
Loon TSR T A AN
o ~OH o R, F L?Q’ R,
Amino acid Dicarbonyl
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Fig. 3. Proposed pathways for the formation of
acrylamide after Strecker degradation of the amino acids
asparagine and methionine in the presence of dicarbonyl
products from the Maillard Reaction (Mottram et al,,
2002).

/H
2-C Strecker

vigde d7EL vdats wge] £7] 2HEel
N-glysosides®l] £3-& G50} ojmagolujol=o] A
A 71&E AEEEA, FHEAE o83 A4

= olagolutol=e] ©Agl g FAbYo] ofiyt
gzlolA fEsithe AE FASATHEFg. 3). ok
&7l ex FFEN (glutamine)] 43E %<
olagctulol =g XrFdae] whSolA AAAIH
(Mottram et al., 2002; Stadler et al, 2002). o}
iyl FFERS 743, F, AlEA], 3F 5
o XEE opnxAMEE 4EA U XN o
A3 ofmgolrje|=e] A4 71FE W= ¥k
A Eolgta dAs7Id 53 Aol wol Sl
AFE A o8 vt o] Fie| AFrt g
3 zgFolt}, oigk @A vl ZFAHA FL vt
g AF Fof olmgolulolre AN HEI} ofx
Hepzls ey 5o P 3 videi= ¥
< ARE §F3 AWA, ofiamEzl.olagolnlole
o] AAAAE ]8T ofFZHolulel= A4 Asf
A7z} 43E) sl A oFelee RAoirk EF
o] o]@o] olayYelulol= 44 7o r FHHHECH
A, 7HA; Foll wE) ok2uEzle] R Aolste
2 g olxwmElz]l g%g 7zl #AAE ddEH

hd W . R
120C 140T 180T 180C 00T
Temperature ()

Fig. 4. Relationship of frying temperature and acrylamide
formation (€17, 2003).

olAgolulo| = AAo] AEle YA 2R ¥
g g 5 Ag Az dagn gepr ofks
17l RS JAske AR =48 fHAt
2 74Ake] AfEf Z)go] MdE Rom A7t
71E 4 Ee 7HEERAS olAYolrlols A TE
A7 @) FaEe] 7 A7 &k, I8A
g A Wy Fol vl$ Fa% ARNEE HHAT
& A7 xF AN 248 B o olaY
olulel =7} A HAATHFIg. 4). o FHlM 43
H 71 %0 wE FAR] Flo] ofmolwlo)
& BAeA zhatel FlR] Feleo] 2], 7FES
27t B&TF olagolulol=Aye] golig &
olatarhEbAld, 2003). 160°C oAt g Z3 7
AL AEA 2000 ppb ©]4e] elaAYejulo|zr) B
A=A

OfzEOI0|=2| =4

HAe ofAelule|=8] A dATe &85 F
Fgell #3 A Sl AUiFY B4 A7l =
gEle] gtk #Ha MEAE Folx EA7E HA 4
o7 HFshe olagolulelzel B tiE @
Aol HAFHL e AAeltt AT B4 dATe
Al mFEe] Bol 8 7EE Agdoloix #xjrt
e Hr dEX ] @t vs oAfn 3
7R e oA olulo|Ee] BEAJL QR B
H, FEo werEAolw Q7telA AAEAL 7}
A5 glem, A4 "9 wgell g3kg 7Htia
ollrt. #AA wetEz #AE A7E acksly
B, olagolvlel == ‘probable carcinogenic to
human' 8 oAX = Wdeel4] BdE oA FH
o] BZe] =& EEfAEoRHES] Holo} FA
ol Ao oAA g} AFVHA g A7AH
o o]at ofzigelulo|nye H X F(rodent) FEo|
A 9& FEAZITh F(Sencar and A/J mouse and
ICR-Swiss mouse)E ©|-8& A@o)A uF-2} Hdj
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ore FUAZTHBuUI er al., 1984a, 1984b). kX FF
olg A HY FEo) A% Asjolx, HHa
A ARR-§E oA Yolulo| =] Kol LF FobA
(75~300 mg/kg/day) HE ] &g =o] 7]
HAE AR Ao A% &% olge] ol=¥
olufol =& Fogl FHeA FAHOE fo¥ 4
HAZ 8, mammary gland, A3, A4, scrotal
mesothelium 2 A F4L FEdcs B
LE A thJohnson et al., 1986; Friedman et dal.,
1995; Damjanov er al., 1998). ol31% FE4H 2
A 7HAI ARgellA oladolnlel=rt ohE Rt
71 she AEo dig 98% sigg Helrle o
HEZ FErR= Aol AA o8 el "ErHEE]
Adjeltt AAE MABRANFWHORINE o
Yolujo|=of| ot AW/ HEAHE 0.07%E v W
A FZ2837 e A3 o T(EFAO/WHO, 2002). 1
olfEe, AR HA AR FEHYANA A}
28 ofagolulol=e] &ao] UF AURA ETh
© Aeolth. @ Fxe ofmgolulel=g Fod
Ay T8 54 d¥ol A MAFoltt. EAE
SEAYAE clzgolrlo| =g B BHA HA
=], g8 Ko W& Alge] AAHAH e
S2g 53 HA He AR ofagolulel=r}
2R gy Ao Fedga it &, WEHS
o (matrix effecyE 223 A3 Wio] zeH
of g}, Fgl, A olmYolrlele] BHL zf
Jeie AFE AHY RE ofZdolulo|=E HE
3}7) wiEoll(Tareke er al., 2002) 2% o] HaEH
ofagolulol =9 k2 AelA E4E JelE
Yrrhs g4 297 EATs el 282 vt
A F Fo olmdelutol=e AFIF BHIIAY F
= ZEYE AMEEY] AARE AHEE EAglen
2 9l oA zzof tig WYMol L 75
A% wjAg 4 it

A g olzmdelrlol =g HA AFE,
Collins 5ol 23] A AtHCollins et al., 1989).
IELS 19253004 19761301 HA ol olujel:
of =&d A[AAEY YIHFE AR EY ¢
RIRIE ¥a] FAFHCE foF FE9 AolE
Ho|z] ¢kt Collins et al, 1989; Marsh et al.,
1999). X3, olagolvie| =g tFe AYAES]
At AN 3F71E B ol goinlolze] &
2L ZEAHoR A9 Ao JIFE 7XA
R Ao2 FAFEU Y Marsh et al., 1999).

,;:\]/Nﬂa CYP 261 (|)>\rNHa
! ’ |
0 0

Acryiamide (AA) Giycidamide (GA]

Fig. 5. Acrylamide metabolized in vivo (by CYP 2EI
enzymes) forming Glycidamide.

olAgelute|=e] QIA W 4L =8 o $g
7t sl dhe A olaPolulel= 1 A4
BHr} 19] thAlaHESQ] glycidamide©] tHFig. 5).
Glycidamidex> #7354 EdolH, F o olzFo}n}
ol=g AL w HHEF A F AE W%
whg-Ado] & gifHEeltt. £3], DNASH whaAde] A
A eF BEE o4da ik olagepwle| =9}
tHARHES] glycidamideo] WHE @t S8 H7p =
o] #H BRI ACh(Paulsson er al, 2001). 3}HX]
gk, At Aoel sl QIzk AelAie] glycidamide
AE ARk 4 YWk Callemand B8 ch
(Calleman, 1996). HlollA 8= 28 3l iz} 7
82 9338l glutathioned glycidamide$}= WHg
Bl ol glutathione?] A BE 7)=ke] o
o g HAEY A gycidamide?] 5L AUA
WellA &l &ty s 3L rHSumner e ol.,
1999). ol=Z¥elvulol = Fo)A giycidamide ¥ of
Yz} glycidaldehyde®t 7 tiAl AHER2® H§E
t}. Glycidaldehyders 7488t o] (mutagen)©]
i DNASH & ykg-git}, ofadojulo|=9) 724
2.8 HFAE ol B ¢(acrolein)®. THAMME R
glycidaldehyde® WHEAITH #HE o] 88t A o}
ARHRIS WY BEHE BolA] Ut dEVME
2 ofmgolulol vt oA Rl Ea] Mo A
4 g8l g FYE dodlye IMures o
o7ty HWskal Ark(Van Buren et al., 1977).

2002'4 129 American Council on Science and
Health= 189 HIAMA 4F Fo ofzgo}ln}
o|x9] Ql7ke] Wigl 7hgol dis) ojuidt AAFH F
Ak il #HE U cHRogen, 2002). FER =9
AEEAY AE7IEE ol ™olnle]=9] NOAEL(no
observable adverse effect level)©]l 0.1 mg/kg body
weightths & 72328 A8z Je He
Atgte] ¢tofl A rheAde wig W F3R0
(Shaw$t Thomson, 2003). 3A|¥F o4& &) {HAE
o #EAHES ulHe] FDAY o#3] ofmgolule)

E9] QA wbsHe vASeT 2L o)
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o] #AIE el FARA oy o 4%
ol

2 %

20024 =slH1e] FHANFYANM AAF A5 7
Y FANA otmgoprte|=rt HeHUThe B}
A F AFRel B4E ol elniel=a] 447
A3 540 e B FAe] @ 3771 AU
At B3 1do] A <t AlelA B8E A4
7173 2 548 wihe A2 wf ook dA7
A dHR YA71AE ofnmat Fo) ofidEilol
#E33 192 WEske wdE WeE T
AR ETE o8] A5HE TR, e 717
Bl i Ar= s APFolrt. AR, HF
7H F4 7HE AT B 257} ol dolvielE A
el wi¢ T8 ARE olFE& AL FYsirix
wgEn. okmdorle| e £4 dA7e ¥ ¢
B3 o ddo] WAHo o &Y FAE ¢
F Ag X8t 7R otaYolrlel =7t A
oA &g FEdchs A7 Hie A3 i #H
& HIEY dAFAA %8 oA o|R9
ofzgoluto| =] UMM Y H&F 7FeAFe
A SE37) wis PE dolrth AT 2HAE
o] FhE 7] i e F o Odd HEFEE O
Feg ofAdolnlel=g BHE art sleH, 4
F3 A HAA QAN gdrEsAdel eAE
43 tFgsteiof & Aojrt. EF 7HEAF <t
A49e 3 BAg71Fe] 2AT ofadotrlels A
4 A E2 el =8 H Y AME
B ot dotutoj=e] AR} Aol 2L EF
ook & Zojr},

EHAR| &

2 =R FIUEae] |7 Ades £y
om, ofel FAL=YUT

=
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