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a7 = 4
ZRe) 9AE L 23 2H0 BYE 6
HzFel QAR P 23eE RO 2AE 7
AF2sEY APY 2= 10
V&3 A=A 11
AANE P 25AAY ABAH AR 11
AAE P 23AAE Fulx AR AHE QL 772 B 13
YA P 23AAE Frlz AR AHE R 7)71#Y A 15
. RIVM?] AAAZE FAS YF 2AF 423549 BALE e 18
Welsh Felo) AANE Y 22 - 2sAAY Folx
24 °|5% 25
%3 v]99) QAR 9 22 - 23AAE Fulx B o|FF 25
Wu)sh Felo) YAE Y 2e) - 23pAAE Folux
27 °5% 29
%3 vlee] 9AE P =2 - WA B)ux
=3 °lE% 29
AAE gv] 28 2 2394 Fu)d FTHEE B]& e 31
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YA A1Ee] xE] W AZAAE 8L AT IE ceeeeeeeereensansenned 35
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3 Ea

AR T TblEs B, 7 5 FAMAREEH AQHLR o) FE &
A= 735taL, 23 o] thin] AFA HEH22A AREAI7} =
32 o JECFA 5 SAPZIFAAE AF F 552 ¢d48< gusr] 9

S AA Hh AP olgstel Al 4 712 AART Ytk B3 77|

Mzt AT FEAY AR} 23 FMast a¥ER $48 A
5% 717 24399 4% 97 ARE wgos 4F JA ¢ SF]
449 HEHY FAth 2L § F oL AWE EAs: Frlund
AN F5E3 AolHfol FHE AFANAY F5E Aoz A% AF 43
A ANES Aot S 2B

ool B EEAAL ST S5 AEHS HEs] Flulx Fh 7}
40 9 3% 3 Wu), Aelg NEF F X, IS A%l AT 43

of gt AAPZE (bioaccessibility) s FA3Fsth. RIVMeIA Xililé‘]-_T'_
U A &stadd AIWHS FE3ste] xg 9 23dAE AAHTE

J7ketaL, o|2 A3 dLdAHHZFS FHI A 719 s 5 7Y =5
T3 v, Wit AFEE 27 5708 AAEE TEke] AR A
Y X (AF), Gk (Y, R 2 &3 dARE Yre] F 53 W
E ARE 35iv. 4 9AE AEFEE 183t 9AlE 100g 9 FHl&
2 Fruli: S AETeEd 27 ¥ &39AE 2 °]FF(mass

balance) S 7}t w38 FuIARGg 24 A5(2008~2010) o)A Ak
)

H

o
r

of

o

=9 W A Fe A%d 9494 o] §3te] HAHTE HE 7 w4
2 d9AF=EFE FAS JECFAY dAGASFZEPTWD I vl
.

2 xE Fo AFE 9o 2o F AF AR 9 Fus P37
== Wyl 0.046%0.004 mg/kg, E¥] 0.401%£0.012 mg/kg, =
11.1£1.0 mg/kg, w®Yg 9.0£2.6 mg/kg oG, Fr7ulE=  ¥n



0.039+0.002 mg/kg, &7 0.052+0.004 mg/kg, ¥ 5.294+0.510 mg/ke
FEolgoen, ol AFYIEFIAAY 24 TR FAEATG A FIFFE
kA= 2012, 2013).

Hu) e} Hu)o] AlHHA e o3 PR FE o8] Fu|xe] 88%7F FHa3
geom, X3 uge &1, wF AAe oA FulxE 27%7F FLE3F}A
AR F= oy AL LstrFe T 231d F FEF °]E3 FAHH
RAHZES Fv2e] S W0 57%, dv] 39%, £ 15%, 99 29%=
FAE Q. Frlujxe] BAHITES W] 50%, A9 23%, ¥ 21%=
A= gt getA A8 FEO vE &3t 9 BAAPITES BA
AA=E Fels: AAHIZE HEA 9v] 43%, 9] 61%, % 84%, ©
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1.4 &

T

1>

F F FNEE B, A § TAWMAIRYEH AR LR o|FEH &
AZANE &3k, A3 7o)l trin] AFolA HEHo2A A3EATL =
I 9}, JECFA(The joint FAO/WHO expert committee on food
additives) 5 FAZTANE AF 5 25 dA4 e Fus) A9 9
4 W7k A0S ol gl Al A A1EE AR Uk 53] Folat
44T FEAY AR 2P TN} AFES 4D ANEE 2
A 2gRGY 4% AT AHE dges AF JA B A1Ee] 44

2) =

ojltt. 23U = F o2 AHE EAS= FUIvIke AW F
)

ol

NES ATHAE 298 Fo A xEA=olt. BAWA F AF
o] ATeEE U3 L@BA HolHE £3L WS & Aow A
glom, NFozRHe FAY HEE AT 7EALe] FrHez AES

2012939 SUdA #92 F Frvl: AE: A 9 2 F s
7} ol43HE wp glew, 201436 FUHAA ez FEEAE AYI}A
9 XA digse] 7]ER] o)ite] Fru|&vt AEE HEEE A
B uh Sk, AF Fo] Frlulkel diE FES] olgpdtEo] ghow, AF
o 2HY 2+ u&e] Y dE & ASEHT o

Hlas 7718H FIFHE EF g £5 5 (metaloid) X2 27
de] Bxslx gt (Smedley, Kinniburgh, 2002). f7]8]&el 8|3 F£7]
H|&7E 4] o & Aew ¢¥A gow, +571 3¥E By +371 s¥hE
o] £l o & ez 4¥AH Yrh(Lee et al., 1988; #ISH F,
2006).



Qubdel wao] UE AAxE A2E ogd AFH S84 4l
(Del Razo et al., 2002; Meacher et al., 2002; Rahman, Ng,
Naidu, 2009), ®¥]& #8371 A HE= 25 T F7PF di-Es 2
A3k YL, o= HE AL Bl FE FUIE|E FHE olF I
Eolt}.
oju] AAF oz FrIn|&e] FAHFFN W 3 ATt @€ol FHEH =
Hol YT gom, £E44E AW ¥z S4T WY olBe] Al o
A geHer FE3| FHE ZIAUL A w€eo] RuEEz g
(Brandon, Janssen, Wit-Bos, 2014). u|= 37 B3 (US EPA, US
environmental protection agency)dlA+= AF HAFZFE AU S
T F7Iv&e] FEe, HE & 5822 FH AU SeleE Tk 3
8ol #F3 x| (reference value)E Y2A Foy, dAx= 1 FHo] ¢
A o= AAsta JIoHUS EPA IRIS).
vt SUA gz AFAFE AR w=2d, FAA gl 7
T2 AR 26 Bola e, xR A AL, vF 2 #
H S 9 I7H nlEsged AdEez 2 AHA¥E Edd
(SCOOP, 2004). AFoFEMAA "AFF F55 HAJYAT. CAE
S F HEFAA FrIule] sEI AdFLes A dEda g4
FoeFEeHAA], 2012).
Al FolA L] vlaE frula JHG FrbE JHE BF HE
Z18l&E EAA o2 FHE EAsH, Fo §3E dEE &
29 AY F5ELS 4 50 ~ 95%2 B3I JY(ATSDR, 2007).
gulzl oz AF F FFS5 A% HUHA, 245 HEFEAA dAME AH
2 AAME 9 EAAAE AX EH9E FIFE5 $EF AHEskedl, ol AA
AA =% s FAE7E D 5 e A7 A wWAEE vEE Al
T FHE A8, S04 AL 100%° 7 F5¢ 22 AFe A
A ANFFAHAEES Y= A2z 7=,



ATEEANA 7P 2 94F=
AA AWl & § v &, AVFFES 39T 8] o
£ A7 F2 71E AA Al B FEZ FeAe] U
ole] & AT U} 579 Agds F&3te] FLuAF R UE
Hog EAE A7 & & 27 szl st HFAH A g A
=& (bioaccessibility) "= Z-&3l9 A £32d HES APsixn
2L 3, 7]E] vl ST I Aol FEIE T AT 2 A

8¢ 1T ANYAE MwYsnn Bt

2 AT SEYE S5 AERE AEse, TN FHD 5 9
L st 2R AF 2% F ux FUE §2 FE B2 AUF
8T 1A YARH=ET U 99 22E Prhskus san

A, 24 dF AFL AR (A1), devks(Ed, W) 2 &3

H & g FUEE EE SAS, &3P eR AT AR
< HUthska,

-

P, 24 g AE) GAE FE ol 234 PAYIES 2
Wlze] AAYAT L A% AF £ Frhshgnh



1. 974 &

& Hgste] Folu L B4 H5Al

2 AFANAE S Shel A5
2 g Agste] AT A B
A

g 2F 3 9w, Auis HZF F R

AAHZE (bioaccessibility) & A3t oA AEo] dxw Qo]
T o835t AAHFITE FE FF HE dIdHIA=EFS FAHEY
JECFA®] QA¢A4ZF(PTWI, Provisional tolerable weekly intake)
3 v|xskara} g
rs

ge3 2.

2 479 &

4 Fuag Bz
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S 4

508 %

A
-3} 36.5 C ]i 1
.08 o
6at 1200 12004101713 219 me NR2

244
B 5 LR 2h +6nlHF 2h =9 B
pH 6.8 pH 2-2.5 pH 6.5-7 2(‘17557(‘)1—5;) 1_%% A]i 3
50
: 9 Y 2% 8 AE 4
FH4100 nt = =
Ry g A& 5
= i
23 A 0 #3t A& 6
36.5 C
FF4100 w A 45g e
. 6ml 12ml 12me o] x| 4 LA comen
B S 1) =
i (a7 B "5 min Ay 2h +6mEF 2h 9 "% A&7
28
pH 6.8 pH 2-25 pH 6.5-7 2(,17?)%2,) 7395 A= 8
A¥FE E Al® 9-11
50g S %
35‘%‘% ¥ < EEES AE 12
Wy g A& 13
2 #43
S 3 -3 L) A
33 AIXF 3 w05 ¢ 1% 14
= < 5
% el L 1200 1200401713 i L P
35414 8 29 (@7 B 5 min 9 2h +6mlFE 2h 2g H
FFF100 m Zg)
eH-308 pH 6.8 pH 2-2.5 pH 6.5-7 (152,
2,750g) 282 A% 16

aY 2. 359 QAR Y 259AE BN BAE
-6 -



Hu by

A50g

_ A20g

A50g

| A20g

A

-4

B35

(RA2)

13
I

B g -150m¢

EX-WN

5l

aakd

20 min

X - 50m
éa%i

ST

37 ¥,

150 me

Z8 20

i
Hlx17]

36.5 C
4.5g s
12030 gy | o
gy —5— #A9 > h +6mEF S ' O o
min
pH 6.8 pH 2-2.5 pH 6.5-7 (152,
2,750g) 1-@%
12V
¥ ¥
137h2 s
¥ H=5
36.5 C
AN e
(conical
6ml 12ml 12me4] o) X)) a4 cst?“r:ch;d -
(az g4 —5 94 o +6mFF —5 B O B
&) min
pH 6.8 pH 2-2.5 pH 6.5-7 (15%,
2,750g) 1?%%

3% 3. HEF AR L 2sAE BAUY 24

-7 -

g 1’

A= 2’
Alw 3’

A= 4’
@A)

A= 5’

=% 6’

A 7

A= 8’



T IFA18Q Yu] du| 2R A8 17H A8 16714, 2FA =
Z 5o AL AR BE AR 8 7HA, WRFAR F v|de] AL A=
1’ 38 A&7 742 5 E4355.em, Frjulxe] S, AAHIY 4
S H5k FHAA AR 1, AR 2, AR 155, SIZFAA AR, A8
6’ , A= 7 & E434 (3R 2 ~ 3).

2.2, AF&3}ndTA

aste 4T AF F vlaBAE AP fskel ATaSAE $P
FEAEL ARG AF NG A3V P MLYE FATTEAS
AA3EY (RIVM, National institute for public health and the

environment) 9|4 200439 748k QT 23RS o] &3 Hrub )
1T S ) HPH,H w3t (RIVM, 2004).
AF43tY AlxE Oomen 5(2003) ¥ Versantvoort 5(2005)2] A

=

Azz-§= 7HE .

sa3trdo] HEEE A7 W AEed st 250 wt A7EE
4.5g< F3gct. T3 (pipet) 2 AFEY 6 e F3 FgEetrad
71 F, AR(36.5 C)ex «9% wjekr](incubator) ¢+Fe] ey
(shaker)9lA 55 rpme= 587+ Aers9c). 3 (pipet) o3& QTN
12 = F3t A&z 718 F, $9 A4 2X7F A%544
t}. 93 (pipet) &2 AFHIAZY 12 ng F 3t AZFe2A6 F713F
T HlE JFEF 6 e FHIk AZETEIC FrrE FUE 276A
2217 A%, dFastdAGdE W A8 50 o0 9E F(conical



) =) o ) =) = S = =] 2o
tube) ol go} 15%7F 2,750 G ZZ A AHEHT F A7 1YJ&5S
¥l 50 ml Y¥ F(conical tube)d %A B F YA BHAs ).
£ 1. AF2hsd T4 4E 9 g

e} Y A 02 A
FHas  §% TFHex §% THa:  §% THas: 4%
inorganic solution
KC1 89.6 NaCl 175.3 NaCl 175.3 NaCl 175.3
10 mé 15.7 ml 40 me 30 me
g/L g/L g/L g/L
KSCN 20 NaH:2P Oy NaHCO; 84.7 NaHCOs; 84.7
10 me 3.0 ml 40 ml 68.3 m{
g/L 88.8 g/L g/L g/L
NaH2P04 KHZPO4 8
10 ml KCI 89.6 g/L. 9.2 ml 10 ¢ KCI 89.6 g/l 4.2 ml
88.8 g/L g/L
NaySOy 57 CaCl, - 2H,0 HC1 37
. 10 me 18 ml KC1 89.6 g/L. 6.3 ml 200
g/L 22.2 g/L g/g
NaCl 17.3 1.7 m NH,C1 30.6 10 nt MgCl, 5 g/L 10 me
. m mk m - -
g/L g/L 3
NaHCO; 84.7 HCl 37 % HCl 37 % 180
. 20 ml 8.3 ml - -
g/L g/g g/g J
Organic solution
glucose 65
urea 25 g/L 8 ml " 10 m¢ urea 25 g/L 4 ml urea 25 g/L 10 me
g
glucuronic
- - : 10 me - - - -
acid 2 g/L
- - urea 25 g/L 3.4 ml - - - -
glucoseamine
- - hydro-chlori 10 me - - - -
de 33 g/L
Add to mixture organic+inorganic solution
| 145 BSA 1 CaCl; - 2H20 9 m CaCl; - 2H20 10 w0
-am e 0
@ Tamyias e £ 29291 " 922 gL !
uric acid 15 mg pepsin 1g BSA l1g BSA 1.8 g
mucin 50 mg mucin 3g pancreatin 3 g bile 6 g
- - - - lipase 0.5¢g - -
pH
6.5 = 0.2 1.07 £ 0.07 7.8 £ 0.2 8.0 = 0.2

%] : Oomen et al. (2004), * £%] : Versantvoort et al. (2005)



AE A pH =7 A7k
4.5 g
6 ml E}N” pH 6.8
5 %
12 mt 9 pH 2 - 3
2 A|Z+
12 m¢ A o)=Y
+ 6 m 9E pH 6.5 - 7
+ 2 ml HCO3_
2 A|ZF
A
uF
(+2318 EFE)
B
w

min, 55 rpm, 35 ~ 39 C
asted gy 24
¢ Versantvoort et al., 2005; Brandon, Janssen, Wit-Bos, 2014)
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AFE F FuE YL AFUFGAX AFTAY AEHS wsid

FREAE B X9 A5 0.5 g=, A9 H$ 0.1 g& &7
(Vessel dl #H3d, AlHS, 9%, &394 2§ F dAET 4599
7S IAAES 2 10 g T F, ZAHHNO3) 7 i FAS A
(H203) 1 mtE F7F5teo] 792 (hot plate) A 150 CT=Z 4087 «¥] &
sstgitt. Au|AAZFANA Aol 1 mt FuslEE, Jdu|EI F 47
(VesseD & &3] A3 & vu T4 44 €9 Z4HNO)= 1ml F
7tk 71713 S ¢5F vpolazst AE A (microwave) ol H 4k
#453 §7](VesseD & Yol f718< $3MAFAY. I EH23E AE319
23] A3 &N 2&FE FIHE 256 i THET. 0.45 m A EAN
(membrane filter)® o33} APgAez 3n, F=23 Sg=v A
ZF 471 (ICP-MS, Inductively coupled plasma-mass spectro
-meter, NEXION 300D, PerkinElmer, USA)ZE #4355},

12 -



ol u] 23 7}

\v

9

&6 © 6 88

717184 A& #4834

ICP-MS 7]7]1&4

I 7. A A &3 Fel: AlE AP F 7Y ZdA

- 13 -




2.3.2. F7]4]

A
.

B
Mo

AF T & Frvx 24Y
H @A RS wsten, 3 4]
2 47(2012)9 siikE T MEF v&3EE EAMES

59 A%, 1 g& 9% F(conical tube)dl ¥ F, 5mM Malonic
acid 10 mi= F713t9 5&7F 43 tk. 80C %% 7] (water bath) 4 30
el 2280 o] AL 43) V2P F HE 58
7 2853 3T olF 4CWATAA 247 YAR F 10272 3,000
GolH A& s ASdAE 0.45 m A2 (membrane filter) &
oJzhste] Aggedoz stu, n4% A azeiedes] SEAYE Fopzo)
A% 47| (HPLC-ICP-MS, High performance liquid chromato
—graphy-inductively coupled plasma-mass spectrometer, Series
200, PerkinElmer, USA) & &4 3} ¢},

HNzFe] 4$, 0.5 g 9% FH(conical tube)d F F, &5 10 m
= F7Fte] 80 T2 1A% §¢ =3 FE33th. °|F 10&3F 3,000 G
A YAET F AFYE 0.2 w FA7] 9JF}7] (syringe filter) 2 o3}
ko] Ao . ol AV} ol AT B ¥ AF =
e T8 dAEEE F AT A a=vEadY FE22F E9=
}

S 14 -



Ao o]43 Y& I HPLC-ICP-MSE A14£3 7]7)184

a3 8. 9AE o &3 Frlula A8 X 9 7)71EY 2A

- 15 -




g3 = TFEZ(SRM, Standard reference material)
= Aol g AFEE FR3}Y fFads AT dF
EFEHRE nIFFYPYFIFAFA(NIST, National institute of stand
—ards and technology)l4 AlF3st= 2715 (Standard reference
material 1568b, rice flour)E AF&3tstt. AAERE 7)1715AH7A] A
A& FLsHA #4355

O "=
HEIA(LOD, Limit of detection)+= 57§¢] wv}&3Zk(blank)S A3

T ZEHAE AAEEY o] e 3WE HEHAE, FFIAN(LOQ, Limit
of quantification)+ ¢ EFH=}e] 1091E AESTHAE 3T

Fv&: 2 vEF AESA [ng/kel

=3 B As (1) As(V) DMAY MMA?
zs 0.005 0.0004 0.0004 0.0003 0.0003
Mz 0.005 0.0112 0.0238 0.0732 0.0098

1) DMA, Dimethylarsinic acid
2) MMA, Monomethylarsonic acid

- 16 -



O A

3

)

& 23

r (

Al xd] A§=5E= AEEH2H(RSD, Relative standard deviation)
2 EAZFF MIAE vl ZFIFEZ SRMP-1568b(NIST,
USA)9 #4L& F Y AAEY S usew,
HPLC-ICP-MSE #H§3te] 2433t &2 A 371 wl&, 571
H| &,

Ju e
L
N
=
P
Mo
Ov

F7lv]2 % DMA(Dimethylarsinic acid), MMA (Monomethyl
-arsonic acid) 4 ZIA= v|FIHIEATAA AXSIL e AT

24 55 {9 =3eH, vx FE I HFEL 94.6%= F71E
o

T& -S4 E DMAY MMA?
A% 5= (u8/kg) 92 + 10 180 + 12 11.6 + 3.5
HAE 55 (ng/ke) 87 145.3 9.2
358 (%) 94.6 80.7 79.3
A 2 FH x
:RtlD) (%)} 2.5 2.5 2.5

1) DMA, Dimethylarsinic acid
2) MMA, Monomethylarsonic acid



2.4. AAAHZF (Bioaccessibility) 3

VFEIRY ME2 A3t AFAHFE s o AWE So& & o

-3 = A7t AFE AH F ol
7P mE &3t 24< 7PEEY. AR
=& (bioaccessibility) 2 #1%33# IS AN F AU=2 Soes HlEs
2. AT =239 S2ES FE 274 AUE FaEBRE, AAFIE
- &3 AR Fo JAY 7Y (Chyme) 8] 4= HE319 =534
(RIVM, 2004).

e
ol e

Incubation time

contaminated matrix

‘

Mouth | saliva |

# — —— min

Stomach | gastric juice |

Small intestine duodenal juice +
bile

4,— it -~ hours
separafion

i

| chyme | | Remaining matrix

+ analysis
bicaccessibility of
contaminant

a9 9. RIVMS] BAHZE FH< AT dF &322 24
(24 : RIVM, 2004)

Z2F W A BA B2 AAHTES o AoE AT 5+ o

7}4 (Chyme) 9|4 8] vl AFE
Bioaccessibility (%) = x 100

Ao A9 BlaFE
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2.5. 4= 2 A4 B

AFL ATANE T3 & =FHA =Y, SUAZYE2A] NE
AEE AolAAFRA Z2FAA F7 F 90, v, AEF F X, "9
AR S A2l
F8 28 HFD FF7F E o AxFeAE dFE Aol FEt 29 &
A== vk, AFH QTS A, 3~64l, 7~124], 13~194], 20~64A,
654 °1F, ULz ro] FHE Aol FH wWE =E37HE 33

N

N

1>

E 4. FNARGkzA Auel g AT o ATH Ao 4P

AT 2 HolHHF [g/day]l”

A SE
S|
AR A 24 3-6 7-12 13-19 20-64 65A] ol
o] 5} Al Al Al Al s
A5
[kel 97.3 12.5 19.5 37.1 58.8 63.8 97.7 62.9
g

B Aol A

Wu]  179.8 85.5 117.9 167.6 172.7 182.6 216.4 187.3
| 4.0 2.2 3.2 4.8 3.1 4.1 3.6 4.1
% 0.9 0.0 0.01 0.1 0.01 0.01 0.1 0.1
u] g 8.4 4.7 6.2 6.0 5.7 9.2 9.3 9.2
95"9% 2} 0] g3 =¥

wu)  364.7 179.4 224.1 305.8 364.9 372.7 397.2 379.5

A 23.0 10.4 18.4 25.0 21.4 25.5 20.5 24.3

d
= 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

L 53.4 31.8 37.6 42.6 38.4 59.1 59.5 59.1
+ E3 - AT FEA (2008-2010)
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A7t 9@ A= (Hazard identification), =% 7} (exposure
assessment), £3HF-S-H7}(dose-response assessment), $J¥NxE ZAA
(risk characterization)dx}2 ZP=}(US NAS, 1983).

v &2 A FEjol vl BFesol Wt v 54 93 Ed 54
dgo] BF el HAH(US EPA. 19935 US EPA. 1998 ; EFSA 2009;
ATSDR, 2007).

=EYUHE B3 AFLE2NHE Fu& W FUvE HIAES AAs 9
353 7}l ’“*9']' t}. JECFACIA F7|v]&e] PTWIE 20119 A3 359
7] el A=A S Hot Wil A Astien, Fujie HFH fME
= € A% X}i% Faste] JECFA (2000) €A AAska 9= TDI, 50
rg/kg-days AALA7|EL= 3t AE315iT.

E 5. A T35 AA g EF gk &5 vk AR
=4 AAHH  HF 4
9% W42  Endpoint % POD, A=<7 =g % 23
=
=3 HA371¥E TDI
O AdEE(rat) 9 A3 ==
A (A /e F) 350
O Endpoint : A4 59 50
. 5% ° pe/ke JECFA
i i} H743A WA 1:8/kg
Alg -week (2000)
O POD : 12mg -day
(PTWI)
-g-methylarsinate
(BMDL)
O 45 F ¥& 157 s
} N A3
g o3 47
7 15 ug/ke JECFA
A<¢l O Endpoint : 3§, A%, #¢ -
v & -week (2011)
O POD : 3.0 ug/kg—-day
(PTWI)

(2~7 for dietary) (BMDLO.5)

- 20 -



A o A FO dis AR A8 RE 12 7HEAIE7A] F 53]
5 2A%5ew, Hu) 7474, e 7470, X 3770, W]y 337HE &4 35t
FHl& B4 A5 F 2187404

P A L HE sET YAR 46.414.1 pe/ke, AHSF(3
3]) 10.4£3.3 we/kg, AH F BY & 2.7+1.3 we/ke, A F £ &
27.714.1 pg/kg, AH F W 17.2£5.9 pg/ke ©lAck. o]l v|3] L3}q e
A FEE L sEE A8 &39L 13.0+13.7 pg/ke, F(AF)
76.0£23.9 ug/kg, W(mAA) 77.5£35.5 ug/kg °lRA}.

dvje] Z+ dAPE FHE FEE 9AE 40.9112.0 pe/ke, AlFS(33])
5.7414.2 pg/kg, AP F Y € 2.1+1.3 w/kg, AH F £ &
39.4%9.7 ug/kg, AIF F ¥ 22.311.6 pg/kg ©lit}. o)el w]s] 23}
A FEE L FEE 9AE &39L 21.0+33.2 pg/ke, F(AIF)
98.5+40.0 ug/kg, (@ AZ) 75.4240.1 ng/kg °]Rt}.

%9 HA=, JFE, HHE, I X, 239 F Fvi: JF FEES
11.1, 1.0, 3.5, 4.3, 1.9 mg/kgolAet. mI92 AAME, =dE, = v 9,
23t F FH|X: HF FEE 9.0, 6.6, 5.9, 2.3 mg/kgo] At}

224 i A dF &3 2y FHE F RE Aol del U=

& FES Y} 7.711.9 pe/ke, R 12.7+3.4 pe/ke ol At
HxFe &3t F AHE F IULE FES XOEFR) 2.710.4 mg/kgolx

Q(EY)L 3.7+1.6 mg/kg °| Q).

=
i)
(o]
L Mo
N
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£ 6. ulst Av] zstaAd Folk 3E

. W) F v& F5 [re/kel dr] F v& FE [ue/kel
No A 249
N Mean SD Range N Mean SD Range

A=

1 A= 5 46.420 4,136 40.900-51.500 5 40.940 12.037 28.000-59.100
2 232d HE-FF 5) 13.040 13.712 5.130-37.450 5 21.013 33.236 2.891-80.316
3 2324 #HE-ajA 4 12.725 0.877 11.600-13.700 4 9.825 1.242 8.700-10.900
AF el 13 7" A=

4 = F = 5 3.876 1.953 2.366-6.703 5 2.291 1.109 1.064-3.705
5 == &% 5) 29.040 1.839 27.100-31.200 5 35.140 8.006 29.700-49.300
6 A FER M 5) 18.640 2.743 14.200-21.600 5 25.700 8.223 20.500-40.300
7 Hk 3lend He-F 5 77.494 35.481 38.577-118.675 5 75.423 40.126 34.676-142.410
8 W A23l2d F8-wAd 4 8.325 0.822 7.100-8.800 4 14.400 4.073 10.600-19.700
33 AFH F 13 75 AlE

9 12 AIY & 4 4.120 0.446 3.466-4.441 4 1.872 1.168 0.515-2.872
10 221 A& & 4 3.535 1.632 1.640-5.556 4 2.407 1.914 0.661-4.574
11 3z A& & 4 2.814 1.312 1.041-4.095 4 1.588 1.207 0.227-2.606
12 e 3 5 2.747 1.308 1.679-4.913 5 2.130 1.270 0.364-3.443
13 e F 2 5 27.760 4,126 20.700-31.100 5 39.360 9.705 33.300-56.600
14 EHIFRE® 5 17.280 5.977 11.000-27.200 4 22.325 1.632 20.400-24.000
15 B a3led HE-F& 5) 76.043 23.921 37.643-102.394 5 98.479 40.001 63.069-147.077
16 ) iﬂi‘éﬁl 7—‘4%—“11"—;- 4 7.700 1.920 6.400-10.500 4 12.675 3.355 10.100-17.300
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No A 2A T V& 55 [mg/kel nyg F v& F5 [mg/kel
Mean SD Range N Mean SD Range
A=
1 A= 11.089 1.043 9.553-12.468 5 9.001 2.580 5.942-12.935
2 23tnd H4-F5 0.423 0.186 0.270-0.740 5 0.822 0.755 0.430-2.172
3 &3rd 2 §-4d 1.667 0.224 1.378-1.911 4 2.712 0.205 2.522-2.902
1z 7H8" A=
4 I+ F E 0.987 0.021 0.968-1.008 - - - -
5 Ve ¥ = 3.475 1.078 1.584-4.213 5 6.572 2.721 1.843-8.653
6 Vv ¥ WxF 4.340 0.706 3.540-5.141 5 5.897 0.864 4.504-6.869
7 A3lnd AHE-FF 1.879 0.909 0.312-2.459 5 2.285 1.132 0.303-3.066
8 23lnd A8 -wjAd 2.704 0.377 2.206-3.016 4 3.710 1.644 2.772-6.166
« 13 7% 5 E-dlR, vldg-%



Al g 255 FHsir] A3 AFe A ANA ZHEEHE AN

&, 3 FHEEF 52 23 &4 o] F¥(Mass balance)s FH 33t
2 & el g 22 olFF FAHNILeY, v

4SS AARE FE°] U= AAR 100 gol W v& FS A5

Hu] F A=, A F &2, 5D &, 2" PelA9 FulE 4 oF
%2 3.3 ~ 4.6 1g/100 g-cereale]®, AHS W B3 EHE 0.5 ~
0.8 1g/100 g-cereal, &23HANA= 2.5 ~ 3.4 1g/100 g-cereal, &3}
F ZAFEINAHE= 1.3 ~ 1.8 18/100 g-cereale]$it}.

v F A=, A F &, B &, " PelAY FujE EF oF
F 3.7 ~ 4.1 18/100 g-cereale]w, AHS » B3 EHE 0.3 ~
0.5 1xg/100 g-cereal, &3HNAH= 1.3 ~ 2.8 1g/100 g-cereal, &3}
F AFEANA= 1.0 ~ 2.3 1g/100 g-cereal®] $t}.

Buj el Pulo FiHE FuE FEE FABIASIE 75, £33
Aol AR ZEC] Wule vl FA] 3] yrol LstReAe] FH|E FEL L
32 Wu|z 2] Yol v B2 oz HrtEAG(TH 10).

2 2 A8 Fv)Ax %2 1.11 mg/100 g-brown algae°l™, AAS
0.16 mg/100 g-brown algae, HWHE 1.07 mg/100 g-brown algae, ©
F 5L 0.44 mg/100 g-brown algae, &3HeHE 0.22 ~ 0.34 mg
/100 g-brown algae, 43 AFEINAE 0.17 ~ 0.28 mg/100
g-brown algae°]$it}.

g F A5 Fu)& %L 0.90 mg/100 g-brown algae°l®, E¥
= 0.43 mg/100 g-brown algae, ¥ v]¥2 0.13 mg/100 g-brown
algae, &3l¥oA+= 0.11 ~ 0.66 mg/100 g-brown algae, 23} ZHF&
A= 0.08 ~ 0.27 mg/100 g-brown algae°]$it}.

%3} A2F 3 FvaE dAAY 29 F 239 3 21 oEum
3t ZREolAe] &3 olF%el FARIAY %oy, o= AR I

5

=2
Hl&e] 23 FHYE 3A e Ade 4T & @™ 1.



Fulx ol

=
=

W], o] A4 o

PEEES

Z23lnd
A4

Z3led
Ag-a |4 -
A g

HgE | 3844

b P
WA=

3342

MA gE

LLER LEEER

LA =

3344

HMA QL

3342

Al gl

A=

o
=1

— -
S

[129190-800 1 /8] faft Fln g lnlp £ §E s

a3 10.

FH| X 0] F

==

%, vl A A=A N o

\\\\\\\\\\\\\\\\\

////////
\\\\\\\\\\\\\\\\

ﬁ

1

12 7+

dA=

=]
—

[1aes e usorq-$Ho1
[ApRFlE b fE2

=

%3} wele] AAE 2

a3 11.
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1.2. ¥7]v]&

e ﬂ%ff 4% (Yu], An], X, u|g)e) W3] 2z 370 A =E 53

2 ks APste] F 60709 A=l wh3te] #4355

Hule] 7+ A Fr8lL: $EE YR 39.2+2.0 pe/ke, AME &3}
1.2 pg/kg, W(AIF) 1.1£0.2 ug/kg °1ivt. dwle| zZ+ dAE

F718)&: FEE 9AE 51.554.0 ug/ke, AR &23HNE 3.00.4 ug/

kg, W AZ) 0.9£0.3 ng/kg °|FHE 8).

X9 F7ul&: FE= 9AE 5.3120.5 mg/kg, Wl & 4.3+10.7 mg/ke,
ud X &3 0.2+0.1 mg/kg ot wlge Frn|: FEE A=
2.4%10.4 mg/kg, 29 v]¥YL 1.310.4 mg/kg, 9 v]g 23 1.5£0.5
mg/kg ] ATH(E 9).

Yol el Hule] AR F F/¥E FEE F
2 FREA ey, X3 roa 22 sz f{elA
“]‘E— 50% wgter SAFAGY. 24 AE B

T2 ¢k 859 o|Are
FH|& djb] Fr)e &
F A8 T FRs
Eol vjd) 22 F &3pqelAe] Fru|i FEI} FaES

o 23t FdsHAl AR 100 g F F7IR|& FFel ot =2 o

% $42 g
)

) F A=, &3d-dAR, 23 -RleA e Frv|a EF o] FHL
z+z+ 3.9, 2.9, 2.0 1g/100 g- Cereal°]°‘t]- Hu] F UAE, 23 -AA)
5, 231wt FEr|v]j& §F o]lF%e Z+ZF 5.2, 2.4, 1.2 1g/100
g-cereal°| ith. FH|&2 ’é%‘“ﬂr Al ") AR gAY Frux F
=71 Hu] AR RYG FdEolE E75k v}t L3R4 Fr)u]
e T 23] e} 2316 w3 I3y 12).

, X X, 239 -dHA XA Frv)a EF o5 7
ZF 0.53, 0.14, 0.17 mg/100 g-brown algae°]it}. 2 A5 4]
F718l & FE 88 2 F 23R AY EF o]FFe] FAHAY (O™
13).

> off
o
E
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£ 8. Wus} Gnje) Brjuz FE

F7 & FE [rg/kel
No Al 5228 N As(1II) As(V) E718] &
Mean SD Range Mean SD Range Mean SD Range
ER)
A=
1 LA = 5 39.182 1.979 36.773-42.058 ND ND - 39.182 1.979 36.773-42.058
s &3tnd
A 3.603 1.243 1.398-4.336 ND ND - 3.603 1.243 1.398-4.336
o T\ T
3 A= 1 4 1 1-1.2 - 1.074 0.186 0.761-1.233
AHEUHE - Ea 5 .07 0.186 0.761-1.233 ND ND .07 . 7 .
L
HA =
1 LA = 5 51.534 3.990 48.390-58.336 ND ND - 51.534 3.990 48.390-58.336
ANE £otEd
_ 4 2.960 0.363 2.462-3.243 ND ND - 2.960 0.363 2.462-3.243
q4-55
33 AR
_ 4 0.914 0.310 0.675-1.368 ND ND - 0.914 0.310 0.675-1.368
2EdYg-F5
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£ 9. 27 g9 Frb|&: FE
F718) & 5 [mg/ksl
No Al 5222 N As (1) As(V) 718 &
Mean SD Range Mean SD Range Mean SD Range

ES

HA s

1 MNzF WAE 5 ND ND = 5.294 0.510 4.971-6.200 5.294 0.510 4.971-6.200

12} 7bs" Als

2 12} 7+ A8 5 ND ND = 4.340 0.706 3.540-5.141 4.340 0.706 3.540-5.141

3 A3%lrd ALE-F4 5 ND ND = 0.206 0.060 0.139-0.301 0.206 0.060 0.139-0.301
LK

A s

1 NxF A= 5 0.152 0.007 0.147-0.163 2.330 0.379 1.984-2.861 2.357 0.368 2.015-2.861

1z} 715" AR

2 12} 7V A& 5 0.024 0.001 0.023-0.025 1.289 0.371 0.871-1.792 1.313 0.371 0.894-1.815

3 A3lrd AL-F4 5 0.021 0.002 0.020-0.025 1.382 0.447 0.899-2.063 1.476 0.480 0.920-2.083

* 7k FE 5 2-dlA, vd-E¥
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7+
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2
fu
=2
X
Lo
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B
- off
bt
o
I
. 3
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2

A3, A% 8 aned 453

3

T AFS AFsA A £ F9 E-—‘"]' AT F &Y Fo SoAE FY
A AEHTH (Y 14(a). Aro Ao Hu|gs 98 ez
wow, 3 HARg F HA AFHAA o @2 ko] u&st wiAYIE AL
E FUI9(@d 14(). AHx2Fe AF FHAAERYG 12 75 F FelA
ZdeEe] vt AU = Aoz yegtH (Y 14(c), (d). A3 A
o3 FHE YAM=E ¥ Fu|Le 37%7F AFHFE wAYzen, HxF=
14% AE7} AFF2 AA=JTH(TH 14).

=3 WA, WA o 23 AAANAE HlE FEE] A7t BEEHIA

. 25e A ARG zHAYS A W AL FHx FEI 2 2
ol (¢F 80% WS))E RolA skgror}, sjzFE ARE o] q7 £t B
So] zeENEFoAL W& FE/} 27% HEE AEHYG. 53] £ ul

& FACNA 7 &2 AAE(T2%) 0] FEEATH(TH 14).

ojg} Zo] Am EA A w|&Fd uiet AlF A Uz Py g v
&9 A AxE vk FE= A

ol ma A3}FHAe 27 FH|E W Frju|ie] A FFLE Wu:
33% ¥ 49%, vl 61% 2 76%, 2 84% 2 78%, w9 71% 2
0.4%% 37} dH (Y 14 ~ 15).
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(a) u| (b) Em

Hu] A% qu] FHl L ol E(%) o] YA = du] Fu) 2 3 o] (%)
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o o] 2312 R E= e
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(a) 9w

(b) Em

] A7 % ] 5719 & - 9] 5 (%)

60
‘
i
|

A LA dju] F7]H] & - ulE (%)

A4

EE= s

(c) &

(d) =9

X A% Q) Fr1H 8 g )& (%)
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LHEFF

F613)
2354

1 DA A R & (%)
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| |
| |
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=3 08)
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a9 15. 9AE vy 29 o
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3. AAHZF (Bioaccessibility) F4

AE WE QA 2F}EDS HEste] FEHES vES ol &3t AT

A AZLES 248

AFAT HAE Fu|&e AAPLE 2 xﬂi—'&} &4" ’%:H%EH ALo] 2]
AANTES AE3] B grh(E 10). 2] 9AeS Y 233 3
o] Fu|xe] AAHIEL 71% °1gen, AHsA &2 A2 2L e A
$E 48%, AFT A2 A B 55% FFo|Yt}. HFHew A(WYn) Y
dn)) o] zg F AHA &3HA N 3 Fulxe] AAPIES 48%°1 A0k
(2% 16).

HzFel He MR AR FHl&: HAPLES 62%, ‘B F
932’ o] A= 66% oYttt HEHo7 H2IF(EF nd)e =y T A
F A &5t3A N g Fu|xe] AAHTELS 23%°IAH (TR 16).

® 113 29 169 AFXE HE Frpvie AAHITE 2 A=
o} 2% A el AAHITES =3 2 dAEE IH &3
T A4 FruxY BAFIES 46 ~ T4% olFem, AT A2 A
WS 24 ~ 51% FFolfTh. HAFHez A(Yu] 2L dn))o x| F A3
Al 233 o 27 Fu)Ae AAFHLES 37%°1UHE 16).

HzFel dAs féh"r F7u)&e] &3 HAe T AAHITEL 22 ~
99%2] |2 HA=E FA=HUY. vge] Ay E2 Frnk ez JF
7t A ANA L] B0l 2 Ao EA4HYT. HxF(R)Y =28 F A
FA &3AA N T FulL BAAZELS 20%°)HHH 16).
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X 10. AF 45 9], dv], X, w|d) 9 2333E Fu|& AAFPILE FA
- v AAHTE (%)
A& A= N
e ki 93 range
w )
A= 5 72.1 1.1 71.1-73.6
AE - F AFNF) 5 54.3 13.2 44.9-76.7
s - AFF) 5 58.0 21.2 39.8-94.6
u|
A= 5 69.6 7.3 57.5-75.9
A= - AF¥L3) 5 33.6 16.8 11.7-56.6
s - F AFD 5 39.3 17.8 13.0-56.1
=
A= 5 31.7 17.5 19.7-62.0
A8 - 29 HYxF 5 15.8 4.7 9.6-21.6
Ll
A= 5 91.4 112.7 31.1-292.4
s - =9 HYxF 5 13.1 7.7 7.3-21.6

Y



0.0046

—
100g-cereal

ne-As/
100z -cereal

0.0027
ne-As/.
100g-cereal

(& B

1.109
me—As/100g-
brown algae

0.445
ng-As/1008-
brown algae

0.175
15-As/100g—
brown algae

(& B &

<AAAZE>

<AAAZE

15.7 %

<FAl 23 AARTE>

0.0041

s )
100g-cereal

100g-cereal

0.0016
re-As/

100g-cereal

<FH| == AARTE

4.186
re—As/100s-
brown algae

2.767

Te-As/1008~

brown algae

1.227
g-As/1007~

I 16. WA AFe] =7 2 231dAE F

- 35 -

brown algae

& AAPEE



E 11. AF 45 W], 9dn), X, w|9) 9 23338 Fr)u|& AAHLE 3
Nz A N 71 & AAFHITE (%)
iy EF93 range
w ]
A A= 5 74.5 26.9 26.6-89.8
s - ¢ HAFFH 5% 50.9 10.4 32.9-59.6
u)
A5 5 47 .4 4.9 40.7-51.9
s - F HAFFH 5 24.5 8.4 18.8-36.8
=
z9 W=/ 5 119.0 25.3 95.4-160.9
s - 28 IHP=2HF 5 31.4 6.0 22.7-37.5
Ll
z9 W% 5) 851.1 80.0 780.1-953.2
AAs - =9 H=EF 5 98.4 12.8 78.7-108.8
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3.918

g ~1As/
100g-cereal

g ~1As/
100g—cereal

1.978
us ~1As/
100g-cereal

4.182
ne-1As/100g—
brown algae

0.899
75-1As/1008~
brown algae

0.902
7e-TAs/100g~
brown algae

<F7]H & D

RS R LIEE o g

<AAAZE

<AARZE>

21.6 %

>100 %

a9 17. WA A Fe T ¢

(SR LI E-R 4 24 AARTE>

4.121
se-1As/
100g-cereal

ug -1As/
100g-cereal

g ~1As/
100g-cereal

FAMEEE ARSI

0.236
re—As/100s-
brown algae

0.028
T-As/1008~
brown algae

99.6 %

0.235
mg-As/100g~
brown algae

&3 Frn|& AARHITE
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L= 2 HEE

A2 FAH R JECFAA A HA7IES AAISIEL Qv FHl&dd o
3 AAFE 4% MR L49ES AAHITES WYY dYHA=EFH
A& kst

IR A7} F2AH2008~2010) ARANA =
H 2 95"% HAFAT At HANPrLE FYsg e, xy,qung% 3
g A7 Ade vnsgnh. 24 o} AEFT Fele
A& =S BRyen, dAnyt 7P B¢ JEE

BARDEE VIHAE W 7129 Fo} Ak wsge W AwHe
2 ot A%E Rgom, FAAL 08 4FTH vinsde o AAE

L
7b BAdH e g go| Yopxl= Z2AE B

B R M ERIDE E B 3
S 100 - —
=
L
L ogk24] o]sk
= 10 | -
o = a7t3-64
= oEl7-12
o A
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v, 2 &

A dE e A AT AN =33 YHT AL
Qeom, a3l Fo FAAR AFEHI vk AR AT FAS

F 7] fEAE A e, AF ds B9, AF A 59 39§
g FEtdse] A wE ARl T AFoBTH HAFEFE A
AR S 7HsAol I FES Fde A= F4F FEoH. A
AE T TFS AME7 Adse 9= AF dM=dA 24" 5=
=, fs57ke 7123 AAd 7PF 2ok H$-(Worst case) & 7MY 3H
71sta ok, $lgk 22 7]EL] Aol AMHIE =Y AHEds %’—‘1
o ¥ty & 4 oy, A AFAHIAE FH AUE SoE &
slolsly 7|=o] WAy} w)lw 7}

WA ol Sue| therg Alue

;0
fr

N

SEEE o83t 9ME 100 g
53 &“]»’f— 2 7]”]" = /}l-%‘?.}.‘li&ﬂ ze 9 &3dAE E4 °|FF
(mass balance)s= ¥7}3%c. 4 A F AR O3 Fe|&: HF FEE
Wu] 0.046+£0.004 mg/kg, v 0.401£0.012 mg/kg, = 11.1£1.0 mg/
, 919 9.0+2.6 mg/kg It F7]ulaE v 0.039+0.002 mg/ke,
5’]“] 0.052%+0.004 mg/kg, = 5.294+0.510 mg/kgFEelon, oj= 2]
FoFFHAA e A S FASIEATH(AIFLEF AR 2012, 2013).
FH|&e] AL, FRAAE FuEY e}, f2FoA = vgEY Kol o
Bol FEEE ez EuFE o, AF F FUul&e A FF F
Ae drl7t, SRR FAAAE ol F o ¥2 $E5EF R4t ouk v]de
A%, AFAFFSAA (2012)¢A = F7v|&7t BF ERECIR o
A= BF AEHAL, FRYE 3 FE2 FEHA

£ o] F%(mass balance)s &3] A & Fujx U Frv]x

I
m{w
e

e
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o EE 2T & YL, TF AR 2 T A W)
WAE Ao gasle], 4F F Frul: A Faos AN Y

A o e A bsE ABE 889 4 9T Ao B ARE
o2t ARG BE uE A SFe] Wulg Fulzh G2 vheht AlHo]
Hl Azl Flelshs AEE Bk 40 29 5 90w, ok 4% @
el e B4 Fuavk AFoR A8 GA wAGE S U999 Ao

2 2490 H=F o A4S AF F TA Fuast QAR 14% | 7}
FE BAAE 96% AEs} wAUst Fasgn, W9 A4S AT F B
A 47% A=Ak wALS Fastgch. FUAA AF A" Bl
FEARALYe] ST APBAARA, AF|FFXAA HFRA
AR Sl AFHT ok, AR UF AHe) sl AL 9
D Sl Agslds Aol dgdom, AEFE AR5 2
5o W8 PP AT AE shskeh £ EEA Hlx ARE He|

NS Bl zeERA Bl A% T 5 Y= PAoE, FF 4

T

<4

$ augoz 33 o AFSE AL, Bule AS HE 23 ol AlY
& AL ANG 5 dow, AEFe A%, FTAY U F BL 6k
A F ALHES VY F UL Aoz A

2 =
ATFEEE AT AUFFFS Yoz AAPIE
(Bioaccessibility) & A-&3t= el Utk A9 23RS 7539 &
el FrE olF AAAAE (Chyme)7t ZFAFFE 53 AR 502
T o= JMFsta o] & FAACNA Y AA FE wadte] 1 vES =53}
A Ao, o) AJE A7+ B ATAHF AU HAAE AVIE AF
59Jem (Oomen et al., 2003; RIVM, 2004), W& 7]&2] AT
F2 B AFAF A 3 477 ®eol RaE H(NIPH, 20065 739
%, 2007). AL T +F5Fe dxFYY HAFeF AL E: A
st AAATEYHS AT vl @A, 2010). AFel 4 AW
A& A4 HS AT 2347 200439 RIVMelA 2=l ow, 2
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d dF7F gAY BR3Ex QIYH(RIVM, 2004; Brandon, Janssen,
Wit-Bos, 2014).

RIVM(2004) oA A A3k Sl AUFFE AE A= BAC4E
(bioavailability) 3} AANHZE (bioaccessibility) s EF o531 9o}, A
A o]-§& (bioavailability) & &2 AUWFSF 2 AAVIAS 53 ZAE
FAsE Aold, & RAAE dFTLEIEFS H &5 AUE 9T &
dx ¥ vES AR AUEFSEFS TS A& BelA e F]
2 AAFZEL 50 ~ 100%FF22 (He et al., 2012; Signes-Pastor
et al. 2012; Sun et al. 2012; Alava et al., 2013), F7|v]& AAFH
&L 63 ~ 99% FF(Laparra et al. 2005; Signes-Pastor et al.,
2012)2. 2 sHAl9] B.3x]3 9t} (Brandon, Janssen, Wit-Bos, 2014).
xFe Fux AAFHITELS 38 ~ 87%(Lapparra et al. 2003;
Almela et al. 2005; Koch et al. 2007; Torres-Escribano et al.
2011; Brondon EFA, 2014)2, ¥7]¥]&+= 40 ~ 88%(LLaparra et al.,
2003; Brondon EFA, 2014)& stAld] RuE3 QY. & =F9qAE= £
v & AAFTES W9 58%, dv] 39%, £ 15%°lien, Fr]u]a A
ATES v 50%, A9 24%, £ 31%°)13th. ZAAAAF i) 7]
ol BuEx = ZAFAe FAEE Y, nge] Ay 7|E 7A@
g Frlul2ddA 2 SEe AAHIEC] AEH U

7182 AF F F95 AE7 2 AR LYES AHET HT e
AAZE H8d" LFEE AT AMHE/ME vRIAY. =59 S
nA}g ko] 2008Q%EH 201097141 ARE F3ste] dyE 2o
F= ESAUY. FHE FaH AFoU, MERF R AS d¥HE=E Ao
FE7E 22 e U ¢ U d9TeE Uriden, 24 °]3, 3~64,
7~12A], 13~19A], 20~64A], 654 °]&F, AA(204] o], AAH F
87/ L& Yol HrstRdg. AF F Ful&e %PTWI 34 Z3, U=
B 2HES AT AR AsEsE A= HYuledlA 0.30%, FrllA

d

- 42 -



0.01%, £91A 0.04%, w]1FoA 2.77% ©°]dctt. BAHZTES 2HL£F &
AEE AL3dS w HAH AMF7E A3, HulelA 0.17%, Fv]ellA
0.002%, 1A 0.01%, #1914 0.33% °1dt}t. FH)& AAHIZE HE
A Y= A7 v&L Wu)olH 43%, HuldAH 61%, FNA 84%, vl el
A 87% FEol1Jct. AYrF oz AFe) 713 2 235 AX ZA AR
Aol & FERY Yolx= oz =y, o 7|EL AF F vk
gk J77b Fost = S vhsAel dee 8 & Yo
721 8] AF F FF5 AMF/PPES A5 W v& 100% &5
£ 7HEE Aod, AAl 25FNA s AAV}t FFeR z*%%}ez% wj
o} A7t A JHsAeol Aok, ol Aol fote] AFE Y Toz U3
=+

o] o)
2 2

rek ol

X
=t

sgoze] g3o] ofele B ALt AANHIEL %
44 24 22E 4 9

A ATRE dEd T AEE F A,

A AFe vhrd AP BAE Fua, Pz FEE st o

[e)
T
Fo A7 FAIA7I 24 i AF ARE Z 570 AlFel R
o5
gl

of o

24 AF Ak HEA AE A7 Ak

F a3t o] {7]ul& FEe] IFaEe] 2 HxFe] Ay, FUa

(]

a2 FAAFAA LF 7wt EEe] FriuazE A3l

S g %
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EEAAE U 579 AsHE A& FUEER s el
z’a} % Wul, ?4_“]9} HA2zF F X, Wg9S A8t AFAF N AT A

F Fack o]z A3 dUYHHF=
"Zéw}ml 71E9 AR %E 716ke] =& vwstgon, AANHITE 3
4 57l wE dYHHA=EFS 73] JECFAY PTWIS H]L3gic.
JL A= b3 2o

o
off
-?L
OE., o

A, M7 = dv] 2YAFH Fu|xe] EF °o)F (mass balance) &
g3 2o 9AE = dib R AR AF F o 13%, ¥ 33 AFAH
< AT I 36%7F AFHFE o]F 3] AR "ﬂ""'&" 22 A
A= T 88%2 FvAIF HEHNY. X wgE AHT FAAA ¢
85%2] FHl& °]F°] AT RAAAME AL F ZolA 14%, H1F F =9
A 96%2] Fu|&7t °o]Fdte] AAEGew, nge £ F FellA 47%9)
FH| &7} o] &3] A7 A

EA4, &3}He] EA o]EZ(mass balacne)L 33 ). F
A E FFoe] FE 47% D F718|&E 59%2] E-elFel Jen, I
Z5E QA T Fux 13% 2 F7uk 19%7F 23tYe = o534

o},
AR, F1z HBF AALZE @) S Un) 57%, v 39%, % 15%0]4,

2 A& Hd AAHZE (D) W] 50%, v 23%, ¥ 21%% A=Y
t}.
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A, AQ F Ao)HFHF 2 BAHIES H 8T Fv&e dYs
AFFE o) HFHA 4.7 pg/kg-dayE, dAES] 57% FEoIRLH, Hr
= 0.06 ug/kg-day=, QM5 38% &, =< 0.2 w/kg-day=, Q97|
9] 15% &, v|9L& 9.1 ug/ke-day®, QA8 12% FFo=2 74239

o},

e

rg off
el

T

XA, A9 HF AolHFTF U AMAFITE L3I Fu|ie] dY9HF
AHZgL JECFAY PTWI tjy] Wu]j= PTWIY 0.17%, 8= 0.002%,
£2 0.01%, "9 0.33% °]t}.

Vel AT AAE Fo AA, U1y, BY S AP zepye] wlnsl
Ze 84 424 BAH0E AZT 5 YL Ao By =¥ 2
F wlashs gel, Aeld el Thslel 9t wlxel £37E FH AAY
g ¥7 @S Zoz FAHUT webq dels %3 ge] HoldfAol
e AF A% GAE SR 7B A4 A LA =25FRG F
H7hd Absgel 9tk 53 Aol A8 FF] ¥24% AAYZES B
W2 gl oz BRA u, o o4F AZT AolgHe ANT 5
& Relth.
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= ABSTRACT =

Determination of Bioaccessibility and
Risk Assessment according to artificial digestion

model of Arsenic Forms in Food

Han Seul Lee
Graduate School of
Public Health

Yonsei University

(Directed by Professor Shin, Dong Chun, M.D., Ph.D)

Inorganic arsenic is becoming a social issue even though it
naturally exists in environment media as soil and water system
because it was detected from commonly consumed food as rice.
International organizations as JECFA are setting health based
guidance level using ecological risk assessment to secure safety

of heavy metals. Specially, inorganic arsenic is a representative
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substance that set the health based guidance level based on the
results of dynamics research of taking underground water
containing high density inorganic arsenic because there was
insufficient compatible animal test data. However, there are
concerns that risk of food intake may be overestimated due to
the difference in absorption rate of inorganic arsenic in ionic
state in water and food containing dietary fiber.

Therefore, this study applied unique eating habits of our
country to measure bioaccessibility of oral ingestion by
selecting white rice and brown rice among grains and
fusiformis and seaweed among maine plants with potential
inorganic arsenic content. This study evaluated bioaccessibility
by cooking and digestion step by applying the experiment
method of external digestion model suggested in RIVM, and
measured daily intake and compared with the existing raw
material concentration dosage. This study purchased 5 types of
raw material by examination food and conducted total 5
sessions of repetition test of basic process(cleaning), simple
processing(soaking, blanching), and digestion stage. Mass
balance by cooking and digestion step was evaluated by
calculating total arsenic and inorganic arsenic content per 100g
of raw material using detection density by each step. Also, this
study measured acceptable daily intake according to the
bioaccessibility by age of object food which was calculated in
the national nutrition survey(2008~2010) to compare it with
health safety level(PTWI) of JECFA.

Main findings of this study are as follows. For average
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density of arsenic of each raw food materials, white rice was
0.046*+0.004 mg/kg, brown rice was 0.401%£0.012 mg/ke,
fusiformis was 11.1+1.0 mg/kg, and seaweed was 9.0*2.6 mg/kg.
For inorganic arsenic, white rice was 0.039+0.002 mg/kg, brown
rice was 0.052+0.004 mg/kg, and fusiformis was 5.294+0.510 mg/
kg that it was similar to the investigated concentration by
Korea's Ministry of Food and Drug Safety(Korea's Ministry of
Food and Drug Safety, 2012, 2013).

88% of total arsenic decreased compare to the concentration
of raw material by cleaning process of white rice and brown
rice, and 27% of total arsenic decreased by soaking and
blanching process of fusiformis and seaweed. For measured
bioaccessibility using concentration among digestive fluids by
external digestion model, white rice was 57%, brown rice was
39%, fusiformis was 15%, and seaweed was 29% for total
arsenic. For bioaccessibility of inorganic arsenic, white rice
was 50%, brown rice was 23%, and fusiformis was 21%.
Therefore, the revised risk rate of bioaccessibility by digestion
process showed 43% of reduction rate for white rice, 61% for
brown rice, 84% for fusiformis, and 87% for seaweed in
bioaccessibility of arsenic compare to the concentration of raw
material.

This study proved that proper cooking methods as cleaning,
blanching, and soaking process can reduce harmful water
soluble materials effectively as arsenic. Also, unlike arsenic in
water, it was identified that bioaccessibility through digestive

organs contained in dietary fiber is not high. Therefore, for
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food with high dietary fiber as brown rice and fusiformis, there
was possibility that it may be overestimated than actual
exposure level in risk assessment. Specially, the results of
study can suggest healthy eating habits as high dietary fiber

content is observed to lower bioaccessibility.

Key words : arsenic, inorganic arsenic, artificial digestion

model, bioaccessibility, acceptable daily intake, risk assessment
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