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Regulatory science study on a food
Ingredient intake survey and
development of new analytical methods
for food additives
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Abstract

In recent years, new scientific concepts that connect science and technology with the real world,
e.g., regulatory science, green sustainable chemistry, and science communication, are rapidly
evolving to establish harmony with the real world. Of these, regulatory science is a scientific field
that was proposed in 1987 by Uchiyama with the following principal objective: “regulatory science
is the science that reconciles the fruits of science and technology with the most desirable form for
harmony between people and society.” Regulatory science is an interdisciplinary scientific field
with a vast targeted research area. Within this area, one can find basic research grounding
regulations related to things such as pharmaceuticals, food, and food additives, which play an
important role in the prediction and evaluation of characteristics and impact when, once distributed
in the market, these products are directly ingested into the human body. In particular, utmost
attention should be paid to the basic research that ensures the safety standards of food and food
additives that are ingested through meals every day. I herein used regulatory science to examine
the results of an intake survey of aluminum present in foods and developed analytical methods for
food additives on the basis of the following three studies.

1) Estimation of daily aluminum intake in Japan based on food consumption inspection results

Dietary aluminum (Al) intake by young children, children, youths, and adults in Japan was
estimated using the market basket method. The Al content of food category (I-VII) samples for
each age group was determined by inductively coupled plasma-atomic emission spectrometry. The
Al content in processed foods and unprocessed foods ranged from 0.40 to 21.7 mg/kg and from
0.32 to 0.54 mg/kg, respectively. In the case of processed foods for all age groups, the Al content
in sugar and confections/savories was the highest. The daily dietary Al intake from processed foods
was much higher than that from unprocessed foods. The mean weekly percentages of the
provisional tolerable weekly intake (PTWI; established by the joint FAO/WHO Expert Committee
on Food Additives in 2011) from processed foods for young children, children, youths, and adults
are 43.1%, 22.4%, 17.6%, and 15.1%, respectively. Only the highest consumer Al exposure value
(>P95) of the young children group exceeded the PTWI.

2) Development of an analytical method for copper chlorophyll and sodium copper chlorophyllin
in processed foods

The food colorants copper chlorophyll (CuCh) and sodium copper chlorophyllin (CuCh-Na) are



used worldwide in a wide range of processed foods. I developed an analytical method for the
determination of CuCh and CuCh-Na levels in processed foods to effectively monitor the
appropriate use of these colorants. The proposed analytical method involves simultaneous
extraction and parallel analysis of hydrophobic CuCh and hydrophilic CuCh-Na without
potentially harmful solvents. CuCh and CuCh-Na were extracted from processed foods with 1-
butanol and ethyl acetate. CuCh-Na was extracted from the initial extraction solvent with 0.15
mol/L NaOH, and then, the residual extraction solvent and alkaline water layers were dried. Finally,
the samples were carbonized with H2SO4. The carbonized samples were ashed in a muffle furnace
at 480°C. The residue was dissolved in 0.1 mol/L HNOs, and the level of copper in the samples
was determined using atomic absorption spectrophotometry to indirectly quantify the levels of
CuCh and CuCh-Na. The performance of the developed method was validated by a recovery test
and application for commercial foods. The results indicated that the developed method has reliable
precision and applicability for the determination of CuCh and CuCh-Na in commercial foods.

3) Development of analytical methods for residual materials of peracetic-acid-based sanitizers on
uncooked foods

Peracetic-acid-based sanitizers (PAS) are antimicrobial agents that are widely used to treat
uncooked foods because they are effective against a wide range of microorganisms. However, PAS
had not been permitted to be used for food sanitation in Japan. Therefore, the residual materials of
PAS on imported uncooked foods had to be monitored for the regulation. The residual materials of
PAS components are 1-hydroxyethylidene-1,1-diphosphonic acid (HEDP) and octanoic acid (OA).
Therefore, the analytical methods of residual HEDP and OA on PAS-treated uncooked foods are
developed in this study. The developed analytical method of residual HEDP on uncooked foods
involves an ultrasonic extraction, a simple sample preparation, and an ion chromatograph with
tandem mass spectrometry. The developed analytical method of residual OA on uncooked foods
involves straightforward solvent extraction, derivatization with sulfuric acid/methanol, and gas
chromatography coupled with mass spectrometry. These developed methods were validated via a
recovery test and application to the PAS-treated various uncooked foods. The obtained result shows
that these methods can be applied and are appropriate for determining residual HEDP and OA on
PAS-treated uncooked foods for the regulation. Moreover, the developed determination method of

OA was applied to imported uncooked foods (56 beef samples, 34 vegetable samples, and 89 fruit



samples), and we found that OA levels ranged from 0.34 to 0.53 mg/kg, from the limit of

quantification (LOQ, 0.02 mg/kg) to 0.48 mg/kg, and from LOQ to 1.12 mg/kg, respectively.
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1.1. FFEEH

IR I DRV LA ORI & 2 ORI NEOERE L2 HRE ) Th 5. 19 il
PILITIEE o7 & SNDORF L EEDRE RO E1X, TEAFEEZMESE L7217 TR <,
PUEWE OBRFE 72 & OEFRELAN, EREE L & ORERN, RN X5 R REE
i Wolefifc ez b7 6 Lic V. Zh b ORMEEM ORI X 0 AEOREEIKEE,
SR REITBINIC S8 S I FN 1168 25 200 45 THERE 10 A D 74 B CTRIERIIC
R L 2. 20 &5 IR o BEIC L 0 ABOTEBI S IER Lz 2 & 28, Biftihe
DIERDIERE L Fp o 72 2 LITEREOT AW, L LEFAHEAN & 2 DR RIC K 2 b -85
Feaig, B O KEAFE K BFEFEIC X 5 -ERE RO E, REDRED 2 OPEHIC X 5 H
ERIRIEAL, RIKTHFAE LA W B RRIE(L I & D BREEG YL /e Uk < 7oA A L
7o, MAT, B EORERFIEL, BETEREREIICIY 7 2805 AhaORIK
WAMDRREDLL Z L ETRMMRICT A2 E, U N VORE LTeWbw 5 Hadliy - 15/ -
mfE 2 bbb L, ShETOHSBERT B HMEAZEMIT 0D ) ZoX
I, BHPEIROFRIRIZELRIC L ORT RERBEL 726 L Z EIFEETER
WS, IS DFRR DT 011X, BHrBdfr oy 2E R R iERnb D ThHZ L b
FFEFETHD.

ZO LD TR, BRI E B A L BT AR L L X 2T R Y
—H A TR, SY =P RTFAF T AT IA P =, A T RTAI 2 — g
EWVSTEH T ENEEICEELTWDS, 2056, ¥ aT b —H A RF,
PWILNZ & o T 1987 TR SRR TH Y 9, 2o BRI TR - Hilfoiis
B, BIZANEHBITEL R B LR E LWRIZHHE (regulate) T 57200 DR & &, &
HIZ 4 PR ER T, 2GS TARY ZREL L X 2T MU —H A= R T,
2013 FEDORLEEATEAF BN I W T TRFHEINORR 2 N EHRITRITH Z L2 HB
12, AR IS < MR T, FFAE, HIWT 24TV, BEREIRO RS A A L ks & oFfno
ETHROEELWVEIIHEST 272008 F] LERSNTND D ZokoicbFas
U =% A = 2T “regulate” 12 & > TREZRIRCR 2 BRI 2270 THRITET T 2729
OFFFEIRE B LN TNDD, ZiUT “regulate”DFF> THLHI, #l) &9 TRl 72
BRI TR, TRRFO ENTOIRIBICT 2, ERRREICT S, T 5] Lol
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BEWAEZATEY Y, BRI L EREOMSHE L OBEME L 2FENEH I TH
%.

BUE, BHZOMEHRBBIZESTL X 2T N — VA D ADORENRBH E78o T
Y, 2013 FORVFHMEARGBTIE, 74 74/ X—va UHEERZHE Loy 2T
LBHEO—ER & LT, EHEML K OERES OKREDRZ TR DRIITIT O 72Dl
FEMBEICBIT AL X2T Y = A U AFRIEO RREZKD Z LB RESATH
% O ZHUC Ko T, A HHICEIE S oA EI O TOR IR Z 2
BT L X 2T MY =P A AR EFRFESE D 2 LT, 1TEUC K D8 B o

REZYAR— b L, FH R PRI R Z FHBICHRIREIT T2 2 Ll sh T g,

F, VX 2T P =Y A 2 ZAMRET RGN ZESHICBON T HEHR SN TND
WRZTIERT D WO AR A EEMR L, AL LBEDNT U ADH RN bR~
DZAD AL Z W 5 I LEV, BIOHE O ADFE OH| W i TR EERSe
TRAF =ML VI AREOHEED b, THZLEXTEZETHDH I LR THE
REND., 20D, BBOLENEZHRT D72DITIE, BEOLRE G )T FTREMED
HAHEEZER (NP —R), TRbbAEREDRKNE R DEHRESC T A VA, HDHWIEH
R, TR R, FREEWEES, RAIIY, £ OMOBREFOILTFEWE, & HITITK
SEMESRRTOT LT EERRFET H L L BT, b NORBERLREMAICE XD
fEbRYE (U 2 27) ORRELZFm L (U X7 3#-fl), RIZCZ DY X7 g iR R %2 I 2
HDY R ERT L5700 EE LD L (VAVER) Mibhd., 72U X7 EH
L7eRERIZONW T, TR AIEEL TV AN E I nEE=4—L, b LA TR
WIGAIZIE, BENZSCTY A ZFHiiE V A7 EBEORE LA {ThND. SHIZ, 20
TRTOWRIZEBNTIE, U AZIZOWTHIFRRE (BER, HEE, 1THF) WTo
B - BRAZH (VA a3a=r—yay) REETHL. 20X 5730 A7FHf, V
AV, VA7 a3 a=lr— a0 3 DOEHENG IR LB OLREMEOHRD T H
&, BIEY A7 7T U A ERREN TS (Fig.1.1) 7.

BROIICBTHLX 2T M) = A T APRIT NS —HDO Y R TF U A%
KR DTDOR R E L TR S TER Y, i OFMEFIIEORE FIC & 8 IE
OHERF 2 EORFFEIRENT Y R 7 5l & 32 2, /Wb 7e 8IS X B Tl RS O By T i
VA ERE LR, HEAE - AEEE -ATBI O Y 227 38RO & Ot DL HIEE
BREFV AR Al a=lr—va a2 XA TEY, BIRNEEORFZSENL X227 R
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—Hh A AL L TROZEIZED > TS (Fig.l.1).

BHIZBWTHIZY A7 T U AREBERI AL DEFRSIFNMIICONTTH D,
BRALRIC L o TREOR2MZ @, HEEOEICZH 59 2 /8MIRINMILR < Tidz
HRWHDTH DM, HAxDEFED—EHTH DR P RN — RBREE LGS DS
IR T B HBIIRENWZ L, HEREORDZREMEL LV DITELL, BENRR
BYEOFERNPIR KO BN TND. HRIZBWTEMLIRING & 1%, RSFEEES 4 &I
L0, EEBEROT BN & 1%, B0 REORRIZE W T XUIREMHOMTA L <
WA O BRYT, RIS, 1RFN, 12EZ OO FEC L > THERT2WE2 05 L E
FINTEY, 192 12, TAOREZELR S BZANRL, 2oZ O/ AN EEE W]
ONOREZEEZ DO TRITIEZR S0 EJEAE C4F) rommEsnTng. £
DIZDENIZE W THUET 2 BT L2 ThHh oA THL Z L3R E Sh, &
B ETEBRICE o TV AZFHMBMTON OB, FTEIC X - TRE Sz kg 5Ll
KEONTYRZEHEBIN TS, S5, RECHBIIRE LZZT TRbODHDOT
372, ZATRELERFBLETH Y, THIOZ LML FMEOREL, FiFoR
AR T HHE ORFJEIC IR M B3 B 5. F7o, U AV M OIRAEL 70 2 1B LR
DA TR THEATEY 72 178 IR 23 3 O IE MR\ ELRS L, W72 FEUEDRRE & o
TV RVERICET H 2 Eonh, BRSO G #ANIEHT C1T i 5 Uit iE
DEMDE=FZV U TIZE>THELIND T —ZITEFICHETHS. LirL, Hil
ITBUZHE T 21T Y =R TO0>BLTEY, ¥ 2T M) —Hh A = AL+
FTHORNIWL 2o TETND 10 207w, 1THY VY —ADORIBUELEEZ BN
TDO—BE LT, HGEANTERT 7 £ THFEMICIT DN D BRI D538k Dh =4k
&, HRAREOHNE: L2 kD 2 A MR EZh & & 2 bk,

ZITARMILTIE, V¥ 2T M) —H A = RFROBAAH DO T, A5 DR

AR L, 3 OB IIPNT O W TEIRI 22 0O £ 5t B BAFE (2 B9~ 2 415
T oIz,



1.2, AFRSCOHTFEAREE & HEER

F2E AMFOTNVI=ZVLAEREOER LRGP LOT VI =0 AEIEHES
BRIZBW TR REIL Y v — k& Il# L CTE Y, Hazard analysis and critical

control point (HACCP) DR AICHE— S ion— REBLY AT AR I >oH

0, ZEMEOHERSCTTBDONRIIZ L > TS LR LIBMTTEMEOREEN RIAEND. £
DI, 77—/ VIR i il ClE, BRSO RS RNk 3 2 B R B 23
FEIZBWTRERR D Z LRI R 25 G0 E L, ITFETIEA # VT O HEBERIC
W, BEIOEAT DR E LA EU ORI E R 2 TN T2 O ARl E 2 S
L B RERGEE L oo W, 0 X9, KEICEBIT D EENRRR D Z LI
EDAFRE S LN & oD, BT RS OB EUERE — (AT 7B N MFET .

ZD XD 7 EOF T, EEEHKRE TH 5 Joint FAO/WHO Expert Committee on Food
Additives JECFA) Tl¥, BMEISINY) OmMECMABIE 2 & O Th T
OFEEAEERNICEBW T H B EEREDSE L SND 2 L2b, KMy
DFE— 72 B FEEZED ECHERERI AR LT D,

— 5T, TOXIBBEEETRESINDS LT TIEIAR+THY, EEORINESER
magaE L, VAZFMAEITO MERH L. L, EEORLHEINT 25138
sn DAEPE ST, ERETTE, B3l BRICK > TEZIZET 5. 2070, &
HORSEIN OV R 7 FHMZAT 5 ToOI21E, Z ORHL & 72 2B R O & ik ic
ITOMENH D (Figl2). £lo, 2O X572V A7 FHlIT4T L b EiER 72 S O TR
<, APERLETECOWTH LWERRE A G726 SN D EICHMI 24TV, KHET
SNEEFHEINDLIRE LD THD. TIAI=T A (A FI 3 URORX—F TRy
=L VoL TRMINIIMICE TN 588 TH D, 1989 ££IZ JECFA (2 L » TRIE S

sn 2 BRI 2 Al OEEMZA —EFZEIE (provisional tolerable weekly intake
(PTWD)) 1%, {E&EH720 7.0 mg (7.0 mg/kg bw/week) (Zi%E STV 2, #Hi- 728
FHHRNA B IZO SNOEICEH INTEY, OB ZRTELED PTWI X 2.0
mg/kg bw/dweek & S TIN5 1319,
FCARETIE, ENICBT L - BARaEETho Al EERAZIE L, BT 5 Al &
R L7z, Fiz, HEFHERGE & B Sz PTWI & O HLla 217 - 7z

®I3IE NTELFOHMI/ear 4L (CuCh) BXWRHZ7uvva 74V Y oA
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(CuCh-Na) ZHriE D%

W, 77V =2 I A MU —OHEEDM A 7215 & 72 > TS, Anastase 5128 - T
BRENTT ) = I AR =3k, WEZREL, B UISHT 2 L EITHED
ZIRDHXAEDRY, HE bR & LT, {BFaIcEB T 22t Eom b & REE A n
DI Z HRIZ LT e B BIfE, 2 OME&IT S IR S VA IR0 87215 ¢
37 AMDOBVF IR, HEEAEEDOLE TEDTALTFWEIC LD ) 27 O L, VY
AT WVICEDBREARORE/IMEE B E LTSS LTi-2x DN TERY, 7 — 12
TAFTTNTIA RN =& KiEnD 18,

20X S T HREG AL R R OB & Of, ARSI & DL BT
BWTHAREER E O E O BT EERREE > TS, BHARIZET S
BEH ORI, TREFORBIIND L] & UCTRESTBEN R LT,
WhLAEENLSERENTWSD, Loy LIEE S L Tn 2BRiko L, BIs s
T LETFRE L TWDHIET, BIECITAFEEDOR R H L EEZ LN TWVD A
PRI 2 LB L 95, BRSNS BREARM ORI WOIEZERHA L THL b0
M—EAEET 5. £, AFREOMEHITEOFHFERICL KR AR - a2 X K
& LTIFERINC O LDd D, 2072 HFIIICKREORBRAZVLEL L, Z< OLFY
EfEH SN BRI OE=2 ) 7 iricsn L, AFEREITS &L, K
O EZFTRERIRV IO L, 7220 mWair FIELZ B LER L T < B3
» 5 (Fig.1.2).

ZZTARBETIRY A7 EHDRDT-D, NEEZIEH SN TWDHEMTOH 7 v e
7 4V (CuCh)y BLOiZ me > ¢ U F hU A (CuCh-Na) oHriEot R & Y L
L7 E 1T o 72, NEHEIZ X D CuCh/CuCh-Na D3 HiiE T, BN AMEDERWRH 5
ymaaRVAEERE L TREL L TRY, BRE~ORE L ZRME~DBREN HWET
LHMERBH Y, £72, CuCh & CuCh-Na OBERENEWE DfEfib o7, 22T, K
E T mafL AE DTSRG O CuCh/CuCh-Na % F5HL L, CuCh/CuCh-Na % %)=
L BEER R R ITIEIC OV TIRET 21T o T2,

48 EHELATORMBMEARKS 1-t FrFX = F VT UV-LI-UKRAKR B
(HEDP) B I OA 7 Z VEROHTIEDBRR



BARTD R Y —_— 2 THREHABEN J0%BREL SN TEY, MO EEEA
BICHS>TWD. o, HAKEORMBEASND Z L%, HxOEFEEZENLD
DIZLTEY, ZTH Vo7l THEARMIIARICBONTROERNED E /RS> TND.
AATIIELTIDOERIIRST 4 7V 2 MlER->TEBY, VA MIEERRVE
SN 2 G e A I TE R & SV - JRIENS TE RV, 2072, AARTHEATE &
W %5 A TV LA RS RBEIC 2 25603 0 5. FEERIZ, Rk 27 FEOMA L
AR CIT A AR CRIBEO RSN Z A L Tz e iE R & e o o80T 44
i, W7 & ORIKGER, EHEEOBIER & OERIT 569 fFIZ L->TkY, Zibi,
i ERCIEREZ WS OO, AARDEEIZHES L THRWNE N F—ANRE I EEN
TW5, ERERIER S EE L7eFp & LT, mAREICRNsh T T ery 7 v
kHORER BT oD B, 7 a7 AT REORREGIEAIE LTI —r v G
ETEESOEAESNTEY, BRRPEVIWE Th -7, iz T,JECFA 72 £ D7
NS TWEn 9, ENTEHENIMME LTRIBETH 7. LvL, 7=u v T
A OTRM S VTG L A GO A RSP ENTBEL TWD Z ERH LN E D, [
BT oTz, e, ZOXD RERBRNEE LMY TIEk<, ESHIB W TR
2o THH S IVGRO - BRI G TR, ENICE T 2 EERRE I
DENCHAIND ARG 5. 20D X 5 RIGEITITRG & 72 5 BRI O 5L
Db OPFEET, YHRLIFMPORETEREOREBICENRNELRZ LR HY, Y
A7 EBOBLRD G HTIE L MENL T 20BN AL D (Fig.1.2).

Z DK D R FOPTHEERS, 2013 FITWFEIRRANC SOV T ORERER S iz, il
FERR AL 2000 FRWIEE ST A U H & RO ARER S OB 26 S ko 7o s
BCThs. LinL, BARTITEFFRRIANI LAY & LT 2013 fERF R CTIIARfEETH
v, mEEER AL S AR S OTEARD b TV ol ED7eH Y A
7 EROBRIND, WHRUAITOREHER S THD 1-t FrfrmF U7 -11-UF%
AR W (HEDP) 38 XA 7 & VORI O &% i3 5 IR & - 72 202,
Z 2T, RETITH AR T O HEDP B X A7 & VBRI WHEDBRFR 247> 7-.



1.3. ®&

DROFT )R

YA 75l VAVEH
ENTZHFOURIN R V%2R B
DN HETE LHDIFEZHD
EmTZE&ZER EHE. =Ka
e RE

HEHY T H—MNETE
LF¥ 15 M)A I AATE

YAYIZ21Z5—-23>
UZRIIOW IRk - B RZ23I D
HES £ES. TIRRE

- T
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B2E RMPOTNVI=ULAGHRBOERLEREMMNLDOT VI
=0 LMEHEHEE

2.1. iR

TNAI =05 (Al) FHEBRAER T D 0FED O BEEE, A FIZRWT 3 FHIZEL
BERNTVDNBEICE > CHEFICHTREBTH D, TO ALTIEKRLHH 205
To R & U CARICEAR T 2132 <, ET, HlEEAlZR EDEHREM, I a vy
RNRN—=F TR F =T EORMEMNME L TRIHEN TN D728, Eiliy - Sk
O TEIT 221320, BEL ALZIRERZ O F FHEIES L, MEICRIEn
7= Al (0.01~0.3%) &2 5 Bz R TR~ Pt S D Z ERH BN E > TN D
A NMRIZB DTS OB ZH > TV DT E < bho T, L LR,
AlDFEENZRHRHT 2WMELH Y, RIEERORMIH D bOD, K, &, LR EIE
L, ZRICEIR LG PIRMRCR, SR, ERICEEL 52, IWRERIETD
—[K & 72 5 ATREEAMER S T B B,

DX ) IR~ END, 1989 412 Joint FAO/WHO Expert Committee on Food
Additives JECFA) 1%, Al OEE A MEEE (PTWI: provisional tolerable weekly intake)
Z, IKEHT-V 7.0mg lZFRE L7- (7.0 mg/kg bwiweek). & 512, Al OFREERME, A4
FIEICOWTE FEBROMANEM SN TE 22 & 4&5%1F 2007 FIiE PTWI O
PITON TS, ZOHFETIX, Al & BHEICET 2 RS =MHEAMENTR D btz
70 & AVEES & ORREREICHE L 5 2 2 0TI ARH & F-l S 7223, BB Tt &
NTWVLbIERWERMSE (NOAEL) ZRH#LE U Tl RIRERSTRVIC A S - 7o &,
PTWI IZ 1.0 mg/kg bw/week |2 FF % € X172 9. Z D%, Al OFl O EIEF EOWE 25217
T 7,JECFA 1% 2011 2T PTWI OFHi 21T > T\ 5. EOFES, PTWI 13 2.0 mg/kg
bw/week (ZFFRE SN THY 9, BUETIERLNSERT 25 Al #2320 PTWI LLFIZZ
LHEOBEENLEELVEEZLNTND

BRICEHEENDANL, B3, B, ANEREIOKS HER ENOBMICBIT LR
RHERDAL Fiz, ALOFHHER ESCRAERR EN DI LIBA LICAIZR ERERICE £
NDHZENDLD, ZHOIEFAIOREREIZ S L THETH Y, AHEEO K530 L
BMICIRIMESNTZI a UNRNROR—F IR X — Lo B MININICH KT 5 &
EZ BN TNDM0, EEORFIEIZE T DR HOAHEBEHEFHI OV T ORI
KEW, K2 )L e—8) mEpEHY BV N ViR EoESOHIED S O
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DT TICRIN TS, LoLenb, £ OBEEREGHIEHIEIZ L > TREL
EREL->TEY, ZHTRHEFIEOEWNC L2 ZE8IINZ, BEEOEVDFIA L
EZHNTVD., b, BRMTOAIGA EIFAIZ EZLEMININDORINIZ L > TKRE
KE#HT 5720, BARENICET 2 ABBTE 2 &SI B o £ 5 tolE, Hilsko
T2 NOHEFT 2 OIFEY) TIE VW EBE X b, ERNOBEE LT, A
L DHFFERe, ~—47 v kXA b (MB) P 2L > TR LAz h—& 1414 h
AL T 4 B O T ABBEBUEHEFT 23 ThAL T 51519, 1996~19984- 120> F TiTho iz
MBikZ W58 Cl, S50 HEET 2 AlEILM A TLH 3.5 mg GHMERE L L
T0.42 mg/kg bw/week)® EHERF L THRY, BHINZPTWIZ B Z 5 2 L i30S
i, L LR s, MEZFgen 6 104E0L E2RRE L TR Y, BIEDRE I+ /0%t
ARETH D LITEFVEE. L2 > T, BUUEOARERUZ & 2 EFRERALICIL, DT
ENCBT 28T OAIGAERLZHEL, ENIZKEIT 58 M00 OAHEREZHEE L 7-
BT, B SIIEPTWNS KT 2 R OBE 21T 9 MEN b - 7o, AWFFETIE, MBILE A H]
WTBSESWHE - ETHE Vo BB L OIRAREIZRRL, FEELE T T X~
F-FEIC5HT (ICP-AES) Z W TIRA BT OAIGA &4 JE Lz, MIE Sz
DAREEIZEESWT, Flnkgn] (MR, 7, HE, RA) OF 'L OAHE B OHE
FHEATV, HH S IZPTWI E O iR 21T - 7-.

a RT T 471 BHRICERLZTXTOREY &R UREZ R CRZT ¥ o 7 108
BLTHLY, ZREoiratEt s 325 51519

b EHROBMOMEE RIS U CTHEN LA LLLEMZEHIL, BRE - Bl b 0%
oriTEEl &3 % k. (Fig.2.1)

o FHIZLHHFHE, BAKEL 58.6kg & L7-.
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22. Hik
2.2.1. @l3Rds L ONAR

HEE (HC) (A &EeBREH, 35.0~37.0%), fifE (HNOs) (K% /54T, 60~62%), 0.1
mol/L HNO; (FE & #T ), AUE#ERE (JCSS, 100 pg/mL) 35 K ONEEMK L F G Rk T3
(BR) 22BHEA L7z, BERAEEES (0.012, 0.06, 0.3, 1.5, 7.5 ug/mL) (ZAWEYER 2 0.1
mol/L HNOs. TR L TR L7z, & 7=, AL A L 727K i Merck Millipore f: %
Milli-Q Gradient A10 system Z H VTR (18 MQ-em) L72b D& A LT,

2.2.2. AEHHR

TV =0 LAEREHEFHIMBIEZ WV TIT o 7o, IR ARIC DUV TR i R
A (CER2EEREFE TR EEUEE - SREREORDIEN EGEHEE] (TE
IENESLAEEE - SRFEWFIERT)) ICESWT, BASERAEDR L > TV D TR H O
B OFMERN OB AR (g, mL/iday) ZHH L, IMTREMLEEEY A FE/ER L. F
ffEi3x1~6 ¥ (NR), 7~14 F (FFE), 15~19 (F4), 20 F LI L (RAN) E08E L. 7,
189FE DA LA SMIZLL T OTREZ /348 L7z, IR FAvkHEs K OBEL, 1RE: 84, INEE: 5
FOGHE, IWVEE: fUr, Wi JOUME, VEE iRl L OB, VIRE: bk LU 14,
VIEE: B, B3 L OMEMEE. RIZ, 18940 H 286 L /i # #E N A — S—THEA L 7=
(Table2.1.). M ENE <, RO BT —H G2 DENLNEEZ LNDHHEIC
DNTIE, 26 LIEBA =T — 0B ZIEA L7z, WIZ, ILAEMRERE D X Moo
TINTREMZHER U, EERLZEA LS BIC oW T, #REICS T THEE%
FHLUTERRLE. BRLZBMIHES SITRAL, 280~ —/4 v hx2 7y Ralkt
(MBEEL) ZFR L 7= @GHERBXTE). BMOEAICIE T L ¥ — (Knife Mill
GRINDOMIX GM 300; Retsch) ZfiH L, IRARHCITABIERE L FEEOKEZMA 2. -
720, 1B GBS KOECEE) I2oW TR E MR oo, fRBLOBELRTRLZ
AR IR K DA RAMIE L7 Ch 5. sIEFENT100 mLOKR Y =F L R B
JAZHTEL, T £ TOM-20C THRAF LT,

AN TR ELE335 H 2488 (11, 1, VB X OVIED) ICH¥E L. £72, ~—7 v FR A
gy b ARC LI ERBEMEKTNY O — B EREOHNE
[http://www.ffcr.or.jp/Zaidan/mhwinfo.nsf/98a5d7b766af9bh492565a10020c601/1100115ac3d2

3£fd7492569d800171034?0penDocument] (& H-S TN LA L & [RRE (A 5l oo R0 T
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BAEREY 2 M AERR L2, WRIZ, 3380 HAOR SO RN LB M ZENA—/R—L A
H—2y M@ U CHEA L7 (Table 2.2). L5 ORI LA &M LM & RIS
TAMMEREY 2 MCESERA L, 130OMBRE 2RI L2 (44FEREx3EE (11, IVEB X
OWVIEE) + HIEE). INEEXEEE B OB IR IC K X RN T o T2 - DB ORE - LT,
FRAZEMBEEHE125 mLO AR U =F L 2R MUZpE L, 5387 £ TO-20°C THRAE L 72,

2.2.3. ARBREIR O

2.0 gDMBRE &2 A e — I — (8L L, 250°CDFE v b7 L— F Tk, b L7z, &
512, EXUFTL00C/hOD FiR 51 C485°C % THEA L, 485°C % —MhMERE L 7=, WA, 5.0
mLOHNOyH,O ()2 ZEM L, sy b7 L— bk THf L%, B TR L=,
JRALERE & D B O MK TR 5, 5.0 mLOHCI 212 fFER Y b7 L— kTl Lz,
JRALEREF % 0.1 mol/L HNO; CTAf# L Digi TUBE (SCP SCIENCE Co., Baie-D'Urfé, Canada)(Z

[E1Y L, 0.1 mol/L HNO3CT50.0 mLIZEZA L7=.

234, TIVI=ULDEER

A RED A 0 7E £ 13 Optima 5300DV ICP-AES (Perkin-Elmer) % iV 7=. ICP-AES @
KRREITLL T om0, W5LEE, 1.0 mL/min; 7Z X~ H A (Ar) ik, 15.0 Limin; i)
AP, 0.2 mL/min; %% U v —H R, 0.7 mL/min; RF/X7 — 1300 W; I EHKE,

395.153 nm.

235 M LA ORI LRI HRO T V2 =0 MEHREOHER!
Hinjg = & OFERIAI— HERGEIL, ICP-AES/OHT TIIE L= OK B RIET OAIEH & L, FingZ
EOBEEIZSE LT, LTOXEHNTRDTE.

Di (mg/person/day) = Ci (mg/kg) x Xi (g/person/day) for each age group /1000

Di (mg/person/day): #%4F i) OFERIAI— A HE

Ci (mg/kg): &MBEUEN &R S Li-AlE A &
Xi (g/person/day): kg IC 1T DA MO — HIB R
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Tz, FERBOAI—HEIGEE (Y) IZLLTORTRD .

Y (mg/person/day) =3 (D ngvin) + X (D nar, i, v and viry)

F7o, BFhEOANEREIE (W) XL FoRX TR 7.
W (mg/kg bw/week) =Y (mg/person/day) x 7 (days) / BW (kg)

BW: &4EHE DA E (/NE; 16.0 kg, “FiE; 36.5 kg, 7 4F;56.5kg, A ;58.6 kg)

2.3.6. MLEMIZE D Al mHEEREHERT

BAFEEICBT DI LRSS ODARBIED 53 Ai % N—t U F A LI LD KD,
A 5 e )V OB R B R D50, 90, 95, 99.5/8—t L Z A LA B LT, £3°, AR A R
BTEOMBIT—% (NIR: 16191, e 34191, HF4FE: 253914, kA 327871F) # 4 LiZ
BRAEE (IFVIEE) O— AH 70 OBREEDOLWINT &AL 5 B ONEA AT T 2470,
TR fE B DB0% LA & I R —F H8RIC BB B 2R L. S 61, @Rah o amA
DAEDREICE T, TORMFEORREREL D AN—T H720DHEIE (%) BLUE
BAFHE L. RWT, FEfinE 2 & OREBIAI— B {EHE (mg/person/day) % 3 U, FiH &
NIZABEIREZ GG LAI—REIRE L L, FEIc S —t A MEZ RO S
51T, Al— H vk & 2 2545 AR E (2.35.20) TBRL, 7 (H) 43 ClEH#EIE
(mg/kg bw/week) % H L, XPTWI (2 mg/kg bwiweek) btz R 7-.
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23. BRBIOEBER

2.4.1. RBRIEO

AOHE TN LA OMBRUEE (IVEE ) Z 7RI L2 EME O HERZE (o)
123.143% F U -l & MR (LOD) & L, & HIZLODIZ3% F U 7=l % & & [R5
(LOQ) & L7z. £7=, AT & B RIS, MBRUEE (11EE:/NE)Z 2547 L, LOD, LOQ% %
L7z, Z0Of55, LODI L OLOQIE I - I T 5 3£120.1 mg/kg, 0.3 mg/kg Tdh - 7.

AREOBEER L OREIXRINEIGRER (n=3) TR L7z, RADOI T &R LR
INTEMEEOMBIUEHTAIZEIN L, [EIUGER 21T > 72

ANRINEN, SREOMBRE T OAIGA &L FRRE L Lz, TR TORIMELER
BRO®EE, [EIRI1E83~113%, FHXIMEHE(R A (RSD) 1% 7.8%LL T/ -7z (Table 2.3). %
7=, AR TA M OEIUF181~106%, RSD (X18.5%LL F7Z -7z, ZOfEHRE, ®ihHFITHE
T 2 BRI T 2 RBIEO YT T A R 74 A2l L= 8 2 A% BICRIZR
I T ) A HTEIIMBREN T OAIDE BT FRETH D L EX Bk,

242 MBIEIZ XD - RINT AT Al OFFE &

IMTESPOAIGHEEZHE T 570, Rl LA/ - FilnE OMBRE 2 54T L
7. Table 2421277 L7 K 91T, INL&EM D SR 472 AlN%0.40~21.7 mg/kg Td> > 72 Al
DR L D> TNRICHORE » B8, 898, B3k KOS, °F - 28 (VI> 11>V
> THY, HAREOBEWVITBIE SN -T2, Fi2, 20T —X 15 ERAIDE TR
BVIEETH Y, ZHITEEAR EAIZEDRLBIMOTFERRENEEZ bR, %
B, VIBEORBUEL & L7285 8 5 D 5 5228 IZ R —F o 7Ry H—7p U ORZIRA O A
FREN TV (7272 LETOERINAIZ G LIXR S 220, F721EEC H 405 5 4

A S HICER A T 2 IR E T BT 2 BBRIE D MM T A R T A L o [NEER H EEE

17)

WSINIREE (mg/kg)  [BUNEE (%) RSD,* RSDg™

< 0001 70 ~ 120 30 > 35 >
0001< ~ = 001 70 ~ 120 25 > 30 >
001 < ~= 01 70 ~ 120 15 > 20 >
01 < 70 ~ 120 10 > 15 >

“IRSD,, ffTHEEE, "2RSDR, PN
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BLMZHZIRAN D FIRD 8 > 7o VIFED B S A7z ANS I HH0ME K 72 £ D RIRIZIC
KT 200 LZEZ 0N MEOHIE TS, REHCROAINRLE - BT EENDHA
AT LOWRENH VWO F- AIEFIE L CTHEHINDHRBET VI =T L7
EOFBELEZ Sz MEECHRE S ANXVIEE & FRRIC B Sz B X o
R KT Db D EE X b, NBHIIHERORLN H 5 B MITE, - 72
2L, MEOHRTL Y A~ AN FOFHEIZAIEAREDOZ VM E L THRE X
TN 12192D IVEEDS D 6 AR S 72 2% £ O [E N T ORFE T, 3.7~10.9 mg/kgd
AR SN TR0, 2 & ik L TRIIEN KRIRIE 2 - 72, Z O EOHI TIE
M7 VI =T LAT VBT LABIOMBET VI =T L0 ) U LR ENLERE LTH
mEnflihz 2 < GA TV TIXRVNEHEER SN T,

I, RN T SMBIRE DA 21T - 72. Table 2.512/8 L7z K 912, RN A4
DOMBEEF) B O Al HE:130.32~0.54 mg/kg72 > 7=, ZD X 512, ANTIIT « RINT A
RS EENTODN, MTRELOFBRMLEL LD Z OAIZERHEHANH D &5
Z B, ZOMERITREDOHIEE H—H L TWAW, SEOFER TIXIEEOAIE A &IX
0.32~0.43 mglkg TH - 7=. ZDOFR%Z FA Y TOMWME & Hled 5 &, BHEOAIE A &IX
8.5 mg/kg & AEIDFER L 0 IX 2 MTEVMEZ R L TWHY, KA O@E TIXBHAIC A
EEGATVDRTHBIORSEE B DD, XU v b ORE TIEAEOAIGHE
1%0.64 mg/kg L, A RIOMBEDOFER & FEROEN RIS TSR, Z OV A ARIZEBHT
L BBHEROIREDK, TR TIINRBEImR > TWLH 2 ENR—HELTERZLN, £
B ORI SN HEOBN R EOBRFEOEWSEZ b, £, AIFEIZBV TR
M TAEMIVEEOAIE A 8130.50 mg/kglh T72 - 7. i E O TITANFEOAIG A &I

MWEOHFZETH1.0mglkglh FTHHELEMTE A LT, [RARICHEE TI20.40 mg/kg, IR0
PR C130.74 mglkgLh FCH D & OHENR & v 012141820 A mIpFER L K < —F LT
WL B3, BN OMERE & 5 TeVIEEAYN0.37~0.54 molkg & Ik bAIG A EN L1 H>T-. =
DOEIEF Y ¥ ¥ OFFETHE SN TV 5080 mglkglh F&—FHLTEB0?, F7z, ~ux
— THE SN TV A REE D241 mlkg, B3O F1.96 mg/kg™ L v (€L, Las
L, BEREDOH 5 RE, BROAIGHEITZ OFEMEIC X > C0.07~41.1 mg/kg'? 1419
EIEFITIEDIR <, BAMAR IR TH L LEZ 2 bk,

243, BRSO TV = AEFEHER
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AlDEREITEMOAIGH &L BMOREEITIKFT 5. ANFFETIE, AHEEEIX
MBIEIZ L > TERE LS RAHOAIGH & (24.2) &, FlmENOZMLEEREY 2 b
(AW TEM L, L - RINTRH 6 OAl— B EBEEOHEEHR R4 Tables 2.6., 2.7,
WZENEN R LT, —AH72 0 OAl— A EIREN i b 2 WL ST, AR
(0.70 mg/person/day), 435 L OVFHE CILIAE (1.00, 0.74 mg/person/day), /N2 CTlIVIEE
(0.83 mg/person/day) T - 7= (Table 2.6.). AR A& T2 TOHERBIZB WV CVIEE
NHEIT AN S % h -7 (Table 2.7.).

N« RIMTA A SERT 2 AMERHEDO B EH A Fig. 221 R LTz, ZORERNS, &
s B OARBIIIE TOHRTMLEMOFLENKE L, RIMLEHOEEILRER T
boHrEHERINTE., T, AADRERENKLZ > EWMBEILIHE (284
mg/person/day) Td - 7=, ZIVUTRMOEBEEZ O b OBMOFREIZ L TEZ W)
EEBZLINEN, KEHTZ Y OBEETIE, /N, 7, HF, A TENZ10.12, 0.06,
0.05, 0.04 mg/kg bw/day & 72 v, /NED G EIEN L <, ZIUIVIFEOE R DS H Y
2\ EHEER S LT, ARFFEOFER TIZIN TR OL, 11F L OVIEED 3R HETT
DAEDPFIZZE <, |, N, VIFEO G CRIBIEDI%IT < Z o The, £z, RINTR
SOOIV, VIEETIE, BT 5AIDTI~T9%, 67~88%ASANN T2 525 OER & & 2 b
2, FEEEAERI HD 5 RN T RSOV, VIFED H3132.1~3.2%35 L 104.1~8.7%TH -
o, TNHOFEENS, AHBREIZ DWW TORBB ENRMEFHIM AR 2 RICT 5 2
ETCHRMREE B b,

FE7o, AEHEEE L ARBEEHRER & D[ - #ulsi)s b STV 2 AREEEHER &
g U7z, ~L X — DR N TIZABBRERICK LT, 3ET7 v a — VBt O F 523 kb K
X< ZNIFAEIORE LFRETH -T2 (Fig. 2.2). £72, ¥V v OAREREICE T
LHAE T, ERABIRIZEHEE BX T, TNENHE531346.7, 25.7% & SN THEY
12, RFFROFERTIE, WHOBHN RFERTAHBBIZ KR E < HH LTV D AIFHEEIL T
WDH, RO RITR. ZOREF U ¥ v ORE TIXEFHOARETRICK T 5% 5
F(E5.3% & ARV, KRB TIEVIFE O T HEARE V. ZOBH & U TAIFE T,
F—x% F—=TF oYV, NZ == EIIEFHE LCVIERIZOB LR, U 2y Obf
RTIHINOLORBEZBIIIHFEL TWDD EHEIND. TDID, ZOEIIHS
oz, BRnEBRE EMNIMEZNENOREZEGIIIZITIERREBZON
L. Fl, BN OX O RTUTEERLE LIZERO XD ICEEEOMEEIZ LS
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AHEIR OBV G HEE Sz, B, TEREONIE TIEA LS BSARERIC T 2 %
BRPEHONZENRESNTEY, BREEZM ESELH72DIBERE L TAIRZS RN
ENTNDIDEEZLNDYW, F, RIFFE CHEG L7 AlOBERHFERRIZENIZ BT
% 200 14- DOFFAAE R & i U CRRNITIRMEZ R LTV, AHBRUZE T 2 &R/ b
HOFERITR L —BL T\,

2.4.4. Al EHBEOEWEMEEOFEBEEH Al &4 B0 HIE
AFBIEREERIC B WEEREZ R LRI OWTIEEM 2 a9 5 720, MBiEr (I,
1B L OVIEE) OFFEUZ AW/ ICHOWTAIG A &2 EBNICHIE L=, f 51 Table
2.8, 9B L TMOITR L=, AlG A RIZIEDOH TIZ A L——72310.7 mglkg & e b i <, Kk
WTCI /b7 a7 ?d9.69 mglkg, 1 > A% ha—bk—0D6.12 mglkg’Z > 7. IFETIE, R
SO D222 mgkgi i b <, IRWTHE /I D156 mgkg, A FA059.2 mgkg, K
FADS57.5 mglkgls o 7=, VIFETIE, 77 —F% F—7Y D258 mg/kg, IR\ THE LN D172
mg/kg, NF——F D116 mgkeglZ ST AIGARIZF UMHE ThHh o> THRIC K-> TK
XREDAFD, KL/ TIH0.95~172 mgkg, 7 —F R—7F TlE1.53~258 mg/kg, /%
— 7 —F% TII<LOQ~116 mgkgk KX 72723 b -7z, ZOMEMITHEDIIE L KE LD
HRNWEBZ LN T, SREIOMETIE, HAEAREFA—A Mo TN5
CEMDBIFEICHEL, KL AVEIA =R P EMHA L TWRWZ L BIVERIZ L
0, WICAIGHENEHWRERH L LD, ZROHDOERINTRININDG Z EDZWN
REICOWTOREPRERICKRE S HEEZ 525 b0 LRI
EUSKEZR E T, BV v 7 VI =L F NI UL TAI ) TABT NI D
DNIEMIBIN E L COFANRRAI SN TR 22D @@t ) V7 VI =75 )
LI T ORISR E UTEER S, T 0 b AT U U AR
r—% Xy 7 AR OB IEA S L TER SN TS, ZbidR/ Sy, 7r—
X, 7 vFd—, PR EOETERIN, EURKEDOAREIED 5 b TEWar 54 5
HTWD, LL, BRIZBWTIEHEMEY U7 V= LT NI UL T TA
et b U ULAE, BRI E L TR LILTW W, RV, BT LVI=0 LT
VEZUVLABIUOWBET VI =T LAY U LANMERSATEY, 26 ORMINIIYO
B HIRIT 2R, D729, A BEIOFR Tr AR E 27~ L7211 KOV O
R & LTRSSV T VI =0 AT VE=U LB X OB T VI =0 L0
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U ADOIZHER T L RN mW EHER SN D,

SO, TR BAIMEBREICH T2 FENAREVDIR, NETIEBEXR Y 2—20D
0.02 mg/person/day, “F# Tl L —/L— D 0.04 mg/person/day, 754, i N TILHHEAL D
0.07mg/person/day$3 & 10N0.16 mg/person/day 7= - 7=. I, VIFE TlX, & TOHARIZTIBWVTHEF
N, TR R=TF YRR b WS RE R L.

245 MLTAMIZED Al mEEIEEH#HEG

MBIREIDOAIG A EHER R (23.2) b LTI LA HEET 2 50 [F AR
BOHFT 1T o7 ZORR, MR, FE, FE, A TEZL10.86, 045, 03556 LW
0.30 mg/kg bw/week & #HEGF S Av7z. & g O AL X JE FRIHE EUE 2 % 2 PTWI (2.0
mg/kg bw/week) & DT, £ EN43.1,22.4,17.6, 15.1%72 > 7=.

AVAMERE D R— & A VT EALOFER: (Pso, Pos, Pors, Pos) % Fig.2.31Z/Rk L7z,
Pos\ZALE L 72 D%/ 2.0 mg/kg bw/week, F# Tl 1.0 mg/kg bw/week, 7 4F T0.8
mg/kg bw/week, %A TI30.6 mg/kg bw/weeki=>7=. Z D X 912, Pos TIFPTWHI®F L T/
R T100%, F2 TiT49%, HETIT40%, A TIE31% LR o7z, 2D XK D1, /MNEDAI
EEIE (> Pos) TIFPTWIZ B X 2 AREMEDVRIE Shviz. /NRLIANTIE99 /v —' & A
LT HPTWIERTH T - 7z,

PTWHIRSFHYZMETH 0, PTWIHL23100% 2 B % 72 & U C il EIEE T 2 L E X7
WIS, RTUADRWEBIEZEHRT DS ENEELEZ DN, £72, ABEREOKE
(ZUE, IZaRA 2 S e R E TR SR T BB IE BT 2 Z &, NUERE T
DRIEBLRET, Al G RFIOWMEZHINT 22 L b A THD LB X bz,

FTo, BN DOEIUTINZ T, HEHZESLUENLDAIEBRGH D LEZXOND
B, BN D OBRUCHARTEEIMETH D LB LN TNDY Loy LEIRIN 225
BT Do, JHEER B ENE OAFERICOWTIT S bICFEM RN BEE L A
PND.
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2.4. B
ARETIIMBEEZ W THHR L -l oA A ELZHE L, ETAISH &

HKICABEIEOHE 21T o7, £7, A EEIH, A0H, - B8, ETRIC 3
L, BEAL7-BMZARIZLN T TREA L, MBRELE L2, SHEOMBREIOAIG A &%
AT LT AE SR, T A 5h12130.40~21.73 mg/kg DA E £ TV, b o & HAIGHED
o T MBI - IS o 7. F72, RIMLT A S FERIC N LR,
0.32~0.54 mg/kgDAIZ EH LT\ iz, £, kb AIRKRH SN =03 R E x5
RIS o7z, RIMTES TN TEMCIERTAIOEA &EIZDRVHAICH 7. &6
I I BHORERE AW TERBY (NE (1-6F), JRE (7-14F), FE (15-19F), KA
(<20F)) 1T, B OEIT D2AIEZHEET Lo, ZORE, —@EMITNT &ML L
T LW T VI =0 AOEEET, MR, RE, F4E, A TZERE I, 0.86, 045,
0.35, 0.30 mg/kg bw/week T o 7=. ML A HBET 5 & HEFH S ZANL, X To
AT TR - AT, B, WOKE - BT O3 RIE R DKI90% % 5 6D TV
7o AIDBEBIEN RO E D> T2 FMEIIFFE ThoT, ZUTRMHOBINEZDO L D
DO FEEIZH R TEZ WD B2 BN, KEH L OBIETIE, AIGHE&ED
DR - EFHHOBBBEE OEV VN TROEBIRERZ VR E o7z, LL, £0
g Th > THEHN R EEBIZBW TN TR M GEIT 5 L HEEF S AR
JECFAIZ L » TR&JE S7=PTWI (2.0 mg/kg bew/week) #8225 Z L idiehnoi-. Fiz,
=t U FA NG L > TAIEEBIE OS5I OV TR Z1T o I 5, /Ricsn
T/ R—L U H A JETPTWIZ X /2. ZDOZ Enb, RoT-REEE T 5/NEOAHE
HEIIPTWIZ B 2 5 AlREMED RIE S L7z, O fE TIX99/ 38—k & A LB\ T
HPTWIART 72 - 72.
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2.5 KFK

Scheme of market basket method

1) Purchase foods  2) Classific

from market /purchg

1) Purchase foods from market

Number of types of| Number of products Examles
processed foods | of processed foods P
Processed 139 236 Coffee, bread, cooked potato, sausage,
foods cheese, doughnuts, pickles, etc.
Ujg:lggcelzse 33 40 Rice, potato, salmon roe, apple, etc.
2) Classification of purchased foods into seven food groups
Category [ I I v W Y1 I
Seasonin Potatoes, |Fish/shellfish,| Oils/fats and | Sugar and Fruits,
Food . . .
gs and [Cereals|legumes,| meatand | milk/milk |confections| vegetables
Category .
beverages nuts eges products | /savories |and seaweeds

3) MB sample preparation

+ The required amounts of food samples were took from individual food products for each
age group, according to the food consumption list.

+ The collected processed food samples for each category were mixed, yielding 28 mixed
samples (four (age groups) times seven (food categories)).

+ The collected unprocessed food samples for each category were mixed, yielding 13mixed
samples (four (age groups) times three (food categories)) and a mixed sample of food
category II.

4) Determination of Al in MB samples using ICP-AES

Figure 2.1. Scheme of market basket method for determination of Al concentration in foods
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2.5

]

u Unprocessed foods

u Processed foods

mg / person / day
o

0.5 -

ccuy == 7] ==l ) cCuy ccun cCcuy ccupy ccum
SB=3 = 2253 SR=sS  BR=3T  RPEsT BRsST BPESS
2282 =2ZBE 228f =228% =2B% 22B8% =22Z8% =Z5B%
55~ E5~< EF E5 FF E E-T &5
z g 2 g 2 2 2 2
E Z Z Z Z Z g Z
- - - - - — b= -
[ I I I W VI VI Total
intake
Food group

Figure 2.2. Total daily Al intake

The graph indicates the estimated daily intake of Al of a person from each food category
(mg/person/day). Al intake from processed foods is indicated in blue, and Al intake from
unprocessed foods is indicated in orange. The mean body weight of each age group is 16.0 kg for

young children, 36.5 kg for children, 56.5 kg for youths, and 58.6 kg for adults.
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Figure 2.3. Percentile analysis of Al intake from processed foods
Each column indicates the estimated weekly Al intake for each percentile value. The dashed line
indicates Provisional Tolerable Weekly Intake (PTWI; 2.0 mg/kg bw/week), established by JECFA

in 2011.
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Table 2.1. Categories of processed food samples and the usual intakes

Number of Number of Intakes of each category of processed food (g)
Category Food types of products of Young
category processed . Children Youth Adults
processed food children
food
Seasonings
| and 41 63 338 461 573 706
beverages
Il Cereals 27 40 85 134 130 120
Potatoes,
1 legumes, 28 36 67 98 98 127
nuts
Fish/shellfi
\Y sh, meat 17 29 26 36 4 43
and hens’
eggs
Oils/fats
and
\Y milk/milk 23 37 74 89 7 62
products
Sugar and
\Y/ confections 27 55 38 41 36 30
/savories
Fruits,
v | vegetables 26 2% 8 14 13 2%
and
seaweeds
Total 189 286 636 874 969 1113

The 189 types of processed food (e.g. coffee, rice cake, bacon and biscuit) were classified into
seven food categories (purchased 286 processed food products). The intakes of categories of
processed foods were based on the usual daily diet in Japan from the Special Survey Study of the
Frequency and Level of Food Consumption.

Young children (1-6 year olds), children (7-14), youths (15-19), and adults (older than 20 years).
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Table 2.2. Categories of unprocessed food samples and the usual intakes

Number of Number of
Food types of products of
t
Category category |[unprocessed | unprocessed Yqung Children Youth Adults
children
food food

Intakes of each category of unprocessed food (g)

Seasonings
| and
beverages
Il Cereals 2 4 83 127 178
Potatoes,
1] legumes, 1
nuts
Fish/shellfi
v sh, meat 14 17 101
and hens’
eggs
Oils/fats
and
v milk/milk
products
Sugar and
Vi confections
/savories
Fruits,
VI Vegz;"’(‘jb'es 16 16 223 342 341 406
seaweeds
Total 33

173

55 52

163 202 173

40 449 704

776 804

The 33 types of unprocessed foods were classified into four categories (purchased 40 unprocessed

food products). The intakes of categories of processed foods were based on All Investigation
Report of Daily Intake of Food Additives in 2000.

Young children (1-6 year olds), children (7-14), youths (15-19), and adults (older than 20 years).
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Table 2.3. Results of spike and recovery tests for each food group.

Spiked Relative
Food cat « aluminium Recovered™  standard
ood categery amount (%) deviation
(mgkg)™ (%)
1 2 113.2 1.8
I 3 83.0 1.6
ik 0.5 101.8 29
I\% 0.5 106.9 6.6
Vv 0.5 84.5 7.8
VI 10 101.1 35
VI 3 92.8 3.7

*1 All food category samples for the adults age group in the processed foods

*2 The spiked levels of Al were decided as the native levels of Al in each category of processed
foods.

*3 (Determined levels of Al from spiked sample - determined levels of Al from blank sample)/

spiked levels of Al x100. Mean (n=3)

29



Table 2.4. Al concentrations in processed foods (mg/kg).

Food category
1 11 11T I\% Vv VI VI
Age group Seasonings Potatoes, . . Oils/fats and ~ Sugar and Fruits,
Fish/shellfish, . . .
and Cereals legumes, milk/milk  confections/ vegetables and
meat and eggs .
beverages nuts products savories seaweeds
Young children 0.67 6.57 1.13 0.46 1.21 21.73 1.56
Children 0.76 5.49 1.07 0.41 1.09 17.03 1.68
Youths 0.86 7.68 1.05 0.66 1.24 20.57 2.35
Adults 0.99 4.93 1.13 0.40 0.49 19.12 4.45

*Young children:1-6 year olds, Children:7-14 year olds, Youths:15-19 year olds, Adults:1arger than

20 year olds.
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Table 2.5. Al concentrations in unprocessed foods (mg/kg).

Food category

11 il \% VI
Age group Potatoes, Fish/shellfis Fruits,
Cereals legumes, h, meat and vegetables and
nuts eggs seaweeds

Young children 0.32 0.43 0.40 0.37
Children 0.43 0.43 0.33 0.50
Youths 0.36 0.43 0.44 0.50
Adults 0.39 0.43 0.33 0.54

*Young children:1-6 year olds, Children:7-14 year olds, Youths:15-19 year olds, Adults:1arger than

20 year olds.
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Table 2.6. Daily Al intake from processed foods (mg/person/day).

Food category
I 11 11 I\Y% \Y% VI VI
Age group Seasonings Potatoes, . ! Oils/fats and  Sugar and Fruits,
Fish/shellfish, . . -
and Cereals legumes, milk/milk  confections/ vegetables and
meat and eggs .
beverages nuts products savories seaweeds
Young children 0.23 0.56 0.08 0.01 0.09 0.83 0.01
Children 0.35 0.74 0.11 0.02 0.10 0.70 0.02
Youths 0.49 1.00 0.10 0.03 0.10 0.75 0.03
Adults 0.70 0.59 0.14 0.02 0.03 0.57 0.11

*Young children:1-6 year olds, Children:7-14 year olds, Youths:15-19 year olds, Adults:1arger than

20 year olds.
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Table 2.7. Daily Al intake from unprocessed foods (mg /person/day).

Food category

11 il \% VI
Age group Potatoes, Fish/shellfis Fruits,
Cereals legumes, h, meat and vegetables and
nuts eggs seaweeds

Young children 0.03 0.02 0.04 0.08
Children 0.05 0.03 0.06 0.17
Youths 0.07 0.02 0.09 0.17
Adults 0.07 0.02 0.06 0.22

*Young children:1-6 year olds, Children:7-14 year olds, Youths:15-19 year olds, Adults:1arger than

20 year olds.
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Table 2.8. The levels of Al in the high Al content food category I and the daily dietary Al intake for

all age groups
Quantitative value Intake (mg/person/day)
Foods (mg/kg) c\r:‘i’lsrr’egn Children Youths Adults
1 \egetable juice-1 3.180 + 0.180 0.024 0.017 0.021 0.014
2 Vegetable Juice-2 2.000 + 0.109 0.001 0.001 0.001  0.002
3 Tomato juice 1560 + 0.083 0.001 0.000 0.002  0.002
4  Carrot juice - - - - -
5 Orange juice - - - - -
6 Apple juice - - - - -
Reconstituted
7 concentrated orange 0.568 + 0.010 0.003 0.003 0.004  0.001
juice
Reconstituted
8 concentrated apple 0.633 + 0.030 0.004 0.002 0.002  0.001
juice

9 Orange juice (30%) 0.381 + 0.054 0.002 0.002 0.001  0.000
Ordinary milk-solids,

10 nonfat lactic acid - - - - -
bacteria beverages
Pasteurized after
fermentation lactic

1 ) - - - - -
acid bacteria
beverages
Low milk-solids,

12 nonfat lactic acid - - - - -
bacteria beverages

13 Sake - - - - -

14 Pale beer-1 - _ _ _ _
15 Pale beer-2 - _ _ _ _
16 Pale beer-3 - - - - _
17 Low-malt beer-1 - - - - _
18 Low-malt beer-2 - . - - _
19 Low-malt beer-3 - - - - -

20 Shochu-1 (Japanese B B B B _
distilled beverage )

2 Shochu-2 (Japanese B ~ _ _ _
distilled beverage )

2 Shochu-3 (Japanese . ~ _ ~ _
distilled beverage )

23 Red wine - - - - -
24  White wine 0.697 + 0.056 0.000 0.000 0.000 0.001
25 Whisky - - - - -
26 Green tea infusion-1 0.886 + 0.074 0.009 0.015 0.034  0.080
27 Green tea infusion-2 1.74 + 0.046 0.017 0.030 0.067  0.158
28 Green tea infusion-3 0.857 + 0.075 0.009 0.015 0.033  0.078
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29
30
31
32
33
34
35
36
37
38
39

40

41

42
43

45
46
47

48

49
50
51
52
53
54
55

56
57
58
59
60

61

62

63

Oolong tea infusion-1
Oolong tea infusion-2
Oolong tea infusion-3
Black tea infusion-1
Black tea infusion-2
Black tea infusion-3
Coffee infusion-1
Coffee infusion-2
Coffee infusion-3
Soluble coffee powder
Milk cocoa

Roasted barley tea
infusion-1
Roasted barley tea
infusion-2
Roasted barley tea
infusion-3

Sports drink-1
Sports drink-2
Sports drink-3
Soda

Cola drink

Fruit flavored and
colored drink
Worcestershire sauce

Soy sauce-1
Soy sauce-2
Soy sauce-3
Soup stock-1
Soup stock-2
Soup stock-3

Straight mentsuyu
(seasoning soy sauce)
Grain vinegar

Hon-mirin (sweet rice
wine)

Curry roux

Ketchup

Triple strong
mentsuyu (seasoning
S0y sauce)

Ponzu (citrus based
sauce)

Oil free Japanese style
dressing

3.34
1.90
2.16
219
1.87
1.63
0.37
0.367

6.12
9.69

115
0.862
0.626

2.90
0.610

1.50

10.7
4.08

0.488

+ 0.037
+ 0.180
+ 0.023
+0.121
+ 0.084
+ 0.015
+ 0.039
+ 0.043

+ 0.128
+ 0.215

+ 0.033

+ 0.033

+ 0.109
+ 0.051
+ 0.020
+ 0.028
+ 0.013

+ 0.010

+ 0.306
+ 0.313

+ 0.016

0.013
0.008
0.009
0.004
0.003
0.003
0.000
0.000

0.006

0.001

0.001
0.002
0.001
0.007
0.007

0.016

0.021
0.010

0.000

0.025
0.014
0.016
0.013
0.011
0.009
0.000
0.000

0.000
0.007

0.005

0.003
0.003
0.002
0.010
0.007

0.016

0.040
0.014

0.001

0.061
0.035
0.039
0.022
0.019
0.016
0.001
0.001

0.001
0.004

0.007

0.003
0.004
0.003
0.012
0.009

0.023

0.029
0.014

0.001

0.047
0.027
0.030
0.017
0.014
0.012
0.002
0.002

0.003
0.002

0.002

0.002
0.005
0.004
0.017
0.010

0.026

0.023
0.007

0.001
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Table 2.9. The levels of Al in the high Al content food category II and the daily dietary Al intake

for all age groups
Quantitative value Intake (mg/person/day)
Foods (mg/kg) c\t:ciJI;?egn Children Youths Adults
1 Rice cake - - - - -
Sekihan (sticky rice
2 steamed with azuki - - - - -
red beans)
3 Rice ball - - - - -
4 Rice vermicelli 181 +0.111 0.000 0.001 0.000 0.000
5 Roasted rice ball - - - - -~
6 E;T(?"‘Ed flourforhot 599 + 0096 0002 0001 0000 0000
7 Tempura flour 222 + 2344 0.042 0.033 0.080 0.083
8 White table bread-1 ~ 0.670 + 0.019 0.003 0.005 0.006  0.005
9 White table bread-2  0.628 + 0.053 0.003 0.005 0.005  0.005
10 White table bread-3  0.779 + 0.023 0.004 0.006 0.006  0.006
11  Other bread-1 0.84 + 0.045 0.002 0.004 0.003  0.001
12  Other bread-2 - - - - -
13  Other bread-3 1.02 + 0.100 0.003 0.005 0.004  0.002
14  Sweetened -1 272 +0.329 0.061 0.073 0.109  0.053
15  Sweetened -2 156 + 2.325 0.352 0.419 0.624  0.302
16 Udon-1 (Japanese B _ _ B ~
wheat flour noodle)
17 Udon-2 (Japanese B _ _ _ _
wheat flour noodle)
18 Udon-3 (Japanese B _ B _ ~
wheat flour noodle)
19 Chinese noodles-1 112 + 0.034 0.005 0.009 0.008  0.007
20 Chinese noodles-2 - - - - -
21 Chinese noodles-3 0.988 + 0.130 0.004 0.008 0.007  0.007
22 Instant noodle 1.84 + 0.160 0.002 0.004 0.005  0.004
gy Chinesesyleinstant gy 4 o049 0001 0001 0002 0001
cup noodle
g4 Yapanesestyle 307 £2651 0008 0013 0022 0014
instant cup noodle
g5 ChOWMein type 220 £0159 0000 0002 0002  0.001
instant noodle
gg Instantmacaroniand .05 . o050 0002 0002 0003 0.002
spaghetti-1
97 Instant macaroni and _ B _ ~
spaghetti-2
28 Instant macaroni and B _ _ _ _
spaghetti-3
29 lJiaozi 144 + 0.097 0.003 0.007 0.005  0.004
30 Bread crumbs 0421 + 0.048 0.000 0.001 0.001  0.000
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31
32

33

34
35
36
37
38

39

40

Pork dumpling

Pizza

Kanze-fu, Komachi-fu
(wheat gluten)
Buckwheat-1
Buckwheat-2
Buckwheat-3
Cornflakes

Millets and beans
Chinese steamed bun
with meat filling
Chinese steamed bun
with a bean-jam filling

0.568
2.07

4.26
1.02
0.749

3.08
575

59.2

+ 0.011
+ 0.024

+ 0.057
+ 0.027
+ 0.062

+ 0.082
+ 101

+ 0.380

0.000
0.000

0.006
0.001
0.001

0.002
0.054

0.015

0.001
0.000

0.006
0.001
0.001

0.006
0.110

0.008

0.000
0.000

0.007
0.002
0.001

0.001
0.077

0.015

0.000
0.001

0.014
0.003
0.002

0.005
0.038

0.007
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Table 2.10. The levels of Al in the high Al content food category VI and the daily dietary Al intake

for all age groups

Foods

Quantitative value

(mg/kg)

Intake (mg/person/day)

Young
children

Children Youths Adults

Honey

Strawberry jam
Blueberry jam

A W N

Orange marmalade
Japanese steamed
bun-1

Japanese steamed
bun-2

Japanese steamed
bun-3

8  Rice cracker-1
Rice cracker-2

10 Rice cracker-3

Castella (Japanese
sponge cake)
Daifuku-1 (sweet rice
cake)

Daifuku-2 (sweet rice
cake)

Daifuku-3 (sweet rice
cake)

Dango (sweet
dumplings)
Dorayaki-1 (pancake
sandwich with bean
paste)

Dorayaki-2 (pancake
17 sandwich with bean
paste)

Dorayaki-3 (pancake
sandwich with bean
paste)

Avrare-1 (bite-sized
rice cracker)

Arare-2 (bite-sized
rice cracker)

Arare-3 (bite-sized
rice cracker)
Neri-yokan (bean
paste jelly)

Short cake-1

Short cake-2
Short cake-3
Custard cream puffs-1
Custard cream puffs-2
Custard cream puffs-3

11

12

13

14

15

16

18

19

20

21

22

23
24
25
26
27
28

0.017
0.050
0.015

0.385
0.394
0.641

+ I+

I+

0.947

I+

0.072

172

I+

5.30

69.2

I+

0.467

6.51

I+

0.177

0.821

I+

0.034

0.462

I+

0.017

0.410

I+

0.023

0.828 0.084

I+

I+

0.952 0.057

125 0.028

I+

197

I+

0.215

1.88

I+

0.014
59.2

I+

0.684

0.000
0.000
0.000

0.000

0.016

0.007

0.006

0.000

0.000

0.000

0.000

0.001

0.001

0.000

0.000
0.040

38

0.000
0.000
0.000

0.000
0.000
0.000

0.000
0.000
0.000

0.000 0.000  0.001

0.048 0.038  0.151

0.019 0.015  0.061

0.005 0.003  0.005

0.000 0.000  0.000

0.000 0.000  0.000

0.000 0.000  0.000

0.001 0.000  0.001

0.001 0.000  0.001

0.001 0.001  0.001

0.001 0.000  0.001

0.000 0.000  0.002

0.051 0.058  0.054



29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

45
46
47
48
49
50
51
52
53
54
55

Cake doughnuts-1
Cake doughnuts-2
Cake doughnuts-3
Butter cake-1
Butter cake-2
Butter cake-3
Biscuits-1
Biscuits-2
Biscuits-3

Puff pie
Oil-sprayed cracker
Pretzels

Candy-1

Candy-2

Candy-3

Custard pudding-1
Custard pudding-2
Custard pudding-3
Orange jelly-1
Orange jelly-2
Orange jelly-3
Milk chocolate-1
Milk chocolate-2
Milk chocolate-3
Potato chips
Chocolate biscuits
Coffee jelly

66.1
258
153
2.70
116

0.382
0.850

6.13
4.36
18.2

8.52

+ H+ H+ I+

I+

I+

I+

+ 1+

I+

I+

0.519
4.788
0.132
0.176
0.351

0.012
0.041

0.020

0.187
0.251
0.191

0.640

0.077
0.301
0.002
0.001
0.044

0.000
0.001

0.003
0.002
0.010

0.007

0.056
0.219
0.001
0.001
0.059

0.000
0.001

0.005
0.004
0.016

0.014

0.059
0.232
0.001
0.001
0.058

0.000
0.001

0.005
0.003
0.014

0.012

0.028
0.111
0.001
0.001
0.051

0.000
0.000

0.028
0.020
0.082

0.003
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®mI3IE NMITASTOHI a7 4L (CuCh) BLUOEH I oo o
4V  FY 7L (CuCh-Na) S3HTiED B

3.1. FFim

7 mw 74 (CuCh)y RO 27 mw > ¢ U J U DL (CuCh-Na) i, HEMIIZAF
TETDRED 7 v 7 4 VinbFEESNLHkEDECETH L. CUCh T nm 7 4 LD
BT 2~ 7R3 U LA F 2 BAVFAIRIZ X 0 A 4 @ #T 5 2 & T H A, CuCh-

a I% CuCh OBUKMED 7 ¢ b — VB Z IR R L, KEEWED T MY 7 a3 (b L <1

VUL 3252 8T, FEEE LTOREMZ R ESH T b, CuCh/CuCh-Na 13K
RO mm 7 4 T TRRBNT X D ZE MR B & D R 6, RIIRIEOM

12 & BB D T < IER RO E RO, HRICARSTIY & L TN T RO
HEIZHHEENTHD

CuCh/CuCh-Na D& EINY & L TOZ4MET JECFA IZ k- TiHish Tk v, —
EEGFA & (ADI: acceptable daily intake) 7% CuCh (0~15 mg/kg bw/day) 3 & U CuCh-Na
(0~15 mg/kg bw/day) IZZNZENFHRE I TWD A Z OFFMIZF ST, Codex
Alimentarius Commission [ K H & (maximum use levels (MULS)) % F— AR~ A ¥
— K, 772857 OMMLEMICOVTHREL TWEY, 20O MULS [N TAEMKIZE - T
CuCh/CuCh-Na & & & LT 15~700 mg/kg, & L < 138 & LT 6~100 mg/kg &, BEJA R

TREINTND I LM LAans, BB TORGIEEAThEZR->TEY,
EU TiXF—XR/E, Vv L7 EOROLITZBICO BN ERAKROFE A (quantum satis
use) O TW\5. £72, HARIZEWT MULs (FIRI13 % CuCh/CuCh-Na D& & L
TRESNTEY, EU LRBRICIR SN RAICOZIINDFED 5TV 5. Table 3.1.1C
AR LXK D1, AATIE CuCh 1% 7 ff, CuCh-Na X 9 FEO &AL IZx LT MULS 2332 & &
NTWDED, ITAEMITEIZHE LT 04~150 mgikg & RELEOH HIEE 72> TS,
Z® X 912 CuCh/CuCh-Na IZENEI L DI LRI LT 5 MULS 23i%E S 41
TWA7®), EblZr7mn 7 4 WRORKGEEEETH 2 b o0, IR o BRI
TR0 CuCh/CuCh-Na Z BRI E &Y 20 ENH 5. T D=, CuUCh/CuCh-Na % %)
RIS pEEEEREZR, MLTRESTOIENLE L S TWVD

CuCh/CuCh-Na HHEIC DN TILT TICWL DD OHENH Y, FICLUTFD 2 2O 7
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7'n—FIZRBIE D 50,15 H X CuCh/CuCh-Na DWL & FRIEC, @ik v~ 7
T 7-7 4 MFAF— KT LA g (HPLC-PDA) 72 E DN HGHTIC LV EET 5 F
%, 2 2L CuCh/CuCh-Na DENLT 2 8% EEARE & L TR IEER (AAS) 12X
S THEGEARZIE L, MBENICERT 2HIETHL. 2055, SFEH LI E K
ETH Y EMICHEI DA, CuCh/CuCh-Na X copper chlorin e6, copper rhodin g7, copper
chlorine4 (Fig. 3.1) 72 EORMIKDIEEHE L THEEL TE Y, HFEAOWIEIC X 5 B
IREREAT O T2 DITIT TR CTORMEMRITKT L THIED mVERER RS LI L 72 5. LAL,
T RTOEMERIZONTIERELD TR SN TV D DITTIEARL, ZOHRERKRIZEIY A
FTO2LENRDHD. SHIT, BEHMIETIEINLOBRERB IOXRRO 7 vn 7 ¢
Nt r/a< T 7 4 =X o THEET 28 ERH DD, /3 FRIZRPEIR DL E -
T BMEIR A SERITHET 2 DTS TidZa 810,

XIS, AAS |2 X D81 % E RFEIE & U 72 o iriE CO B 7 iR MEM B THEEYE S D 72 T
HY, BMEOEESLOATRES TH D, £z, BUERSKAO /a7 4 itk b
ST OB FENRENZ LD, BE L SRR 2N LRMIISHAIRETH DL LEZOLND.
$il A E R & L7 HriE oA & LC, Ushiyama et al. ™V i3k CuCh & gk MED
CuCh-Na Z I dhHh HIEEBHhEC X - TR A2 170, 1K - RSB & > Tyl
LEEBENERRERL, ER&E21T-> TWV5. ZOSHEIRR ST ORSEMD 5T
(WD DHAEE) ICEHSATEY, INLEMH O CuCh/CuCh-Na 73#rik & L T—iZ
RSN TS, LaL, 2OSETIIRKRBR THAERE CHL 7 nnkLr iz i
NWTNDZEND, BEOREREDBANOE XD & BHESEE LTERT 2 0E
ELTEHEE LI RV, H, SREREYE LM TH D, 97 TIZ, Tsunoda et al. (ZZDF
BERER L, SIEofi#E e, 7 aakL Ae il LAWSHHESZ#RE LT 9. L
L, ZOSPHEIERROH % PERT 2 TRA/TFAEET, £/, boOIMLREICHT 5
SINTIEOVERRRHAN L 2MThh T W2 &b, oI LREMIZE £ 5 CuCh/CuCh-
Na ST FTRE Rl T 5. F72, CuCh & CuCh-Na ZFEfe— 5 /L)@ & KEe(bT b
U U LIKESIRIE S E TR - T DB OGN R+ 537260 5 2 & S lE S
nTng B,

ZITARETHE, EEENESAERORNOH DB AL L2 in Lafho
CuCh/CuCh-Na o LD RS 2 By & U TR Z T o 72, A MBS LI otrislE, Bk
PED CuCh & HKPED CuCh-Na %A EMEDIRWEIEC— il L, &R U7k - k5Bl
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IZE o THBEL7-RIZENETNRER L, AAS 1T L - THIlE A &% f5fE & L 7= CuCh/CuCh-
Na DFEEZIT 7. IWNT, HAROHHIZISWT CuCh/CuCh-Na DEANAFED HA1 T
DINL R Z AV, BBEOMEREMG 21T > 72, S 518, fREMICAITEZ N L,
EEROM TR MICHEMTRETH 5 Z & AR LTz,
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3.2. HiE

3.2.1. AEEEB L ORI

GBI CuCh 1% HAZERRR (KF) 2°5 AT L7z, 2 FEORMIIND CuCh-Na ix
Z<(LETE (R)BLOHALERE () »DATFLEZ. 6 FEOSHH{EFA CuCh-Na 1%
BIB LY (1K), BAUbR L3 (1K), T 74 7 A7 (BK), Foemiss (BK), FEES: (1),
Sigma-Aldrich 2> BHEA L7z, $£7-2, 245 CuCh/CuCh-Na X HADOESIFM E L
TORLHME A7 LTz, SillE%E S (1,000 pg/mL) 1% SCP science #E:2sH A L7-.
L DE B 13 TRHEAIb Y ORefli 2 M L7z, $£72, 3UEOFREIZIE Millipore
o> Milli-Q Gradient system (2 X - Tl Xz @ik 2 vz,

3.2.2. HPLC 4t

HPLC 1% (KK) BBEUEFTLO LCI0A HPLC 2 %27 AIZ SPD-10AV UVIVIS it %
Befoe L CHW =, TS 7 20% GL A = > 2180 Inertsil ODS-3V (4.6 mmi.d. x 150
mm, 5 um) Z AWz, BEFEIZIE 1.0 mmol/L FFET - E=7U A A K 7 —vEHNZ (A
% 80:20, B 1% 20:80). 77 ¥ = MyHr&fEix (AB):0min (10:0)—15 min (0:10)—30 min
(0:10) TiTo7c. EDOMODSEMELE LT, sl mL, FARIZT 0L, 7 L4 —7 Vil
FEIZ 40°C, PEHE RIL 405 nm (2 E L7z,

3.2.3. &gt

ETORBHIRTEANO Z— R—THEA L7Z. BEALZZ&MIE, AL, BFRERT,
DY EES, vay T, Fa—A T L, SOFEHTF, FvoT 44—, KRUA b Faal
— b, SEFRKEDO 9 &L ZOFTHIEERIT %2 CuCh/CuCh-Na SHTEREOET /L
A fh & L, CuCh/CuCh-Na & L2410 mg/kg 2 N L 72 ikt 2 8L L, fHEORE 72 &
W, F iz, BNENGRERIZEUEE S U CTHW 2B b TSR BE R R DR 3R A S
b O, TSGR DD TIIRROH L b D EIEA LM L.

a HARIZET HEMETFERTIE H3ERE ] OFKFEIE CuCh 35 XY CuCh-Na W34
WhEH SN,
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3.2.4. JR-IE G EEFHANE St
AAS [T (BF) BEERERTEL AA-6800 JRLT- I YEERT 2 V2. AAS Sf1E, 7 L— A
FR (ERIT B F VRS A, Fig 1.8 Lmin), VEARIR 5 sec, #iHZEfaiR T 7, 4y

Hrftiie = 324.8 nm T17 o7z,

3.2.5. CuCh/CuCh-Na 85 th D& D E &
CuCh/CuCh-Na 1% 60% HNOs; & HCI (2 X 21K b 217\, R EEEHT 50 mL @ 0.1

mol/L HNO3 IZ¥5fi# L, AAS 12 L » THl & &2 HE LT-.

3.2.6. A EHRR

Uk 5~20 g 2 100 mL /A TUIZE V£ Y, 1 mol/L HCIS mL ), (X 1-7 % / —/L 20 mL
ZINZ T 55 MAEYF A % — (Ultra turrax T25, IKA #H8) Z2HWTHEE DA X LT
S DICHEEET—F /L 30 mL &2 M2 T 5 43[R T2 T A X1k, mO0rBHE (H80-R, (Bk) =~
Yotil) 2T 3,000 g T 5 OOBEL, BFRRT TV - 1-7 % ) —)VE & SR
o—h (DEE— A LT D) ITEREL T, FREICK L CRBROEMEZ 2[00 IE L, &
T — bk AlZHDET. e — h AlCAT—7 /0100 mL 22 TEESeNZIRM L,
S HITK30OML ZMMZ TIRE 98 (SR-2w, # A 7 v 78 ZHWTIRE S L, FEo
KEBEHE L=, iV TR — b AIZAK B0 mL #Nx, S 512 1.7 moliL KEE{kT ~ Y
UL 5mLINZ 5 R L SHRE SR L, BiESEER, TRROTLH Y KEEH OS5
wa—h (Dike—FB E95) I L7z, S OICFEBROEELZ 2RV IRL, Tk
VKGR — bk BlZdbt7, /e — bk BIZ 1 mol/L HCI 15 mL XM 1-7 % /) —
100 mL ZINZ CTELSIEE 9 L, FEOT VA Y KEZBERE L CHISAEE 2157, A
BRI 2 72T 7 Z 2 2B L, 1~2 mL (272 DR CRUEEM L7z, ZRilEixA &/
— LV THRVNIAZ B — 7 —IZ8 U CARHLE L, HoS04 5 mL &M% Tk L7-t%, EX~
v 7 IVIREAS AT 480 CTIKDMF b LD £ TR L7e. KRB, Z4UZ HCI 5 mL 21z
ARHETHETHRY M7 L— h BT L 721, 0.1 mol/L HNO; TV VAL A% 50
mL & L CuCh-Na BRik & L7z, F7z, mikm— b A 25 - Tl 2 KRR e 7k
U U LEIMABIAK LT, BWIERME L, A% 7 — W IRNUEOEREZ 2 — F B OFEHE
[FIERIZATV, CuCh 3kERIK & L7-.
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33. BERBXUOEBLE

SN R XL OB SR 7' L — K @ CuCh/CuCh-Na §i & A EOHE

[El N DBl TlE CuCh/CuCh-Na ® MULSs [Z &S ISR 28O E & & L THM ST
BY, TODEMEINYBFIZIT CuCh/CuCh-Na O FELBHESIN TS, £ 2
THRMEINABRICHWIRELRET 2700, ok FHE X OEHIBINY O
CuCh/CuCh-Na D#i & &4 AAS IZ L > Tt L7z, ZOfER, Table 3.21RL72 kDI
TS H CuCh 7 5 6.3 mglg DS & L7, F7=, 2O &SI 7 L — Ko CuCh-
Na 2524 38.3,44.3 mg/g D% i Lz, S 512, 6 MO p#T{E5 A CuCh-Na 2>
5 1% 38.8~45.8 mglg D Z fRH L7z, Z DFER, A BEID5HTIZAEEH L 72 CuCh/CuCh-Na @
G EIZT X THARIZB T 2 &MEIOHICHEE L T\D Z LRIk,

CuCh/CuCh-Na (N3 2 i, BRRE Tl F&D 6.7%B L1 9.2%% L b . L
L, AEIOFREETIEL CuCh 2B S 7= 8ilid ) & 0.6%, CuCh-Na 2> & i &
T8 T F RO K) 4% Th o7z, RROHRE LT TIZR S TE Y, Hidaka et
al.IZ CuCh/Cuh-Na 754y Tt 0.3~0.8% 5L T8 3.4~4.5% D% it L= L@t LT
BY, ZOMEIZAEIOFREL L~ LT\ ¥ 2, $iA 42BN L TR
DIRFEN T EINEIBALTWDTED EEZ B,

IZ, CuCh-Na DHIE & Mt 5728, 2 FEO R MEINY 7 L — K CuCh-Na (A, B), 6
FED/HTEH CuCh-Na (C~H) (22T, HPLC-UV/Vis 12 X 5 0#&1T - 7= (Fig.3.2).
ZORER, 7u~ 7T A RIZ 3 oOERE—I BRI, MEDIHER T L D)
o #LZ%, Cu (11) isochlorin e4, Cu (I) isochlorin p6, Cu (II) isochlorin e6 T 5 & #EE S 4
7. %72, C O LM CuCh-Na (FIOEHiEe) 2 b — 27 b 2 G &S %0
Sl Zlnb, C ZARMEIZEITHEERE LTHWE, £z, IEOWE TIX
CuCh/CuCh-Na OEEIFETHIER L L TRLTVA.

3.3.2. RUBHRELEOBR %

KIOIZ, IR0 CuCh/CuCh-Na fliHIZ W D IR O MET 2 1T - 7o, HERRRATE T
T1-74 =)V EFFRTF L% VT, BUKPED CuCh & BUKMD CuCh-Na O—
EORGT AT T2, ZORE, BB b otz Lc. £70, Z OfHEEx
Rorzvava7 b ENs7, BENHHE CHRTELZ L6, i+ 7T
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& D EEIZHER A R CTh o 7.

IZ, CuCh/CuCh-Na % —fEfhH L 7= M2~ 5, CuCh-Na % 7L U KEICERE L, F
2 FEZOWTHRFE1T o 72, BEDOHFE TITHL OBRER W T, HHERIZ 1% 7T
VEZTAKREMRMA L TN 29, 2 by 7 BROZENME LB OO S S bk
fefbd b U U LNCEE LTz, ke — I CuCh-Na 2 & A 7 bt & okfgfk - MV
U LKA M AL L, 38 L TR - OB T 72, IRWT, TV U oKIE & AsE
g T ENoNr L, SERERIE L. ZORE, Figl3 [RLZLIICTVh Y
KIEN 513 57.0% D CuCh-Na L2vBIEE ST, 26 5%I3 A E -G il E £72-
2. ZTDOX I, NFEEE RO « AT ZAT S T2BRIS, DEERRTERIZRDGEDRH
L2 LT TICHED B 5. Kunii et al ITATEEDHK « RTBLEIRIZOWT ZEt L7k
R, KENED CuCh-Na 23 A AL IZ 40%, JEHEMED CuCh 12V 7z - Tk 70%iT < 237
NV KBIZBAT LI E@RELTRY 2, SEOFEEFEFOMENECTZ D EE X
5 #u7z. Kunii etal. (%, CuCh/CuCh-Na 28 FHiiEPEAE 2 A3 572, ASKRRIITIHE « 1757 hd
WL D BEDEEG E NN L, KT L a— L DOIRANIC X BRSO ic L 5
AL Q0 D, £z, AREFICE LD EHRT T /LIE 3%FEE (viv) DK EIEAE
TLZENMONTE Y, AEEEEICE 115 KIZ CuCh-Na M EiRT 2 Z & WAER
ROMO—REEZ b, £ T, AEEEREOBKEZ BIF5 2 & TRALZKE
BrE L, DB OLFEE Ko7, BKMEE B 5729, CuCh-Na % & e filiHH A B A i
T—=TvEINZ, B L TKEZBRE L2, KER{bT MY U KSR Z A TRE
L, W - OB AT 72, = OfEE Fig.3.3 (28 L2 & 912 84.2%0> CuCh-Na 28 7 /L4 U
KEPORH ST, 20X 91, AMT—T L OFINC L D HIEEED & Ok O E
1%, CuCh-Na O 7 V71 U AKIE~DERICZRB e FHETH 5 Z ERNRShz.

WAZ, BEFDIRALSRAEIZ DWW THRET A 4T - 72. CuCh-Na (10 mg) % ~ v 7 /L4 C 500,
480 3 LN 450°CTIRAL L, JKALRUEH R o8& &4 HIE L7z, ZORER, HiRE TOM
BIZFNEN 774,873 BL U 6T.9% Th o7, ZOREEMND, IK(LIREIL 480C L L7z,
FROBREHERERE LT, ITAMLF O CuCh/CuCh-Na % —fEfH L, FAT0H %217
IMHERBE LT, &ED A% — 2% Fig.3.4 IR LT

333, BRI, AR FIRS L OB LRI DA
IIHHED RIS X OOV T OBEETT- 72, LOD I3 0.5 my/L 4§ 4 20
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[EIOFAT 504 L7 ROFEHERZEIC 33 # e U7zfli L L, LOQ (XL LOD IZ 3 #F UMl L
7o, BEtORER LOQ 1L 0.075 mg/L L& % b, £iz, 59 OEE W54, sk iR
JEL LT LOQ L 0.75 mglkg Th-o7-. 72721, ARIOAZEIZI T 10 g Dalkh 2 v
7ZIEXKME, FUA FFaal— MIBELTIE, LOQ i 0.375 mg/kg T - 7=.

SR HE LI X D ERR T 0.075~3 mg/L D#IPHD 6 s CTHERR L=, = ORERR O ERRME
I, PRERRE (R =0.9997 & BAFTHh o 72,

3.3.4. AINENERER

SITEOEEB LOREZ R T 2720, HBOH LR EOMLERICKT S
CuCh/CuCh-Na O EFMELEER 21T - 72. WINREE X CuCh/CuCh-Na & 12 10 mg/kg T
1To7=. ZOREIXLOQ MF 10 5 & UL TRRE LN, ZORREN MULs 225
IEXKME (6.4 mgkg), "I A hFazal—h (1 mgke) (2B L TIE2 mgkg DRI E
L7z,

WINENEER O H 1% Table 3.3.427% L7z, &85 0 CuCh DEILFIL 70.7~80.8%,
AR 7 (SD) 1% 1.7~5.0% Td ~7=. £7= CuCh-Na D [FEILH T 55.6~72.3%, SD I
15~7.8%72~7- (KRTUA FFazalb—F 50.0%%FR<). ZHEDERENG, KOMEIX
T AL S H D CuCh/CuCh-Na D3 T AIRE R DI ERB T OREZH L TWDH EHE R
biviz. E7z, CuCh/CuCh-Na FEFRMOFE D HE R S a7 2 L b, KRS
F o TRARBROHOZBIIPFRS N TV D EEZ BT,

O ICHR & Heig 95 &, Ushiyama et al.i 5 FEEO N T & 5 OFRIMENGERE TR & L
C CuCh T 91.2~97.4%, CuCh-Na T 80.4~97.4% ? [RIfL 3 2 i L T\ 5 Y. Tsunoda et al
IZ[AIERIZ CuCh C 85.3~94.1%, CuCh-Na T 86.0~93.7%, Scotter etal. (% 8 FEDO I T & HIC
F\ T, CuCh C 50~107%, CuCh-Na T 49~110% & =N E & L T 5 D). Amakawa et al.
I% CuCh-Na O HDORFTTd 523, 10 FEONN T AL dh %2 F\W 7285 C 90.7~102% O R %
WELTCND 9 SEOSIHEDEIIERILZ D OFZEICR L TET RN -7, Z 0
B & LT, DRTOMZEIZ LN TIRIMENMETE 727 EE X B D (BESTERO RN
/3 100 mg/kg).

F7o, BRBEMEROENSToDIIR VA FFaalb— ol mEDOHEIZIENT
LbFaal—ha—F 4 VENTEERTY Y FDOXSITIENSD DL WE LTI
CuCh/CuCh-Na D3 R REETE - 7= & D#ERH V D, Z DJFIK % CuCh/CuCh-Na O fit i
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TEPEER S AR OB EHEE L TV D, FEIS, AR LAY A FFaalb—Fh
X 40%DENI 7 &, BB OSBRI A D 12D DHALH =2 G A TR Y, A RIOHIET
CuCh-Na DRI =R DME > T2 DITIHE DOHFFE & [FERICENT 7 &L AR O ETH 5 L HE
LS, T ORBIEREOBURLEERS, FHE pH oA A 2 38 OFHE 72 LIZ & o TR T
EOHREMEDS D D LB A BT,

3.3.5. WA H D CuCh/CuCh-Na 4347

ROWEZE TR O #3ERFE (CuCh/CuCh-Na) Dk KR 3% 2 I T4 S A L,
CuCh/CuCh-Na & & H &% MIE L7-. Table 3.4. [Z/RL72L 21, W L=+ _ToMT
/5 CuCh XY CuCh-Na Z & L 7. CuCh/CuCh-Na =N Z Ol &iZZzn+
#1<LOD~3.7 mg/kg, <LOD~8.0 mg/kg ThH-7-. HARIZBWTHE SN TV H & &
MULs D }Ei, 0.85~32.5% T ¥, fHiE2 MULs Zi# 2 5 b Do 7z, ERNC A5
L, £, Fa—2H L5 CuCh % 0.9 mg/kg, CuCh-Na % 2.2, 8.0 mg/kg Z #iHi LT\
5. WEDTF 2 —A 7 5D CuCh/CuCh-Na % 7341 L 7255 T, Tsunodaetal. 73 5 fED
F 2 —2H AHE CuCh % 0.55~1.13 mglkg M L7= 2 & 285 LTk Y 9, Amakawa
etal. (X2FEDTF =—A »H LD>5 CuCh-Na % 2.3, 7.5 mg/kg i H L7 = & 284 LT
%8 Zokoig, TROF 2 —A o H A5 B Si7z CuCh/CuCh-Na &7 &I, ik
DHELFEETH D EBZ DIV, o, AFEIZBNTX v 7 4 —7HlE CuCh-Na
Z 6.5 mg/kg R L, Z OfEHRIE MULS (2% LT 32.5% & A RIOMIE TR~ T2, W
DF v T 4 —H CuCh-Na OpHriER & LT, Amakawa et al. (X 2 O X ¥ > F 1 — 5
0.3,09mglkg ZRHL7ZZ EZMELTNDO ZoX g, SEIF Y T 4 —h bR
Ei7- CuCh-Na [HBEDOHISE LV £ o728, MUL &g 5 & Hoikn o7 F7z,
& 7> 1% CuCh/CuCh-Na % %1124 3.7, 1.3 mg/kg #iHi L 72. Tsunodaetal.i% 6 ff (36
1K) ©UF EKERELFIMLAEOSH LTEY 9, CuCh/CuCh-Na % Z <41 0.02~4.91
mg/kg, 0.02~5.22 mg/kg it L7 Z & ZE LT\ 5. SEIOSHHHR RIT Z ORR & X
—HLTWa eEFEALNZ. £/, DEWEHIT 2D CuCh 78 CuCh-Na L0 £ M &
A, BEWNETOEEITIEEIC CuCh BEH I TWD L HICR 2 5. 2D X HIZ CuCh
WEFRER EOIM LI BRI S5 &0 ) R IT Amakawa et al. HHE LT 5 9 L
L, Amakawa et al.i%, CuCh (ZBKM%ETH U, B3OS IFH 72 EIcfibiud & ik
P> CuCh-Na B3I TH D L B2 HILD Z &b, M &7z CuCh T L LRIV
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THRXOATLIRAROZ7vaa 7 A APLFHFEEINTZOTIIRVNEEBERZ L TND. FEEE,
B3 2 Gise THE D LD Y, iIBELIZK W SIFAFOME L L THabi
TWh, ZhZzZaa 7 4 N7 =2F4 7 4 FoAbT 52 L TAKRMLTWD < 7R
U LA A BT L, pheophorbide a 72 ED G TNEL, TNHDY TRV T ARG ER
W FIZEE N B IR LTe#iA A o MBI T 5 2 & T CuCh BB snsd7cd &2 6
TN M. Z o, SR EOET BRI &7 CuCh HEsmE iz b DTl
<, ARDAN=ALTRRDO 7 ma 7 4 VinbFEIhicbo LRI
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34. BERY

AT TIIHHA ORGP EREER R W HIEDO BRI 21T o 7. ROFHEITBUKEOHR 7 v
27 1Y (CuCh)y LBUKMEDHZ va > ¢V J U w2 (CuCh-Na) 00 LA
MOFFRTF LB IO 1-7 7 7 — A L U T—/it 2470, BB R o2
bZAT o0z, EOIC, AHIAEE 7 A0 VKBICK il - B E SR BT 52 LT, 4
F I BKPED CuCh L HIKPED CuCh-Na #43HEL, 7220, AF w7 mr kL Lz fiH
HFICHAT N 2 ATRE L LTz, £z, AT ERIR RO 2 2ot 28R L,
CuCh/CuCh-Na DFEL L TW DA A 28R & L THBEMICE®RT 5 Z L T, HHED
EVE A ATREIC L7, WINEIGER 2 W TR ST IE D BLEE « K5 % 314 L 72 46 5.,
CuCh/CuCh-Na D [EILHFZ L Z 4L 70.7~80.8%, 55.6~72.3% CTH ¥, F7z, BIEOIEHE
W7ZITTNEN 1.7~5.0%, 1.5~7.8% ThH v, BRUFROMHEEZ R L. £z, FEERITHKS
KRICHIERBZ ORI H D HIROIM LRI DWW TR L Z A L7258,
CuCh/CuCh-Na %z Zhdil & LT <LOD~3.7 mg/kg 5 L 18 <LOD~8.0 mg/kg % it L
7z. BHi L7z CuCh/CuCh-Na I, T X THEHAHELINTE o7, 2 & 9 ITAKIER, FEERIC
CuCh/CuCh-Na & ORI AT LR D OHTITIEH TE 2 2 & AR S 7.
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3.5 MF*E

74
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O
0 OW HO™™¢
Copper (1) chlorophyll a Copper (II) isochlorin e4
74
HO
/\)\/\J\/\/k/\)\ " © on
00 O o
Copper (II) chlorophyll b Copper (II) isochlorin e6

NaO\W/\“f R1 R2
0

Basic structure of copper (1) chlorophylls (CuCh) Basic structure of sodium copper (I1)
chlorophyllins (CuCh-Na)

Figure 3.1. Representative analogues of CuCh/CuCh-Na
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Cu (1) isochlorin p6 Cu (1) isochlorin e4
Cu (1) isochlorin 6 \ \
A o~V A
B s /, -
& __ A
D e A
E . A A
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G e A
H Resite. ) SO

0 5 10 15 20

(min)

Figure 3.2. HPLC-VIS chromatogram of CuCh-Na.
Food additive—grade CuCh-Na (A, B) and analytical-grade CuCh-Na (C-H) were analysed using
HPLC. Arrows indicate peaks identified as Cu(II) isochlorin e4, Cu(II) isochlorin p6, and Cu(II)

isochlorin e6.
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Figure 3.3. Effect of petroleum ether (PE) on CuCh-Na separation from extraction solvent.

The recovery ratio of CuCh-Na in the water layer and organic solvent layer are indicated as black

and gray columns, respectively.
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Extraction flow of CuCh-Na

Samples

e

3 times —=

Waste

[E—— Water
&—— 1 mol /L HCI
je—— 1-butanol
Homogenization
gs— Ethyl acetate
Shaking

Fractional separation

|

Water layer Organic solvent layer

Waste

e Petroleum ether
<— Water

|

Fractional separation

Water layer

Organic solvent layer

j&————— (.15 mol'L NaOH

Extraction flow of CuCh

3 times Shaking
Fractional separation
Alkaline water layer Organic solvent layer
[&———— 1 mol/L HCl
[ l-butanol
Shaking
l Waste Fractional separation
Water layer 1-Butanol layer

Evaporation
fe————— Methanol
Dissolution

Dry
e .80,

Ashing
g— 0.1 N Nitric acid

Dissolution

Ewvaporation
je————— Methanol
Dissolution

Dry
e H.S0,

Ashing
s— (.1 N Nitric acid

Dissolution

AAS Analysis

Figure 3.4. Flow chart for determination of CuCh-Na and CuCh in food samples.
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Table 3.1. Standards for use of CuCh/CuCh-Na in Japan*®

Target foods

Maximum use levels*

Agar jelly in MITSUMAME (preparedby
mixing agar jelly, cut fruits, greebeans, etc.

with sugar syrup) packedinto cans or plastic 0.0004 glke
containers
Chewi 0.050
Copper Chlorophyll cwing g gke
(CuCh) Chocolate 0.0010 g/kg
Fish-paste products (excluding SURIMI) 0.030 g/’kg
Fruits and vegetables for preservation 0.10 g/kg
KONBU (kelp) 0.15 g/kg of dry kelp
Moist cak ing bread with t
(.ns cakes (t?xc]udmg ead with swee 0.0064 ke
fillings or toppings)
Target foods Maximum use levels*
Agar jelly in MITSUMAME (preparedby
mixing agar jelly, cut fruits, greebeans, etc. 0.0004 g/kg
with sugar syrup) packedinto cans or plastic
Candies 0.020 g/kg
Sodium Copper Chewing gum 0.050 g/kg
Chlorophylin (CuCh- Chocolate 0.0010 g/kg
Na) Fish-paste products (excluding SURIMI) 0.030 g/’kg
Fruits and vegetables for preservation 0.10 g/kg
KONBU (kelp) 0.15 g/kg of dry kelp
Moist cak ing bread with t
(.ns cakes (t?xc]udmg ead with swee 0.0064 ke
fillings or toppings)
Syrup 0.0064 g/kg
*As copper
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Table 3.2. Level of Cu in products containing CuCh-Na and CuCh.

Product Cu content (mg/g)

Food additive—grade A 38.3
CuCh-Na B 44.3
C 43.1
D 38.8
Analytical-grade E 39.3
CuCh-Na F 39.3
G 40.3
H 45.8
|

Analytical-grade CuCh 6.3

All CuCh/CuCh-Na—containing products were ashed and diluted with 0.1 N HNOsj. The
concentration of copper in the products were determined using AAS. Products A and B: food
additive—grade CuCh-Na; products C-H: analytical-grade CuCh-Na; product I: analytical-grade

CuCh.
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Table 3 .3. CuCh/CuCh-Na recovery from processed foods.

Spiked CuCh Blank Spiked
Sample or CuCh-Na SaMple ~ = Ch-Na fraction CuCh fraction CuCh fraction ~ CuCh-Na fraction
(mg/kg)** g Mean*? SD Mean SD Mean SD  Mean SD
Seaweed (Kombu) 10.0 5 ND™® - ND - 752 £ 21 143 + 02
Pickled leaf vegetable (Nozawana zuke) 10.0 5 ND - ND - 808 =+ 23 79 £ 13
cuch Chewing gum 10.0 5 ND - ND - 763 + 26 Trace™
Fried fish cake (Satsuma age) 10.0 5 ND - ND - 711 + 17 Trace
White chocolate 2.0 10 ND - ND - 731 £ 50 Trace
Mugwuort-flavoured rice cake (Yomogi daifuku) 10.0 5 ND - ND - 707 + 19 95 + 27
Seaweed (Kombu) 10.0 5 ND - ND - Trace 69.4 + 48
Pickled leaf vegetable (Nozawana zuke) 10.0 5 ND - ND - 111 + 14 688 + 22
Syrup 10.0 5 ND - ND - Trace 655 + 21
CuCh-Na Chewing gum 10.0 5 ND - ND - Trace 5.6 =+ 48
Fried fish cake (Satsuma age) 10.0 5 ND - ND - Trace 638 + 7.8
Candy (Green tea flavored) 10.0 5 ND - ND - Trace 723 + 54
White chocolate 2.0 10 ND - ND - Trace 50.0 + 107
Mugwuort-flavoured rice cake (Y omogi daifuku) 2.0 10 ND - ND - Trace 650 + 15
“L As copper
“2n=3

“3 Not detected
“4 Trace indicates a value higher than the LOD and lower than the LOQ.
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Table 3.4. Determined levels of CuCh/CuCh-Na in commercial processed foods.

CuCh-Na CuChdetermined  CuCh-Na determined

*1

Sample cuch ™ (mykg) (mg/kg) levelMUL "™ (%) level/MUL " (%)
Pickled vegetable (Wasabizuke) 3.7 + 1.9 13 = 07 3.7 1.3
Chewing gum A 09 + 0.0 ND™ 1.7 -
Chewing gum B 09 £ 01 ND 1.7 -
Chewing gum C 09 + 01 22 + 04 18 45
Chewing gum D 18 + 01 80 + 0.3 3.7 16.0
Fried fish cake (Satsuma age) ND 09 + 02 - 2.2
Candy 09 + 01 65 + 0.2 - 32.5

1 Mean + SD (n=3)
*2Not determined

“3 Determined level of CuCh or level of CuCh-Na/maximum use level (MUL) x 100.
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%4 E BEREARSS 1-t FeddoFIUTFU-,1-URAKRY
BRI OF 7 ¥ UBOAERES T OTEDB3

4.1. FFim

WA R EEE A ER ) LT ORBEITH Y, WMEFR L VAT L FrX T
CHMI K THAEH D X 37 E° DNA ZEMESE5 2 & CREDIRE "I &2
HITWD., EEEEERANT, ZORME L TRWIIHANYZ MLVEFELTEY, 77 A
PEMEMEE (e.g., Escherichia coli), 77 LIGMHEMIEE (e.g., Staphylococcus aureus), BERE, &6
(I HERIERE (e.g., Clostridium sp.) 125t U CREEEF 2Rt 170, R FEme U511 % %
RO TGRS OB E 72 ST HW o d1E0, KE, B -4, A—A 7
V7, 22—V =7 FRETAMEMORIEAEL L LTHERA I TWS. mFEmid
AT JECFA |2 & o TAEMEMKEITHND 5 2 TOREMEREA S TEY 9, &6

BA)

{Z European Food Safety Authority, Food Standards Australia New Zealand (FSANZ) 7 &4 [E
DELZRT D LBBICB W THRIHME S TWD 9. 20K, AR TITR
I E LU CHRRE SN TER 69, [EN ClRmprie AR S S o &5 OFEITR o
HILTW o T,

UL, ERICEA RS & U CRFRR AL S fu 7 A fER S 238 LTV 2 AT RE
PERFERE ST 2 L &2%0T, 2013 4F 4 Al AT 3is - o ga s iAo R
SWMPBET BN T, WERR AN S OB SIRIMIEEZ BT 2 &, i,

W FERR AR RN & U CHRE S5 £ TR, s AARER S b oo i e R S A
FREE R OIS EME 21T O 2 L NRE ST

AER S O R E R E IV DI D IS FEER RA ORI, R, e, @ERLKSR,
HEDP, 47 % Vg, 47 % U, K THY (Table 4.1), TNHEYD 5 6, LR

L EERE, ALK IIUSMED & <, ERER AR T THOMNICHERE, MR, K ~L
9% 728, BEERE RN IR NIRBE D OV I W R E B2 b DLl
EFEEE AR5y 00 9 B HEDP B8 KO 7 # VIERIXEIR CRERME L LTH b, %
PEHZ LW S I, mFmRANT, AR ED LR, RE, 7y NFER EOEREE

*a 9016 4F 10 A& & L THREINT-.
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il C BN R  IRE R E O FIETRIMAEITH VS, 8, % OKGELEZ 81347
DiZpvs., 2 b OBH D6 — AR FEIE R IV TAERE MR IC HEDP 36 XU
78 UERIIIRR T DR S D EBEZ LN TN D YO 207, iEEEEERAITE Ay
& L CTHEDP & A2 & I DWW T A A fER S T OFRH EE 21T O WER H - 72,

HEDP (I, H— RO EARARR— FRIEHN & LTV =y MEREFOHKDN
BIHEHINDZETRSHAONTWSOERME LTOMEEZFS. LarL, A2k
HEDP (% 19 tfcic Kk o@ @A rET 5% L—¥—& LT S, KikbAl & L TR
MEnTWelba®WTh H 5. HEDP (TEFFREAIC ISV THRKICF L—F— L& LT
FlAShTRY, BEMSMUATOS&REZ XL — 52T = b U RIN & %
L, imFEE-Cmme bk R O oA E, MEmRAOREERZZELL T\ D,

F70, AU X UBRIIIRFBE S DI TH Y, KATIIFASLaaF v Y I LT |IZE
BIZEEND ZENMON TV D, WFRRAN IR S oA 7 2 BT fm s Al &
LTE< 2 & ClFime Al oRink 2T S, BRERS L OBiREIET 5 2
ECRBEIERZM ELT0D B2 6 TND 9,

Z® X 512, HEDP (L FER Al DL eI, 47 # VIR ES RO m ElicEznEin
AHTH Y, AR EHOMEFREANITA BA S TH D, mEFRRRANCE £
% HEDP 5 L U7 & RO EEERERHANIIRATER O JECFA, FSANZ, R ZELEB R
REZ R TRIHMliS TR Y, AfFEmEEIZIKE T 5 LYV TORBSCEITRNEE
A BN TWD. Elofih L 2Z B2 TR G O FZERHNIZ 350 T, HEDP (2250
TI1Z 0.013 mg/bw kg/day D ADI Z7%E L CWHN Y, 47 ¥ U ERITEI SR & 2 EEHE
RIEEA T, A7 2 VBRI & L TEYNICHEN S 5 e arEicig&iT e < ADI
BRFET DMEITENEHE LTS Y L, 2 OFHEiORHL & 72 - 72 HEDP
BLOA T ¥ U BOKRRERHEGHIBEI R %O EEAEZ RICHB L T DR L, B
BT —Z ZRILE LTRY, EREOKEE L +SITERL T DA TH o7, L
L, BUEE CIOIEFFRR R S 7 ARG IZFR L7z HEDP B8 KLU 7 & VBRI
DT, EHEARE BT A oS 1T L2 R Y TIER O S Rinotz. £
2T, AT TIHARA AR L HEDP B LU 27 & VRO SHHEIC O W TR 21T

27z,
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4.2. IC-MS/MS & F\W e A fiF R it HEDP 5347k DBA%

HEDP Mk AR fE R dh LLAR O 30EEC OWFFE S 2385 &V , HPLC-UV % 4 1
WK A b 7 JEIC K D MBEREO TR 1O, A A s m~ b7 T 7 (I0) - 8
BT T A BRI T oTE 12, RSB R &2 o obris Y, A 4
R REEE Ve LC-MS s W, SRR (LB AT WA A < T T - HE
IMNTEE (GC-MS) I L D05 %17 9 HikR ENME ST\ D D, L, HEDP O A
RO I 0.004~02 mgkg FRE L TS METHDL LHESNTEY Y, b0
IINTIEDIEE CIIRIEICR oy B2 bz, £z, 2RO OSHHEIER ML LTo
HEDP #4510, MifEdi> HEDP 72 &% Emirdf e LTH Y, RO X SISk~
U7 APNIET HFBHI X L T HTE DO MERERIIi 21T » T 63, Aff&f o
HEDP 3 #HTIZXHE T & 5 03RS 572, & 2 TAMFZE TIX, AEffR M I2F% R L 7= HEDP 4y
Wik B Bi%E U, SRAERER L & BV COTIE O PERERTAT A 17 - 72.

42.1. Fik
4.2.1.1. #HEE KOG

HEDP (60%/K¥giK), 73X Fr g —"J MU v LK (PAM), 7 L > R T b
U U L=/KFMY (ALD), Ut Fe fE—F b U v A 2.5 K (RIS) XA bR T2
() LA L. YL RevB—/KfY (ZOL), = Ve R R (AF LU HRARY
fiZ) (NTMP), A F /L7 A7 (MPA) I Sigma-Aldrich #E L VEEA L7=. Z OO
72 SUEBIRAL R T (BR) ORIER R A U7z, BEERR AR T RE T D
AT L7z, F7z, RWFFETHH L 72/KiE Merck Millipore #1:% Milli-Q Gradient A10 system
AWTHR (18MQ-ecm) L7zb D& MH L7,

HEDP fR{FIA#R L HEDP KA Z /K CAHAMR L CTHHL L 7= (1 mg/mL). HEDP FEHEVRIK
(0.05~1 pg/mL) I IPRAFIAEIK Z BB AR L CHMB L7, RIS I3/K CTHME L 1 pg/mL WK &

Sy HTRRBHARIN F O WA YEY R & LTV, F8L U 72 38IR IS Nalgen fE8L DR Y =5
L' (PE) &R FWIZ AL, 4CTRIFEL T2,

4.2.1.2.1C 5:fF
WK 7 v~ 277 7 ¢ —(% Thermo Fisher Scientific %4 IC 2%{& (Dionex ICS-2100) %
Hniz, B ok, EXEEERTG (DS-6), A— Mo 77— (AS-AP), 7L
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> % — (AERS 500, 2 mm i.d.), ¥R (EGC I KOH) 726 k5. BRI BErR
AHELEE I K o TAR L7 30mM AKEE(E T U & A/10% A % 7 — VIR &2 VT2, 20 i
? % 5 11 Thermo Fisher Scientific #-HLODE A A4 % #i A 5 I (IonPac AS-11, 250 x 2.0
mmid) (Z#H— K47 2L (lonPac AG 11, 50 x 2.0 mm i.d.) Z# L CHW=. £72,
FMHIELL T O Y, FiElE 0.25 mL/min, 77 A4 —7 > OIREL 35°C, 7 L v ¥ —E
I 19 mA, BCEHE AT 25 pL. HEE DO = b — 1T Dionex Y 7 b =T
Chromeleon7.1 % 7o, F7-,IC ITHHERE LTH 7 2BVEESHTEE (MS/MS) %82
fL, & T/, ATOERMEITEEERIKS K ORIk E 2 Bofr L, SRR
B LA E R E UCR L.

4.2.1.3. MS/MS £

Frittas & L C Waters -840 B! MS/MS (Quattro Premier/XE) % /2. A A Ak
T— KNIV 7 har AT L—A A Abik (ESI) ODFR AT 47— R Tirolz. EED=2
v ha—/uit Waters #EH Y 7 h 7 =7 MassLynx V4.1 Z#HW\ =, ¥ 7 U —EE,
a— I, fET R —IXENEN, 2kV, 20V, 20 eV IZRE L. A4 Y —RiR
FE, WS VIR B 1 X 2 40240 120, 400°C IZRE LTz, B, 2 — 2 OERT AREITE
N2, 800, 50 L/h ([Za%E L7-. HEDP & RIS ORMHILEIRKIEE=4% U 7 (SRM:
selected reaction monitoring) % V>, HEDP 1% m/z 205 [M-H]” 764U % m/z 123,169 O
TuK s hA A, RIS X m/iz 282 [M-H 225502 miz200 D70 Xy A+ %
ZNENE=HXV 7 LIz, A% v URBRIL 0.5 B, AFHo ATl 11 47, HEAL 6 4
I3 MS/MS (T AP & L7z,

4.2.1.4. FEFHHR

I, B3, RRREHINDO A—\—<—F > P THA L7 (Table 4.2.). R
$E, B RN AR 21Kk % PE 48 (Ziploc, TBALAL () H) & L <X 50 mL & PE
Fa—TIC AN, REEELHEEOKEMZEALEZ. 72720, EEMZD OREEN
REWVEE (F=U—, 7ryal—) IZEALTI 3 HEOKEZMAT. RIS, BEERKDE
8 (SV-18TH, 4RHFFY: (BF)) ICE A L7=alkla A, 30 sy S it #1772,k
HEIHIEE U, %ikoRBRE R U7z, AEREHT 1 Bikico& 5 ¢ oW 23k}
& LTERILL, S0mL @ PE F = — 712 AL, 20 mL DK Z M ZE A L7z, 15 5 085
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i 217V, BiEZ 50 mL @ PE F = — 72BN L7-. fiHZE#IC 20 mL ©K %012 7
FERRF A 21TV, R B3E 2 [ L=, [ L7 40 mL @ i % /KT 50 mL I
AL, itk s L.

Wi, LR O ik TR o5 21T - 72. 5 mL Otk % 0.45um ® PTFE 7 4 /L
% — (Millex, Merck Millipore #:8) (ZX > TABEL, X527 4 V& —IZHH LT-78E;
A F 2 — b U v (Bond Elut SCX, 500 mg, Agilent Technologies #1%) (2@ L 7=.
=RV o PEHLENPLHSML DAY ) =)Lt SmLDOKIZE STV = vT 4T %ELT
ofc. @R Lo, a0 2mL ZFEHE L 3 mL 2RI L7z, B L 72¥%9E 1 mL &
720 5 uL OPNAERERTE &2 TN L, IC-MS/MS 24T FakBAE & L7,

42.1.5. MR

AR S O AE R ORI H PRI BUE B O HEDP EEYEVATR & ASYEIR IR Z RN L, <
N w7 AGHEERERE L Lz~ b v 7 AEGHIEHERIIE, 5 mOMRE THE L
(R - BF32E: 0.005~0.06 mg/L, PI%H: 0.02~0.1 mg/L). ME#RIX HEDP & WNIEEHEYE »
V=7 ERE A RIS U T m Yy M UIERLT2. E72, BEMR O R?>0.99 & B AF 72 E#]
PeE AL, EmICHWEZ.

4.2.1.6. LD

HEDP /34124 iE E o> e & FERAE (instrumental limit of quantification: 1ILOQ) 3 X UM%
H FFRAE (instrumental limit of detection: ILOD) (%, HEDP ® 32} /L& & peak-to-peak / A
AP (SINLE) & LTIl BLV3L 252 5L L7z, ILOQ I% HEDP % & £ 72\
Z & ERER L B O RS KIS, SIN=10 Z 2N 2 5T O HEDP Y&K % VRN
U723kl % 6 mhEGEHIE L, 5507 SIN e FEEME BB Lz, FikE & FIRE
(method limit of quantification: MLOQ) (LA F ORI Bk 7.

MLOQ (mg/kg) = ILOQ (mg/L) x fliHHik & (L)/FEIER (kg).

F 72, WINENGRERIZ 31T % HEDP OFEF~DIRINEIZIMLOQ D 2 52 & L1z (R
FHB L OB 0.0l mg/kg (F =V —, 72w = —:0.03 mg/kg), PI%E: 0.4 mg/kg.
HEDP ZotfriE OB F KOS 1 B 2 M7 5 B EOWRMMEINGERIZ X - TRl 21T
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ol Fio, 7ryal) =B ROV FRZE RS LOREORE L L GERIRL, HEDP #91
TREEIX MLOQ @ 2 f535 KON 20 5 E D 2 A% (4FA: 0.2 mg/kg, 7' 1 v =2 U —:0.02 mg/kg)
TAT - 7=. HEDP HTiEOEEEE, #MNENGRERDBILROFEEE L TR L. £/
DFTHRE FE 36 L OVEE RS BE VX IR N [ G R oD [5] IR 3R % — Je B & 43 050 AT (one-way
ANOVA) (2 X > Tt L, TN E AT R 7= RSDy 38 LUV RSDr & L TR L 72.

4.2.1.7. IBEFERALER S 7 AR T O

R AR A GRS A 12.0%) % Bl B 12 3550 Tl I B e
AR L7 GEEFRRIREE & LT 80 mg/L). R FEH, B Rl 2 AR L 7o il Efe A 12
10 BHEREL, 51& LiF720b 5 BB AR FIC L REZFRV 2. KIT 40°C O Rzt
(WFO-400, HUREERMEZT (KK) CAMRSMFREISAAE Lo mErme s 2 e 2w S
72.4.2.1.4. \ZHIoC, EEREARIANLER U 7m0 2 A0EE U, SBRISIR 2 R L 7.
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422, FER

42.2.1. MS/MS $ L OV IC & Dl

HEDP (I UV SCuOEHEHIR ORI 2 1% & A ERT- 72Tz, —fiRi72 UV RIHHERSe 7 o+
A A — R7 LA fthde o & 9 2t ids Tl T & vy, BERUREE R AR
X DI ATRETEAS ng/kg L~V HEDP ORHICITBEN A+ EE2 BN £ 2
T, FIRE ORI O FEORHER TH D MS/MS 12 X 5 HEDP MIHTED R 24T > 7-.

MS/MS D Al D72 912, 10% A % 7 — VIEIRIZEEME L7 0.5 pg/mL @ HEDP ¥
% MS/MS IZEEAL, SRt 21T>72. £9 HEDP @ MS AXZ7 kL (m/z
50~300) ORI EIT- 7=, Z OFEE, HEDP 1% m/z 205 12 FA 4> [M-H|” Z 542 &
M BMNE 7257z (Fig4.l.a). RIS, TRE T MM AU AX Y UOHIZEY miz205 706
ELDTaH T M A AT MADRFEIToT2. ZOFER (Fig. 4.1.b), m/z 123 B X
W69 [ZERT X T "GV WEL DT ERHBNE /o7, 2T MSMS 1L D
HEDP O ERITIE, m/z 205 1 HAE LTS m/z 123 BE V169 & E A 4> & LT SRM HlE
THZELEL £, ARGONTET 0T T M AU AT NI TA T —H
N— TGRS ATV D ESI Q-TOF MS T 54172 HEDP D A7 hb e L —FH LT
W=, RUT 4 TE— RO ESLIZ L DA A AL TIX, m/z 207 1255 1A A4 2 [M+H] 238
BINTZR, AHT 47— RTBEI NI m/z 205 O 7 F)VOBED T H3 - 7=
72, AT 47— RERA L. S5, mz123 8L TN169 O 2 7T ViR EE D e kI
B XD a—EREREOMD MSMS G faE L L7z (4.2.1.3. MSMS &% 5
).

I, HEDP Z3#T12 i L7z IC SRAF OBt & 4T o 7. MEhaix U VB b & oiric—ik
HINCER SV TWDRERA Ao & T L& Le . U VR AW 3 BT i3k M
HAEAEH 7 v~ k277 7 1 — (hydrophilic interaction liquid chromatography (HILIC)) % fifi
LT DN & - 72728 2 HILIC 7 T 5% W= Tifaat 21T o 72728, v — 7 12 hig
T =V TRAT Yy R EUTZ2OBH Lo Tz,

KA IC DIEHER D Bl 21T > 7=, WA ORG T 30 mM OKER{E A U 7 DoKIRHE
ZUREER & U CREA LT /228, HEDP B —2 O 7 — 1 7 (peak asymmetry factor b/a >4)
WAL D LD BN B - 72, BE#RO IC & v 72 HEDP ATiE DA T, FIFRICEEA
TR WAT) T N LT CHEDP DB — 27127 — ) U I RNEL D ERENT
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B, @S CITHEYRREREAND Z L TT— U VR WET D AREME AR LT
% 2. ZZC,HEDP V' =27 OF7 — U » 7 % il $ 2 O e i BHR O it 21T - 72, %
DRFFECIE, AR ZEERRICEINT 2 Z L 12 X > Tl 7 LR & St G o B A
RAMZELL, =27 RN SET 2 Z EARE STV P 22T, 30 mM KEE{b
U D LT 10%D A 2 ) —)V Z iR U T B &2 F T HEDP B — 27 OJRARIZ DV TR
EATo72. ZORAOFER, A X 7 —1VOEMCE Y E—7 BRPLET S (peak
asymmetry factor b/a <2) Z L AVRENTE. I HIZ, A X —LORINC XV GO EEE
W AWIZHA O Y — 7 mig L el LT HEDP O B — 7 [R5 1.6 fFicm bl 2
iE, 7— U v T OMEIZ X 2T Tide <, AMIEEORIMIE > T BSI 12X 5
A A AR TRIAB LSRN E L2 b B L T\ D LS iz,

4.2.2.2. WEEHEM)E DER

— AT MS/MS % W 2438 Tk, ILOQ L ~UL D kB 73 Ay ek 52 0 i = MR 1%
MS/MS DLEMITIRS AT 5. ZHUTKt L, EORNEEEWE O 1L MS/MS
DREEZANIT L ARAEZ LIRS, ILOQ L~ L CORFEICHBIT A ERMELZ M EXE54
e FETHD. 22T, 6 O Y kAW (Fig. 4.2.b) ZPWIEEWHEPAR L LT, IC-
MSMS % W= IRA A T=X U 7 (SIM) TS L DMpt 21T - 72, gt ofsH
(Fig. 4.2.a), £ COWEMEYE AR (0.05 pg/mL KIRIK) A SINE 10U O —27 2R L
72. L22L, NTMP (ZIAH A3 < (36.13 min), MR OB SEH Lo 72,
SCXFIZ, MPA, PAM 35 KX OV ALD (33& IR 23 5. < (MPA: 2.64, PAM: 3.84, ALD: 4.47 min),

SRR IR E DRI — RIS E £ D AHEROHERE & o o B O I &
R E S, ST OREMICH B L 52 08N BT EMBIRM Lo 7.
%72, ZOL DAL (9.21 min) 1L HEDP O¥EHFE (9.16 min) & 1FIEF—E L T\ /=7z
, HEDP OFE BE\Z T L2V EVER 34 U 5 23 & - 72 RIS OFRHIFER] (8.26 min)
I3 HEDP O] &<, B — 7 IXRUTZRITHBEL T e, 2D Z &6, HEDP @
IC-MS/MS Z3HTIZ36 1T 2 AR & LT RIS Z 3R L 7=,

Fig. 4.3.a |Z RIS /KKK DA A > AT N T L% 7R LT, HEDP Zo#ril it L 7= 51
WZEBWTRIS X miz283 120 A A V[M-H 24 L5 2 EnHALnER-T2. 72, Fig
43bITRLTEET R Y M A AT NIV TI, m/z 283 v m/z 200 = E/R7Ta Z 7 |k
AF L ELTELDZERHLNE T2, £ T, RISOE=F Y > ZE mkz 283 b
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AT % m/z200 DA A% SRMBlIE L, #5572 — 7 [Hff4 HEDP (Z%f7 5 NIEHE &
LTHWSHZ &L L.

Fig. 4.4.1Z HEDP & RIS (& 12 0.05 mg/L KIFK) OESIZEEFH THIELZIC 7 1
v 7T hE MSMSIZED SRM 7 r~v NI A% LTc. ZORSE, BRASEE R
5 CIZ HEDP, RIS L2 & — 27 NBIECTE e o 7228 (Fig. 4.5.2), SRM 7 i~ b7 AT

ITEREATRERIMEDO Y — 27 NE LD Z & AR Sv7e (Figd.5.b).

4.2.2.3. AEfERMH 5 O HEDP i HEO Bt

RIFH, B 6 0 HEDP filiHI2IE, Bt EE L FEOKEZ MW, LrL, Kb
[EEENPRENT Yy a2l =R ETIIHEOKTIIREEZE ) ITIIA R o729,
A/ L O R & VRIS, BRI OWCITRBIERO 3 FROKEH, BRI
& L7 WO TIL, IC-MSIMS SHTIZB W TAELLZ Y T Ly varvid, v~y
7 ADEBEEMZ 57 OREHEREO 10 (50K E I AW -, I 385 0t ic X
DiHEE AV, EEEAER% O BB E ST ORHIR E Lz,

Wiz, MiHiEZE AT H720D A T LT 4 F—IZ O TR E{T > 7. HEDP 7k
Wik (0.2 pg/mL) ZH{HEME DT 4 A7 B A T L7 ¢ )L K — (polyvinylidene
difluoride (PVDF), cellulose acetate (CLA), polytetrafluoroethylene (PTFE)) (Zi@#Z L, AikH
®D HEDP 545 2L TAL T LU T 4 N E—~DWEREHEF L= (n=3). = Dfk
F,PVDF & CLA ZME LT DAL T LT 4 N H—TIHXENEN 275 B LV 155%D
HEDP WA BlZisivic. —77, PTRE ZMBE LT AT LT 4 V2 —TIRWAED
blcinole, ZORREND, bo L bUERPMENPSTZPTFERA T LT 4 L5 —
Z I D AR LTz,

ETo, BRI OB A A8 IC DA T DMIRA RS A=V 52 52 &0,
U UBILEMOE— I RO RBICORN D ZERRESN TS M2D 22 ¢, K
FFETIL SCX B — MU w7 4 & — A Stk Ak U, itk oeR
AT DBREERTTZ. 74N Z =L SCX I— Y v VIR D8R/ A A v OFREWL
PRAAT o o HHRIS, WA Z 5 ul W0 L, IC-MS/MS 73t HH ORUEHAIR & L7z, =
DOREHAE OFHEIEIL, WEICHE SN TV A8 ik & 0 HEDP 43471k & bl L
T B0 fifE N ORERFIETH D LEZ BT,
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4.2.2.4. BESROVER & ERMEDRTS

ESHZ X % A A L ALIX B TR O @ W Tt G O HH & vl REIC 3~ D N 7= 51k
ZH, = CHRBHEIRPICEET 2R ED~ Y v 7 ADEEZ LY, A4
fBDZ N ZA R LT T Ly v a v R B DWEEZIT D, ZOWER~
Y w7 AL > TRELSEHTHD, BABICE > TEOERBIIHKAL THY,
MLOQ RERMEICHGZ DAL RMICL - TRRDLEEBEZOND. £ T, KOWET
IENEEREICNZ T~ Y v 7 A~ o F U Ik DMIEZ T o ERE B L, &
fitf i > HEDP Z IEREIZHIE 9~ 2 7k A it L7z, BaEst RN OFEMERS k13, HEDP
AEERNT LR LA R ORISR T, HE RO HEDP IR K & NIEYE
W2 L CRRL U7, R oL, B9, 328 T3 0.005~0.06 mg/L, AI¥ET
1%0.02~0.1 mg/L & L7c. BAMEMHEOREBNLRFEHIOWTH R A RT &, BRER
D RTINS, Er U, FRTENEI0.99%, 0.994 5L 100.993 THY, RoOHiET
AW ERR O BRI RIFEEZ DT,

4.2.2.5.ILOQ $ £ T MLOQ DT

AGHHEIZET % HEDP @ ILOQ 1 0.005 mg/L 72> 7=, = OREFEIIRER D B A K A K
= MEEDHTIED 5 B b mEE 22 38Tk (ILOQ = 0.003 mg/L) & H#LTH, [
FLORE LB 2 B2, E o ARERS P O HEDP 547123510 5 MLOQ (X598, B
FHETIX 0.007 mgkg (72 vy 2V —L&F = U —F 002 mgkg), £7-, KW TIE 0.1 mgkg,
A, KA TIX 02 mgkg 72-72. 2150 MLOQ (XiEFHERL RIS AL X 7= & Sz iR
L 72 HEDP Z3#r 3 2 DI+ ETHh 5 LB b,

4.2.2.6. WHNENNEER

<~ FU w7 2L ERREIOREF L LT, IFMEIGRERIZE T 2 FREEIO 7 1
~ N7 T L% LT (Fig 4.5)). Fig. 4.5.a R L7 X 912, 0.4 mgkg @ HEDP Z ¥R L7
RED DR SN RBRIBEOSH TIETIX, IC Z7a~ b7 ATRTENREL,
HEDP O ' — 7 134 < BB TX 2\ V3, Fig. 450 127" L7. SRM 7 i~ b 7' T A L TILE
BRE—IPBIETEL DD, ZDX DI, IC-MS/MS AT LW AED K 5725
BIC~ MY v 7 A ERARALICEE L2 HEDP Th-> THONATRETH D Z L AVUR
STz,

72



IINIEIGERER O R % Table 4.2 Lz, RIS ORILERIL 73.9~103.8%, RSD
1% 1.9~12.6%, 2 FEOE 3 TREILERIL 89.9 35 LT 95.9%, RSD 1% 4.1 B L1V 8.9%, HSE
T 80.3~90.1%, RSD: 4.4~10.8%72~7=. Z D X 512, ROWrikidsk « 2RI E %
1% HEDP (Zkf L CRAFREINER EREEE R L2 LD, EBEICSER AR ICFE
B L72 HEDP O HTICKHIGATRE THd D L& 2 BTz,

42.2.7. SSHTEORER JURE OB

AOHHEDEER LOREEZFHMET 572, 1 B 2§75 B, 2 BE (MLOQ @ 2
fERB LT 20 f5) TOBMENGERERZ 7 1y 2 ) —, RO 2 FOREHT S L TTo 7.
Z OfEF % Table 4.3.12% L=, BILERIT 93.6~101.2% Td> - 7=. £7- RSD, 35 & U RSDr
1% 6.9 BEW11.5%LL F7Zo 72, FIERIZ MLOQ @ 2 fFEE DEDIRMTYH BIFTH
D, FEOMMTIEERS LOBENBE b RIFIE o722 &b, ROoPmikidigeEi Afts
i 10> HEDP % IERER D EFEEL ICHIE R RE & B 2 BTz,

4.2.2.8. W FERERALIR S 7o AR fERR S~ D

ARG AT I 2 RS A L R S A AL R U 72 SRS SH TS KON SRR ) L 7. el
FNTRIH, BRBHOKREITH WD RRIRE (HEFRH% S LT 80 mg/L) (CKTHRLLS
DEAEN Uiz, AR L7 smFmAIC &A% HEDP JREEZ 04T L7, Mt S i
HEDP /% 2.03 mg/L, RSD 1% 5.7% (n=3)72» 7=.

I FERR AL S 17 RSN L OV S S S 47 HEDP &% Table 4.4.(07R
U7z, B3, B30 O M S 72 HEDP 813 E 11241 0.009~0.047 mg/kg 38 LY
0.008~0.317 mg/kg 72> 7=. A [BID 5347 Tt & 4172 HEDP &% JECFA A3 it fE i A L p
WZ X - TR, WIHEICERE T 5 EHEE L& (0.0042~0.135 mgkg) L RIE B 2 5
nie . Linl, F=V—BXUO7ryal =B L TIEET JECFA OHEE LR &=
A TR\, £z, RO TOMORITH, BB OMHEL L TF =
J—b7nmyal) —hbmy HEDP MiiE4a " L. UL, oAb ~T
RERKREE/ERLTHDLZ & &, BONREBHEZFFOERER N & e U CHEME R
HIEZ AT 21D BFMR AR BN L RoTcleb E B2 bz, F#iZ, JECFA @
RHEEHEILI T ry a ) —DEOLEFMH L TCNL72D, B LIZAEOR R E O
FEITZ ORERE EEDE VNI > TELEZL D LEEZLND.
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ARER SR L7 HEDP OZEMiHMEIT ML eZ S TIThbTEBY, ZoHh T,
M EORMAE B E 2, AL AEE ST HEDP @ ADI % 0.013 mg/kgbw/day & 7% &
LTWb., £/, RSFH2 RSV & L THARIZEIT SR 5O HEDP EHE%
0.0014 mg/kg bw/day & H#Eit L T2 829 = OHEFHTEF £ HEDP 78 &% 0.202 mg/kg
ELTHERFL TV D, 22T, B0 HEDP AR &SR ORKRHE (Tuy a3l —
? 0351 mg/kg) IZE X #x, BIWLEEEROHEGT L FERICEIE Lk LIk R, HEGl
SN HERUE T 0.0021 mg/kgbw/day TH o7, ZOFERMN DS, ARIOFERICILS < bEE
FRRUAN R S T AR S GBS 2 L HEE 415 HEDP O HEIY, RESh
ADI Z 43 FlEl> Tz,
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4.3. 7 2 VRO EFERMPOIIEDORR LA LR T DA ¥ VBREBORE

WMEDHLEMPOF 7 2 RN T DRI, RICVA o RF—X Lol
B OFELRMERTD 1 D& LTHIT SNTHIRELL<, 26 O TIEERAG DN
B =N ETHY, A7 % fEE BRI LI liTd e 1920 F 72, mpERE
AT R, B30, REFR EMRROE R DRV AR S OREBE ITEH S5
e, 7 2 SR EEZNET DT OITHANRFERLETH S, L, @
DB AT B U BESIHHEIIVEREREMIC IV CTH— & L < IZEB O FREHCS L Tomh
FATL2MT - TE LT, WHBROITICRIS TE DA TE 72, £ 2 TARIZETIE, 4
fERMITIRRE LT A 7 2 VBR DT IEZ BT IS U, SRR 2 IV Cotiris
DOVERERHE 21T > 72, F 7z, FEERICHA SN ARRSTOA 7 2 o EREZIE L
7z.

43.1. J7ik
43.1.1. g

SISO B L ORMNENGRB AR O GO —u A Y, —A K T
TEE), KA (GO B, [EHEE), A GBAL : L%, EEE), F¥XY (EHFE), 7aval
— (EpE), = (EHE), VoA (HE) BLOF LY CRERE) 72 b CICEEA
fER Bt O4 N, U TBIOF L PIX 2013 4E 5 H 25 2015 4F 12 A ORIZEN O
A= —w—/ry NCHEAL TRV, £, BEmMANC X547 ¥ ViR A
WELOER @A e L, A=A KT U THE), TANRTHA (F—A T U TEE), <7V
B (AT UHPE), ALY (A=A NTUTEE), LEY (=a—Y—F 2 FE) I3, 2016
10 AIZHNDO A — "=~ —27 v FTHA L THW. ALERERESPOF 7 &
ORI BB O A P T A BRI AR D IS U, F7z, B35 Ts L OUR S8 3 A BE
MiAZE CTAF L. 206 OB Ol AR L OAFIL 2014 4 6 47025 2015 4 2 /]
£,20154E 6 A5 2016 4 1 HORIAT - 72,

4.3.1.2. B, k5%

R A7 2 BB LAY 7 VAT VTR L (K OFkdL, /T U EA
FITHEALEL T2 (BR) O—fkdbh 2 HWie. ZofuIBEsEE T3 (K OFskdita H
WL BRI EEEEE A GEEEE 12.3%, 47 X VR 8.8%E ) L UM - BE/K
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BB EER SR GEEERE 12.0%, 427 Z Uk 10.0% 5 A) ITRGEEE O AT L.
WIEEME G A~V ) FUBRA TV 0.1 g B ~F5 A fE L CIEREIC 200 mL
ELZ OB SmL ZIEFEICE Y, ~FH &2 MZ T S500mL IZEZ L (5 pg/mL).
FREATAEAEANL: A7 2 RA TV 0.02 g ZREICED, NIZEM-EEH~F
(ZVfiR U CIEREIZ 100 mL IZER L, T EEHERIK (200 pg/mL) & U7c. EEERIE A2 N
BEME A~V CHEEAR L, e EERK (0.1~20 pg/mL) ZFHR L, 4CT
RAF LT,
WIEYEME G AKX ) = )T UERATF IV 0.1 g TV S fE L CIERES 100
mL & L7z, ZOWESmL Z1EfEIZE Y, AKX 7 —)L&EIZTS500mL & L7z (5pg/mL).
F o & R R AR EERR A - AEEFER A OB S EIC S &, SRR,
B3 - REHZNZTNOM KIS T 2IBEFRO R RIRE (BWH: 220 mg/L, %73 -
EM 80mg/l) LD K ISR TR L CHRRL-.

43.13. &

GC-MS T Agilent Technologies 15 ? GC (Agilent7890A) 35 L ONFEI#E: MS (Agilent 5975C),
LT (BF) BHRYEF TR GC (Shimadzu GC-2010) 35 & O MS (Shimadzu QP2010 plus)
FHWE. £, REVFA P —1EL KA #:8D ULTRA-TURRAX T25, iz /057 BRI

(¥F) =27 %5l H-80R % AU 7=

4.3.1.4. GC-MS &5

777 2 : DB-225ms (£ 0.25 mm, £ & 30 m, /5 0.25 um) (Agilent Technologies #1),
A7 K 60°C (1 57), 60—220°C (7°C/5y, F-ifi), 220°C (10 77); FEA B 250C; 7
ATy =T34y (A F—T7x—R) WE:280C ; TEAFR: A7V v~ (AFY v Rk
1:10); v VY —HA:~U A (I1mL/min); A 4 ALE— R:EI(70eV); A A JRIRE:
230°C; BT — R:SIM; EEA A4 (mk): 74 (A7 X2 A F L L ONEEYE), 1

A 1 ul

43.1.5. &7 & R RBRGUE O F L
EFEER S O B $ OB G SN HERE ) SRR BB IS, & X BRI
B EEERRIA 2 1 L 0 — SRR RN I T R E (500 mL FLE) X, BEkE 30 8
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FiRIEL, 51& B0 b30 MM e —h— Rigiiize s, BRI FICL Y Kzt 7z
WFERRRGAIALEE L 72 4R R, B3 L OUREN DL ZNLEIL 3 BIADOREL (% 10 g) ZERHL
L7z, S adn 3R AT Mz R L, 77 7kt L Lz,

4.3.1.6. RERESHE O FRTY

MY EITT 0 OSRLREN 10 g ZREICEY, YoFLo—7 1 20mL ZZ, 5
YR E D FhH L7z, MBS U Tl (2 47, 3,000 g) Lict, VrF Lo —TILEE
FAMT T2 LTz, FRSITx L CRBROEEL# IR L, fittikz - 27 F =
DR L7z, IRMEWISKT LR - A % 7 — VESIR 10% (v/v) 2 mL &1 2 iR &
L721%,45°CC 30 syMnE L7z, fiintk, K 3mL, WIEEMESH A X 7 —/L 1mL B &
OnFHr2mL 2z, ¥y FIFH—ToFAL, ~FH U EE L DRBRIEKE L
7z.

43.1.7. fE#R
BESEEARZ GC-MS ITHEAL, 47 X VR ATV & NEESEWE O v — 7 Oifi
FEEE S 0.1~2.0 pg/mL, 0.2~5 pg/mL 35 X OV 1~20 pg/mL OFFH O B & 7Bk L 7.

43.1.8. REHFOA 7 Z U BROTEE

R Z GC-MS I[ZIEEAL, BoNicA s Z VA F L ENEEWE DO Y — 2 O
FEIC & MR & ORISR O A 7 & VR A TR (ng/mLl) 3R, RAUZL - T
b4y 2 BE R (mgkg) % atE LT,

A+ 5 W (mgkg) = CxVxk/ W

C: RBRIESETH DA 7 # A F VIR (ng/mL)
W: RELOERIE (g)

V: ARBRESHE B (mL)

k: 0911 (A7 % VS & (144.21) ) A7 2 ATV 5 (158.24))

B, WMALERERELTOA Y 2 CBEOMEMRED S B, FRIZONTIE 1 BIKIC
DT 3RAOYIF AL - AT L, EEMEE R L, —05, B - REHIC OV TR
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— 1y 2D 2 EIRAERE L, EN TN TV EE AR L.
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432, fER
4.3.2.1. BRI OB

BRI OB H72 0, 13 COICHHRIED TG 21T o7z, R4 7 2>
B o9 2720121%, £7, AEEZHWTESF NS A7 & VLT 5 0B
WD, TZT, AV X2 BOBELZZEL T, VoFLo—T LBLONFTY /T
@) BEREEZ MO THHREORE(LICET I RE 21T 7. A7 2 Uk 10
mg/kg AWM L7223k & L TIMEINGREBR 21T > 72 & 254, WH OEIEEOED
Z1L08 A v FEREENIRD DI A oz, £ I TARIIFETIL, WEOFRRIA AR
By FNe—T VEHEEE LTHWS Z & e L.

Fo, VT —T Wi T iEE it T 5720, RIERME, IRE O BE
BLOEFRBREICR T 2SR A R L., 7 2 VAR LB A e e L
folx, e O BE L RIEHRMETIL, ZTOREIEOMHED AT AL 2k EIZER%TH
ST, BEREBRETIIRE SBELRERIFELD 119 KA 2 MEWEIRZ R L.
o, BB L L TR XY EHAWTRE 5 #IE L BHEBRIEIC LV RO 21T o7 &
A, IREDBETORMGRITIRERIEL Y 6.8 81 FRAFRELZ R L. DL EDORER
L0, IREDEMERRH RS LTERA L.

S b, fHEER ORI EIEICHOWTHRF 21T o 72, BBt LTAH 7 # U 1.0
mg/kg 35 X OV 10 mg/kg Z U L 72 FAE L% v X 2 VT, fiEEs 2 o4
& 3 HOLE TENENRMENGRER 21T o7 & 2 A, Falkl, FIINRE ToRIR
DEDFET 0.2~3.0 RA > FUN E RERENTRD SR oT, - T, ZHbD
FER S X OVEBREREO R, MG ZE L, MHEEE 2 B & E L.

% 2> & BBRIATE &2 TR % B O BREIC DU TU, Ichihara B O iEAE —H#ZEH LT
1To7 2. WEHERRI#R D GC-MS 53T TiL, 0 FNOA LR F L IRIZ LY I T AFEEH~
DOWREPELT =V 72232 &0, KREMEIZL VWA EF 28 2 Lot hs A
ERDEBTEM SN TWD . LD — AN O T, BIAEEL LTI
Rl AH ) —NVEBELITEREZMILE UTRISSE, DAVRFEDOATF VATV
b%47 5 0. 2 ZTARFETIL 10% (vv) BRBEH A S ) — V&2 HWNTE Y & Ul A
FNZ AT AL L, 98T L7z (Fig. 4.6) . £72, ~FX VU OEEREO A7 X VR A T VD
R0, WERFOIEANGRER EEMIET D720, /) FTUBAT LV ENEEYEE LTATF
VT AT JABBOGE DRIZEIN L, SRR O 217 - 72
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4.3.2.2. GC-MS Seff36 L ONEMME

£ 3 (FA, KA, BA), FXEIFE (FryXY, Tryal— =rPy) BX
OCRFH 2 (Vod, ALYy X0 UERBREE (57 2 CRRERIN, NAEEY
B B X OHEEERIC W TERESIT L, HE—7 OB E 2R L (Fig
4.7). ZOREF, EWERIRO 7 o~ 877 A TIE 88 HfHIICA 7 # VA FVICH T
HE—=27,107 DICHEEDE TH D /) TYBAFLOE -7 NENEREE S
(Fig. 4.7.D). £72, MFOE =273 +pIZmBfsnd L b, 2OV —7BIRE BAFT
bolo. WIT, BEHERR (Fig. 4.7. D) & %3 BRVEHE (Fig. 4.7. A, B, C, Blank) ® 7 1< |k
TINEWBLTZE 2 A, AT R A TFNOE— 7 1IRMER SR O — L Bl
N=2T7 A R Lc. ST, HFMEHIOWTA 7 X VAT LB LT T Uk
AFNVEERMOEIETHN LIz & 2 A, TXTOREND /) F A TF /TR S 72
molo. UEDORERKXY, SERELEFMZHWDL Z LIk Y, ZhboEHZ 2
TIEFREH SR D AHERL D 5 DI E A2 T I A7 & VB A T L OSHTASFTHE & sl S h
7.

728, BERRIE 0.1~2.0 pg/mL, 1.0~2.0 pg/mL 33 X Y 10~200 pg/mL OFFHIZHB W TZEH
FAUR A 0.997 LU b & BAFREMME AR LTz, E£72, EARMEOFFANT SN 10 BLE &
7R DR ZARSHTIED LOQ & Lz, EDHREE, LOQ IFatlRisik & LT 0.1 mg/L, #UEHH
L LT 0.02mgkg TH -7z,

4.3.2.3. IRANEI R

BN 3 (PR, RRBLOSHR), BRE 3 M (FryXY, 7ryal—, = Py)
BIOREHE 2 i (Vo TBIF L D) [ZOWTIHRINEIGR 21T 72, 7 &>
FE DIRINTERE X, 1.0 mg/kg B L OV 10mg/kg & L7z, &3EES 0T CTHIE L, EEAINEEL 2
AR DRI ST A7 & R R OB Z I C T, AR F6 J OHHE UE(R 2=
(RSD %) #HMH L7z, £ EtOREMN 27 v~ 87T L% Fig. 4.7. (A, B, C, spiked) (277
L7, Bl 47 # U goIRIE, 1.0 mg/kg T 74.2~96.6%, 10 mg/kg T 80.5~98.5% C
& o7- (Table 4.5.). F7-, RSD I 1.0 mg/kg T 3.4~9.6%, 10 mg/kg T 2.6~8.2%TH 1,
REICB T2 REOEE, JMTHEEIZL bICRIFTH T2,
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4.3.2.4. BHERERALIRIC L VIERE T A7 X VERE

WEEEE AL X 5 A4 7 X U IRIR R B OME 21T o 7o EARF O KIEEIZHRE L
T B HERE AN I o TR IR U 24T o To AR E R &, RALBE D AEfER IOV
THI B WaNTL, BONTEOAELZREELE L. f5R% Table 4.6.1077" 3. ik
BRI OERIC L D47 Z VEEOFKREEIZAFW T 0.14 mgkg, X7V /17T 0.13 mgkg, 7
A8 H AT 030 mgkg, LELT 0.10 mgkg, 4L YT 0.08 mgkg ThoT-. 2,
FSANZ |2 X 2 #45 Ci, FEFRRA B S 7o AR SR O A7 2 U I RSP L
FEH-T, WET13~40mgkg, 722U —T17mgkg EHEL TS Y. ZhbD
HEEAE & il 5 LA RIS NT= A2 & VORI U CTE» o 72,

4325 WANLERER SIS L OEELAR ST OF 7 & ik

WFERRAOERANRBD N TWET AU, BTl %Et 8 »ENLEAZI
TAERER L (FP S6 MR A, B3 34 iR, RIFH B WE) [2oWT, ZhbiZEENnD
o a4 R A IE L.

Z OFER (Table 4.7.), AZEN S 0.05~1.70 mg/kg CEHHAEAERZ © 0.40+0.31 mg/kg)
DA T Z U S, £70, BT LOQ~1.5 mgkg (CEHIHEARERZE : 0.15+0.32
mg/kg), FIFEFHTIX LOQ~4.00 mg/kg CHHIHAT AR 7 : 0.46+0.75 mg/kg) DAV X U EEH
RSN, 20X, WThORRETHREEDOIZSS>ZIFIEFICRE N7z

A ERER S DR SN A 7 & VO MBI AT, BHRAICAT o 7o e KR
OIMFFRRAENC X 547 2 VRO RIL (Table 4.6.) 7 AT H A% RS WTh
DEMBECBNT BN 72,

WA 2R L T en e B2 b D EREDOERER M 2 o LToRER, A 4 1
K513 0.05, 0.11, 0.24, 0.40 mg/kg DA 7 # VBB ST, 720 2 2 Bk D
1% 0.40 3 LTV 0.60 mg/kg, AL 2 MR 515 0.64 35 LTV 0.71 mg/kg DA 7 2 R
B ST, &7 2 CBRIIHIROIIEN, a3 F vy Y MO GEH R e & KRRt FifE
il & U CEEw) 2 b3 BRFUTIASAFEL TV D 3139 gliho4 7 # L gEfa &
LT, HIZBMTOEFERMR /e B & LIfEnskE STk, FRTidd
fE7 5 2.0 mg/kg™®, W TIIT7 UV —ARTA MBS N=T7 my a3 U —DEEND 10~20
mg/kg?, 7V —A R I AW I N2 F v RXFOHEND 0.27 mgkg, RIEFEM K TIT,

FL VO S 1.2 mgkg®), ALYV a—A0E 02 mgkg?), VIV a—ANG
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1.7 mg/kg it L7z D72 EORENH S

ABFFE TR B AT B AR ds K ONERE £ 0 0 E B4, FEmR AL L oA H
BRIRHE &, 72 O N HMEZ R ERICEZRET 5 &, mMARMPLRIESIZA 7 # ik
SRR RAI O RIC X D EAMICHET T E S, S ie A7 2 U BROREITNT
b KIRHRTH D Z EAVRES T
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43. B2

AR E CIIEEEE AN X 2 @B X - CAERERIICERE 35 WREMES & 5, HEDP
BLOA T Z U BOGITIEICOWTHREF 21T 72, ZO#ER, HEDP (Z5W T, IC-
MS/MS (T & 5 A fEf i o> HEDP bk z s Uiz, 7o, EfERMA T OA 7 & iRk
EHEICONT D720, FHERLAE & GC-MS ZflAB bR oWiEZ L Lc. o8
LEOMEREFEAMORE R, HEDP 34Tk, #4727 # VBT EE, KE L BICRIFTH Y,
AR ORE RAE ML TRERREA R T D E RIS N, Ei, AERERN A
KGNA T X B ERBEDFERERE LT TGS, A7 2 BRNIEE A EDOR M DIR
Mz, ZnoD0F 7 Z VBOKREFIIREBRTH Y, Z D7 FERE ALz
Lo THWINT D47 2 VBRIIRIROA 7 # VDXL O XTI b &N, BgTEn
EBZ DI, BEERRALEEORE L L CHWS %A HEDP 284 &5 2 bl
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4.4. B

ARETIL, ERERNICIRE T 5 ATRett 0 & 2 MFFER AR5y, HEDP 3 X O 7 % ik
DE S SHEDFESIIZ DOV T DLL T ORFIE 1T > 71-.

@ IC-MS/MS % oy pTdEiE & LT L7z, @ Thv it Ze A it 1 o> HEDP 2347
L2 fifeNr Uz, AROMTIEIZIIT 5 AL/ 5 H o HEDP O JE & K REIX 0.007~0.2 mg/kg T
bV, Fio, BMEROEMMEILRIFE -7 BMENGREROFE R, [EINEET 73.9~103.8 %,
RSD (3 1.9~12.6 %72 > 7. AOHHEOERE, KX 1 H 2 67, 5 BEIZH7Z 2 BNEIY
R OEE & UCRHE L7z, 2 Of5R, IMEIGRBR SO EICEL 93.6~101.2%, f
ITHERE, SENFEEEIZ RSD & LT 6.9%, 11.5%LL o7z, & HIT, Bii i FrmL LAl L
BRAAT o 1283, RFEICARSIEZEH L7k R, 0.007~0.317 mgkg @ HEDP % it
L7z, ZAUC KDY, FEERIOBFREE AL < 7 ARER 225 HEDP 3O lRe CThd 5
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TN Lo, ML LT ITIEIC K D2EMELD DDA 7 2 Vo BRI
74.2~96.6% , FAFHEHER 1L 2.6~9.6%72 - 7. Btk LOQ I 0.02 mgkg Th -
7o ARG (P 56 MK, BRE 34 Rk, REH 89 MK) BRI A s X O
M EAT S T4 R, FANBHIE 0.34~0.53 mg/kg, BF352HH1T LOQ~0.48 mg/kg, FFHE5
IX LOQ~1.12 mglkg DA ¥ VERERH Uiz, 7=, R EShizA4 7 % VO KEBTITR
RHRTH D Z &R I T,
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4.5. KF*K
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Figure 4.1. Mass spectra of HEDP
(a) MS spectrum of 1-hydroxyethylidene-1,1-diphosphonic acid (HEDP) (m/z 50-300). The
molecular structure of HEDP ion is shown in the figure.
(b) Result of a product ion scan of m/z 205. The molecular structures in the figure are the estimated

structures of the product ions (m/z 123 and 169).
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Molecular mass : 283.00 Molecular mass : 205.98 Molecular mass : 271.00 Molecular mass : 298.97

Molecular Formula: C;H,,NO,P, Molecular Formula: C,HgO,P,  Molecular Formula: CsH,,N,OP, Molecular Formula: HNOgP;
Figure 4.2. SIR chromatogram of HEDP and candidate internal standard compounds
(a) SIR chromatogram: MPA: methylphosphonic acid, (b) PAM: disodium pamidronate hydrate,
(c) ALD: alendronate sodium trihydrate, (d) RIS: monosodium risedronate hemipentahydrate, ()
HEDP, (f) ZOL: zoledronic acid monohydrate, (g) NTMP: nitrilotris (methylene) triphosphonic
acid.
All chromatograms were obtained from analysis of a 0.05 mg/L solution of each compound.
The inlet flow for MS/MS was introduced only while the peaks of each compound were observed.

(b) Molecular structure of HEDP and candidates of internal standard
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Figure 4.3. Mass spectra of RIS

(a) MS spectrum of monosodium risedronate hemipentahydrate (RIS) (m/z 50-300). The
molecular structure of RIS ion is shown in the figure.

(b) Result of a product ion scan of m/z 282. The molecular structure in the figure is an estimated

structure of the product ion (m/z 200).
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Figure 4.4. IC and SRM chromatograms of HEDP
(a) IC chromatogram of 0.05 mg/L HEDP with RIS

(b) SRM chromatogram of 0.05 mg/L HEDP with RIS
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Figure 4.5. IC and SRM chromatograms of HEDP in the recovery test
(a) IC chromatogram of beef sample solution spiked with 0.4 mg/kg of HEDP.

(b) SRM chromatogram of beef sample solution spiked with 0.4 mg/kg of HEDP.
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Figure 4.6. Chemical structures of octanoic acid (A) and methyl octanoate (B)
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Figure 4.7. MS chromatograms of food samples

A. Beef, B. Orange, C. Broccoli, D. Standard solution of methyl octanoate (5 mg/L),
These extracted chromatograms were generated for m/z  74.

MO: methyl octanoate, IS: internal standard
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Table 4.1. Components of a typically peracetic acid-based sanitizer for fruits and vegetables®

Component %

Peracetic acid 14
Acetic acid 48
Hydrogen peroxide 4.5
Octanoic acid 8.8
Peroxyoctanoic acid 14
HEDP 0.6
Water 22.7
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Table 4.2. Recovery of HEDP on uncooked foods at levels near the limit of quantification

Sample Sp(lrl;eg(jklzglel Recovery (%) RSD™ (%)
Fruits
Cherry 0.030 76.6 2.9
Grapefruit 0.010 87.3 1.9
Kiwi 0.010 73.9 11.0
Lemon 0.010 82.6 4.7
Lime 0.010 103.8 8.8
Orange 0.010 89.0 3.1
Papaya 0010 1020 . 126
Vegetables
Broccoli 0.030 89.9 4.1
Celery 0010 9.9 ... 89 .
Meats
Beef 0.40 80.3 10.8
Chicken 0.40 84.0 4.4
Pork 0.40 90.1 10.0
n:

*IRSD, relative standard deviation of recoveries
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Table 4.3. Inter-day recovery, repeatability, and reproducibility of determinations of HEDP on

broccoli and beef

Broccoli Beef
Spiked level (mg/kg) 0.06 0.6 0.4 4.0
Recovery* (%) 93.6 94.0 96.0 101.2
RSDr? (%) 2.9 5.9 6.9 5.7
RSDg " (%) 5.4 5.9 11.5 6.9

“1Each recovery value represents the mean of results on five different days (two trials per day).

“2RSDy, relative standard deviation for repeatability.

“3RSD, relative standard deviation for reproducibility.

“RSDrand RSDr were calculated by one-way analysis of variance of the recovery values obtained

on five different days.
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Table 4.4. Application of the developed method for the determinatin of residual HEDP on PAS-

treated foods

Determined HEDP ™! Average™

Sample
(mg/kg) (mg/kg)
Fruits
Cherry 0.045-0.049 0.047
Grapefruit (0.005)2-0.011 0.009
Kiwi 0.019-0.027 0.022
Papaya 0.008-0.011 0.009
Vegetables
Broccoli 0.284-0.351 0.317
Celery 0.141-0.217 0.170
Red bell pepper  (0.006) %-0.010 0.008

n=3
The uncooked food samples were treated by imitating the process of actual sanitization using a
product of peracetic acid—based sanitizer (PAS).
*IDetermined levels of 1-hydroxyethylidene-1,1-diphosphonic acid (HEDP).
*2Reference value (<Method limit of quantification (MLOQ)).

*3Average of three tests.
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Table 4.5. Recoveries of octanoic acid from each sample

1 mg/ke | 10 mg/kg "
Recovery (%) RSD (%) > Recovery (%) RSD (%)
Beef 96.6 6.9 92.6 3.6
Pork 87.2 4.8 83.3 8.2
Chicken 77.9 3.4 82.0 3.1
Cabbage 96.1 3.4 91.7 5.0
Broccoli 87.8 8.5 95.0 6.4
Carrot 85.1 4.7 94.9 2.6
Apple 95.5 4.2 98.5 5.5
Orange 74.2 9.6 80.5 8.1

*1 Spiked level

*2 Relative standard deviation (n=5)
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Table 4.6. Residual levels of octanoic acid in uncooked foods by peracetic acid-based sanitizer

(PAS) treatments

Blank PAS treated * Increased level

mg/kg RSD (%)> mg/kg  RSD (%)™ mg/kg
Meats
Beef 0.12 3.1 0.26 5.8 0.14
Vegetables
Paprika 0.03 7.8 0.16 9.2 0.13
Asparagus 0.02 7.1 0.33 15.8 0.30
Fruits
Lemon 0.07 6.0 0.17 9.2 0.10
Orange 0.26 4.0 0.34 5.9 0.08

*1 These samples were treated by PAS for carcass sanitization or for vegetables/fruits sanitization.

*2 Relative standard deviation (n=3)
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Table 4.7. Determination levels of octanoic acid in imported uncooked foods

Sample (Exporting Country) Number of - Max. . Min «» Content (mg/kg)™
samples  (mg/kg) ™ (mgrkg)

Meats e S
Beef (USA)™ 17 1.70 0.08 034 + 037
Beef (Canada) 14 1.41 0.09 053 + 0.38
Beef (AUS)™ 16 0.71 0.06 034 + 022
Beef (NZL)™ 9 0.77 0.05 040 + 021
MeatsSum 56 170 005 040 =+ 031
Vegetbles

Asparagus (USA)™ 2
Broccoli (USA)™ 7
Celery (USA)™ 6
Chili pepper (NzL)™ 2
Kale (USA)™ 5 0.09 0.03 0.07
2
2
4
4

I+
o
(@]
=

Paprica (NZL)™ 024 <002% 011 =+ 011
Paprica (Netherlands) 0.05 0.04 005 £ 003
Paprica (Republic of Korea) 005 <0.02® 002 + 0.02
Treviso (USA)™ 0.03  <0.02° <0.02
Vegetablessum 34 150 <002 015 * 032
TS oo e oot
Avocado (NZL)™ 1 0.02  <0.027 <0.02"
Cherry (USA)™ 2 0.09 0.02 005 + 0.3
Grapefruits (USA)™ 7 1.50 0.33 078 + 031
Grapefruits (South Africa) 2 0.95 0.43 076 + 023
Kiwi (NZL)"™ 9 0.23 0.03 0.06 =+ 0.06
Lemon (NZL)™ 2 0.09 0.07 0.04 + 005
Lemon (USA)™ 13 1.10 0.04 019 =+ 022
Lemon (Chile) 6 0.42 0.06 014 =+ 011
Lemon (South Africa) 1 0.24 0.05 0.15

Lime (Mexico) 13 0.27 0.05 0.10 =+ 0.06
Melogold (USA)™ 3 0.75 0.39 060 =+ 013
Orange (AUS)™ 7 1.70 0.27 083 + 042
Orange (USA)™ 9 2.50 0.36 112 + 0.78
Orange (South Africa) 1 1.00 0.60 0.80

Papaya (USA)™ 13 4.00 0.03 093 + 114
e

*1 These values indicate the maximum level of determination
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*2 These values indicate the minimum level of determination
*3 These values indicate meanzstandard deviation.
*4 USA: United States of America, AUS: Australia, NZL: New Zealand

*5 The determination levels smaller than LOQ (< 0.02 mg/kg) were taken as zero for all calculation.

99



4.6. ZE3CHER

1)
2)
3)
4)

5)

6)
7)
8)

9)

10)
11)
12)
13)
14)

15)

16)
17)

18)

19)

20)

21)

22)

Oakes T. R., Stanley P. M., Keller J. D., 5,200,189A, 6, Apr. 1993.

Broda D. M., Lett. Appl. Microbiol., 45, 33641 (2007).

FUVEERR, AT R, R & B, 31, 1417-1419 (2003).

JECFA, WHO Food Addit. Ser., 54, (2006).

FSANZ, Application A513 Octanoic Acid as a Processing Aid Initial: Assessment
Report, 2004.

EFSA, Eur. Food Saf. Auth. J., 306, 1-10 (2005).

Block S. S., “Disinfection, sterilization, and preservation,” 4th ed., Lea & Febiger, 1991.
B ZEEAR, ROEEZESEM RN EFETM O R OBEIZ DN
C,” 2015.

Hilgren J. D., Salverda J. A., J. Food Sci., 65, 1376-1379 (2000).

Lovdahl M. J., Pietrzyk D. J., J. Chromatogr. A, 850, 143-152 (1999).

Fernandes C., Leite R. S., Lancas F. M., J. Chromatogr. Sci., 45, 236-241 (2007).
Kovagevi¢ M., Gartner A., Novi¢ M., J. Chromatogr. A, 1039, 77-82 (2004).

Xie Z., Jiang Y., Zhang D., J. Chromatogr. A, 1104, 173-178 (2006).

Warnke M. M., Breitbach Z. S., Dodbiba E., Crank J. A., Payagala T., Sharma P.,
Wanigasekara E., Zhang X., Armstrong D. W., Anal. Chim. Acta, 633, 232—7 (2009).
Yuzawa T., Watanabe C., Tsuge S., Freeman R. R., Matherly R., J. Chromatogr. A, 1216,
5292-5 (2009).

Antalick G., Perello M. C., de Revel G., Food Chem., 121, 1236-1245 (2010).
Carunchia Whetstine M. E., Karagul-Yuceer Y., Avsar Y. K., Drake, J. Food Sci., 68,
2441-2447 (2003).

Pinho O., Ferreira . M. P. L. V. O., Ferreira M. A., Anal. Chem., 74, 5199-5204 (2002).
Jurado-Séanchez B., Ballesteros E., Gallego M., Talanta, 84, 924-930 (2011).

LARICK D. K., HEDRICK H. B., BAILEY M. E., WILLIAMS J. E., HANCOCK D. L.,
GARNER G. B.,, MORROW R. E., J. Food Sci., 52, 245-251 (1987).

Brat P., Rega B., Alter P., Reynes M., Brillouet J. M., J. Agric. Food Chem., 51, 3442—
3447 (2003).

“Scripps Center For Metabolomics and Mass Spectrometry - METLIN.”:

100



23)

24)

25)

26)

27)

28)

29)

30)

31)

32)
33)

34)

<https://metlin.scripps.edu/metabo_info.php?molid=2629>, cited 23 June, 2016.

Peng S. X., Dansereau S. M., J. Chromatogr. A, 914, 105-110 (2001).

Bertolini T., Vicentini L., Boschetti S., Andreatta P., Gatti R., J. Chromatogr. A, 1365,
131-9 (2014).

Huikko K., Kotiaho T., Yli-Kauhaluoma J., Kostiainen R., J. Mass Spectrom., 37, 197—
208 (2002).

Ismail Z., Aldous S., Triggs E. J., Smithurst B. A., Barry H. D., J. Chromatogr., 404,
372-7 (1987).

Sparidans R. W., den Hartigh J., Beijnen J. H., Vermeij P., J. Chromatogr. B Biomed. Sci.
Appl., 696, 137144 (1997).

RYOICHI N., TAKAHISA N., TOSHIO O., KAORU T., MIZUO O., TSUGUO N., Clin.
Rep., 23, 12571288 (1989).

Ichihara K., Fukubayashi Y., J. Lipid Res., 51, 635-40 (2010).

HRFEE, <O TRERTLER N Ry 77 7 HL3#, Tokyo, 2003.

Schreiber D., Knight R., Hoagland T., Venkitanarayanan K., J. Food Prot., 67, 884-888
(2004).

SunJ., YuB., Curran P., Liu S. Q., Food Chem., 129, 1882-1888 (2011).

Arnéiz E., Bernal J., Martin M. T., Garcia-Viguera C., Bernal J. L., Toribio L., Eur. J.
Lipid Sci. Technol., 113, 479-486 (2011).

Takahashi M., Shibamoto T., J. Agric. Food Chem., 56, 10462—-10467 (2008).

101



S5 E RIS
51. REBE

BEMIFRAROBEHEIC 2 TUIR L RUVMEETIEH 553, FEEICARICERT
L&D Rtk b, ZOBEE R ENITRIC L R Z O RO BN TEY, U R 7§l %3
2 LBREMRE, VAIVEHRELZDE=F) UV THELWSTZV AITEARA L M
XA DLDEMDHIZBITHLF 2T M —H A = ZAFRITEMOLEICERE L TWN5.
F 7 E BB OB I, B EHEDIRYL & 72 5 IEfE7R BT — 2 RO b
TWD., AT, #IFITBUCHEIT DITE Y YV —X TV -BE L TEY, ET 2804+
BT D720, SHEONFLE 2 X MDA LETH 7. £ 2 TRWITIT L
XaT b —H A= RAOPHADOF T, Al OEBRERE & 3 FOFH LRIy 58T
EOBRFIZET DR AT o7,

%2 EBOMFIETIX, MBIEZ AW TREFO Al EHEZRIE L, fihHEKO Al EHUE
OHEFHEATo Tz, BRBHTO Al G EZER LR, RGEZ LI A OGHEIX
RESERY, RO - T8, 2Er o2 <mitiSn. BENOFEAR LB EIC
BIFDIMT AL S O Al #EHE T, JECFA OF%E L7z PTWI (2 mg/kg bw/week) % 14y
IZFEl>TWY, Ll WomBEIEO/NETIZ PTWI 2B 2 5 Al 25 O AlFEMED
Y, RTVADRWRFEIZEETLOMLEN DD B2 N, AT, SEIONZEI
DX BEFEEZTTA OBRNELEBSELZENAETHLNEE XD ETH
HZ2mi e Wz %, £72, ABRIORSFEEHIBIHGIA Titl L TW D BMRE S TH
v, A%, B EMoHiERIc BT S AEREICOWTONIFEEZITH Z & T, Hllof
HEEZKMIED Z EN TR, SHICEVEELEZ D Al O U R 7 G2 Al EE
20, M OBDZE - ZOERBRT L5 —BERDLTEAD

% 3 BEOMZETIE, LEMIREDH HMEROMRBIEZUE L, etk LR zm b
SHEIH TR BRI DO SHTEDRRIE 21T O 2 & T, U A7 EHOMFRIb X Tz, &
s T OEMBIN o E (Wb DA 7EE) T/RE 47 CuCh/CuCh-Na Dok, Bl
TETITLREMEA~DOBREIC LV AR SRV v e R L A E S TICsnE L LT
2. ¥7z, CuCh 35 KT CuCh-Na (ZZ N ENEBNERT 2 MERH D03, HERFRNR A
EETEART D TLORRERH Y, WETDIMLEND -T2, £ 2T, AFMEOE VIR
7t FE971C CuCh/CuCh-Na % 7y B i 5 FTRE 72 /oA & B %6 L7z, FEFRIC CuCh/CuCh-Na
I E T D HRE S AT EZ B L7 R, Wilk& 225 CuCh/CuCh-Na %
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EBABETHL Z LRI NTZ. ZOXDITARETIE, &M dD CuCh/CuCh-Na s3#rik
T IR A N2 7o, £, AFEMHEORBWIEEEZEH L2nZ &b, &Ny
DE=Z Y o 7RBRIEERE OZetem LS, o= 2 FORBL IS .

5 4 ORI, WFERAITR R Y O TIE DS 21T - 7=, BEERRRLANT A 5
W & UTRIEETE o 72728, AARTITEFRR KA S /- &5 OB D il
TWieolz, L, BEERANCLER & LTEEND HEDP & FmiEtefl L LT
BEND T ZUBRIE, WMAERERESIRE T D W RRES R STV, 2oz Y
RITF VT ADOBEIG, BAERER S P OKE HEDP 36 XU 7 & Ul D 5% FEhE
WEZATOMLERD Y, RRIIHOITFEDRENLE L S TWz, £Z2T, £7 HEDP
ZOWTHRZ1T o7z, ZORER, M5 2230 RIEITIN A IC-MSIMS (2 & % kL 72
ERELMAGOED LT, BHE, KEL BICRAIFRAERES T O HEDP sz i
SLT.

Wi, A7 B BIZONTHAERR ST OIIIEDRIE T 72, T OREF, FHEk
fLic X 2B L, GC-MS Z#AGDED Z & TN OHEE, KL bIC B2 4E
it A 7 2 VR ONTIE A fNL LTz, E£7-, HEDP, A2 & VERIHTEIL & b I Bk
RIFNLIRZAT o T AEMER AT A U, PEREREAD 24T o 7o/ 2R, AfE R a8 L=
D HEDP, #7 Z U RESHTTE DREEZA L TVD Z ERaEhi.

F7o, WEFRRALE S N AR SO EERE LT O HE, BFEEERAILEIC K o
THWINT D47 2 VBRIZRIROF 7 B VRO LS X HIHEN, BENN#ETH S
23, HEDP IXHRIEFREE B 2 DTz, 2078, iBEHRRIAILELOFEIE & L C HEDP OH
ENRYBEEZ LT, ZORERIE, HEDP 23 ) 27 F B EOFi- 723l HED 1oL L
THATHD Z L 2R LT

UEDXSTAGRILTIE, VF=2T M) =V A = ZARICEBNT—EDKRERL
7o, LinL, b¥aZ MU —0 o = ARG 22 A, FREMasvE L ST
WD ERIS, ALERUIEE - EFHEICEENDIX—F o I\ U —IChHkT 5 AlDO b
DOLFNERRENWZ ENFMENDOOHY, ZORERE, &y hr—FI v 7 X7 EDN
—F IR =T, Al MERTHL 2L ZfRST-bOREL 2 EDD KD
2725 TV, 207, BIEDO ABEEITRHER RIS TR LTS L& 2 b,
L¥aZ b —H A =R E U TR E AL Ch 5. £z, B RO
FBREL L HITHT- 72 U A7 PV L7558 X ERHn R L OHH O R ARO 5 b
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WkE9 2 BN, w AR g D FRRARLERE & 72 2 rREMEDN B D . BUE, BRKEE
HRIE RGBS I 2 (TPP) O & 5 7l O FRE & 70 2 M 2 B v #4346 5 & 5 AR
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e, L¥ 2T MU =P A R E, LD RBIOM CHEA SN IZAMESLES LI
& L%, WENTHEE Rk L, EROBEA~DKEEED R UKL 23 T 5 REM R Ol
mEFED I BIZIE, RESNTEITI 2 =T 4 —IZOMED 2 H ARG 2 FHT
WA L7z EC— i b &40, FITEA~OE 2B &, B R 2t a il s Uiz E
A I RX=Ta ORBEEYR—-FT52bLFaT M) - A 2L LTH
HThD. FlzX, BHRKEETCIILX 2T M) —3 A = AWFEHEER B2 R E L T
BY, ZOFHBETIHILRFEERS ODIIEORIE LV 27 FHEIC BT 2058, BES
BRI DOWT DY R 7 FHBO RS KO AET A BT A VO ENRLF 2T b —
AT AEE LTITOR TS 9 20 L 912, MR CREMICLER STV
IR0 TG IR A BHFRC R L, Bk E ORI AAT S 2 L THE¥EA / X—va v
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AN 2SR SN i 2~ 3 2 &1, Bl X8 s R B & ORFFRIRUER
W WEE D BHEAICHUERIRT 2720 0fIE L 72 0, KL L THER IR AT ARIC R
AR R ZIE LS & 6 &, BHEARRRRY ORI & 2 87 AR LHEE DR D
W25 EF 2 D (Fig. 5.1).
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5.2. W&

- N N B

R—AL 2B ENEUTIER BRBOEMIRIT L£15 N —H1 T2
DFEEZ(EE tENHlEHd (FEPREIRERDIE RCLBEEHEORIF
HLTAR T2 HEFIHNE
B4 REPIZ0 BERREBRRERE BEHARIA>0 RIZa R EHMEIcE
BURVORERE HFIE L TmA VERRIRE HKVAIEBEMNE
B FERIERRE KON BRI (CxT BU&EIRT 31 RIPRIRR R+ =(C
FRBEAREUAZR HDIEREIET FAFEEBLF158—
AT AATRELTEE

Figure 5.1. BRI L F 2T h U —H A = ZH5E
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ADI

CuCh
CuCh-Na
FSANZ
GC-MS
HACCP
HEDP

HPLC
IC-MS/MS
ICP-AES
JECFA

LOD

LOQ

MB F 8}

MB £

mg/kg bw/day
mg/kg bw/week
mg/person/day
MULs

OA

PAS

PTWI

RSD

RSD:

RSDr

R2

SIM

SRM

Atomic absorption spectrophotometry

Acceptable daily intake

Copper chlorophyll

Sodium copper chlorophyllin

Food Standards Australia New Zealand

Gas chromatograph—mass spectrometer

Hazard analysis and critical control point
1-hydroxyethylidene-1,1-diphosphonic acid
High-performance liquid chromatography

lon chromatograph with tandem mass spectrometry
Inductively coupled plasma-atomic emission spectrometry
Joint FAO/WHO Expert Committee on Food Additives
Limit of detection

Limit of quantification

~—/ > bR R

~ =y "Ry ME

KEHZO O—HEIE

KEHTH OBEMERE

— ANb&H7= 0 O—HERE

Maximum use levels

Octanoic acid

Peracetic acid-based sanitizers

Provisional tolerable weekly intake

Relative standard deviation

Relative standard deviation for repeatability
Relative standard deviation for reproducibility
RIEFRIKL

Selected ion montoring

Single reaction monitoring
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