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HPLC Analysis of Colorants Migrated from Children’'s Modeling Clays
Eri Kisuar*, Asako Ozaki, Tomoko OosHmMA and Tetsuo YAMANO
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8-34 Tojo-cho, Tennouji-ku, Osaka 543—0026, Japan;
*Corresponding author

A method using high-performance liquid chromatograph (HPLC) was developed for the identi-
fication of colorants migrated from colored modeling clays, which are popular toys for children.
Twelve permitted dyes and 25 non-permitted dyes were analyzed in 20 clays (10 wheat clays, 2 rice
clays, 2 corn clays, 3 paper clays and 3 resin clays). As a result, 13 products which were labeled for
children’s use (under 6 years old) met the specifications of the Japanese Food Sanitation Law,
while non-permitted colorants were eluted from 2 products. In additon, unknown colorants were
eluted from 3 products for people over 6 years old, although these are not covered by the Japanese
regulation. It was suggested that some type of clays contained pigments, which are generally used
in printing ink and plastics.
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7z.
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Table 1. Permitted dyes measured by HPLC

Color Measurement
Label Permitted dye . wavelength
index No.
(nm)
R2 Amaranth 16185 520
(Food Red No. 2)
R3 Erythrosine 45430 520
(Food Red No. 3)
R40 Allura Red AC 16035 520
(Food Red No. 40)
R102 New Coccine 16255 520
(Food Red No. 102)
R104 Phloxine 45410 520
(Food Red No. 104)
R105 Rose Bengal 45440 520
(Food Red No. 105)
R106 Acid Red 45100 520
(Food Red No. 106)
Y4 Tartrazine 19140 450
(Food Yellow No. 4)
Y5 Sunset Yellow FCF 15985 450
(Food Yellow No. 5)
B1 Brilliant Blue FCF 42090 620
(Food Blue No. 1)
B2 Indigo Carmine 73015 620
(Food Blue No. 2)
G3 Fast Green FCF 42053 620

(Food Green No. 3)

(GS), 77—A LML v FE (FRE), 7atAf > FL >y
G (COG), 7IF75v2710B (AB10B) BLX U7V Y
7 v M7F v 27 BN (BBBN) (H bk 12 (FF) 8,
JyrvA4xzu— (QY) BLXUsF Y P 7 —V (PBV)
X ACROS ORGANICS##, mw—% 3 B (RB) (XK
b (B 8, Z OISR E LR T3 (k) B o> £ 55 ok
AR B v b (14F8) oFF25fE % v
7z.

AR A A TR 1,000 pg/mL K E R % L HE
e L, ShE#ERAL, ZAMAKTHRL CTHMERR
L7

0.05 mol/L V) ~ W% (pH 6.0): V) YERAKFE =+ b
Vo AFTKREY (R, BIWIREE (BB 22.1g&2 ) &
B OKFEFT MU A (G, FOGRESE T3 () ) 52.6¢
BAEMKIZHENPLILE L, ThEEBAKTIORAN
L7

TN M)V ks u~ N T 74—, BRI

(k) B
Iy — v BB RHEME - PCBRABRMH, B
(k) B

2 No. 5A, 7 RN T v 27 Ok (Bk) 44

A Y7574 )% —: DISMIC, #/K¥:PTFE,
0.45um, 7 NNV F v 7 B (k)

3. KEBLURIERKE

3.1 BEEFAFoOYNIST (HPLC)

e Waters £L 3 Alliance 2695 ¥ A 7 4 : #H &¢:

Table 2. Non-permitted dyes measured by HPLC

Color Measurement

Label Non-permitted dye index wavelength

No. (nm)
AZR Azo Rubine 14720 520
EOS Eosine 45380 520
FRE Fast Red E 16045 520
PR Ponceau R 16150 520
P3R Ponceau 3R 16155 520
P6R Ponceau 6R 16290 520
PSX Ponceau SX 14700 520
R2G Red 2G 18050 520
RB Rhodamine B 45170 520
COG Crocein Orange G 15970 450
()1 Orange I 14600 450
OIl Orange 11 15510 450
MY Martius Yellow 10315 450
NYS Naphthol Yellow S 10316 450
QY Quinoline Yellow 47005 450
UN Uranine 45350 450
ABVX Azur Blue VX 42045 620
PBV Patent Blue V 42051 620
BMG Brilliant Milling Green 42100 620
GGB Guinea Green B 42085 620
GS Green S 44090 620
LGSFY Light Green SF Yellowish 42095 620
AV6B Acid Violet 6B 42640 620
AB10B Amido Black 10B 20470 620
BBBN Brilliant Black BN 28440 620
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Waterst: #2998 7 + b ¥4 +— K7 L 4 (PDA) il
AT A V=T Y A4 T ARk Blnertsil pH
(4.6 mm 1.d. X250 mm, 5um); # 7 AimkEE: 40C: &
B A0.05 mol/L Y M (pH 6.0), BT & b
ZMINs IV FEM Bi#lER 0D 550% % T50
GE) =T 7Yy M ERITw, ZOF E50MAREEL
720 Wi 1.0 mL/min; JEWHK K 400~650 nm; EA
&1 20 L

3.2 TJ—UIZBFENDHEE (FT-IR)

2218 Thermo Fisher Scientific #l: # Nicolet iS10, 4
RgHAlE (ATR) +=v F SmartiTR (F 4 Y EY F27
A FIV) At RN 16l S fEE: 4em™! PRI
B 650~4,000 cm

3.3 EHEXIROTREE (XRF)

FEE . HARE T () B JSX-3000 Element Analyzer; X
WME uYw Ay =y b FEE: 50KV FEE: H
By, A7 MV Kaffls 74 0% 2L WEFHA
H2E AERERH: 1208 XMEREE: 7T mm
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L, o dbillE Lz (= 7 —VlEEin) .
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W2 ME L, HPLC &M %Z 1T - 72,

TROMIEDGERER 1%, ek 0 3B T I A RS e v i %
Flpg/mL & %5 X9 IZIMNtE, 5. ICHE> T2/ OM
EWAHE L, HPLCIC X 2 a2 R L 7.
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1. HESRERBRIEDIRET
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BE X, ALFERME IR H o T AN A AT R 5 3
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H R R D WIEICET %5 Q&AIZDWT (Z2d3)" (F1%20
E£8H12H), AZLILFEH 081200175

WZIZZ DA OB E R TH D L ZHRT 5 LD
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1.1 HPLCAIERH
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25 DR AR (£ 10pug/mL) 27 a< b7 J A
# Fig. 11IZ/R L7, EHAFK®102%5 (R102) & BBBN
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* v (EOS) (28.7min), #* L ¥ Y11 (OI) % L < I
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72. =7, 94 ) —SF#if (LGSFY) & Ak
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BB SNz gE1cE, WEsth s e 2T L CERRE
BREATI)MEDRHHEEZ LN L Lad s, &
VI nomkn» s b2 s 0HE OBV H 5 ¥ —
BB EN Lo lzizd, RNESRNCTREZIT 7-.
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OFA7271)—YB (GGB) 1£0.2 pg/mL, P6R, EHFE
2% (B2), AZR, EA#F®3%5 (R3), &Mk 104
7 (R104), fHARE 1057 (R105) 35 X URBIZ0.1 pg/
mL, FOMWOFELFL0.05 ug/mL T TH - 72,

1.2 AEBSRASREDRE

1.2.1 BHAEDDEBIREDRE

HPLC CTHIZE T % B2, &R OB 2355087 7
SLAREICHETIVL, EHoLARRE RO N TS
LERTHEHNE D720, HONPLDAYTIT T4
§—7p & THMT HUEND 5. EINEE R TIIRERR R
ERRENT WD, HEOA MO E12Dn»
THHESN TRV, LaL, HloEimdiidst
HRDOMA T AL RICHTMLTWD D, HBOAFHEIC
Lo THPICERPELZWRENEZ 5N 22T,
B 2o P 2 b CGRINEIGRER 2 T, Al
BVED MBI OWTHE L7

MNERT 1B X2, KKit1, &H)dAZ LKL M
Hit2 7 & ONHHIRRE 1 2 0 1 18 0 BRI TS E R R &
L7z3THBE OGO % K 1pgmL &% b X ) ISHmL
AMBIPTA VTSV 74V —TAHBLIEE, HPLCIC
IDWELZZ. ZOME, K1, #2335 X OHHRE
Hit2 TIR37THEH TR CToOFEER ML I /ey, &
Hit 1B X0'2Tid, R3, R104, R105, ABI0OBB L U7
vy XL F L v F6B (AV6B) 2 E g, &9 5
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Fig. 1. HPLC chromatograms of standard solutions of 37 dyes and representative PDA spectra (10 ug/mL)
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Table 3. Results of recovery test

Qualitative analysis by HPLC

Sample 12 permitted dyes 25 non-permitted dyes
R3 R104 R105 Others AB10B AV6B Others
Wheat clay 1 * * * o * * o
Wheat clay 2 * * * [ ] * * ([ J
Rice clay 1 o [ ) [ ) [ ) o ([ { ]
Corn clay 1 o @ * [ ) o o { ]
Paper clay 2 (] { ] o o o o ([ J
Resin clay 2 { o (] o o o ([
Spiked concentration: 1 pg/mL
@: Detected in aqueous solution, % : Detected in ethanol washing solution
LM BWTHRIOBA KM S 2o 72 (Ta- KIZ, 12103 MENPGRERIZ BT/ E R E1B L O
ble 3). 2, 9 LM T 10RBBRD A MIZH WA B

R3, R104B X U'R105 X ¥ > 7 v RO F W %tk <

Y, N EIIGENRRD, £, BRIEERH T
M9 %720, &t O& BRI EB W T EERAMEKT

THZEDBHEINTWEDY. SN ERERE & BRI

FTHZELCHMELTVDZ RS, IhsoBphTR

BRI BL CwA/NEBITE S A Z LA Lok

FIWEL, APEBLIUOAYTIT 74 vy — S h

e Xz, AB10BE X WNAVEB b falkkIc 7 > /82

*K%%ﬁ%%Otb% AEBLIOA VTSI T4
— R E R B S .

Jib;v&o%é LEiLcid, AMicxyimsn
BOHEORSRH B LB L. UL, BINEICES
NCWrEBRHIANEFEET I RENH 5. T/,
R3, R104B L U'R105IZFH T E LB TH L7720, Ihb
WEHEMRICEENLTBY) HHETEHELAPRBOOLNTD
Hﬂﬂfﬁﬂfétwi , EsEEROBILE LT

ﬁ@bﬂm%?%h%h%%% FO70, HHLZT
RTOEOEZHRTE LRBEOMVIVET L EZ
Y

1.2.2 I%./—)UEDEE

R3, R104B X UR1051ZK I D H T ¥ ) —VIZHETR
TV ERLY, BIHEOABWIHH L 2AHB LA >
TITTANE — %19/~»T%@L Z OV & W E
THIET, ABICLYVBRIITE Lo AR ORIZ
EL AR

HONLOIY )= NIZEbrux b7 T ANDORE
RS B 720, T8 7 — )V TS L 7275 thopbm ik i 2
L7z, FTORE, RFEERFR29~22 min DL #1475
(Y4), mHFm2% (R2), B2, R102, BBBN, £l
5% (Y5), 77 b—nxzuo—S8 (NYS) BIUOEHRK
f140%5 (R40) TIIE—ZENIPBE SN/, =5 ) —
NI X B ER SR TH AHR3, R104, R105, AB10B
BLUPAVEBE L 20 CldBIIR R
Mofefzd, ¥ —VikilEEDF FHPLCIZEAL
THIET A L7,

TRV TI VT4 NI —%Ty ) —VTHEL, BON
7oPbi % HPLC TllsE L7z, ZofEE, AEitis i v
2TIZR3, R104, R105, AB10BH X UFAV6EB A Hi H &
N, £9HA5Z LHE1TIZRIOB M S 7z (Ta-
ble 3).

P kXY, HPLCIZ X 2 BB oMfRRATIX, $XT
DB ORI OV TREER E A\ L CHllEL, MEB
TOEI LA L TIZOVWTIRL Y /) — VIR OHIE %
BN 252 ET, MENSE L7 3THEO S B ORER
AYUJ BB 7 iR BE & L L 7

2. MTODERERE

Hit20f B (1168/k) ZoW CTHEBREB % 1T - 72,

BB OBHOAMEZ B THRL, B b%ht#
RIZDOWTIZFHPLCIZ X AR 2 17> 72, *iHE % Ta-

ble 412 ﬁ%ﬁ&HHﬁ7U7F77A%Fg2~TL
t.é%@ﬁ%fiw?hé%@ﬂmﬁm Ao b
Moz, HROBEIIOWTIE, MEI LI TICHRR
5.

2.1 I\F, KBLUESIHAIUME
INERT1I0METOMEIXEERETHY, IEMKT
10 DA GAERG 6 LA L L R ST WS, Ny r—
OWIIALRHOBAAR LB L TBY, FIEABE L
L CESTREERZE Z 5N kBXE) A2 LEET
I RTIHRERAETH - 7.

INEEB X OSKRRE L ClE P 2 B TR _C Tl
BROFORRED LN, T0H) bAEhao~ €y
y, NEMT3OKRME, NI oMk L EBOR 41
iz A ) RBER O ELEHICEL L —
i, £ A I LHE TR 1IIMART R T TREBARICE
IO SN h o7z

HEEOBEIED SN EB LUK LICOWT
HPLCIZ X ) KM@ E @2 ME Lz, 7~ - BEkgr» o
AW EMEORI02, R2, Y4B XU Y5 HAD L < ik
A DE TR SNz, BafiRs S 3R L Ak
IZR102 B L Y5 & 72134, R40 25 S vz,
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Table 4. Results of migration test
Indication” Visual checking” Qualitative analysis by HPLC?
Sample Color Before After 12 permitted dyes 25 non-
Country Age K i permitted
filtration filtration Ro  R3 R40 R102 R106 Y4 Y5 Bl B2 Others dyes

White — — — — — — — — — — — — —
Red + + X X X [ ] X [ ] [ ) X X X X
Yellow . + + X X X X X [ ] X X X X X
Wheat clay 1 1501t blue China =3 years + + X X X X X X x @ X x x
Green + + X X X X X [ ] X [ ] X X X
Brown + + X X [ ] X X [ ] [ ] [ ] X X X
White — — — — — — — — — —_ — — —
Magenta . + — — * — — — — — — — — —
Wheat clay 2 Yellow China =3 years + + % x x x « PY « % « « «

Blue + + X X X X X X [ ) X
White — — — — — — — — — — — — —
Red + + X X X [ ] X X X X X X X
Pink + + X * X [ ] X X X X X X X
Orange + + X X X [ ] X [ ] X X X X X
Yellow + + X X X X X o X X X X X
Blue . + + X X X X X X X [ ] X X X
Wheat clay 3 1501t blue China =3 years + + X X X% x X Xx %X @ X x x
Green + + X X X X X [ ] X [ ] X X X
Yellowish green + + X X X X X [ ] X [ ] X X X
Purple + — — * — — — — — [ ] — — —
Brown + + X X X [ ] X [ ] X o X X X
Black + + ( ] X X X X [ ) [ ] [ ) X X X
Red + + X X X [ ] X X [ ] X X X X
Yellow A + + X X X X X [ ] X X X X X
Wheat clay 4 Blue China =3 years + + « % « % « « % P « « «
Green + + X X X X X [ ] X [ ) X X X
White — — — — — — — — — — — — —
Red + + X * X X X [ ] X X X X X
Pink + - — * — — — — — — — — —
_ Orange i -+ + X * X X X [ ] X X X X X
Wheat clay 5 ¢ jjoy, China 23 years + + XX X% X Xx @ X x X X X
Blue + + X X X X X X X [ J X X X
Green + + X X X X X [ ] X [ ] X X X
Purple + - - * - - - - - * - - -
White — — — — — — — — — — — —
Red + + X X X [ J X X [ J X X X X
Pink + + X X X [ ] X X (] X X X X
Orange X + + X X X [ ] X [ ] [ ] X X X X
Wheatclay 6 gy China 23 years + + X X X% X X @ X X X x x
Light blue + + X X X X X X X [ ] X X X
Yellowish green -+ + X X X X X [ ] X [ ] X X X
Brown + + X X X [ ] X [ ] [ ) [ ] X X X
White - - - - - - = = = = = = —
Red + + X X X [ ] X [ ] X X X X X
Wheat clay 7 g1 Japan 23 years + + X X X X X [ X X X X X
Blue + + X X X X [ ] X X [ ] X X X
White - - - - = = = = = = = = —
Red + + X X X [ } X X [ ] X X X X

Pink + + — — — [ ] — — — — —
Orange i + + X X X X X [ ] [ ] X X X X
Wheat clay 8 ¢ jjoy China 22 years + + X X X X X @ X X X x x
Light blue + + X X X X X X X [ ] X X X
Yellowish green + + X X X X X [ ] X [ ) X X X
Violet + + X * * X X X X X [ ] X X
White - - - - - - - - - - - - —
Magenta . + + [ ] * X [ ] X X X X X X X
Wheatclay 9y pj China 23 years + + X X X X X @ x X X X x
Blue + + X X X X X [ ] [ ] [ ] X X X
White — — — — — — — — — — — — —
Red + + ([ J X X [ J X e o X X X X
Pink + + ([ J X [ ] X X X X X X X X
Orange + + X X X X X [ ] o X X X X
Yellow . + + X X X X X [ J X X X X X
Wheat clay 10 154, 1ue China 26 years + + X X X% X X X X @ X x x
Yellowish green + + X X X X X [ ] X [ ] X X X
Violet + + { ] X X X X X X [ ] X X X
Brown + + X X [ ] X X [ ] [ ] [ ] X X X
Black + + { ] X X X X [ ) [ ) [ ) X X X

1) —: No indication

2) +: Positive, —: Negative

3) @: Detected in aqueous solution, % : Detected in ethanol washing solution, X: Not detected, —: Not measured
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Table 4. Continued

Indication” Visual checking”

Qualitative analysis by HPLC®

Sample Color

Before After

12 permitted dyes 25 non-

Country Age

filtration filtration

R2

permitted

R3 R40 R102 R106 Y4 Y5

o
=

B2  Others

dyes

White
Red

Pink
Yellow
Light blue
Green

Rice clay 1 China =3 years

T+
T+t

XX X X X |

XX X X X |
XX X @X |
XX XX@ |
XX X X X |
®x@x x |
XX X X X |
0@ < x x |
XX X X X |
XX X X X |
XX X X X |

White

Red

Pink

Orange

Yellow

Light blue
Yellowish green
Brown

Rice clay 2 China =3 years

FA Attt
FA

X X X X X X X |

X X X X XXX |
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1) —: No indication
2) +: Positive, —: Negative

3) @: Detected in aqueous solution, % : Detected in ethanol washing solution, X:

WA HI1EY4, F - KORE2SEIEHTO1S
(B1), i - ik E2513Y4B X OBLAMRIE S/,
ROBAHD S51EB1, B2B X OR2OHEMY L < ITHAS
b TR S & BBk s 5 I1ER2, R40,
R102, Y4, Y5 B XU B1AMlAGHETHRIEEI N 72
2L, /NEERE 10 0 Bl IR AR FERE [ 33.6 min (2 E K
Gk U7z 37RO R & IR & I A R 2 b L
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Not detected, —: Not measured
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Fig. 2. HPLC chromatograms of representative samples

min

(A) Wheat clay 3 (Red)— aqueous solution (B) Wheat clay 3 (Yellow)— aqueous solution (C) Wheat clay 3 (Blue)—
aqueous solution (D) Wheat clay 10 (Black) — aqueous solution (E) Wheat clay 2 (Magenta) — ethanol washing solution.
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Fig. 3. IR spectra of resin clay 2
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Table 5. Elements in samples detected by X-ray fluorescence spectrometry
Element
Sample Color
Si S Cl K Ca Fe Cu Br
Red ++ - ++ + +++ + — -
Paper clay 1 Yellow ++ — ++ + +++ + - -
Blue ++ — ++ + +++ + + —
White — + +++ — - - - -
Red — ++ +++ — - - - -
Paper clay 2 Yellow B + R, _ _ _ _ _
Blue — + +++ — - - + -
White — + +++ — +++ — - -
p ! Red — + +++ — +++ - - -
aperclay 3 yeligw — + e+ —~ et — — —
Blue — + +++ — +++ — +
White ++ — ++ — + + +
Resin clav 2 Red ++ + ++ — + + - —
s ety Yellow ++ + ++ - + - - -
Blue ++ — ++ — + + ++ —
White ++ — — — + + _ +
Resin clav 3 Red ++ + — — + + _ 4
esin clay Yellow ++ + — — + + - +
Blue ++ + - - + + ++ +

Integrated intensity ++-+: =100,000, +-+: 10,000~100,000, +: 1,000~10,000, —: <1,000

NTVLERE (F Vs, RBANVT T LA, VT AN
V= k) 2, HEIEfke=Y) -7 )u=1Y
WILEAERD S % NP2 R 2 Sk 2 b ok
Mz, T2, WwTFhomkro b8, 2an, A
IV AR EOAETLFIIMIESNT, AR ELE )R
SENTV S ELR IR S T2 1B
WweEz Hhz.

REMETHHHEIE 1B L U204 0OKRAKIZO W
T, BLH %D Q&A™ ITHEV BT - FeEA A L7
HOBREHERLE A, KL 10kE X O#oIdgg
oz, HEIEARAL Y FR 7T ATy 7, BHRICH
WHNRLER (EZ XY s 70V—15) A LTWEZ
EAHBH L, FagRz oW TSR S 7 XRF O
ML —FH LTz T 2iconwThigEsstakto
AR SN, Tho 0BT aRMiEATERE LTh
INE 7.

4, RGO fEHE gD LIZoWwT
FT-IRB L OXRF % WV CIRE % il A 72k H, — ok
T CTHEHEERIHERTE 222, Foho% L okt Tl
FIEICE S o 7o, — BB EEN I L2204 i
HEEAIZ o XD LTV B D DONE S BEMEE LR
A, AERHIIER ICE  OFEEA D % 7O [ 52 1L H BT
b, FRRLEMPFROREIIE, R E RS S F A
e EOME S L GEET B END D L EZ LN, Kt
HOEFHITMBETH 5720, 5B X OFE I EET
ol BEIEOROBHFEDN YIS R T
TIMAZ S SHEHEOROERE S, L PEELE 2
57z,

x & 8

REW LN HLED 12 TH B HHIZoVWT, #Ha
BoRBRE AL, MEMT10ME, K28 H,
L9 bAZ LM 2E, MATT3HMEBB X OB 13
i H OFF20 5 H 2 3 RICERBR A Z 1T - 72,

1) RBEOME 217 72858, ok, KB X OBHIRR -
AR AB LU CHPLC THE T A 2 & Tl ER S &
L 7zF ) 5 bk 12 B 38 X ONR b5 k) 25 i 3 X T
P EETH 72, MEBITEI LA LHLICOW
TEABIZE DB I WEORED 72720, =%
J = VI OWE AR BINL, TRTOHBEOMEZ W
ElL7 Tk, KMitdEmricEEns 3aTiEos
Bt O R FERRBRTE & Al L7z

2) 6IEARMOILN B2 RE L/ 90 H, Kb
TomEBIOE S AT UL 25 B id ey 2128
BLTWE I EMPMHREINZD, L2 B 25 I133EE
FrE BB OB AR b7z,

3) MRAER 3L E LIS N TV FERME O
Pkt 1 dh B i3S ko A% Sy, A Ak
WAL T,

4) WREH 6L L o/NER 1ok B i A
BALTWD I LR IND, WNRIER 6 LD
it 18 H B X R OB R+ 28 H 2 538 Es
HEROBHAVRE SN2 Z09 bANES X UHUH 112
DWWy =V ORWESADEHO b O LB L TH
D, HMERE?E) PITHRIEMIBROATER L, /Ky
TR ENLRENIHMTALENHLEELZON
7z.



October 2016

HPLCIZ & 2 7L B 1 5 3 2 Btk o 547 149

5) IBENHBEE LTES ALY M ZO—T74RE S X
VNI —15 &\ o Z2EEE O ASHEN S 7.

X
1)

2)

3)

4)

5)

6)

7)

8)

[
KA T. e o LA, ol 2 F e AL E 7 i
#, 11, 79-80 (1977).
HARSE o, R 3R - T 20157, SO, &l
K, 2015, p.380-388. (ISBN 978-4-307-47043-8)
Miyatake, N., Nagayama, T. Simultaneous analytical
method of synthetic colours in food using TLC and
HPLC. Tokyoto Kenko Anzen Kenkyu Senta Kenkyu
Nenpo (Annual Report of Tokyo Metropolitan Institute
of Public Health), 56, 145-151 (2005).
Miyakawa, H., Horii, S., Igusa, K., Sasamoto, T., Mi-
yazaki, T., Kokubo, Y. Confirmation of Orange II de-
tected from dried shrimps. Tokyotoritsu Eisei Kenky-
usyo Kenkyu Nenpo (Annual Report of the Tokyo
Metropolitan Research Laboratory of Public Health), 47,
75-77 (1996).
Ueno, E., Nakashima, H., Takakura, K., Okazaki, K.,
Nagai, H., Oka, H., Ikai, Y., Hayakawa, J., Ishikawa,
N. Identification of non-permitted dye Orange II used
in a pickled vegetable. Shokuhin Eiseigaku Zasshi (J.
Food Hyg. Soc. Japan), 87, 226-230 (1996).
Uematsu, Y., Hirokado, M., Nakajima, K., Takahashi, I.,
Matsui, K., Kazama, M. High performance liquid chro-
matographic determination of impurities in Amaranth,
New Coccine and Sunset Yellow FCF (II) Determina-
tion of subsidiary colors. Tokyotoritsu Eisei Kenkyusyo
Kenkyu Nenpo (Annual Report of the Tokyo Metropoli-
tan Research Laboratory of Public Health), 389, 151-155
(1988).
Yamagami, T., Yazaki, A. Extraction method of food
coal-tar dyes in foods for high performance liquid chro-
matography. Yamanashiken Eisei Kankyo Kenkyusyo
Nenpo (Annual Report of the Yamanashi Institute for
Public Health and Environment), 55, 42—44 (2011).
Hayashi, K., Chiba, Y., Yanagi, S., Yamaguchi, Y., Ujiie,
A., Hamana, T. Studies on extraction and clean-up for
food coal-tar dyes. Miyagiken Hoken Kankyo Senta Nen-

9)

10)

11)

12)

13)

14)

15)

16)

17)

po (Annual Report of Miyagi Prefectural Institute of
Public Health and Environment), 27, 97-99 (2009).
Nakabayashi, T., Okabe, K., Mochizuki, A. Studies on
the dyeing capacity of food-color-stuff on food. Part IV:
Dyeing capacity to wheat gluten. Nippon Shokuhin Ko-
gyo Gakkaishi (Japanese Society for Food Science and
Technology), 12, 457-461 (1965).

Kamikura, M. Structures of subsidiary colors in Food
Blue No. 1 and their separation and determination by
high performance liquid chromatography. Shokuhin
Eiseigaku Zasshi (J. Food Hyg. Soc. Japan.), 27, 27-36
(1986).

Ito, Y., Suzuki, H., Ogawa, S., Iwaida, M. Detection
and determination of starting materials and uncom-
bined intermediates of organic synthesis as well as sub-
sidiary dyes remained in cosmetic coal- tar dyes by high
performance liquid chromatography (II). Nihon Kesyou-
hin Gijutsusya Kaishi (J. Soc. Cosmet. Chem. Japan),
16, 105-118 (1983).

AT BHHERE A, O A IR N A H I SLET. W,
JEIE)E, 2007, 2500p. (ISBN 978-4-567-01853-1)
Yasuda, K., Tadano, K., Ushiyama, H., Ogawa, H.,
Kawali, Y., Nishima, T.
tor substance for the analysis of sodium copper chloro-
phyllin in foods. Shokuhin Eiseigaku Zasshi (J. Food
Hyg. Soc. Japan), 36, 710-716 (1995).

Oka, H., Ito, Y., Goto, T., Matsumoto, H. An HPLC
method for the determination of water-soluble annatto
in food. Nihon Shokuhin Kagaku Gakkaishi (Japanese
Journal of Food Chemistry), 11, 155-157 (2004).
Nakajima, K., Hirokado, M., Shimamura, Y., Ozawa, H.,
Kimura, K., Yasuda, K. Analysis of natural colours in

Investigation to find an indica-

commercial food by high-performance liquid chromatog-
raphy. Tokyotoritsu Eisei Kenkyusyo Kenkyu Nenpo
(Annual Report of the Tokyo Metropolitan Research
Laboratory of Public Health), 51, 8590 (2000).

£ B AE W OBB. BRORE AR B B b T & G 83, 308-316
(2010).
FENEERE. b B 50001, kst 67, 92-102
(1994).



