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Table 1. List of Standard of Photoinitiators and an Internal Standard

Analyte CAS No. MW Manufacturer

2-Isopropylthioxanthone(IT X) 5495-84-1 254  Tokyo Chemical Industry Co., LTD.
2,4-Diethylthioxanthen-9-one(DET X) 82799-44-8 268 Tokyo Chemical Industry Co., LTD.
4-Methylbenzophenone(MBPH) 134-84-9 196  Tokyo Chemical Industry Co., LTD.
Benzophenone(BPH) 119-61-9 182  Tokyo Chemical Industry Co., LTD.
1-Hydroxycyclohexylphenylketone(HCPK) 947-19-3 204  Tokyo Chemical Industry Co., LTD.

2-Ethylhexyl 4-(dimethylamino) benzoate(EHDAB)
Ethyl 4-(dimethylamino) benzoate(EDAB)

Benzophenone-2,3,4,5,6-d5(BPH-d5)"

21245-02-3 277
10287-53-3 193
2694-78-2 187

Tokyo Chemical Industry Co., LTD.
Tokyo Chemical Industry Co., LTD.
C/D/N ISOTOPS INC.

1): Internal standard

2. BREE

YN, - ITX, DETX, MBPH, BPH, HCPK, EHDAB,
EDAB.

WHEHENE « N 7 = /) »-d51K (BPH-A5) .

FEAE S N O\ YEY) ' & ¢ | Table 1R L7z,

vruaa ALy, p-~FY o, BT I, =H ) —),
HElE : Kk, 7 h=hUJL, XX —: mERIKS v
~ NI TR, TRTREMETE (BF) .

ATALER A E AR 7 — h U > ¥ : Bond Elut SI (500 mg,
3mL) , BondElutC18 (500mg, 3mL) , A ET7T YL
N7 oY — (Kk) #L,  Sep-Pak C18 Vac (1 g, 6cc) ,
U —2—X (FF) .

3. BB K OCPIETERR

RSN - ITX, DETX, MBPH, BPH, HCPK,
EHDAB, EDABII# %50 mg&xfsf L, 7 hr=FrU LT
S50 mLICER LIZb DEZFNENOERERIE L Lz (1,000
pg/mL) . HEHEFKFZ50mLTORY, T R=FUL
TS0 mLIZER LI b OERAEERKE L. (100
pg/ml) . IBRAEMERKEEZ 7 b= h VL THR L TS50~
10,000 ng/mL OB GIEHERIR AR L. 72721, MER
BRIZ31T 2 BANEERER H K OB Rz 51 2 GC-
MSH OIRAEEHERIRIL, BIE n-~FH o FEigA ¥ ) —
LTI LT

PAZEHEYAE © BPH-d5001,000 pg/mLD 7 & k= k U LA
R LT

4. ZEE

GC-MS (M'E a0 K& OV )  : Voyager 7213
ISQ, H—F 74 v ¥ —HPA LT 174w (B #l

GC-MS (NZWRERI) : 6890GC/5793MS, 7L~
cr7 av— (B #.

HPLC : 1200series, 7L v b7 Ja— (B #

5. GC-MSHI & 44
1) GC&M4
HZ 2 : DB-5MS (0.25 mmi.d.x30 m, f&/E 0.25 um)

TV T s uY— (R B, T ARE :80°C (1
min) —10°C /min—300°C, AR : 250°C, A A4 VIR
JEEE :200°C, ¥+ U7 —HA:He (1 mL/min) , EAR
1 £032puL, HEAT—FR: A7 U v PR,

2) MS4ftk

A FAkiE Bl A A b= R F— 1 70eV, A F
TRIRJE © 200% 7213230°C, WIEE— K : SIM, fRE—F
: SCAN (m/z 75~300) , #hksy DiE M K OREREHI A A
> (m/z) :ITX 239K 1254, DETX 253} 1*268, MBPH
119% %196, BPH 182% 18105, HCPK 81% 199, EHDAB
148 % 1X165, EDAB 148 % )164, BPH-d5 110} 1"187.

6. HPLCZ:f4

#17  : Inertsil ODS-3 (4.6 mm 1.d.x250 mm, FifE5 um,
VA2 () ), BEME AL ; K, B
T b= U, IV FEM  0min (BiR70%)
—10min (BiZ70%) —15min (BifZ85%) —25min (Bi&
85%) —30min (Bik70%) , #7 AIREE : 40°C , itk :
1.0 mL/min, JEAR : 10E721320 ul, KR : 74 b4
AF— K7 LA (PDA) Fioiddyemiiss (FL) , M
WE - WHEERTIX, ITX, DETX, MBPH (PDA 260
nm) , BPH, HCPK (PDA 245nm) , EHDAB, EDAB
(PDA 310 nm) , NAE®ER CTIX, ITX, DETX (FL Ex
272 nm, Em440nm) , MBPH, BPH, HCPK (PDA 245
nm) , EHDAB, EDAB (PDA 310 nm) .
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D2 glZ~F Vo TilHL L 72100 pg/mLOJR-SIEHEIRTRA0
pLEBRINL, 300 AER, 7.1) (VTR L 7.
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HE L, 200 ng/mLOIREGEARIFIZI T H~ A AT |
L& LT
BRERUOERE
1. MERBR

1) RBREKAREORET
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T 5720, n-~FY U THE L4 pgmL ORAEAERTR]
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DETX*°MBPH & BAFIZ T C& /2. E72, Sagratiniii T
IHEAFTIEZATY v b= R TH DN, AIETIHERER
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Fig.1 TIC and Mass Spectra of Photoinitiators(Standard M ixture of 1,000 ng/mL)

FEEMELTATY v ML RAE—RTERELT. Fig 1
121,000 ng/mL DR EEHEAIKOGC-MSZ7 v~ 757 Lk
~LT-.

3) RE#R

IRATEYERE 2 GC-MSITF L, PEEAEL Tl B %
YERZ L, 100~1,000 ng/mLOFiH CTHEARME (r=0.999) %
R LT, EETFRMEE, MEROBESCYESENS, #k
H7=0200ng/gk L.

4) FMENRRER

WEXNRONEE AR &5 F R WVRERE AV, Kk
ICHEWVERBRIRIE 2 T8 U7, ASEIGRER 217 - 72465 5,
EILER1TT72~103% T > 7= (Table 2) .

Table 2. Recovery and Relative Standard Deviation
of Photoinitiators from Food-Packaging Material

Analyte Recovery' (%) RSD (%)
ITX 90 4.1
DETX 98 3.2
MBPH 75 6.2
BPH 72 4.3
HCPK 85 4.0
EHDAB 103 5.9
EDAB 93 1.7

1) : Spiked level was 2,000 ng/g, n=3
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Fig. 2 Liquid Chromatograms of Standard Solution (1,000 ng/mL )
1:HCPK 2:BPH 3:MBPH 4.1TX 5:DETX 6:EDAB 7:EHDAB

2. TEHIRRER

1) RBREKAREORET

OB A R OIR IR & fE L TIRIREE L CTHIET 2 2
EREME LT, A AER R — Y P oEE
1Tofz. WEMRL LI EERGAHNL, WITiLH0DS
71T KT X DHPLCHOHTAAFIREZR 2 &, RHRIE, KEL
13K % 80%LA L 7, FBIENEWNZ EnD, Cigh— U
v VICRESROR MR ZAR L, A¥ /—/VERITTE R

= MU TEHIT 2 ka2 MG L7z, @Bond Elut C18, @
Sep-Pak Vac C18, @InertSep C18 (4545 [E 1 F51H &1%500
mg) [ZDOWTC, BEEEFIKRE, K THNLI0 png/mL &
L7=bD&E50mLAR L, 7.2) (RIS O H Stk 2
WHLE. ZOFRMETIE, WITho—R) v h T Al
BWTH, WiHR M OWEEHE D & R IER H S Hu7aun
ZEERMEERL, ENENOENEZHREF L7z, @Sep-Pak
Vac C18 % U'@lnertSep C18 Ti, HCPK, EDAB®D R
1390%Lh £ L FERIZBIFTH Y, MBPHME UBPHOD[EIYE
H65%L L IEIERIFTH-T-. LirL, ITX, DETXT
1250%7, EHDABTII30%%HE L IEFITE -T2, —F,
(DBond Elut C18CiX, EHDAB®D[HIX K (340% 5 Th - 7=
B, FRLSMI6S%LL EERL, IRIEREFTH-o7-. Lk
X, BRCEINEROKD > 72ITX, DETXX OEHDABIZE
WT, b REF7REIEZ R L72OBond Elut C18% 38R L
7-. EHDABIX, A%/ —/NVEHIETE =KV LOEH
W E AL L CHREIRO EFIAa 6T, FTHEATIC
B SNTVD LRSI,

2) HPLCHIE S DRFT

TGS & FRFCRIE T 5720, 75V =2 Mzt
L7z, TORER, EBRFE 6. HPLCRAIT R HIEICE
WC R SEER S ST, Fig2 (27 b=k VL CH
#11721,000 ng/mLOEAEIRKE OHPLC Y 1~ b 7T LER
L7,

3) BRER

IRA SR Z HPLCIZMT L, #axhiR Bk CRERs
YERE L, 50~1,000 ng/mL oD #ilH CREfE (>o999) R
Uiz, EETREL, BREROBELIESNS, Bk
SV 1ingmLe L. BEZMILT I EDTE 3BT
HoTIE, HALEE Y- ORHEEOSRT, 0.7~
2.0 mL/em® T 57728, MAMKREED 7=V OE RRER
132 ng/lem* & L7-.

4) REEOEVIC X ZEIREORT

WEX RO IEEBAAAH % 5 F 72O RHIK, 4%
A% 721320% =% / —/v % Ak, 60°C T304 IR L TR
Hi % 7. 2200 mLIZxE L 100 pg/mLOIRAFEHERR
W20 pL&Z WL, 3057 A& %, 7.2) ITHEVFREL L7z,

Bond Elut C18 7 — ~ VU v ¥ (FEHEES500 mg) THLELL
7= & X DTS DIEL =R % Table 3 277 L7=. MBPH, BPH,
HCPK, M UEDABIZEWTE9%LL L BIFCTh o7z,
77, ITX, DETX, EHDABTIX[EIERII40FE 72 1X50% 5 &
Khrolefed, h— ) vy VOEMBEREELY] gk LTH
MEITo7. L2 L, BondElutC18 (FiEE1g) &AW
TIIBIMTDOENRARF LIz & 2 A, BEIERIZKE
REALIZH NI o272, FTEEIXS00mgDFEFE &
L.

3. NEYRER
1) RBREKRARNEORE R CIRINEIRRER
BT ONESBIENCHOWTITA, B, U1 %
OFER b~ b a—1L, I—7L K, HRATY 7Lk
EDOSHHTENRREYENTWD. 4|, REWE LT
LA R H AR E ORI EE SN D Z LD, x5
%’“ODVEJ\@TA“TMJMMNy rR by, B UHDHWIEIE
RS0 mLIZ IR ATEHERIR 21,000 ngdisn L, £ D[alIR
%ﬁﬁmmﬁ%ﬁﬁﬁk L CEMHFTRED & 9 D fat L.
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Table 3. Recovery of Photoinitiators from Food Simulants using SPE Cartridge with different Amount of

Octadecyl-Bonded Silica Gel as Sorbent

Food Simulant

Sorbent

0, 1 1 0,
Analyte Amount Water 4% acetic acid 20% ethanol
Recovery (%) RSD (%) Recovery" (%) RSD (%) Recovery'(%) RSD (%)
500 mg 57 2.8 61 2.2 64 0.5
ITX
lg 56 0.3 59 0.6 70 4.5
500 mg 58 33 58 1.2 78 1.6
DETX
lg 54 2.0 56 3.6 60 2.1
500 mg 69 1.1 83 3.8 96 3.6
MBPH
lg 68 5.5 74 1.7 68 5.5
500 mg 74 0.9 98 0.4 100 4.0
BPH
lg 75 3.7 84 3.0 72 3.6
500 mg 82 3.5 84 3.1 78 1.9
HCPK
lg 88 2.8 100 3.0 79 2.1
500 mg 49 2.1 56 3.7 53 0.8
EHDAB
lg 59 4.4 49 1.4 61 1.7
500 mg 79 3.5 84 1.6 99 4.9
EDAB
lg 98 2.5 97 1.9 95 2.9

1) : Spiked level was 500 ng/cartridge, n=3

Rotenbacher 5 D H{EY (%4 : ITX, DETX) IZHET,
FLECEHE V=T b= b UVIC K B E B AR 8,
ITX, DETXX O'EHDAB®3[R/TIZ DWW TIIAMEWE & D
FEERA+ 5 TRENREETH Y, OO IXAINE
P 20%RETH Y, ik LT+ TiERd o7,

¥ 7= Sagratini > D 5 (43Hr k4 - ITX, EHDAB, BPH,
HCPK, EDAB) [Z7¢V, FHEEK Y 2— 2% v on-
AF AL B EERH AT o & 2 A, MLy
a VBRI K VL L O BERREECh oo, fhitic
VBB OREF 21T 7. LovL, n-~FH 2 - FilT
FIVIRIE, BT VL O = FIz—T )V K DT
LIEEORER L7220, Mtk LCTRATE S L OTIER
Motz FOMDIHIFETIE, STt E N RE Sh
TV 0, MEMHSEORRRFEE VT 720, B
MEITDRPo T,

Z 2 CHE BB ORISR L 2 2 E1C, AL E
AT — B U v DI LB - BRI OV TRET Z1To 72,
FLESHE R 2 AV, (DSep-Pak Vac C18, @Bond Elut Jr-
Cl18, @lnertSep C18 % N@ASPEC C18 (45 H b [E4H Fe bt
(3500 mg) 12X B #REIT-7-& 25, @Bond Elut Jr-
C18, lnertSep C18&% V@ASPEC C18D3FED [EAH A7 — K
U UTIEREIAMRFICEMICHEREE V ET, Afmgd
TEMENIREE L 72 > 7. DSep-Pak Vac C18% i /= & &
IEREHARREOEMEOBFEE Y 72 <, HIOWE ORI
Boh, B -EEIRELTESTho 2D,
Sep-Pak Vac CI8Z WA Z & & L1z, &51T, fkldiz
T~ hY w7 Z2NEETHZ L &EE L, DSep-Pak Vac

CI8IZHOWT, [EFEFIEES00 mge | gTOERZIT 7.
500 mg TIXTRSS DEULERB42~T9% TH o124, 1g%
AWz & 2 A59~96%DENNE & 72 ) (Table 4) , 0B
LONEY ORBRISEREE L L CEAMREEE X, 20
FHEERA L.

2) MRER

IRAEYERE ZHPLCIA L, st BERE ChRERE
YERZ L, 200~10,000 ng/mLO#HiFH TREARME (1=0.999) %
& L72. ITXK ODETXIZ OV TlE200~2,000 ng/mL D
PHCRAFREMRME (r=0.999) /R L7, &8 FIRME,

EROBESCHESEND, REH7204pgl, KTHIR
HREBRIME L= BHC oW TiTI0 pg/L & L=,
Table 4. Recovery of Photoinitiators from Lactic Acid Bacteria

Beverage using SPE Cartridge with different Amount
of Octadecyl-Bonded Silica Gel

Sep-Pak (500 mg) Sep-Pak (1 g)
Analyte Recoveryl) RSD (%) Recoveryl) RSD
%) (%) %)
ITX 60 3.9 8 26
DETX 47 38 67 22
MBPH 79 4.0 85 L7
BPH 64 12 87 52
HCPK 48 6.2 96 3.7
EHDAB 4 4.6 39 32
EDAB 76 6.5 88 24

1) : Spiked level was 20 ng/mL, n=3
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4. TR DLHT L., MY =7 I LV EINROBEENTER2NHDL
et Li=RBE 2z DTl oo z217- 7. JnZ HoTon, SR L7286 Tix, EDABMRHO 1L

LI v MOV TER NS (n=3) &3FE (AN 3R45%) ZBRE, MIZZNZEN70%~110% DRI

ML, FHEEEMN L (Fig.3) . ERELNT. 20 END, MBS NS OMEESE LT

1) SHERBR

MERBR T, Fk24~2654EIZEBNTAT L721298
i (MBPHIZRR264FBEIC AT L7288 ) 40 i L 7o
B DETXA758L5, MBPHAM 12845, HCPK7AMN16845,
EDABZ 248N ORI &7z, BINTI L bt &
NIZITXY M O EHDAB,  FE78 A O FTREMEAS TR S
TWHBPHNI AW TH 7=, 20084F D Sagratini & D
I, BPHIEAHA L7240EH ~ T b Eh T
5. —J7, Ao 2 OFHAE TIIMBPHA MK ST\ 5
BPHIZIMBPHOREETH Y, MEIL[ERED HEID =9I fE
MENLZRY, HATIEMBPHAEHA SN TWS LEX
N7, Fi-Sagratininly, 77U 3y FYa— ADREIED
HHCPK 3% 15i0.8 pgdm?, EDABAF a aL—FIL7 D
Rmin B IE6.1 pgdm RH L7- i LT sY), Zhb
DRSO S 28 B AITHGE LTV D — %A 7 2L AR
5 & FIREOE I LET 2 &, HCPKIZAI200 ng/g,
EDABIZ#J1500 ng/glC#8Y 5. A EIOFH4A TIEL, HCPK
194934,000 ng/g, EDABIZHI6,000 ng/ghi i ST 2 L,
Hd Y, AR DAL D LA B O FEEE K ORI
¥, EICL B AAEEENE 2 bz, HCPKIZY =

NRANVDRGTE LTHLATHDD, HERICHLHWS
NWTWDZ Enbiroiz.

2) FEHITABR

EHRBR T, MERERCEEMI RIS 2 v

7. AR %W@%%E&M@b\ffﬁé TR EAT o272

AT ONEABAANE, T TICNAEFICEH ST
wéTabrﬁ%é. DETX|Z758M H, ¥ HRER Tl 3
NI o7, LavL, MBPHIZ 12885 A 1 845,
HCPKIZ168 S 28 i s IR AR b vz, Ebig,
EDABI3 2484 5t 78 & S BHEE IR SFR O BTz, #K
B IBRAE T 2 EA BB OV T, BRI W
ToK7g ERtE o @ g H R E AV T 5. EDABITHIK
MOT I EERL, REMHKE~OBFEDN G20, &
HWERNEL ol EZ BT,

3) NEWRER

AR TIE, FAR2S, 266EE D495, (MBPH (I
DUVNTIE, PO ED24E) EoHrR L Lz, ITX,
BPHX& 'EHDABII498 & X TR Th > 7. 498
i, DETXIT155, HCPKIZ48LE, EDABIXORMN G
N L7=. MBPHIZ DWW T, 24845 rp sl i 5
Mt L7=. 201 14EFSAZEM D362 OFHARE )T, ¥
TR U 7Ly BHCPKAY56~1,020 ng/kg, BPHZAS10~
2,460 ug/kg, EDAB730.8~2,490 ng/kg, EHDAB7Y11~830
pgkgL EVMEEZBH LTV, Fb L+ se, 4
ElOKHEIIMREWVMETH 7. £/, ®L T LIRS
FEAEVRIR 2 VRN U 7 [RGB 2 PR T30 L, ﬁ*ﬁﬁéﬁrg % fife

HRIRAFIRABETH D LB A DT,

SINTRG & LTz AR IE, & 62 Lo E i
LeMERBROFE RS, SLEEGBMAHI ORI O TREMEN
RIAEN DG ZRIRL TWD. 2070, HHEPHE

RENPRIE L TV DTG Z LT LRk LT,
40000
) °
30000
c)
2 20000
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Fig.3 Amount of Photoinitiators in Food-Packaging
M aterials and Beverages
(1): Amount in Packing M aterial
(2): Extract in Simulant
(3): Amount in Beverage

S L »
StEABAAAITR S (ITX, DETX, MBPH, BPH,
HCPK, EHDAB, EDAB) O—Fo#rikzBid Lz, A
OMERER T, WINENGEL, &5 & BI272%8 k-
T%ot.@ﬁﬁﬁfi,ﬁgﬁ% (b SIANE WA NN
SR & 7=DETX, MBPH, HCPK, EDAB®4/%57 (>
WTOB— MYy VBREFFICB T A EILERE, WO/
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SRR E DT H58% L ETH o7, MEIRONEY
IOV, FLEBEACEHI R T 2 UMEIN R, 7800
T H59%LL ETh oo, BAFE LBk 4 A Tl
DM EATH>T2 L Z 4, ITX, BPH , EHDABIZHiH &
9, DETX, MBPH, HCPK K UEDABMHiH &h7-.
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Analysis of Photoinitiators in Beverages Packed in Paper-Based Packages and in the Emptied Packages

Nahoko HANEISHI?, Narue SAKAMAKI, Kumi SUZUKI*, Mami OGIMOTO?, Yuu SHIOZAWA?, Mayu
TAKANASHT, Naoko TOMIOKA®?, Yuuko HAYASHI*®, Eriko KOUKA"*, Ayumi HIROSHIMA?, Naoko URANO?, Yoko
UEMATSU® and Kimio MONMA®

Simultaneous analytical methods with seven photoinitiators used for UV-cured ink were developed for analysis of beverages in
paper-based packages and in the emptied packages. A part of the emptied packages was subjected to simulant extraction testing.

Photoinitiators in shredded packaging materials were extracted with dichloromethane, followed by cleaning-up with a silica gel solid-
phase extraction (SPE) cartridge, and measurement by GC-MS. Photoinitiators in the simulant extraction and beverages were measured
by HPLC, after cleaning-up with a C,g SPE cartridge. Recoveries of the photoinitiators were 72%—103% from packaging materials and
59%-96% from beverages.

DETX (2.,4-diethylthioxanthen-9-one) (75/129), MBPH (4-methylbenzophenone) (12/28), HCPK (1-
hydroxycyclohexylphenylketone) (16/129), and EDAB (ethyl 4-(dimethylamino)benzoate) (24/129) were found in the shredded
packaging materials, and MBPH (1/12), HCPK (2/16), and EDAB (7/24) were found in simulant extractions of emptied packages.
DETX (1/49), MBPH (5/24), HCPK (4/49), and EDAB (9/49) were found in the corresponding beverages. The detected levels of

DETX, MBPH, HCPK, and EDAB in the beverages were generally lower than in the survey conducted by the Food Standards Agency
of the United Kingdom in 2011.

Keywords: photoinitiator, packaging material, beverage, 2,4-diethylthioxanthen-9-one, 4-methylbenzophenone,
1-hydroxycyclohexylphenylketone, ethyl 4-(dimethylamino)benzoate
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