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Abstract: Photointiators have been commercially applied in ultra-violet photocuring ink, varnish,
coating, lacquers since 1970s. The significant advantages of efficient, energy-saving and
environmental-friendly make them more and more popular in automobile industry, package industry,
etc. Photointiators can reach foodstuff by vapour or diffusion from the food contact layer of the
package. Although UV ink is just printed in the outer surface of the package, the residue
photointiators can transfer to the inner surface by “set-off” effect. Different photointiator has different

chemical and physical properties, and shows different response by different testing instrument. In this
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study, two methods of liquid chromatography time-of-flight mass spectrometry (LC-QTOF MS) and
gas chromatography triple quadrupole mass spectrometry (GC-MS/MS) were developed for
determination of migration for 23 photoinitiators in food contact coating. The response of the
photointiators by two methods was compared for method selection. For the LC-QTOF MS method, an
Hypersil GOLD AQ C18 column was utilized and 0.1% formic acid water-methanol was used as
mobile phase. QTOF MS was performed by electrospray ion source positive ion mode (ESI') and
mutiple reaction monitor high resolution (MRM HR) mode. Simple dilution with acidified methanol
was used for migration solution pretreatment and internal standard method was used for quantification.
The limits of detection are from 0.002 5 to 0.01 mg/kg. Recoveries range from 60.9% to 124%, and
the relative standard deviations (RSDs) are between 0.9% and 11.6%. For GC-MS/MS method, a CD-5
column was used, and the MS/MS was operated under MRM mode. Liquid-liquid extraction with
n-hexane was used for migration solution pretreatment and internal standard method was also used for
quantification. The limits of detection range from 0.000 4 to 0.002 mg/kg. The recoveries range from
77.0% to 128%, with RSDs are between 0.4% and 8.1%. Migration solution of 13 batches of metal
coating samples were tested, while 5 of them are positive of photoinitiaor TPO or 2,4-diethyl-9H-
thioxanthen-9-one, while the maximum detection value of photoinitiaor TPO is 0.050 2 mg/kg, the
detection values of 2,4-diethyl-9H-thioxanthen-9-one are all less than 0.002 mg/kg. The two methods
are easy, sensitive and accuracy, which can determine the migration of photointiators in food contact
coating.
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Table 1 Corresponding instrument methods and standard solution concentrations of the analytes

) feew ik B I Concentration
No. Compound Method  Volume/mL IRETENE  REPEW WY+ PR TAER
1A/1B/(mg/L) 2A2B/(mg/L)  /(pg/L) /(ug/L)
1-1 651K 5%12959 LC-QTOF MS 2 20 1 DPP, 50 10, 20, 50, 100, 200
1-2 B 1907 0.2 2 0.1 1,2,5,10,20
1-3 51 L5369 0.2 2 0.1 1,2,5,10,20
1-4 HE1EH379 0.1 1 0.05 0.5,1.0,2.5,5.0, 10
1-5 eIk R127 2 20 1 10, 20, 50, 100, 200
1-6  A-(ZHEF)FHRR TR 0.4 4 0.2 2,4, 10, 20, 40
1-7 51 L1150 2 20 1 10, 20, 50, 100, 200
1-8  A44-BU(ZHEEL) 2 1 10 0.5 5,10, 25, 50, 100
1-9 65 I & FITPO 2 20 1 10, 20, 50, 100, 200
1-10 44 8H) — K 0.2 2 0.1 1,2,5,10,20
1-11 51 %5819 0.2 2 0.1 1,2,5,10,20
1-12 X RV R R = g 0.2 2 0.1 1,2,5,10,20
2-1 ZIORHVER GC-MS/MS 1 10 0.5 DPP,50 5, 10,25, 50, 100
22 2-F R — R T 0.2 2 0.1 1,2,5,10,20
2-3 3-F AL 2K F 0.4 4 0.2 2,4, 10, 20, 40
2-4 4-FEL ORI 0.4 4 0.2 2,4, 10, 20, 40
2-5 4 AR 0.4 4 0.2 2,4, 10, 20, 40
2-6 % ARk 0.2 2 0.1 1,2,5,10,20
2-7 AT P B4 Y R Y 1 0.2 2 0.1 1,2,5,10,20
2-8 4- 5N HE B 2% JEC R 0.4 4 0.2 DNOP-d,, 50 2,4, 10, 20, 40
2-9 2- 5N S 2% B 0.4 4 0.2 2,4, 10, 20, 40
2-10 AR IR 0.4 4 0.2 2,4, 10, 20, 40
2-11 2,4- 7 7 FEBEME R 0.4 4 0.2 2, 4, 10, 20, 40

T FOR A LA P AR LS TAER P AR R AR 7D
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K. A% TR . 10%L BE . 20%2 B . 50%Z
B . 95% . T B fi 155 HUL 400 R Ak 2 B R 5 751 4 TR
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14 fFmLE
141 FBEK #1 GB 5009.156—2016" 17
GB 31604.1—2015" % B S A TR 3280 . X T
A BRS04 R S S AR ISR O AR PRI
O ERRR AR B A T ARE S X T
K BIHFR PR o B I AR AR A, DU AR A
AT 5 AR IR D IR B AN 1 em
9 SN AR AL R TR R SR AR R
ity F5 R URE 2 ol B AR 5 R A B AR R I
S/V(6 dm® F% fi 1 BT 1 L BE 1 kg £ A5 0L4 )
1A R AR R B AR AR RS, R A

s P £ 4 T, 20 A 1) T RN [R) A T B
SEH o 5T BT RS S B B AR TR B A D
b R AR, KD STORE R R A8L  B) E fA
Bl B ANRESL BN AT AT AL B TS T 4 C
UKAE HREOGIR A, B B — P BETIR R B E R
142 JERBITIALE  LC-QTOF MS Jrik: £
2 mL &I T 10 mL Z0 8, JiA 0.08 mL
LR, 0.1 mL AR 1, W B E 2, TR AT,
B2y 1 mL 1t 0.22 pm JERE S, R0

GC-MS/MS J7 ik Xt T K | 4% 18 . 10%2,
B | 20% 2 BEAE B GBI, B 2 mL TARAH
(0.75+0.05) g S fL #M 9 10 mL %I B4, Jin A
0.1 mL AR 2 F1 1.9 mL 1F © %%, 9 e 2% B
0.5 min, #E, BEEWRT/ANE S, F50; XFF 50%
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B, B2 mL & GBI T4 A (1.840.05) g
FAALHN Y 10 mL ZI A&, A 3 mL/K | 0.1 mL
PIFR I 2 F1 1.9 mL 1F 245, IR HEAHL 0.5 min,
e, B EIE TN RED S X T 95% 2 B,
BHL 2 mL & MBI T2 A (3.6£0.05) g ik
B9 25 mL ZIEEA, M A 8 mL 7K, 0.1 mL P45
HE R 2 A1 1.9 mL IE CUBE, R €A HL 0.5 min,
SO 7 VNS 7 RS 3118

1.5 KB&EH

1.5.1 LC-QTOF MS %5 ff Hypersil GOLD AQ
{435 4 (100 mmx2.1 mmx1.9 pm); FahH: 0.1%
HH R 7K (A)-0.1%H 2 W2 (B); A J3E Yk i 72 )
0~0.5 min(40%B), 0.5~3.5 min(40%~95%B),

6.5~10.0 min(40%B); H: i k2 i PEFE R 2 L.

FL 5% 257 25 1 VR I 8 F (BSTO) M 20 22 i i W
- 1343 (MRM HR) AR5 15555 L K 4 500 Vs
W% 55 < ik 379 kPas il B i # SR 58 379 kPa;
ATV 241 kPa; JRLE 600 °C; Rl (CAD gas)
k1 7; TOF MS Jit i 3453 il m/z 150~ 600, fifi i fig
5V, EFEHTE 50 V; TOF MS/MS SR4E1}E] 0.05 s,
EFEH R 50 V, Rl fE A8 20 V; REEREY SR 10 V.
1.52 GC-MS/MS 44 CNW CD-5 {30 mx
0.25 mmx0.25 pm); #EFE 1136 260 °C; ¥ FE 1A
FUL ply AN A FHRFR T : 9146 R B 60 °C,
Pl 30 °C/min THE 2 180 °C, LA 10 °C/min T} &
290 °C, f&%F 3 min; L T2 7 (ED B 11K .

3.5~6.0 min(95%B), 6.0~6.5 min(95%~40%B),
x2 SLEYHENETY REREF T

Table 2 Ion pairs, retention time, working curves of the analytes

FALE W B E T8 TR 2.

o feety A R Ty SRR
o. Compound lon pair (m/z) time/min Working curve coefficient()
1-1 65 1K 512959 225.11>179.108 2.31 =0.1220x—0.00748 0.997
1-2 61 k51907 280.14>165.074 3.06 =0.4781x-0.00381 0.998
1-3 H51 %5369 367.24>176.142 3.41 =0.8191x-0.00405 0.998
1-4 651K 379 381.25>190.088 3.75 ¥=0.7703x—0.00231 0.995
1-5 e k127 341.18>295.170 4.02 ¥=0.1911x-0.00785 0.996
1-6 4-(Z W) AR L g 194.12>>166.090 436 =0.5678x—0.00576 0.995
1-7 651 & H150 409.24>317.225 4.63 =0.1096x-0.00442 0.996
1-8 44 BU( ) R HT R 269.16>254.144 4.65 ¥=0.3225x-0.00069 0.991
1-9 51 &FITPO 349.14>147.070 478 =0.5683x—0.01086 0.997
1-10 44U CEHE) — 2T 325.23>176.108 5.11 »=0.4220x-0.00376 0.998
1-11 JLH1EH819 441.16>147.082 5.29 »=0.2803x-0.00121 0.997
1-12 Xof R Y T S 278.21>166.086 5.70 y=1.4599x—0.00687 0.996
L-I1(AHsR) LR R R R 307.19>149.024 5.25 — —
2-1 RN 182>181(10)", 105(15), 77(35) 7.26 »=1.292x-0.0051 0.998
22 2-FH 5L R 195>194(20), 177(15), 165(35) 7.51 ¥=0.535x—0.0005 0.999
23 3-FH 3 2R F 196>181(5), 119(10), 91(35) 8.05 »=1.292x-0.0092 0.999
2-4 4-F L — IR 196>119(10), 181(5), 91(35) 8.29 y=1.063x+0.0004 0.999
2-5 A-A R R 216>105(15), 181(5) 8.74 =0.911x—0.0123 0.999
2-6 4 B R Ik 151>77(35), 105(15), 91(15) 9.19 ¥=2.682x—0.0004 0.999
2-7 AR R FH R Y i 240>163(5), 105(20), 77(40) 9.71 ¥=0.431x-0.0023 0.999
2-11 (M HR) A R R 149>121(15), 65(25) 11.33 — —
2-8 4- SN 2% FER 254>239(15), 224(30), 105(30) 13.55 ¥=2.571x—0.0079 0.999
2-9 2- 5 AL A% AR 254>239(15), 224(30), 105(30) 13.65 ¥=2.408x—0.0137 0.999
2-10 4R R 258>181(15), 153(35) 14.19 y=2.815x—0.0306 0.999
2-11 2,4- 2 SRR 268>>253(20), 239(20) 14.66 y=1.666x-0.0092 0.999
2-2(FR)  ABAE T HIR —IF ¥+ fig-d, 153>125(15), 69(25) 15.90 — —

TE: AR R B T E 8 7 45 5 BB R R RE (e V)
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2.1.1 HiARFETIL M ERE AT LC-QTOF MS
D7, 2T K HLB 8¢ C18 /M BEA7 ¥ 4L 1)
BOR . ZE R, X W E IR R R R AE 4
Hi . PR, BRfb O BRACTNER . O TRER VA -4
J TR e s YA - AT TR 45 22 P Ok 95 790 14 [T i o
BT 60%, A] R K& /IMEXHZAL G WA T
AN 3906 R o PRI b, i 2 P T LA A R T, A
AN [F] S AR AU B AL A AN TR Y
VAN X (3% 73 B ROR 72 A 5 o R, SR
PIAR IR AR 7 ik R e e . SRS W i Tl
AR AR, 22 WIRE 5l VAT A7 E — 5 19 SBT3

XfF GC-MS/MS ¥, & J I O ot W - 26 X
773, IR A G AN Lk G 2L AL B A B S AR AL
PIRIE CRE B . T 50% B 95% BEA
IEC e — R S B, LU T B KA B A
R F B S5 P FH 7K EE 8T 8 25 2 R b 21y
Ko GIREY, AR 2% 8 A XCHE, 2-H 5
R TR SRl BRI BB . Rt
K KRR B I 2 U 7

F T U 2 il P A AR AT 2P B A A
A2 105y, S B0 2R R VR R A R T A 4 B
55RO, Him i sk &Y 15 5 1 s aion;
HHH &, #0R A DPP Al DNOP-d, 2 F bRtk f7 4
PRyk e e . RO SR OB AR i, #8501 & W 7
rh AR B 1 SR AT O s, R A 120%.
212 @i%HMEE X T LC-QTOF MS 7,
I # T Hypersil GOLD AQ £ (100 mmx2.1 mmx
1.9 um) . Ultimate XB-Phenyl # (50 mmx=2.1 mmx

4
16 210

a

—_
[N}

1-11
(M%)

Intensity
e <]

15 1
112

-8
g 13 -5

1-1 1-2/'\ 1-4 A NP—IO 1'“[\
0 N A A A

~

1.2 2.2 3.2 4.2 52 6.2

Time/min

3 um) F1 Hypersil GOLD C18 # (50 mmx2.1 mmx
1.8 um) M 43 B A o 3 Rt i A Y BE AT Ak o =
H¥r 1k 41, 1B Hypersil GOLD AQ #: H A ¥ %
1) U TE 1 B 58 19 15 5 (BB 434k A 1 1y g 5 /N
F 0.1 min), # 3 A Hypersil GOLD AQ #: 1E Hy
LC-QTOF MS J7 ik i o A .

XFF GC-MS/MS J5ik, i T CD-5 #:(30 mx
0.25 mmx0.25 pm). CD-1#E (25 mx0.25 mmx
0.10 pm) 1 CD-WAX #¥ (30 m>0.25 mmx0.25 pm)
MBS . AIXFF CD-5 4%, CD-1 HExt &1k &
Yo O BB A5, v ik AR AL WA T A R L
U 2-5 TR SE A 2% BB | 4-K 3L TR R L 2,4-—
J FEVEME R 7E CD-1 # /915 M8 tE 43 il & CD-5 4
1.6, 3 Al 1.3 1% . CD-WAX k=X &1k & W11y
PR B8 35, H b AL B W 2-5 DO BE B 4 ST
A-5E TR BLAR 2% U | 2,4~ 2 Fk g Mk ) A A 3R T
%240 °C IFARFF 10 min JEA H I, 4283 K
FH ] () e A 5 ROR B AIR . IRLIE, 6 8% CD-5 HEAE

9 GC-MS/MS J5 1% iy (1%
TEARAL B SR, 2 FhoJ7 i AR IR T 60 3%
ERFHE L,

2.1.3 KOk R B EEDES EREA
I] 25 1A % b 3 BN [R], A FF 5 %6 i b
23 RS R FILA K 1-FR B30 O B R L F R |, K
FEH R FR R . D651 & 57 1173 54T LC-QTOF MS
F1 GC-MS/MS 43 #1, I H 38 45 4k A 9 1 i 1 Bt
EMEM R E, BRI T2 3. I, ok5]
K907, 4-(ZHZFL) KW R LR X —H A
IR 1R S 27 i /£ LC-QTOF MS Al GC-MS/MS
A B AR E TR R, T 3 Rk A
W 345 AT R e A M R AT, A K P E LA

x10*
b
20 2-11
(MI10)
15
=
g
=
= 212
28 ,259 0 (PI1)
L
7.0 9.0 11.0 13.0 15.0
Time/min

B 1 #REREH LC-QTOF MS 1RENE F&iLE (a)F1 GC-MS/MS 2B FiE(b)
Fig.1 Extraction ion chromatogram of LC-QTOF MS (a) and total ion chromatogram of
GC-MS/MS for standard solution
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Table 3 Response of the analytes by

different methods
b4 Compound J7i Method
LC-QTOF MS GC-MS/MS

Je 1 45712959 i B
H51%71907 -+ et

e & 571369 - ¥

JET 15571379 e -

Je51 k5127 ++ _
A-(ZHEE AR MR et N
651K 51150 i o
4,4 B Z ) 2R R R ++
JE3 &R TPO S o

4.4 B LR EE) KN ++ +
Je5 151819 et _
Xof . H SRR Y R S i ++ N
ZORHIER + ot
2-F e S R + i
3- 3L — 2K R ++ it
4-H 3 R R + At
4-A RN + i
U AT T + et
I P 2 Y % P + At
A- 5PN HERRL 2 TR ++ Tt
2- SN AR 2% AR + T
4 R + At
2,4-Z L HLIEMRTR ++ +H

1R O AT H R + +

4 5 i — i

JeG &5 1173 + _

T : —R7R IR IC RE; 371 M 5 BN R RE 5 -+ M oz 5
BTG ; +++ 3R R o HABAE

1E G BEFE4r AL, #0i%k ] LC-QTOF MS L&
-2 L0 O BE 2R 5L HH R | 2R HA ok HH e . |
R 1173 46 2 B I 3 b g o o B4R, AR SC
KK x 3PS A L BLAb, 51 & 2959
45 9 Fh ik A ¥ 1E LC-QTOF MS A5 H 41 iy 7R )
MFEAE 1, Ok F LC-QTOF MS 35Kl ; — 2%
fif 45 11 F A5 Y7E GC-MS/MS A ARG 1) 7 S
Fka e, #R H GC-MS/MS 246 .
22 EWER
2201 LM RRMITER IR X 1.3 47 bR
VW AT o0 B, LA B AR Wik B S B A bR, HARY)
W TET AR/ P s e T Ry A A A 2 A o it R
AL AW TAE MR C R B T3 2, 1]
U, A OC R B G ¥ 5 T 0.990, Jr A A HE R
(S/N=3)7E 0.0004~0.01 mg/kg Z i, 41| T3 4.
222 ERAEE AU R R ORI 2 AR
s IR A% TR L 10% B L 20% 2, BE
50%Z T | 95% e £ i AL AU ) BEAT AT A S
mAE R I AA . L 3 AR EEKCE R B AR
Y, ¥ 142 OB R E, BANKTFELR 6
UK, T [RTSCARURE X B A 22 , 45 5191 T4 4.
Al WL, LC-QTOF MS % i [EISC %k 60.9%~ 124%,
AR IR 22 (RSD) M 0.9%~ 11.6%; GC-MS/MS
B DGR 77.0%~ 128%, RSD 4 0.4%~8.1%,
2 T 7 v 18y ELAG A 1) [T WA o3 R 8
2.3 EEREE AT

ARSI IR T 13 U S A e VR R R
mn IR T RS RS i, Horh 5 bR
KOG H1 & ) TPO Fil 2,4-— 2 FEWe MR, HoAdHG
Sl EFNBI AN o J651 K& TPO MY i KA )
4 0.050 2 mg/kg, 2,4- 7, F W mk i i G I
T 0.002 mg/kg, FHPEARE S RINZ5 551 T3k 5,

®4 SRMERPEMEREYEIENRERZE

Table 4 Recoveries and relative standard deviations of different food simulants

Jindg EIBCR (RS R IR 22/%) Adding recovery (RSD/%)/%

o e D) A
o Spikfdn Eﬁ%mg/kg) LO’[;'(L';ZE@ K W% 10%ZEE  20%ZBE  SO%ZEE  95S%ZEE
Water 4%AcOH 10%EtOH  20%EtOH  50%EtOH  95%EtOH
1-1 0.05 0.01 105(2.6) 104(6.3) 108(4.5) 112(3.9) 117(5.3) 118(4.0)
0.25 104(4.5) 99.9(4.0) 99.2(3.9) 103(4.3) 109(5.0) 104(3.9)
1.00 104(4.2) 104(1.8) 103(3.9) 102(3.4) 106(1.7) 102(2.5)
1-2 0.005 0.002 101(3.1) 104(1.5) 100(6.8) 106(2.4) 114(6.8) 110(4.4)
0.025 102(3.2) 99.7(1.8) 94.3(4.4) 98.1(2.5) 105(3.5) 104(4.4)
0.100 102(1.7) 104(1.0) 102(2.7) 102(2.3) 105(0.9) 105(1.6)
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No.  Spiked level(mg/kg) LOD/(mg/ke) K 4% 1R 0% 20%48  50%LEE  95% 0
Water 4%AcOH  10%EtOH  20%EtOH  50%EtOH  95%EtOH
1-3 0.005 0.002 77.3(6.1)  78.9(5.6)  74.7(3.3)  86.7(2.8)  71.8(3.7)  87.8(6.1)
0.025 69.7(3.8)  69.2(1.2)  66.9(3.5)  66.9(5.8)  69.3(5.8)  69.9(5.4)
0.100 63.1(2.4)  67.6(45)  64.7(1.6)  63.6(3.9) 66.2(3.5)  67.9(4.0)
1-4 0.0025 0.0025 82.7(5.7)  75.8(8.5)  733(7.4)  70.8(82)  73.6(49)  105(3.4)
0.0125 79.7(2.7)  69.2(41)  61.5(7.9)  60.9(6.0)  60.9(4.7)  98.8(2.5)
0.0500 84.4(34)  76.8(3.4)  71.6(2.0) 703(25) 71.5(55)  103(2.8)
1-5 0.05 0.01 108(4.2) 116(5.0) 110(5.3) 117(2.5) 113(4.8) 123(5.2)
0.25 108(2.6) 106(3.8) 105(4.9) 109(2.8) 112(4.9) 109(3.8)
1.00 113(2.2) 116(1.0) 114(3.7) 112(3.7) 116(2.4) 119(3.6)
1-6 0.01 0.004 100.9(8.7)  99.3(8.7)  96.1(6.1)  103(9.4) 105(8.0) 101(7.2)
0.05 94.3(7.0)  96.2(6.9)  100.5(3.4) 93.8(6.8)  95.5(5.7)  93.5(6.0)
0.200 117(4.0) 119(2.0) 121(3.3) 119(2.3) 120(2.5) 124(2.5)
1-7 0.05 0.01 100.4(6.2)  97.0(7.0)  100.5(4.6)  102(5.3) 104(6.2) 103(7.7)
0.25 112(3.9) 104(5.0)  96.8(4.8)  104(4.2) 107(4.0)  100.5(4.5)
1.00 99.5(3.5)  101(3.4)  97.7(49)  97.8(4.6)  101(1L.7)  99.6(2.6)
1-8 0.025 0.004 108(2.3) 108(3.2) 109(3.1) 114(1.8) 111(3.0) 109(2.3)
0.125 99.7(2.9)  99.5(1.8)  98.1(4.7)  99.6(3.4)  97.1(4.8)  98.0(4.6)
0.500 109(4.7) 112(1.6) 110(4.5) 106(4.9) 114(2.5) 111(4.1)
1-9% 0.05 0.004 87.0(5.5)  71.3(6.5)  85.0(4.7) 110(4.9)  92.0(4.6)  109(3.5)
0.25 104(7.6)  95.9(4.6)  101(7.4) 111(6.2) 107(5.5) 115(2.5)
1.00 103(7.6) 107(4.8) 101(5.2) 107(6.0) 116(5.9) 121(3.0)
1-10 0.005 0.002 96.7(2.8)  100.7(5.4)  96.5(9.4)  100.2(4.9)  117(6.3) 111(7.7)
0.025 97.2(32)  959(4.1)  93.9(4.8) 100.0(2.3)  103(4.4) 104(3.8)
0.100 96.2(3.1)  98.3(2.0)  98.6(3.7)  943(3.7) 94.0(1.6) 955(2.1)
1-11 0.005 0.002 119(4.9)  98.2(59)  112(3.8) 117(7.2) 112(7.7) 114(5.2)
0.025 104(2.8)  90.1(4.5)  91.0(3.0)  94.0(4.9)  101(5.5)  86.0(6.6)
0.100 115(5.1) 123(4.4) 116(4.6) 117(5.1) 114(4.8) 115(4.2)
1-12 0.005 0.002 117(11.6) 111(6.8) 110(9.1) 119(9.0) 119(4.1) 120(9.8)
0.025 98.4(6.5)  97.6(53)  93.9(8.0)  98.5(24)  101(4.5) 108(3.9)
0.100 102(3.5) 103(2.0) 101(2.9)  97.9(3.4)  102(2.5) 104(2.6)
2-1 0.005 0.002 99.1(1.3)  93.6(2.6)  99.7(5.6)  101(1.9)  89.8(5.0)  81.0(1.6)
0.020 110(3.2) 103(2.3) 102(2.1) 101(1.2) 101(3.2)  97.3(1.0)
0.050 110(1.8) 110(2.3) 102(23)  97.4(1.9)  96.0(2.5)  97.1(2.1)
22 0.001 0.0004 90.5(6.1)  94.0(49)  104(2.7)  96.8(7.1)  116(2.6) 102(6.0)
0.005 91.3(3.5)  92.6(3.2)  98.9(2.9)  99.5(3.8)  107(2.0) 105(2.1)
0.020 106(3.1)  99.6(2.8)  95.8(3.5)  96.8(2.0)  98.8(3.4)  98.0(3.5)
23 0.002 0.0008 101(4.7) 105(3.4) 116(5.2) 110(3.3)  85.0(2.7)  105(2.5)
0.010 99.3(2.9)  109(2.3) 108(1.2) 107(1.7) 107(4.3) 113(2.9)
0.040 105(2.1) 102(1.2)  985(1.3)  97.7(1.6)  98.6(3.3)  99.1(1.9)
2-4 0.002 0.0008 102(4.1) 107(3.2) 114(43)  100.8(3.9) 109(4.4)  94.7(4.0)
0.010 96.2(4.1)  105(2.9) 104(2.8) 103(3.3) 104(5.3) 110(2.2)
0.040 113(2.1) 110(1.6)  98.9(1.3)  97.5(1.2)  99.5(3.4)  99.6(2.2)
2-5 0.002 0.0008 100.6(5.8)  110(5.1) 128(6.6) 122(2.1) 113(4.2) 115(2.8)
0.010 98.8(3.2)  106(1.7) 115(2.3) 112(2.4) 118(2.9) 117(3.8)
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) I Koth JinkR TSR (R BRI 22/%) Adding recovery (RSD/%)/%
No.  Spiked lovel(mghg) LOD(mgkg) X WNZE 10%ZEE 20%ZBE SO%ZEE  9S%ZBE
Water 4%AcOH 10%EtOH  20%EtOH  50%EtOH 95%EtOH
0.040 111(2.1) 109(1.5) 102(1.7) 102(1.1) 104(2.1) 104(1.3)
2-6 0.001 0.0004 97.0(1.8) 92.2(2.1) 110(2.7) 103(1.6) 99.9(4.3) 100.3(2.7)
0.005 95.6(2.0) 96.0(3.6) 102(1.3) 102(2.5) 103(3.8) 104(1.7)
0.020 106(2.5) 97.1(1.1) 98.1(2.4) 97.0(0.8) 100.8(3.8) 98.4(0.6)
2-7 0.001 0.0004 92.3(8.1) 112(7.1) 111(4.1) 105(3.6) 100.8(5.2) 99.5(6.4)
0.005 105(3.0) 109(3.1) 105(1.6) 102(5.9) 102(4.2) 99.2(3.9)
0.020 108(1.3) 104(1.9) 100.9(2.7)  98.8(0.4) 98.0(3.4) 93.6(2.4)
2-8 0.002 0.0008 89.8(4.3) 95.2(4.9) 115(2.7) 112(4.9) 104(3.2) 128(5.7)
0.010 94.3(3.4) 99.7(4.1) 123(2.4) 123(2.9) 128(5.9) 123(2.0)
0.040 90.5(2.9) 98.9(1.3) 108(0.8) 108(1.0) 120(3.0) 110(2.8)
2-9 0.002 0.0008 77.0(4.8) 87.0(5.0) 112(2.9) 112(2.4) 99.2(2.6) 113(3.7)
0.010 99.7(3.8) 107(3.6) 109(5.9) 109(3.4) 114(5.9) 110(2.1)
0.040 90.3(2.9) 96.5(2.4) 105(1.8) 106(3.5) 107(2.6) 111(3.2)
2-10 0.002 0.0008 113(2.1) 120(3.6) 118(3.1) 113(1.8) 96.3(5.9) 115(5.4)
0.010 118(4.4) 113(3.5) 109(1.6) 107(2.1) 111(5.7) 110(2.1)
0.040 103(4.2) 108(3.6) 106(1.8) 104(1.1) 105(3.1) 99.4(2.8)
2-11% 0.002 0.0008 95.7(6.8) 94.5(6.3) 91.0(1.1) 101(4.3) 120(3.9) 96.3(1.4)
0.025 99.3(2.9) 103(2.8) 110(4.4) 110(2.3) 113(2.2) 98.1(2.2)
0.040 94.4(3.6) 99.3(1.8) 113(1.9) 110(1.5) 100.8(2.2) 108(1.5)

e DESBEI R LI kg/Lit; 2) 5T K, 4% . 10% 2 B A bRk B2 240.05., 0.25, 1.00 mg/kg, X F20% 2L, 50%2.
T, 95% LT S AU I BRI BE 24025 . 1.00., 2.40 mg/kg; 3) X5 F 7K 4% TR . 10% LB, 20% 5 FL AL 19 IRk & 470.002, 0.025,
0.040 mg/kg, ¥ F50% LB 95% L B S B ARV 2 470.025 . 0.040, 0.100 mg/kg

x5
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Table 5 Positive sample results of photointiators migration in food contact metal coating

e EB M A (REE iR 1/ (mg/kg) )

Sample Migration condition Compound (Specific migration/(mg/kg))

=i 10%Z.1%, 60 °C, 10K H51 K& FITPO(0.0502), 2,4- .2, FEBEMFER (<0.002)
=i 7K, 125 °C, 30 min 5| K FITPO(<0.05), 2,4- .2, FEEMER (<0.002)
= i 4%, 60 °C, 10K 651 & FHITPO(<0.05)

=i 10%Z. [, 60 °C, 10K H51 K FITPO(<0.05)

wEh 10%Z./%, 121 °C, 30 min + 60 °C, 10K 51 K& FITPO(<0.05)
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1 GC-MS/MS _|= 1 ) iy R 5 B AR 1, 72 I
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GC-MS/MS I %€ J5 vk o R X 2 Fp oy el 17
13 it R B a2 v 2 A A, E s HEYREE
H T OGS & TPO Fil 2,4- . 2 KL BEWA R, I
KA 5 2] 0.0502 mg/kg, X 2 R 5 1 A BT
b 3T B SRR VR, M M RTORS 9 R AT, R

ity FOIG T | A 5 8 oo 2 e AU B 42 4 B A
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