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Determination of Migration of the 15 Photoinitiators
from Paper-Made Packing Using Modified Polyphenylene Oxide
as a Simulant by LC-MS/MS
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Abstract: In order to investigate the migration behavior of the Pls for the security risk
assessment, the migrations of 15 photoinitiators (PIs) from paper-made packing using
modified polyphenylene oxide (MPPQO) as a simulant were determined using liquid chro-
matography-tandem mass spectrometry (LC-MS/MS). MPPOQO, which was adsorbed the

PIs migrated from paper-made packing, was extracted using acetonitrile, followed by
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clean-up of extract using organic phase filter. The PIs were separated in 12 min on the

column of Luna PFP(2) by gradient elution with acetonitrile and water with 0. 1% for-

mic acid as mobile phase. All the PIs have good linear relationship (R?>>0. 993) with in
0.01-0. 2 mg/kg. The recoveries of 15 Pls are in the range of 70.2%-122.5% at the
spike levels of 0. 01, 0. 05 and 0. 2 mg/kg with the relative standard deviation less than

7.5%. The limits of detection range from 0. 001 to 0. 021 mg/kg. The analysis of real

sample shows that the method with high sensitivity and high accuracy can be applied for

the determination of migration of PIs from paper-made packing.

Key words: photoinitiators; modified polyphenylene oxide; liquid chromatography-

tandem mass spectrometry(LC-MS/MS) ; paper-made packing
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Table 1 Properties and specific migration limit of the 15 PIs
FEEBR
5 LE&Y EXRHE M2 TFHEE SFR #a/C
801/ (mg/kg)

2R FL-2-F -1 R BTN R

1 7473-98-5 164.2 CioH1202 310.6 0.01
2-Hydroxy-2-methylpropiophenone(1173)

2 — ¥ F i Benzophenone(BP) 119-61-9 182. 2 C13H100 305. 4 0.6
2-F K Ed

3 131-58-8 196. 2 C14H;12,0 310.0 0.6
2-Methylbenzophenone(2-MBP)
X-N,N-_REAREFRLE

4 8 10287-53-3 193.2 Ci11 His NO; 341.8 0. 05
Ethyl 4-dimethylaminobenzoate(EDB)
2,2-Z F E -2 R EE

5 24650-42-8 256. 3 Ci16Hi60s 371.1 0.01
2, 2-Dimethoxy-2-phenylacetophenone(BDK)
&2 k2 R R R R

6 606-28-0 240. 3 Ci15Hi20s 352.0 0. 05
Methyl 2-benzoylbenzoate(OMBB)
X R AR R 5 TR 2-Ethylhexyl-

7 21245-02-3 277. 4 Ci7 H27 NO; 415.0 5
4-dimethylaminobenzoate(EHDAB)
2-FRFL-1-(4-FR B 3 ) R 5L 2- N i - 1- 79 i)

8 2-Methyl-4'-( methylthio )-2-morpholinopropi- ~ 71868-10-5 279. 4 Ci5 H,1 NO, S 410. 5 0. 01
ophenone(Irgacure 907)
2- 5T LT 4 WA

9 I 5495-84-1 254.3 Cis H1408 398.9 0. 05
2-Isopropylthioxanthone(2-1TX)

10 BEZEILFEH R 4-Benzoylbiphenyl(PBZ) 2128-93-0 258. 3 CisH1, 0 419.1 0.01
2,4-Z ZE Wi 3

11 82799-44-8 268. 4 Ci17H140S8 427.9 0.01
2,4-Diethyl-9H-thioxanthen-9-one(DETX)
4,4 RS — AR

12 , 90-94-8 268. 4 Ci7H2o N2 O 427. 7 0.01
4,4'-bis(Dimethylamino) benzophenone(MK)
4,4 L REEE) — R

13 , 90-93-7 324.5 C21 H2s N2 O 475.7 0.01
4,4"-bis(Diethylamino) benzophenone(DEAB)
2R HE-2- T A B-1- (- R ) -1-T B

14 2-Benzyl-2-(dimethylamino)-4'-morpholinobu-  119313-12-1 366.5 Cz3s H3o N2 O3 528. 8 0.15
tyrophenone(Irgacure 369)
1-[4-(2-F 5 2 E ) R R ]-2- % 2-2-F 2-1-

15 TR 2-Hydroxy-4'-(2-hydroxyethoxy)- 106797-53-9 224. 25 C12Hi504 405.0 0. 05

2-methylpropiophenone(Irgacure 2959)

Sciex AR s AE 163 BT K . B+ Mett-
ler AR5, BRE& 0.000 1 g; LC-213 #t46:. F
% Espec 28 7 7™ #h; TALBOYS 8 HE 4R & 45 :
% E Troemner 24 & = dh; 3-30k = #H ¥ % E
BB E Sigma 2 F 7 6.

TEA SL 0 A BH A A & - Rl Sk R RUER R A
FRAFRAL, MRS W& FIH UV 6
O EA 13 FE5I RF K UV RS S MR

MEEE RN 120 g/m” WY RRIE AR b, A
A UV R ALY @ H 47 1R T 1% 1k
(UV [E{bEeE R 30 m]/cm?),

1.2 ZEWHE

1.2.1 @34 Luna PFP(2)EH: (150 mm X
4.6 mm X3 pm); PN : Z 5 (A F0. 145
FR/K VS W (B) s i 500 pL/min; & 5 YE RGP
FIF 3 2; HR 30 C#ME 10 pl,
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1.2.2 FRig&H EBETFHE L HBEES R2 BEXRBEES

TIE(ESD ,Z S (N JE A 345 kPa, S5 5 Table 2 Gradient elution program

(N,) & 51 103 kPa, ﬁﬂil o iﬁ\‘/ﬁ (N A B} [8] /min i/ (uL/min) A% B/ %
345 kPa; RS (N, JE ) 69 kPa, 85 T L i 1 0.0 500 7 2

550 °C ,f= B iHE] 50 ms, BB JE 5 500 V, IE 50 500 100 0

BT 2 R R (MRMD B3, 9631 % 71 % A o o e

Fr i) £R B8 B [a] A1 MRM 28051 F 3 3. 20.0 500 - o

£3 X3 EZFBHEWKERBREN MRM S5
Table 3 MRM parameters and retention times of the 15 PIs

7 foa ER/EMETAN  EERE/V R/ eV % &[] /min
165.2/119. 1~ 30 11
1 1173 4. 40
165.2/91 30 15
183.1/105.1* 60 22
2 BP 5.99
183.1/94.9 60 30
197.2/105. 1~ 60 21
3 2-MBP 6. 46
197.2/119. 2 60 21
194.1/166. 3~ 60 22.6
4 EDB 6.07
194.1/179. 4 60 22.6
225.1/197.1* 80 18. 4
5 BDK 5.59
225.1/165. 2 80 22
241. 3/209. 2% 50 12
6 OMBB 5.38
241.3/153.1 50 32
278.5/151.3* 60 25
7 EHDAB 9. 36
278.5/166. 4 60 37
280.2/165. 3% 55 28
8 Irgacure 907 5.26
280.2/128. 4 55 28
255.2/213.1~ 70 30
9 2-1TX 9. 06
255.2/184.1 70 35
259.2/105.1* 55 25
10 PBZ 7.66
259.2/181.3 55 25
269.2/241. 4% 70 31
11 DETX 9.91
269.2/213. 2 70 36
269.2/148. 2~ 70 30
12 MK 5.96
269.2/120. 2 70 30
325.5/176.2* 80 35
13 DEAB 7.36
325.5/281. 2 80 35
367.3/190. 3% 60 27
14 Irgacure 369 5.59
367.3/294. 3 60 27
225.2/179.0* 37 15
15 Irgacure 2959 3.49
225.2/207.2 37 13

W« NERBTH
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1.2.3 FRERWAES SRR 50 mgO -
HZE 0.1 m) B F N3 E7, BL BB Mt E 15{\ A
A% 10 mL AR BS R 5 o/L 15 —A k
R A, AR 1 mL AW T N o

50 mL AR A BT HZBEEEE20% , B H
Ji% 100 mg/L (IR FrENE # L. P 100 pL
BEHEHEEHE T T oL iFOAEBHR T, 2
JE B2 B 1 mg/L IR BRI .
B 2R PR B PR UEV R PR IL 45 6 B R IO AR 1
il 2 RIS W

1.2.4 HRAE FHEZ 1 g MPPO, 5 F
B R PRE AR AR AR S AR BY AR 0. 25 dm,
WERI 8 8 T MPPO b, RIEHE. %
REFRILE FHAEF DL 70 CF4 2 h, BUR & H)
E2ER. BEFILF K MPPO ## £ 10 mL
BEBELE P, A 10 mL 28, TIRIERES
L ERL 2 000 r/min B BEIE % 10 min, F DU
8 000 r/minE > 5 min; B 4 mL FR K, &R
WAL YA 2 1 mL, 28 0. 22 pm 7 HLAR I8 3 U8
J& »# 47 LC-MS/MS 43#7.
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SpymEd AEMAERESNEEEZ, cRIMtT H
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2959 M TE 88 22, 1X AT B A VA R TR N 4 1Y DR
IR 5 S5 36 & TR, 38 3 i 7% B Y L 451 R i AR
R | 5% v £5 45 Y 3l AH Bl 370 40 0 R X5 T A A il
B, TR A 2R -K TSR AR R BB 1 IR AR A 4T
1T .
2.2 MPPO #Hil¥ RER AL

BT MPPO % & 5t E [0 Yig b 225 2 %
B, PRI AS 77 v 7 43 35 EN 14338 #L5E i MPPO
RS 5 48 5 b RHE A B X R L i) i R A L
1 1 g MPPO/0. 25 dm?® B 4% 5 BB il 41 8} #4 1T
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1 dm?® FEATIE R SE 56, AT R R B AIR T A 0 %
A BHE LB OLR T 2,
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Fig. 1 Effect of separation

for methanol and acetonitrile
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Fig. 2 Comparison of the migration quantity with 4 g
MPPO/1 dm’ and 1 g MPPQ/0. 25 dm®
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MPPO H Pls $2 I M, #F IR HE 2 min fT 3k
FHH PLs 43 28 A6 W0 0 B2 3R 100 % , SE 58 45 31
ATE 3. B 3 AL, K R IR BE I 32 B
MRLRETWAEL R 10% LA, HR A 10 min
TATEHZE 1 KBTI A B4R BUE 1.
2.4 ERMA

h T IR X 15 FORE| K5
M, SCES DL ZS AR RS L MPPO ZJE 2
TSUVES WO Ry 5 I, 5 5% T MR R oK 8 ) MR 4 1
JBR VA L 5 0 5 T T o R I R b A S T
H14% Pls W (B A9 AE K, 25 SRR T 4, I 4
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{EL 55 400 8 511 % 0 D O (L =2 B AR 24, BN A
B . DRI, O T T R 2 T R X A vk S B
S 1) T 9L, A F 5 5% JH A DL 2 SR L A B9 O 7k
HATSMRER

—o— (A2 min, $2HUK

120F o 35S min, #2517k
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—*—{i min, $£HR27 ’t=r .
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Fig. 3 Effect of vortexing time on the extraction
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Fig. 4 Effect of the matrix effect

2.5 FEiEM
AT 4.8.20.40.80 mg/L 3 FRbRHEYS
T > LARRYE 22 51) fl s T AR BT o IO A vAE T4 il 28

BOMR BN SR B R . A T VR 83
AFE S, RAX 1 g2 H MPPO H ints i 75
AT [E] R RO B B S, AR oK R 4 0 A
10.50.200 ng, A INFRAKFFA7 25 ¥, FF H
BRI IR W, A5 MR L S/N=3 iHE
BENZ T T R A H B (LOD) . 7 sk R 45
BHF R 4, BAREW, 15 ML RFE 4~
80 mg/L i Ltk & R 47 (R° >0. 993),3 4>
TR B [ U B AR 70. 2% ~122. 5% 2 [a] , k&
FREE/NF 7.5%,L0D g 0. 001~0. 021 mg/kg.,

x10*
30r 14
25+
20+
? 4 13
5 15f
E 12
10f
86
sk 15 SH o 7
9
0 L le\ RN I\A”
T T T T T
0 2 4 6 8 10 12
t/min

I g 1~15 Fri R AaY TR 4 TR
Es5 15#EIRFANEEFRE
Fig.5 TIC chromatogram of the 15 Pls

under the optimized condition

2.6 EEREERSH

FE 70 CHAMFT R R A J7 1 68 BH AR & 43
BHAT 0.5.1.2 h WITH L, SLhRAE R 6
WER TR 6, Lhrk M F e RNERS & IE
EBEEM LR TE 7, SEREH. HELF
13 FHEIKFAE 3 FHIEBLRFZG THFE
— TR TR, BEE TR B ] B R, AR
ROETIEF TR & B E WS, X F kA
I ZRMZmHA T4 R,

R4 15 HMASEFNFEZENER
Table 4 The result of method evaluation for the 15 Pls

EVEEN 4 LOD/ _
F5 Jt5IKRHF Pls KT E trE/ng  EWE/%  RSD/% (n=5)
(RY) (mg/kg)
1 1173 y=—0.005+0. 002 39x 0.999 7 0. 006 20.1 70. 4 1.7
50. 2 70. 2 2.3
100. 4 72.7 2.9
2 BP y=—0.001 79+0. 003 58x 0.999 5 0.021 17. 8 72.0 2.2
44. 6 75.4 3.6
89.1 72.7 4.1
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B3R 4
HVEERY LOD/ _
5 H5IAF Pls iy Jnkri/ng  EIWER/% RSD/% (n=5)
(R» (mg/kg)
3 2-MBP y=—0.018 7+4-0. 006 73z 0.999 9 0. 008 19.9 72.9 2.1
49. 8 75. 4 2.1
99. 6 82. 4 2.3
4 EDB y=0.036 8+0.068 7z 0.998 9 0. 001 19. 4 95. 6 2.2
48.6 86.9 0.9
97. 2 88.6 2.1
5 BDK y=—0.006 57-+0.014 8= 0.999 9 0.015 17.8 90. 6 7.3
44.5 82.6 6.1
89.0 90. 4 4.0
6 OMBB y=—0.005 89-0. 020 4z 0.999 8 0. 002 21. 2 89. 4 5.0
53.0 92.6 2.7
105. 9 92.3 2.1
7 EHDAB y=—0.074 440. 057 7x 1.000 0 0. 001 22.6 118.0 4.1
56.5 102. 7 4.0
113.1 114. 4 3.1
8  Irgacure 907  y=0.040 740. 026 6x 0.994 3 0. 001 13.7 104.1 5.8
34.3 87.6 2.5
68. 7 98. 3 3.4
9 2-ITX  y=—0.000 039 6-+0.008 13z 0.999 8 0.015 17.2 76.9 1.9
42.9 96. 7 6.0
85. 8 112.9 5.1
10 PBZ y=—0.009 83+0. 006 51z 0.999 6 0. 002 17.2 76.3 8.2
42.9 79. 8 7.8
85. 8 71. 4 6.4
11 DETX y=0.003 69+0. 001 44x 0.999 6 0.015 17.2 104.9 1.2
42.9 84.0 2.9
85. 8 101.0 6.3
12 MK y=0.16940. 052 3z 0.993 0 0. 002 17.2 98.1 9.2
42.9 122.5 1.5
85. 8 109. 6 3.3
13 DEAB y=0.22+0.096 9= 0.995 1 0. 001 17. 2 94.5 2.9
42.9 99. 4 2.8
85. 8 97. 4 1.1
14  Trgacure 369  y=—0.027 4+0.081 6= 0.999 5 0. 001 17.2 106.5 0.7
42.9 91.5 2.6
85. 8 91.7 0.5
15 TIrgacure 2959 y=—0. 006 27-+0. 006 29x 0.999 5 0. 003 18.9 79.9 4.8
47. 2 99. 8 3.5

94.5 93.7 5.0
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Fig. 6 TIC chromatogram of the self-made sample
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Fig. 7 Migration quantity of PIs with different

migration time in the self-made sample
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