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GC/MS for simultaneous determination of 14 photo-initiators in fatty food
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Abstract: To establish a GC-MS method for determination of 14 pho-
to-initiators in fatty food. The homogeneous samples were extracted
by acetone-hexane(2 : 8,v:v) for 15 min at room temperature. The
supernatant was purified by HLB column, and the eluent was then
collected, which was further purified by PSA. The purified eluent
was centrifuged and determined by GC-MS. The recoveries were be-
tween 73.0% ~92.4% at spiked levels of 0.000 2~0.001 0 mg/kg.,
and the relative standard deviation of the methods were 4.1% ~
8.9% , with the LOD ranging from 0.02~0.20 pg/kg. It was in ac-
cordance with the requirement of technical parameters for analysis
with fast and simple determination and high sensitivity. It was
suitable for the simultaneous determination of 14 photo-initiators in
fatty food.
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FE AR SR A e dE i GC-MS il 77 2k o LA R] B 00 o 5 s &
Y 14 FOGE] R A S TSR I SO0 51 R A I I B A A 4R
HEARHE .
1 M 505
1.1 ##5iRF

2- 5 v Wl R L AR TR R R TR L 2- R PR B R P R PP OB
2-F B TR R 4G oK R L DY £ B oK R R L 2- 5 - 3
T 2, 4-2 2, F A 2% BC-9- T . 3 FY 66— 2 HF T L K EG
A-F L RN 2 A O kL R R 6 O SRR
MR 5T 99 % . # [E Dr Ehrenstorfer 23] 5

VIR IE O 6 £ R SR i Bk, B . (8 ik ali, [ %%
TS B B A A BRA ]

HLB /ME:60 mg, 3 mL, | % i 52 5 B £ 0 A B
NEIH

PSA X #1145 :2 mL(150 mg MgSO, ,50 mg PSA,50 mg
GCB,50 mg Cis), FlFL1E LI B A A RA

KEAEm - HE.
1.2 NFE5E&

ST — % 15 AL - Agilent 7890A-5975C MSD #Y,
KEZRHERPHL A

A R0 L : Neofuge 1600R %4, F7 A= ) B2 57 B 45
A PR T 5

G340 K SPS401F BY, W2 (4 ( R A RA ]

RIR AR L : CM-1000 A, 78 5 #Ak 25 B bk 20 23 4
1.3 A&
1.3.1 i &M A 3% 4. Agilent 190918433 (30 m X
250 pmX0.25 pm) s FEAE R 250 C s i # : 1 mL/min,
BERESE 1 p L BT TR A F W AR IR D 60 CLRFF 1 min,
L 20 C/min J+ & 180 C 4 +F 3 min, M4 5 C/min 7+ &
280 CA%#f 5 min.,
1.3.2 FRigk&M ELVR. B TFIREJE N 230 °C, WR R
JE 150 C, 435k FH SCAN #2X Fil SIM #5576 3 > 1 A i
b, 14 MOGFIR M B 6/ R B R 1. & R iy
5 K70 5k T 2, A B4 I ] A X £ HP A 4 L A TR T B
FEH B ILA RN © R85 3 0 m miE A &1
@ BRI E TR =G HAEM I R = KT 3.

R O TR BR A B AR A — B (£ 0.5%),
H UG WE v 8 7 B LW & s B L S b E A 25 A S
22 2, 0 A] X R RV 0 T R T AT E PR A
1.3.3  FRAEVE M ECH  HEBAFRE 14 FIARAESS 0.1 g ORI
£ 0.000 1 @) F 10 mL Z & o 7R B0 0 I 450651 &
FIBEW A BE Ry 10 g/Ly 43I H 0.1 mL 3 F 100 mL %
O LAY E 25 2 20 B8 L R B v A A 0651 R T
W 10 pg/mL, RH| TAEGERITHA .
1.3.4 HEMATALEL ARG SRS MERARI 2~5 g OR
% 0.000 1 @), LA 20 mL NE—IEC ke (RFLL 2 0 8) 423K,
RIRAEY 15 min J5,F 4 000 r/min &0 5 min, B_E 18N
A B35 AL J5 B HLB/MAE . L 10 mL 9 BR— IE © 4% 2k 47 3%

F1 MA#HXSEFWFREMENRIERH
EEBFREER
Table 1 Retention time and selected ion of

14 photoinitiators

[R=2 7] ﬁ%ﬁ ARET FEEH/ %
[f] /min (m/2)
% TR i R T IR 11.4  59,105,77 100 : 3228
2- Y5 - H L IR DY 12.1  105,77,51 100 : 53 : 18
R H R 19.7  105,182,77 100 : 58 : 56
2- 1 3 = 2K Wil 20.6  195,196,91 100 : 58 : 29
3-FH 3 — 0K H ) 22.1 119,196,105 100 : 73 : 57
A4-FF e = 2K R 22.6  119,196,91 100 : 84 : 71
45 TR R 23.8 105,139,216 100 : 84 : 71
&5 O 25.1  151,105,77 100 : 32 : 26
2~ F I PR R R 26.1  163,105,77 100 : 55 : 43
TR AR PRS- EEE 32,3 165,148,277 100 :40: 19
2, W i R 33.0 246,218,248 100 : 52 : 38
2,4~ 0 B 2% -9 37.3 268,253,239 100 : 99 : 13
K ES i 47.3 148,224,268 100 : 89 : 36
74 2 FE K IR 55.0 309,324,265 100 : 36: 16

R2 SHEBE—REEERIANBETFEESRATTRE

Table 2 The maximum allowable error of relative ion abundance

by gas chromatography-mass spectrometry %
A X GC-MS H %} 88 F F BE b K fuifF iR 22
(50,00) +10
(20.50] +15
(10.20] +20
[0,10] +50

JBE Wi B R MO Tk 4 05 T LA E 45 3 2 mLL I 1 mL
F| PSA Hefb & B0 g L,

EPTAEE

2.1 BEEHNRAKL

I LT 2 FhAS [ 1 €305 R 7 R A 1

(1) 60 C{£# 1 min, Lk 20 °C/min #| 150 C {# #F
1 min, f P4 2 °C/min F}3) 270 C4%4F 8 min.,

(2) 60 CHEEE 1 min, P 20 C/min | 240 C ¢
0 min, H-Lh 2 °C/min #| 270 C{#+: 25 min,

M 1.2 v U B 7RSS (D R R R TR &4 14 Fiok
FURFCH I T 9 AW, H R B 5% HY R Y W F 2-5% Bk H
AT Y 2 VAR B 25 L PR (O RV T FHIR AT 14 ROk
1R T RE e, (H U 5 0 ok T B S A E B AT . B
K585 (O R )y THR S5 64T R o W A 2 Y T B IR
PP A% - B2 60 CA£4F 1 min J5, L 10 °C/min 5] 120 C
4 2 min, F-LL 5 °C/min 3] 240 ‘C{#4# 5 min, ) 2 °C/min
FHEZ 270 CLREF 15 min, K 3 AT LLEF] L 14 Fok 5] &)
Yy ReA I O B R, 4 B B A
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Figure 1 GC-MS chromatogram of the mixture of 14 pho- Figure 3 GC-MS chromatogram of the mixture of 14 pho-
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Figure 2 GC-MS chromatogram of the mixture of 14 pho-

My Sl 55 b v 2R
2.2 REEHHHEIA

VR 14 FhOGH1 KRB 2E (BRR A s £ OF A D B R
RSP AR SCHR T R AR R U R R 2
Bk PR LA B 206 225 R O R 7 BC AR VE VR i A v
S B 2- GROGE W AN 0 T R RN 2 L ek P R A R B TN
AR W o BT R £ T B s e B i) L3 248 B R R

3 MUFMASNEFWEFEAAFAEBAXERH . LETCEREHR

Table 3 Linear equation, correlation coefficients, linearity range and LOD of 14 photoinitiators

EAS I8 )59 5 MXERE LMEE/ (ug e mL™)  KHFR/(ug s kg™ ME/ %
2% VR PR R B y=1.7X10°2—57 0.997 1 0.004~0.040 0.20 20
2-F% - H R I TR y=6.4X10"x+17 0.997 0 0.004~0.040 0.20 15
TR HER y=2.5X1052—7.6 X103 0.993 6 0.004~0.040 0.04 18
2- 5 — 2 T ) y=2.2X10%2x—3.1X102 0.997 2 0.004~0.040 0.04 11
3- - 0K T i y=1.5X1052x—3.6X10° 0.996 7 0.004~0.040 0.04 4
4-FH - — o4 y=2.3X1052—2.0X10° 0.995 7 0.004~0.040 0.04 8
4-5R- T y=1.2X10%2+3.2X10° 0.997 7 0.004~0.040 0.10 13
2B W y=4.3X1052x—1.2X102 0.994 8 0.004~0.040 0.02 12
2- 4 F ok PR % P i y=1.7X1052—1.3X10% 0.998 1 0.004~0.040 0.10 20
X TR PR STERE v=3.9X105%2—1.8X10° 0.997 6 0.004~0.040 0.02 17
245, W5 I ] y=2.1X10%2—6.3X10% 0.997 9 0.004~0.040 0.20 20
2,4~ 0 FE B 4% -9 T y=2.2X1002—7.6X102 0.998 6 0.004~0.040 0.20 19
K PR y=5.3X10°x—1.8X103 0.995 2 0.004~0.040 0.20 4
Y B Ok G y=1.7X10%x—4.3X103 0.997 6 0.004~0.040 0.20 19
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Figure 4 Effects of different solvents on the recoveries

4 AT, YR OE 2 ke X 14 APt 51 K R i - 2y [m]
We A fe o Wb — 2 S I A2 U B B A AR M. 40 ol ik
B4R BB 7 ) A4 B L L A€ TR B L 4 BRI [|] A S 2B A% AR 1Y 3
AR R T ZF#E =K B3R, Wi i
FA, WBARIB I K S,

S5 IRRW L VIR A LL B s A0 A R T L R Y 4R L T RE
JE PR IR B TEAR I T F AR W0 14 ] I 24 o 4 B v T U
VIR, mER S AT A AR SR B D TR R A AE © e AR LE
20 8L AEBURE 20 °C L PREUR E] 15 min, $ZIZAMFHEAT 3
FATHRUESEE e 51 K 0 i - 34 [ R S 93,156 . 41 T Ho Ak
TR A PF BT A A R PR A SR AR A D LN B —IE 2
g (RRRLL 2 0 8) S $RIBGA 7] - 20 “C R 4RI 15 min B Al 5 K
BRI BT BARE S
2.3 EUEGHMEL
2.3.1 WEPHRIAYEESE  QuECKERS Jy ¥k 2 73 B [E AR 28 BUHL
AR BT A0 S s A o) e N - B & R W R . H

x4 EXRBEERKFER

Table 4 Factors and levels of orthogonal experiment

x5 EXRBERSERESN

Table 5 Orthogonal experiment result
SR A B 14 AT AR
- Hy R/ %
1 1 1 1 90.1
2 1 2 2 93.8
3 1 3 3 87.5
4 2 1 2 87.9
5 2 2 3 88.4
6 2 3 1 83.2
7 3 1 3 85.5
8 3 2 1 84.2
9 3 3 2 88.1
7777777 ki 9.5 878 8.8
ko 86.5 88.8 89.9
ks 85.9 86.3 87.1
W7 R 4.6 2.5 4.1

K A HE—IEC SRR B 2 IR E/°C C IS ] /min

1 2.8 45 5
2 505 20 15
3 8.2 60 30

H S 5B i S BB RE s b ola 5] e TR T ) i e P 3 0k 2 o
ferdkmie Lt M FARRG R R T A R
H—fy QuEChERS J5 i #E47 ¥ Ak 7T B8 JC ¥ B 5508 BAH /19
FAa R . B, 24300k F HLB /i Rl QUEChERS 45 R A
S5 G R CHETT Al s LUK B 26 R BT 40 R ALK o FR 1y
By, 5 T LU 8ok A QUEChERS J5 ¥ AL 7E i
o e S5 A AT HoF Y [0 LA 24 8 3 IR TSR T A5 S R
AT AL R . HLB A b i i B 50 2 5 K R iR P 2R A
W16 AR T R 11 2 2 | 2 0 R R i o e L 1 P L 3R
AR B AR ELAE R AR B B AR . e Hodfb 19 kil b
F PSA AT T — Ak KL £ BR ik ok fb & 9 B8 07 iR A #L
B2 By AN 2K, LA AT 3R s A A ROR R BRI B TR
WL REHE ¥ 7 i R U R BRI B, &5 i g &
A 7T 7 K 3 TR e A R RS ) 8 5 e e 1 RO B
2.3.2  IAERER A A O A AR R R L T AR

= PSAHHIE
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L g g o LB

EfE
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S

ELER OB BGEE & @ OP
N ety
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JEIBR P 7 T B A 00 8 0 b 14 Ol 51 R

FTRE XS Rl A B AT MR A B R4 T PRIIE A BORCR . kL 1K
3 xd fh N B —1E © B SR BOUR (19 LW e AT HLB i £ i
I B AR B AT T B 5%, 20 B E T 15.30,50 mL Ff i
PR AL 25 G A Al AR BT 13 0 AL 5 9 T8 S R s . 24
ARG 30 mL i B B9 I 4 A 40 T 3 FhKSF P

TR TSR 15 mL IR oK ERR Y K G

B A L 30 mL BFAG T BRSO B R, X B T 309 L B
2.4 EKRRFMBEZE
AT B E AR 5 9 B T B RORE R L BT 3 N AN

PR U B ORI 8  BEAT 6 U AT BRI D5 vk A (BT i AR

WIS (B . W 50 mL B, BT A 15 D0 420 [l g 3 144 e MRS WL 6. 36 ml 1, RSD ¥ <<10% .76 3 Nk JE T
F6 14FASIEZFNOMREREREEE
Table 6 The recoveries and RSD of 14 photoinitators
T &/ IR/ % AR X R v A 22/ %6
HeT | &
(mg + kg ) & A KEa T2 75 s A KEa 12 5
0.000 2 75.5 78.4 76.5 5.1 6.2 4.9
JE i R R 0.000 5 80.2 81.0 83.5 6.2 4.1 6.2
0.001 0 91.0 86.4 85.1 6.9 6.7 8.2
0.000 2 79.3 76.2 79.5 6.5 8.2 7.7
2-F5 B F I TR 0.000 5 85.3 82.8 78.3 6.2 6.6 4.9
0.001 0 87.4 78.4 76.4 5.4 7.3 6.3
0.000 2 80.3 79.3 77.2 6.6 6.8 7.8
R B R 0.000 5 86.9 73.9 75.2 4.2 6.2 7.7
0.001 0 86.6 84.7 84.3 6.7 8.9 6.4
0.000 2 89.1 88.0 94.2 4.7 7.4 6.4
2- F1 e = 4% I i) 0.000 5 84.5 83.6 89.2 6.2 6.9 7.2
0.001 0 90.2 92.4 89.1 7.5 5.2 8.7
0.000 2 88.4 89.4 90.5 6.4 7.2 8.4
3-H 3 2K H AR 0.000 5 90.2 86.0 87.6 8.2 7.1 8.3
0.001 0 89.0 86.2 85.1 6.9 7.7 7.4
0.000 2 85.3 85.4 79.4 6.1 5.5 6.6
4-FR 5 = R 0.000 5 89.4 80.8 82.8 6.2 7.2 7.4
0.001 0 90.4 88.3 90.4 6.1 4.7 5.5
0.000 2 85.5 83.1 81.8 5.7 3.7 5.4
A= T2 0.000 5 86.8 87.9 83.5 6.5 5.7 6.8
0.001 0 90.4 91.4 86.4 6.6 7.3 8.4
0.000 2 90.0 80.2 85.1 6.9 7.7 4.1
7 8 5 i 0.000 5 89.5 85.3 88.3 8.1 5.6 7.4
0.001 0 89.8 83.8 84.8 7.5 8.7 6.5
0.000 2 90.8 81.6 81.6 8.4 7.5 7.3
2~ Tk FY R P S 0.000 5 90.7 86.4 81.4 6.6 8.4 7.3
0.001 0 85.0 84.8 84.5 6.3 6.6 3.8
0.000 2 76.5 78.4 77.4 6.6 3.2 6.9
Xof W W R 5o TR 0.000 5 83.2 84.0 80.6 5.4 7.1 1
0.001 0 82.0 85.2 85.3 7.4 4.7 7.3
0.000 2 75.4 75.9 78.3 5.3 6.5 7.8
247 1 T i) 0.000 5 83.4 73.7 80.3 5.4 1.6 6.8
0.001 0 76.4 71.4 78.3 6.3 5.2 6.4
0.000 2 78.1 74.8 79.4 6.6 1.6 7.8
4= L B 2% T -9 0.000 5 76.5 78.6 75.5 8.1 4.2 7.9
0.001 0 79.2 80.0 82.6 7.4 9.1 6.4
0.000 2 73.0 75.3 76.1 6.8 3.5 7.4
K G TR 0.000 5 81.4 84.9 83.7 5.7 5.9 6.9
0.001 0 76.1 79.4 80.5 6.4 7.3 7.8
0.000 2 81.7 83.3 77.8 5.7 7.4 6.3
P9 Z 3 K R

0.000 5 80.1 79.1 83.2 5.3 7.2 6.8
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B JIAR [l i R 2l 2 GB/T 27404-—2008 X 77 3 B A F2 AR
SRR . AR R 14 B s & RR Ny 73.0% ~
92.4 % o A1 S 1) AR o o o D 25 R 4.1 %6 ~8.9%%
2.5 SEERFEEmE

S AR 7 ¥R A 40 SRR (R BT W TR 9 4 0% I A
D AT TR, LA 2 A A R i 43 Al il 7 — o
PR 0 2~ S Wl R, Al A5 5 v 2 SR s 6B R A
3 ik

AT 0 T SO 0 — B TG R 9 R B s s B e
EEHAEMNT 4 MGG R R I, Jrik kM HLB & A%
BUNT R PSA H AL HEATIE G B b . BT AR 10 J7 A i FR R
0.02~0.20 pg/kg, 14 Fpot 5] & 7 M [\ R K 73.0% ~
92.4 %6 . Inl e 28 4 A Xt 7K i 25 14/ T 1096, O vk 4 A H BR
AR T BUPE AT ME A BE R . A T i T A L 3 U 45 SR )
AT 3 h LT 14 BB 51k FRTE S B i o i PR s s 2
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