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MS ) ( (HPLC-DAD) *°'*; (HPLCUY) ™ ;
( HPLCFLD) °°; - ( HPLC-MS **°  HPLC-MS/MS 7?7812 1)
510 11 . . . ( LLE)
( SPE) \ ( PLE)
N o u uic as ea
EChERS ( Quick FEasy Cheap

Effective Rugged and Safe) 2003 Anastassiades  Lehotay

14-16
QuEChERS N
GC-MS/MS o N
8
2
2.1 N
Varian320 - ( Varian ); VF5MS (30 m x
0.25 mm x0.25 ym Varian ) o
( >99.5%)  2dTX( >99.5%) Dr. Ehrenstorfer o 4TX(
>99.5%) . Irgacure 184( >99.0%) EDAB( >98.0%) . Irgacure 651 ( >99.0%) . Irga-
cure 907 ( >98.0%) EHDAB( >98.0%) Sigma-Adrich o (
CNW Technologies GmbH ) ( ) ; NaCl MgSO,
( 140 C 4 h); N- (PSA 40 ~63 ym 6 nm
CNW Technologies GmbH ) (GCB )i Cg (40 ~63 uym 6
nm Silicycle ) o
5 : N N N
2.2
2.2.1 1300 C; 1120 °C I min 10 °C/min 300 C
10 min; : =99.999% 1.0 mL/min; : 1 pLo
2.2.2 MS EI 70 eV; 230 C; 300 C;
( MRM)
2.2.3 : 10 mg( 0.01 mg) -
(3:7 V/V) 10.00 ml, 1000 mg/1. 50 C
- (3:7 V/V) 10 mg/L o 2.0
0.2 mg/L 4 C
: 50l 0.2 2.0 10.0 mg/L
10 100 500 pg/L .
2.2.4 3.00 ¢( 0.01 g) 10 mL
6.00 mL 1 min; 1.2 ¢ MgSO, 0.3 g
NaCl 1.6 ¢ MgSO, 0.5 g NaCl (500 r/min) 5 min (4000 r/min) 5
min;  3.00 mL 25 mg PSA\15 mg C;; 250 mg MgSO, 4 mL

1 min (4000 r/min) 5 min; 2.00 mL 45 °C :
- (3:7 V/V) 1.00 mL GC-MS/MS
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3
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(1 10 eV,
MRM o
1 2b.
1210 a 2 25<10T b .
78
1.0>10% 1 s M 2.0x10°F .
8.0x10”
g ] 8 1sx107F
%55 6.0%10° 6 3
=
] I £ 1.0x107F 2
< 40410 < 3
L 5.0x10°
20410 Ty g
OO 0.0 T i 1 —
6 8 10 12 14 16 18 20 4 6 8 10 12 18 20
t/min 1/min
2 8 GC-MS/MS
Fig.2 GC-MS/MS chromatograms of eight photoinitiators standards
(a) 10 mg/L; ( b) 0.1 mg/Ls

(‘a) At concentration of 10 mg/L using full scanning mode; ( b) At concentration of 0. 1 mg/L using MRM mode. 1. Benzophe-
none; 2. Irgacure 184; 3. EDAB; 4. Irgacure 651; 5. EHDAB; 6. Irgacure 907; 7. 44TX; 8. 2TX.
1 —
Table 1  Conditions and transitions used in GC-MS/MS experiments

> >
N . ) . ) Collision
No. Photoinitiators Ret(znllgn) time ?IM /1())11 Transition 1 Cnlh?mr{/ onersy Transition 2 energy
o mrz ( target) © ( qualifier) (eV)
1 Benzophenone 8.394 105 182 77 182 > 105 15 182 > 181 12
2 Irgacure 184 9.098 81 99 77 99 >79 15 99 > 81 12
3 EDAB 9.192 148 164 193 193 > 164 20 193 > 148 15
4 Irgacure 651 10.951 1s1 105 77 151 > 105 18 151 >91 18
5 EHDAB 14.559 165 148 277 277 > 165 15 277 > 164 27
6 Irgacure 907 14.787 128 129 84 129 > 128 10 129 >85 10
7 44TX 15.592 239 254 184 254 >239 15 254 > 184 40
8 24TX 15.706 239 254 184 254 >239 15 254 > 184 40
3.2 QuEChERS
3.2.1 N o
37~13
3.2.2 QuEChERS .
(3:7 V/V) o
( 3): 8 60% ; \Irgacure 184
EDAB 60% 25% o

3.2.3 QuEChERS PSA C, GCB 3
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0.1 mg/kg

MgSO, NaCl
1.2: 0.3 (g/g) o Spiked orange juices at 0. 1 mg/kg my,s04°

Myt =1.2: 0.3 (glg) .

3.2.4 QuEChERS
MgSO4 o
( )
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20 Al Al
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L PSA=40 mg, using water-bath-typed nitrogen blowing (45 'C) [ ;;K:g mi‘ gég: :i
o D
~ =4
A
g N N2 AN ) 4
o d wi"‘\% ?S)P* ao‘ebj%‘e‘ob Q\ﬁ"‘qg Dc’\{i\ ’L’\'{b
o o P W W
3 4
) ) . Fig. 4 Effect of sorbent type on the recoveries of eight pho—
Fig.3  Effect of enrichment modes on the recoveries of o
toimitiators
eight photoinitiators

0.1 mg/kg MgSO, NaCl
1.2: 0.3. Spiked orange juices at 0.1 mg/kg my,504° My, =1-

2:0.3.
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0:40

5
Fig.5 Effect of sorbent ratio on the recoveries of eight pho—
toinitiators
0.1mg/kg  MgSO, NaCl 1.2: 0.3.

Spiked orange juices at 0.1 mg/kg myg04 My, =1.2¢ 0.3.
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140 a —=— Benzophenone —4— EHDAB
—=— Benzophenone 140 b —e—Irgacure 184  —— [rgacure 907
120 b —=— Irgacure 184 ——EDAB ——4-ITX
—+—EDAB ——Irgacure 651 —e—2-|TX
100 et 120
=X —+— Irgacure 907 =
QE, 80 F —O—ﬁ:'k;re é
b] —e—21TX - 100l
g 6of 2
5 3
= 40 o
801
20F
0 1 L L L L i 60
0:1.2 0.2:1.2 0.4:1.2 0.6:1.2 1.2:0.5 1.4:0.5 1.6:0.5 1.8:0.5
Dosage ratio of NaCl to anhydrous MgSO, (g:g) Dosage ratio of anhydrous MgSO, to NaCl (g:g)
6
Fig. 6  Effect of water removers on recoveries of eight photoinitiators
0.1 mg/kg PSA  Cjg 25: 15. Spikedciders at 0. 1 mg/kg mpgy: meg =251 15,
(a) NaCl MgSO, MgSO, 1.2 g ( dosage ratio of NaCl to anhydrous MgSO,; my,s0 = 1.2
g); (b) MgSO,  NaCl NaCl 0.5 g ( dosage ratio of anhydrous MgSO, to NaCl my,; =0.5 g)
2
Table 2 Matrix effect
Relative value ( %)
Photoinitiators . )
Orange juice Cider Peach juice  Pine apple juice Herb tea
Benzophenone 118.5 87.2 92.9 78.3 76.4
1- Irgacure 184 117.9 81.6 86.1 69.6 67.6
N N- EDAB 124.5 79.2 90.9 69.6 66.0
2 2- 4 2- - Irgacure 651 126.8 93.2 98.0 80.7 83.0
N N- 2- EHDAB 191.5 119.5 134.5 101.6 104.8
2= d-4- 2A4- ) H- 168.5 104.7 118.8 90.6 93.0
Irgacure 907
4- 44TX 217.4 132.3 151.1 110.6 117.6
2- 24TX 161.0 107.9 120.1 92.3 94.1
5 0.01 0.1 0.5 mg/ke 2.2.4
6 ( 3). : 3 60. 4% ~
99.1% 1.2% ~15.9% +
. (S/N=3) 0.2~0.8 ug/L .
3.0x107F 4
2.5x10'F 6
b . 7 QuEChERS
5 2.0:107F (a) :(b)0.1 mg/kg
T 15x10° Fig.7 GC-MS/MS chromatograms from a unspiked (a) and
=
= L0107 I from a spiked ( b) cider at 0. 1 mg/kg of eight photoinitiators
' L obtained after QUEChERS method
5.0%10° 1~8 1( Peaks 1 —8 are same as in Table 1) .
0.0 - — L
4 6 8 10 12 14 16 18 20
t/min
3.5
5 12 QuEChERS- -
1 o 8 o N
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3 8 . .
Table 3 Retention time limits of detcetion ( LODs) relative standard deviation ( RSD) and mean recovery of eight photoinitia—
tors
LOD Orange juice Cider Pine apple juice Herb tea
Photoinitiators (pg /]j) Added Recovery RSD Recovery RSD Recovery RSD Recovery RSD
(me/ke) (%)~ (%) (%) (%) (%) (%) (%) (%)
0.01 66.5 10.9 63.3 5.6 60.4 3.8 63.7 2.5
B 0.3 0.1 91.5 4.0 73.3 7.7 78.6 5.4 77.7 5.6
enzophenone
0.5 74.2 3.2 71.5 6.5 70.6 11.1 70.2 1.4
0.01 71.7 3.7 61.5 11.3 62.3 1.5 60.0 15.9
1= 0.6 0.1 84.1 6.6 70.2 7.4 78.3 10.2 76.4 1.5
Irgacure 184
0.5 71.6 7.7 75.9 3.6 79.8 5.6 74.5 1.6
N N- 0.01 66.2 7.7 61.8 6.2 60.5 7.2 61.1 2.6
0.8 0.1 92.5 6.5 94.2 10.6 82.0 10.6 73.3 2.5
EDAB 0.5 713 9.4 2.7 3.2 7.5 8.6 792 2.2
5o 4o 0.01  73.3 3.2 69.1 9.8 62.3 2.1 63.8 9.7
- 0.2 0.1 87.4 8.8 75.8 1.8 85.5 5.8 72.1 1.1
Irgacure 651 0.5  80.6 42 7.3 3.2 86.0 2.9 792 31
N N- 0.01 92.0 3.5 72.0 12.5 74.5 3.4 77.8 4.4
- 0.8 0.1 78.4 9.8 99.1 2.7 92.6 1.7 78.7 3.0
EHDAB 0.5 853 3.3 93.0 9.5 91.3 1.2 7.1 3.6
2- H4- 4- 0.01 76.8 3.9 80.7 5.1 80.2 2.3 76.6 4.7
P S 0.1 9.5 9.9 9.2 L5 9.3 2.5 80.6 2.9
Irgacure 907 0.5 90.6 1.9 93.8 2.3 98.5 2.7 84.2 2.3
0.01 63.0 3.2 70.5 3.5 68.4 1.1 81.9 5.2
4-
44TX 0.6 0.1 78.6 9.4 98.8 1.9 93.9 2.1 80.3 3.3
0.5 82.0 3.4 86.9 1.5 88.2 1.6 74.6 4.9
0.01 60.4 2.1 70.4 1.4 74.0 1.5 62.5 4.6
2—
2ITX 0.7 0.1 82.9 9.4 92.6 1.2 90.0 2.4 80.6 3.9
0.5 77.7 9.8 85.5 2.8 87.1 1.9 74.7 4.5
2.0x10°F |
1.5%10°F
é 8
-‘é 1.0x10°F Fig. 8  GC-MS/MS chromatogram of real sample using
Z MRM mode: (1) 44TX; (2) 24TX
50<10° .
2
00 1 1 1 1 1 A“f‘—_’h‘l
4 6 8 10 12 14 16 18 20
t/min
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Analysis of Eight Photoinitiator Residues in Soft Drinks Using
QuEChERS Method and Gas Chromatography-Tandem
Mass Spectrometric Detection

ZHANG Yao-Hai ' > JIAO Bi-Ning"' ZHOU Zhi-Qin" *
'( Citrus Research Institute Southwest University Chongging 400712  China)
*( College of Horticulture and Landscape Architecture ~Southwest University Chongqing 400716  China)

Abstract A fast method based on the Quick Easy Cheap Effective Rugged and Safe ( QUEChERS) sample
preparation method and gas chromatography-tandem mass spectrometry ( GC-MS/MS) for the analysis of eight
photoinitiator residues in various soft drinks including orange juice cider peach juice pineapple juice and
herb tea was developed. The procedure involved the quick extraction of the sample with acetonitrile followed
by adding NaCl plus anhydrous MgSO,. Then the extract was purified by primary secondary amine ( PSA) sor—
bent plus C,; power. The ultimate solution was detected by GC-MS/MS under multiple reaction monitoring
mode. The recoveries of eight photoinitiators were in the range from 60.4% to 99.1% at three spike levels of
0.01 0.1 and 0.5 mg/kg into five soft drinks matrices the relative standard deviations ( RSDs) were be—
tween 1.2% and 15.9% and the limits of detection were between 0.2 ng/L and 0.8 pg/L. The method is
simple quick safe cheap and reproducible and applicable to confirm photoinitiator residues in the real
sample.
Keywords Quick easy cheap effective rugged and safe method; Gas chromatography-+andem mass spectrome—
try; Photoinitiators; Soft drinks
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