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Chromatography-Mass Spectrometry
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ABSTRACT: The work aims to determine the 4 kinds of benzophenones in paper packaging materials by GC-MS. The
ultrasonic extraction method of benzophenone photoinitiators from paper packaging materials was optimized. The extract
was then analyzed by GC-MS. Full scan and selected ion scan were used for the qualitative and quantitative analysis of
each compound. The detection limits, quantification limits, linear ranges, relative standard deviations and recoveries of
the established method were verified before the application in the real samples. The optimized ultrasonic extraction con-
ditions were as follows: acetonitrile as extraction solvent, ultrasonic extraction twice and each extraction time of 20 min.
The detection limits of 4 kinds of benzophenones were between 0.01-0.05 mg/L. The quantification limits were between
0.02-0.10 mg/L. Standard addition experiments showed that the relative standard deviations were between 2.0%-2.6% and
recoveries between 98%-105%. The method, with low detection and quantification limits and relative standard deviations
and high recoveries, is suitable for the analysis of 4 kinds of benzophenones in real paper packaging samples.
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B, JenlZRe T ZHTrlk, EZ4/ER uv
b1 = SO SR A DA 15 A A R E N TR VS v S SV S
MR, 2005 4F 11 A, BIRFERKIN A BLROES | &
5 | B 5 e ) P e L AR A I 2 2-
SNIETR A, iR K EAE 120~300 pg/L 2
], &Gt 3000 J7 L 405 ARK B T4 A 1\l e
Jo o, DB B R DR PR TUE R S8 (Rapid Alert
System for Foodand Feed, RASFF ) G4k T #id 100
A e | R R R, B
WY, FER s, AN RO, ARG AR .
R, AN WA 0 22 W 78 R85 b oA e 280 I A 0 R
W8 . W] ( Benzophenone, BP) , 4-#23L 7%
iR ( 4-Hydroxybenzophenone, POB) Fil 2-3%%t-4-
FH & — 2K IR ( 2-hydroxy-4-methoxybenzophenone,
Advastab 45 ) 7E7K . 58 I5e AR AR LB,
HA KA AR A A7 Lin 2208058 i 46 Hp [ A 375 38
BEREIeAEa RTS8, &8 BP 2RY) IAE
PR S G R AL,

BP Ak G 1 i 42 fih SCHEE A 23 X0 i B 25 1 i —
SERFEE T, BP M 4,430 ( ) ZIKH
fili] , M 4K CHT ( Michler’s ketone, MK ) £ £ #
TIE 52 7E /N BRURT K R P9 B B s Y, Rhodes
SRR g 25 R R W, BP AT 4- 3L TR
( 4-Methylbenzophenone, 4-MBP ) Be i A& A= b J&
PIBLR, XA IRE s A, Rl E ) E
AN AE . Hsieh 5P KB, BP 25L& 9
SRR Z IR R A R R RON, AR KA
SR IE T 2R . Cuquerella V%% 31 BP Al #2755
NEZBRBEEFOLT R A KRB, 258
DNA [J#i4ji. Hee-Kyung 53 863F B & BP 28
AW 1853 10 7 T A R et 2 6T B K 14 e SR R 0 3
FE fal 4 5

FiE TR IIRA,, BRTC &8y T Z2FHTE MW
A SR BP JOUT I AR A k. H, &
BB AH €833 ( high performance liquid chromatography,
HPLC ) , H5ZMRes, 4600 8 o)k
%% ( diode-array detector, DAD ) . %¢YGH I 4%
( fluorescence detector, FLD ) . &% ( mass spec-
trometry, MS) FIHEEFiE ( tandem MS, MS/MS)
45 B s R Rz T BP 28 AL

HERME, SH6ES MS BKHM T (gas chro-
matography-MS, GC-MS ) A &R 2%, S
PLEFXE 4 FiBE% BP RAbAW, HaL GC-MS S )7
2, SEERA PRI, BT AR I 405 A0
X 4 TR SR A A

1 RI

1.1 X, EESRF

FEA R 4 Fp BP Y ERMES, HIWH L
WSS R A R A R, HEARER WK 1;
N, WEE, Bk, —EP MO, YIhE
TEal, WA s SR A IR A F k2R
Mrugds, W A duH R A0l A BR A A .

FEALES: GC-MS ¥, M5 7890B-5977A,
W A & Agileng A Fl; B AL, RS R
JL-CQ250S, M H i+ 3 A AL A FRA R e
KA, TSR RE-32, W[ ISR A LA a5 &
BIRAR AHrRT, BS58 FA1004, W 1
TR A RAF, B, E/R2518 1~5 mL
F1 100~1000 uL, ¥0 [ BREHAERHARA R, w7
}4 50~200 pL, W Genetix Biotech iV ¥4 PR .

TR A PRERG & 53 AR 4 Fh BP 24 b i
i 0.1 g, FEHIZE 0.0001 g, &T 44 100 mL HIAFE
ZHifith, FAOKEEZS, K 1000 mg/L AR A& o
FHREWAR 53571 AN 1000 mg/L A5 ifEfis & W Hh & F2 B 100
uL F—A~ 10 mL FEEAERP, FmA K E It
WHIRE, BN 10 mg/L 1R & bR a1 .

TR A ARIE TAE : XHRA R UEGE 2 AT 18 R
B, MENR AR TAER

R JE 102 4, R b uts 191, B
S 56 1, BATAAE 27 4, Yk AAH T
FHR

1.2 HEEHE
1.2.1 HmArke

FiRE S T BT J1 85 5 /NF 0.5 emx0.5 ecm YRR A
WERAFREL 1 g BESL, KT E 0.1 mg, BT 25 mL &
FEEIRA, A 15 mL ZNE#EA I 20 min, $EH

Fz1 AW BP EYRIRERNER
Tab.1 Information of standards of 4 kinds of BPs

a2 W e 24 B ] CAS & Bl /%
1 45— ZEH [ ( 4-Chlorobenzophenone ) CBP 134-85-0 =975
2 3,4- " H I ZIKHER ( 3,4-Dimethylbenzophenone ) DMBP 2571-39-3 =97.7
= N B EE - = Wl o i
3 ( (2-Hydroxj-ffm%et;oiii;)ﬁlq:n%?methanone ) Advastab 45 131-57-7 =99
4 X B3 K H i (4-(Dimethylamino)benzophenone ) DMABP 530-44-9 >99.5
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2. GIFIRWRS , ekt 75k ZIRBORALT 5 mL.
RO E] 5 mL fREassRY, HOFEss
5mL, H 0.22 um WA YUAEIER IS 1T GC-MS
I3

1.2.2 GC-MS &1

GC-MS 444 i+, HP-5MS 30 mx0.25 mm
(978 ) x0.25 pm (JEJE) , g [ 3618 Aglient 237l
R, B AR IREE S 100 °C, DA 20 °C/min FHiE 5 280 °C,
FELL 10 °C/min FHE E 320 °C, {44F 2 min; JEAE IR
FE R 250 °C; FEVi#E K 0.6 mL/min, fHFHL; HEAE
WO 1 pLs SRR R EERE, S 20 1 15
B, BEsd (B 5 BFEEREE N 70 eV;
B FIRIREE S 230 °C; BTl PUBAT IR EE S 150 °C5 ¥
FIFERIF A 3 ming 37 X 24 (SCAN)
B, mvz 50~300; PEFEES TSI (SIM) it; E
PEERBE TR 2, PR AREIESTE .,

K2 ATHBP XMEHEMEEER T
Tab.2 Qualitative and quantitative ions of 4 kinds of BPs

W YRR Fpr  EEHE MNE
- F(m2) % Tz BEH%
139 84.31
CBP 105 100
216 62.41
210 71.16
DMBP 133 100
105 56.26
151 92.28
Advastab 45 227 100
228 78.25
225 81.05
DMABP 148 100
77 37.80

2 ZR5E

2.1 BERIFGHMIL
211 REUAFIRIERE

B, BTN WEE. ECk. ZE B
MR Z.BRIX SRR 4 Fh BP 284 OV e Bie 1 kAT
TSEE, BERRIIIX 4 MY BTSRRI T LAk 5 FA
I, X B 5 FESRIXT X 4 F BP S0 2
WCRE S HEAT T RS

X UE AR R HE IR NS GC-MS 3 #r 4
F, AT LIRS S R IR 4 Bl H BRSPS IR
GERWLIE 1o 1 A, AR AR IR A R 1
WF, SRR FIEE, 4 Fh BP Z4 5 A H2HL
HORET o WOELE O VE AR IR

RN T GC-MS IR 5 40T fube v 4 Fh 2 R 2K ) 111 -
120
CBP = DMBP ® Advastab 45 ®DMABP
100

REBBE %
N (o) 0
(=) (=] (=}

N
(=]

(=]

i

B FEE  Fok —EHi 2ROBE
HRBAH
B1 5 FERIN 4 Fh BP 25 R R B R

Fig.1 Extraction efficiencies of 4 kinds of BPs with
5 different solvents

2.1.2 ZENETEIRYIERE

T FH MGV N R EUA T, 43591 %5 £ AN ] 42 B (1]
Nob 42 BRSO 52 o 3 3k o) 30 40K Y b A VS 0 S 56 F
GC-MS Zr#ras e, LIS A R EC [l Xt 4 Fh H
FrAb & W B EGRCR , 45 R LI 2.

100

10 min =20 min =30 min

95+
90+
85}
80
CBP

DMBP  Advastab 45
BP2EHI 5
K2 RESEIRE] R 4 F BP 24 5 i 4 BU80R
Fig.2 Extraction efficiencies of 4 kinds of BPs for
different extraction time

PRI /%

DMABP

M & 2 AT4S, ZE AR S R IS L, Bl
PRI (] A3, P o ) P R R T T AR
A E) A 20 min 343 30 min B, %FHE BUSCR 09 52 0
AR, HIL, % ER B LR N %R, Rkt
A R ) 24 20 min,

2.1.3 REUREHIERE

i G E MR BUA R, FR SR 20
min, 435175 ZR A SRR B R GSCR 52 . 38
T X IE AR bR AE T NS5 AT GC-MS rFrgh R, nI LA
AN R BOR BT 4 Fp B ARME A P PB4
R 3,

M & 3 ATAS, FEHAAAR R R S BL T, Bl
HPRIBORE 3G N, Py o B PR IR R T T $R
WHCR 2, 3, 48, SEIGECERMZERIAKR, Wik, Z&
BRFHR IR 4 Fh BP 258 o $2 B  A 52 Wi 1l
SCUGETIE], I AR PR IO B 2.
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Fig.3 Extraction efficiencies of 4 kinds of BPs under
different extraction cycles

DMABP

2.2 GC-MS Fix#EII RIWiE
2.2.1 GC-MS FiEiEAL

4 R8s 454, 7 SCAN B T R M B 1
W, WHE 4,

10

R J97 (% 106)
£
T

.

L L 1 L
5 6 7 8 9 10
A B s} 6] /min

K4 470 BP W5 58S 1
Fig.4 Total ion chromatogram of 4 kinds of BPs

MAEE 4, H¥ CBP, DMBP, Advastab 45 #l
DMABP 4B 25 R ILEE 3,

®3 4% BP EMKE GC-MS SIER
Tab.3 GC-MS analysis results of 4 kinds of BPs

A5 4 B BP W B IS, 7Bl —4F
RSB T E BT, 2 FRERE HAT R
MBS T EPER T, SR 1.

2.2.2 GC-MS FiEWiE

2221 fpHBRAE IR

XT 4 i BP 259 BT1R A b E I W 4 R B I iR A T
GC-MS 781, MfE5 5MpAtkh 3 (SN=3) B Mk
HiBR ( litmit of detection, LOD ) , S/N=10 i 5 B BR
(limit of quantification, LOQ ) , AJ15-F|/rHrakH I
4,

F4 4T BP EK¥EM LOD 1 LOQ AL R
Tab.4 LODs and LOQs of 4 kinds of BPs

Y5 KPR /(mg L) E R/ (mg L
CBP 0.01 0.02
DMBP 0.02 0.04
Advastab 45 0.05 0.10
DMABP 0.03 0.05

Yy 14 B4 B[] /min U4 S /min
CBP 6.811 0.079
DMBP 7.398 0.083
Advastab 45 7.942 0.082
DMABP 8.910 0.076

38 35 % B B[] A0 BE TR 4> B BE W 1, CBP Al
DMBP 443 B5 K 7.25, DMBP Fl Advastab 45 1443
BN 6.59, Advastab 45 Fl DMABP I/ B K
12.25, HHEERHE.

M 4 SERECEE AT, 7 iR A PR I E R
BAR
2222 MR

S AIAE 4 Fl BP 2Ry i R DL 3 AN B,
BB 5 ADSAFWE MR, LW
GC-MS F ki AT4r 0, 430 AU TR BRO6 ¥ B VR 2k [
Ik, ARk mE R LA R B R, W S,

H % 5 AJ%, CBP, DMBP, Advastab 45 Fl
DMABP 43 5I7E 0.02 ~20, 0.04~40, 0.10~ 100 #
0.05~ 50 mg/L ¥RIEJERIN, RER (=0.997) , %
PERR RS
2.2.2.3 (B FIAR X o Al 22

SR A bR DS I 5 BT, B 3 gk uE 4R,
IR [A] 3 B2 K SE- i) CBP, DMBP, Advastab 45 Fll
DMABP 1R & AnifE TAER W, BB AKFE 6 4-F
FARERY, BOLMRAE, fE 24 h, EEFEL, 1277
FRBEATHIAEFEFD GC-MS 387, 43538 [ R A
FHXTARENR 22, S5 L3R 6,

% 6 A, FEAE MK CBP, DMBP,
Advastab 45 il DMABP £¢ 4 Fi ¥y i Il U R 78
98.0%~105%Z [a], FHXTFRAEIR 252/ NTF 2.6%, ik

2.2 ELBREmOIT

K AR BHIE IS B GC-MS Jrikxd i & LR
102 AN AR BEFT 70T, SR T B B I [ A P 1 kAT
EVE, ERE T ER, A 9 Mt B G
2 EMERE . 5 MTERTRIE AR 4 ff BP
KW, HoaMraifigk 7.
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*R5 4T BP EYEMELETESWER

Tab.5 Linear range analysis results of 4 kinds of BPs

Y 2k A7 7R R LRPEVLE/(mg L)
CBP y=128506.3x-39478.2 0.998 0.02 ~20
DMBP y=246243.7x-159290 0.998 0.04 ~ 40
Advastab 45 y=271425.2x-568674.7 0.997 0.10~ 100
DMABP y=277393.8x-295906.2 0.997 0.05 ~ 50

R 6 47 BP XMFEHEKRMBEMNITEREDTER

Tab.6 Recoveries and relative standard deviations of 4 kinds of BPs

Yot B/ (mg L) 6 WFHIE/(mg L) [T L4 /% RS s £ Bl 22 /%
0.02 0.021 105 2.0
CBP 0.20 0.21 105 2.2
2.00 2.02 101 2.1
0.040 0.041 103 2.5
DMBP 0.400 0.410 103 2.5
4.000 4.00 100 2.0
0.1 0.10 100 2.4
Advastab 45 1 1.00 100 2.3
10 9.97 99.7 2.6
0.05 0.049 98.0 2.1
DMABP 0.5 0.51 102 2.3
5 5.00 100 2.6

K7 FAMERSWER

Tab.7 Analysis results of positive samples

&t /(mgkg )

B i

CBP DMBP Advastab 45 DMABP
et it e & 1 AA 0.021 AA AK
et & 2 0.23 AA AA A
et & 3 EN oA 10.06 Akt 4.15
fetle e & 4 A 5.17 A AH
et e 5 EN oA 0.66 Akt 0.71
fetl it e & 6 AR 8.94 AA AH
et it e & 7 AA <LOD 1.38 EN oA
el it & 8 AR 4.50 4.06 3.68
et a9 KA <LOD 0.60 AA
e 1 AA AA 3.96 At
Mg 2 PN 0.55 <LOD KA
(ESTEARTEND 0.22 EN oA A i AK
BT 2 0.10 0.08 2.26 0.54
T4 3 AA A 0.50 At
BEmITHAE 4 AR 0.18 <LOD A

BT S 0.25 1.77 1.84 1.52
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M T BT SR T LR, FHMERES A 9
A At SR &, N A R A e R A Y
47.4%; 2 AR EMERE, HITA MRS
M) 3.6%; 5 DREMITELE, SITAITREENT
18.5%,

I F 5 & MG & e & AT, ik
a L G 4 Bl BP 2R ks HORAES T o AR
ARG B HiEm, HPh&HR 4 F BP XY
Az b B 7 X B AR, (EEFE fotl i
A M R ES . B AL R, A ]
REIE AP 3 P10 AR R0 ek A AR e B 7= A 52
M, [AEF, BP R FUER St A Srh, dEmm
WP 5 2t A AR IEAS B A

XTS5 M AUR A, BT as R B
BP M4 Avu AR/, Rl R e, 2
Fradsr, 7048 2 F1 5 & H T aBrin 258 4 Fh
BP KW, WEKFEEAMIE . HFiX 2 NFES Y
M KE R AT LS, JF EAFEDIREMERE R Z ,
Kt BP 59 i A A s i A0 T L M St
i L RIGE R HE A B, TR B LR TR
EXTET

16 4 & BP 229 Fivh, DMBP By R, &
e, 7 16 DHHMERESPIE 12 MERER
DMBP, 5t 75.0%. Hk Advastab 45, £t R
43.8%, DMABP &3R4 31.2%, i CBP & R4
fiX, U 4 DNFER S A XA, BIRIX 4 Py T
J&F BP 25, (HZHAE G ke v ofii VS B S & KA
BREZES., HET, BACHRIE T Advastab 45 7E3F
B BAEAE, (B AR UL AT BE R SRR, X S
FEIRHAth 3 Fh BP 28 i TS AR5 o

WX 102 MRES AT, A 16 MRS
A AT 4 Ff BP RY 5, BT A RSB 15.7%,
AT UL 4 Fpg o AE AR T ke v O — YR Y 4 A
R, 3855 B — 2 A3 AT ST 55 LA A 3k 26 4y S5k Ay
FHJEAS 2% AR d i AN s r= A e, A 28 v fifi
FH 2 A R it — 2 1 PPl

3 45iE

Hir, BP R¥EE H T4 MAET, I
HAEARE S ZH, BT HAAERTER AW TR
N, A DA A %5 BP 2S5 A b s .

X 4% CBP, DMBP, Advastab 45 1 DMABP
& 4 Fh BP 2RY, #5117 GC-MS /Hr k. 44Uk
R OB AR, $RHOR T DLk
GC-MS 7. Jrikmuras S oo HE s e by . R %
B VO TE . A BRI R AAIC, WU T
YT AR T 4 Fh BP 28W B 0T

SEBRAE A AT R R, X 4 Bl BP 2R TE
AN [R) Y 4R 5 A0 2 Hh oA AN R B R L R A A, DA

W B — A X A A 22 e PR HEA T PEA
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