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GC-MS 4
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WE. A ARAMEE-REREN (GC-MS) F#ATHRROE T 4 K FREY R E ., Fik £
A BRI L EAMA P Z R TERE R R A 67k, RIRMEA GC-MS #4704, KA 4k
BFRMF XA NEADRG TR FTE T, Bk ik dm, 3m, EWEE . MxiFkh
EREKEERTERELG>N, &R FRKLSHARFREEH, THEARREA, 2 FRIK
2 R R FERT 8] A 20 min.4 A =K F B K 4 g4 R R 0.01~0.05 mg/L, £ F R4 0.02~0.10 mg/L,
ARERM TR ER BT, AR EREA 2.0%~2.6%, EDKEA 98%~105%., L iZF ki R RAe
EERABIMK, HEERERERS, E6TERRROESD P 4 RFTERED R 5.
KEWR: KAOK; AMEE-RERA L, KT8, K3 AA
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Determination of 4 Kinds of Benzophenones in Paper Packaging by Gas
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, Jenl &R ZH Tk, E24EHR UV
b1 = SO SR A DA 1 A A R E N TR DS v i S S SV LS
AR, 2005 4F 11 A, BIRFERKIN A BLROES | &
FIG A5G Y ) R, 7 L E A A E] 2-
SNIETR A, iR K 120~300 pg/L 2
], & pGE st 3000 J7 L 40 BRI T4 A 1\l
Jo o, DR R DR PR U R 48 (Rapid Alert
System for Foodand Feed, RASFF ) MGk T #8d 100
S E AR | R R D, B
WY, FER S, AN AVORESE , ARG AR .
[FI A, AN A 0 2R B AR PR oA 2 o 1 B
B . KW ( Benzophenone, BP) , 4-F33 — K
iR ( 4-Hydroxybenzophenone, POB ) Fil 2-3%%t-4-
& — 2R IR ( 2-hydroxy-4-methoxybenzophenone,
Advastab 45 ) 7E/K. L3 [SRAKR DA KK,
A 8K AR RS, Lin 258058 i ) b [ A 375 38
BRI R T Z R i, &I BP XY A
FrA S G R A

BP Ak G 1 A 422 fih SCHEE A 23 XoF £l B 45 1 W —
SE MR, BP R 4,4'-X0 (A ) TR
fili] , M KIGHT ( Michler’s ketone, MK ) £ & #f
HE 52 78 /N BRI B 9 B Zom st . Rhodes
SR g 25 R W, BP ORI 4- 3L TR T
( 4-Methylbenzophenone, 4-MBP ) BE i A& A= b J&
PIBLR, XA DIRe L A, HE N E &
AN AE . Hsieh 251 BFsE KB, BP 51L& 9
SHEMEMERZER A S WA, AR
SRR IE T 2R . Cuquerella V% 3 BP Al #2755
NRZRBEEOCT A R RENILE, 218
DNA J#i45i. Hee-Kyung %53 863F B & BP 28
A W 1853 1 17 T R it 2 6T B2 K %) e R R 2 3
FE fal 4 5

BiE MR ERA , BETC & 7 Z2MHTE
A s BP JOUT I AR k. H, &
B AH €833 ( high performance liquid chromatography,
HPLC ) , H5ZMReas, 360 H 8 ok
i #% ( diode-array detector, DAD ) . %G £
( fluorescence detector, FLD ) . &% ( mass spec-
trometry, MS) FIEHBFE (tandem MS, MS/MS)
A5 WA s sz e T BP 28 AL

HERME, SM6iES MS BKHM T (gas chro-
matography-MS, GC-MS ) A &R 2%, S
PUEFXE 4 FiBi% BP RAbAW, H5L GC-MS S )7
2, SEEBA PRI, BT PR I 40 A0
X 4 TR B A

1 R

1.1 X, EESRF

FEA R 4 Fp BP BT ERMES, HIWH L
WSS R A R A R, HEARER WK 1;
NG, WlE. k. —HP MR, ¥ hE
TEal, WA LR SR A IR A F fhE s
Brigdt, W BsuREF Al A RAF .

FEALES: GC-MS ¥, #5h 7890B-5977A,
W A & Agileng A F; BAEE AL, BSH
JL-CQ250S, W H g HB A (A AR AR ik
KK, 5K RE-32, W[ AR A LA a5 &
BRRAF AHRF, A58 FA1004, W H i
EREAIS A IR A E] B, EFRS51 1~5 mL
F1 100~1000 uL, ¥0 { REHAERHARA A, w75
4 50~200 pL, 1 Genetix Biotech iV ¥4 FR/ ] .

TRAPRERE W . 5 BIFRE 4 Bl BP 284 b
M 0.1 g, K% 0.0001 g, T 44 100 mL BFE€
ik, FAOREEEE, K 1000 mg/L AR HEGE 5 o
FHRSWAR 2337 AN 1000 mg/L AR ifEfi & W h & F2 H 100
uL F—A~ 10 mL FEEAER D, FmA K E 5t
WHIRE, BN 10 mg/L IR & bRl £ .

TRAFRE TAEW - X B AR EAG & WA T 12
e, SENRAARE TR

R dE 102 4, M ats 191, B
S 56 1, BATAAE 27 4, Yk AAHE T
FHR

1.2 HEEHE
1.2.1 HRmArke

FiRE S BT J1 85 5 /NF 0.5 emx0.5 ecm FIFE A
WERRFRE 1 g AENY, M E 0.1 mg, BT 25 mL % E
FEEIR A, A 15 mL ZHEHEA I 20 min, $EH

Fz1 AWBP EYRIRERNER
Tab.1 Information of standards of 4 kinds of BPs

s W o 24 B ] CAS % B/ %
1 4- 5 —ZEH [ ( 4-Chlorobenzophenone ) CBP 134-85-0 =975
2 3,4- " H I IKHER ( 3,4-Dimethylbenzophenone ) DMBP 2571-39-3 =97.7
I~ = Y B EE - = o i
3 ( (2-Hydroxj-ffritljoZfii;)ilqejﬁgmethanone ) Advastab 45 131-57-7 =99
4 X B3 X H i (4-(Dimethylamino)benzophenone ) DMABP 530-44-9 >99.5
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2. GIFIEWRG , ekt 75k ZIRBORALT 5 mL.
RO E] 5 mL fREassRY, HOFEss
5mL, H 0.22 um WA PUAHIER IS 1T GC-MS
I3

1.2.2 GC-MS &1

GC-MS 4. @i%H:, HP-5MS 30 mx0.25 mm
(P98 ) x0.25 pm (MR ) , g 1 361 Aglient 23] ;
FEWRL, FIEATELEE M 100 °C, L) 20 °C/min FHEL % 280 °C,
FELL 10 °C/min FHEZE 320 °C, {£45F 2 min; #EFE R
FE K 250 °C; K3 M 0.6 mL/min, fHFEA; HEFE
O 1 pls #ERET O R EERE, SR 20 0 15
B, Bl (ED) 5 HFEERREN 70 eV;
B R S 230 °C5 Ui PUBAT R S 150 °C; i
FIZEREFEIN 3 min; 457 X &8 (SCAN)
i, miz 50~300; BEFEEFIEI (SIM) fixl; &
MERE T ILE 2, PR NAETE

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

W EVER Fpr  EEHE MNE
- F(m2) % Tz FE%
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 #RGIE

2.1 BEREREZEHENMRL
2.1.1 REGAFIRERE

Hoe, BT M. B, Sk, —E@H M
2 C TR S BTG 4 Fl BP 2849 53 (9 %5 A i ) 64 T
T, APRERMX 4 R B RER T ik 5 R
FI, FE X IR 5 YRR IX 4 F BP W) T 2
WCRE S AT T RSB

i i X IR AR B AR HEAS NS BE AT GC-MS 73 M 4
R AT LA 5 FPA R 4 R0 H BRSPS R,
GURDLIE 1o i1 AT, e A AE R AR AR R 691
BN, HCEVERBOA RIS, 4 F BP 2595 1942 X
BRI WO AR R BUAH

BT S5 Bl et 4 F BP 289 5 48 BUSCR
Fig.1 Extraction efficiencies of 4 kinds of BPs with
5 different solvents

2.1.2 ZENETEIRYIERE

i CREVE M BEEGE ], 430175 £ A [R] 45 BT (]
X B BSR40 ) b o S N S 56 R
GC-MS g, vl LS AR 4 B [ x4 #p H
FrAb G IR HRESOR, S5 UK 2,

K2 RESEIRE R 4 F BP 284 5 i 4 BO0R
Fig.2 Extraction efficiencies of 4 kinds of BPs for
different extraction time

M 2 T4, AR B AR R R O, B
H RO R P3G I, PR A PR BOHCR B LT BRE
A IE] A 20 min #8013 30 min B, % BOSCR A4 5 10
AR, HIL, % ER B LSRN R, Rkt
HH A A ] 4 20 min,

2.1.3 REUREHRIERE

i B3R BUA R, FR LR [E] 2 20
min, 435175 ZER ] R B BN SR IGRCR 52, 38
T X IE AR BRAE T NS AT GC-MS rFrgh &, mI LA
13 AN R BOR BN 4 F H bR b & PR BUECR , 45
RULE 3,

RS 8 2 1670 ey e i S =R TV Sl
BRI BEIN, YA PR BUSCR B LT $RE
WHCR 2, 3, 48), SEEBCRMZERIAK, Wik, Z&
AR EECEOT 4 Bl BP 28 5 $1 B 1 52 Wi 1
SCYGIR], E AR PRER R BOR B 2.
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B3 RFEEEBGKECT 4 Fh BP 284 5 19 42 U8R
Fig.3 Extraction efficiencies of 4 kinds of BPs under
different extraction cycles

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

AR L3R 53 B AR 6 SCAN B R 3RS KB+
Wi, LI 4,

Kl 4 4% BP RY R AE TR
Fig.4 Total ion chromatogram of 4 kinds of BPs

MWK 4, H.d CBP, DMBP, Advastab 45 i
DMABP 43 B 45 R ILEE 3,

®3 4% BP EHKE GC-MS SER
Tab.3 GC-MS analysis results of 4 kinds of BPs

Yy £ B 1] [] /min U4 5% /min
CBP 6.811 0.079
DMBP 7.398 0.083
Advastab 45 7.942 0.082
DMABP 8.910 0.076

T A R ] AN SE T Ay B EE T A, CBP A
DMBP 44325k 7.25, DMBP Fl Advastab 45 #443
BN 6.59, Advastab 45 Fl DMABP Y5 K
12.25, HGE|E 28,

4 4 Fh BP KWy Big i, o nliE s —1F
B B S O E R, 2 A F R H A R
B RENE T, R ILE 1,

2.2.2 GC-MS FiXIiE

2221 K BRAE SRR
XF 4 F BP W IR A AR T A S B R iR T
GC-MS 7381, MfE5 5MA LR 3 (SN=3) B i
HiBR ( litmit of detection, LOD ) , S/N=10 i 5 = BR
(limit of quantification, LOQ ) , 775 E| 43445 2R Ul
4,

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

W Kt BR/(mg- L™ @ FR/(mg L™
CBP 0.01 0.02
DMBP 0.02 0.04
Advastab 45 0.05 0.10
DMABP 0.03 0.05

H e 4 SCERBOHE nT A, iR G BRI E 2 FR
Bk
2222 MR

53 7E 4 Fh BP 25¥ e i BR DL B 3 MBS,
BB S DAFEWENER, HEW
GC-MS J5ik AT o8, 43 ) LA v REOXH i A e 2k [
Ik, ALk mE R LA R B R, W S,

H# 5 AJ%1, CBP, DMBP, Advastab 45 Fl
DMABP 435I7E 0.02 ~20, 0.04~40, 0.10~ 100 #
0.05~ 50 mg/L WRIEJEREIHN, RS (=0.997) , %
PERR RS
2.2.2.3 (B FAR X o Al 22

SR A bR DR I 5 [mc, B 3 gk ug 4R,
IS [ e B K SF-#Y CBP, DMBP, Advastab 45 Fll
DMABP AR IE TV, BB K F-H 6 > F
TRESY, BOGHAE, TS 24 h, EFEER, 123
PR AT HTAL FEFN GC-MS 4347, 43 535 [ %
I RAE R 22, S53R UL 6.

H % 6 Al A, FEAFEE MK T CBP, DMBP,
Advastab 45 1 DMABP % 4 P4y & [ W & 7E
98.0%~105%Z [A], FHXTFRIEIR 2525/ 2.6%, 7k
HERPEL, KRR

2.2 ELBREmOIT

K AR BHIE IS B GC-MS Jrikxd i & LRI
102 AR BEFT 70T, SR B B IS [ A P 1 kAT
ENE, ERE T T ER, WA 9 Mt dh f AR G
2AEMERE . S MTERTRIE AR 4 f BP
KW, HaNraifigk 7.
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*R5 47 BP EYRMELETESER

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

Y5 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

Y5 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 & 1 AA 0.021 A K
et i & 2 0.23 AA A Hh A
et & 3 EN oA 10.06 Akt 4.15
el i a4 AA 5.17 A A i
AR ol EN oA 0.66 EN 4 0.71
fetle it & 6 A 8.94 AA A
et i & 7 PN it <LOD 1.38 EN
RUETTOE SR AR 4.50 4.06 3.68
et s 9 KA <LOD 0.60 A
a1 A A 3.96 At
Mg 2 E N oA 0.55 <LOD A
IEYTEARTEND 0.22 AK A A
BT 2 0.10 0.08 2.26 0.54
EEXTEARTENI] ARA K 0.50 A H
AT a4 4 A 0.18 <LOD T

JETEAR DR 0.25 1.77 1.84 1.52
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M T BTSSR T LA, FIMERES A 9
oAt s &, o T Aot S L R SRR AL
47.4%; 2 AN EMERE, NITA MRS
M) 3.6%; 5 DREMITELE, HITA TR T
18.5%,

FEXT T 5 B SR OC B & il i e s ST 4%, fhlk
an A G 4 B BP ZRY TR R R . T ARt
WA GASE M EEEAM, Hh &AM 4 F BP kY
A Sz b B 7 X B AR, (BT ot
RS MR N ES . B R, A AT
REIE AIREE Y, 38 2 A B R B AN X A AR e = A 5
W, [RAE, BP RYBTRASIEAZSS T, dFimEat
P 7 2t A A N B A

XFF 5B AR AR AL ke , AR A BT 4 SR R
BP WAy A BN, FraleEmEia. B
FIAuAs, 76043 2 F1 5 &4 BT A i) 438 4 Fh
BP X5, W AR AMIE . X 2 MM
S KE R S AT A, I HORAEAE DI RE M B R 2
Kt BP XY & A A s iR A T L A Stk
i TR A B &, W ERIE R LRI TR
EXTIET

16 4 Fh BP k¥ /Fih, DMBP B9K6 H R, &
ERE, £ 16 DMHMEESPIE 12 MERER
DMBP, (5t 75.0%, FHIK K Advastab 45, £ iR
43.8%, DMABP ;%4 31.2%, 1fii CBP # H R4
fiX, {A 4 MRS A XN, BRI 4 Fp i dR
J& T BP 28, (H 2 HAE A ke fiff Y [ S & i KA
RS, HAi, 278 CHkRE T Advastab 45 £
B EAE , (HIFRULBH LT RE AR IR, X T SCh it
LRy HA 3 F BP 289 5 it TER AU 5T .

AT 102 MES BT, HE 16 MRS
H AT 4 Ff BP 2RY 5, BT A RSB 15.7%,
AL 4 A AR AR BT e v O — a1 43 A
R, 75 Bt — 20 2 M B 5% LA S 3 2649 o i i
FHIEAS 2% AR FE A s r= A e, HLAe 28 vh fiff
MRy A Rt — 2P Al

3 45iE

Hir, BP RYEE H AR MAET, I
HAEARE D R, BT HAAERTER AW TR
N, A AEHEST AUk o BP 2R R K 20 B i

X 4% CBP, DMBP, Advastab 45 1 DMABP
4 Fp BP KRR, 51T GC-MS k. 4U%
R OB A R, $EHOR T L kT
GC-MS 7Hr. Jrikmurss S oo HE s e . R %
B AMEVE I TE L R BRI R AAK, PTLAH T
YRR ALSE T 4 Fl BP 25 5 A0 40T

SEBRAE R AT R R, X 4 Bl BP 2R AE
AN [F) A 4R 5 A2 Th oA AN R e BE R T ) A AR, R

WHEE

R 2D A P ) 22 A PEHEA T PPA o
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