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Abstract An ulira perfom ance liquid chramatography — tandem mass spectram etric (UPLC - MS/
MS) method was developed for the detecterm mation of phenols ncludng 2 4, 6-trich brophenol
(TCP), pentachlorophenol( PCP), 4-chloro-3 5-dinethylphenol( SPMX) and 4-tertocty Iphenol( 4-
terttOP, in paper for food packaging U lirasonic extractbn w ih acetone and O asis HLB solid-phase
cobmn purification was used. The separatbnwas carried out on an ACQU 'Y UPLC Cis cobmn u-
sihg amobile phase consktng of acetonitrile and 0. 0% ammonia The separation of target can-
pounds was perforned underw ithmu ltp b reaction monitorng (MRM )mode with negative electrospray
pnization( EST). Under the optinal conditbns the calibration curves were Inear n the range of
20- 1 000 P g* L' forTCP and 5- 1 000 K g* L' for PCP, SPMX and 4-tertOP, with correlatbn
coeffic ents more than 0. 997 The lm its of detecton(LODs) were beween 1 and 10 Hg* kg | and
the lm its of quantitation (LOQ) were betveen 5 and 20 Mg kg ' The spked recoveres for four
phenols were beween 79 and 10% w ith RSD s(n= 6) nomore than 12. 6. The poposed meth-
od was sensitve and rapid and was suitable for the detem nation of phenols n paper or board for
bod packaging

Key words food packaging paper alkylpheno] chlorophenols solid-phase extractbn UPLC -
MSMS
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ERFEREGR 4oB = B (4-cOP) £EIE ARt AR BESB RN R IR ), (H R MR 5 18 1 F BN
2 4 6—&W (TCP) HEM (PCP) 44 -3 5 FHIE FKW ( SPMX) A T 48 Tolk b 483 i Bl T8 %
W H AT, AVE 2 DU R G B R AR AR AR B AT T A, 9 ORER T B A A A,
¥ 3 PR 2 1 S £ 2 AR R RTR B PR BN 0. 15mge kg |, JUE ) URIRY S0 R ) SR B R
' AT AR Y AL SRR R RS SOk BRIk, g r R R dER
(49 40T 757925 T R £ A AR i 2 Ak A i B A R

SCHRR B Bk RS SR 20 W 70 A O itk Y A - s W
M - FREE 1 BT S AR I e M IR SR, T IR B, A I R AT
LS A BE AT SR LR B S B - PO B AE b, Hob e Em e EE AR, B AW
FMESE SN BA B AER ESEE AW &8 SR RSERE R e, [ R R 2 R R
BARHCY AR ECY Pelvs A EC T REAR AR T fis i BhAR B R J5R R
L KOS R 2 SR — VAR R AR A

AL ST RIS A 4R S0k A4 TR v RO i - FEE S5 B O E & R 4K T
MR EAHRERESEE, F 6 mn N5ER T 4RI S PE o AW, 7R R
PUE,  BERE e AL SRR RS BR AR IR TAE FIP= Fo R R (AR AR AR AR SR
1
1.1

W atersi m R R 538 — £ 35 DU AT 5T 54X (ACQU Y™ UPLC /TQ Detector); M asslynx 4. 0 TAE
Ufi; S 900H #8 A I YE 2% (Emasonic f#[E ); BUCH IR-215ieds 78 & X (Buchi Hit:); N-EVAP A%
WA (Organam aton 35 [H ); #R3Z%4% ( Bamstead 3R )

2 4 =5 (492mg/L) TiEE (497 mg /L) tih [EMGUREE BeL RIS TR ;. 443 5
FHJE KW (A2 996, DrEhrenstorfer fE[E ); 4f0-=FHEM) (Z0FE 9%, Sema-— Aldrih, FEE); HEE
CIERWAHERE S (Dkma IIEKR); LB & W RE 20K (29 )54k (Kemel K );
M illiQ 47K R GE (M illiporeA @ ); Oasis HLBEHEAE (6 mL/200mg W atersAH], FE[H )

1.2

O3 BIAE BRR U A ARAES 10.0mg B R EAZE 10 mL Bl 1 000 mge L™ HIARAERE
R, BT 4COKFEA L E, 8 IR R 2 TR AR BOAS BV B AR HE TAEIE W TCPS
PCPARAE St A, F WS B B AN [R MR B b 1 T AR
1.3

o TR TN RUA) £ AR BTRE (2 1 an’), MERAFREX 1.0 ¢ T 50 mLESCEH, I 15 mL PR
AR 15mn)E, RERHEBE 1S0mLiiZA Kb, HEERE 2Kk, &IHRBUR, e 2RI
fE 35 CKIIR IR AEEIET, N 1 mL F RV ROk, vmt P ARRE IR 194k O asis HLB [ AHAEEL
HZ 5SmL B EERT 5 mLABLEKIE LS I\ B $RH0UE 10 IRAG I, 2 mLiB 2l bk, I OE 25 2 [ A AR
BOREPOREA BK 2t 25, SmLFEE - —&H ke (10 4 MRBUL VARV, BOESRR, AT, H
HERMERE 1 ml, RGN 0.22 bm JEE, 1% UPLC- M S/M ST
1.4 UPLC-MSMS
1.4. 1 @it ACQUITY UPLC BEH Cis(50mm x 2. 1mm, 1.7 Hm), FEf:
35°C, MEREARAL: S UL Fd: 0.3mLe min |, GBI L (A)FI 0. 096 UK (B); G LR
JF: O~2min, 106 ~ 206 A; 2~3min 206~ 5% A; 3~5min 5%~ 706 A; 5~ Tmin 706~
4% A; 7~ 8min 4%~ 106 A
1.4.2 ESIMS MS B AR ESI-; HEFLARE: 650 Le hh B TR 110
C; AR 350°C; BN HIE: 2.9KV; BUAAIAME: 50 Le b MR RALA W
KESHILFE 1
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1 4 ESIMS/MS
Tablel ESIMS/MS pamam eters of four phenols
C an pound Precursor /Product ion(m /z) Cone volage U N Collision energy U N
Pentach brophen ol , PCP) 264.9/34. 9, 264.9/264.9 46, 46 28 0
2 4 6Trichbrophenol 2 4, 6- , TCP) 195.0/34. 8§ , 195.0/158.8 40, 40 183 18
4-Chlorr3, 5-dmethylphenol(4 -3 5 , SPMX)  154.9/34.8, 154.9/119.0 30, 30 18 15
4 tertOcty pphenol(4- - , 4-tOP) 205.2/133. 0", 205.2/134. 1 40, 40 30 25

*  quantiative on

2.1

SR SN ST A (0 R B AR G AT, g9 B S R A s AR R 4 O R U,
EBRE KR x4 R A ey RHRak$E 0. 036 ZUKAEREIHE B 5 MM, DURERER S A i
PR 8058, (R BN (BT, Hokst LR Rm s A
2.2

FAAILE T AR RS AL S R T Tmee L, X RT3, w8 T
JREHL, SRR IR BT MR RE B AT UL, R o R RE R AR O IR AL RE R, R
PIANE R TR TR E B 7, @287 RA N (MRM) B, 4B R0 DH)
MRM 3 B J B T LB 1 BT I, 4RI SRS PmT 4 6 m n A5 2170 &

2.39 100 3.20
100 243 195>158.8(TCP) 100 i 195>34.8(TCP) h64.9>264.9(PCP)
2.394 L4le3 - 2.64e3 g 5.55e5
g 50 - 50 = &
-
0 - y 0 T T 0 : :
2.0 4.0 20 4.0 2.0 40
t/min t/min t/min
100 386 9534.9(PCP) 4.04 100 4.05
730004 e 54.9>119(SPMX) 154.9534.8(SPMX)
” - 7293 2.48¢4
€ 50 <50 < 50
~ ~ -
0 T T 0 T T 0 T T
2.0 4.0 2.0 4.0 2.0 4.0
t/min t/min t/min
3.20
5.63 5.63 100 gt
100
205.25134.14+-0P) 100 20525 133(4--0) _ sos 563
& ATk g 6.994 g i
X 50 < 50 ) X 50
al 2.41
0 T T 0 T T 0-4 T T
4.0 6.0 4.0 6.0 4.0 6.0
t/min t/min t/min
1 4 MRM
Fig. 1 MRM chwmatograns and btal ion chrom atogran of four phenols
2.3
ez = NS iy 5% =
] A ot H o T R S S Ak 0 1) B BBG AT 2 4
2r B — = e ez A > =n Table 2 Effect of different extracton solents
LT N & HRE ECRSE Aol o

on recoveries of bur phenols

BE VAN AR RREGR, ZEARRERIN 100 Mge L

R ecovery R Do

AT MG ATIRE SRR, R RHRI  Compomd e
FCR A, 5 R, IR TCP Ry ks pop 50 o7 7

BOLE D HAERKGGEN, FILSCRERTIRE o s o >

TR SRR 4-+OP 69 103 107

2.4

o TR A AR AORE MR AR 0%, W XA M RO AT IR b W SR AE O asis HLB R AT Joe 2 Iy AT
FUBZALA W BAE R, BT AR SCR FRZAEEAT A 4 100 Bge LA IR & b 6 e 4,
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B G [FIRC B R RIS — — P BEIR G WO 4RI L S B B CR da &l 2mr &, AR - —SF
FEl A (10 4)BEMET i IR iy 30 PRI AOVE ILAAAR HEAT 72558, S5RRY, 4mLHEE -
TR (10 4)BEBES,  ECRESE, A3 836~ 1076 (WL 3) Bk, EFE 4 mL R - S
(10 4) el &AL Km0 &)

120+

1004
80+
B\e 60+
&= -
40
204
0 : :
1: 1:2
V::u,nu: vl:u:ml V/mL
2 AIEIEL R S S SR B R &3 Pelthan AR o
Fig.2 Effects of different proportions Fig. 3  Effects of volume of solvent elutions
of methanol and dichloromethane o PCP, @ TCP, gSPMX, g4-t-OP

o PCP, m TCP, m SPMX, g4-t-OP

2.5

Ay BEEL TANBERWREE (5 10 20 50 100 500 1 000 Hge L™')HERE, wIbRuEdhsk, 45
#H, PCP SPMX 4-tOP7E 5~ 1000 Mge L', TCPZE 20~ 1 000 Mge L 'VEF N LIERE (r>
0.997), ¥ SN = 3HHESYIFR KK H R (LOD), SAN = 1058 E & TR (L0Q), FFLAsk
BRyfE bR S HERE N SRt e KR FE & FIRILE 3
2.6

1E 1.0 g AN B ase g s B AR 3K bRV, % < 1.37 4B JE
SE, BRI R R SCR B AR SRR HEMR 25 (RSD, n= 6), Z5RIWE 3 FESIEICR AN 796 ~ 109% |
FHXTAR #2224 3. Fo~ 12. Fb

3 4

Tabk 3 Linear ranges linear equations I its of detecton(LOD), lm its of
quantitation(LOQ ) and sp ked recoveries of four phenols

Linear range . . LOQ LOD Added )
Compound ’ L near equaton T . . . Recovery R Mo RSD s, f
Prile L7 w/(Mg kg ') wi(Pg kg ') P/(Hg L77)
PCP 5~ 1000 y=4.292¢- 4123 0.9995 5 1 10 50, 100 109 86 91 9.L6. 1,33
TCP 20~ 1000  y=0.8033x+ 7.495 0.9979 20 10 10 50 100 75 81,82 12.57.3 9.8
SPMX 5~ 1000 y=317%+ 37. 11 0.9985 5 1.5 10 50 100 891,89 11.68 475
4-t0P 5~ 1000 y= 18 82— &. 75 0.9992 5 1 10 50 100 91, 108 91 3458609
2.7

B RIS 3R A AR AT R, O DR S R 4 rOR FEN 112 Bge kg
FLABARBER A HA T S
3

AR ST it AR AR U ot B2 i SR AL S WIBARE v RORAH B 0 RIS HLE MRM 2%
RN EAR,  PEAl 75 AP dh ik R 20 B SR ORI AR A BORE v AL O TAC B D7k ki i BR
i#, BARGER MG, B R E AR i A ROR R BB AR B SR B SR R AR
i B A Tk
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