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ABSTRACT: Objective To establish a high performance liquid chromatography-tandem mass spectarometry
(LC-MS/MS)method for the determination of migration amount of 11 bisphenol and 3 alkyl phenol compounds in
food contact materials. Methods 11 bisphenol and 3 alkyl phenol compounds transferred into food simulants in
plastic products through contacting with the food simulants at a certain temperature and time. The separation was

performed using a T3 chromatographic column with methanol: acetonitrile (1:1, V:¥)-5 mmol/L ammonium acetate
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solution as mobile phase. Under the electrospray ionization (ESI) mode, 11 bisphenol analogues and 3 alkyl phenol

compounds were detected in a multiple reaction monitoring(MRM) mode. Results The method indicated a perfect

performance in chromatographic separation. The calibration curves of 11 bisphenol and 3 alkyl phenol compounds

were linear in the range of 1-200 pg/L(0.2-40.0 pg/L for bisphenol S) with a good linear relationship (+*=0.995) and

the limits of detection was 0.01-0.78 pg/L. The recoveries ranged from 84.5% to 99.2%, with relative standard

deviation(RSD) 0.7%~12.4%. Conclusion

This method is rapid, accurate, precise and convenient, and is

appropriate for the determination of bisphenol A and alkyl phenol compounds in food contact materials.

KEY WORDS: high performance liquid chromatography tandem mass spectrometry; food contact materials;

phenolics; migration amount
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X KRB RE I A G, T B R R R
LR 2Ry, HA MR TG, AT T IR N 73 R 5¢
T 512 22 ZR G e, DRI Bl R S 193 28 B 458 P4 2 8 T4
(environmental endocrine disrupting chemicals, EDCs)!',

Xy A A SR B ERSEE N i TR, PR HE
M TG L R RO A B TS YR O, TR AR
2 [ GRAE A Z U PR 6 R, W B ™ s, DR AR
ZRRF A, P AT R B 1 Dok
A, Al S HOM M F 45912 1 T 48 1 sl RS A
B H RS . S W IR HAT BERCR RO, 45
HAE S bR R 7 e g, D RS TE AR . RRE S
R WENT, AR TB I MmBortd, RIFHA
(TSNP DN N 7292 13 el W e A EE N E (1P R o)
JUAE B 77 it NS IR HH Uy A, TE A St 4 bt
BHPRTE R T 0.6 mg/kg, SIS HOUE S BYITRE
RHESRAT L 0.05 me/kgt 4, (HILABERIL A KA
FHICHLAE o

HEr, BN T A BRI Jr vk 5250 & R0R
FIEATEILE T BRI TIRS | S S- TR REAT . WA
- TS U5, A R A X DR 3~5 R
AP FEA ARG, [0 £ S il b e b Z R 2K A &
P RBERE KA S WS 1 5 B B D . AR TR
FRETE — ERIB BTG VA X B S bR P 0 11 R XU 2R 3
P b Sy AL S AT ST, AT iR R R B E%
PEUF, JCTE AR RT3, A B S M, TR
A T S B H R R b AR o A TS AR R,
B A R SRR R AR

2 MHERE

21 XHBEEWHR
LC-20A WA AHE % (H A Shimadzu A wl); API
6500+ QTRAP — T PUMR AT HRIC BT IS (B Analyst 1.6.3

BRI RS, 5E AB SCIEX /A H]); Atlantis T A+
(2.1 mmx150 mm, 3 pm, 3 [E Waters 2 #]); Milli-Q 1Q7000
R4k RG(3EE Millipore 23 F]); Multi reax #R¥%#v (12
Heidolph /A F]).

L35 4, f5E EMD Millipore 23 #]); ZBR((41%
ai, REMEAA), FECOE. WEE, CIE(ga, 5
[E| Fisher Chemical 23 F]); SE56 /K ALK, S256 T H
ATt oA 505 PG BIE SRS M i

14 FhArdESL: X EY A(bisphenol A, BPA). ¥
B(bisphenol B, BPB). #{E} E(bisphenol E, BPE). X{H;
F(bisphenol F, BPF). X W S(bisphenol S, BPS). % H;
Z(bisphenol Z, BPZ), XM} Q(bisphenol Q, BPQ). PUS XL B}
A(tetrachlorobisphenol A, TCBPA) . U & X B
A(tetrabromobisphenol A, TBBPA). 2% 3k i} (octylphenol,
OP) . 4-7TF KW} (4-nonylphenol, 4-NP)(4L & > 97%, 3 H
Sigma /A #)), WE; AF(bisphenol AF, BPAF). 4-1F T-3Ef)
(4-n-nonylphenol, 4-n-NP) XX} AP(bisphenol AP, BPAP)(4li
BN =98.0%, fE[E Dr. Ehrenstorfer /A Fl).
22 BRI

IRt 30 17353 53112k 19 8 T 0 3K A AR (] it et 14
MR G | DREEGIE 10 4> AR SL A SDEMIOK AR 10 4>
BT KT S 10— Y SRR & 10 4.
23 ZWHE
231 BRAEH

()i

% GB 5009.156-2016 £ ity Hefil b1 ORL K2 i it i B 156
WAb By P R, e S RhE ALY, Rk
4%(RREL, T SCRD) SRR R MR AR, R 10%
RN ARBRYE MBI, 20% L . 50% 2B M RS 25
A, SRR T A T LA

(2) FRIHEAE 2 WS RO

AU 2 B Jot BE MR b v 35 VR PR TC B MERf PR 5 BPA
BPB. BPE., BPF, BPS., BPZ, TBBPA., TCBPA. 4-NP,
4-n-NP, BPQ. OP. BPAF., BPAP ifit, M Eif#, fic
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A 10 mg/L Fp—HRAERE A, T-20 °CUKFRIRAE - TR A AR
UAEW: 43 SR WIS B o A i 25 T T TRl — 2 R
A% 1 mg/LALH BPS & 0.2 mg/L)AJIR -G FriE Sl W

QGYKEEE SRR TAEfh &2

HETR BOR A PR 0. 0.1, 0.2, 0.3, 0.5, 1.0,
2.0 mL F 10 mL 25, 43510 4%AF 8L, LR A)
LR 10%Z B, 20% 25 . 50% 2 FE/K F 2 i BRI E 25
FZE., BEHE N 0.00, 0.01, 0.02. 0.03. 0.05,
0.10. 0.20 mg/L(H:H BPS 24 0.00. 0.002, 0.004. 0.06,
0.01, 0.02. 0.04 mg/L)HARAETAEER, EHUGI . LKk
BEAREARFR X, WEMBUHAATE ¥, LhilbriEdiZe.

(4) IR MR T AEM 24

FREL 1 g(K5T 2 0.01 gyt 2 8 MREKXE H, 4
FMA—ER 14 Fl RS IIRA PR ER TR, 53
14 FhER AL B9 B B354 0.00, 0.01, 0.02, 0.03 .
0.05. 0.10. 0.20 mg/kg(FLH BPS 7 0.000. 0.002., 0.004.
0.060. 0.010, 0.020. 0.040 mg/ kg)IARME TAEEI, 251
JWA 1.5 mL IEC ke, IREWAE, WA 1 mL HELKIES
W(1: 1,V V), RBERS) 2 min, 4000 r/min 20> 5 min, A3
BEWAE WU EAEW, LU o AR EE i As s X, 0
HFUCRIALFR Y, iflbruEigk .
232 A4

FEMTERIA], Jo Ak vedie i, M
AHEIRA , #E GB 31604.1-2015 £ 545 bkl K il 7
PRI M UAE, SRR A — R A R 4% 2
BRI . 10% L BEAR . 20%Z BEVH . 50% L BEA W . 1
HEIAE A B AR, SRMAOK AR B 4% 2 BRVE T
10% 2 R VE R B S B0 A S8 45 AR R f
il S WS B FH 2 A2, A AT 000 P 48 PR T T D 3 46 e ™
W SIS A T 0 TG (R R AR 1 T T L
TR B2 UE IR SR 0% Fe ™ T (4 I B FH T ] o 540
SERIRISER S, BUR IR ARSI T W)
AT SRS 28 11 5250
233 HomiR ARG IE T %

(1) AR FEA i iR Ak 3

W R RS SIS B AR YE . JERRME & N L TR
BT, 14000 r/min B0 10 min, BB R EHUGI

(2) AR N

FREL 1 g(KE 2 0.01 )i B8 iR 3015 2 A i & i
PTRERE D, HiINA 1.5 mL IEC 4, REWAE,
A 1 mL HFE-REWA:1, V), BIERS 2 min,
14000 r/min &.0> 10 min, FHBENAEWICT ZKE®R, ©
GIRGRIIE
234 EEE%

g N Atlantis T3 #£(2.1 mm x 150 mm, 3 pm); i
A A R 5 mmol/L ZFREE-/K, s B HHE-2EQ:1,
Vv, F3XE); WS 0.40 mL/min; ALIRN 40 °C; #EAE

TRBUN 10 uL; BREEVEBIRR Y WA 1.

®1 RHEEESERRERF
Table 1 Gradient conditions of liquid chromatography

S F]/min WAl A% s B/%
2.00 70 30
4.00 10 90
7.00 10 90
9.00 70 30
13.00 70 30

235 k&AM

K A M mE 55 1 B F A 3K (electrospray negative
ionization minus, ESI")5 £ fz Jii i Ml (multiple reaction
monitoring, MRM), Wi%5H[%-4500 V, K7 SJE ST 40 psi,
54650 psi, HER S0 psi, HlifE ST 10 psi, BT IR
J¥ 600 °C, ] 20 ms, FHESEULE 2.

Fz 2 MRM EXTHRIESH
Table 2 Mass spectrometry parameters at MRM mode

YIRATR BB T /(nlz) T B Fl(mlz) ZFEEIE/V iR RV

BPA 227.1 123131‘91* :28 jé
BPE 1990 iy Lo
BPB 2411 211317'90* :;8 j?
BPS 2490 110585'?9* jgg jg
40

BPE 2130 119175.()0* :;8 -l
BPQ 379.0 230695.22* jgg :‘5‘?
BPZ 267.0 ]2723299* :28000 :i;
TCBPA 3649 e :gg :iz
TBBRA 5427 Y oo o
BPAF 334.8 216957'90* :28 :ig
BPAP 289.0 217935'90* jgg :gz
4-NP 219.1 11343;?0* :28 :‘313
OP 2052 340 :28 jg
4nNP 21911 e o s

i
by
+H

R
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3 HBRS55H

3.1 ®EMmBRIEEHRRKT
3.1.1 &gk

AP T Waters 23 7] 1) Atlantis © T5(2.1 mmx150 mm,
3 pm)EIEHE, 5 Cis HEA LG, SR 2 B Ak e
ZEREE Cis BEEESEGAH, IR TG EA R
WU RN A S PR B AR, FF HAEMRSER pH (EYEHIN A
ZEN R iR ke o7 bRt i
3.1.2 Azhraegias

ARSI R EE-K . ZHE-K . R ZHBE(1:1)-/K 3 Fl
TRBIAR R AT T B R A R . R R
E (L D-/KAVE R TS A SR TR0 BE VR IBE, A 2 mT D4R it
G 1 A DU B DR, BE (A5 AU A S540 5 ) ) Wt i)
BERH AR5 AT, AT 3k 60 5 70530 by ot A o 0 400 i 05 1
I H X AESAL 2 R BB B s . Lt — 4
THERE: 2B - KPSFIA 0.1%%7K .5 mmol/L
FR%E . S mmol/L ZIRELMIFEW ., L5RERH, UREL: &
fE:1) =5 mmol/L ZFREANE R R ShiAH W] R4S fe fe i)t ik
Ay BB E(F S  o PRA AT R B2 s 4
P, MR BRSO BRI B B HY, MRS
AH R, R BAR A G s s, AT HR v I
TR, ARSLRR F GRS o R RISk I8 35 IR S A
TR, BERBE LG, NHA —EME W6,
TN CRIERAM &5 A AR B T . BEUILA SCR R B 2
(1:1)F1 5 mmol/L Z, FR % -7K 20 BT BhAR 9E4 106 B UE b LAY
BRI 43 Kt g Ay, BRI LR 1.
3.1.3  R#ELRFRA

A H AR AP0 5 TR P25 e, 4 BSIN
BB, FH S S AT S Sl i, e BB TR
¥, JPEm e B s A B e e . il i R R
HE . AMHE., WEESEER . iR E . REREE
G250 1 14 R EARE S P HES T 87 SRHERE R
B AN B R A A B R S SORAE S =
PURAT BTG AUEF, WPAR TR . B SREE ROR AL
ST EIFATRAL, HOREVRE P RE P 5T Y ARk B

BPA 5.86 Max. 1.7¢5 cps.

1.5e5

1.0e5

50 /cps

5.0e4

)i
0123 456 78 910111213
i8] /min

0

R T RUE K E— . &N RISESEOE L 2,
PRARIE ST 14 Fivbr 4 3 3 11 D 1o el B AT A, 14
TR 5o B G LAF, R IR I
3.2 FELMSEE SR

5 A EAEEIIHIE TAEINZR, %52 14 Fik G
MRS R, TE S PR IR B AR A, LA 3 £%
{5 LR Y B L BR . 14 FLS7E 5 R Sy
R 2 BRI G R AL K BRI LR 3
33 EERS5HEEE

15 B 2s U S BEUE W b o A L AR
3ANMRBEY 14 FPER AL A W BRI VA T, AR W
B INFR B R 458 100 20 | 40 pg/kg(HHXUE S
WHUKSEH 2, 4, 8 ug /kg), FRIEFEMIT RS2 HEAT 40
AL, B IMAKCE AR 6 vk, WL 4,85 KW,
14 R A& By ez [ 28 84.5%~98.7%, 5 i 22
(relative standard deviation, RSD)H 0.7%~12.4%, Hik
YA 1 4
3.4  PREESRANIR

PR LR | B SRR, B 2.2 BTSN
5 i ol 0 RE A AR i S B A 0 4 B GB
31604.1-2015 ZRFF 2.3.5 PEATHTAL B K UG, 255%
FH, ERHEN T, BPA ITBELE 0.46 ~ 60.8 pg/kg
ZId]; BPS HITFHHEETE 0. 66 ~ 20.2 pg/kg ; BPAF KT
TETE 0.16 ~ 3.31 pg/kg ZJ[Al, 4-NP HERSEAE 0. 22 ~ 16.4
ng kg ZIl, HATWHB ARG AN, R4 A E S A
PR SLH6 & P, BPA 1 L FEVE R & A B4 i
B, FLZ Wk B R inaE A R n, w7 6E -5 AU
A EEHIZS G e = W P R S I 26, X5
B LSS RARFEY; BPAF fE— WM& &b ok, AL7E(R
W O BB Y PR A R, Rl CBEVR B 11
I, IERS A T, AT RE R DR A IR B 2 I A B
ARSI PRIR 2 B, BPS fEIMAASY) h i R i 4
TESLAb ST P, T AR DR R HEX R AR e A A T
P 55 R MRS T P SR A B TR H

. BPS 4.65
7.0e5 I

6.0e5
5.0e5 |
4.0e5 [
3.0e5
2.0e5 1
1.0e5

0

Max. 7.7e5 cps.

50 /cps

0123 4567 8910111213
5] /min

B 1 fifb)a 14 #d s i e B (20%(V: V) LB )

Fig.1 Chromatogram of 14 substances (in 20% (V: V) ethanol solution) after optimization
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A < 4

BmE A
5.0e5 BPP 552 Max. 5.0€5 cps.
2 4.0e5
o 3.0¢5
B
é 2.0e5
1.0e5
M e
01234567 8910111213
fi5f ] /min
3.9¢5 BPE 5.70 Max. 3.9¢5 cps.
» 3.0e5
5
@ 2.0e5
juss)
" 1.0e5
T3 3 4 567891011203
5} 8] /min
244;e5 TBBPA 6.70 Max. 2.4e5 cps.
& 1.8¢5
B 1.2e5
bl
6.0e4
0 /
0123 456 7 8 910111213
5 E] /min
N 6.24 Max. 5. .
5,065 BPZ ax. 5.0e5 cps
Lmo; 4.0e5
B 3.0e5
= 2.0e5
1.0e5
0012345678910111213
H 8] /min
. BPB 6.04 Max. 4.3¢5 cps.
4.0e5 P
& 3.0e5
L2
B 2.0e5
bl
1.0e5
0012345678910111213
Hf 6] /min
- 4-NP 7.06 Max. 3.1e6 cps.
4.0e5
§ 3.0e5
2 0e5
=
1.0e5 J
0 L
0123 456 7 8910111213
A /min
228 1

Fig.1

BPAF 6.10 Max. 1.7e6 cps.

2345678 910111213
5 [E] /min

00 1

1.20e5
1.00e5
& 8.00e4
i 6.00e4
3 4.00e4
2.00e4

00 1 23456"178910111213
5} 6] /min

BPAP 6,12 Max. 1.2€5 cps.

TCBPA 6.53 Max. 2.5e6 cps.

2.5e6
2.0e6

1.5¢6
1.0e6
5.0e5

0

50 /cps

0123 456 78 910111213
5 [E] /min

. BPQ 6.57 Max. 1.1e5 cps.

0123 456 7 8 910111213
H 8] /min

OP 6.79 Max. 2.7e6 cps.

2.7e¢6
2.4e6

1.8e6
1.2e6

9 ¥ /cps

6.0e5
0

A
012 3 456 7 8 910111213
H ] /min

4-n-NP 7.38 Max. 2.2¢6 cps.

2.0.e6
1.5¢6
1.0e6
5.0e5

0

5 /cps

01 234567 8 010111213
5 [E] /min

AbJE 14 B s s (20%(V: V) L)

Chromatogram of 14 substances (in 20% (V: V) ethanol solution) after optimization

LA e
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Table 3 Linearity parameters and detection limit

JeTY L) E&W LM B/ (ng/L) e El =y AHR R AL e HBR/(ug/L)
BPA 1~200 Y =5530.6X-1365.6 0.9991 0.28
BPB 1~200 Y =9530.9X-1465 0.9991 0.30
BPF 1~200 Y =20876X-7439.9 0.9980 0.10
BPS 0.2~40 ¥ =290830X+36661 0.9996 0.08
BPE 1~200 Y =23933X-51766 0.9992 0.40
BPQ 1~200 Y =1916.3X+385.23 0.9994 0.78

- BPZ 1~200 Y =11461X-7467.1 0.9980 0.14
TCBPA 1~200 Y =84292X-132497 0.9992 0.02
TBBPA 1~200 Y =8422.9X-10719 0.9980 0.08

BPAF 1~200 Y=111519X-166618 0.9994 0.10
BPAP 1~200 Y=3130.5X-343.5 0.9980 0.38
4-NP 1~200 ¥ =88122X-61635 0.9994 0.28
OP 1~200 ¥ =53290X-46192 0.9999 0.70
4-n-NP 1~200 Y =52887X-110781 0.9992 0.07
BPA 1~200 Y = 43833X-64986 0.9990 0.17
BPB 1~200 Y =89898X-225735 0.9970 0.09
BPF 1~200 Y =63175X-166630 0.9980 0.09
BPS 0.2~40 Y =330642X-516845 0.9994 0.08
BPE 1~200 Y =85723X-160571 0.9980 0.10
BPQ 1~200 Y =23330X-55012 0.9980 0.28

0%, i BPZ 1~200 Y =125133X-240318 0.9992 0.05
TCBPA 1~200 Y =375024X-136989 0.9993 0.01
TBBPA 1~200 Y =55191.X-96980 0.9990 0.05

BPAF 1~200 ¥ =329553X-501485 0.9980 0.06
BPAP 1~200 ¥ =27138X-75012 0.9980 0.17
4-NP 1~200 Y =727153X-771998 0.9990 0.20
OP 1~200 Y =594065X-151147 0.9990 0.19
4-n-NP 1~200 Y =506779.X-200000 0.9970 0.02
BPA 1~200 Y =44776X-33417 0.9991 0.20
BPB 1~200 Y =85849X-76185 0.9992 0.09
BPF 1~200 ¥ =59069X-35164 0.9993 0.09
BPS 0.2~40.0 ¥ =336335X-259108 0.9995 0.05
BPE 1~200 Y =86937X-121246 0.9980 0.10
BPQ 1~200 Y =19482X-7839 0.9992 0.20

R BPZ 1~200 Y =131200X-263759 0.9980 0.05
TCBPA 1~200 Y =358664X+837232 0.9980 0.01
TBBPA 1~200 ¥ =59602X-16883 0.9980 0.05

BPAF 1~200 ¥ =328381X-220241 0.9990 0.06
BPAP 1~200 Y =23744X-3924.6 0.9992 0.18
4-NP 1~200 Y =775223X+208982 0.9992 0.20

oP 1~200 Y =678144X+204613 0.9980 0.19

4-n-NP 1~200 Y =513338X-425121 0.9993 0.02
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BPA 1~200 Y =39842X+16585 0.9993 0.20
BPB 1~200 Y =87784X+23121 0.9993 0.09
BPF 1~200 Y =62871X-40487 0.9996 0.09
BPS 0.2~40 Y =352297X86451 0.9980 0.05
BPE 1~200 Y =80338X+2836 0.9996 0.10
BPQ 1~200 Y=19669X5247.8 0.9997 0.20
50%2. i BPZ 1~200 Y =116559X+22069 0.9995 0.05
TCBPA 1~200 Y =358618X+100000 0.9980 0.01
TBBPA 1~200 Y =58964X+111907 0.9980 0.05
BPAF 1~200 Y =292864X+174526 0.9998 0.06
BPAP 1~200 Y =23378X+30648 0.9996 0.19
4-NP 1~200 Y =776768X+200000 0.9980 0.18
(0)4 1~200 Y=702737X+578743 0.9980 0.18
4-n-NP 1~200 Y =526464X-200000 0.9991 0.02
BPA 1~200 Y =10274X+17045 0.9990 0.30
BPB 1~200 Y =10274X+17045 0.9990 0.38
BPF 1~200 Y =8764.9X-24432 0.9980 0.19
BPS 0.2~40 Y =173599X+1998 0.9997 0.10
BPE 1~200 Y=17787X-31021 0.9980 0.28
BPQ 1~200 Y =182.49X+42.769 0.9999 0.40
BPZ 1~200 Y=10926X-5193.1 0.9997 0.48
A
TCBPA 1~200 Y =6854X-2116.4 0.9995 0.21
TBBPA 1~200 Y =4389.4X+6959.9 0.9993 0.20
BPAF 1~200 Y =105005X-322797 0.9970 0.28
BPAP 1~200 Y =2498.7X-6655.1 0.9993 0.30
4-NP 1~200 Y =3221.1X+337153 0.9950 0.19
(0)4 1~200 Y=2777.6X-2476.5 0.9970 0.40
4-n-NP 1~200 Y=782.9X-1411.4 0.9990 0.30
F4 FBEEMEWEELERN=6)
Table 4 Results of tests for precision and recovery (n=6)
P I 4% 10%Z B 20%Z B 50%Z R
plngke’) IR/ %  RSD% EICE%  RSD/%  [EMCHR/% RSD% /% RSD/%  BILAE% RSD/%
10 97.3 1.4 94.4 1.6 93.8 1.4 94.1 1.8 93.7 1.9
BPA 20 97.2 1.5 93.6 1.6 94.1 1.6 94.3 2.7 92.8 2.3
40 97.6 1.6 93.7 4.9 93.2 4.5 95.4 2.8 94.0 4.7
10 96.0 2.5 95.6 1.2 95.4 2.8 94.8 2.8 95.0 1.6
BPB 20 97.9 2.3 94.5 1.6 93.4 2.6 96.5 2.0 94.5 1.7
40 95.8 3.3 94.5 4.9 94.1 52 95.8 3.4 95.6 4.5
10 95.3 33 95.0 3.2 95.7 2.8 95.5 3.4 93.9 2.8
BPF 20 98.5 33 96.7 2.4 95.5 3.7 96.2 3.0 96.5 2.1
40 97.0 1.3 95.0 4.6 94.8 4.4 93.4 2.8 95.9 3.7




54 BENYS, S RO G- SRS R A E SRR 1L R A 2N 3 AL ST AR 1079
gk 4
Py I A% 10%Z. 1 20%Z. 1 50%, 1% LG
pllugkg™)  [EE/% RSD/% %  RSD/%  EINCE/% RSD/% [EIE/% RSD/% [EICHE/% RSD/%

2 98.7 1.0 96.2 2.8 95.3 3.2 92.8 3.0 96.3 1.6
BPS 4 95.6 2.8 95.3 2.9 96.2 3.8 94.8 32 95.0 2.4
8 95.2 2.6 94.7 3.7 93.9 43 94.8 3.2 94.6 3.6
10 93.5 3.7 94.6 3.2 94.4 2.5 95.8 33 95.7 29
BPE 20 94.3 2.6 95.9 23 96.0 2.5 95.1 2.1 97.6 22
40 94.6 23 94.1 45 93.7 3.1 94.1 3.2 96.6 3.5
10 92.5 3.9 92.9 3.1 92.4 2.5 94.0 3.4 93.4 3.0
BPQ 20 95.6 1.8 95.6 22 95.4 2.2 96.4 2.7 93.0 2.7
40 94.5 2.6 94.8 3.1 94.8 3.0 93.3 29 95.7 2.7
10 94.5 2.8 94.0 1.8 94.4 23 94.1 3.6 94.4 1.5
BPZ 20 95.3 2.6 94.5 2.5 94.4 2.7 94.3 2.4 94.2 2.0
40 95.1 2.5 95.2 2.8 96.0 2.6 96.2 2.7 95.6 1.8
10 94.1 2.1 94.3 2.9 92.6 2.0 95.0 23 95.4 3.5
TCBPA 20 94.3 3.1 95.8 2.6 94.3 1.8 95.5 29 94.6 3.3
40 93.8 2.8 95.5 2.0 95.4 1.9 94.4 2.0 95.5 2.4
10 99.2 22 94.5 23 95.0 2.9 94.3 29 942 23
TBBPA 20 96.4 1.8 93.9 2.7 95.1 2.8 92.1 0.9 93.1 3.0
40 95.7 2.6 95.5 1.7 95.8 1.6 94.4 2.8 94.7 0.7
10 95.7 1.5 95.1 2.9 94.5 2.4 94.2 238 95.1 3.5
BPAF 20 95.8 3.6 95.7 3.5 96.9 2.0 96.4 3.9 94.1 4.0
40 96.2 3.4 93.6 2.6 93.5 2.6 94.4 4.1 95.1 22
10 95.2 3.9 96.1 3.1 95.4 2.9 95.1 2.7 94.7 33
BPAP 20 96.1 1.8 95.5 3.5 93.7 2.9 95.2 3.5 93.6 2.7
40 96.6 22 94.5 1.0 95.9 1.5 94.7 1.6 94.5 2.1
10 84.5 7.0 87.8 5.6 86.8 3.6 90.8 2.6 84.5 12.4
4-NP 20 87.7 6.8 88.7 2.6 88.5 6.6 87.4 6.7 88.7 5.4
40 90.0 4.6 88.4 2.7 87.6 45 89.7 5.8 90.6 6.1
10 86.1 2.6 89.6 45 89.8 4.8 89.6 7.7 92.6 5.7
oP 20 89.2 49 84.9 4.6 90.3 4.0 90.1 6.9 89.6 5.7
40 89.0 43 91.8 22 91.9 3.8 89.8 4.8 91.0 6.5
10 89.2 10.3 90.1 3.1 90.5 8.0 90.2 5.9 87.4 4.1
4-n-NP 20 90.7 9.5 88.3 7.6 92.0 43 89.7 6.1 91.2 7.0
40 91.5 7.3 94.4 3.0 89.4 7.3 89.8 5.0 89.6 7.0
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