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(RF) S RKREH)ARBYILLEHI TR (RYILER)EFHYBRRE R P REH A B F o B S 6 o4
Fik, Ak H&R LF&/\ 20% K49 P BRI R R, B A A R F A B T BUR B AT 4L, R A ACQUITY
UPLC BEH C, & &4 5 &  HPLC-MS/MS #aml , £5R 3 #H WS A RSP EAMERELEH NEREX R R, 2T
FEHRT 0.999;&4&\‘4’\%; SAREMARKRET 3 A B AFHG I E S 94.81% ~ 111. 12% 40 5T 47k £ 4
1.25% ~11.50% , % 2 %7 = 10.23% ~ 5. 46% ; 7 ik 4 4 s TR % 0.015~0. 15 pg/kg, £ MR 4 0.05~0.5 png/kg,
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Determination of bisphenol A, bisphenol F and bisphenol S in plant-based food by compound
immunoaffinity column coupled with high performance liquid chromatography
Tandem Mass Spectrometry
HAN Muke"?, YIN Jie’, ZHANG Jing’, SHAO Bing’

(1. School of Public Health, Capital Medical University, Beijing 100069, China;

2. Beijing Key Laboratory of Diagnostic and Traceability Technologies for Food Poisoning,
Beijing Center for Disease Control and Prevention, Beijing 100013, China)

Abstract; Objective To develop an analytical method for determination bisphenol A, bisphenol F and bisphenol S in
fruit (apple), vegetable (spinach), cereal (rice flour) and infant cereal supplement ( infant formula rice flour) by
compound immunoaffinity column coupled with high performance liquid chromatography Tandem Mass Spectrometry.
Methods The samples were extracted with acetonitrile or 80% methanol solution, purified by a compound immunoaffinity
column, separated by ACQUITY UPLC BEH C ; column, and detected by HPLC-MS/MS. Results The linearity of the
three bisphenol compounds in the corresponding concentration range was good with relative coefficient of R® greater than
0.999. The recoveries of the three kinds of bisphenol were in the range of 94.81%-111.12%, the relative standard
deviations were in the range of 1.25%-11.50% , and the matrix effect was in the range of —10.23%-5.46% at low,
medium and high spiked concentrations. The limits of detection were 0. 015-0. 15 pg/kg and the limits of quantification
were 0. 05-0. 5 pg/kg. Conclusion This method is based on antigen and antibody specific binding immunoaffinity column
to purify the samples, with good reproducibility and high sensitivity, and can effectively separate and detect bisphenol
substances in apple, spinach, rice flour and infant formula rice flour. It could be applied to the qualitative and quantitative
detection of bisphenol substances in these four kinds of food.

Key words: Compound immunoaffinity column; high-performance liquid chromatography-mass spectrometry; apple;

spinach; rice flour; infant formula rice flour; bisphenol A compounds
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X A ( Bisphenol A, BPA) i TN R Al 4 B 48
BB, SR 2B T IR R R R B R R ) A MLk
TECRHY R T W A A b R AR
w7 R AR N A S 56 R IR AT 9 2 F 9T 2
BPA J& T Wi T B, 5 N K VF 2 508 i b
PRGBS O M 5 92 995 R A B Ty BE IR A S A
FRB ) ST BPA MRS E L R
2K A 22 A [ R b IXCF BRI GR BPA Y X
G WE I AN A LT B BPA 2 R A R 2
L ¥ X By S ( Bisphenol S, BPS) il XU iy F
( Bisphenol F,BPF) 257 Tl H il i 45 2] | 72 (1) Iif
T H 24k & 4 31 4E BPA e 22 R A
A5 BPA MIRLA NS W T PR, B 5
FEHN N AR T O s AW A | R R B ek R G £ R A
LLZPREETE T BPA KA Y, MEEHAR
REENRBERE,

ot 3 [ AR U R B B SRR B 4 BT G R
TR B SR KSR R4S A5 R R M R 2 Ik
JE R 5 8 BPA RIb A EEOREN
W, ST AW R S b BPA 25404 W RS T A BT
T R K R N BRI A
M, HEAMNA LREMAY R E M P BPA K
oG W s A | it JH R A I AL BTk A
FE—SEOR SR A AL R B B2 A T A AR
(Solid phase extraction, SPE) ¥ & % 51k /& & &
BPA B kA Warab B R 8 F BN (AR R
B 0 25 €0 3 0 2 4 A SRR O DL R B T R
AR, W 7 2 ROM SPE #E (HLB B( GCB
FE) 5 IEAH SPE AE (40 NH2 #:) BE A 6 S2 80 T4k
PIiAa sk bR R R e e . S — T
A7, 2L 7K 2R (AN ) ol 58 5 A B8 A AL R i
BPA (1, 7646 5 i A 38 5 B vh 23 15 B BPA 19 [T
RPN T BT AT X X 2 2 S R AT AR
b5 eAh X BPA BYS5#ZEUY) BPS 1 BPF, & 15
T 162 B 1 il % i B 52 34 oK LR T8, A FF L 0 %
%, LR ERIN BOILE KM EMERN 1 2
AN SRR () 3 B R R R S — 2T ki
MR ME i, KN 2 B R A S,
Y% %) BPA R &Y Y, 5% AW H LA
), IR il R TR S I — A2 19 3R 5 0 5 R
b4l 3 T B Ry B 4%, ko A O kB4 R O v 1k
e H Bk R H AT L 1A B LA B &
fi BPA 280G W 1 43 AT A B AT 4

G 338 55 FIRE S — o 3 B0 B B0 44 4 S AT ot
SEGFRTERBTAL SPE A A B IR BT R (9 5 o 0
S A 2% 1) R R b rp B B E B AR A A, B R

YT i 2% e L 66 o 80 AR 0 1 0 SHAN 22
K G0 58 E AR 45 45 LC-MS/MS $ AR Xf 1 iF DL
TSI i i BPA 240G Wk AT DN A2, 76 AR IE =
[l g 3 )15 0 T 7 1% 1 5 T4 A N AR 1. 6% ~
9. 4% FALBCR A B BT LR R AT 5T ik B
S S OB 4 LKW AE N A ST 4, A
o8 S5 FEE FIl LC-MS/MS H7 A ¥ #E K BB 832 &
Py K B4y JLAT 255 Bl £ o A5 A 0 R T £ 5 P BPA
BPS 1 BPF B & 5T 48 | ey 1m0 s 58 43 A 05 i,
FEREE G BPA 28105 W 0 AU W i 2 43k vk 2

1 MBEFZE
L1 R fE W

HETG FXEL BPA  BPF Fl BPS #x i i 4% 3 i (M
BF G2 10 mg, KT E] 0.1 mg) |, 40 51 &
F 100 mL 785 b, P RSO i O 2. TG R
W 100 mg/L AR ERE 2 R

WERI AL B 100 mg/L #Y BPA  BPF 1 BPS #5 ifE
it & WA 1 mL, 209 BT 100 mL 25 B, Y f
FE 7 EL A TR R 1 mg/ LA H T U R A v I
W, WETIREHL BPA FI BPF 1 rf [i] #e B8 bR o 14 W 4%
1 mL BPS 1y [a) vk BEARMERS 100 wL, B T 10 mL
A, WO E 4, 19 3] BPA fil BPF Mk ECH
100 wg/L .BPS FUIE A 10 pe/L RS bR TAER
3, B & BPA-"C,, 1 BPF-"C,, #J¥ } 100 wg/L.
BPS-"C,, WWE R 10 we/L BRI B NARIR A TAE
W, BT -20 CUKHRDGIRAE
1.2 EZAE 5l

Xevo™ TQ-XS = # U A KT 5 5B ot 3% A% ( 3¢ [®
Waters /A 1) ) ; AL204-1C K F ( Fi + Mettler Toledo
v Fl) 3 X-30R 5% %R O AL (£ B Beckman A
A]); ACQUITY UPLC BEH C,, (814 (2.1 mmx
100 mm, 1.7 pm, 3 F Waters 23 F] ) .

XU A WU S FIXUEY F &4 Gpe 6 fkE (14
Y45 =200 ng, JLI QB A HAR B R AT
BPA(>99.8%, & % #x fE ¥ i > ) ; BPS Fl BPF
(>99.0%, 3% AccuStandard A &) ; [/ A7 2 N #5
BPA-"C,, . BPS-"C,, Ml BPF-"C, (> 99.0%, % [{
Cambridge Isotope laboratories ); 2 48 F /K hy 3
Millipore-Q il % Y 4 217K ; FHBEA O (35 41, Sigma
AT sPBS P (U RS ERHEA AT .

1.3 SEE 5k
1301 A b o Ak 2

XF TR PSR PRI 1 g AT A OFS B

0.0l g), % T 50 mL BHEEELE T, LA
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0.1 mL 1 mol/L 352, FF A 0. 1 mLIE &R R A
b TAEWE, IR A) )5 #5830 min, A 5 mL 2, 5%
BEIR 4 )5 A HEH 15 min, 4 °C 5 F 10 000 r/min
B0 10 min, B EVE BT 15 mL B8 B0 T
40 CEMTFARZEL 2 mL, A 8 mL PBS 2% ih ik
R

XF B LK R B BRI 1 g iR (K B 2
0.01 g) ,# T 50 mL RWNHELE T, A 0.1 mL
RA TR NbR TAER, IR 215§ & 30 min, FE0
A 10 mL 7 20% 7K 19 W B , WA EHR 3% 30 s, B
PEHL 15 min, 4 CZ1FF 10 000 r/min &0 10 min,
B E T 15 mL B B8 T 40 C & F AR
22 mL, A 8 mL PBS ZZRIR 5145 .
1.3.2  fPERMA L

¥ 4 C T ORAFI T 5 MR & & =0, 1k
HRFEM E SRR T ¥ 1.3, 1 P & W 4 38 5

HARW T, FEH 10 mL B Ak sE, fFkiEse)s, i
VEEERBF AR B K4y . A1 mIL F R, WA 4 %
J T B B R WO P, 40 ¢ R AU =L T, A
400 wL HEEIIR Y 30 s, FEIIA 600 wL 7K, I iE iR
A7, BRI E
1.3.3  4r#rsstt

o 3% #. ACQUITY UPLC BEH C,, 4 3% 4
(100 mmx2.1 mm, 1.7 pm) ; 7 .40 °C ;i sh#H .
(A) EEFT(B) /K5 i : 0. 3 mL/min; it ) AH A
Ve FEF :0~0. 5 min,60% B;0.5~5 min,60% B~
0% B;5~6 min,0% B;6~6.1 min,0% B~60% B;
6.1~9 min, 60% B; #f £ & .10 pL, H & &, ESI
(=) ; BAE R 2.0 kV; B T IREE . 150 C ; BE
AU BE - 450 °C 5 i %5 7 < & . 900 L/h; BPA |
BPF Hil BPS K H N AR 19 %8 M 22 i 85 1% | filf 43 g
HIFBWE 1,

# 1 Birfe &Y G S5

Table 1 MS/MS parameters for target compounds
E BT ETER T
&Y BB/ (m/z) - ey
a BT/ (m/z) Tl 98 Ak /v B/ (m/2) Tl 98 Ak / eV

BPA 227.0 212.0 18 133.0 24
BPA-"C,, 239.2 224.2 19 139.1 25
BPF 199. 1 93.0 20 105.0 20
BPF-"C,, 211.2 111.1 22 99. 1 23
BPS 249.0 108.0 25 156. 0 20
BPS-"C,, 261. 1 162. 1 22 114.1 26
1.3.4 TN PP 7 2 2,11 ESRRE SR IBOR L1k

TE LC-MS/MS 43 #r v, 3 5 8% W ( Matrix effect,
ME ) J&AE i e ROR 1 T BN 5 b A F 5 3
HLUF AT

ME = (A,/A, - 1) x 100%

Horbr A Sy B J5T D JCAT: it o AR 0 A T A A 0
T FR 5 A, R ¥ 700 A M AE b R 0 e 1 A o 0 T
B Y ME>0 I D037 K& 5 7 A 4 1 vl oy 38 54
2 ME<O I, 3735 J J5 A1 73 17 490 1) wi Iz 40 k]

2 HBR
2.1 FEEMIE

XoF T XU 2 4 T AL B H R O
ol F AR O 32 OV O A7 B AR B AR
JE R GRS S ROk DL KB Ay LK i
TTHRE, 455 & B, Bk B 2% nT 4R 15 4 4 £ BRI 2R
(IR 95.85% ~ 109. 79% ) , 3E S KK DL Jz B2
By LKA B BOSCR AN | T 5 48 £ OV A R
AE RIS B8 DO o FR Ot FRATT S A ROk D) B B
ALK 4 U B2 AT i — 2D AR, LR 1S A E

R FH 4l N AR S B B 70 B 32 SRR i rh =
E AR 09 M5 R AE 3. 41% ~ 72, 92% 22 i), $2 L
RUCRAE A SCHEREE R T e A b P eT
RE O A BEAE Al BPA (YT, 76 4F i A AL P 7 rh 2
i BPA B IR TR, BPS BPF 5 BPA By 4514
Ak AR, Tl A it T A8 U 2 T K P A el
RARACH R L B, FR AT 20 TE 20 4 U TR
B 0.1 mL 1 mol/L YERER , AR pH HE 3,
DA il B 5 5 BBV R G TG L ST B A R R 7E
TR Ak Y 2 N5 32 U Hh, BPA  BPF HI BPS (1 [l i %
PRI BT (B 1), 0N 3.41% ,17.29%
61.22%14 1 % 90. 59% . 95. 58% Hl 93.62% , A4
ORGSR AR B 4R A pH R 3 IR 1L & i
VS AR Ry S SR i 1 B BB
2.1.2 ROKRAM A &)y JL KM 4 BOH 1 £ Ak

2 S BRI KA R, B A LKA R
T3 MR N — 5 ik 1 Y 37 5 Tk 7R R il k) B
SR 2% X A BT O % 1 B BRI Ve Ak BE O BEOR
fR, WOE FH B A JLOK Ry B AT IS 43 O R AR
fb, TR LK K2 20t #om T2k b 32, ff
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1351 ggnps R (P 3A) B % 45 B b P s i L g R, =
E=1BPA BB E . N
TBPF — Fi Ak & 9 00 0 b [0 e 3 4 1 30 5 484 0 5 R AR 1
100 7

FRAL AT

BT Wi 28 /%

—_ W¢‘|'r't'¢'¢'+'m'mu¢'o'l'|’|'|'+’+*ﬁ'+Vl'e'

TINAR R/ (ng/ke)
B 1 2 HE BOR R Ak b B X 57 SRS fh 4 BOS R Y
W (n=5)

Figure 1  Effect of acidification treatment of acetonitrile

extract on extraction efficiency of apple samples (n=35)

FH 21 B8 7K B 20 ¥ 06 HL E A 8 B 2 o i R
a1 B [ A 2 10 WA 2R (&1 2) , AT 2 0 H AR 490 7Y
PR A 5% 356 BB 7K I H I 3 VAR Sy 4 R
W, 5350 5 58T R [R] 9 B AR B LG A1) (609% , 70% |
80% ,90% F1 100% ) LA Je A [a] By £ OB A FH (6 .7 .8 |
10 F1 12 mL) X =5 H A5 9 1012 0 52 e, S5 36 25

100p A
—BPA
90 —e-BPF
80
C>\\C’
# 70
=
= 6o
50
0
60 70 80 90 100

SR R R B EL %

Al B4 B O H H B L ) 80% B % K i R
20% B 8] WS 58 FIORG %% B2 e BRI DAY 20% K 1Y
FH B3 Y o 5 ik aE — 25 X IO 1A R AT 5 5%
LT 5 FORRRBUR 09 [mlscR A2 J5 (18 3B)
AR 10 mL 5 20% 7K 1 W BE VR S B 4 L
K BB EUA W, L0 R B, N I 2R A LK R 2
YT 1 % K A it 2E A7 i A B ) R AR A T A B
SR IBOSOR | R, R K Ry B R TS 2R 4l LK
¥y — BT BTV

e
=
O

B2 B oK Y T 4R TR 4 LK 3 0 Y T R R
Figure 2 Agglomerations caused by the extraction of infant

formula rice flour with aqueous acetonitrile solution

100 g .
—+-BPA
90 —-BDPF
K3 80
&
70
=
60
0
6 7 8 10 12

BB/ mL

B3 B4 LK R $R BOR TR R L L] (A) FIARL(B) ML (n=5)

Figure 3 Optimization of infant formula rice flour extraction liquid about volume ratio of methanol (A) and volume(B) (n=5)

2.2 kA tite

B P8 SR FIAE S 56 T b e b A e S M 45 6 0 O
AP S B AR s R, 2 R
A AL R L 8 0 B 25 52 e B A H bR
MEsERe T, FEPIBCR TR, RFRZEET &
PE S RAE AR AS [R] i HY RN 2 i LG 4 % =
XU 24k & W 1 Il ISR s ), S 56 45 2R R B (]
4) 25 bR A LA B R B L N 0% 1 m &=
20% B, B bR 10 38 R A2 3 3 50 e 4k 2 3G
A HUAH LB 2 30% ,3 P XU 240 A 9 B4 T % 3
W 5 AR . A 0 4 A T A B R RO Y R R Uk
A7 I ], A B 5T B R R T A AL R L ) 1A E
H20% , BPH P2 BOR M 46 2 2 mL J5 ] 8 mL PBS

VW R LA

o8 R FIAE AE b S 38 T 2R F KR U TR
HEATIRBE , LS B i 5 BT b 4 0 IR R S e
XFJa SEANES A3 AT N RS2 I, B o AR AR RO
ABI 5 I 2R M 4 A % i R SR AE R AR
MBI HE T 10 mL # 4K 10 mL PBS+
10 mL # 47K L K 10 mL 55 20% B A8 7K V5 0 45
I I8 0 Y %o B o 1 v Al 30 SR R DA 6 ) B i, S
g R R (5, = A bk v v i A 8RR > R
JRURON K AR (1. 21% ~ 4. 26% ) , VK BL i 4 92 25 Al
R S PR AL RO S B R R, A A SIE A
B SE R ) 2 R B R LR DL R 4R I i B
I AP 10 mL R 4l KAV R RE Sk e
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120 A 120 B
—=—BPS —s—BPS

100 o 100 e
80 80

§ 60 ﬁ 60

[E =
40 40
20 20

0 10 20 30 40 50 0 10 20 30 40 50
R R % LR P Z R EL/%

4 EREBCAPLA (A HEE B Z0F) L @IX) BPS BPA Fl BPF [ A HI5E I (n=5)
Figure 4 Effect of organic phase ( A: methanol; B: Acetonitrile) -water ratio on recovery of BPS, BPA and BPF(n=5)

120 20
[l g —n— BT 8

—n .\./ " ——~—

80} 20
S s
# ool 40 8
= &
= iz
s0} 60
20} -80
0 100

BPS [BPA[ BPF |
20% F LK ik

BPS [BPA| BPF
HBLK

BPS [BPA| BPF
PBS+IHZ K

K5 Bk E S wg/kg BPS BPA il BPF iz T
A [7) A 28% P4k o Y00 T g 238 % e B 2R (9 5 W (= 5)
Figure 5 Effects of different eluents on recovery and matrix
effect in Spinach Samples of BPS, BPA and BPF at
5 pg/kg plus scalar (n=5)

2.3 WEBAM L

Go 358 25 R KL BB I YR 19 A FRUKS 5 ) 1) 45 00 4 [l
R B G, BT D 2 B BRI R BE 5 & 5 Bl
A% A W 5 T T A 3 Al K, T A Bt 22 4 B K i 2k
ERAER A RS [a] . AWFFEH] 10 mL PBS i B AR
WEVA R EAT FFE (BPA FIl BPF ¥ JE 19 100 we/kg,
BPS N 10 wg/kg) , LA BEN YE LW, X5 1.2 Fl
3 mL % 3 AR BEBAR T, H bR 9 04 [l e 2 3
17 B S R BoR (8 6) , MR 1 mL I, =
FivH bR G W 1 SR 45K 3] 95% LA b 3 vk
5 R R e o NG I A P 1 A N 7 <
£ SR MIAE DR BV ] B2 % 1 mL,
2.4 FHFHEE
20401 ZeMEE R A BRI E A R

FE 1.3, 3 11 R %0 AH £ 3 H BT 5 43 BT 4% 1
T ,%F BPA . BPF F1 BPS By Z& % A v ¥ ¥ e A0 21 5
WREHEATRN . R IARER W H BPA FI BPF AU
JEA 4 0.5.1.2.0.5.0.8.10.20 wg/L, BPS [y i

YR B/mL

0 20 40 80 100

60
2R /%
6 e R AL B AR BRAYAL1E (n=35)

Figure 6 Optimization of eluting volume (n=35)

% 0.05,0.1,0.2,0.5,0.8, 1,2 pg/L,
BPA-"C,, fil BPF-"C, V&N 5 pe/L,BPS-"C, ¥
B} 0.5 wg/L, LA BPA BPS fll BPF [ {fif 14 5 4%
X IOE PN 5 U 1 06 T AR L AF A 0 A B X R )
JE MR AL R 2 B, A5 B AR fE B 2R nl ) R (3R 2)
gE R R S ALE W e H R B S B AR £
PEXRR IERB(R) HRT 0.999, DLE & & T
fEWR L (S/N) =3 38 T ik Ry A B, =g i o
BPA Al BPF (46 HFR M 0. 15 wg/kg, BPS B Hi FR
4 0.015 pg/kg; KL S/N=10 3158 05 ¥ i & & R,
BPA Fl BPF i E SR K 0.5 wg/kg, BPS 1Y & 2 R
J90.05 weg/kg.

2.4.2 ISR FIRG %

Heas R R OK Ry AV ER Al LK M A
JAAR A & 3 Ak BEJKSF- 9 BPA (BPF il BPS iR
GARE TAEVE W, B K80 6 A 47 4 it £ 47
PRilcse s, 25 R Box (K 3),3 MU AL G Y
() [ Wi R 9 7E 90% ~ 111% Z 18], RSD 1E 1.25% ~
11.50% 2 8] . % bb B A 438 1 & b S 2846 &
Py 04 T Ak B 7 1 (R IR T e A IBORE ) R AR
PRI A T VR AE DR IR R 47 1 1F B B RIS 9% B I R
S S S S (R BT @ (X A LT
2.4.3  SEBREE S E

R HIABESEA T E X T 5 2R 3
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%2 BPA .BPF il BPS £k Pk [l (4R T B2 B8 R 20 4G S PR B2 & FR

Table 2 Linear range, linear equation, correlation coefficient, detection limit and quantitation limit of BPA, BPF and BPS

A5 Gtk A/ (/1) LAty B K LOD/ (pug/ke) LOQ/ (pe/ke)
BPA 0.5~20 y=53 929x+3 095. 3 0.999 6 0.15 0.5
BPF 0.5~20 y=34 538x+1 784.2 0.999 9 0.15 0.5
BPS 0.05~2 y=2 260 239x+30 295 0.999 7 0.015 0.05
%3 BPA BPF Al BPS 76 [ B il S5 KT UE R VNCPSH NIV YIPN SRTP/e S L3P/ oy
I = A 2 an BP9 KU I, DUIE 8 A KR A BPS 15

Table 3 Recovery and precision of BPA, BPF and BPS at

different samples and standard levels

e b N RE Y fEE

F 4 HEER HESAE LY LK EE S BPS
BPF Il BPA # i ¥ i
Table 4 Concentrations of BPS, BPF and BPA were detected
in commercially available apples, spinach and infant

rice flour samples

BEEILTR - BPA BPS BPF
/(ng/kg) /(ng/kg) /(pg/kg)
WA 1 0.54 ND 0.50
2 <0.50 0.12 ND
3 <0.50 0.08 ND
4 2.59 0.27 ND
5 ND 0.18 <0.50
biEd 1 <0. 50 0.36 <0. 50
2 1.65 ND ND
3 2.39 0.15 ND
YLK 1 3.01 0.16 <0.50
2 <0.50 0.09 1.80
3 1.37 0.52 ND
4 1.17 0.21 ND

N N . i 7K P 3 RSD
Ha X R /jjszg/i; /E(qfi) J%(n=6)
0.5 94. 81 4.80
BPA 1 106. 02 6.89
5 95.72 3.65
0.5 97. 12 3.76
W BPF 1 104. 52 3.16
5 98.77 1.25
0. 05 98.25 6.02
BPS 0.1 106. 62 8.29
0.5 102. 56 4.44
0.5 95.85 7.27
BPA 1 107.37 7.09
5 101. 07 6. 46
0.5 95. 85 3.96
i d BPF 1 96. 74 1.77
5 102. 40 5.95
0. 05 103. 12 8. 14
BPS 0.1 106. 26 3.27
0.5 109. 79 2.68
0.5 104. 4 11.5
BPA 1 104.3 4.5
5 102.5 3.4
0.5 107.9 3.2
KAKH# BPF 1 109.9 2.4
5 96. 7 3.1
0.05 99. 1 9.4
BPS 0.1 99.9 3.3
0.5 99. 1 2.9
0.5 103. 42 6.48
BPA 1 11.12 7.11
5 103. 30 6. 48
gL 0.5 103. 31 7.26
Kok BPF 1 98. 61 7.16
5 100. 31 10. 50
0. 05 109. 74 6. 84
BPS 0.1 98. 29 7.08
0.5 102.52 8.52

TSN 4 4y B4 LK M #E 4T BPA  BPF il BPS
RN, P8 7 R SEBRAE S B 5 g/ kg BRUESH BPS BPF
M BPA Kt gk &, 25 R o (£ 4), = KHEHT
BPA BPS Hll BPF 145t 353 %1y 91. 6% .83. 3% FI
41.6 % ,BPA # H #k B 7 <0. 5~3.01 wg/kg, BPS ¥
oM BE0.08 ~ 0.52 wg/kg, BPF & i ¥k FF
<0.5~1.80 pwg/kg, MBEMLFH LAY T 6 4 5 A DU 45
BT, BPA TR A BPS MK R B 5 BPA

TE : ND SRR A 25 2R /N 4G i R

3 #Hig

AW 5T R 2 A % 9% 08 FLEE DL L HPLC-MS/
MS, #HENE TR PSR OK M DA R B 4 LK R
' BPA \BPS #1 BPF [ = &4k & 48 Ao AT 7 ik
S 2R BT 3 B PR R S A G e B
G328 AR AL AR A R, 38 03 RN AR, Tl e 6 v
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