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AB API5000 = PU 2 T Ji i ( Applied Biology, 3
E), CTC Analytics H 3 JF FE %% ; waters XBridge
C18 (100 mm X 2. 1 mm,i. d. ,5 pm); &
Zorbax Eclipse XDB C8(150 mm X 4, 6 mm,i. d. ,
5 pm) ; L F K, Metter Toledo P1L2002 #Y; % JiE
R4 7%, Scientific industries, G560E &I ; # 75 /K ¥4
B B0 Bl Sigma, 2-16P B JiE % 78 %& 1. Buchi,
R-215%; B WAL, N-EVAP 112, OA; ¥ % T 1L,
Labconco, Freezone 2.5, W E:, L. IEC 4. N
i . TR T R B TR R i 4, I F Tedias
LBR B (4 3% 4 ) I T Roescientific; PSA #
(1 g/6 mL)WgFil & s M4l /K (Milli-Q system) .

FR#EM 4-OP.4-OP 4-NP.4-n-NP /&% BPA 4 T
Sigma-Aldrich, 2l B K T 98 %, JH 2 M5 Be i 5w v 4t
W (1 000 mg/ L), BEJCAHAE T —20 CHMT,
12 HERAIE

125 J UL A 20, 0F e A2 BOHR 4, DL s e 4T
e T AR R R TG, FREL 1. 00 ¢ T 15 mL
HIEPREE RO L A 10 mL Z 5 HE 1 min, R
G T3 50 s, 7 15 min, 1 500 r/min & L
5 min, ¥ ZIEAFEA 50 mL X0, 5% B 10
mlL CHEEE FIRB BRI 1 R, A LER KBS

IR0 S NG BOR e 7% 25+ 1 1 mL 1E C %t % i
XU A B A R ORE A 1 min, IR BE 30 s, FF
Hft, KA 5 mL .5 mL 1E C % & b PSA
M1 mL @RS KK 5 mL HEE.5 mL
3% (V/V) - T I Uk B L SR TR R T 10
mL BEIE H .40 CTARARKR T, H 1 mL OB ESE
R IE 1 min 5t 0. 22 pm JEIEE I SE .
1.3 BHEBIESWEG

435 48 . waters XBridge C18 £ (100 mm X 2. 1
mm,i. d. .5 pm) ;AR 40 CF# 250 pL/min; ik
FEIRFR 10 pLs s A: A #h 0. 3% (V/V) & K-H
BRI B AN 0. 3% (V/V) G IR0 B BE 1 1
F:0 min,20% A;2 min,65% A;6~12 min,100%
A312.2~19 min,20% A,
14 RiESWEH

B AR EST 5 a4 B 3 AL 4 B
ZEAS(GSD) ;60 L/min (8 5) s XA L (CUR) : 35
L/minCEA) ;s BE%5 HLH (1S) . —4 500 Vi KR
JE(TEMD :450 °C; F B im# < (GS2) :60 L/min(H
)5 ER (CAD) : 4 L/min (RS . HAM %2
BUWER L,

R 1 IREERRE A LKW AR E R E 0 FHE L RS
Table 1 HPLC retention times and optimized mass spectrometric parameters for APs and BPA
[atg?] £ B2 16} ] / min BT Gn/2) FEFGn/2 DB,V CE/V KA WS ] /ms
Compounds Retention time Parent ion Product ion Acquisition time
133.4 —153 —30.0 50
4-t-OP 8.98 205.4
118.1 —154 —53.0 50
106. 1 —135 —24.0 50
4-OP 9.42 205. 6
119.0 —91 —47.0 50
133.4 —66 —42.0 50
4-NP 9.31 219.4
147.3 —64 —30.0 50
106. 1 —116 —27.0 50
4-n-NP 9.70 219.4
219.4 —131 —11.0 50
133.5 —102 —33.0 50
BPA 7.70 227.2
212.3 —110 —23.8 50
2 #% 'ﬁﬁj‘ﬁ' waters XBridge C18 (100 mm X 2. 1 mm, i. d.,
£0 — ¥ 4 a s <
5 pm) (LIS FE 1 2 B R (] 1B) . IETE Ok
21 BiESBEFHEMRNL 2 A TE AL AR AE DR UE ot i 1y K2 WU A AT 0] Rk Y g

D5 A i e B JLRR e 55 W 0 4% Pk 25 H AR
N X JEHT T 4-NP 5 4-n-NP,4-t-OP 5 4-OP KA
O3 SRR VR B AR AL 78 B A f i BE S 5
BT IR 22 RN (R 1), AT AR WA 35 5 4
F AL B Y 58 65 73 55, A BE IR UE E B Y HE 6 P,
R L HL 2 ARl % £ 19 (5% 4 Zorbax Eclipse
XDB C8(150 mm X 4. 6 mm,i. d. .5 pm) (& 1A)Fl

s N8 E FRE . waters XBridge C18 #1905
R AL T Zorbax Eclipse XDB C8 #, waters
XBridge C18 #1:Xf T OP K& NP (¥ [a] 53 5 44 4 11 £
BA IR 224051 24 0. 43.0. 40 min, 1M Zorbax Eclipse
XDB C8 &1 74 0. 20.0. 13 min; 43§ ] _F ok
% »Zorbax Eclipse XDB C8 H: fE % 78 5 41 i1 isf [1] iy
WML A W, 2R G %R, X T BPA &, HAE
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2 AL b IR R R BRI ) 22 00 8 K, A 6 B
B 259 5 B B AE C18 A LAy B R Ay, Pk, ik
& waters XBridge C18 1y [ B 46 W0 %5 35 Wy Kz X9 1y
A TSRS 2377 AR T A0 43 B 5O L R BT R

DS S Uik . pH {230 b B &
XU A W8T 43 125 AR BA R 5T T HL B I 45 R AR Y

Wi, i ] waters XBridge C18 ¥ #f — 5 1 1k i 3h
A 2 Fp 25« B 0 sl A 25 1, 0. 3% (V/ V) &
KW B 2A) BRI B AH 2. 0. 16 (V/V) L TR
KIEW (E 2B) . A HLAH Y R BEAE 0 3 s Al .
AT R AT S5 A T b SR 2R T T
FHE R A 1.3 X 10° ~8. 5X 10° cps, AUH A Y i
RAEA L. 3X 10" cps; I 76 B2 P 4 78 T, Joe 5 3 1) o]

1.8x 10
7 1ax10f
L L
Az Lox10T
E I
2 6.0xl10T
= 20x10% BPA
C 1 1 1 1 L 1 L
0 1.0 20 3.0 40 50 60 7.0 8.0 9.0 10.0 11.0
IS} ] /min Time
1.8 10°T
z L4x107T
S 1.0x10°F
B 2 4n-NP
-Eq 4-0P
= 6.0x10°f
e ap 4-NP
= 4-1-01
2.0x10°F BPA
G 1 L e— 1 L L L 1 L 1
1.0 20 30 40 50 60 70 80 9.0 100 11.0
58] /min Time
1 50 pg/L &K% WE A £ F Zorbax Eclipse XDB C8 & ifi#f (A) & waters XBridge C18 & i (B)

S BEER MRM 3B i
Chromatogram of 50 ug/L alkylphenols and BPA under MRM scan mode on
Zorbax Eclipse XDB C8(A) and waters XBridge C18(B) columns
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Chromatogram of 50 ug/L alkylphenols and BPA under acidic or basic chromatographic conditions
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o BN T 0 451, Sl 1.3 X101 ~1. 8 X 10° cps,
PIE A 22 1 A 80E g, oW B A EE B AR OR g
L 2) PR b, X0 v 326 B 1 2% 14 A A o 2k M 1 3
A, 2B R T Bl A L FE H R s in A [ A AR
L PR 7K T Y A3 o 35 T 114 U T i v ) A e
SO BRI E N A N 0. 3% (V/ V) B IKER B
FHR 0. 3% (V/V) &K EEW .

3 R A AL . SR 50 pg/ L A ke 2 Ak
B B A bR W4 0 DL B S O 5K
16 EST IE & 1 ESI 1 85+ 2 Fi T A7 83+
I B e B G TR R s SE Y OB A A 3K
e B4 T A FN X AR B T . sk R AE EST U R
XREE AT &, R I FE (n/2) N 100~
300, % H 8 T HE AT 4 4 L 1k 3R e (A i AR e
PRI 2 T8 FAE N i RoE MR T k%
F A 43 R et o DA T 3 I S 25 A 0 1% SR A0 R A A
M. R AE 2 O W (MRMD) 8 71 i1k
BRI S L R BN RAETES (R D,

22 HmERSSELEEHRRL

K= B I AR oy S 2% S B A B R O
AN e 4 R BRI W T4y SR AL TR,
B AT AD B AT R — A A AR A R SR 4R U
Y, BEREBMBY RS E T LMRLTE ES k. 4
A DL B LR TRV IE C ke S O 3 Ak
FRE T g J2E 1 R Ry A A 4R ORISR L 45 R 2 B 3 Rl
a0 351 X6 66 1 AR X ARG B ISR AR AT LA Gk F K
MFR L HJE LR L g o 1E © b 7 3R T 72 & [
g7 N ORI A S S g - E iy iR
B /b At SR BRI B L .

5357 5% PSA [EAHAE BUNME R Oasis HLB [#
FHAE BRIV X R i 1) 1 A 300CR S LR 2 e [ AH A B
N [RLIBCR & B, PSA /N B AR S (L 3)
HLB 5 PSA P F [ #H 2% /N A XF %€ JE B & BPA
Wy Y U R ERA T 60 % ~120% 2 [, AR
KB PSA X T Fik B 25 1 I 14 [ i 23R 8 3 2R
F HLB #, 82X T BPA By o] g % 2 /4 (% T
HLB.HJE W # 22 51 At 3%, F ik, A i
KB PSA MHETHA S, FELEEMEXT, 5
HorHr HLB K PSA ¥4k i i AE & HL 3R 1)
BFFE ., K HLB %4k 19 BE 5 76 APs Al
BPA e s} [8] B 9 5 456 i 1 e s (L (B 4) . A ER 3R
1M 5 PSA B (ARG, BLHA PSA B b &l R 2
T HLB., HIt. A B E 2 45 & B, PSA
FE X F i A0 I 7 0 B IO L R B APs X BPAH
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Fig.3 Purified results of different types of SPE cartridges
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Fig.4 Total ions chromatograms of different types

of SPE cartridges on fullscan mode
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23 HmERYAATEBR

SRR G — e R Ak HOR R 0 TR
SE A TH PR BE AR . R R R i Ak B S A TR R
) 5 SO0 7 A I o T A 2 N O B Ok 2 — &
AL MR AH T R 2E bR O A% &8 o, L,
AR B B 25 FRE A 3 TN bR U BR R A B 3
24 FHiEZHESEEMNKG SR

FH 25 FURE St 52 BUIR328 8 7 A T TR & TRV
B i — B HITE 0. 5~300. 0 g/ L 3 FE P A [) S5 94k
FE B HE B G IR AT I E . DA
BT AW AT AR Cy) R AR B, S5 5T I A o T AE
W VR FE (s pg/ 1) A BE AR AR 2 Rl AR 2 45
TR 4 B e BE W AE 0. 5~300. 0 pg/L 30 Bl N £
PR R GE A e RBOE 0,991 8~0. 999 9, 7] DLk /& 5E
HAPTRE R . DL 3 A M LG O A R
10 A% A5 W L B A2 O vk 19 8 BERR Ll 4 3 Fhas LR
HE T (B B D) AN [] ¥k B b » B 240 2 7 15 i A
H R N E B BR 43 B R 0. 07~0. 30 pg/kg Fl 0. 2~
2.0 pg/kg(F 2),
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Table 2 Calibration curve, correlation coefficient, method detection limit and method
quantification limit of APs and BPA in fresh fish,seashells and shrimps
[leg 7] HE B P v it 22 TR R EL R Krth R/ (pg/kg)  EHR/ (pg/ke)
Compounds Matrix Standard curve Correlation coefficient LOD LOQ
fai Fish y=28.66X10°x+1.31X10° 0.996 5 0.15 0.3
4-NP 12 Shellfish y=7.08X10%x+1.29X10° 0.998 0 0. 07 .2
#F Shrimp y=1.00X10*x+1.64X10° 0.998 0 0.07 .2
ffi Fish y=2.71X10"x—1.82X10° 0.994 0 0. 30 .8
4-n-NP 12 Shellfish y=4.21X10*x—7.85X10* 0.998 8 0.08 0.3
#F Shrimp y=5.45X10*x—8. 21X 10* 0.999 5 0.07 .2
fii Fish y=1.41X10*x—4, 85X 10* 0.997 7 0. 20 .5
4-OP 12 Shellfish y=1.85X10*x—8.86 X 10° 0.999 7 0.10 .3
¥R Shrimp y=1.62X10"x—2.45X10" 0.999 5 0. 10 0.3
ff Fish y=1.48X10"x—1.11X10° 0.991 8 0. 20 0.5
4-t-OP 12 Shellfish y=1X10*x—3.03X 10" 0.997 6 0. 40 1.1
#F Shrimp y=1.74X10"x—4. 33X 10" 0.998 6 0. 20 0.5
14 Fish y=1.87X10°x—2.15X10° 0.999 9 0. 50 2.0
BPA 12 Shellfish y=1.38X10%x—893 0.999 7 0. 40 2.0
#F Shrimp y=1.91X10%x—2.89X10° 0.999 7 0. 40 1.1
25 FHEEWEMBEEE 2K,

I3 AHIAE 10.50,100 pg/kg 3 4> fEKF F X 2
FURE S INAR A 7KF 6 AP 4T7 L I 1 2 [l i 5 e
K% B (F 3). #E 10~100 pg/ke i Fl N 4 Flis 3
My SRy A IR AR 60 06 ~ 127 Y0 Z (8], A0 X bk
WEMR 2278 2. 200 ~39. 90 Z [6] . B 45 & 5% B2 4G DU 1)

26 SEEREFESNE
Fie FRHT S 77 1 60 W7 VL 42 v L B 42 1 A 1
DB TR $a8 K A LU B A 5 00 0 7 R AT A L A
FE b 26 4t AL FE R K DU, A i v ) o i 1
FWU Ty A Bk BE B DL 3R 4 o DA S BR R ol A i 23 SR ke R
)

3 AR NEXEEFRPREEBRVHB ANFEHRMEIKESHAMIRERZE(n=6
Table 3 Mean recoveries and RSDs of APs and BPA in fresh fish,seashells and shrimps (n=26) %
Ids it/ (pg/ke) Added amount

aw e J5 10 50 100

Compounds Matrix S 34 T i RSD S 4y [ i % RSD S ¥y ] i % RS
Average recovery Average recovery Average recovery

fii Fish 127 36.2 74 31.4 88 24.3
4-NP D12 Shellfish 126 24.8 95 18.7 93 12.0
#F Shrimp 95 23.2 113 35.1 110 39.9
fti Fish 71 14.3 67 10.1 62 8.7
4-n-NP 2% Shellfish 95 8.3 84 10.3 81 12.1
#F Shrimp 71 23.2 88 28.2 87 13.0
fa Fish 73 13.0 60 18.0 71 20.0
4-OP D12 Shellfish 111 4.9 101 3.6 91 10. 6
#F Shrimp 70 31.4 80.3 23.2 81 3.7
i Fish 95 8.6 77 9.5 79 13.7
4-t-OP N2 Shellfish 88 11.7 97 10. 7 92 16.7
#F Shrimp 78 5.8 97 31.9 96 10.5
fo Fish 90 20.3 103 11.6 94 13.7
BPA D12 Shellfish 112 3.4 108 2.2 86 9.5
¥R Shrimp 69 25.5 60 32.4 76 9.3
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Table 4 Concentrations of APs and BPA in fresh fish,seashells and shrimps from coastal sea areas of Ningbo,Zh

REBMENE ANKEE"

han and Xi han

i/ (pg/kg) Concentration

X1, Area FE&h Sample
4-NP 4-n-NP 4-OP 4-t-OP BPA
#F-1 Shrimp-1 6.4 0.5 2.5 ND ND
#F-2 Shrimp-2 9.1 3.0 2.8 2.2 ND
#F-3 Shrimp-3 9.0 1.0 2.9 0.8 ND
#F-4 Shrimp-4 44.0 ND 2.9 ND 0.9
1117, #F-5 Shrimp-5 29.8 ND 2.8 2.0 1.2
Xiangshansea area #F-6 Shrimp-6 98.5 1.3 2.5 1.2 2.4
#F-7 Shrimp-7 4.9 ND 2.4 ND ND
#F-8 Shrimp-8 83.5 1.2 2.1 ND ND
#F-9 Shrimp-9 2.9 0.9 2.2 ND 1.5
#F-10 Shrimp-10 ND ND 2.4 ND 6.5
#F-11 Shrimp-11 3.8 ND 2.5 ND 8.6
D-1 Shellfish-1 277.7 4.5 0.7 ND 0.7
-2 Shellfish-2 657.5 3.0 0.5 2.6 1.8
I1-3 Shellfish-3 306. 5 0.8 0.4 1.2 ND
BR AL A T 0 A #F-1 Shrimp-1 130. 2 0.9 1.3 ND 0.9
Ningbosea area except Xiangshan iFoo Shrimp-2 20. 1 21 0.5 59 13
ff1-1 Fish-1 346. 2 1.8 1.8 .8 .3
-2 Fish-2 114.0 2.9 ND 1.5 7.5
-1 Shellfish-1 18.1 0.1 0.2 0.3 0.2
I1-2 Shellfish-2 4.2 0.1 0.2 0.1 0.4
#F-1 Shrimp-1 1.9 0.4 0.5 1.0 0.8
KF 1L 7 358, #F-2 Shrimp-2 5.7 0.4 0.4 0.8 0.7
Zhoushansea area #F-3 Shrimp-3 1.5 0.4 0.5 0.9 0.8
-1 Fish-1 10.3 ND ND 0.5 1.2
ff1-2 Fish-2 79.3 0.1 ND 0.9 0.6
ff1-3 Fish-3 5.7 0.9 1.5 0.9 0.5

DND: %4 £ i Undetected.
3 AR AR S P A-NP B S R P R4
L&D 4 77 i 7 B £ W DDA b 4SNPy A R A
#E 20.1~657.5 pg/kg Z [0, G 1L K S LU i 38 BT 4l
W= H A-NP 5 s 7E 1. 5~98. 5 pg/kg Z [A],
HAbAG W & w88, AT 5 pg/kg. HBEAH
Kt (ND) ., X368 4-NP & 28 %F 7K 7= b 1 3 3k
Y5 Y, 0 R 7 I b X0 75 e B R B L N K B B
il 5 AH N B AT TS e o .
3 W

ABIF 5 38 3ok Xof R K D2 S5 I 7 b ) e KR
Mgy R Xy A HEAT $ I 40 1 A S A A i g ST
T TRORR (2T H T i I RS R VAR P O P e S T K
WY A BT AN T IA Jrik i as s, LA BFST
w3 5 [ B 0 52 A 7R 5 R APs B BPA Y R 1B AR
DA B A Basheer % B GC-MS 5

25 R 00 TR B TR R APs B BPA I
it AT VP4 R T rf i 7= i B T AE XU 3207 1 1 A
PR 4-t-2F FE B/ (4-t-OP) 35 3 0. 150 pg/kg.4-T- %
W (4-NP)Y K F) 0. 164 pg/kg, (H 28 1 BT 6 6 7 i
TE S5z i KON A7 o 2 b R R 2 R A VR AR
(& APs) ¥ EHMI 3 (5 A BPA) 1 BN 5 4L,
XKL ST IAE S Y APs )2 BPA e it i, W
A R IE B PR LC-MS SR A W ke fh ) APs
BPA, QA8 52 55000 SR FHin o 35 770 A5 B2 4 1 AH 26 B
(SPE) ¥ b R 5 v LC-MS/MS J7 1l +2 3h 1 40
2 iy APs #l BPA % 7 B4 U R 8% = . BPA /Y
K R 3A 3 0. 3 pg/kg, 4-NP i5 5] 0. 05 pg/kg,
FW (OPYIKF] 0. 1 pg/kg, {H 1% 77 ¥ 48 FH Y 2%
VA R0 U R e K i R AR R TR A L
R P E R (5100 mL) , BRI AS i3 T Rt &
BRI E . IR B VLAY SR H SR £ TR WA 6 UK
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FEfn R APs il BPAL SR HLB [ AH %8 BURE ¥ {4
fi s 3R UPLC-MS/MS K43 BE df o B8R %7 12
AR HBRIE E] NP 0. 1 pg/kg, OP 0. 2 pg/kg, (HJE
% A B AR R K i (70 mL) B A LK
FI [ FE 2 TR TR 4R A BB, SRt 2R O, R R A PR
P ity B, T I 7 A AR 25 A B Y % i A BERRE B AR
EAEFIN

ARAIF 5T R FHRAH 2 BUZ A [0 AH 26 B0 2 AR % g
7 i ORI AR e I R AT 43 B A I L i kR
B EAT HE M 0 E M S R, ) A R R R L R
BEORE R 1 A8 B TR) SRR AR S 30 LA L MR B 0K 9
FFG eSS By B 3y A 1 5% B8 A I 75 2, DXL ok AT DA
Shy 38 FH PR ARSI 5 vk EAT AR

2 % X #
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Simultaneously determining alkylphenols and bisphenol A
residues in seafood by high-performance liquid chromatography

with tandem mass spectrometry
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Abstract A liquid chromatography with tandem mass spectrometry (HPLC-MS/MS) method was
developed for simultaneously determining residues of four alkylphenols (APs) and bisphenol A in fresh
fishes, shellfishes,and shrimps. The samples were ultrasonically extracted with acetonitrile,and then pu-
rified by PSA solid-phase extraction cartridge. Limits of detection were between 0. 07 pg/kg and 0. 30
rg/kg.and the limits of quantification were between 0. 2 pg/kg and 1. 0 png/kg. The acceptable linearity
was between 0. 5-300. 0 pg/L,and the related correlation coefficients were between 0. 991 8-0. 999 9. Re-
covery studies were carried out on spiked samples with concentrations between 5-100 pg/kg,and the av-
erage recoveries were between 60%-127 % (n=16) with CVs of 2. 2%-39. 9%. The method was reliable,
convenient and suitable for determining APs and BPA in seafood in import-export trade.

Key words liquid chromatography with tandem mass spectrometry (LC-MS/MS); residue deter-

mination; alkylphenols; bisphenol A; seafood
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