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Simultaneous determination of 9 kinds of microcystins in Taihu aquatic products based on
APBA @Fe,0,/MWCNTSs magnetic nanoparticlescoupled with ultra performance liquid
chromatography-tandem mass spectrometry method
SHAO Guojian, YAO Jianhua, YU Juan
(Huzhou Center for Disease Control and Prevention, Zhejiang Huzhou 313000, China)

Abstract: Objective To develop a multiwalled carbon nanotube ( MSPE) method coupled with ultra performance liquid
chromatography-tandem mass spectrometry ( UPLC-MS/MS) by preparing a magnetic multiwall carbon nanotube composite
nanoparticles modified with 3-aminobenzeneboronic acid for simultaneous determination of 9 kinds of microcystins in aquatic
products. Methods Magnetic multiwall carbon nanotubes (Fe,0,/MWCNTs) composite nanoparticles were prepared by
hydrothermal synthesis. Then, the 3-aminobenzeneboronic acid was modified on the prepared magnetic carbon nanotubes
through the chemical oxidation method. The nanoparticles have been characterized by transmission electron microscopy and
infrared spectroscopy. The main factors influencing the extraction efficiency were optimized. And then a preprocessing
method with acetic acid-PBS buffer solution-methanol (2 : 49 : 49, V/V) was selected as the extraction solution, and
50 mg magnetic nanomaterials were used for extraction for 15 min, 5% ammoniated methanol was used as the eluting
solvent within 10 min. Results The calibration curves of microcystins showed a good linearity in the range of 5-200 ng/mL
with correlation coefficients above 0.998. The detection limits (LOD) of the method were in the range of 0.15-8.71 pg/kg.
The average relative recoveries of three spiked levels ranged from 91. 8% to 103. 2% with the relative standard deviations of
3.1%-9.5%. Conclusion  The method has the characteristics of simple pretreatment, high sensitivity and high
recoveries, superior to national standard method. It could simultaneously determine 9 kinds of microcystins in aquatic
products and provides a powerful technical guarantee for the monitoring of microcystins in aquatic products.

Key words: Aquatic products; microcystins; multi-walled carbon nanotube; ultra performance liquid chromatography-

tandem mass spectrometry
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(UPLC-MS/MS) kil 4 A DL 4 i85 7 vk 1) 28 i B8 i i
s EROR KA LR Fe, 0, HIKBEIRES &
B ZBEFRAK AT (MWCNTs) i 7™ Jf @k fbr A
i BEAT MW CNTs 2 1 ] 2 2 8 0 iR A6 11, & B T
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ALEE AR (8 {7 ) (VT HF (8 ) (IRl (6 £y ) | 5
(81) FABECO ) (At (6 fiy) B (5 fy) i
(12 f3) 4R A (8 ) FIdfa (8 #y), il 10 2%
78 {3 FE S
1.1.2  EEULH S

Q-TRAP 5500 34X (3£ E AB SCIEX) , LC-30A

B SO A (1% ( B A SHIMADZU )  Milli-Q # 4l
JKAL (32 [E MILLIPORE) | 245 I i€ $ik 3 #% . 504 Jn
PIGHE 75 0 e 9% L ASPES99 [ Bl & AH A B ( B A
B GL) ,N-EVAP112 A W45 1% .

WU 3 7 2 -RR (130195, MC-RR) | ik %% 3% 7
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(125556 ,MC-HtYR) | fi % % 7 % -LR ( L29541, MC-
LR) {33 £ -WR (130247, MC-WR) . f % 3 2
F-LA(L30201,MC-LA) | f % # 8 % -LY (130199,
MC-LY)  fi 4% % 7 & -LW ( L30186, MC-LW ) | {3 &
WK -LF(L30188, MC-LF) ¥ [ ¥ =95. 0% , 1y
A 3£ E ENZO life sciences,

HEE CHEH ke, iR ( =98.0%) , & 1k
B OBRTR A A BER A o EfbEEk . o =
B —45 L TRE PR RR 1 R 43 AT 2k [l S R R
B2 — KG9 (53 A1l 18 E Sigma) , 2R £ — I (PEG)
10000 (fL24410) 10 ~ 30 wm R 51k £ BE 5 94 K 45
(bR S 4 A R),0.2 wm — P MALIE R ( |
L)

1.2
1.2.1  @EMERYIK A (Fe,0,/MWCNTSs) i1 5

FREC 2 ¢ 218 35 M 7 PEG10000 T 40 mL 2 —
BE- L T EE(L:L, V/V) B A il INA 5.4 ¢
SHEABOKEY 7.2 ¢ oA E R TCKEE R EN 0.6 ¢
REALBR YK, B A B FE 30 min, KR H 195 C
SN 15 h B B, WY, T B RUK S R
FEVEOR TR TR T 60 C TR oA .

1.2.2  [H) SR 002 16 W 1 1%k 9 oK 1 kL (APBA @
Fe,0,/MWCNTs) {4 %

FREL 0.5 g WEPERDIKE 1.1 g PR I 9.1 ¢
FeCl,+-6H,0 F 250 mL =#biiH, il A 150 mL #
Ak, FIRTFHFE 3 h, Fe™ B 16 A B T2 /E R T
W o, 25 A M e R KA SR T, TVER A 30 mL Y
(8] F AR ER WK (0. 18 mol/L) |, IR & W) 7E HL A Ji
FET RN 12 h, W, Y B R0 K S 520 Bk, 7
TR 60 C TR &,

1.2.3 oI5 T e

9 Al MCs AR ity Kz P bR 15 BR 2 22 HF e e o)
1.0 pg/mL 1Y LR fif 25 W, 20 C R REDG IR AE
Il FH i FH Y E-0. 049% H R KW (1 =1, V/ V) IR &
o 7 P 1) 8 B, TC R B 5 ~ 200 ng/mL YR & 5 i
TAEW , AR 48 20 ng/ml,

1.2.4  FESh AT AL

W AR S R B R R B A, A
ALH ST AR S, FRECE ¥ i RE 2 o O 6 31
0.01 g),® T 50 mL .08, A 40 ng R 173K
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B R VAT M 30 mL £ PR -W R 2% vh iR VAW (PBS 2%
PR ) -HT B (2 :49 149, V/V) VR MR, W IE $2 R
15 min, 10 000 r/min 0> 10 min ( & 0 12K
10 cm) , e 2 08 40 5 8, fR b, B DV
15 mL FE.O& T, H PBS Z iAW (2% 2 1R ) 7
BEZE 50 mL, il A 50 mg 1 99 K 4 8}, 3R T W% it
15 min, TS B, 75 KK, WA 2 mL 5% &L
T Yk B VR U 3% R % 10 min, REPE 4R 55 CHE I,
Ve 0 72 40 °C il S R AT IR AR O A
1 mL 50%7K (0.04% W 2 ) -HEL(1:1,V/V) % 5%
# it 0.22 wm JEBES T UPLC-MS/MS 4347,
1.2.5 AU

i . 3%k ACQUITY UPLC BEH C,,(2. 1 mm
x100 mm, 1.7 pm) , W30 : A K 0.04% H 2 /K %
W, B B, W 0.20 mL/min; #1140 C ;i
R .10 pl, A EEVEILRE 7 451 W3R 1,

JF . BT B 7R (ESIY), £ N W
(MRM) , Ui “U(CUR) :35 psi(241 kPa) ; 55X
(GS1):50 psi (345 kPa); %l By < (GS2): 50 psi

# 1 UPLC VLML ¥

Table 1 UPLC gradient elution condition
H 7]/ min W B/ (mL/min) WA A/%  WEIAE B/ %
0. 00 0.20 90.0 10.0
1.00 0.20 90.0 10.0
6. 00 0.20 65.0 35.0
11. 00 0.20 65.0 35.0
17. 00 0.20 20.0 80.0
18. 00 0.20 20.0 80.0
19. 00 0.20 90.0 10.0
20. 00 0.20 90.0 10.0

(345 kPa) ; HL {55 HL JE (IS): 5 500 V; fif i <
(CAD) :medium; & FIRIEE (TEM) :550.0 C, %
R FIWFE 2, —FBE/Hr (Q1 H94) IR, 9
MCs W B: B F YA [R] BEES F 19 HY #6758 2 1P A AR
b BB IE B ARG KA o BT C-C RERTT B
om/z H135.0 781, WEFrIREAL /T I
1A e 7 F AR T8 BT AR ) B E B T, AN A Y
MCs BB T Hl m/z J 135.0 1 F B T A R 19 &
T IE T2 R B B IE ST

K29 MCs B AFR 1Y BREE T R BT o A1

Table 2 9 kinds of microcystins algae toxin quality spectrum analysis conditions

P I [ 533 o P - .
S i S e
1 MC-RR 8. 00 520.0 135.07,213. 1 145,145 34,41
2 MC-YR 9.75 530.3 135.0° ,213. 1 70,70 16,40
3 MC-HtYR 10.01 523.6 135.0° ,213. 1 70,70 16,40
4 nodularin 10. 45 825.5 135.07,70.0 100,100 60,97
5 MC-LR 10. 45 498.6 135.0° ,213. 1 70,70 16,37
6 MC-WR 11.93 535.1 135.0° ,213. 1 80,80 31,42
7 MC-LA 13. 04 456.0 135.0° ,213. 1 80,80 20,30
8 MC-LY 13.12 502.3 135.07 ,213. 1 70,70 32,40
9 MC-LW 13.61 513.6 135.0° ,213. 1 80,80 33,40
10 MC-LF 13.82 494.1 135.0° ,213. 1 80,80 30,30

TE: 7 BT T ERMERE R (nodularin) Jy AR

2 ERESW
2.1 APBA@ Fe,0,/MWCNTs 1 & F 5 PEBE A
B J R PR A0 K b R A 8 3 2R 3% AR AR
FEZKAH o 2 R i 4 B AT ¥ 5 40, OF H B R AT
ARG | BB 4 0 A Bk W 5 | R AT A B W A . O O
B AT LA B, A B 9 K B R R Fe, O, 1 M5
7R B ERFE , MW CNTs 45 & 76 T BR 32 1, B 48 2
ARAE 200 nm A7, UL 1, 404 R 45 OR BOR,
MWCNTs HA C=0 () 1 718 em™" FI-OH ) 2 920
em” ' 45 Pk 2 0, L 3% B M T -COOH e 141, UL
K2, & MK Fe,0,/MWCNTs 44K Bk £ 575 cm™
el Fe,0, B Fe-O-Fe # ) 45 1iF ff 48 9§ o %
APBA@ Fe,0,/MWCNTs 435Il 7€ 7K ¥5 [ 858 cm ™' Al
JIRERE 1537 em™" HRAE IR WL U4 | 1T -COOH % A1 19 ¢ 1iF

g U T P T o e A ) R O W o ) S TE
P Rl 4 K SR 1 2 T
2.2 MSPE &Mtk

1 9 Fh MCs B o Py A7 5 2R 3 5 = IR & A
VBRI T-25 K 7= 5 3 5, 4 Fl MCs 387K F
H 20 pe/ke, H 50 &4 PE1E
2.2.1 REURMLAL

HAlH B 85 PBS 2% whis ORI & — e d 2,
i -Mcllvaine |37 FH & FE 5 s G 9 1 B2 0, AR
TR 500K Hoz B K = f b MCs B4R EL, PBS ZZ o
VRS VBT 5 Ve S T ) 7 3R A B ) B AR UL 3,
7 HF Wt Hh 5 5 Y 8 AR U A, B IR A S
PR A, LB 25 TR A0 Wb R Y 4
TE RER M PISCR A B WK, Y F I 101
(V/V) B CR B WLIRL 4
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1 APBA@ Fe,0,/MWCNTs % 5t i 5 4]

Figure 1 TEM image of the magnetic APBA@
Fe,0,/MWCNTSs
—— MWCNTs —— Fe,O/MWCNTs —— APBA@ Fe,O /MWCNTs
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Figure 2 FTIR spectra of MWCNTs,Fe,0,/MWCNTs
and APBA@ Fe,0,/MWCNTs
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Figure 3  Effect of the extraction solvent type on

extraction efficiency
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ML AR ) ) R fdi ] 5% 2 R K I8 Wi E AT $R B, 1E
TRA WM AR M B (1) R AT $ BURUCR g,
MEH 2% LRI $ USRS, 9 B K 1 [l
WCRTE 67.1% ~T71.5% 2 18], WK 5, A&kl
T2 -PBS 28 i - T L (2 :49 149, V/V) IR WLAE M4
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Figure 4 Effect of the ratio of methanol on extraction efficiency

PO W, AEBUE [R]AE fh 25 5 2 s WL 6, 24 W B A
A1 F1 5 min ZFHTHE K F] 20 min BT, MCs By 1] i 5 7
WiHA K15 min B 38 7R K 391 A8 HOF
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Figure 5 Effect of the ratio of acetic acid on extraction efficiency
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Figure 6 Effect of extraction time on extraction efficiency

2.2.2  fEWFARILIL

TEICH B 2N F1 5% Ak B R AR Sk I %
AT, 45 1 WoR 5% & AL W BRI B A T
e = Fh 4B A 10 min A A F) 52 VER, WIK 7
8,
2.2.3 WA E

AR5 LA MC-LR ], %5 52 W Pk 90 K 1 B XF
MCs B W BfE 25 | 7 25 1K 7= 5 2 51 O i AS TR)
WRERY MC-LR, 75 b 3R 16 6 69 4% /4 5 81 ] 50 mg
TEVE AN OK BB HEAT 2 B, 25 R R B, 25K 7 i
MC-LR ik 3] 260 mg/kg I, A K1Y W B 25 1 15 3
e R, HE— 20 B KOK T  MC-LR v B T B 25
S LT DR AR IE S 78 W B 25 ik B o8 B T 2 48 X [l
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80.0 EHEE OZF B5%E LT
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5 4 MC-WR;6 5 MC-LA ;7 & MC-LY ;8 & MC-LW ;9 2y MC-LF
L7 W 28 TR X e R S8R 14 552 Wi
Figure 7  Effect of the desorption solvent type on

extraction efficiency
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Figure 8 Effect of the elution time on extraction efficiency

WH R 65. 7% , 1T A5 A 1 G T 9 K R R X
MC-LR B i 25 500 3. 42 mg/g. TERRA KGR
oAb R L B ok S Y A B TP A K bR X
M 2895 [a] 6 1 T B 25 72 0. 95 me/g; £t
e B4R A R B T 4 R bR K RE A 13 Fh
AR R TR S Y R B 4 Bl 3.6 mg/g; B 4
S5 B T G R R BT X SR 4 LR D 5 o
14 FPE SR AR B 1R I A5 5 5. 41 mg/g; A

A B T BE AL 98 K B4R X MCs B9 W% BfFPE BB 5 A
SCHR A A I B I BB R Y L 2 SR 2 I R R 4ok
R 2 W B MCs |, BE W6 2 A< J7 36 %5 430 B 1 22
A D5 FF G YE MWCNTs JH & 48 %18 10,30 .50 ,
100 mg B A9 o105 F2 3 56, 2 44 8F FH 24 50 mg, %8
R [A] 24 15 min B, MCs [ 0155 ik 21 B3R 5050
2.3 SRRV A B R T 1 A R RORS 9 R

A0 8 F T BR O HE R O AR, DL B bR 4 4 04
T AR A IO PN A e TET ALY ERAEL y O AR AR, LAAR
TAER B E x (ng/mL) R AR bR, (4T 2Rk ml )T,
bRl 2k 15 2 LR Ml H 5 B L MCs B2 H AR
MEBETHEILE 9, 9 ff MCs 7E 1~200 ng/mL H},
HA RIS R ML RE(r) #>0.998, 9 Fif
MCs H9 7 24 R (LOD) 4 0. 15~8. 71 pg/kg, ik
Has K SRR & 4 AT 20,50 R 100 pe/kg F
Ji& 3 A IARAKSE #E 4T R 88 A A I K F 4
B SE 6 Uk, F- 34 [l i 3 K AH X6 B 1 i 22 (RSD) WL
3,9 Ff MCs 9 AH XF [E ISR Sl 91. 8% ~ 103. 2%,
RSD 7 3. 1% ~9. 5% , Ut B A< Jy 1 FL AT 3¢ e 1Y) o 1
JE IR %

100~ 1 7
90[

30[
20[
1L
0 3

0o 2 4 6 8 10 12 14 16 18
t/min

1~ 10 B IR 2
B9 9 fh MCs B8 T i
Figure 9 HPLC-MS/MS chromatogram of a mix solution
of 9 MCs

39 MCs MUERMER AR A BR LAl AR IR 5 RE %2 (n=6)

Table 3 Linear relationships, LOD, recoveries and precision of 9 MCs

. Il e/ % RSD/%
(At} %E/{:i By FHOC R KL r /( i:/]i@ 20 50 100 20 50 100
pg/kg pg/kg pg/kg pg/kg neg/kg  pg/kg
MC-RR 1~50 y=0.4691x-0. 3194 0.999 7 0.15 94.9 95.1 101.1 5.2 4.1 7.9
MC-YR 1 ~50 y=0.1667x-0. 0801 0.999 9 0.47 100. 9 98.9 101.1 5.3 8.9 6.4
MC-HtYR 1 ~50 y=0. 1856x-0. 0409 0.999 9 0. 82 101.2 101.8 102. 4 5.9 4.1 6.9
MC-LR 1~50 y=0.1715x-0. 1937 0.998 4 0.21 91.8 102.3 95. 4 6.9 7.9 7.7
MC-WR 5 ~50 y=0.0399x-0. 0139 0.999 9 6.72 97.2 100. 2 101. 1 6.8 3.2 7.4
MC-LA 10 ~200 y=0.0067x+0. 0019 0.999 9 8.56 101.2 93.9 100. 3 3.1 7.9 9.5
MC-LY 10 ~200 y=0.0038x+0. 0017 0.999 0 8.71 94.9 101.5 95.6 5.7 8.4 9.2
MC-LW 10 ~200 y=0.0172x+0. 0337 0.999 9 4.28 102.9 9.8 103. 2 5.1 4.8 5.3
MC-LF 10 ~200 y=0.0062x+0. 0392 0.998 0 6.32 96. 1 97.2 98.0 5.7 6.9 7.7

2.4 Ky ikt

T HE— 5 B E A I 7 K R ik S GB
5009. 273—2016¢ B i % 4 E FAR e K= 5 b i 4
B AWM E Y R IEAT XS . R T BE AR A 1

AEALRERS 3 JLAD MCs, i 35 3iE T A7 MCs 119 46 0 2%
TR 2 IR W RE O AR A bR R, A
H bR BN 20. 0 pg/ kg BIMBREE 43 501 5% A K
T 7 9 R AR v 2, 45 SR L3 4, i [ AR O ik
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FUREIN 3 Bl MCs, Sy 1 5125 FOW B9 AT Fe P DA e
FEIAR T AT T 9 Bl MCs, AHXS [ AR J7 125, A 07 1%
P it b B 7 vk TR A MCs PRSI A Sk ) 9 Al B
KT AR, AT RUREIE [BOBCHOR | AR X AR 5 1%

(49 AR v A G B AR X TSR [ A i T
3t D P AR iy 2 ARG I A i, AN () Ao 6 4 7K™ il K
7 il (8 AN TR R A AN [7) B 5 T A%, 4 5% i 5 1A
i,

T4 RIS 5k S5 R R (n=6)

Table 4 Results of method comparison

e Jinkg Ak S K/ ((we/kg) [m] U %/ % RSD/ %
/(pg/kg) AT vk [l b 12 ATy vk [EEpe7S ATy [ b7 1
MC-RR 20.0 18.98 14. 84 94.9 74.2 5.2 7.5
MC-YR 20.0 20. 18 15.24 100. 9 76.2 5.3 5.7
MC-HtYR 20.0 20. 24 15.70 101.2 78.5 5.9 4.9
MC-LR 20.0 18.36 16. 08 91.8 80.4 6.9 8.7
MC-WR 20.0 19. 44 15.30 97.2 76.5 6.8 6.7
MC-LA 20.0 20. 24 15.12 101.2 75.6 3.1 7.7
MC-LY 20.0 18.98 14. 48 94.9 72. 4 5.7 7.2
MC-LW 20.0 20. 58 15.08 102.9 75. 4 5.1 5.6
MC-LF 40.0 38. 44 30. 08 96. 1 75.2 5.7 7.4
2.5 SEBRAESIE
¥ R 7 i s T 4 10 28 78 0y KW B K 5 % Uk

mn, FLH ST TR g 9 B MCs B R
X R B AT LY R G ) A I I R R
WMCs 15948 r HARP A 3 A, K Yk
MC-RR #1 MC-LR, MCs S 7£ 0.28 ~2.19 pg/kg;
6 Y SRWE AT 2 3 A 1 AR Y MC-RR, & 4
0.27 wg/kg, 5 1 34 MC-RR .MC-YR #1 MC-LR,
SEEIRE] 117 pwe/kg, XFIR K ARSI B & B, BT A
LA AL 2l 9 Fh MCs KK, H45 R 5 MCs
(9 A= A AR ok A D AR A, B 5 P R AR 1 R
(PP1 Al PP2A) & &, i 7 0 25 T JUE A & v &
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The rapid yeast and mold count plate (RYM) method and the national standard ( GB 4789. 15-



