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W OE. RABZCRAEE/ BB E AN KK PR M EESEE(MCYST), B3
Rg k. %R m B (MRM) 2 M2 % 5 # k4w MCYST - LR.RR, YR # -F 35 ek & 5 3 4
92.8% 96. 3% 94. 8% , #A T AR A £ 5 A 3. 1% . 2.5% 2. 8% , % 7 ik F I AE, % F kAT
MCYST - LR \RR. YR #) 4k i FR 5 %1 4 0.015.0.05.0. 1 pg/L(#A34 10 ul) , ZIKE SR
54 0.05.0.17.0.33 pg/L, £0.5~300 peg/L #4&BEE b /8% 24 >0.999, KA %5
AR A S Peik VE A R AOE & BLARAE R R AR R R R KR KA 69 AR £ B, MCYST -
LR # % 453 ,MCYST - RR k%, &5k 4.5 MCYST - YR 3 k4t BB s pbseml T H T2
BRI L HARRE EREAFILE AR P 46. TT% 09 &5, LA - FhR
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Determination of Trace Microcystins in Water by Solid-phase Extraction

and UPLC-MS/MS
WANG Gang', ZHOU Cai-yun', NI Xian-zhe', GUI Bo’, YAO Wei-hao’

(1. Water Quality Testing Center, Wujiang Huayan Water Co. Lid., Wujiang 215200, China; 2. College of
Environmental Science and Engineering , Tongji University, Shanghai 200092, China; 3. School of
Environmental & Safety Engineering, Changzhou University, Changzhou 213164, China)

Abstract; A test method of microcystin in the water using the solid-phase extraction and
enrichment combined with multi reaction monitoring (MRM) was introduced. The average recovery rates
of this method about MCYST-LR, RR, YR were respectively 92.8% , 96.3% and 94.8% , while RSD
of them were respectively 3. 1%, 2. 5%, 2. 8% . Through the methodological verification, limit of
detections of these three matters were 0.015, 0.05, 0.1 pg/L (when the sampling quantity was 10 pL)
and limit of quantities of them were 0.05, 0.17 and 0. 33 pwg/L respectively. In the linear range from
0.5 wg/L to 300 pg/L, correlation coefficient (7) of this method was greater than 0.999. This method
was rapid, accurate, sensitive and easy to operate. The test result of the actual sample of Eastern Taihu
Lake indicated that the detection concentration of MCYST-LR was higher, that of MCYST-RR took second
place, the MCYST-YR of all the sampling spots were not found. Comparison of conventional process and
0, — BAC process was conducted. Conventional process removed 46. 77% of microcystin while the

removal rate of microcystin on O; — BAC process was up to 97.13%.

- 113 -



%354 F4Mm

b OE 4 K HE K

www. cnwwl985. com

Key words: microcystins;

Bifi o Tl Ao PR R R, e 2 0k A5 3 1 7
R ™ FE, K YD Y K B B SR AL R BRI
UTAE R B JFK W SR AT R & BB SRk Ik
(AR 3R e O O 2 D) T R T

T2 & Microcystins ( MCYST) 2 H ¥ 3 7K
6,0 R B o R B (Anabaena ) | UL FE T B
( Clindrospermopsis ) . 3 22 ¥ ( Aphanizomenon ) | Ji& #|
3 ( Gloeotrichia ) F177 Bk 3 ( Nodularia ) , F [ & H %
F& 38 ( Microcystis ) | Bl % ( Oscillatoria ) F1 # 22 3
(Lyngbya ) S8 R P A 1 —FP R R, B X L%
PR 1 FNEE W IR G 2A EA AR, T8 T 40 i
WNEER , IZBER A NG, 242 TH I 1 &2 0 %
]y 23 U YS = ) DA MKk W R | 1T HR 3
B AHEAR, B AR T LU A
JRLISE Y12 375 A P B A R e 24/ T e K b, HE
HHOE AR T B RE R (MCYST) 2 1A 55 1R K
B E TR BERE R 0 E R, W R R K AR
Hos R KRR BRI G , 4 il e ok
FAfaE? ™,

H 1959 4 Bishop 1 K20 &5 8 5, AW
AHHGE , SEE | H A RRHNE B IR OF
28510 2 E G HGE T HA KA K
HERIE I, 00 B A Bk . FRIEZR ) S oK
A EC L UG L R LA RO K KR B s A A
TER K= BEIOK AL i AR RGN 7 ~8 AN,
RIRANR 5 B K AR 80% J& /™= B Y. I AFEIFAY /R
FRE T L0 R B B E S G KT A
U Z WA AR e R

H A, T T A 38 A A i €A I RO 2K bR 4G
W75 AHLFEDR) (GB/T 5750. 8—2006 ) H il
SR FH R A5O3 T — 0 A 7 RGO AR e FH
IK BOK PR i i 8 R (MCYST - LR \RR) 5 [H %K
o e M G 0 A 92 S Sy AT B AR TRE C K T e ke 7
R IPE) (GB/T 20466—2006 ) Hh AL H s R AH
(T TC 52 S0 AT UL AG I #8500 2 TAFH K E K T
TR KRR i B B % (MCYST - LR . RR .\ YR) .
(ERED ST Gl ivalllprs 1% o d s e K 1 Pt
BB AGIN 25 10) 65 2 I S AH i I AT — e BR A,
T AR AR A AN TG I A . 2R AMG I 5
FEPU MCYST ) i 7 v A7 A6 A1 BT PR SR G, 52

solid-phase extraction;

UPLC-MS/MS

M 00 VAR 5 53 A i SR A A ) B £ B MCYST
— [ R, A R WS 2 52 B T, 2R
b MR ST R A PRSI K P I R R Y

255 R PR DI FH 1k 388 5 1A 2K BGHEA 77K AR v
IR IO ol BT 3 4 M AR 2 UPLC/MS/MS ] LA
S B A I R i = e A e R A PR ) B
MCYST Hf i V5 W 7 5 F, 37 19 VR TR R L 2 40
NI AT FL AT TR, ARG Y 1, T A A R
il LR R, AT ARA 531 OS5 A 15 8 R il 19 70 15
TR B TE&— RN B A E A B A BTt
S3 B as BEAT BT o3 B TR i P it e g R kAT
TN 0 E M SOE B
1 Ry
1.1 UHBRITIEFE

A% : 22 [E Waters 23 7] ACQUITY UPLC #8E %%
WO (B 36 [E Waters 24 7] Xevo — TQD Hiljk =
DUBRAT BT 38 [ $AHE 28 W) AT280 4= { 2 [ AH 25
B SEE A 2 F] TURBO VAPID H 3k 45 4% . 56
[E Millipore 2\ ] Synergy #B4L7K &5 .

a5 4 4 3% 4 ACQUITY BEH C18 (1.7
pm,2. 1 mm x50 mm),

WAL : A 0. 1% HR /K, B £ i ; 711 R 40
C3HHEN 0.4 mL/min; #EFEE N 10 wl,

Byl 2 B IR L 55 B TR (EST ), i
IR RO MR AL (MRM) |, BN LR 0.5 kV,
BRI R 150 °C, KSR EE N 500 C L, 9%
VRN L B S O 2, T 2 9 2 800 L/h
120 L/h; REESCA T, WE Sy 0. 15 mL/min, H
bt G it Combine A5 A = UL AT BT,
FIFH Targetlynx A2 Intelstart T H & F: T8 F
A HEFL R R il 18 e 2 5 20
1.2 SEWHAFI R A

HVREE , (g, 7 ] R m i) s F R, (3t L
RPGIAL B A BR2S 7] s MCYST — LR, bR EW, 4%
MBI G AP BT W I T s MCYST - RR, AR, R
My FREREE PR AP BHIF R I i s MCYST — YR, BRIk, 4R
b RIS CR AP A I BT 5 [ A 25 /NS, Sol Ex —
C18, 3% [E DIONEX; [& #H 2 Bt /) 4%, HLB, %€ H
Waters,,
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1.3 HmabiE

I 500 H AN N i i A BRok A b 7R i
YR TFYIR KRR 50 mL, 28 0.45 wm JEREEIE,
i1t SolEx — C18 /M E 4, SolEx — C18 /)NEE A i fiif
WY Ad ] 10 mL F L 10 mL 4l /K 35 4k, LA 10
mL/minf{3 i ERE, ERESEHUR FH 10% BRI
P, AW 15 ming 10 mL Y EEERGEISE , Ve
e H S 40 40 C T AR E L+, I B oE
K2 1 mL, JERE UPLC — MS/MS K&l
1.4 tRAEMZRL T

PR B 0.5 1.5 ,10,50 ,100 300 pg/L 1)
MCYST - LR \RR | YR #p #Efiff % W, FH 18 AH %2 B/
TR R AR A 3 — B DR T 5 0 0 2, 2% i 0 1T AR —
A
1.5 ERFHRUE

TR AL FE AR R ST BOK JRK LR35 X
IR R K IR LT R AR B T K
A T3S EAT ARSI, IF AR 4iE A bR B K
MCYST - LR .RR . YR 4,
2 ZR5i04
2.1 IS MERE
2.1 FEALATAE PR SR e A

[T R A IRC/INAE bR 3 A % 0k M YR ) 2 426 R A o
DI EAE I A R R s R BB R, AL
5 R KA IR 7 20 3 2k A T Ak
2.1 1.1 [EAHZECIME SR

HRIE SCHR PR HLB A A C18 FE 2 Al 45 3
B R OK Y g R AR Sk
SolEx — C18F1 HLB (6 mg,500 mL) % 10 mL FH 5
10 mL gli7K 3G Ak, 23 BIAEAS [R]/NVEE o Jim AT 45 22 1)
MCYST f5 e W, EFESS RIS H 10% H 7 0k
PE, AR 15 ming 10 mL B EE GRS, Ve
EH S0 40 C TR E LT, B oE
AZE 1 mL J5HERE T, 45 5 B R, SolEx — C18 /M
25 AR DSR2 5 F HLB /NAE, BT LS 56 ok
SolEx — C18 [ AHZEBUIE .
2,112 Yk RN e

WP AL : SolEx — C18 [ AH & HUH: f FH Ay LA
fi 10 mL 47K 10 mL {% Ak MiAR/KFELL 10 mL/min
()T It 3 AR AR B A T s R Wk 4, LR e EE S
FH 10 mL 5% 10% .15% .20% .25% .30% .40% .
50% W EE KIS AE SR IR 0k X R S e Y 2 SR A T

WBE, = ATRE . T 10 mL 100% (7 7P EEBE
TR R MBIk 4 A % 1 mL, SRR IEST
UPLC — MS/MS #5303 22 Jingx [mLCRIER =41
SEG A A, 25 5 L2 1. T UL b v v Y A
R e 2 A R A S T R R VR T
FE/NT 10% B RESE AL BUR: i 45, EL7E
P iR 10% B = Fh i R 0y IR A R = i
[ BT LASE B 4% 10% F4) P I3 o8 IR e I

F 1 AEMEERIER &G MCYST E g 220

Tab. 1 Effect of different eluents on MCYST recoveries
%
% M MC-LR | MC-RR | MC - YR
Mg | EhfeER | AR

5 91.3 95.4 93.1

10 90.8 95.3 93.0

15 89.5 9.1 91.5

W 20 88.4 93.4 90.2

(H ) 25 86.3 91.5 88.8

30 87.8 90.4 85.4

40 86.0 88.7 84.4

50 84.8 87.1 83.2

70 87.3 92.3 91.3

PRI 80 88.2 92.9 90.8

(HEE) 90 89. 1 94.0 92.5

100 90.5 95.1 93.3

VEBARAL : SolEx — C18 & AHZE O A I AT LA 10

mL B 10 mL 467K 36 1o K bR K BE 2L 10
mL/min (1) 5 34 0 i [ AH A8 BORE iE A7 | R vk 4R, b
FESEEESS | FH 10 mL 10% 1Y I s /K 1 WOVE Ry bk v )
XA it v %) % o R A5 Rk, B33 A 10 mL 70%
80% 90% 100% ) BEVE i 2E BE =R 22 L I —41°F
RS, FFUEMOR 4R € 45 % 1 mL, #EFE UPLC -
MS/MS A, 0 2 finvg [T e %6 5 2R H = 20 52 56 114 3
PIME L 25 L% 1o ] DL, R 700 v R e 5 o g )
Fole 20 B R PR M AR -, T LA ok I 71 3k 426 4 HY
PV TR o
2.1 1.3 LRRR AR

PEFE 5,10 mL/min [ FEFEVETTXT EL, S5 R %
B AR T 28 R ECR A B B 25 5%, o0
2353 Frita), e B EAERE A 10 mL/min,
2.1.2 WM RS AR

H A E A T o i e e 2 R i sh A
B TFA - Z IR+ TRA — KA S © TR
BB, KT OHEFER K AR R, R
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SFGE nhER Dy i AR B JE . SEER R LU
B 2 0. 1% WA T S A S U R BT 3R 1023 88 o
oyl B + 0. 1% WK Ll o 20 = 80,
30 : 70,40 : 60.50 : 50.60 : 40,70 : 30,80 : 20 f
TBIAHLL 0.4 mL/min 305 5566 5 0 1 = 7o folo 8
TR, SRRV S AR v Y L (R G e e 7 R
HH WP TR SR, RN i P JBEE L {51 e o ol o
IR, =M R IR, S e A ik
FHPEE = 0.1% HRIK =40 : 60,
MS/MS #5 &5 Kl S B 2.,
&2 MS/MS S FRMESH

Tab.2  Detection ions and collision parameters

TR

g B e BRI TRT Dy mpes
min (m/z) (m/z) eV eV

MCYST -LR | 2.19 | 995.5127.1 |135.0"| 82 72
MCYST -RR | 2.52 | 519.9103.0 |135.0"| 52 74
MCYST - YR | 2.81 |1045.2135.0%213.0 | 85 70

W ONERET.
2.2 FiktEge

R B 0.5 1.5 ,10,50 ,100 300 pg/L 1)
MCYST - LR \RR YR #rfEflf FH WAL 5307, AR 48
S B T (14 M 7 TR AR A X 7 e B R A T e v [ U
1£0.5 ~300 wg/L JuH N =Fh MCYST ¥ HA R4
Ltk (r® >0.999) , = Flf 4% 7% £ MCYST - LR,
MCYST - RR MCYST — YR (446 1 FR (3 £ 504 L Ak
85 23092 0.015,0. 05 0. 1 pg/L; € 5 BR (10 1545
M LA 440) 43312k 0..05.0. 17 .0. 33 pg/L,

FEZS KBRS 10. 0 g/ L =Fh il i ag R
RS PRI, #5290 7 sk A7 MR st 8% . B
A EEE M E 6 U, A INAR mICR DL & 2
S5 5 (%) FH X bR o O 250 45 SR 2R B MCYST - LR,
RR YR —Fi i B 2 b [ 43 531 2492 8%
96.3% 94. 8% , I 7 45 L ¥ AH X b Al 22 53 501 by
3.1% 2.5% \2.8% , J7 ¥ WA B FORS % B 445 &
SRR HTIIER
2.3 ZEREERNE

2017 43 H—10 JHAE], i R A4 RAE K
TN 0.5 m (7KHFE, X AR AT R SR AR AR 7K AR By A i
F2B] MCYST - LR K ik JE %5 5 , MCYST - RR ¥
Z ,MCYST — YR ¥4 45 i ; Hob MCYST - LR 144
3R AR K R IT B KR K 1,43 pg/L L8575
¥ 2.51 pg/L S FHKIEK 1.77 peg/LOWLE 1) .

1al B MC-LR
1} B MC-RR
2ot
=T8]

30.8F
@ 0.61
K04

3 4 5 6 7 8 9 10
Ay

a. AR AR IK

B MC-LR
@ MC-RR

W/ (g1
COO = —

3 4 5 6 7 8 9 10
A 1%
b. 5Tk

25l BMC-LR
BMC-RR

3 4Il é 6I 7 8 9 1‘0
ViRV
c. LRI Y
Bl BRERBERSRRE
Fg. 1 Concentration of microcystin in different sampling points
2.4 ARIZEBRBRXIEL
GOREELR Y A A R A R VA A

PUT 2K BR MCYST iy E 2342, X5 AL B 5 ik
FITREEAL 5 3k K Ff MCYST &5 4 4703, 45
RUNE 3 PR

3 EMIZERELBIZHEERNLEHRIL

Tab.3  Comparison of treatment effect between conventional

and O, — BAC process

TiH AL 7 TRBEAb 7

BRIy 3 170 174 | 176 | 175 | 1070

(pg-L7)

AR 16,93 | 0.95 | 0.92 | 0.08 | 0.04 | 0.03

(pg-L7)

B/ % |46.2446.93 |47.13[95.45[97.71]08.24
FHERR % 46.77 97.13

/% |53.76]53.07]52.87| 4.55 [ 2.20 | 1.76
TR R % 53.23 2.87
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e DGR T B A B K i R AL B AR B Ak B
(g MCYST [543 5 46. 77% 1 97. 13% | IR JiE
AEFR T 25 AT E s S bRk IR g i e i
3 it

O [FEAHAEEL O A i/ oI R T
R A AOK AR i e R & i, oA POl R
R AT R B S FYE R SR

@ WA AT K ARSI 2 B, B i e e I
TRAR2Z B [G) R BE 1 i pe i R 15 e, Hovp MCYST -
LR ¥ ¥ B 85 5 , MCYST - RR %, MCYST - YR
KL R 8 H A3 45 R s K R MCYST (1)
JEE T WHO #UE IR T 1.0 pe/L A FRAE, & XA
At AR B JEW , 92 T LA EE AR

@ SRR, R AN T A R BR
BEF LA AL T 25T R 8%, B R Ah 3 RN R 3 Ak B 2
B R0 H 46.77% F197.13%
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