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BRAFEmPIIMEBHELEY

kBHE fpmE! B ke WRET LR
£HE EZF? x3?
VT T SR A TR A I ST B (T AT AERG IR AT ), T 315048)
TR SR, T 315211)

HOE A T eSO 5 - DU AT K AT IR] 3% (Ultra-performance liquid chromatography-quadrupole-
time of flight-mass spectrometry, UPLC-Q-TOF-MS)J5 i FH A& £z A o 19 A& #2516 &4 (Chlorophenols,
CPs). KM QuEChERS JrikitATaiAbEL, £EFHZE 10 mL LR LHRES &Y S-S B A BUS | BOE ALA T
JA 500 mg Cy5 F1 100 mg MgSO,4 3%3% 20 min, A 5 min #EAT4HL, TR A XK EE T, H 1 mL ZE-K
(L1, VIV) IR IR B, R UPLC-Q-TOF-MS J7 A5l . R Al BEH Cyg 354 (100 mm < 2.1 mm,
1.7 pm) #4738, LLENE -1 mmol/L HYRREE Ry S shAHSEA TR BRI , i AT 8] 24 18 min, 7E RS ik 7
575 (Atmospheric pressure chemical ionization, APCI) . &2t F RAE 19 Fh CPs M ETIEFE . 1R
PEAR e i Y R OR BRI | Rk R0 BT RO F2 B L, 7 UNIFT AP T 19 il CPs R B A 85 4
ZEIRRI, 19 Fh CPs 7E 10~1500 /L e BEE RN OC R RAF (R = 0.991) KRl 5~10 perkg, & HBR
9 16~30 pelkgo 19 Ff CPs FE AL AL, Ay & 3 NIARAKCE Il Eeh 65.7%~98.2% , H PG %
4 4.3%~9.5%(n = 6) , HIARER R 5.1%~9.3%(n = 9) o AT kR TR ETAL AL BR AT 24T A AL D
AISEIE 19 Bl CPs 584203 B, KOS 1RSI, Of HARMERTER . ey . SPEdy, ol ATk ™ dh
ZH CPs 2875 YL 1) [ I 0 A TN 1204, oK™ i (22 2 I A8 R A TR U HR T

SRR OO (- DOBR AT - RATI ] BT s QuECKERS; fild; SmZefbay; wimai

FZALE W) (Chlorophenols , CPs) #1712 FVEAR B | HHARIFZ a0 UL CPs A 19 Fil ,
Py ph U7 ORI B i o0 VR IR 0, ARG U Ut TR0 CPs 20— . 5. =5
W, DO AN 7 CPs MR AETE TR . AR . S RIACRAE TV K R IG5 K e —2K54
SEERR SR AR IO A, AT ERBE rh K A BB AE O HLl o W RIS 7E A IR e s R R R A
PRI A CPs AT 51k B . R RRERFE . I S R & RGP , it B A5 v B
FL NI, ZER A T HGEABOR BRI E AASWRE . 25 [ FE KRB R (Environ-
mental Protection Agency, EPA )Y 2-F KW . 2.4- KN . 2.4,6- —F KM A H W5 A 129 FREAEE
JeIG Y Y E RSB ARAE TS 19 Bl CPs AR5 ASE MBS 5, I F HILE 12877 5 Ep 4
4L IR v = SR A AT 0.20 mg/kg,  PUSE AN L0 B S RS 0.05 mgrkg, —
SRR SR BRI AT 0.50 me/kg® . FRELOFBA AR 250 SHLE A R shAs TR
MR, 7E SR B S FP AR T O T S B A e MBS T, (R 2 2 B i
o SRR (2022 4F ) ) BHBAALAE T 35 & A B LRI 7= i i A o S R 4 H . K (European
Union, EU)MLE (2021/277) , 1654 T B SHERFBEE Y BT . 1R -G Wiy i b 9 BRAEA 15 88 1o
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5mg/kg o HET, KM CPs Y7 2 RR T4 . B g &7 i, 3t HE B9 BR AR L 2 410 T
S LHERRAL S, X oK dlh CPs (R i JOAR SR

YER S & B NEMEZIFI =R IRIEEY 2 —, shZoKkm 2y b N2 E FER AR R
30%, 5 & B WAL, SIPZIK™ A A RRIR I E TR R IRE , T BAEA: ™ F b BAT S AF 2554k
SAEARE " HEFSHT A CPs B9 Tl BKAE TR E Tl /K b o FAK, MK ERBETS Yedh sk T3
K i g | AN TS0 £ P A Age e , DRIt , I JR K ™ it v CPs 23 it A sh 28 I G Ay

EHT, K CPs By )7 A SN 3% B3 (Gas  chromatography-mass spectrometry, GC-MS) M3 Fik
AR - BB 7% (Liquid chromatography-tandem mass spectrometry LC-MS/MS) M50 Rl R il
TRAEEL-LC-MS/MS ¥ 5 1 B0 1) S R AR, K HH BR M 0.2 pg/kg, IR R 80.3%~91.7%. B
Yo ORI R A A GC-MS 77 B 5E T /K77 b 19 B CPs B 75, J7 B2 1735 [l e R
55.2%~125% , K6 Hi FRTE 0.2~0.4 pg/kg Z ], (HIZ77 i 1A BRAL SEBIURERT , O B 2,5- — 5B A 3,5- — 54
KorE . Rz E ARG A GC-MS HESr T 4RA4TH &b 19 Fh CPs BRI 53k, 07 5107
Pl 81.35%~93.48% , R 2 pg/kg, (HIZITIEH 2,4- WA 2,5- — AL AR IMIT
F e e A S P A e ORORE €233 - HR B BT (Ultrahigh  performance liquid chromatography-tandem mass
spectrometry , UPLC-MS/MS )l %& s 9y Y51 £ i v o G0l B LA ER | Inbm MR R 73.2%~108.4% , 78 1 R
M 1.0 pelkge  EIRTTVERYMER MRV % B K REAT 515 G o0 BT R (HZ R H] GC-MS Al /i 75 2207 4=
b, X TEBESE N T S0 A A BB RIRAE A S 2 . AT GC-MS, LC-MS/MS BA REUE R | it
PV 8 R I Ak P T PS5 ARE AN T R B0V AH (3 - DO B AT AT B[R] BT 3% (Ultra-performance  liquid
chromatography-quadrupole-time of flight-mass spectrometry , UPLC-Q-TOF-MS ) H. £ #8 = SR AR (63 5 55 43
BT BRI AL BRI PR AL & W NG B o0 i A T L& A — . G0 R SE iRt
PRI I B TR 2 PRSI LI P 0T LA s 75107 DT S B4 & 0 A DR s e A Bk b7, 3 T
52 2 A N B ST 7E TS Y I AU AT R A 22 R QUEChERS(Quick . Easy .
Cheap . Effective. Rugged. Safe) ZiT4F4 E PR - 5o & ke > iy —Fh T4 7 b RSy DU i) bRk AR ot iy A
AR T B 22 IS T K7 T S R B A T2 A T A B B YRR TR 2 1 8k
QuEChERS Jr ik ikl Jy B, i 5 B AR O PA M EE 207 T8 38 hn R 5 A >,

AWFFEHET QUEChERS b BIH AR 5 UPLC-Q-TOF-MS J5 37 T —f T LA ] p Bty 1 pay
19 F CPs 1771, Al 7K™ i v CPs B BR S AR LS S A b A5 A it 1) B i e g ik 7 5%

1 SCIGER

1.1 {F5HH

SYNAPTG2-Si # 8 B (- PUARAT AT IR B (X (32 [ Waters 22 ] ) 5 ME204E HL7KF- (b
SR Z ARG AT ) ; Heraeus Multifuge X 1R #53#v% YR EL O AL (T T i A oL TR R
Fl); KS-300ET A E s Pebl (THAHE B A R F ) 5 Vortex 3 H Shilieim 1R £ a4 (P8 TKA 22 5] 5
Recko AH-20 4 [ 3l J5ea (A RHENR) .

NG MEEM TR O (1S AL, 2 Merck A F]); WMREL . PRRENFIZEZRIKMEIK (= 99.99%,
A SRR A IR T ) o 19 B CPs FRARPRIEM, : 2-5 %515 (2-Chlorophenol , 2-CP) . 4- 7K
(4-Chlorophenol , 4-CP) | 2,4- &3 (2,4-Dichlorophenol , 2,4-DCP) | 2,6- 54 A} (2,6-Dichlorophenol ,
2,6-DCP) . 3,5- 4 M5 (3,5-Dichlorophenol , 3,5-DCP) . 2,4,6- =5 &} (2,4,6-Trichlorophenol , 2,4,6-
TCP). 2,4,5- =8 &M (2,4,5-Trichlorophenol , 2,4,5-TCP) . 3,4,5- =5 KM} (3,4,5-Trichlorophenol ,
3,4,5-TCP) ., 2,3,5,6-WU5 M3 (2,3,5,6-Tetrachlorophenol , 2,3,5,6-TeCP) . 2,3,4,6-PUGE &K (2,3,4,6-
Tetrachlorophenol, 2,3,4,6-TeCP) | 2,3,4,5-PU5A M (2,3,4,5-Tetrachlorophenol , 2,3,4,5-TeCP) . TL5
(Pentachlorophenol , PCP) | Iy T [ V3 23 B AR R AR IR 45 FRA 7] 3 3-8 2K 8 (3-Chlorophenol , 3-CP)
2,3- "KM (2,3-Dichlorophenol , 2,3-DCP) . 2,5- 54} (2,5-Dichlorophenol , 2,5-DCP) | 3,4- A& N
(3.,4-Dichlorophenol, 3,4-DCP) ., 2,3,4- =5 &KW} (2,3,4-Trichlorophenol, 2,3,4-TCP) | 2,3,5- =& &M
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(2,3,5-Trichlorophenol , 2,3,5-TCP) /1 2,3,6- =5 &} (2,3,6-Trichlorophenol , 2,3,6-TCP) , Tt 5t #ik
PHEARAT] SR T 99.7%. 19 F CPs IR A HR1EN: (1000 pg/mL) W4 T 112235 SC i B A A
FRAF, LI (i, filfa | it B0 e (FEhE: (1000 £ 5)g)) T T UM AH
0.
1.2 XWHE
1.2.1 #tRAEE KRB S

19 A CPs ¥ ARAR /B i & ik 09 B4 MERIFREL 19 Fl CPs HUpRARES: 10.0 mgCR5H1 2 0.0001 ¢), HH
PR IT E A ZE 10 mL, FCHS 1 mg/mL B EAARARERE R, T—20 CHBEMELE

19 # CPs WA AR /A ff & ik 69 B 4] WER R 100 pL IR S AR (1000 wg/mL)F 10 mL & &)l
o TR E 2, BRI 10 pg/mL BIREAR , T—20 CHEMRELE .

19 #F CPs A ARE R A P69 BLH) WK 10 we/mL IR SARER AR 100 WL F 1 mL JEEEH, H
F 2 25, B 1000 we/L Y TA] I, AR K 1000 we/L HRTEIE 10, 20, 50, 100 F1200 pL F 54
2 mL APERER Y B 10 pg/mL IR AARERE & 40, 50, 100 1150 pl T 4 4~ 2 mL B93EREHR , 2051
WMEERZE 1 mL, E., 85, 3200 19 fh CPs RS hriERYIMEHIK A 10, 20, 50, 100, 200,
400, 500, 1000 F1 1500 pg/L.
1.2.2 #FmET4bIE

B SRE S 2t Ak | L I EAL B B AR

BRI MEFIFREL 5.00 g ARAFEART 50 mL B0, A 10 mL ZFR 4 g, Y95, 887 15 min, FRL
4500 r/min &5.0> 5 min, WEERTEA DA,

A BT R WSS RS 2254 500 mg Cig A1 100 mg MgSO, B ESLAE | IR IENRE T 20 min, #
755 min, FFLL 9500 r/min Z5.0> 10 min, WEEE FIGW, AR EIE TS, L 11 mL SE-/K(1:1, VIV)IEHR
B, 0.22 pm HHLIERLS , F§ UPLC-Q-TOF-MS #4746

2O ERAFRGE L FIFHA T AT SEER A RURE S EA TR [R] s o) A A £ 2 il a8 BT, B —17
TSRS, T3 — I A IMABRHES, , B RFE ST 3 AEATINRE K5 AECRIE AR [ SRR BRI 7 L T
B E 25 (A RERN S | ek 2 O f0 PRRE A 32 B 3 ik D =X 228 Ff IR L R
1.2.3 {USB[oWEH

&g & A%k ACQUITY-UPLC-BEH-C 5(100 mm x 2.1 mm, 1.7 pm); #E# 30 C; ik
0.4 mL/min; WEIAH A 9 1 mmol/L W EREIAW, B WG, BAEVEN: 0~10 min, 20%-~50% B; 10~
11 min, 50%~95% B; 11~15 min, 95% B; 15~16 min, 95%~20% B; 16~18 min, 20% B, #ifFfHE: 3 L.

Sk AR R RS R IR B AR (APCL) ; B4R S kV; HEfLHLE 20 V;
BRI 150 °C; B FUREE U 80 v I ARLEE 600 °C5 BV I & it 900 Lih; #EFLAR
150 L/h; JESEH, 0 H L 50~600, 2 IEHN 200 pg/wL 22 PR MKMER (Leucine Enkephalin, LE)
([M —H] =554.2615), 0.5 mmol/L Hfiz4H .
1.2.4 19 CPsif &L FERIE T

M Krauss 25 BRI (0 FHAR Y Bl o7 B A . il 19 # CPs ARl (300 ng/mL), ik
7 UPLC-Q-TOF-MS ili5E . 7E APCI#EZ R SR MS Scan KA 04T | il i —H 2100 1 Rl 9y
BSOS AR TR BRI B I E] . SR P MS® K2 MSMS SRAERS, | 18 5o ek 28 Bl %ot By 2 R A AE R A A
B EREE, KN CPs ARIERE F /D 5 83 CPs 35 4, M 2R FH — AR UEA T e o B
Il (37 B A B MR o Sl A Tk A A B I — S B B T RS A PR, S B AL
I FR . TR mol SCHESEIEAS KL, K 41L& 1 B B 40 5 A UNTFT Bof 20 g 2t
19 Fl CPs MYTHAT IS . 19 i CPs SR E . B 705 B 5T i 22 UL FEL P RO SRR 84 ST, [
BF, 75 UNIFT 104 rhise 8 VRS, 37 PR o i
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2.1 wEIEEEFHRL
2.1.1 REHEMERE

FET AR R X 19 Fh CPs MIEIE K RBUERRZM . 4331558 T HEE-K . ZE-/K S s in
AR B 247K (0.001% . 0.05% . 0.1%) FTHIFREL (0.5, 1. 2. 5 mmol/L) 3t SRR Z X5 H bR B3k
MR . Z5RF R OG- KR SRR R | [RIE 7K AR oA B R EZ T, 19 Fl CPs TR R4 BRI
B THEmSIAER R AIEEEXFR . (R BN ERE . i —20% R S I A T 2 5% 4 R 3k
B, Bl H Rk BE RIS, 19 F CPs BT 2 BRAYIETE H B0 T N [RIRR B2 A S 4R 152 A8 | (HL R AR 5 Bt HH R e
IO T HE 5, 76 B R B A 1 mmol/L I, 19 Fh CPs AYIETEXIFR . 4388 BEARUT . RAEUER .
I, A IE B 2% FH 1 mmol/L H R - SR VR M i AR A 76 BE VR R o
2.1.2 ®wEIgHHEL

g BT B 25 TR 0 I 3R 2 I W10 B SCR AR BRI ] o SRy 3845 S 00 B RO AR e
()53 B Bf 1], [RI AP AR A 19 Fh CPs B S5 4E i, , >R TR G AR VAT, U3 T [A]—#EA% (100 mm x 2.1 mm,
1.7 pm) 5 L6435 4 (ACQUITY-UPLC-BEH-C 3. ACQUITY-UPLC-BEH-Cg il ACQUITY-UPLC-BEH-
Phenyl) % 19 Fft CPs (73 BRI . 25 FH, 19 Bl CPs 7E Cyg (S o3 B RCR 4T R B XTFK 5
7 Phenyl I Cg tA 3 rhr | 6 Fh — 5000 A1 =S W3 ¥ R A5 2 58 2243 88, IF HLAAA B 28 i O B e a) o B AR Js
B BEIN T A E] o 25575 R A0 A O B RRE RN 3 B 8O A R 2R ARFSE 26 T 100 mm 119 C g (354
2.2 RIBEHHMRKL

H1 CPs BIS5 R K SCRR AT 1, CPs 143 R I 8 7 R AR 0T 8T 19 Fh CPs 75 SYNAPTG2-Si
UPLC-Q-TOF-MS R HHLM5%5 (Electrospray ionization mass spectrometry, ESI) IS A2 H B i
(APCY) i B T N B TR, 25 53R W 7F EST L&A, 4-CP. 3-CP. 3,4-DCP. 3,5-DCP,
2,4,5-TCP. 2,3,5,6-TeCP. 2,3,4,6-TeCP. 2,3,4,5-TeCP Hl PCP [ 7 fUEE 4w , W W A (H AR 10 Ff CPs
I ARG . 76 APCT HL BB R | 2,3,5,6-TeCP, 2,3,4,6-TeCP . 2,3,4,5-TeCP Fl PCP Z5 1 7 £ 3 W A7 [
15 1 19 Fft CPs [ 10 580 3 FEARAE ] — /K | IR T e e 455 LA APCT B B A b TR 4 . 4k J5 G 19 Fif
CPs M S B T ok DA 1,

20F

o — —
o0 ) =)
T ] 1

Intensity (x 10°)

=
EN
T

0.0 .

t/min

1 19 FhG (CPs) I S ES I ik &l

CP,*%%%(Chlorophenol); DCP,:%%%(Dichlorophenol); TCP, ?%%%\(Tﬁchlorophenol); TeCP, PUZZKMES (Tetrachloro-
phenol); PCP, fﬁ_ﬁm(Pemachlomphenol)

Fig.1 Total ion chromatogram of 19 kinds of chlorophenols (CPs)

1,2-CP; 2, 4-CP; 3, 3-CP; 4, 2, 3, 5. 6-TeCP; 5, 2, 6-DCP; 6, 2, 3, 6-TCP; 7, 3, 4, 5-TCP: 8, 2, 3, 4, 6-TeCP; 9.PCP; 10, 2, 3-DCP; 11,
2,5-DCP; 12,2, 4, 6-TCP; 13, 2, 4-DCP; 14, 3, 4-DCP; 15, 3, 5-DCP; 16,2, 3, 4-TCP; 17, 2, 3, 5-TCP; 18, 2, 4, 5-TCP; 19,2, 3, 4, 5-TeCP

2.3 HmErtEMRK
Z & FFH GC-MS A1 UPLC-Q-TOF-MS A& 19 Ff CPs B, HFrAb B 7 vk A9 5 2 X 7 T = A Ak
e, THE AL FAEBRAR ] , DRI, AR A8 B TR S A a1 (LB Ik R | 3RI0y 2 K e kel gk
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77t BB 2/ ZWaVE A EIEFINGE A GC-MS 3T A 4 UPLC-Q-TOF-MS Z3# , RIHAE S 78
RWGE TR ZIE-K (11, VIV IERIEATE R E I
2.3.1 mkEHEL

5 e AT AL PR FE A I — 2 K G, I F5 BRI R B BR KSR R A T KA S5 7 LR R
FUTE G532 SR TN AR, K38 T A 3 S50 i BEBIRR B AT XTI 0 , AR5 48 T R Rk
XTI 19 Bl CPs RS2 (FET-ROCS SCHREE B S o FEAIK RSO T , 43 5Iashn o, 2 A
5 g o7k NapSO, VEAERAKFN s ZEMKEOL T 20 BIREHC 1. 3 15 mL Bk 2 00 B AR BUs R
(R, He P ER AT AR A RIS AT FH 20531k 3 g NaCl il 5 g MgSO,. &5 HF M | 7ERE A /K AN 4K 51
LT, 19 Fl CPs BRI R 60.5%~79.3%; 43 INA 2 R 5 g BRK BT, 19 Fl CPs (14 IS 25351 Ry
57.9%~76.8%%156.9%~75.3%; 43-AIMA 1. 3. 5mL/KEF, 19 F CPs (1 H 350518 51.3%~69.9% .
43.6%~75.7%H1 45.7%~70.8% Z5 L AT, FEREAS 7K WAS IR AKFIRT , 19 Ff CPs 59 B354 60% LA
T T I O A BB S A RN A 40%~50% , 41 2,5-DCP 1 [BICE Hy 43.6%~52.2%. AN, B
9K 2,3,5,6-TeCP. 2,3.4,6-TeCP Fl PCP fEFR I 3 mL 7K . 3 g NaCl F1 5 g MgSO, I [FISCR ik B 5 i, 43 3 M
72.7%. 69.5%F1 69.6% , {H H T W2 A [l e3R8 T BEAS IR A I B 74 700 Asf A [ i o3 Ak~ 1 s s 2
IEHPRAS . ZEA5IE 19 i CPs 1Y IR AR IFSE SRR A SR G R P BEAS K A B K 541
2.3.2 EEAXHML

CPs AR O 30 3 B B A R BRI . IR [FIVRR 12 20 BB Il 38 70 2 s vk 128
Hop RICEEBUNRCR I & (Ha PR | PR (R FLSEPRISAER, — AR MR o s ) 2 ik
VA E SR, SRR, ST B AT bk | Rl T REAR G R SHE SR TR A e TR A A
WF9E %52 7 $4)% (8000 r/min, 30 s) . #HESEL(3000 r/min, 60 s) FHEFHEEL(40 °C, 15 min) LSS 3R
B 200 19 i CPs $EBCECR 52 . W& 2 FirR |, R IR EdR% 5 M 75 A AR 45 A 0 7 U Ao Ry vh
19 Ff CPs ], 2-CP 1 2,3,6-TCP BY BRI, 73370 38.1%H01 42.2% , H4r CPs IR HTE 50%-~
60%; R FHIITLE A A LI, 19 F CPs (ISR REIR S 60% LA Lo PRI, ARBIFST e 2 B i 5
P B A IO 25 6 1 5 RS B A PR R i 19 B CPs.

100 — 1 Homogeneous-+ultrasonic
90 B [ Vortex+ultrasonic
80
70
e 60
] -
>
g 50 -
>
2 R
g 40 |
~ B
30 -
20 -
10
o Ll
AL A A A A A A A A A A AR A A A
U@ O 99 L O L 0 UL W O 8 8 OO
A¥doddogageaEeRase A
IR T R TR A - T A S N B B
SR AR A N U S A S B B VS S
L I A A RS A
NN N

K2 RO 19 Ff CPs [BICR AR

Fig. 2 Effects of different extraction methods on recoveries of 19 kinds of CPs

2.3.3 H{atiEMMmL
TEARFSE LRI TAE S epr | Vel ssd R A4 32 R A I 18] 43 51358 B 30 1 15 min, % JEF7E it
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FE SR AN S A B ] A sE M ARSI ROR, PR AR IR S8 6 AN [R5 B B (10 . 20 AT 30 min ) #6471
DA (I 3) o SERERE A2 10 min FR35 5 B9 RIS 38 R AIG , 87 30.4%~46.9% . Fifi 5 935 B[R] 4E
K FER T 19 B CPs 1 [RIBCRA B A1 (e 3 (0= BRI 5, IR 3% 20 A1 30 min A 5 [FISCR L5 525 57
K R, AT 2 REAEFIER Ao IR B £ BE 2% 1, AR 7 B B IR I 18] 4 20 min,  IEAh  ARBFSEIA %
T AFEEABFEN(0, 5. 10 F115 min) T CPs Ay [RI , 55 5K B, AS [ 75 B[] F [DScR i 22 BIAS
KAHSEH A XS 19 Fl CPs (9 DSR2 M 8K (B RMUOCE SCHHR EE S2) o BRIt ZEAS S M Al 24
TIF2 T 2RI AR AT T AFSE R 5 min AR B TE]

100 —=1 10 min
L I 20 min
90 | [ 30 min
80
70
£ 60
E, L
S 50
o -
2 40 i
30
20
10
0
¥
[
O ©
IR ;’
o ¥
~ &

K3 AN[EHEZ R 19 # CPs [ 381 5200

Fig. 3 Effect of different oscillation time on the recoveries of 19 kinds of CPs

2.4 ERMMEZE

SRR (Matrix effect, ME )& 1 BAR LAY 55T PR THp s frd B =42 W Finlk
U 0 5 B 11 A2 R S B ity | HEE BN S S R 215 e i B 5 [ A 5 i B i o), DTS i 225
AR PEDY . — BT, ME=1.0 ER AELERERBN ;3 0.8 < ME < 1.2 553 A0, — ik ol L2
MY 0.5 < ME < 0.8 5% 1.2 < ME < 1.5 P RALIY ; ME < 0.5 8% ME > 1.5 3R . R 2
F 25 I AR 750 e ot A [ %) 356 o DG T o YRR b o R, RS ISP P S 4 0 o 8 4 i o i
(B) -5 4 701 F- 24 e i R Ay i 1o (L (A) =22 FLRAE L O (X 1) -

ME -5 1)

AHIF SR AS A AR AT R BUSON PAN , 45 2R 3R B, 19 B CPs 19 MEs 4 0.64~2.42 % 1 3 i —
AW 2,4,6-TCP . 2,3,4-TCP AFEIE TGN Z A, A A fAAE rh ARSI RN, , AR 2
P 5L 4 AR, ) 2 J DG P o Y SR T SR BE TN, o AR | XA [ b 28 T %o I ) 38 S ss g 154 T 1 2%
G, I IA]—Fh i FE Ak A5 AR AN ] #0028 22 i) 1) 25 S50y A 26 A8 K, 35 R DL L WO SRR MR B3R 2.
B, 7E S BRAS I S 2 v T X A A 22 ) A R A T L AR 35 B — ol £ 2 o R T ) 32 5 D B o
2%, IR R AR
2.5 FAENZEEE. RHRFESR

FIHZS LR ECH] 9 BB E K (10, 20, 50, 100, 200, 400, 500, 1000 F1 1500 wg/L) 3L
JEEVCRCIE G FR il TARW, LAMREE (v, wg/L) i Aebs LA BARS T I R (y ) A bR il T4
Mk, & Bhsfb & P7E 10~1500 pe/L M BINEMESC R RAF(R? = 0.991) , 26k mA J7 BRI M C R ECH
0.991~0.999. LA 3 5 {5 ML (S/N)FHAASF 2K HIBR (Limit of detection, LOD) A 5~10 pe/kg, LA 10 f5{5 M1
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P45 5 FEBR (Limit of quantitation, LOQ) A 16~30 we/kg(FETIUCR HE H % S3),
2.6 MARENRARIEERE

T ] 25 R AR BRI 3 A [R1HR BE K- 09 CPs AR, Wk B LU CPs RYE SR 1, 2
H110 580 5E (i 16/30 wg/kg; H1: 32/60 pefke; F5: 160/300 wekg) , 08 1.2 15 P TAHE5 FESEA IR, 45
AIARACFEIREA T H N SE: (A 6 U0 A H RIS (545 3 d, BEREA 3UK0) . SR ILHL T IROCR SCRF
R S4, KL AR IR R 65.7%~98.2% , H NG % (Laboratory  relative standard deviation for
repeatability, RSD,) & 4.3%~9.5%, H [H]}5%% & (Laboratory relative standard deviation for reproducibility,
RSD,x) 4 5.1%~9.3% , 25 RIGFFG 5k F BR
2.7 5HEFENLE

AL T T QUEChERS-GC-MS J7 k3880 T X} 7K 7™ i H 19 Flt CPs (A 4347, {H & 2,6-DCP
F13.5-DCP AU RER LI5S ™ BTt DAL AT AT L AR TR T A k. S AT Y 19 Fi
CPs (RGN H AR o (HLFRRUCR SR B3R S5) , A7 25 [ GC-MS Al A iy i b 320 B 7 50 HLE 5
Rk, 19 B CPs £ 10 min Z A BRI 58 5%, KORGRKE 1 AT 8], 107 EL 19 Bl CPs AYUESE REAS 423K 73
FF IR o TR, A ik 55 v 7k W45 O e 7 R LC-MS [N A2 4740 i b 19 b CPs ARSI AR
HALE , BA ARG R
2.8 SKEREERINE

N T RUEA T AR S PRRE S ROR SR IR0 RIA R 6 MR [F fae (rly i, fiffn | BRAfR
A S5 ) EAT AR, 25 R R A — (W fa A — iy SR A0 R A I T 2,4-DCP, S 2050 o 19 Al
17 petkg, HARBIAEATIARALH CPs,

3 #it

ARWFFTH S T 5T QuEChERS Rij4b BT B 454 UPLC-Q-TOF-MS [ il & £ 20 5 19 #h CPs 19
Tk 5HBICA NIRRT B AT AR LA BE 5V (a8 ARSI () JE, B2 = T RE R TR
AJSEIR 19 Fl CPs B R0 B, LU 5 FIRS 2 B 106 JE 5 VA 20oR ko™ b rh B 2 Ak G i Aol A1
TIES% . IR ARSTT R E B2 T5 G WITE K 7 it b ) e i s A R AR | DA Al e 7 i A
FETKT 25 G ) (43 P = AR GRS | () It Ay £ it 2 SR i A ) i H R 3%
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Simultaneous Determination of 19 Kinds of Chlorophenols
in Fish Samples by Ultra-Performance Liquid Chromatography-
Quadrupole-Time of Flight-Mass Spectrometry

ZHANG Shu-Fen', XU Xiao-Rong', MU Ying-Hua'?, ZHANG Ai-Zhi', XING Jia-Li",
SHEN Jian', MAO Ling-Yan', WU Xi'? LIU Yu'?
'(Ningbo Academy of Product and Food Quality Inspection (Ningbo Fibre Inspection Institute),
Ningbo 315048, China)
*(College of Food and Pharmaceutical, Ningbo University, Ningbo 315211, China)

Abstract A method for simultaneous determination of 19 kinds of chlorophenols (CPs) in fish samples by ultra-
performance liquid chromatography-quadrupole-time of flight-mass spectrometry (UPLC-Q-TOF-MS) was
developed. The samples were pretreated using QuEChERS method. Exactly, the sample was ultrasonic
extracted by ethyl acetate, and the supernatant was concentrated to near dry by blowing nitrogen after purification
by Cjg and MgSO,. Finally, the UPLC-Q-TOF-MS in the negative ion scanning mode using atmospheric pressure
chemical ionization source was used for on-machine detection. ACQUITY UPLC BEH Cjg column (100 mm x
2.1 mm, 1.7 pm) was used as the chromatographic column, and the mixture of acetonitrile-1 mmol/L. ammonium
formate at the flow rate of 0.4 ml./min was used as the mobile phase. The column and sample temperature were 30
and 20 °C, respectively. The acquisition mode was MS scan, and the detection spectrum library of 19 kinds of CPs
was also established. The results showed that the linearity of this method was good in the range of 10—-1500 p.g/L
(R*=0.991). The limits of detection of 19 kinds of CPs were 5-10 pg/kg, the limits of quantitation were
16-30 pg/kg, and the recoveries were 65.7%—98.2% with the relative standard deviations of less than 10%. The
matrix effects of 19 kinds of CPs ranged from 0.64 to 2.24. The method developed here was of great theoretical and
practical significance for control and management of residual level of phenolic compounds in aquatic products.
Keywords Ultra-performance liquid chromatography-quadrupole-time of flight-mass spectrometry; QuEChERS;
Fish; Chlorophenols; High throughput detection
(Received 2022-09-05; accepted 2022-12-28)
Supported by the Fan-3315 Innovation Team of Ningbo (No. 2018B-18-C), the Ningho High-Tech Elite Innovation Team
(No. Yonggaoke[2018] No.63), the Zhejiang Provincial Department of Science and Technology Public Welfare Technology
Application Analysis and Testing Project (No. LGC20C200003), the Natural Science Foundation of Ningbo (No. 202003N4196), the
Science and Technology Plan Program of State Administration for Market Regulation (No. 2020MK117), the Science and

Technology Project of Zhejiang Market Supervision Administration (Nos. 20210140, ZC2021B060) and the Public Welfare Science
and Technology Project of Ningbo Science and Technology Bureau (Nos. 20215194, 20215193).



	超高效液相色谱-四极杆-飞行时间质谱法同时测定�鱼肉样品中19种氯酚类化合物
	1实验部分
	1.1仪器与试剂
	1.2实验方法
	1.2.1标准溶液的配制
	1.2.2样品前处理
	1.2.3仪器分析条件
	1.2.419种CPs筛查谱库的建立


	2结果与讨论
	2.1色谱条件的优化
	2.1.1流动相的选择
	2.1.2色谱柱的优化

	2.2质谱条件的优化
	2.3样品前处理的优化
	2.3.1加水量的优化
	2.3.2提取方式的优化
	2.3.3净化时间的优化

	2.4基质效应考察
	2.5方法的线性范围、检出限和定量限
	2.6加标回收率以及精密度
	2.7与其它方法的比较
	2.8实际样品测定

	3结论


