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¥ OE: BHy aA-rshiee i b IS B2 44 (pentachlorophenol sodium, PCP-Na)¥% £ (1) i 50 AH (438 SR Bk =
U AT 1% (high performance liquid chromatography tandem mass spectrometry, HPLC-MS/MS )i i 25 43 A1
Tk BE  FEHRH 80% LG KRR, $EBUKZ QuEChERS k&ML | AR A L)L 40%F B E 2 o
PUHE -5 mmol/L Z R /K VS T R VR ShARAER B Ve i, £ Waters Acquity UPLC HSS T3(2.1 mmx100 mm, 1.7 pm)
AL B, ISR 45 F 55 B AR (EST) . £ [ Wi (multiple reaction monitoring, MRM A% 2 & 14 1
R, R OFIEEMEEEN 0.3~20.0 pg/L(>0.999), X T & ERNYITER S, ARHIE N 2.0 pgkg Hl
10.0 pg/kg B ERTE L Ry 68.5%~99.3%, AHXIFRUEMZE A 1.7%~16.2%(n=6). FHiEFr R} 0.1 pg/ke, =&
M 03 pgkg. S8 ASTrAESATTA IR | R, RGN RBUE R . REREELE, & TR S R A
it HH R SR R Ak ke B 1 DR B A 43T
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Rapid screening analysis of pentachlorophenol sodium residue in foods by
QuEChERS-high performance liquid chromatography tandem
mass spectrometry
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ABSTRACT: Objective To establish a rapid screening analysis method for pentachlorophenol sodium (PCP-Na)
residue in animal-origin foods by QUEChERS-high performance liquid chromatography tandem mass spectrometry
(HPLC-MS/MS). Methods The sample was extracted with 80% acetonitrile aqueous solution, the extract was
purified by QuEChERS purification tube, concentrated by nitrogen blowing and fixed with 40% methanol.
Methanol-5 mmol/L ammonium acetate aqueous solution was used as mobile phase for gradient elution, and samples
were separated by Waters Acquity UPLC HSS T3 (2.1 mmx100 mm, 1.7 pm) column. The mass spectrometry was
qualitative and quantitative by negative ion electrospray ionization (ESI") and multiple reaction monitoring (MRM).

Results PCP had good linear relationships in the range of 0.3~20.0 png/L with the correlation coefficient higher than
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0.999. For animal-original food samples, recoveries ranged from 68.5% to 99.3% with relative standard deviations
(RSDs) of 1.7%~16.2% (n=6). The limits of detection (LOD) (S/N=3) and limits of quantification (LOQ) (S/N=10)

were 0.1 pg/kg and 0.3 pg/kg, respectively. Conclusion

The proposed method is of rapid, simplicity, high

sensitivity and good selectivity, which is suitable for rapid PCP-Na residue screening analysis of large quantities

animal-origin foods.

KEY WORDS: pentachlorophenol sodium; QuEChERS; high performance liquid chromatography-tandem mass

spectrometry; electrospray ionization; multiple reaction monitoring

1 51 8§

i 51 (pentachlorophenol, PCP) & H:4MEh T 5 B BR 4M
(pentachlorophenol sodium, PCP-Na){E R i34 . BEA 1A HL
SAH, WRMERGE . BRECR . ARM BN, TR
R AU EETIR A RN S TS T K, 4 S R
IKURF S T5 g, I AT i — 2D Y R A S AR i
M. PCP-Na #E A NMKJG#EAL ) PCP, PCP [F] iy HA B Ry
BLE R FEPE, REIH A A A2 vh AL B R AL AR T, 7T
X NARBIIF . B i sl 22 R Ge s i &, JF B SR
FomBERAVER, Ok E PRSI AL F13E E R AR
RS AIB R 2B BRI AFE A A LS Y, TR
FEEM YRS PCP-Na 5% B 1T RES | & W& i 26 £17)
B, 2002 AR BT 235 S, BUE SR
HANAR A i PCP-Nal®, 2018 41 ([ 5 £ il 2 4 W Bl G 5
FEARN (2018 4ERR) ) VHLAE 7 & I S LRI i i PCP-Na
BB A B, 2019 4F 12 H A N RALFTE AL R R
MORATHE 250 S04 s AR I 5 0 24 i A,
e ) B Ak b Xt sh i PCP-Na.

FRTROAE ™) AT Ot | R i o 1k
R A g R I L B B U R B
FFHE . AW B NAERE T PCP L EAER R . 3
YRR EREZEAN. Wi, R WKE, Faam
AT i TS AT T A i ELSE e 23 07 45 SR MERR 1
[EIAH A HX (solid phase extraction, SPE)J5 ¥k 45 1 47 X 1
WL & EEA, AT PCP-Na Al f4F S i
AR, (ELRE A RN TR, i 2 1 AR AR s A 120
QuEChERS(quick, easy, cheap, rug, safe)5 SPE JFHIAH{,
T 3 W B SR EORE S5 AR O e 2% B AR B AR Tk B Ak B
B, (EEE A AR AT AL I S, o R 2 TR
3 KR Z AR RIS AT . ITAEKBEE QUEChERS
TiEEETE R A LA R BE XA [ 28 BURE b QUEChERS i ih
A B, 2 e T R T sh W B A AR
R AR ER20220 0 H R S AR B sh P& dh of PCP-Na ()
QuEChERS #F j i /b BB 5 AR X 4520, AR Wik 400 ST iy
) QuEChERS H¥ i Fir kb3 5 12 45 6 VM (435 = 21 DU FF
Jii 1% (QuEChERS-high performance liquid chromatography-

tandem mass spectrometry, QuUEChERS-HPLC-MS/MS)HF
SR il PCP-Na 5k B A9 P 2 7347, LA4i e
At AL BRI E] | SRT AR A ATAL BRI AR | g At R A it
i 22 R0 LA S SRR 23 A A

2 RS TS

2.1 UESEHF

AB SCIEX TRIPLE QUAD 4000 % &5 %0 A 3% - =
FPUFAT BB, B 2 1260 TR (R
Turbo V™ HL W55 B T-6 . API 4000 % = PUZLAF B
(34 AB SCIEX A H)); GD-16 T i i 20 2B 1 o AN (0%
YIH SR & B A PR/ Hl); ALLEGRA X-12R IR+ A
AR TR = 3 B HL(GE [E Beckman A )); L4 0.22 pm 7K
F Sk A U AR R HEHES 2 50 1 2 A B A |l); EVA32 A
ZIBERE BRI e 41 . UMV-2 B 245 TR IR & %% . PQS-1
A1 QuEChERS # i AiAb BT (5 2B . Eh il fnigefb
B BFRHMGERAT PR A FD)

100 mg/L H G M R AN (A AR ISR AR 3P BT s I )
HEE . ZJEMHPLC %%, 1% Fisher Chemical /A w]); W& .
L PRER(ZEFE 98.0%, HPLC %%, fE[E CNW AwHl); =20
(G, 254 E AL FR R A BR 2 A, 5258 K (R B
#>18 MQ-ecm™) 1 Milli-Q 2Kk & Hl %, WHBH; 7
WIGIE S g N . W5, i EMA I E
MbtE T, AR BT 2018 4F B dh 78 & KUK
W E .

22 KWK
22.1 HauiRi

200 g JE A, A BRI PIRE S, ZRERARER FHEE
4y, HAYBT RN S FI 4120 S 2 SO iR 24 50, XS 26
#HTA, BREEREF R, S UNRA R EE
WRE . FRILAI RS IAE 2.00 g HHE 001 @& T
QuEChERS 8BS 1, HEFMA 20 mL 80% L /KIFW G
KL HERIR SR RIE 2 min, FINAZRL(ETOKIRRR
WAGEARAN), FRERAZEIEIRIRA SRR 2 min, FLL
5000 r/min., 4 °CE.L» 5 min, W4 FiF®% 10 mL F
QuEChERS 4k,
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222 HanAie

P A B BOR Y QUEChERS b4 B T 24 iR iR
A R4 2 min, 5000 /min, 4 °CES.0» 5 min J5HE 2R
AL R 15 mL BIEELOE T, BT 50 °CKIR KA
SR TFWHEEITT . FELL 40%I00 B B /K I I T8 T e ik i
FERZE 1 mL, £ 0.22 pm 7K R HALIER 18 2R S
VE SRR il A 2
223 IARW&KATER B S

B 4 100 mg/L i PCP-Na FRifEfi# #577 1.0 mL
F 10 mL i, AR EE A E 28, SR E R
10.0 mg/L 1] PCP-Na ARV, FHHL 10.0 mg/L PCP-Na %
7 1.0 mL T 40%H E/KIERELE 10 mL, S3KE N
1.0 mg/L () PCP-Na b i (i % 1R, Y& T 4 °CROGA IR
fEo TEF 40%H B KRR 1.0 mg/L bRl T,
e B LA R B ) PCP-Na FRUEA R R F1: 0. 3. 10, 20, 50,
100. 200 pg/L, 4 °CHEGISHARAT . FRIUAMERE S 7 47,
By 2.00 g, & b RAE b Ab PR kb BRAS B A 1 VAT,
W B R A v RV I R H14% 100 ul, SR FHZS 2 R IR W
EARZE 1.0mL, FEMWE R0, 03, 1.0, 2.0, 5.0, 10.0,
20.0 pg/L WY EEFTVCFCARE TAREEWE, 1T L 40% M BEK %
WA 2 1 o Vs VR T )k AR TV W R 1
224 &R

(Ot

354 Waters Acquity UPLC HSS T3 3% 4£(2.1 mm
x100 mm, 1.7 pm); FE#R: 40 °C; Wsh: HE(A ).
5 mmol/L ZMRE/KFEWB M), BAEEREFWT: 0~
1.00 min, 40%~100% A; 1.00~8.00 min, 100% A; 8.00~
8.01 min, 100%~40%; 8.01~12.00 min, 40% A; ¥ i :
0.3 mL/min; #FEFEHE: 10 pL,

Q)i 5%

LTS5 B R .t B (BSTL), 2 R g
(multiple reaction monitor, MRM#=; #F1LHE: —5500 V;
F AL I (nebulizer gas, GS1): 55 psi; 4 BIS & /1 (heater
gas, GS2): 55 psi; S AT A Ji(curtain gas, CUR): 25 psi;
BT +550 °C; RlEfES BB (collision energy, CE):
—75 V; 5% 8 JE (declustering potential, DP): —50 V; filffi#ith
T H [ (cell exit potential, CXP): —5.0 V; & & & FXf
(m/z): 264.8 >35.0; TEMEE FXF(m/z): 267.0>35.0, 263.1
>35.0. 268.8>35.0,264.8>201.9,

3 HBR55H

3.1 HPLC-MS/MS &4tk
3.1 E#EFRA

Waters Aqcuity UPLC HSS T3 a4t DA i i J2 ik i i
hr IR, BB 32 T AT 100% K AR sh A, Stkis
HHAHLN T4 PCP-Na RS, TGN T

Waters Aqcuity UPLC HSS T3 #:5 Waters Aqcuity UPLC
BEH C s 1%t PCP-Na i 43 B8R, 7K PCP-Na 7E HSS T3
O ERE MR, L AE BEH Cog A 15 38%. ILAh, 2Rk
FIIA P32 5 B W 25 88 FL B 74 PCP 9B F1b
R, BRI Y R H -5 mmol/L 2 BREVA N
FEIAH . Waters Aqgeuity UPLC HSS T3 A kE 43 25755 19
PCP-Na WEJE 2 ZR4, (R 83 I A A3E .
3.1.2 R HHRA

PCP Z5Hyrh T3k, WAL G, Hmiss
TR T A A O ) T 48 v BT e N o SCR R 1B
PCP A ke LB L5, PCP B T 7E R % (collision
cell, Q2) P A MEREATRE, HRAER T AR5 44, ESI T
# 100 pg/L PCP-Na HIEEAR LA 10 mL/min f9 380458 1 3
S E A B R GE i TR F 2 il (precursor ion scan,
Q1), PCP 155 54> CLELF, CLICEAT *>CLA7Cl B[R] {3z
R, OET R RS — R A%, R R R R
(declustering potential, DP)FI A I H J% (entrance potential,
EP) X} 36 72 i 5 B8 73547 F B T (product ion scan, Q3)4H
i, AL AE B (collision energy, CE)FIAliE It i 11 e i
(cell exit potential, CXP),PCP 4T 2544 #1554~ C1JR ¥, Cl
JLEA PClA TC iR R, AR 264.8 > 35.0
e E BB T4, 267.0>35.0, 263.1>35.0, 268.8>35.0
Hl 264.8>201.9 VE A& FXF, R 2 50 M A =Xk
17180 R R I, PCP-Na YR i 22 J2 1 W il 3% P 4n
1 FR.
3.2 QuEChERS # @It
3.2.1 RIEAFMRAL

PCP-Na 5 F7Kifi PCP B T A MR, —BR A
i Vs YA L 9 P Ry SR R B R
PCP-Na, ##BURMILIE HAM BRI 2L PCP JEAAFLE,
TS EOR B AL 4536 2L PCP-Na JERAELE . 5 BN
FIFHE, NG HEEG AT TR 5, BE5E 4 5L 80% 20
1% H R 80% ZME R 5% = Z I H) 80% 2 MR BUA
KIS T AFERI XL PCP-Na 4RI, 4585
7R 3 FMRBUATIXT PCP-Na WIHRBGHCRAILL, nRE S
PSR PCP-Na t 438 L PCP AT 277 WA T ] 0k v ik
FE IR A 06, NRIAERE, EHIELL 80%Z VA
ECRE AL ) PCP B HANEL PCP-Na, #2BUA ] 25 BR
TREREAFIN A 4y, 0T IVTIERE S R E A RS, BT R
SR E T
322 AAbEtkAL

st h S e O OREE  ENRER Z, X
CTEAT: (14 55 FH 3t ARG 0 245 2R 1 T 5 s g o N 3
Z. M (primary secondary amine, PSA)REH R K BRILTH
BRIy, ORRITIR . RARME (LR RO EE, Cg X 38
B K B AN B ST SR IR A o ASBFFELL PSA Hil Cig iy
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Z 2
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8‘ % 1 L 1 1 1 1 1 1 1 | 1 AI ] 1 ] 1 1 1]
0 1 2 3 4 6 7 8 9 10
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o 8
= 6
2 4 264.8>201.9
o 2 . T
0 r T T T T + T T T T T T T T T %
0 1 2 3 4 6 7 8 9 10
i} 1) /min

Pl 1 PCP-Na SRAEI 2 S e il i 4]
Fig. MRM chromatography of PCP-Na standard solution

W BA300 2 B A [m] £ i BE BT i TR 43, TRl QUuEChERS
VAL RS TG K B R B DA IR — 25 2 PR R OB R K 4,
T 5 S A T A R i b 2
323 ARBLH K

L 0T UG PO AR o D R R S RIAR A ARBR 2 LR
FEFR T, ML TAE 0.8~1.2 YU YAl Bk
LI/ IN . DL 40% H B I IC Ik 4 0. 0.3 1.0, 2.0,
5.0, 10.0. 20.0 pg/L 1y PCP-Na prifEVEWE, 1EpRUERIZE, [
ik LA ] e 2 1 25 T DC AR VS VR R AR T AR MR, 6 2%l
RARNEAE RBII KT 0.995, HILFHFIE 0.8~1.2 JE
M, FHAR A QUECHERS ik Jr X BE A S BRIL TR .
33 FHAERNZMTEE. WHRMESR

FERAL B SE 50 A5 1 F, %o 36 5 DC IC b v VS T 2R 41
(0, 0.3, 1.0, 2.0, 5.0, 10.0, 20.0 pg/L)JEFEAHT. LA
0,7 W M 7 ) U TG FRCA N AR A L R PCP Ve B Oy i A A
YEE, PCP 7E 0.3~20.0 pg/L i i i [ 4 HA R G2tk o6
F, MRRECH 0.9993 38 1L 5 &7 ARSI bR v BE 1 Ip ik,
PL 3 515 MR L (S/N=3) M) i {8 XF 7 119 #e B A o e it B
(LOD), 10 {5151 Eb (S/N=10)%F 1 1Y e (B V0 o & R
(LOQ). PCP-Na # iR~ 0.1 pg/L, E=RA 0.3 pg/L,
e SR RE O 2.0 g IT5E, R B R IR M 0.1 ng/ke,
SERWE FIRA 0.3 pg/ke, LT EARFIEPY, 530y
PGE AR Y

34 [EINERRZIFEEXE

PIARE PCP-Na [FES AL, X 5 PN 2L A
FEGETT 2.0 pg/kg F1 10.0 pg/kg PR BEKSF-BY 28 1 IA%
W SEs, AT 6 (hFef, R WE 1R,
PCP iR IR L BILE 68.5%~99.3% 2 [], K& EAT
1.7%~16.2%2 [8] »

Fz1 5SHAEERMIREYEREZEIR LR (N=6)
Table 1 Recoveries and precision results for five different
matrices(N=6)

FE Jnkri/(ng/kg) [ESR /% RSD/%

2.0 77.5 16.2
A

10.0 75.0 7.5

2.0 79.5 14.6
X5

10.0 80.0 12.3

2.0 68.5 10.8
A

10.0 76.1 13.8

2.0 86.0 13.0
&

10.0 93.0 6.9

2.0 88.6 3.5
417

10.0 99.3 1.7
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3.5 SEKPRMEmNE

FHA 337 () QUEChERS b -HPLC/MS/MS J5 %
YN AL ZE 2 RS i 80 & & 28 s b b ke &
HEFTORiAT 00T, TR 2 (3RS R PCP-Na, 1 44 A
B v BE R 0.50 pg/kg, 1 03 X EFRE SRS H Mk R
0.83 pg/kg, Ho 1404 PIAE S I B B i G R an gl 2 fr
7o K4 5 5 GB 23200.92-2016 (& i 242 E R hRifE 3
WU £ 5 P G R B R A AR R ) PO
HEATAT LG, WRN 7 kg R — 8, RIS 1 4 7
VAT R T EEYE, RS I I R A L P

5000
4000
3000
2000
1000

0 P PIPYY AL
4 5 6 7 8 9 10
B+ &) /min

standard

B /cps

LI I I I N N e |

(=]
—_
[\ ]
w

real sample

TR /cps
(98]
3
=3

A5 fa] /min

: (2)1.0 pg/L PCP-Na bRk fh i i (b)SEBRAEfh o
P 2 SEBRRE A T i
Fig.2 Total ion chromatography of real sample

T QuEChERS A b i b B AITR AR 33 B B — T )Y
GORF I, ABEGTEESE T Sk & b A IR AR 1Y)
R 7 A A Ty o 1% R AL R, AR R A
BEw . WETREAT, RIBERERR . AL, TS
Pt il b U TR AR et % B 1 M e, ARl
T i 28 A XU W I A SR i 0 B O A oA, T AR
5By BAPERE A AT 1 GB 23200.92-2016 Ak — A5 IE Al v
B2 &

B E Rk
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