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ABSTRACT: Objective To establish a method for the determination of pentachlorophenol residues in various animal

derived foods by ultra performance liquid chromatography-tandem mass spectrometry. Methods Triethylamine
acetonitrile water extraction and mixed anion exchange column purification were used, and detected by ultra
performance liquid chromatography-tandem mass spectrometer. This article had discussed in detail the key control
points such as extraction, purification, nitrogen blowing, filtration, chromatographic-mass spectrometric separation,
analysis, and qualitative and quantitative determination. The improved method optimized the proportion of extraction
solvents and removed the nitrogen blowing and concentration process. Eventually, a determination method
applicable to the residual amounts of pentachlorophenolic acid in muscles (pork, beef, mutton, chicken), livers (pig
liver, beef liver, sheep liver, chicken liver), kidneys (pig kidney, beef kidney, sheep kidney, chicken kidney), fish,
shrimp, crabs, shellfish, poultry eggs (chicken eggs, duck eggs, goose eggs, quail eggs), milk and milk powder
was established. Results The pentachlorophenol were linear in the range of 0.2-8.0 ng/mL with correlation
coefficients (r?) higher than 0.99. The limits of detection (SN=3) were 0.3 pg/kg, and the limits of quantitation
(SIN=10) were 1.0 pg/kg. The recovery rates of different matrices at LOQ, 2LOQ and 10LOQ spiked levels were
all between 64.5% and 119.0%, with intra and inter assay relative standard deviation (RSD) less than 15%.
Conclusion The method is simple to operate, highly accurate, and has good applicability, which can meet the
detection of pentachlorophenol residues in different animal derived foods.

KEY WORDS: pentachlorophenol; mixed anion exchange solid phase extraction column; ultra performance liquid

chromatography-tandem mass spectrometry; animal derived food
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1.1 MR5RF

S FH 28 AL (T

TLABFRHN(C4CLsNaO, CAS 5 131-52-2)(4EFE =95%,
REBTRIERHEATBRA W), Wl L (Eikal, 2515 Fisher
AN, SOOI HTAE, E 2 AR A B E ), H
R 2K . CRRER (e, KARHE LR A BRA D,
1.2 UFE5E%

AB SCIEX LC-20A = 30 AH 4 3%1X . AB SCIEX
6500 ER Ik PUAR AT 5 i {2 (3% [E| AB SCIEX /A #]); AB204-S
R F KPR 0.1 mg). ME2002T 7 H1 K- (K )
10 mg)(%i1: Mettler Toledo %3 F]); SB-800DTD %i#A 5 i
THUERF O TR 2 AR R R A BR A |); 3-18K
R UREOHLAEEE Sigma 24 F]); Milli-Q 2 /K il 4 i (3¢
MILLIPORE 2\ F]); MS3 i®EIR & #F (15 E IKA 22 H]); Cig
3 RE (75 mmx2.1 mm, 1.7 um) ., R4 A5 BE 25 22 e i 40
HIUKE (60 mg/3 mL)(FEE Waters 24 7]); Bk ¥ PTEE 4t
UEAY . SRR R DU Z S (polytetrafluoroethylene, PTFE)ET
U . AR R g RS . KA B RS CREFI) (-
T 2% LI R A R A A, IR A A 4E R B X UE 45 (mixed
cellulose magnetic, MCM)(KAHH A LA KRB A BRA ]
1.3 LWHE
1.3.1 AR R 8 Bk

T VAt £ W R ek S T R AN s o 3 i (HH S T
BT 10 mg), FEEFRE, AR ERFITEAZE 10 mL 47
T, 1RA), BT RN | mg/mL bRiEiE a5,
~18 °CIRfF, A% 121-H.

FREA R HERHEEL 0.1 mL FRMERE SR T 10 mL
b, AW RS R B2, RS, BB Ry
10 pg/mL HIBRUEF AW, —18 °CLRAE, AR 6 A .

B T AR HERGREBC 1 mL ARvEH AT 100 mL
EIMT, AW EEEE 28, WA, B s &k e
0.1 pg/mL MARME T AR, PLAHBINC .

FEFVCHCAS VAW FRECE FIREE, # 5URE A R
ARy, il A5 BE B C A IV

FE R VT BC AR e TAE IS 2 DR BUE W bR e T AR,
FAZE RV A2 AR BB = W 4 0.2, 0.4, 0.8, 2.0,
4.0, 8.0 ng/mL B ZRFILFRICEFRAE TAEM, (FLIEIE L 18
Jei, AR AR 0 - FR BRI S o DA TR AR R A Al
FRQY), BETVCHECARE T AR RT R B A A AR (X, ng/mL),
23 R VT AR 2R, A5 30 R0 )RR AR G R B
1.3.2 #Hemaras

(LA, JEE, B, f, R, 8 DIk

LB FREGREL 2 g(MEFIE 0.01 g), BT 50 mL &.0

B, IMA—BRERF, SRIGMA 6 mL 5% = LM 20
K (80:20, V:V), IWEIRA] 1 min, #FEEL 15 min,
8000 t/min #.0> 3 min, Y FIHR T — 15 mL &0
Ho B0 R E AR BOR B G IRk, AIF B
W, JRAIE, LA 10000 r/min B5.0 3 min, FRk.

Hib: KU 3 mL HEE, 3 mL KTGILIRE B T
LA E AT R LR S T 1 mL/min i 70K 42
TR o A A, F R, R 3 mL 5%%0K
TR, 3mL R, 3 mL 2% R B ERK (1:1, V:V)I IRtk
e, FEWMW, T L4 mL 4% R B BV e i
FHEXNEER, H4%PRFEBEBRERE S mL, i’
JEVRAT, 0.22 um PTFE S FLUE BT U8, HEIBAE 355 1%
T RS E

QWi . A AEE

B0k 5K L 18T bR G351 5, Heh A3,
FRECA- W el & B 2 g(MER & 0.01 g), BT 50 mL .0
B, INA—RE SR (A T INRE ), X5 6 mL
5% = M Z B KR (90:10, V:V), IBAEIRS) 1 min, #
FIREL 15 min, 10000 r/min #5.0> 3 min, W& FER T 5
— 15 mL .08, BORMIREN 6 mL AR EUK
EEPEW—W, &IF LW, ®BAJE, L 10000 r/min £
L 3 min. FEEL, HfbadFERE 1.3.2(1).

133 &iEfu

(D)W A 3 5514

EIERE: Cpg B IEFE(75 mm*2.1 mm, 1.7 pm), siM:RE
A, FEhA: AR 0.1%H EREY 5 mmol/L ZIREL IR,
B NG, BREEVEDL AR ILER 1; Jk: 0.3 mL/min; FEiR:
40 °C; it 5 ul,

=1 BEEBREH

Table 1 Conditions of gradient elution

Aisf 18] /min A% B/%
0.00 80 20
1.00 80 20
3.00 30 70
5.00 30 70
5.10 0 100
7.00 0 100
7.10 80 20
9.00 80 20

Q)IGA

BEFUR: HEZE 2% 7 (electric spray ion source, ESI);
5= 225 Wil (multiple reaction monitoring, MRM);
P RE T BBIE R 4500 V; ERUERDD:
55 psi; SAVIIEST: 40 psi; FHEISEST: 55 psi; RHESES:
8 psi; B TFURIELE: 550 °C; PANPUMAFTHAR A SO T2 HE
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SR S WA, Foda R AR BLE I AT X
HbRPE A7 et . gtk a8, RA MR
PE R R ANEATINR 5 U AR R bR v i 22 1Y 311
i 4x 1L WPS A% (2019 JBO)#EATH i 48 38 K A dr, FE4393
fdi F WPS U7 WPS b AT 348 A R A9 21

2 ZERE5SH
2.1 UESEHMHK
2.1.1 JRigE&Arie

2 pe o = FE BT TR T, B2 4 AU AR
WEER, et 1A TC IR R R AR — &R vz g
I, Bl: m/z262.6, 264.6. 266.6. 268.6 1E 9 E I E R E T
X, WE 1A, PCP & MARE, RN E TR
(ESI-), —ZJHisAHi % Bl m/z262.8., 264.8. 266.8., 268.8
KRN REFF R, WK 1B, FHEWRE, —%
JEE AT HE FY AR BC R YTCL WA RO KR, (B
BB T A AL, R 2, B nvz 262.8 i h 5 s HLJG
T, EHEREF. £ MRM SR NI EFERIE. 6
HREE . REREEE W DR, SRE AU OB A G5,
TEW BN ST 400 TR REE SR 7 . SR, R
B, SRR WISHEE . BRI S RS
AL W BT S50 3% 2.

A 397

3.5¢7

w» 3.0e7F

o,

JEC:( 2.5¢7}

B 20e7f

E
E 1.5¢7F

1.0e7 1
5.0e6

268.8

AR &R S AL

F i ) 7 o B AR AL B S B R Ui sh K, AT i
FHOIEBEPE, Bl 5 mmol/L BEMREL-20E N sh
AR ) 35 5 A o7 e, 2 TR A ) SR A vz 264.8 55
T E b B AR BT A R TP, A8 T
W, 23 EIE LS, miz 268.8 B THIMIEE T BARY S
FHETELES, WE 3. BUEMEAFEEHRBEIARE
TS HFRoE 208 s RO, L 5 mmol/L
CTREE(0.1% H R)- L M5 R T shAH AT 9250, In AW R =
PCP R BRGS0 AR B AR 2 B AR W] b ek
= WK 4, A EEE 5 mmol/L ZIREZ(0.1%M R)- 2
VE R0 sl AR s AN 36 1 R .
22 BIREHEEE
221 R egER

PCP J& TRREIL A, H pKa 2y 5, 7 pH T pKa
WA BAER T RESAETHEEFE, BT
Ko 78 pH MXTF pKa FDPABALIER T (M T)
BTFARAE, HEEFANEN . 25 B SCER[18] & 2L,
PCP FERSI: 25 T $EICHC% = TR M5 T HRHIOR, X
H YRS E S . EAFSEY R, ZHETIEEAR
SR T BT, BOARBFIE L GB 23200.29—2016
KA 5% = e RE/KEE(70:30, V:V) R 3ERt, BT
PRI %

270.9

2.1.2

272.9

274.8

70-1 2718
251.1,253.2, 2552 256.1 258.1 260.9 262.9264.8265.6268/0 - S 238 | 2TLT 579 2802 283.5.084.2 286.4,288.0,

250 252 254 256 258 260 262 264 266 268 270 272

274 276 278 280 282 284 286 288 290

JAiT b (miz)
B 4c7- 264.8
1.2e71
2 1.0e7F 262.8 260.8
5
3 L
= 8.0e6
= L
= 6.0e6
40661 268.8
2.0e6 - 265.9 678 o
0l=2602 2619 - , v 2099 S~ 27212729 274.1 27512759 277.0 2779 2192
260.0 262.0 264.0 266.0 268.0 270.0 272.0 274.0 276.0 278.0 280.0
JBfif L (m/2)
Bl 1 "C4-PCP (A)F PCP (B)—% it ]

Fig.1

First order scanning spectra of *C4-PCP (A) and PCP (B)
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1.4e8r 2648 #F2 PCPHMEMEST, HEARE, HREEMAEER
%‘%221 Table 2 Monitor ion pair, dwell time, fragmentor voltage and
1.1e8} collision energy of PCP
o 1.0e8F
§9.0e7}+ — o X N .
i 8.0e7t W s Xt B SRR RidERE G
= ggg; (M'2) Y /ms eV
25007}
= 4.0e7} 262.8%¥>262.8 -90 120 -10
i
.0e7}
1349 61 264.8>264.8 -90 120 -10
LOeTE 570 w00 1770 2017 2207 AR
20 40 60 80 100 120 140 160 180 200 220 240 260 280 266.8>266.8 -90 120 -10
JEifar b (miz)
268.8>268.8 -90 120 -10
K2 7£30 eV T PCP (264.8)11 — 2t 2L &
Fig.2 Secondary fragmentation spectrum of PCP (264.8) at 30 eV TE A NERE T
10000
. 1.0e5 4.28
_ 10000 . 8.0c4 ., 8000 L, 60001
& & 5 5
2 o 6.0ed = 6000 =
i 2> i 2 4000
B 5000} = 4004 & 4000 #
2 g z = 2000
E £ 2.0e4 E 2000 | s 0
0 0 0
4.0 45 4.0 45 4.0 4.5
{5 B3 157 /min {5 B3 5 8] /min A5 B4 5} 8] /min
B
1.0e5 10000 8000
10000
2, 2 8.0e4 2 8000 R, 6000
2 2 2 2
g Y 6.0e4 = 6000 #
= = = = 4000
£ so00 2 4004 = 4000 =
= = = =
= = 2004 = 2000} £ 2000}
0 - 0 0
4.0 4.5 4.0 4.5 4.0 45 4.0 4.5
5 B b5} 1] /min L B4 7] /min {5 B4 B} [a] /min {5 B3 B 8] /min
AL SRS, B, ERHRCIEE, 18 4[],
&3 WBAHS 5 mmol/L BifRE%-Z & T PCP 4 X &% 1 MRM K
Fig.3 MRM diagrams of 4 ion pairs of PCP in a mobile phase of 5 mmol/L ammonium acetate-acetonitrile
A
4000 /\/v//\*'\,\/\ 4000 M 6000 f
\§ 3000 | § 10000 + é 3000 | 2 5000
= P~ o~ 74000 |
£ 20001 = 2 2000} 2 3000
i Z 5000t 5 =
E 1000} = 2 1000 - Ef‘ 20001
= 1000 }
0 0 0 0
2.8 3.0 2.8 3.0 2.8 3.0 2.8 3.0
A5 B8 5[] /min 5- %2 5} (8] /min A%- 58 5} 8] /min A5 B3 15k [A] /min
B ’ 25000 8000
10000 % 20000 - 10000 2 6000
& & & )
= B 15000 2 = 4000
juzss) by %’ e
E 5000 =} 10000 g 5000 =
= E = 2 2000 |
= 5000 + =
0 0
2.8 3.0 2.8 3.0 2.8 3.0 2.8 3.0
P54 15} [B] /min £ 83 Bt 18] /min {3 83 b5} ] /min 14 54 st [8] /min
K4 AR 5 mmol/L ZJREE(0.1%H IR)-ZJi§ T PCP 4 X E 1XJ A H) MRM &

Fig.4 MRM diagrams of 4 ion pairs of PCP in a mobile phase of 5 mmol/L ammonium acetate
(0.1% formic acid)-acetonitrile
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(HZJEK Bt

T PE i KR X, XA, dide s,
FRYS RIS B A LT, AHFFEAE 5% — LM BE LU AN AR 1Y)
BT, UIASHEEBIE ZIEK x4, AR
B B A B I Rl S A 2 FE A RIS, B8 T %
TR RIS A BRI B 5T, LIRS b D BRI B
KA, FHEEERILE 3. LI 2K (70:30, V:V) iR
BUgsAIaT, a4 g g A B oK AR, TR A
&, PEOHEEMZEDGE; Y2IEERERT 80%H, HMR
W EE AR AR V83, (R4l 4 W5 A B A AR i vl SR
Waters i b A9 5 [ 25 F- 38 e HE (MAXO B, RE sl B2 e,
M SRR, MO S IR E] 90%, L4y, BRYLF
X0 BB ANAN [ S5 R 8 B 5, VT R 43 TR B 3R 3]
B, AHUGES X TR R, AR A . LR IR, 4l
AW RN R 5% =GR 2 IE7K(90:10, V:VHTER
B, HAMshrka iR A 5% = M %K (80:20,
VPR IR

Q)W RIS

XTI EE R, MARE 2 g iRER, 24X SR AN
By 6 mL f9 ZE7K(70:30, 80:20., 90:10, V:V)IEEL, T
PREBGAF I &K ETCIE AU 8, WAEESHME, K
S SKF IR 18 MR LLIE R, PRGN

PO AT HRAE, BOERRAT .
222 AL

iK% PCP FEWMEA M F A PR, 7Ri A 2t
(i B 2 128 At FREAE AT SR, 5 PRIME HLB Al
QuECHERS b aUAH L, HFRFPEER, HEAE A=Msh
YIEE I

() ARRVE W pH B 5%

DRI 560 BH B8 - 52 B A A JBUER BRI AR TR N B IR
A, HIRYIA Rl /IMEMEY, 4l PCP 1Y) pKa 2928 5, 7F
pH =T pKa Z/DBA AL T 2874, fitpH /0
H 7, LLEBEFLMBGE S, M ARBGAIRTE pH
4.4 $IF5] 10 UL b, 2 pH>PKa+2 BSSR, FREH A
TS E G T pH,

Qe &Rt

Wt PCP B pKaf23T 5, 757 /& pH<PKa-2 Ay EE3R, H)
pH /020 3, AT BARY M /IME BRI K . ABFRR
H 4 mL ARIFRE R BL0.1% R EE. 1%HBRH
e, 2%HTERHIE | 4% HT R P E . 8% BRI . 10%HT AR
P ) A T B S 5 (VAN S LA DAL ), A BSHR &
TE 1%L B, BICRERTE 90%L F, 205 1% iR LY
pH £y 2.3, B R 2K, HFRRIER SR, FIRIETEN
BOR, 2R 4% H R AR Ve, L B

&3 TRELLHIMZHEKER. S5, BRMHABERIENZE

Table 3 Effects of different proportions of acetonitrile water on the extraction efficiency of pork, pure milk, yogurt and eggs

SR i K K 2K Mg
) (70:30, V:V) (80:20, V:V) (90:10, V:V) (100%)
[T /% 85.8 93.8 92.1 90.1
AL % 432 8.41 6.84 7.91
A
B BiE biseted B B
SRR ey &g ST Ay 2E Vani ENE
B /% 78.0 96.6 87.0
TS % 4.23 2.03 3.12
a4
VB IE R SRR T T B
Iy HRE WA N &g Sy Sy
TR /% 97.0 99.0 89.0
i 1 K% 321 4.15 10.00
(L) Vi T B R i
SRR ani b ST ST bani &N/
[T /% 88.1 77.8 86.4 88.5
AL % 20.40 6.41 1.96 7.70
X
B FEVE R VDR B B
SRR ey 8 ST ST Vani N

T -2 Jod
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ARWFFELL 4 mL (1 4% H R FF I TR 17 I TR
FERTEW, ARG MR PSR MA PCP ARifEY) i,
FEHIRLEE 40 °C, HEN R ZUR N VR4R mIICE, itk
ARG g, 45 R340 RIAWR T, ik ™,
BIKEAE 20%L0 T, HOR % 2(47%); AR 2 T8,
SRR AE 70%LA b, (HE BRSNS 2, ARE
29 1 mL FERTHE FERSH] . SOAS W 53 5 2048 s R s 4 ik
F (R T 35FR)

4 TEEREETHEWER. BEEMTEEE

Table 4 Recovery rates, precisions and required times under
different nitrogen blowing levels

AR EE - R % K% BE % At ] /min
ARE 1 mL 106 7 20
wEET 75 21 40
/'SR 15 47 60

224 ERAFER

HY T e O AN RE 22 BR TR 40 [ A UKL, B AR 1
FHELL Fe R, SO S AR AR S A R AL AR B, 4l
INTEURL ) 45 2 1 B O REAT G 22, SO IR L E T, (A%
LURIENT H bRk G0 TR R

ATIFFE I EL 4 BRSBTS Bl DAL R A e, AR
T UERTE PCP MM AR ELAE, THE IR GO, 2551 W
B 5. 70 PRV R S A7 2K (4% PP R F B/ K b FR B/ 7K ) N
Bi/KPE PTFE FEBH 740K, 302 B s K BEAE 5 7K 3 fi
FKETR IR, ¥AKMZEBIPREER . A VU S e iE BT
AR rEm g b, BT 20%, RERE H iR
WAT B (50%F 77%). HA K PTFE 1 MCM JEAT 17,
ORI 100%. SRR S 2l HLIE 7R (4% R HH
FIFEDE, 5 FAF BRI RS SRR 40T, {5 MCM Ik 2F
&, RELUMEA, Bib, EKME PTFE. MCM FIERENE

20+

BE1 EE3
mE2
100+ = =
s 60 : :
=
E 40} = i

e
F2

F1

1 E1. 4% 8 BB E2. 4% H IR FR K =1:1; E3. HEEoK=1:1;
E4. WS F1. BisK P PTFE 8 F2. A HUAHJE RIS, F3. oK%
PTFE [; F4. MCM fi5%; F5. ZKAHHBRECREEIR)

5 KRR FIEH A PCP 7E A RJER (4 [mlik

Fig.5 Recovery rates of PCP prepared with different solvents under
different filter membranes

FUERF EISCRAEZ LN 4 FPARIT PCP A [RICRERR LY,
& MR, AHFIT IR 4% P Il E LA, SaT
PEFEFEAKNE PTRE JEME . MCM F1ER AR

2.3 EFRIFM

LTV (matrix  effect, ME)JIE T AZIE K1
VRS 5 BAR T e S M e B B A B P R &
A3E4r, ME FIUE TN FH8R, KATEm T K2
S HERTE . TR ITRE BT e 3T ik SRR R
PSS

AR HIF 5% 2R JFE AR X 0 97 AEL 325 B9F 5 AN T) 0 4 1 £ o
PCP [ ME, #HEAZL ME=A /A, 1T iAL PN, Hd A,
FORIETFRRE R B AR IR, Ay /R IR B 75 711
PR T AR . 24 ME<100%0, S 2 R4 180 24
ME>100%H}, AR . 2 80%<ME< 120% 755
ME, JoFRBCHRME . LABRMERLIA . . B, &, U5,
f, R B DIESE 28 FIOLTAE AR, He Ak S RRE A
AEFR 5, WA A T, AR BbR i AR,
P 45 2 B ik B R 4 ng/mL FEFRREVS I, 455 WK 6,

HE 6 AT LI, FEREEAY 28 FhIL i, Zenikb Bl
{1k, PCP 75 K HB 3 FE 5 H Y ME 1E 80%~120%22 (8], {H7E
WAL L AR . B AT R R A L T R A
JERE . B E S mERe . AT S M
FrAR LR L R L B TR TR] A R Y RS
AR, 33 ME A Z5, FHEE & 25R MR,
{Jh75 %t PCP £t £ T 9 ME #4711
24 TEEHARNEE

HYRAN ME 1 G K 1) 5 bk o 2 P ol 3L,

ZRRANER TR, HETRE RSN PCP Wiz A
PCe-PCP, il i £ B FH#i & B H AR RN bR A miz
268.8, LK 1, R AN E R, 75 E#HEE MRM
BFXF, AR CLA TCT B [ R R A 1 bR
BTG 10 £, A0 RX AR, Tl Ve ok 4E, e in
FCma A o R A B 2 5 RS o R B A, B R
PSR, DR A5 AT 1 498 6 I D T o o il SR M ME
25 FHEFEER
251 HEWMESEMTEE

5 35 I VR B s M TR U A TR 8 3% - R IR T AL
W, ARAFHR AR it R o DU et o) 1) (e
TR GNAEARY), DABRHE TARVE W v A AR AR (X,
ng/mL), 2 HilAREMLE, 520 M EID R, AR R
PCP MYEEhRHE AR ML MJE 3% 5. # 0.2~0.8 ng/mL
JLFEIN, 45555 B PCP 3 Fubn if il 28 2 SR frms (2R M: AT,
FHRRBIIKT 0.99,

252 HdEMRLEZTEMR

R FHZS FURES AR, LA 3 A8 W b o e vk i Hh B

(limits of detection, LOD), LAREMENE ft (199 BT FefIK AL i
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Fig.6 Comparison of ME of different matrices

&5 TREERT PCPHLMTER. EAHFEMBXAY

Table 5 Linear range, regression equation and correlation coefficient of PCP in different matrices

Uik
X

e

¥

L
L

(]

75 T AR Z& YL/ (ng/mL) kR B ()
1 WA 0.2~8.0 Y=270621X+31726.4 0.99794
2 A 0.2~8.0 Y=178866X-282.70760 0.99907
3 S 0.2~8.0 Y=200958X+7293.76272 0.99986
4 X5 0.2~8.0 Y=211033X+19828.18163 0.99971
5 T 0.2~8.0 Y=298040X+134788 0.99973
6 4 0.2~8.0 Y=250636X+14407.63892 0.99993
7 FhF 0.2~8.0 Y=330565X+6558.54703 0.99942
8 X 0.2~8.0 Y=215598X+4596.12794 0.99988
9 T 0.2~8.0 Y=308497X+6646.13658 0.99935
10 4 0.2~8.0 Y=284842X-564.12599 0.99963
11 EtS 0.2~8.0 Y=317931X+665.36063 0.99978
12 X 0.2~8.0 Y=213773X+12794.86965 0.99974
13 il 0.2~8.0 Y=217718%-1125.63346 0.99939
14 L | 0.2~8.0 Y=243053X-5186.81175 0.99930
15 HIF 0.2~8.0 Y=126862X+3287.03213 0.99962
16 XU 0.2~8.0 Y=169964X+1714.15139 0.99971
17 i 0.2~8.0 Y=273874X+8751.63015 0.99954
18 T A% 0.2~8.0 Y=198277X-2372.63345 0.99986
19 pNIL S 0.2~8.0 Y=171307X+303.23938 0.99988

20 W 0.2~8.0 Y=231097X-2424.32477 0.99955
21 P 0.2~8.0 Y=199407X-3720.95208 0.99992
22 LY 0.2~8.0 Y=192858X+5449.13456 0.99874
23 K 0.2~8.0 Y=206503X+5965.07988 0.99876
24 [ 0.2~8.0 Y=208906X-5448.35111 0.99938
25 Wik 0.2~8.0 Y=155478X+3351.74445 0.99982
26 VAL BN 0.2~8.0 Y=160959X+4836.03141 0.99904
27 K FL 0.2~8.0 Y=259881X+2992.34972 0.99812
28 KR 0.2~8.0 Y=267967X+2632.18509 0.99970
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E N E R BR (limits of quantitation, LOQ), 1 T-4%%&
ST LOD K LOQ Fi AT 25 5% H2E RN K, 7 e 45 5L 5
FITEHL T 5— LOD K LOQ, HZMi5E PCP fE& I H 1
LOD 4 0.3 pg/kg, LOQ & 1.0 pg/kg.
253 FHERELEEE
SRImMLACGER . 2BRL FR L SR, RIS
AHEL EAE D BIEGEE . B SRR 8E), A
CiFfafn B AEfm) , MRCEERFIXTER) | 88 (R 8 AR 148 |
DIZRERS FNEIR) . BROGEE . M. R . ®EE). AHl
i CKIFL . RIERL . JHIFL) YR L 28 I 25 1A
SR B HEATAR . L & 3 KCEMnFR. RIE GB
27404—2008 (2005 Bt IR BRIk A ) X
ML AT T 3 AR IACE I RE, 49028 LOQ.
2L0Q #1 10LOQ. FEFUMAREE S FATINE 5 fr, B IR
KEFRE 3K, 45 5 AEATRE Sh B3t P AR SR IR
AR AR BRI 22 o 28 35 AP B AR AY [ R FIOR
FHERILBEOUIE 6. 3R 6 WLIEH, NHEIEERE

Fo6 TRERFEFINZKENZRWNEREHEEERLS%
Table 6 Summary table of spiked recovery rates and precision
results of target substances at different levels in different matrices

F5 SEFEM EHECR/%  #P RSDs/% HittlA] RSDs/%
1 A 74.5~115.6 2.9~8.6 5.2~7.0
2 L35 81.3~104.3 1.3~8.1 3.2~75
3 ES 76.3~97.8 1.6~4.3 2.5~3.6
4 X5 78.8~105.0 1.5~9.5 3.1~6.4
5 Ll 64.5~102.0 1.5~8.9 11.7~13.1
6 A 74.4~112.2 3.6~11.4 5.2~10.6
7 el 81.3~94.0 1.6~3.8 2.0~3.5
8 X 81.4~100.1 1.6~8.6 2.6~4.7
9 LAy 67.5~94.3 0.9~10.7 4.0~6.0
10 A 76.9~88.6 0.4~4.5 3.1~4.7
11 FE 85.9~112.5 0.7~4.7 1.4~8.3
12 X 79.0~97.0 2.2~73 4.6~7.2
13 Gigic] 80.3~110.2 43~6.7 5.0~6.5
14 Bt 69.0~114.0 6.2~13.1 8.4~10.1
15 HIF 77.6~111.0 4.0~11.0 4.9~8.9
16 it IR 83.1~116.6 1.4~6.7 5.0~7.7
17 KW 92.5~113.8 1.8~3.3 2.1~2.9
18 M7 78.0~101.5 1.3~8.9 3.9~8.0
19 i 77.6~103.5 2.8~7.6 43~73
20 b 72.8~119.0 1.3~7.0 2.2~6.8
21 P 74.8~99.0 1.3~6.1 2.1~43
22 L% 73.1~98.0 1.4~6.6 2.4~4.5
23 (LT 73.0~98.8 1.3~6.2 2.1~4.5
24 L 72.8~98.0 1.3~6.2 2.1~4.6
25 Wk 75.9~106.0 2.7~8.5 42~83
26 HIEL 74.4~100.8 2.7~8.4 3.8~7.0
27 KW 86.8~115.3 0.4~9.5 1.4~7.9
28 kiR 86.8~115.3 0.8~6.2 1.3~5.3

e AN BRI 22 (relative standard deviation, RSD),

LOQ . 2LOQ Al 10LOQ i ¥ /K - ¥ [u] g K ¥ %
64.5%~119.0%, #LP . #HLiE RSDs ¥/NF 15%, A] LI L
L ER IR IAT R . TSRtk a MR H
TARAK-Z2 0, 3 R 00T 27 D IS0R KO 8 B s A 25 57

KBS UE Jr PR R, SR A WK T H v G 56 A
FREBEHIAE 5 R VR TR B PSR A (5845 QC-RG-702).
TR PR ENTE G VR T TR I BEE(E h 18.28 ng/kg, #%
L3 IR IR, Priah e R T PCP R & it
J 420 pgke, RAARFTIELRMEME R 4.41 pgke,
RSD Jy 5%. Z5 MM, HeA kA5 ikl 25 1 5 38
WIHEW & .
254 FIREES G

AN . A0 L SN BERE. B
Kot oF L B DIZE L RWLIEIRYAE 400 HEUCKE S HEST
e (BRI LT 5 HLUOREBIEAT T 8T, SR AM: H 1
HEEARES G PCP, K MBS 5k 7.8 pg/kg; 1 HtEHE
JFRE SRS PCP, K (M 2.5 pg/kg; 1 HHEAE PIRE S G H
PCP, #:H{E N 6.0 ng/keg; 1 HEUW K PCP, (8 N
2.8 ug/kg; 4 #HKZAEKH PCP, ¥ H{ES> 50 8.4, 4.5,
27.0, 43.0 pg/kg, T PCP A ERER, LRI
H PCP, EEORIEFTRE N AL T 215 kiR .+, &
FH 5 Y R DL R B3

3 4 i

AWFFERT GB 23200.92—2016 BEATEITHISE, ¥ahiy
PEE AR K 28 B, Aol TR S AR IR0 A X
AN b SE T R, DRARERIBOR e, JoR A, HE
SERS, PRAERIE . RS, R RELF, MROCERRAE . Mk
BRI, B e TR RIS EL, DR o B TR
FEE IR, 25 b, ABTTIE ORISR R L IS PR
YRR i, SRR B RS AL R Al B A T 5 3 LS FH A 4G
W5, A3 FHE R S A P | AN, Ry T WA
IV HEORS A B 2 e RS BRI T AR S
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