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(primary secondary amine, PSA )44, 4] Al A48 &, 38 - & KR 35 S AT 0 AT 5 R B 3R IR ) e K BLER 42 PSA
T3 1, B ) RBOSFAAF G0 45 R AR KB FMT RSB ALRMD 2,4,6- =R KM £
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Determination of Prochloraz and 2,4,6-Trichlorophenol in Pepper Using QuEChERS-Gas
Chromatogarphy—Mass Spectrometry
ZHANG Yan—jun'?, HONG Xia'?, QIAN Ying-wen'*", WANG Ke-hui'?, XIONG Min—hui'?,
WANG Yan—jiao"?, MA Yan"'?, SHANG Xin—chun"?
(1. Gansu Institute of Business and Technology Co., Ltd., Lanzhou 730010, Gansu, China; 2. Gansu
Zhongshang Food Quality Test and Detection Co., Ltd., Lanzhou 730010, Gansu, China)

Abstract: To develop a rapid method for the determination of residues of prochloraz and its metabolite 2,4 ,6—
trichlorophenol in pepper by QuEChERS( quick, easy, cheap, effective , rugged, safe )—gas chromatography-mass
spectrometry (GC—MS ). The samples were extracted by acetonitrile—acetic acid(99 : 1, volume ratio), purified
by anhydrous magnesium sulfate and primary secondary amine (PSA), and determined by GC-MS. Effects of
different extraction solvents and anhydrous magnesium sulfate PSA (3 : 1,mass ratio) on the determination of
prochloraz and its metabolite 2,4, 6—trichlorophenol were investigated. The results showed that prochloraz and
its metabolite 2,4,6 —trichlorophenol had a good linearity in the range of 0.01 pg/mL —1.00 pg/mL, the
correlation coefficients were 0.999 1 and 0.999 2 under the optimal conditions. The limit of detection for
prochloraz and its metabolite 2,4 ,6—trichlorophenol were 0.003 3 mg/kg. Their average recoveries at spiked
levels of 0.02, 0.10 and 0.50 pg/mL were 96.70 %—100.64 % with relative standard deviations (n=7) of 2.33 %—
4.28 % . Therefore, the advantages of this method were simple, efficient, quick, convenient, safe, clean, low—

cost and could be suitable for the analysis of prochloraz and 2,4, 6—trichlorophenol residues in pepper.
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6—trichlor0phen01,2,4,6—?%%%%)&%]}]5&( BTS44595)
I N-E BE-N-T HE-N-[2-(2,4,6- =5 R A A ) L HE)
JIR(BTS44596 ) , [ WAk BTSAS51869, Bl 2,4, 6- =4
K (2,4,6-TCP). MR [E N SMIFFE K G ) FE D,
WK B i 2 A AT, 7 A P ) U T P, X 5L
SR A BUR AR LS R T 69 18 4
/N B 2,4,6-TCP VE R RS I ) e 2 B ), B 220
1 IR EKAR P LS5 e, e —Fh B Bk
AR P FNBUE M BT TS Y ), 2360 N2 i
JECTESTE PN, LAk B )52 3 Ok B 22 195G T

] P &1 %t TR i T 2,4, 6-TCP A5 (4 i b 38
FE SRR BURAE 210 °C~240 CEAE T Sk me th iR £h &
KRN, K R i fie S AR 4B ARy 2,4, 6-
TCP, 27U R AL A, K 2,4, 6-
TCP {7 01, 207 BARAE R A 2], HLILWE s Eh
FEPEROR, X A 5% A f R FNPR 58 42 43t U o
QuEChERS (quick ,easy .cheap .effective ,rugged .safe ) A
XA TR R 120 E A N-N R 2
i (primary secondary amine JPSA) 2= 5 4H 40y v Y (5,
FANMAR , LATCK R B 22 B K 43, 3 ] T8O b ik
BEREA 2,4, 6-TCP A2 5% B B S UMk, S —Flop
TR R TR AL A R A AT AL F O H
i, RO EERE R 2,4, 6-TCP AR 7 WA AR A 1k
(gas chromatography, GC )™, A {4335 75 (1liquid chro—

matography, LC) ", “UAH (3% - BT Bk FH VL (gas chro—
matogarphy—mass spectrometry, GC-MS st g AH (O -
S e B (liquid chromatography—mass spectrometry,
LC-MS )45 F2 B K FIAE it A /KRS 240 ke
VEH O v 24 P - RIS TR SR b DK G Jrz A
2,4,6-TCP 5% HIBIFFE 14 JCAiAE o

ASCHENT T QuEChERS—UAH 33— ot 1537 I
FRAUT R GE T 2,4, 6-TCP 5% 84 1977 1% , HA Xof iR fif
JHEH 2,4, 6-TCP A5 BE4F ERN R & AR (20 |
P it ) R T B BT A RN O A . REAE XTI
VI BE (K B RN 2,4, 6-TCP AT M 55 543 H7 , 3
T BB KRR RN 2,4, 6-TCP 5% B3 A A 55 Hh 1)
= Ho

1 #MRl5AZ®
1.1 kG

oK B EREE (3 M4k, 1T 650 CF 1B 4 h, %%
F) - REEM UG 2 TAL A BR A ] 5 SFREN (ATt -
REEHCE R AL THFFEBE ; PSA - KA SRR F}
FABRAF] 7K R (G3Hral) - 18 255 A A2z 70 A B
N I NG (Eigal) At 5 R EEHE A RA R
FH 2 DR i e P R T ) T (25165XM, 23 98.4 %,
WIE A 100 pg/mL) FHEEH 2,4, 6-TCP % bR EY) 5
(26233XM, 4li £ 99.5 %, ¥ J& A 100 pg/mL) : It 5 HR
FIRHEA BRA L,
1.2 {5

7890A-5975C T AH LI BTk e AN . S 2k
eRHEA B F]; VORTEX genius3 IWIEIR 4% : X
(PO A A PR 1) s RI-TDL-60B 25.0: 4L : T8y
ML AT AR BR A ) 511500 HLF P H AT
FSIINENIE T
1.3 &Mt
1.3.1 AR5

DB-1701 AHEENEFE (30 mx0.25 mmx0.25 wm) ;
HERE TR 260 °C; FHEFRT IR 60 ‘CIA%RF 1 min,
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LA 10 C/min F+ 2 280 °C, P 4F 10 min; #EFE R 1.0 pl,
AT TR
1.3.2 ik scft

EI HL B U, FL B LR 70 eV B TR BE 280 °C;
TR IR 280 °C; W FIAEIR + 5 min; DR AE e % £ 15 I
BT BB m/iz 180; PR T m/z 308.266,
2,4,6-TCP HEREWE I ES -« 2 1t B 1 m/z 1965 7€ 1 55
F m/z 198 132,
14 FEAALHE

FREL 10.00 g KET 50 mL B5.045, 1 10 mL Z )% -
299 : 1 KRR ), F857, 0 3.0 g To/KBRAREE, 1.0 ¢
ZTREN, I JE 1 min, 4 000 r/min B5.0> 5 min, M EWE
W5 mL T 15 mL ZL.0%, 0 1.0 g JoKBIREE PSARE
(3: 1, i), ®HE 1 min,4 000 r/min &5.0> 5 min, B

1 mL I, R
15 ARIEFR BT

Ay SERIFZIL 1 mL 100 py/mL HIBKEEREFI2, 4, 6—
TCP ARIE IR E 10 mL A, P BEE 25, B Ak
PR 10.0 wg/mL FIFRAERE S, 23 5 W DL L P Al A
WEGE P RIS B, I TR A 4 SOV o 28 I Wk
0.01.0.02.0.05.0.1.0.2.0.5.1.0 wg/mL Z 51 1 & 5 1
a1 8

2 HBREHM
2.1 FRIBGHF AP

TEFHTNER 0 M- LR A MR BOA R IEAT
B, TEBAUT RN 0.1 we/mL BEEEREFT 2,4, 6-TCP 7
WEVA TR 52 HL ISR LR 1

1 HRWABBREERRIN 2,4,6-TCP 7£ 0.1 pg/ mL RNk FE TR E 2K EAH TR R 2 ( relative standard deviation, RSD )
Table 1 Recoveries and the relative standard deviation( RSD ) of prochloraz and 2,4,6-TCP at 0.1 pg/mL spiked in pepper
Fdih sl Pk RSD/%
1 2 3 4 5

FHAL PN 2,4,6-TCP 84.93 87.54 80.66 79.27 82.20 4.01

D B iz 94.55 100.26 98.31 95.78 102.79 3.39

NG 2,4,6-TCP 86.20 81.47 83.94 87.72 82.51 3.06

IDK e i 97.55 99.85 101.33 98.58 100.42 1.50

-2 1% 2,4,6-TCP 96.92 103.36 99.17 105.25 97.99 3.77

DK fif i 105.21 99.88 103.31 105.55 98.93 3.10

M 2% 1 AT, BREERAE NN NG OG- R b
[IKCHAE 94.55 9%~105.55 %22 [0], =3 X WKk i 44
AR BGCR . 2,4, 6-TCP 1E N ER AT Z 15 b [nl iR
H 79.27 %~81.72 %2 [0], TELNG- LR R
96.92 %~105.25 %, i 2,4,6-TCP 7E L - L FRHEHL
BRI NG 32 T 2,4,6-TCP ELA R PE
R, HFEIE A H- S5 PR % Na i 47 384 i
AR 2,4,6- =FORMEN, T 2,4,6- = SR EATEK
AH IR Vs it R AE AT DA TP R 5 A B, A AL TG
XTRES I 2,4, 6- = FORBYENIEATA AR, i
ANCNE-C /R, A REM) He, A JF R i 3 5
2,4,6- =KWLK 2,4,6-TCP, MIiHEm Bk
#.2,4,6-TCP 5 2,4,6- =GR ML LA 1.

Cl Cl

Na*
Cl OH=—=(l ONa
H
Cl Cl

1 2,4,6-TCP 5 2,4,6- =S XEHHIFENL
Fig.1 The transformation of 2,4,6-TCP and 2,4, 6—trichloro—

phenosodiumsalt

P, ASBIE ST £ 2% - £ R AT S Wk e file A
2,4,6-TCP H)FEHH] o
22 JokwRmEE PSA AR
AWFTEIE I KB R BE PSA R AL H I , PSA
Xf 22 W IR (AR IR ) F (8 ZAT 3 W AR, T8
IKBRREE KER IR A EERK S, A BT InsE PSA
A AERCR o AN R i A oK B R BE PSA 42X
FALRCR IR UL 2, 5 1.4 S R A B0 3
R2 FHHHTE 0.10 pg/ mL FHIKETAEE 3 : 1 T KTREREE
PSA 3t B R E RN (n=5)
Table 2 Effects of amount of anhydrous magnesium sulfate PSA

(3:1,m/m) on average recoveries of 0.10 pwg/mL spiked in pepper

(n=5)
» N B PR %
JCIKGRIREE PSA Hi/g TG : 2.4,6-TCP
02 83.39 85.51
05 88.49 89.76
1.0 98.40 99.14
15 98.13 98.98
2.0 97.77 98.22
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0.10 wg/mL BEEEREH 2,4,6-TCP IR S HREETE , 53]
21 0.2.0.5.1.0.1.5.2.0 g JL/KEREREE PSA 5L HEHL
W, RSN [F) FH B 1 O /K B B PSA 42 B 144k
RO RIS R R B 3 0 1 ITJCKBREREE PSA Hl
X R BRSO

2% 2 AL, S TC/KBREREE AN PSA (A% 1.0 ¢
J&i 2,4, 6-TCP FIBK At i IBCREEAR NS , ZRG 5 0AL
RN, ARIFFEEEE 1.0 ¢ TOKRAREE PSA i
LRI
2.3 RAEIEEIFIRS PR

I 1.4 ORI BE LR 2,4, 6-TCP FRifEIR & TAE
W, TSR RS 2 SR B &L AN 2,4 ,6-TCP, LA
HERE T iV B O Al bR TR AR BR LI 2.
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Fig.2 The standard curve of the prochloraz and 2,4,6-TCP

FEENBREEREA 2,4, 6-TCP FULLAE 9N Y =
637 497.3X-8 786.1 11 Y =890 775.9X-3 978.6, HAH X
Z R e AH 50500 0.999 1 F10.999 2, 3¢ B bk & fiig 71
2,4,6-TCP 7£ 0.01 pg/mL~1.0 pg/mL 0 Bl N e Pk
RAYJRAF, VL3 AFEMELL (SIN=3) il G K ff Ji A
2,4,6-TCP ¥ HiFR A 0.003 3 mg/kg, il /5% B8 7 4y
BreEesk,
2.4 [AISCRFIAE 2

TR BB T T AR GRS, % 29% )7 % 11
ISR ARG R L P A8 1.5 AL TR BRI N 0.02.,0.10.
0.50 pg/mL 3 7K V- 1 K B il F1 2,4, 6-TCP #5 HE%E
W, ZRTAbES GC-MS 4307, DU Je A [ IR
%3,

£3  HMARBREERRAN 2,4,6-TCP £ 3 MR MKE THFHEY
R R HBX R ERZE (n=7)
Table 3 Average recoveries and the RSD of prochloraz and

2,4,6-TCP at three spiked levels in pepper(n=7)

. 0.02 pg/mL 0.10 pg/mL 0.50 pg/mL
N

T4l T Af gl
w1 . /% D
2 W% RSD/% /% RSD/% e /% RSD/%

PRAfEfE  97.86 2.33 97.35 3.81 99.19 4.28

2,4,6- 9895 3.74 96.70 3.52 100.64 3.26
TCP

FH 2% 3 AT, 7E 3 AN MK T BREEREF 2,4, 6-
TCP HYF-2 [BISCRAE 96.70 %~100.64 %130 FEl 22 8],
FXTFRUAEIRZE (relative standard deviation, RSD) 47T
2.33 %~4.28 %2 1] , FEH T i FLAT 55 o8 A A 1 B F
KR, B, R I & 07 i I 2,4, 6-TCP Al
WRAEE Rl S AT A EEoK, AT T HABURE i v 2,4, 6-TCP Al
WK iz A 245 5% B (R RN
2.5 ST

FIFAAGREG )7 3% 1.5 BRSO LB AT B 1)
BRSO AFE A T PR BT IR 4

JLrfr 4 AR SR BRI R 2,4,6-TCP 5% 88, 25

F4 EERNER
Table 4 Sample test results

R 22K K454/ (mg/kg) TFAE/ (mg/kg)  RSD/%  WREEE S/ (mg/ke)

B 1 Wk fif e 0.052 0.061 0.049 0.057 0.061 0.056 9.62 0.095
2,4,6-TCP  0.021 0.018 0.019 0.020 0.024 0.020 11.28

B 2 IR fif fie 0.13 0.11 0.13 0.12 0.12 0.12 6.86 0.31
24,6-TCP  0.097 0.089 0.113 0.102 0.095 0.099 9.08

B3 Wk fif e 0.11 0.12 0.093 0.12 0.11 0.11 9.98 0.27
2,4,6-TCP  0.081 0.079 0.086 0.075 0.092 0.083 7.97

P 4 W ik e 0.21 0.19 0.25 0.24 0.22 0.22 10.75 0.57

2,4,6-TCP 0.19 0.17 0.19 0.19 0.17 0.18 6.02
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FEULFE 4, HARRE SRR XA H R A A S kT
AR, REEIE AT 2,4, 6-TCP 43 HI1E 0.049 mg/kg~
0.25 mg/kg F1 0.018 mg/kg~0.19 mg/kg Z 8] , A XA i
TMZELE 6.02 %~11.28 %2 |H],

KSR RN 2,4,6-TCP, HRIEK AR
Nk, 1 BEORIR e (452 h 376.7 ) /K ik
P41 BEJRIY 2,4,6-TCP (4T 197.5), I LLE
MZ BT — e e 2224,

1(mg/kg) 2,4,6-TCP=1.907(mg/kg) W ff fHz

Fie i GB2763-2016 & i & 4 E GhnfE £ A
2 KR PR e )=, WK i SR 2,4,6-=
SORER Ay (AR = 2 F0, LK fef e o, AR i o
ORI 4 AR TP DR EE I 1) & AR 0.095 mg/kg~
0.57 mg/kg Z M), TEBRAUH YR A 8R B R T iR
5% FA 1 2 me/kg.
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