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Determination of epoxiconazole, prochloraz and their metabolites residues in
apple by gas chromatography
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ABSTRACT: Objective To establish a method for the determination of prochloraz and its metabolites
2,4,6-trichlorophenol and epoxiconazole residues in apples by gas chromatography. Methods The homogenate
sample was shaken with 1% acetic acid acetonitrile, and then 3 g NaCl and 2 g anhydrous Na,SO, were added with
10 min shaking at high speed, centrifuged at 5000 r/min for 5 min, then purified with primary secondary amine
(PSA), then detected by gas chromatography, and quantified by external standard. Results The linearities of the
three pesticides in apple were good in the concentration range from 0.01-2.0 mg/L(r’=0.999), and the limit of
quantification was 10-20 pg/kg. The average recoveries of three pesticides were in the range of 74%-108%, with
relative standard deviations 2.90%-9.55%. Conclusion The method has advantages of accurate, rapid and reliable,
which can be used to detect the residue of epoxiconazole, prochloraz and 2,4,6-trichlorophenol in apples.
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K & JI% (prochloraz) /& — F K S S TS R BRI, X2
Tl BB 5% TR R D 5 | R 9 T B B Y BT YA AL
SRR R fif e A B A A A R AR, (R A A e A 2o
R TEY) 2,4,6- =K (2,4,6-trichlorophenol )& ¥R 35
PR EEGREYZ —, B —EfosEPY . 6B
2763—2019 (£l & A= [F GhRE £l p e 245 f Rk B IR
) VIR, KA sR R R ok e e K LS AT 2,4,6- 4R
2 Wy A 0 A W 2 R, LA BK B SRR o TR R e
(epoxiconazole) & —Fl LA B 6 AR 1) N IR M = e 25 ) 3%
AW, W ARGEAEYRGE LR . RS B
BIARCR, [FIBTRREBIRTEA: . T3 . KR SR L
EC SR e Sh Y AR N R, xR R A o
SEREEL TR [ AR 2 A S B G 1,
FAB W R, BRI ST R, B
FEWRAEE Iz B LA 4 0 SR s £ SR g 24 9% B KT X
YRR HEEE Y.

H A, 7™ v mi 5 i T I A 35 4 9 34 s % B
TRy vk A R RO e R BT L . R
T B AR T IR Bk A U1 R T vk v ok it
JHe Ko LA 42 4% B 4 B T Ak 3SR D R i OE A b v K
WK i e 43K R AN, 2,4,6- = FOR By AT RN, HRVESR 4R
FLA R KR A LI o SR 3t U0 e 8 38 (5% ek
#(gel permeation chromatography, GPC). < it 15 A%}
DR B e T JCAC I e AT R, EL A B e ORI B
P, B0 A EE I 15 15 10 % v Ak 0 T A B D 45 VR 2B,
A BE IR S P A A H A o 5K B 7 AR UK BOBURE i 28
1% R MR, UL N-TH 3 2 — % (primary
secondary amine, PSA)+fk, I Fi| F AR €33 - 5 G o 3
HEATRGIN, 235 2 3% W Wk i frle R S A 4 78 4 M v [T P T
WS S A X o 7 Al 22 2 T 5K ) B B S Bk, O TR fE
L s P, A AE- BB IGE s B R
GyARAE, ANE R TREA R BN AR M LA . 2T
IABEFEAE QUEChERS Hif &b B A F 3R 1, SR JH H A
B R K SO TS VR S R A, a7 S AR bR ff
i B AR 4 R S B s B B S (R R I i, AT DA B
PE . ERAHTIER T 2 R IR AR, R R R
ST A B AR R R S .
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1.1 SKIedHY
1.1.1 XA 5E

WK i JHe (218 98.8%, At mT F 7 AL AT FRA FD);
2,4,6- =S AEBNLEE 97.1%) THIRMERRE A, (S 98.0%)(1H

FRGFR L), G KR4, b2 n] S alis
FIA R, AT, k4 i fb 250 A R A
A); TCKBRRR (A Bral, KB KA1 A RA R,
ECki(igal, HEXMARAA), N-NEZ ik
(primary secondary amine, PSA)(CKEIEY LA /KB A KR
N SER K A REAK

GC-6890N S AH %Y . HP-5 (%4 (30 mx320 pm,
0.25 um)(‘ZHEERHEA BRZA Fl); FW100 TR ZUBRRAL
(KRBT S A BR A F]); TG16 & 2 3 B O LIS v
FERMHE A RA R, TGL6-111 = B0 (T B 7 FLRHB
A BRAAF]); CK2000 R 75 1 2 2 ZUF R 2 (I st FCEEAR A= 1)
BEARR AT, SK-1 WERIR G# (1A KA YR A R
2 F]); HGC-24A HMAX (R HHE BB & A FRA FD);
CP213 HL, T K¥(0.001~200 g, BTN 2EA FR A w));
BSA224S-CW HL, T K¥-(0.1 mg~220 g, %[ Sartorius 23 ));
FilterUnit JEM#(0.22 pm, KRR BHEARAH).
1.1.2  Z¥H#

S T R SE SRR S T
12 SEWHE
12,1 A7/ ls ik e Be )

YERRFRIL 2,4,6- = 547K (0.0108 g) . BRELHZ(0.0104 g)
FRFRIE(0.0103 gybnifEdh, FHIE Chefuss, 2l me il
WEE R 100 mg/L (Y AREE IR 100 mL, SEFFT 4 °C¥%
VKA, AERUET AL 6 A H o I RTHER RS B
AR, FIEC P BRIy 1.0, 0.5, 0.1, 0.05,
0.01 mg/L VUK 2,4,6- =50 KM . BREERZ R 2.0, 1.0, 0.2,
0.1.0.02 mg/L FRFNUK B IRA AR, HEFRS B An it
W 1.0 mL, ARSI RIRT, RFHEINA 1.0 mL 3%
s HEETIRBOR, 158N 293 TR S e
122 #T&®F %

(D3I

TEFFRIEL 10.0 g 2SR50 T 50 mL &0 H,
A 10 mL 1%(VN)IKZ PR 21 = R 42 HL 10 min, J8)5
JIA 3 g NaCl, 2 g Ji/K Na,SO, i#dRY 10 min, L)
5000 r/min &[> 5 min,

)4k

B 2.0 mL _E3EWR T4 150 mg JG/K NayS0,. 150 mg
PSA 1y 2 mL BE.OEH, RGN LA 1 min, P
5000 r/min 5.0, HERMFEEL 1.0 mL F3SRAWGET, KRG
FECHEARZE 1.0 mL, i 0.22 pm JEHBE FE_ UG,
123 w7k

SR A p-ECD HL TR &%, HP-5
B35 (30 mx0.32 mm, 0.25 um); HEAEDRE: 280 °C; BE
FERS AR A, ERRRAR 1.0 pl; 3RS T:
1.3 mL/min; K9 #$IREE: 300 °C; F&)JF FhiR i 4 5
80 °C, LA 20 °C/min J}Z 230 °C; L) 7 °C/min F} % 280 °C,
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2.1 NFBEHEIHHSL

R FRAE ARG S5, FRUE H AR UG RN 2% 5 UG 2 R
AT, FEm i EA B, JesrilEel 5 me/L i pKE I |
2,4,6- =GR B TSI e A B o T AT R H AR 1 H 0
), PP VR A PR v TR A T S S Ak o 2B A HE
#& HP-5(30 mx0.32 mm, 0.25 pum)FE A&, YErRE IR
9280 °C, KR Jy 300 °CH, 1EREE A FHEAR F
AT, 2,4,6- =F KB IR BEEFEIY 6.74 min 247, BREENE
B4R A BT S 16.52 min ZEAT, SRR M ({5 B8 B ] Sy
13.82 min 247 M 1 AT OL, 28 P SR IE T 1) 24 T g X) 3
A HARYI @RI T, B H ARSI PR B
2.2 RHIALIEAENE

F AL B R A AR 2 R0 25, T SRR R KR S b
e, IRBUG B A, BoERXT 2R, 2tmma s
SR R F Y PSA BT, S T IE B R4 1 O B3 J0 75 s
AR B3] o AR SEGE 28 T N[ PSA R EHERCR 52
Wi, DAV KPR i e 2 ARl 0.2 mg/kg . SRRy
0.1 mg/kg HEATINPRIENSLEE, AR 1 255 ER, Hik)
PSA ) F & X35 it B AR 1 [mIBeRAT e, b PSA
T 150 mg B BIBCRE , 2430 A 10 mg A1 85 kK
M (graphitized carbon black, GCB)X Bl JE B & 5200 .
LS F 20 1 VAR R PSA AR 150 mg, P LAGAFI] R
TP A A RERE, SR 3 i Ak B 5 32 ARG ) BRI 5 AR B
F EHUS LT 0.5~1 h, M TFAAGEIMBETTE T RKE
i), FHERdesar,
2.3 ZeMESEEIFNARN PR

Fe AR JTERXE 3 o 24 1 S SR oA o v Ut £k ik
FIE, ISARZG I AR Y 5% 0 4% 4 25 il HERE vk 3
X(ng/LWERE, Zedie/h Z IR A 15 2k b e S AR A

SRR [ 3 SR AT o 2 A S SR L T br v i e et T R, 45
R, 3 FhA Y AR M R S B B FE 0.01~
2.0 mg/L Z [, HIZERE(IITE 0.99 LU AR H R
AW ] BBAFAE I SE UM AT T A BT AnaiE Y, SRS
JoT A 1 ARk 228 R T A v 1h 26 AR 28 22 L () SR TTAR 2 T
BNk 7E 0.9~1.1 Z[EA, FEFMN AR, 2 k KF
1.1 I g R FRAESR AN, /NT 0.9 T2 B s s g 161
FHER 2 AT AT, 2,4,6- = SR FIBK Gk e 75 S0 B o rh R 90
e Tl 553 B, SR A T A S SR I I e 3R B Sy R I M R A
Mo LA 2.4 BT 58 FFIURG 28 8 S0 T v ) /DN Ik B8 o S
R 2,4,6- = FUORW . DK i A A s 119 5 £ B 430l
0.02. 0.02 mg/kg % 0.01 mg/kg, F7kRBEE .
FA
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AR B2 B [B]/min
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T A SRS FTEREED B: 0.02 me/L BREERE N 2,4,6- =581 |
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B 1 etk E e e

Fig.l Chromatogram after optimized conditions

R 1 PSA MIAESN R hOKEE IR K E A GHH0 & IR0 B = B R2 0 (n=3)

Table 1 Impact of PSA addition on recovery of epoxiconazole, prochloraz and 2,4,6-trichlorophenol(n=3)

o ki
PSA A GCB AT 24,6- =KW

Wk ff iz FEEZNIE

fmg mg ey MRS % IR AR % TR % MR GR2E /%
50 0 81 7.52 70 6.24 84 8.15
150 0 87 10.96 76 13.44 87 9.58
200 0 88 5.38 75 7.19 85 7.72
150 10 85 5.11 72 3.68 80 6.65
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Table 2 Linear ranges, regression equations, correlation coefficients(r’) for three pesticides

K o LMLV /(mg/L) Py k{8 PSR
) e 0.02~2.0 Y=35982X-1020.3 - 0.9992
2,4,6- = F KM

IR 0.02~2.0 Y=31099X-409.83 0.86 0.9999

- el 0.02~2.0 Y=11380X-189.88 - 0.9996
WK fuf iz

RE S 0.02~2.0 Y=9530.4X-136.36 0.84 0.9997

) sl 0.01~1.0 Y=5964.8X-55.98 - 0.9995
EEZNLY

A 0.01~1.0 Y=8385.8X+12.59 1.40 0.9999

24 [EWERFEEE

G 3 (A R R O % R A0 2R AU 43 591 RS o g
B 5 RPN AR 2 IR &, AR GB 2763—2019¢ &
A EFARE B AR 2 B R rR B R ) I e SR R
DK fief Jide B LA 19 e R 4% B A (maximum . residue limits,
MRLs)y 2.0 mg/kg, FIFMEN 0.5 mg/ke, ALRET
0.02, 0.2, 2.0 mg/kg 3 MU EEMBKELIEFD 2,4,6- = F KT
TRIKSELA R 0.01, 0.1, 0.5 mg/kg 3 M (1 R 750
KO, BAMRIERE S AEK, S5R0E 3. ZREH,
2,4,6- = FE AR T 7SR I T A3 GRS 74%~88%,
A XF FR M W 22 (relative standard deviation, RSD)
2.90%~7.64%; WKL EIR S 87%~108%, RSD A
7.26%~9.55%; FIAMET- ANy 92%~106%, RSD K
4.37%~5.76% . FITEATBIFF 6 AR LG58 B A BT Bk .

3 FERP I HRGMIRE BRI EE (n=5)
Table 3 Recoveries and RSDs of three pesticides in spiked
samples of apple(n=5)

R
47
AIMKF/(mg/kg) [E /%  RSD/%

0.02 88 7.64

2,4,6- =K B 0.2 76 6.43
2.0 74 2.90

0.02 95 7.76

Ik Bt g 0.2 87 9.55
2.0 108 7.26

0.01 98 437

I 0.1 92 5.76
0.5 106 5.52

2.5 SEBREEmTHT
0 1.2.2 25 B AL BE 5 9 00 it P A 5 A R B 2 A 9
PR R (A2 0] S SR b BEA T 00T, TZG )5 45 28 d %

FE, WZE D 4 B FoREARDT 12 MR, YIRE R
VAR S), g 2 (- PATRE S, B B F AR 200 go %
RS IR MR- R B o 0.11 mg/kg, BREEEIE K S
2,4,6- = A 7K W ¥ 4y 09 A T 2 MmO ¥ gk B R
0.070 mg/kg, YR H A 2535 Ak B PR oS 2R rp DR e
T FLAR ) A SRR 1Y) MRLs

3 HFie5iie

AR T RHZCBR ORI, PSA Hrib iy
QuEChERS Fif b Bl 5 1k 45 & UM i 12 R s A I WK £ e K%
SRS Y AN S RS SR T (5 BR e B i o %O
3 b F AR 1 X e R R 2 ) S B R A I ARG R,
e | AR S R RO BB AR ZGBR B pTEoK . %k
PR, BRI T B O e PRI, FTHRIEIER, BE
i SR R R I S LAY 2,4,6- = Sl 1 1 G e
B B ek B DR AGI ER
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