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W OE: B @R PR e L HACET Y 2,4,6- = SR B SR BN 5E AR 0 - = 51 DUAR AT BT (gas
chromatography-triple quadrupole mass spectrometry, GC-MS/MS)AJ4 M ik . 753k RAEIKIRTER A4 1%
ZERIEIRI, Wid N-NIZ i (primary secondary amine, PSA). Cq WERHF . J 3858 B g B LBk il
(enhanced mode removal-lipid, EMR-lipid)¥-fb 38 EUR, LUSHH (355 - = 55 DUARH 3 22 55 S 07 i 7 WA =
(multiple reaction monitoring, MRM){:ll, MRikc s, B4R  2,4,6- =S KB#E 0.25~10.0 pg/L, BREEIELE
2.5 ~100.0 pg/L JE T HAT RAFIIRMESC R, HOCRB(ADB KT 0.999, 2,4,6- = KMTE 0.5,.1.0,2.0,
5.0 pg/kg MIERIIZKFT BEDRCRLE 80.2% ~ 118.6% 4, AHXHAREMZETE 1.8% ~ 8.8% N, &N 0.5 ng/kg; Pk
BEMEAE 5.0, 10.0, 20.0, 50.0 pg/kg MUK T EICRTE 80.6% ~ 115.5% N, AXIFRUER2ETE 1.8% ~ 5.9%
W BRI 5.0 pg/kg. iR 2 AR R ALY | R R B, BUIEIURON 5R, 3 P TR A 3 3
FRAE v DR et e B LA™ 4 1) 5% B A
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Determination of prochloraz and metabolites residue in grains by gas
chromatography-triple quadrupole mass spectrometry
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ABSTRACT: Objective To establish an analytical method for the determination of prochloraz and its metabolites
2,4, 6-trichlorophenol residues in grain by gas chromatography-triple quadrupole mass spectrometry (GC-MS/MS).
Methods The sample was mixed with water vortex and extracted by ethyl acetate, the extract was purified by
primary secondary amine (PSA), C;g adsorbent and enhanced mode removal lipid (EMR lipid), determined by
multiple reaction ion monitoring mode (MRM) of GC-MS/MS, and quantified by external standard method. Results
The 2,4,6-trichlorophenol has a good linear relationship in the range of 0.25-10.0 pg/L and prochloraz in the range of
2.5-100.0 pg/L, and the correlation coefficients (r*) were all higher than 0.999. The spiked recoveries of
2,4,6-trichlorophenol at 0.5, 1.0, 2.0 and 5.0 pg/kg were within 80.2%—118.6%, and the relative standard deviation
(RSD) was within 1.8%-8.8%, with the quantitative limit of 0.5 pg/kg. The spiked recoveries of prochloraz at 5.0,
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10.0, 20.0, and 50.0 pg/kg were within 80.6%—115.5%, and the RSD was within 1.8%-5.9%, with the quantitative

limit of 5.0 pg/kg. Conclusions This method is efficient and fast in operation, high in detection sensitivity, and

strong in anti-matrix effect, and is suitable for the rapid determination of prochloraz and its metabolite residue

detection in large quantities of grains.

KEY WORDS: gas chromatography-triple quadrupole mass spectrometry; multiple reaction ion monitoring mode;

grains; prochloraz and its metabolites; residue
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Fig.l Degradation process of prochloraz

AT 3 22 38 2o O 3 7 4 A A ) 2% 12 (gas
chromatography-electron  capture  detection  method,
GC-ECD)*™ 9| =% AH {3 %= (high performance liquid
chromatography, HPLC)7'1 | S #H {5, 3% - it 1% ¥ (gas
chromatography-mass spectrometry, GC-MS)!"' 14 S 4,
% - B OBC JE 3% 7% (gas chromatography-tandem mass
spectrometry, GC-MS/MS)!'™ | ¥ #H €4 3% - &8 B i 3% o=
(liquid  chromatography-tandem  mass  spectrometry,
LC-MS/MS)! 1S 5fe A6 ) wk ff Jiz 1% AR 345 0 119 5% 7
GC-ECD i THi b BB H A AUl | Jeik e bk | e id 72
PP T AT BT AR P AR G R B IR AR AT R B
MLIE IR EE, A SEER R RN T G, AN T S 5 X
TFrRE AR AP, HZ O AR IE TR A
Jit. LC-MS/MS  FLUZ A I 1 K fif Jii i) 15 fk IR xob HAC Y

Y1 2,4,6- = G 2K B 9 = b O TR IR R OAEORE HE BRAIK,
HPLC .GC-MS X 2 Fi Jy 5 3570 1 S Wk i Feie S AR 35 400 1
W, HATAFE AR TR 2%, Ird iR 2 2 HEAER,
GC-MS/MS  H Rt H 2 0 FH 78 FE 0 Eb 25 17 B i K SR 8 2
LR R R, T LR AR B D K B A 2
FE ST R R A e B AR R I B v . AR R R A
A, BReEAR . SYAHSN, BEREERKEEAR. B
VI ZFh s LS iy T30, SERA0N % 5% . H At
HR A o ) R B i B ARG P 5% B8R 3R IR T o B AU G
W7k, g s, P Sk, RgUEs . EE M
U FLIR] B R A 00 R A v B G e S LA 2,4,6- =K
Ty 5% B8 S T VR R R R 6B ST L, ARBF IR IR A
FIRA B E AR, MR IGA R . 40 Bl AR A U
TEE BN, X MR A v R ff i K AR 0 1 [ SR i AT
B2, T S - T DA B T A AR A v R e e
KA R 5% &R, W2 S0 HOE R s #) Rt
SERE S DRSO I (1 LR, Ay S A ok B Ol PR i A
R 75 1, S B A DU A 0 H Y

1 MR5ERZE

1.1 #& AFISEE

M | AL IOK L BK L REOKI T,

WKL | 2,4,6- =KW (100 pg/mL, VBT LY
BRI AT, M (%48, 3£E Honeywell 23 /]); P
((ui&al, &M TEDIA AR)); L. SALHT. BEIREN (7B
4, m AR B A PR 7)), Cog(P B AR (A5 )
A PR Al); N-TN 2 Z, —Ji¢ (primary secondary amine,
PSA). H45mAURE R 22B% 7" i (enhanced mode removal-lipid,
EMR-lipid)(35 [ Agilent 23 ).

Agilent7890B-7000D < AH e 1% - — 5 DU AT ot i3 (3 [
Agilent 22 v]); WH-3 R EHEP P HTLSR T AR
Fl); TDSA & 2 &0 HL G R 78 1 2 75 A R D,
BSA-224S-CW HL T K- [FEZFI B AU AL DA TR A
F]; KQ-400KDE i 7 B AX (B 1L i i 7 A A PR Fl) o

1.2 TWHE

1.2.1  ARAAl &R b4 B
2,46- — A NE bR WEAE AW WEMRFEEL 1 mL
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100 pg/mL 2,4,6- =F K BFriES T 10 mL 580, FOKE
TERR B ANELR, 20 °CIRAEE T

WK EE ARG A0 HEFRRZE 1 mL 100 pg/mL WRAE
JehR IS T 10 mL 55, M ER B ZIELR, 20 °CfR
el

HUE 8 FOAR 2 IR A B AR 2,4,6- = &K
W 0.1 pg/mL ., BEEEHE 1.0 pg/mL 5 & ¥k 3 B0 IR & bR p
V) V5 VA
1.22 HomigRK

FRELZ M HEIEIL 425 um BYARVE R TR TR &) 5 il Re
5 g(F5H 2 0.01 g) T 50 mL HIEZ.0 b, A 10 mL 52
I K, FHREIR AR IZH 30 min, A 10 mL 1%Z &
ZHE . 1 g BERREN . 3 g L8NG 55 DRSS I 2R 1 min,
M 10 min, FELL 4000 r/min 5850 3 min, #E A
Feib .
123 Hobeg 4k

B EREL.L AR FER 5 mL T 10 mL i, A
200 mg PSA. 150 mg Cy, #E%RJE | min, 4000 r/min #.0»
2 min, B 3 mL R T3AH 1000 mg EMR 4L
10 mL i H gk, 7€ 1 min, 4000 r/min 2.0 2 min, B
BT 0.22 pm A5 LIRS B0, R,
124 KEFURAIFAE R | TAEE R AL

25 [ 3L TR S 4 BRI AL BRAR BUS b 5 3R 15 25 P RE
R R, 5 . BOE SR A BRI T SR
B, JART, A 1 mL %S (AR SERARBOR, IRIETR 2T,
BEI 2,4,6- =& KW 0.25, 0.5, 1.0, 2.5, 5.0, 10.0 pg/L .
BRI 2.5, 5.0, 10.0. 25.0, 50.0, 100.0 pg/L ity
MR A ARE RO AR . JETIR A ARME RS AR
e AR B
1.2.5 &igi&hH

4% 4. DB-35ms Ul & 41 % # (30 mx0.25 mm,
0.25 um); A HALAR(=99.999%); HiE: 1.0 mL/min;
RS BALAS(=99.999%); iEk: 1.5 mL/min; He K
AW 2.25 mL/min; $EREVREE: 270 °C; FEIRARFERE T
IRAE: WILRIEEE 80 °C, L 20 °C/min Y R T} iR 5
200 °C, LA 40 °C/min MR FHEF] 300 °C, {R%F 6.5 min;
PR 1 pls
1.2.6 JRigEH

B B rZE g (electrons ion, EI); B FIRIREE:

280 °C; — 2R PURLATRE: 150 °C; — R PUMRATIRE: 150 °C;

o AR EE . 280 °C; = 22 S g M A =X
(multiple reaction monitoring, MRM), 2,4,6- =S F<E) 7€ i 1
FXmiz 196 > miz 97.1, &M FX miz 132> m/z 97.1; B
fief Jiz s B X miz 180 > m/z 138.1, EMEEFXF miz 180
>miz 69; JREARMFEAEE L 1.

R ORERR ARG R ST N EE

Table 1 Multiple reaction monitoring parameters of prochloraz
and metabolites

oy PREEmtE  BEF FET O 6iEREE
/min (m/2) (m/2) 1A%
SN, 196 97.1%* 30
2,4,6-—F AR 6.003 132 971 1o
o 180 138.1%* 15
.
D 2 i 12.824 180 pes %

e HUR AR T
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B I ) O 45 o R S g R LA HL A B
eI HLE R, AR DINFELE T 1%CRLNE . &
. N PR TR A O 4R U TR I G B HOEOCR,, 45 R
RUITEME TN B . SN RIS, e bl 225 IR 5 i i
PR, T 2 5 R A [ i S 56 i A B 2 i A
PR 43 TR AR, AN S PRAR . TR R A S i 0T
REA RO A DU S T 2 RE A R BT 58 4270 1, B O g
AP, EMH EMR H Ak 0] 25 B B2 OB b A9 3R A% R s
I RICR AL, DGR G, (T 1% LR S AE 3 59
FEIBURS, 5 TIAKE it 1A R B T TR A T B e £ A
A, PRI U S B AR A O A e B AL e
4, B A SED R BARE . SR AR SR
F R SRR, P 1% TR SR 32 B0 77 e
HAEIE, AR IS 2,
2.2 SEEMEZERFIRENML

FEAMFE P T4 B A A BRI E R T Cos
PSA. EMR X 3 Fivgefkiil. Cig 0T LAZSBRIESR A&
WPER SR YT, PSA FEELRERPEANE
HLRRSEHE YT, EMR AJ DAL BRBERR R A BRI, A<
FFEHEE 3 PR ALE 3T ERCR A, @il
31X 3 H AR A XA BRI, Bi#E PSA (Cs.
EMR A B A 380, S SO0 BEAIE, [T i
Bé. MiE$E Cg 150 mg, PSA 200 mg, EMR 1000 mg X4
FIBALA IS, RIS T, S TE sRaN Fef, AEM
Fili ey . SR 3.

2.3 BB

ARSI AT A HE v b s A AL 2 AP S B o
WERSUR, ()P TEC T AR ] BE A TR, AR DNZE R IR 4. 25
SR RIS R VA VR (AR A fti Ay 31 Fy e T LI [] 452 e
BEREEFIBRUERSR R ENE TRIFRIY) 185.3%, BEBTHETRAN Ak,
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Table 2 Extraction efficiency of solvent(%)

5 il 2N R 1% 2R M
FEah A2
2,4,6- =XKMW BREENE  2,4,6-=FOREy  BREERE  24.6-—FURE  PREERE  24,6-—FURM  DREERE
e 89.8 86.8 79.5 80.9 145.1 147.1 116.3 115.4
INFE 57.8 80.1 53.6 77.0 101.5 141.8 79.5 116.3
P S 439 68.7 40.6 63.8 79.6 132.9 105.6 112.6
Tk 58.1 76.3 50.2 67.6 101.2 137.3 108.5 114.2
JiEP/N 91.8 82.4 81.1 75.1 163.5 151.2 116.2 110.6
%3 Cis PSA, EMR B2 EY RIS
Table 3 Effect of C18, PSA and EMR dosage on recovery rate
Cis 100 100 100 150 150 150 200 200 200
NG /mg PSA 100 150 200 100 150 200 100 150 200
EMR 500 1000 1500 1500 500 1000 1000 500 1500
2,4,6- =S AW DK/ % 156.0 151.3 121.4 1389 1373 1033 1384 1242 105.5
Bk i i [ % 157.1 152.1 122.0 1433 1414 1065 1359 1273 106.6
F4 SHARHEROERYM
Table 4 Matrix effect of 5 different samples
U T FR FE TR/ %
IR
e INEE KK oK Bk e INE KK oK Bk
FE TR UEA TR 8927 12756 13053 13486 8473
122.7 1753 179.4 185.3 116.5
TEFBRHEA R 7276
P 5 ke I 48 93 ANBT A ’e
\ oo N P B8 5 A sk A ] 9 , A7 H I RS
2.4 {NBEMEG YRS TE S ) B 8] RS B AR LT 10 4, DAk S 1) i g sk

] S 25 B P WL 2~4, TS [ ARG Fif RE 1t 20 BT DR 6 i
B AT bR ME T W, DAL BB B -1 85 1 X% Kl
RERE LR 1.

T R AR T AL A IR R B R i TR, A H bR
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Fig.2 Chromatogram of standard solution of rice matrix Fig.3 Mass spectrum of 2,4,6-trichlorophenol
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Fig.4 Mass spectrum of prochloraz

2.5 toEEHhZ&FEER

il & 2,4,6-=%FKW 025, 0.5, 1.0, 2.5, 5.0,
10.0 ug/L . WREERZ 2.5, 5.0, 10.0, 25.0, 50.0, 100.0 ug/L
FT R B I EE SR A AR E R R, 4% 5290 Ik T I, LA
FE T B R T RO AR R, BT R Ve S Dy ek Al AR 22 i A o
gk, 19204VE mA R RAOE R (), L 10 f5{EHE
R B B R (SIN=10), Z5F0L3E 5,

x5 LKUSBREER

Table 5 Linearity parameter and limit of quantification

ity WY MGRM R

2.6 INFR[EIYSR #E2 B SL86

B 5 FhEERTAE S AT . . IR ERR 4
ANV BE AR SE 5, BB TPAT 6 YR, AR B
HH XF B ME i 22 (relative standard deviation, RSD)%% 2R il
6. T LA WK EE I AR W17 5 Fh 55 5 o A4 S 34 [m]
W % 7E 80.2%~118.6% Z [A] , AH Xf o5 fi 25 7€
1.8%~8.8%Z i), ¥IMEIEHTEHN . RIIZIE A K
- 1 [l W5 2R T N 9% B, BE A% Tl R MR A R M i T AR
Y5k BE A 0 A
27 SERHEREN

KA DT AR AT L 40 HARAFEN,, HeADE
R FIATIE, S5FRIIARAT A DR bk e K LAY

3 4 1

AW G AR ST A R A RR DR B e e A
2,4,6- = AWk B R 1073k, R AR & 2 iR
EIR R e O/ T BTl L R e LR (A BURS [ R iR S
VU AT 5 ASCHE AT A 0 S A E A, I R TR A5
M h 205 BEAT MER A R, P ORI AR A r DR R e
FOACH Y 0 5% B B o %07 TR A R R B 4R IBGRR) L
75 3 AR RE EE L 9], e 0 A 1 R XU 7 LI
A ZEICH AN SRR AT ek, oA Bl REUE

fmefke) e A O A, A T T AR v R SR e B LA
2,4,6-=HKER Y=1123.017240X-37968329  0.9993  0.0005 W BT e RER, B NERE SR
W W A R O O T AR R R P, VISR R
Wit fi Y=165.745497X~121.187321  0.9994  0.0050 \
NERBEAWEME S,
<6 5 ThEL R R MR EE B K AR 4 B 0 A [E1 450 3R F0 4B XA 1R ZE (n=6)
Table 6 Recoveries and relative standard deviations of prochloraz and its metabolites in 5 matrices(n=6)
- WA N Kk ESP N BEok
oy WK
heke) ko, RSD%  BIMCE%  RSD%  [ICE% RSD%  [ICE% RSD% % RSD/%
0.5 89.4~107.8 75 90.1~101.8 43  90.0~1105 7.1  96.6~1159 6.7 88.8~1004 42
s 1.0 100.0~105.1 1.8  92.6~1000 2.6  93.9~118.1 88 99.2~118.6 62  85.6~98.1 4.6
AR
2.0 102.6~117.5 54  97.0~106.1 3.1 82.0~87.9 3.1 112.0~117.6 1.8  93.6~985 2.0
5.0 98.5~108.3 33 982~1058 3.4 101.3~1064 2.0  802~91.6 44 1003~1103 3.8
5.0 82.5~92.7 46  93.8~1028 3.6  943~105.0 40 91.0~1062 51  92.0~101.4 3.9
10.0 80.6~90.5 51 99.4~109.0 3.5 93.7~107.2 45 942~1089 59  85.6~954 43
DR ik Jiie
20.0 85.7~99.1 49  950~1020 2.7 101.3~110.7 33 104.9~1124 2.7  91.6~95.5 1.9
50.0 84.5~88.3 1.8 104.7~1103 1.8 1082~1155 25 101.0~1092 3.1  91.6~103.7 4.0
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