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Research on the residue and degradation dynamic of chlorothalonil and its
metabolite (4-hydroxy chlorothalonil) in Lactuca sativa and soil

YAO Fang, CHEN Xiao-Wei, LIANG Chi-Zhou, ZHANG Han, YU Miao®

(Zhejiang Provincial Institute for the Control of Agrochemicals, Hangzhou 310020, China)

ABSTRACT: Objective To establish a method for determination of chlorothalonil and 4-hydroxy chlorothalonil in
Lactuca sativa and soils by gas chromatography (GC) and liquid chromatography-tandem mass spectrometry
(LC-MS/MS), and investigate the degradation dynamic on residue of chlorothalonil and 4-hydroxy chlorothalonil.
Methods Pesticide residues were extracted by acetonitrile, and then there were two steps, one for chlorothalonil and
the other for 4-hydroxy chlorothalonil. Chlorothalonil was purified by solid phase extraction, and determined by gas
chromatography-electronic capture detector (GC-ECD); 4-hydroxy chlorothalonil was redissolved with methanol,
filtered before determination by LC-MS/MS. Results There were good linear relationship for chlorothalonil and
4-hydroxy chlorothalonil in the range of 0.01~5 mg/L. The recoveries of chlorothalonil were 78.5%~79.8% in
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Lactuca sativa (RSD=3.01%~7.21%) and 79.2%~82.4% in soils (RSD=5.06%~5.95%) at the 3 spiked levels of 0.01,

0.1, 1 mg/kg. The recoveries of 4-hydroxy chlorothalonil were 96.2%~116.7% in Lactuca sativa (RSD=
4.57%~6.22%), and 102.1%~113.9% in soils (RSD=99%~4.57%), respectively. The results indicated that the

degradation of chlorothalonil and 4-hydroxy chlorothalonil in Lactuca sativa and soil could be described with

equation: C=Cye™. The half-life of chlorothalonil was 1.7 d in Lactuca sativa and 7.5 d in soil, respectively. The

half-life of 4-hydroxy chlorothalonil was 2.0 d in Lactuca sativa and 7.5 d in soil, respectively. Conclusion This

simple method can be used to determine chlorothalonil and its metabolite simultaneously. It also can provide certain

reference value for safely, reasonably and efficiently use of chlorothalonil.

KEY WORDS: chlorothalonil; 4-hydroxy chlorothalonil; gas chromatography; liquid chromatography-tandem mass

spectrometry; residue degradation

A B ¥ (chlorothalonil, CHT)J&—Fh ELAG 3 FVAIT
YERMR AT, FEMATES . R EY I FE 50
FIBES . PREERS A B 7R 4, 2 Bt E M AMELOL
A7 A R )2 B — R R B R A e AR
BRI EE R 0z, B A R &I
WS . LIETOK TR RN . 4R A EEZ
ARG R ISR b 0 Y, 5EERA L,
4-F2FEH RTE BRI R, AR LR f aE R,
TR, KR A BRI, B H X BRI
At 2 i I O P B (R I 01

H T, X BEE R 2 K8 0 SCEkRiE, A
71 AT S 43 ¥ (gas chromatography, GC)U1,
AR 4 3% 3 (high performance liquid chromatography,
HPLC)®3 12 | Wl Ik 4 3% 15 (enzyme-linked immunosorbent
assay, ELISA)IZE i b AR 9 i F 5 D) K X 5
A B FHB R S (AR RIS T T A R
FERAIESE, MM 2 Bl AT RE AR A, BB DI T
(] s 4 T i 2 T DR B S AT M (4- R R T ) R
B HPLC AW sk, SV S T VAR £33 A B
J5t % 722 (liquid  chromatography-tandem mass spectrometry,
LC-MS/MS)E H g h 4-23E A Wi 5% B 19 7%, Doorn
ZEE LV FH AR B 3 X KR HR ) I TR B 46 1 T 9
AT T AR A3

AT HRH GC Al LC-MS/MS il 27 325 i &
8 Y TR B AR W (4- R R T ) AT I E,
FE%F I M AR AT IS, A H AN R 2 R A PRI R
Wi
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2.1
Xevo TQ MS FUIRAH (6 1% AR B BT i (36 [E Waters 23

wl); 7890 IS AR (i (2] Agilent A F]); HY-2 B £
ARG A (E AR AR E FRAF]); IKA-WERKE T25 basic 7
AT AT RS E IKA 22 H]); HH.S-8 B H HAVE R KA
B HIE AR R ER ISR AT); N-EVAP 112 BK%
A MAY (3£ Organomation 23 7]); IKA MS3 basic g 5 1R
AR (P IKA 23 7]); PL202-L B i 7R ( F MR-+
FIZANERH R AT

4-FR L E TR TEARE S (B Ry 98.5%, 1 FE 1k TF 5
B%); T W ARE T (1000.0 mg/L, 4 ERsE i e
Ko (R y)); M. IEC ke . NER(EEH%, EHE
Tedia /A w]); HEE(EIEHR, FEE Merck 24 H)); SN HT
ali, EZRFA FD); 70 % B FE AR (A R 51k
TABRAAD; S50 FK A B AR (2 18.2 MQ-cm),
2.2

1000 mg/L 19 E P VAR EVE IRUF IE O B Fi B 5 4
WRERBEE(0.01, 0.1, 1., 2, 5mg/L), M QREN BT
T ARAG N #5% (gas chromatography-electronic capture detector,
GC-ECD)#FA740#Hr, LAWETE R, Y 3l HEREWRIE N X flifE
P2 .

WETRFREL 4-F2 3L & PSR S ECH R 1000 mg/L 1Y
4-FRIEE VT P AR A TR, IS TR RRAL 5 MR
(0.01, 0.1, 1., 2, 5mg/L), # LC-MS/MS ¥, DAl HiFR
YRl BEREVREE N X EARE N2 .

2.3

70% A W AT R R, MR R AR 1275~
1725 mg/kg, TAIE M A FWIVLATE: W7 i X, 428
RUCAM 2618, +RRE, KEFEE, LREK,
YEVI R 2 3%

FEA/NXHIAL 30 m%, % 3 ANEE M 1 AES IR IE,
DI R & 1725 mg/kg BEZG, M Ra—P K
JNEEEZE 1R, JETFREZEG 2h, 1, 2, 3,5, 7. 14, 21d
KA ZZ 3R RE AR IR A



51 1k

37, G TR DA W) (- T B TE TN A e M b A 5k B e o 5 157

2.4
24.1 HEHBRIRE 4L

FREL 25.0 g = FHepRH, i 20 mL KR4, fil 50 mL
ZIEHATIRSG I 30 min, FLESEERG FHIEARILIE, e
MRS 5~7 g AALENA 100 mL ELEER TP, AR g
40~50 mL, ¥ b3, MIZRY 1 min, FEERTHE
30 min, ffZHEMFIKMAE . BT HRD@). b)WL:

(@) N A IR 10 mL ZBEVE W, A 50 mL B4R,
BEBEARTE 80 CoKVAHR_ LN, FRRLEE ARSI,
HZRIET, A 2 mL IEC ke, 3 B4R, frdfb. #ob
BHELHA 5 mL IECRE-WER@Tr=9:DBKE 1 K,
SmL IECLETMTE 1 RIEATIE Ak, 243 700800 1) 35 W b2
I, 7 RMEIA FARRRAEE, 10 mL 20 B
Wet B, 5 mL IE CUE-INBR(V:V=9:1) bt 5 kit
RS A LA, JFESE 1R B R E TR
WA L, FEAKIBTEE 50 C4&MFF, ARFELZE/NF 5 mL,
AIECHRERE 5.0 mL, FEREREGH LIRS, BEE%
A A S FERS R, 3F GC-ECD 43#7 .

(D) AT I 10 mL ZJE W, A 50 mLEFRH,
FEBEARTE 80 COKVBSR_ LM, PN E AR, H
HZR R, A 2 mL WEE, 3% R, &8 & L&
MWE 2% 2 5 mL XS T, FH2 3 mL FEES 2 ik
Vekedr, IR R, BE HFEEARE 5.0 mL, 7
WAHERA 5 LIRSS, 1 0.2 pm JERS #F LC-MS/MS Ml 22 .
242 hEAFRHSLRIE S

FREL 25.0 g #EfH TR, i 50 mL 2, 7EAI3HL
AT R AR I 2 min, $REUGEEE S R IR AR 08, SR E
FAA 5~7 ¢ FALBNAY 100 mL HEREH P, WLk
W 40~50 mL, ¥ B35+, FMIZURY 1 min, 7EEIR T HHE
30 min, i ZHEAHFIKAHES .

Ve fb A U ) - et A 0

1 LC-MS/MS

2.5
251 GC 4

{34 DB-17(30 mx0.25 mm, 0.25 um); JEFE TR
JE 220 C; Aodibke; MEREE 320 C; BN N,
2.0 mL/min; WS4 Ny, 60.0 mL/min; #EEEAFH 1.0 uL;
SRR E R BT PRI 150 C, fR4F 2 min, 2R
JG Lk 6 ‘C/min F+Z 270 'C, ££4F 20 min,
2,52 LC-MS/MS &4

{4, 7% # & Phenomenex XB-C;5(100 mmx2.1 mm,

2.6 um); I HEL(A)M S mmol ZR%#-0.1%L M5
WA (B); WEERE 0.2 mL/min; HEFEE R 5 pL; FEIRE
Hil2h 35 °C; BERBAFIRE 1.

LS = BST LSS B FIRIRIE 150 C; BAE
JR: 3.0 kV; BEARISRE: 500 °C; BEARISFE: 800 L/h;
HEFLS SR 40 L/h; RFESREE: 0.15 mL/min; & &
e AR, R Uy s 228 SR W (multiple reaction
monitoring, MRM), Z§n# 2.

3

3.1

AWFSE 3% ESTAT ESIHERRT 4-2 551 Wi &k
BT T, s R R 0 R TR B SR
R T IEEFRECT SR E, B t(mz)h 246.6
A Rl VG M S I GrEi (8 vt (R B = S S O R =)
T ML AR SE SR T, DiAk MRM
SR 2,
3.2

AT i 22 3 S A RE S b 4-52 L H RS ik
T T A B0 36 2 B 4 AR NH, AR T AR
FEW, CH,Cly/CH;OH=9: 1(V: V)BEAT LR, 4554 W% I

Table 1 Parameters of gradient elution

I} [A] (min) F (%) 5 mmol Z,FR4%-0.1%Z BR 2% W (%)
0~2 10 90
2~6.5 90 10
6.5~6.6 90 10
6.6~7.5 10 90
2
Table 2 Parameters of MRM
P FE M X E i B TR LR Till J7 e = {4 B Ik 1]
(m/z) (m/z) V) (eV) (min)
) L 246.6/174.9 56 28
4- I H 246.6/174.9 3.03
246.6/183.8 56 36
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HEEBU T ARG, #AE S8, H 45 a mE A
Sy Ueli, T N A TR PSRN AR . AR R )
FHET SR 2 FaIUER, % &R BT
A PR SIAE R B, FIARSCRIRZAE IR, ARE
T HEEE A A LGN kX 4-52 5 B rE HE TR
Bk
3.3

A 0.01~5 mg/L T vk J& 0 il 4 b ofie th 26 7
Ll Y=209467X-11210, r*=0.9987, 4> HILL 3 f5{5 M Lk
(S/N=3)F1 10 fZ{ZME X (S/N=10)355 & Ve 1 FR (limit of
detection, LOD) o 0.001 mg/L Al & & BR (limit of
quantification, LOQ)>» 0.003 mg/L.

A-BEEE TEAE 0.01~5 me/L T2 3 30 1 P9 B s v
£ 518 Y=9510.8X+651.8, 1*=0.9989, B 3 15 {5
F(S/N=3)F1 10 %1514 H.(S/N=10)3144 LOD } 0.0005 mg/L
F1 LOQ 4 0.002 mg/L.
34

TE A2 28R A R A5 FURE S R, 4 R vk B N
0.01. 0.1 A1 I mg/kg M E RIEFR IR 4- 525 E W IEARE
W, VEATHRE, ek, SEATINGE 3 YR, A5EIAR Y B ELSCE A
FEXHBRUE (W 22 (relative standard deviation, RSD), %5 L3k
3o T B TE I 22 38 A A P bR S 3 [ R
78.5%~79.8%(RSD H 3.01%~7.21%). 79.2%~82.4%(RSD

N 5.06%~5.95%), 4-FREEA BIE AR SR LI s
BRI 01 96.2%~116.7%(RSD N 4.57%~6.22%) .

102.1%~113.9%(RSD Jy 2.99%~4.57%). 45 H%H, HIHTH
[NSCRAR KT RAR, T 4-F2 3L & RIS R A g, TR
A R IR A AE R T A P AR R R A3 TR N R O 485
HETE -

35 4-

TRV E I 27 3% A P A 3 R — B T2
M. HIEWEEMZRM PR E 1~2, Hh
HWEEMEXRMEEPNER TR C=
110.57¢ %49 (,°=0.9487), C=4.3924¢"%% (;°=0.8690), k7
WA 1.7 d 7.5 do AT UL B BRI 76 I 22 32 T IR IR,
MAE TS AHXT B8, HEHERERI & 1725 me/kg SR,
255 d JEIE R E WEIE R A R 12.85 mg/ke, Tk
TR [ AR MERY BRI 5 me/ke!"®, FHZE 7 d 55k
3.75 mg/kg, /NFIRRAE.

A-F5 3 TR T TR T 22 28 R A P ) T R R — R
B 1R . A-FR T E TRV AR S A - Y R A it 4k T
Bl 3, B 4, FHor 4-32 58 5 T L6 T 22 SR L rh ) R AR
A B C=0.456e"% (=0.9496), C=0.0828¢ "=
0.9864), KTEM43 510 2.0 d F1 7.5 do 25 R EW, HHEERK
AR 453 B TR P R e, TR — AR (AT 5 v
W) 4-F I ETEER .

3 4- (n=3)
Table 3 Recoveries and RSDs of chlorothalonil and 4-hydroxy chlorothalenil in Lactuca sativa and soils (n=3)
. [T (%)
R R4 ﬁu%fg% RSD(%)
(mg/kg) [l 1 [l 2 [l % 3 T
0.01 78.5 75.4 83.7 79.2 5.30
H R 0.1 77.8 83.6 85.9 82.4 5.06
1 85.2 81.8 75.7 80.9 5.95
+ 4
0.01 113.6 108.9 119.3 113.9 4.57
4B H T 0.1 105.7 102.5 111.6 106.6 433
1 101.9 99.2 105.3 102.1 2.99
0.01 78.5 82.4 74.6 78.5 4.97
H R 0.1 85.8 77.8 74.7 79.4 7.21
1 80.8 77.1 81.6 79.8 3.01
HEE2
0.01 115 110.5 124.7 116.7 6.22
A H 0.1 100.6 96.3 91.8 96.2 4.57
1 97.7 107.6 103.7 103.0 4.84
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