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Study on residues, growth and decline of thiamethoxam and its metabolite
clothianidin in open field of soil-celery system
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ABSTRACT: Objective To investigate the residues, growth and decline of thiamethoxam and its metabolite
clothianidin in the open field soil-celery system. Methods The final residue and digestion dynamic test of
thiamethoxam and clothianidin in open field celery was carried out in Zhangjiakou, Hebei Province. Samples were
extracted with 10 mL of acetonitrile and then the extraction solution was purified by 50 mg of N-propyl
ethylenediamine and 3 mg of multi-walled carbon nanotubes, and the residues of thiamethoxam and thiamethoxam

were detected by gas chromatography-tandem triple quadrupole mass spectrometry in mode of multi-reaction
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monitoring. Results The recovery ranges of thiamethoxam and clothianidin in celery were 80.7%-96.5% and
76.1%—-103.9%, respectively; and the values were among 74.0%-96.4% and 84.9%—-86.7% in soil, respectively. In the
final residue test, the residue level of thiamethoxam in celery was 0.188 mg/kg on the 10th day after dosing, which
was lower than the national maximum residue limit (MRL), and that of clothianidin was 0.112 mg/kg, which

—0.246[5 r2 was

exceeded its MRL value. The digestion kinetic equation of thiamethoxam on celery was C=2.7244e
0.9094, and the half-life was 2.82 d. The amount of thiamethoxam deposited in soil firstly increased and then
decreased, with the peak value of 0.330 mg/kg. No significant trend of clothianidin was observed in soil. Conclusion

The residual risk of thiamethoxam on celery is low, but its metabolite clothianidin exhibits the residual risk. The
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application of thiamethoxam and clothianidin has little impact on soil environment.

KEY WORDS: thiamethoxam; clothianidin; celery; residue; agricultural product safety
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Fig.1 Structural formula of thiamethoxam (A) and clothianidin (B)"'?
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1.1 #MR5ER

Wt R A 24 (25 % K Aok, Tk e SR AR A AT B Fi);
W SERARIE T | 1 AURRRTE i (1000 mg/L, KEP/RESRI A
FRAH]);, ZNE(ET%4E, S Fisher Scientific 23F]); PR
TEal, 3¢ J.T.Baker 22 H); SALANCGIHTEL, JEatfb =
), TOKBRRREEC A, KA Bk 2E AT B2 Fl); N-
3 2 i (N-propyl ethylenediamine, PSA, 40 pm, 3
Varian A F]); ZEERAIKE (multi-walled carbon nanotubes,
MWCNTs, >95%, {LASEFIRMEREARAH); 0.22 um
AHLRIERE LA LR AR A A BRA ).
1.2 UE5EE

YP602N HLFK-CHEE 0.01 g, IR asA BRA
Al); BP211D HF4Hr KK 0.0001 g, 7 [=9¢ 2 Fl
23 w]); 7890B-7000C U AH (A 33 - — B PUM AT T 1 15 FHAY |
HP-SMSUI BANESH G 1%HE(30 mx250 um, 0.25 um)(3E
FE 2R A ), BAK REE(ERE Aquapro SCRHEA H);
QL-901 FUIBHE (VLIR T HoAR DURALER il 5 A FR2S #]);
TDZ5-WS fIkil 24548 B 20 V-7 25 O AL O AU AT
23 +]); Centrifuge 5427R v Vi B9 CoAIL (T [ SE AT
133 F]); N-EVAP &AL (35 E Organomation /A )).
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256 Hh A5 R 5K R T S B AR 3R (B
41°8'54", K% 113°56'7", MK 1460 k), I H] K75 H
IEELHIK, 284205k 585 i W EoR /N X . 7
R I/ NX AR 45 m?, e 5E IR/ N X A 45 m?, 1
FE 3 K, BEHLHES, /NIRRT o 553t B/
HRAEZAR 25 (B ), 25% 7K 430k 70 168 Kt 105 4 45 FH 741
R 4~8 g/F, TEAFSE LA MBRR 10 d, HER 2l
FARECH 3K, Mgy b Mmiss . gtk s K 2
HhI B £ — Rt 24
1.3.1 R&AKE ik Kkt

BAFREB RS/ DX 45 m®, EHE 3K, BEHLHE,
AN BB AT o S R K A P B/ IX ., B 48R B i
565 /IN DX it 245 7] ik S A 2 B O PR S M 1 v R (8 g/ )
1Tz, MaZiuEl 3 K, IaIRE 7 d, 55—t 2 i E] 2 2021
F 6 F 28 H, SR 2021 45 7 A 5 H, 5=
YRZE I IE] Ay 2021 4F 7 A 12 B, RENFE N &5 — K
247 10 Al 14 d.

1.3.2 AR ) 3%t

MR/ NX AL 45 m?, B 3, BEPLAES, /NX
(R o 3T K A X AT BENIK . TR IR IR /N X
2T A B C PR HERR R S R R Y 2 fR (16 g/m)iE
T2, W25 RER 1 Ik, MEZ5ETIE] D 2021 4 6 H 28 H, R
ERFRPAREZE S 2h, 1, 3. 5, 7. 10, 14, 21, 284,
14 HmXESREFSHSE

FreEREdh: 2RI /INX R AL R A KB
TR E . RSB TR, YRR . TR AE R A Ak
FFE 500 g, fHABFALIERE RS, BARAT ST, 3
REUFFRZE, WAET-20°CUKME R RAE . THERESL: FEilE/)N
X AR HABENLEE R AT 0~10 cm A, 3RS A
ST XU LR, RS S R AL R 500 g, 38 ARE
mndsrh, BPRIEARAE, WAET-20°CUKAE R AE . /NXIATT
FEEATRE B Wi 0.5 m PIASRAE
1.5 ‘diERBREEY

3% 44 HP-SMSUIL B4 S A ETEH(30 mx250 pum,
0.25 pm); A3 = A, R 80°CLRHF 1 min f5, LA
25°C/min FHEHE R F] 280°C, {445 3 min; FEEE R
80°C; Z<Jii#: 1 mL/min,

UG S B IR H 3R T L (electron impact ion
source, EI); B FURHREE: 300°C; £ OEAE: 280°C; A AL
R EFE]: 4 min,
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FREUEEAR 10.0 g F 50 mL #5089, LA 10 mL ZJ, iR
R 5 min, PEGAHIGHUH, A 4 g S ALE, 5E 1 min,
3336xg 2514 T 50 5 min, BUEIEW 1 mL, HCA 150 mg To/K
FRAEREE . 50 mg PSA. 3 mg MWCNTs /Y 2 mL B0+,
TR SURTE 1 min, 15413%g B4 ES0 1 min, 13 0.22 um
AHLRIEME, B 800 wL i JEE/FMERT 2 mL iREH,
FRWAUR LT, A 800 pL INEIE %, k%IRRT
2 RS/ N P RRN
1.7 FrErZkH

HF 10 mg/L BYME HUGE | 188 H iR vV 43 ) L s A 3
FR R, W45 0.01, 0.02, 0.05. 0.10, 0.20, 0.50 mg/L %
B AR E LAEIR W ST GC-MS/MS IlE, LLE & g 15t
WA TR AR PNABAR(Y), LA S VG FC s v 375 00 kT A e Ak
Fr(X, mg/L), 2l BB VERAnR il £k .

1.8 AmE R s

A3 BITEZS FIRE S 425 0.02., 0.10, 0.50 mg/kg /KF
VN TIE B R RIE AR VIS T, BMEESR S R, HE
30 min ¥ LR RTAN B IR AL BRAR S R 2RI E FE, T
SAR T I A S e 3 T AR v I 22 o
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Table 1 Results of ion pair and collision energy optimization
B F {45+ B2 16} [¥1] /min FE MBS X (m/z) EMEFAEEREY EEE M) EREFRiERE RV
15 1 g 8.668 247.0/181.9 10 212/138.9 10
5 i Jiz 5.263 139.0/78.9 10 174/79.0 20
1600 - TRV 0 HR R R HRe bR IR IR, MR S IR, #
1400 - o 30 min J5H RBTANIT R RS (LRI S, 950
1200 b % 3 AR EE AL IR IR, ArbT it o, S5IRUNEE 3 R WE
I HUGRANEE RURAE TR b1 BISCRIE 73 51 80.7%~96.5%
i 10007 < 76.1%~103.9%; f£ L3 E 500 74.0%~96.4% . 84.9%~
= 800r 86.7%, ficlii NY/T 788—2018 A28k B KnfEN] )
£ oot AT, DL b G5 SR A i 5 A B R 2 (relative
w0l standard deviations, RSDs)Y [, FAHIZI7 A RIATIIMER)
JEFRG R, PR A AR AP EEsK, B G317,
20T \ 22 HWEBEHSESLN
% s & 1 8 9 10 AL 3K 5 T S0 ER % B R A%, D
£ B2 5} H] /min

Pel 2 e R e T A B T I R
Fig.2 Total ion chromatogram of thiamethoxam and clothianidin
2,13 FeAFE I ERIE
TE2S FIRE AL O A 130 12 8 0.02., 0.10., 0.50 mg/kg

Zar i, JEIRF R, WERR, WMEZE, KN, HF
¥ 26°C, HFEBIRAGE 15°C, FHRE 61%, F3
S JE 861 hPa, FIa S itk 36 4k, HHRI R 14d, IFKR 3 d,
FAK 13 do HEMEACH AR FHKHFERS: 130725006380)1
—150 m #1 R K.

®2 BEHRSEHRERMERDPEMSE. SMTE. BXRK. RHRSEER

Table 2 Linear equations, linear ranges, correlation coefficients, LODs and LOQs of thiamethoxam and clothianidin in 2 kinds of matrices

971 V] bt 45 B3 (@) LR PEVE FF/(mg/L) B /(mg/L) 5 1 Fi/(mg/L)
s 15 1 g Y=101.4X+491.57 0.9996 0.01~0.50 0.0001 0.0005
WE e i Y=32.558X+368.23 0.9995 0.01~0.50 0.0025 0.0090
N I Y=80.718X+1305.5 0.9956 0.01~0.50 0.0006 0.0013
iji% I L fH Y=22.161X+88.692 0.9996 0.01~0.50 0.0028 0.0208
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Table 3 Results of standard addition recovery test

R RY BIUKF/(mgkg) FIEIRE/%  RSDs/%

0.02 76.1 8.0

WE i 0.10 103.9 13.0

» 0.50 88.9 8.0
R

0.02 80.7 6.0

I5E H I 0.10 90.8 3.0

0.50 96.5 14.0

0.02 86.7 9.0

W i 0.10 84.9 12.0

N 0.50 86.1 4.0
+ 4

0.02 74.0 12.0

I5E H 0.10 83.7 11.0

0.50 96.4 11.0

2.3 FreerhrEdR R FNRE AR AR TR Bk

AR BRI ST, DA S i R i S e 2 it
MBI 2 )5, IR RN 10 d BEREASE, HE
WE UK B iy 0.188 mg/kg, IKT MRL (1 mg/kg), {HIY
P I8 H R 5% B B M 0.112 mg/kg, T MRL (0.04 mg/kg).
PP AR 28R B AR, AR R —IRiZ e 14 d FRRCR
ESE, Mo sE dupesk Bk 0.017 me/kg, 1XF MRL. It
TF 5 25 SR 550 SR AP UE 38 b i g 5 00 i o P
FEGRIAR, 5040 4 A5 24 I e i 50 e 1
RS, X RS ERIZS . IR ET Y KRB H
HXe HAMFLERKE, £ LAk REE, £
FE LA BRI R AW 3, AE AR e BR AR 1 XU, 1L
it PR R 5 5 S S R 1) 2 A (R P, AR fR e et
i S R IT MRL, BEARDT 3™ i 942 4 XU o Sl it — 2540t
HH 0 R it P 50 R R AT XU, AR5 58 A T
AT
24 TIE-ARERERENHEBTAAME

I 3a FTLIASH, WEREAE T3 TS it A
Py C=Coe™ MY MR SN S . 18 U S TR R 7E
6.321 mg/kg, 21 d JEWERETHMFRIIIRE] 99%, Hsh T
TR C=2.7244¢ 702 1?55 0.9094, K3 N 2.82d, 5
FAJUN Z:U27E Bk | 1 18] 5000 58 58 R s 1 e AR L, It
(BB A, PR ASIF 2% 25 SR vl 0, 0 AR A 3 o A R
B, BT B A 25 (t,,<30 d). H1 3b W40, 7E/T3KE i
FHBE dR 2 K + I P OB R IR B DA, MEZh)5 1 d B
g i BT, IAFNEME, 0330 mg/kg. HEMZH
TR bRy FULRUE R, SRR R, BaR

oW, BRI —E WMTE AR, (B2t T B (el R
BB, A LTRE TR p S T O SE A R, BT DL
P TIRE R R TRNEE, 14 d 5, R H
+arhgE i Mtk E Sk, 14 d 5B BT HIEREEAY G
FAR/N, LINGXT 203U 18 A ] - $320% 700 ot e pha R i 0 s
FITTREANTR], AwBoi: ) - R 25 5 (e Ak o i . AN
X 358, A S O B, 3 T R B e R AR B /N
JRRZ —, [RIAT e ORAE MET, 2 KSE R R
Wl AE I, PRIEAS AT 5 Fp g g X I35 KUB 541K o

ra

K

3R E B/(mg/kg)
© = N W A UL o =
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K¥ud

(=]
W

0401
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R E/(mg/kg)
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KEud
Hrar g b
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Fig.3 Growth and decline of thiamethoxam in the soil-celery
system (N=3)

25 TIE-AREREHRRAEKANE

WE UL S A B P T R AR RS A 4 PR,
P da Sy d A T8 TR IUAE, [ 4b Sl A+
B ERT R, mE 4 AL RTMERIR 2 h R TR
e AR e U, ORRE 2050 1.281 A1 0.015 me/ke,
R 4 I 0 2 I D 24 v I R ) 4 T E R BN T
1/10, {HASHIFZE Hge e 558 R I aa TOAR Gt EL B2 R 175,
0 L T B A 40k T T 1 K W A 2l R A T e 2 TR, [
1A 3 40 s R A Ak Ry U L 1 d R e P
FRAS H 2 B R, DR 1.416 mg/kg, Sz 2 h
JE AR B, SR A L N 10.5%,  FR LI,
TERZ R, 8008 R LE S AR A e iUl . +
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SErhuE U ERTE 1 d R R, (HAAE AL, B
M3 d AR e U, HARC R DL R it
GG A CURFFES R—B, H e e 3% kg
SIS FEARA S, B b SRR AR . ABEIEIIE
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F i P A R R I 3 T LA ™ A R P B P R

16 a

R E/(mg/kg)
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Fig.4 Growth and decline of clothianidin in the soil-celery system
(n=3)
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