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Abstract

BACKGROUND: The purpose of this study was to
investigate the effects of clothianidin on the soil in terms of
clothianidin dissipation and degradation to evaluate its
safety in order to provide an analytical foundation for
clothianidin and the 5 metabolites related to it.

METHODS AND RESULTS: High-performance liquid
chromatography(HPLC) was used to separate clothianidin
and its metabolites in this study. In soil, after suppressing
dissociation-proned ions with weak alkalic NHsOH and
extracting the metabolites with methanol, clothianidin,
Methylaminoimidazole(MAI), Methylnitroguanidine(MNG),
Thiazolylmethylurea(TZMU) and Thiazolylnitroguanidine(TZNG).
Thiazolylmethylguanidine(TMG) were extracted with the
addition of neutral NH4OAC to increasing the intensity of
ions. Compounding elements were separated by using
Hydrometrix (ChemElut"™) and ion-exchanging Solid-phase
extraction(SPE) Strong cation-exchanger(SCX) and C18
were used. The recovery rates of clothianidin and 5
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metabolites in soil and water ranged from 87.4% to 104.3%.
A standard deviation of our analysis for the soil and water
samples were less than 5%.

CONCLUSION: Well accepted detection limits for
clothianidin and 5 metabolites in soil samples based on a
dissipation analysis is 0.005 mg/kg and 0.001 mg/L in water
samples. The dissipation concentration of this study was
decided to be enough to evaluate the dissipation levels of
clothianidin and its metabolites.
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Industries(@A] Sumitomo Chemical Takeda Agro Co.
Ltd, Japan)ollx 7l 24t neonicotinoid A& 52k

Z(Tomlin, 2009) 710744} carbamateZl] 254, ATPase
Aol 2J$t axonal transmissions Wallsk= 34 pyrethroid
A & 71E2 thF AREE ”%Zﬂ of A vehdi= 8l
Zol tiste] 53] gdst oka s YehH nicotineXt}
73 J]-J,] 7],_/\4 w3k 1%—0 X]—}j _% 7]. ] ]E]'(EP A report,
2003). Wb =M= A5 R1 ARRS YERlaL glom
(KCPA, 2012), &A Q%J%L-’Fﬂ-xﬂ(suspenswn concentrate,
SC) YAl(granule, GR), T84 SAl|(soluble granule, SG)
4l 734 (Wettable powder, WP)7} 3, 13T, 33,
FIE, AT, AAT, QAT 2AT, welel A
7, AT Sl AR - E50] FHol QoM (KCPA,
2012), 2 wet #H5e87]1F(Maximum residue limit,
MRL)X% 417 3e = b el 71e] 2450
QU THMFDS, 2013).

SHH #2714 47 Clothianidin®] tiA}}A S 2+
o} 22 EfsEolA Thiazolylnitroguanidine(TZNG),
Methylnitroguanidine(MNG), 2-methylthiothiazole-5-
carboxylic acid(MTCA), Thiazolylmethylurea(TZMU),
Thiazolylurea(TZU), Nitroguanidine(NTG) %
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Methylguanidine(MG)7} tARHER YA =S 2™ (Yokota
et al, 2003), A9} 55 59 ﬂ“ﬂMMWL TZMU,
N-2-Chlorothiazol-5-ylmethyl-N-hydroxy-N"-methyl-N"'-
nitroguanidine(THMN), O-8-D-Glucopyranosyl-THMN
(THMN-glu), TZNG, Thiazolylmethylguanidine
(TMG), MNG, Chlorothiazolecarboxylic acid(CTCA),
TZU, MG 3! NTG7} A3 =30t Bkt EelX= TZNG,
TZMU, MNG, TMG % Methylaminoimidazole(MAI)7}
thrabaE Rz A4 T(FAO Report, 2010)(Fig. 1). 5,
Clothianidin®] Demethylation¥ Denitrationel] 2J&l] -
ZHog W53 TZNGS TZMU 123 TMGE 443t
™, TMG+= tHA] Cyclization RHg-ll °J3 MAIZ 34¥
t}. &3t Thiazolylmethyl¥} Guanidine - AF0]€] C-N
A% Ao R Polard Azl MNG7F d4 €t
(FAO Report, 2010). o]2fgt thrprds Fato] 2af, A4
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S H238 Z(Na et al, 2013, Park et al, 2012, Hem et
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Fig. 1. The chemical structures of clothianidin and metabolites. TZNG, Thiazolylnitroguanidine; TZMU, Thiazolylmethylurea;
TMG, Thiazolylmethylguanidine; MNG, ethylnitroguanidine; MAI, Methylaminoimidazole
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Table 1. Physicochemical characteristics of soils used

Soil Soil separate (%) H OM Cation Exchange
. Designation Texture 15.5 o Capacity
orgin Sand Silt Clay (1:5) (%) (cmol(+)/kg)
Paddy Iksan 1 CL 33.0 35.0 32.0 5.0 3.4 9.3
Upland Iksan 2 SL 63.0 27.0 10.0 49 1.6 54

CL, Clay Loam; SL, Sandy Loam

al, 2012, Chang ef al, 2012), UAMHES E 550 4]
Z(Kim ef al, 2012, Chen ef al, 2012)7o] 4 QS
EFA €] Clothianidin ¥ thibaHEel gt 4152 of4]
o7l vz} glok meEbA 2 AelA = Clothianidin®] -5
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Sumitomo Chemical Company(Japan)Zf-H &%F W3k
o 1 %5 47 99.7%, 99.0%, 99.3%, 98.9%, 100.0%
4l 99.3%C130t) o5 EFEES 7 Acetonitrile(Clothianidin,
TZNG, TZMU), methanol(MNG, MAI) 4 Deionized
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Alet & 7171

= Al ARSRE wokel FE Bl GAE RIS &
48 B High-performance liquid chromatography
(HPLO)8-5, 771 Aok 2418 52 AR8s13itt: Solid-phase
extraction(SPE) Cartridge®+ Supelclean™ LC-18(500
mg, 3 mL, Supelco, USA)%! LC-Strong cation-exchanger
(SCX) (500 mg, 3 mL, Supelco, USA)$} Hydromatrix
media(ChemElut™ 20 mL, Varian, USA)= ¢ % A
9] Vacuum manifold 3ol 25t AREsFSATE B3t
E AFA] ARgst =2 717 9 717]:= HPLC(Hewlett
Packard 1100 series, USA), Ultraviolet-visible(UV-VIS)
Scanning spectrophotometer(Shimadzu UV-2101 PC,
Japan), High-speed refrigerated centrifuge(Hitachi
Himac CR21, Japan) 5°]3lth

EQ MREMY

B 5 Clothianidin¥} 1 thAiHE2] H7e Z7g0 A
&3 EANe Fig. 2¢] EAJ8ISITE Clothianidin, MAL,
MNG, TZNG ¥ TZMU?| 49 ESAR 50 goll o7
50 mLE 7Fste] 1027t Sasketsitt. EYAI Rl =81
(0.1 M NH,OHE 3t Methanol £-9)) 100 mLE 7}8F
I 1AIZE ek Y8 F 5,000 rpmellA] 3047 iRt
SAth. Biichner funnel& AHE-8te] 26 dS 7t o st ot
& o389 50 mL FE4Z 7] 9 WS o] Ao Y
2] Qx| ofels} FslGitt. FEE 50T oA 5 mL A%
WS w74 %3 F 10 mL Volumetric flaskel] $7]31
THFE TH B0tk Clothianidin, MNG, TZNG %
TZMU 3AE 981 Vacuum manifold £ ChemElut™
= 2ol H8 10 mL 5 5 mLE Fsto] 7k ok 30
7+ HA8 & phexane 100 mLE §EA17 o] 82 B
HAck AAF 200 mLe] Ethyl acetate® €FAIA ©] 8&
W1 40C 8 elA st w53 5 AarFl diEs
5 mL2] Deionized water® A-&3l5}o] HPLCS] #AA| &
2 A8 MATS 248 $18l14E Vacuum manifold
FA 91l LC-SCX SPE tubes skl Methanol 5 mL,
Deionized water 5 mLZ 434171 o 10 mLY 53
A F 4 mLE #3t9] Cartridge®ll 7}st % Methanol/
Deionized water(60/40, v/v) <38 10 mLE $ZA]
7 o] F8& Wtk AA} FE81] 5 mLE §EAIA o] &
g5 W2 5 40C Rl st w59 & Ao Azt A
TES 4 mLY Deionized water® AJ4-3l5to] HPLCS
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WAAIEE ARESISITE TMGS 75 EYAIR 50 goll 5+
50 mLE 7Fto] 1027t 5&3keksith AR 100
mL2] 1% NH4OAC®] Methanol €91 78kl 1A%t &
QF 2t 2 5,000 rpmeollA] 307t U428k, Biichner
funnel& AHE-3te] 719 A HsiGith £7] W A bE o]
FE8 50 mLE A Aof Ui ShA9] ofolls} gagith
FZNE 50CelA 5 mL A% @& w7kA] 5 $ 10
mL Volumetric flaskel %713 S/FTE oo WF3th
Vacuum manifold J*|$]e| LC-18 SPE tubeE &2}l
Methanol 5 mL, 1% NH,OAC &9 5 mLE 43} A
70 T 91¢] 44 10 mL & 5 mLE Fsto] Cartridge
o 7}t ¥ Deionized water 10 mL, n-hexane/Ethyl
acetate(50/50, v/v) <341 20 mLE zHEHZ $EA1A
ol& &2 W} Cartridge®] A|*} Methanol 50 mL=
HEAA o] BEE W2 F 40C FxolH 2% 553 &
AuAAY AES 5 mLY Deionized water® A|-8-3l
gt} HPLCY| HAA 2 AFE8IGIth

Water (50 mL) Soil (50 g)

F— Shake for 1 hr

Centrifugation

Filtrate

F— Load samgle

HPLC (MAD)

— 5000 rem, 30 min
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HE YA A& 50 mLE 300 mL Round-bottomed
flaskell 3t T2 Methanol 50 mLE 7}ste] 50°C oA 5
mLAE & "W7b4] %3 ¥, 10 mL Volumetric flask
of #7131 FRTE wuw Wk i 2 AR B
AR ZA] A9t s o R et
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ko)
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— Add 100 mL of 0.1 M NHaOH in methanol

— Suction—filter and wash
with 50 mL of 0.1 M NHOH in methanol

Concentrate

— Make up to 10 mL

ChemElut™

— Wait for 30 min after sample loading

— Elute with 100 nL of shexane © discard

— Elute with 200 nL of ethwl acetate ! collect

HPLC (Clothianidin, MNG, TZNG, TZMU)

SPE LC-SCX

— Activate with 5 mL methanol and 5 mL of H;0

— Elute with 10 nl of methanol/HD (50/50, w/v) © discard
— Elute with 5 mL of 0.1 M NHOH in methanol

Cocollect

Fig. 2. Analytical scheme of clothianidin and its metabolites.
TZMU, Thiazolylmethylurea; TZNG, Thiazolylnitroguanidine; MNG, Methylnitroguanidine;

MAI, Methylaminoimidazole
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Water (50 mL) Soil (50 g}

— Add 100 mL of 1% MNHa0AC in methanol
— Shake for 1 hr

Centrifugation

— 5000 rpm, 30 min

Filtrate

— Suction—filter and wash
with 50 ml of 18 NHa0AC in methanol

Concentrate

— Make up to 10 mL

SPE LC-18

— Activate with 5 nL methanol and 1% NHa0AC in methanol
— Load sample

F— Elute with 20 mL of

mhexane/ethy| acetate (80/50, w/v) @ discard

— Elute with 50 mL of methanol @ collect
HPLC (TMG)

Fig. 2. Analytical scheme of clothianidin and its metabolites (continued).
TMG, Thiazolylmethylguanidine

717124

B A4tellA Clothianidin & thAAHE #4] A] AR

HPLC?] ¥4z Table 28} Zt}. o] 7|718-4 243} NZVe 247 4.0%, 795, 728 448 1 6980|gth

A 281320l Clothianidin®) MY-EA17HS 9.840]9] 0,
tARHE MAIL, MNG, TMG, TZMU ¥ TZNGS®| #%-&

Table 2. HPLC operating parameters for the analysis of clothianidin and its metabolites

Instrument

Detector

Column

Column temp.

Mobile phase?

Flow rate
UV detection

Sample size

Hewlett Packard series 1100 High-performance liquid chromatography system equipped with
ChemStation and 1100 autosampler

Hewlett Packard G1315 UV/VIS photodiode array detector

Symmetry C18, 3.9 mm id.x 150 mm, 4 um spherical, Waters, USA (Clothiainidin, TZNG,
TZMU)

Inertsil ODS3, 4.6 mm i.d.x 250 mm, 5 ¢m spherical, GL Science. Japan (MNG)

Capcell Pak C18, 4.6 mm i.d.x 150 mm, 5 un spherical, Shiseido Fine Chemicals. Japan (MAI,
T™G)

40C

Acetonitrile/deionized water (10/90, v/v) (Clothiainidin, TZNG, TZMU)
Dionized water (MNG)

Acetonitrile/A? (20/80, v/v) (TMG)
Acetonitrile/A? (15/85, v/v) (MAI)

1.5 mL/min (Clothiainidin, TZNG, TZMU)
1.0 mL/min (MAI, MNG, TMG)

269 nm (Clothiainidin, MNG, TZMU)

250 nm (MAI, TMG, TZNG)

40 uL (Clothiainidin, MNG, TZNG, TZMU)
80 uL (MAI, TMG)

2 A=Aqueous solution containing 0.05 M sodium acetate, 0.005 M sodium octyl sulfonic acid, and 0.15 M acetic acid (pH 4.2).
TZMU, Thiazolylmethylurea; TZNG, Thiazolylnitroguanidine; MNG, Methylnitroguanidine; MAI, Methylaminoimidazole;
TMG, Thiazolylmethylguanidine



CHOI et al.

2t NEE AREAE A fete] FA AR
tisto] 3& AlEE AAERItE &, FAIE B 2F 9
ok FA2lA5el Clothianidin?t tiMibeE 5% %F
£ 0.05-0.25 mg/kg 2 0.01-0.05 mg/L Hlold 7}
7} 27 3R o2 AEstal oA e EAREE 7,
g 2 B oAE AEsIgith
ot ¥ o3
HPLCOIl oI5t e 2ol 22| X HE
Clothianidin- %7]%] 3.8 x 10° mPa (20°C)o]a. 2E}
/% FulAS logPow”t 0.7 (25C)2 Ha1%o)(Tomlin,
2009, FAO Report, 2010) B3| SASHE Tl &
gt} wak Fo gRPIESL 7] gapikgo] o] F
% F740] 32 A87](Punctional group)”t Aol =4,
71 =4J0] Clothianidin? 55 W 71 oY Z1o0= o=
&%t Clothianidin® F2 tARIEEY & 9 {7

14

2b A det/ —— Clothianidin
' MNG

1ok —— TZNG

200 250 300 350

Absorbance

1.4

—— MAI
™G
---- TZMU

A det

1.0
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0.6

0.4

02F N

T — e T
200 250 300 350

Wavelength (nm)

Fig. 3. Ultraviolet absorption spectra of clothianidin and
its metabolites.

TZMU, Thiazolylmethylurea; TZNG, Thiazolylnitroguanidine;
MNG, Methylnitroguanidine; MAI, Methylaminoimidazole;
TMG, Thiazolylmethylguanidine

Sajjo] gt S =5 AR E3 Methanol 5 =4
o] thek Sal=7t =31 n-hexane® B2 H|ZA] Sn)
=2 k= A1 07 B 3Ho|(Tomlin, 2009) $12}F 22 A5
gold o= itk wWebA clothianidin % 2 thARFHES]

=2 op

A %2+ gas chromatography X.UhH= HPLCe|
ol #4918 A=tttk Clothianidin % 5% tARHEE<)]

Ultraviolet(UV) & Spectrums ZAFH A3, Fig. 3¢l
LR wkel o] BaletEdt tiAbE S 250 nmél 269
nmojA} 3.8 x 10°~2.0 x 10" em™M 9] =& FFA5E
o] HPLCE HE7] 5 UV S3dE7]0 g #40]
b Aoz A=

717184 Al 224 Ago g ANk 07 Buffer & ]
g3t pH & 248 5 glom FASgE Bk ofyet o]
23& Hal e E4EE ion-pair 7|HE 0|3t e
& 4= 1= Octadecyl silica Z7& o] &-sto] E3letE o
AR E] BAREAS AESI O MNGS 739 o tiAt
bz vlgl] S4do] ol C18 columnol|A] 9] MFF Al7to]
Ui &L AlESe] Ewwel oJgh 1hde] whEkE gty met
MAISt MNGE Al2l3t Btz 3l 7|et dptass 2
8204 Guanidine”]$} Chlorothiazole ring<= 57 K.
frakal 9137, Chromatogram 739] #4-5 AlRES 3498k
AzelE A R 2] Abel7y A4 ¢hot Peak
overlapping @7e] ¥t webs £ ATrelA= UV
Hdl Sy sigrett e W EAAzEE Adtste]
Clothianidin?} TZNG:= $4 £4stil TZMU, MA],
MNG % TMGE /A oz BAshs e 7dsilth

Alz2| 2Hf 3 FH|

Clothianidin % 5% tAMHEES 7 A4
SHER Aadare] 2o ulet T4 T
LR siE] 2 alle] Ths e stES FE6] Sl
i ol &9 (lon-suppression) =7 3dtollA 7142 F=
sh= W B o]23KIonization) %27 ShollA] RN T
FEoh= WS AR = ol 2 ATelMe 34 s
o] FA] FES Slste] dare] WHe Al =,
71’4 NHL,OHE 37kt slie] 7hsdt 248718 o9
atal, S454S 12lste] methanols o]-&sto] R3let
5 MAI, MNG, TZMU % TZNGE %A F%31310m,
TMG®] 7Z-¢-elli= NHiOOHNTH= 739 NHOACE 371,
o RAEE TVHIIE WHOE FEIh FEHe )
Wgore BTl Mz AolA k= SA4/1=A
Sl xS AHSshe 2lo] kAol Clothianidin B! thAk
S S4 Blells 7HEEE whd RS Sl e
o7 FEEME A daMe o] WY Ago] oy
& Aow oiEol Bulass Folv] fE FEEME 5
%38t § Sodium chloride®@ ¥3AA 7] 4|2 HANFu)
= AlEsiginh wul o] 2 FEd 78R Eela
< S48 & 47E Table 39 YeRileH, 7t 33t
“+ Dichloromethane] &l Ethyl acetate® ©|-§-3h=

k

19 o
o

s



Determination of Analytical Method for the Insecticide Clothianidin and its Metabolites in Soil and Surface Water 75

Zlo] B H& Elgs4S Yo MNG, MAIRS #ai&
9] 50% w"|PO g ykgir}

Table 3. Recovery of clothianidin and its metabolites
from liquid-liquid partition of saturated saline water

Recovery (%)?

Compound
A B C
Clothianidin NRP 923+ 3.6 954+ 4.4
TZMU NR 915+ 12 979+ 53
TZNG NR 625+ 21 950+ 37
MNG NR 6.0+ 4.9 53.1+ 6.6
MAI NR NR NR
™G NR 46.0+ 51 491+ 59

2 Mean values of triplicate sample with standard deviations.
A, triple partition with each 50 mL of n-hexane;

B, triple partition with each 50 mL of dichloromethane;
C, triple partition with each 50 mL of ethyl acetate.

b NR, not recoverd.

TZMU, Thiazolylmethylurea; TZNG, Thiazolylnitroguanidine;
MNG, Methylnitroguanidine; MAI, Methylaminoimidazole;
TMG, Thiazolylmethylguanidine

upebs] Bl EES A7 AL v FA] R ES wd
A o] &t EHwH|(Surface partition)S A E3FSITE
ChemElut™¢} 22 Hydromatrix media®l 3% <89
& 7Fhd FEo] mHAo] B fx2E xHe| 73t v
te @A 7] =3 4lolA S f718ME 7hekd
24 "uko] A7) ulg- gForE {78t B} =
W EES 45 7 Utk u|AIE A Table 48} o]
n-hexane €FA §EHE AU el slgleH
Ethyl acetate §&A] MAIE #|9]8tal 25 90% o]/do] &
Z5o] & 249 FuljeR o]§7bsAdo] 5sleitk

E5t FA Y Aol §E5A %= nhexanes 47

o2 M AR T S weEe W A7 sk A

L=

o

o] 7Fs3kieh weka] ¥ A telA= Clothianidin, MNG,
TZNG % TZMU w44 Bl a8 dissHAet MNGS
=0 Hil §80] % ChemElut ™' o] &3] 28811tk
HEd MAIRERS 50% w|9ke] #ulag-s vehdo] wald
< Aty RS ALtk Ao R 9714
Aol sk =2 AEA)S 7F4)= SPE SCXell €722 =4
&t f718mE AHgehs o E AAE ERlale
1, TMGS] A 2= v]579] 1848E ol g3t =
dolvt w1t 739 EEEENH AUFoE S SEE
= wEabr] flete] AFE= o #ulE- Cartridge?! SPE
LC-18% o]&3te] TMGS] A d5ist 43 MAILSH
TMG E5 90% °)d $Z&5& Zlo] F=%lom, Fig. 4
4 Fig. 50l UERd nfel o] Ao Ad Fte] 1hido
WA okttt wibA Clothianidin?} tIARFE2] &3
A= HPLCOIAM S #H4 HAEForiy A =8 + 3l
At Tk AR AAIEF 21 AR £ F A &
HeE ETEl flo] 717184 Al AlRS] 454 F9o] The

sk

2Ao| A& A B8

s o)zl REA e Clothianidin % 5% tiARHe
o thet AEMAE EGA I 0.005 mg/kg O & o|2d
HEEET EY 10 am 2015 7IE0R § 7] ek 0.24
mg/kg?l °F 1/50& HEE = Slo] EY F Clothianidin®]
S Fohed SR Feor A B3 B
TFARE] HE= 0.001 mg/LOE =570 5 cmE 7]
Fo7 3 A 75wk 048 mg/LY) 1/480S HET
3101 Clothianidin®] E4r5 §3 o548 dstA 4
g de AR

FA2] EPAEE 0.059) 0.25 mg/kg, FH8] B
AlEel= 0.013% 0.05 mg/Le %% Clothianidin¥} 71
AR S-S 217 29 302 Aeate] AW 9] 35
& 9 2M A AR A= Table 59} 2tk

Table 4. Recovery of clothianidin and its metabolites on a hydromatrix column, ChemFlut™

Recovery (%)

Compound
A B C Total
Clothianidin NR® 872+ 1.6 3.9+ 0.5 91.0+ 1.2
TZMU NR 90.4+ 0.7 2.1+ 0.8 925+ 0.5
TZNG NR 99.6+ 0.3 NR 99.6+ 0.3
MNG NR 78.6+ 1.9 204+ 1.4 98.9+ 2.1
MAI NR 30.6+ 2.2 13.3+ 2.6 439+ 1.6
™G NR 90.7+ 2.1 3.5+ 0.7 90.7+ 1.5

2 Mean values of triplicate sample with standard deviations. A, 100 mL of n-hexane; B, 0~100 mL of ethyl acetate;

C, 100~200 mL of ethyl acetate.
b NR, not recoverd.

TZMU, Thiazolylmethylurea; TZNG, Thiazolylnitroguanidine; MNG, Methylnitroguanidine; MAI, Methylaminoimidazole;

TMG, Thiazolylmethylguanidine
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Fig. 4. Typical HPLC chromatograms of soil extracts.

A-1, B-1 and C-1, control; A-2, fortified with clothianidin and TZNG at 0.05 mg/kg each;

B-2, fortified with TZMU at 0.05 mg/kg; C-2, fortified with MAI at 0.05 mg/kg;

D-1 and E-1, control; D-2, fortified with MNG at 0.05 mg/kg; E-2, fortified with TMG at 0.05 mg/kg.

TZMU, Thiazolylmethylurea; TZNG, Thiazolylnitroguanidine; MAI, Methylaminoimidazole; MNG, Methylnitroguanidine;
TMG, Thiazolylmethylguanidine
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Fig. 5. Typical HPLC chromatograms of water extracts.

A-1, B-1 and C-1, control; A-2, fortified with clothianidin and TZNG at 0.01 mg/kg each;

B-2, fortified with TZMU at 0.01 mg/kg; C-2, fortified with MAI at 0.01 mg/kg;

D-1 and E-1, control; D-2, fortified with MNG at 0.05 mg/kg; E-2, fortified with TMG at 0.05 mg/kg.

TZMU, Thiazolylmethylurea; TZNG, Thiazolylnitroguanidine; MAI, Methylaminoimidazole; MNG, Methylnitroguanidine;
TMG, Thiazolylmethylguanidine
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Table 5. Recovery of clothianidin and its metabolites from fortified soil and water samples

Fortification®  Recovery® Detection Fortification® ~ Recovery® Detection
Sample (mg/kg) (%) limit? Sample (mg/kg) (%) limit?
(mg/kg) (mg/kg)
Clothianidin ™G
Upland soil 0.05 96.2+ 1.9 0.005 Upland soil 0.05 93.3+ 1.2 0.005
0.25 97.3+ 0.3 0.25 83.8+ 15
Paddy soil 0.05 90.6+ 1.3 0.005 Paddy soil 0.05 872+ 25 0.005
0.25 91.5+ 2.3 0.25 83.7+ 2.2
Water 0.01 100.0+ 0.2 0.001 Water 0.01 96.4+ 2.3 0.001
0.05 106.8+ 0.3 0.05 94.7+ 1.6
MAI TZNG
Upland soil 0.05 84.1+ 34 0.005 Upland soil 0.05 972+ 1.0 0.005
0.25 87.6+ 2.1 0.25 96.3+ 1.0
Paddy soil 0.05 88.1+ 3.8 0.005 Paddy soil 0.05 88.6+ 2.1 0.005
0.25 854+ 2.9 0.25 86.2+ 2.7
Water 0.01 82.9+ 6.6 0.001 Water 0.01 103.4+ 0.3 0.001
0.05 86.4+ 4.6 0.05 110.5+ 0.3
MNG TZMU
Upland soil 0.05 94.8+ 1.2 0.005 Upland soil 0.05 103.3+ 2.1 0.005
0.25 96.1+ 0.3 0.25 105.3+ 1.0
Paddy soil 0.05 88.5+ 2.6 0.005 Paddy soil 0.05 97.7+ 0.5 0.005
0.25 90.0+ 1.7 0.25 102.7+ 1.2
Water 0.01 101.1+ 0.5 0.001 Water 0.01 104.0+ 1.4 0.001
0.05 104.4+ 0.4 0.05 107.2+ 0.8

2 mg/L for water sample; ® Mean recovery of triplicate samples with standard deviation;
MAI, Methylaminoimidazole; MNG, Methylnitroguanidine; TMG, Thiazolylmethylguanidine; TZNG, Thiazolylnitroguanidine;

TZMU, Thiazolylmethylurea
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