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Abstract Using different treatment doses of terbufos and phorate granules, our study investigated the residual
patterns of terbufos, phorate, and their metabolites in potatoes, upper plants as well as in the soil of cultivation.
We conducted field trials at two sites (I & II) in Jeollabuk-do. Potatoes were cultivated with either the
recommended dose or with twice the dose of the pre-harvest interval (PHI) for terbufos 3% and phorate 5%
granules. The samples of potatoes and upper plants were collected on harvest day. The soil samples were
collected on both the planting and the harvest day. In the harvest stage, residual pesticide analysis identified 0.02
mg/kg residue in potatoes treated with twice the dose of terbufos at site II. Other pesticide residues were
below the limit of quantification (LOQ). Phorate was found to be at the LOQ level at all sites of detection.
Unlike in the planting stage, the harvest stage displayed reduced concentration of total residues, such as
sulfoxide and oxon, for both terbufos and phorate in the soil. However, there appeared to be an increase in
sulfones. Parent compounds terbufos and phorate were below LOQ in the upper plants, but we detected oxidized
metabolites. This suggests that oxidized metabolites produced in the soil are transferred to the upper plants.
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Table 1. Formulation, active ingredient, pre-harvest interval, application rate, maximum residue limit of the test pesticide

N . AlP Application rate b Treatment MRL? of potato
Pesticide ~ Formulation %) (ke a.i/10a) PHI method (mg/ke)
RY: 6 kg/10a (0.18 kg a.i./10a)
Terbufos Granule 3 o . 0.03
D 12kg/10a (0.36 kg a.i./10a) Planting/ Soil-incorportaed
RY: 4 kg/10a (0.2 kg a.i./10a) 1 time application
Phorate Granule 5 0.05

D9 : 8 kg/10a (0.4 kg a.i./10a)

YActive ingredient, ®Pre-harvest interval, “Maximum residue limit, Y"Recommended dose, “Double of the recommendation.

Table 2. Physicochemical properties of terbufos and phorate

Common name Terbufos Phorate
HaC CHs 2 3
Chemical Structure H,C” s \s/g:o/\cm HaC™ S”"s’g‘o”\crig
g)H3 CHgy
TUPAC name S-tert-butylthiomethyl O, O-diethyl phosphorodithioate O, O-diethyl S-(ethylthio)methyl phosphorodithioate
Molecular formula CoH,,0,PS; C,H,;0,PS;
Molecular weight 288.4 g/mol 260.4 g/mol
LogP 2.77(207C) 3.92
Melting Point -2927C <-15C(tech)
Vapour pressure 34.6 mPa (25C) 85mPa (25C)
Classification Nematicide, Insecticides Nematicide, Acaricide, Insecticide
In water 4.5 mg/L (20-25C, pH 7). Readly Soluble In water 50.0 mg/L (20-25C). Soluble in most organic
Solubility in most organic solvents, 1000 g/L, e.g. acetone, solvents, e.g. alcohols, aliphatic hydrocarbons,
acetonitrile, benzenz etc. dioxane, esters, ethers, ketones etc.
Suabilty Hydrolytic (DTy) : 12.3-13.7d (pH 5,7,9)  1ydrolytic [Sgggg)l;:’pigg y?iéggH 39 deH?)

Thermal : stable > 2y (25C)

Thermal : stable >2 y
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Table 3. [UPAC names and chemical structures of terbufos and phorate metabolites

Pesticide IUPAC name Chemical structure Molecula weight
o]
Terbufos sulfoxide S-tert-butylsulfinylmethyl O, O-diethyl phosphorodithioate (CH3)3ng—-CH2~—S——~I|:|’—-OCH20H3 304.4 g/mol
OCH,CH;,
s
Terbufos sulfone S-tert-butylsulfonylmethyl O, O-diethyl phosphorodithioate (CHg)gcfIS—CH;fs—blrl—OCHzCH3 320.4 g/mol
y) Cl)CHZCH3
o]
Terbufos oxon S-tert-butylthiomethyl O, O-diethyl phosphorothioate (CH3)3C—S—CH,—S— l|> —OCH,CH;3 272.4 g/mol
C‘)CHZCH;,
o (o]
Terbufos oxon sulfoxide  S-fert-butylsulfinylmethyl O, O-diethyl phosphorothioate (CHglgc—L‘l»—CHg—S—ﬂ—OCH;CHg 288.4 g/mol
OCH,CH,
o o
Terbufos oxon sulfone S-tert-butylsulfonylmethyl O, O-diethyl phosphorothioate (CH3);C— ISI—CHz—S—Iu—OCH2CH3 304.4 g/mol
|C|) OCH,CH3
S (0]
Phorate sulfoxide 0, O-diethyl S-ethylsulfinylmethyl phosphorodithioate Hac-Hzc-o—F!—s—Csz ‘sr—fCHz -CH;  276.4 g/mol
O-CHy-CH3 ‘o
S O
Phorate sulfone 0, O-diethyl S-ethylsulfonylmethyl phosphorodithioate ch-HZC-O—F"—S—CHZ ‘S CHy-CH;  292.4 g/mol
0-CH»-CH3 ‘o
o
Phorate oxon O, O-diethyl S-ethylthiomethyl phosphorothioate H3C‘HQC‘07M7S*CHQ_S_CHz‘CH:i 244.3 g/mol
O-CHy-CH3
o]
Phorate oxon sulfoxide 0,0-diethyl S-ethylsulfinylmethyl phosphorothioate H3C-H,C- o—u—S&CHZ—S—CH2 -CH;  260.3 g/mol
O-CH,-CHy |c|>
(o} o}
Phorate oxon sulfone O, O-diethyl S-ethylsulfonylmethyl phosphorothioate H3C-H2C-O—‘Fl—3* CHy- ! —CHy-CH;  276.3 g/mol
O-CH,-CH, l)‘
Table 4. Physicochemical properties of soil
Site Soil texture Soil particle di.stribution (%) pH § o.M CEC®
Sand Silt Clay (1:5) (%) (cmol/kg)
I Sandy loam 64.76 19.92 1532 6.8 7.09 15.57
1T Silty clay loam 17.00 50.16 32.84 6.1 4.08 22.06

“Water to soil ratio Organic matter, “Cation exchange capacity
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Terbufos2} phorate 2 ZF HJAK] 552 Kemidas (Gunpo,
Korea)oll 4] 1,000 mg/L -80S Frljste] ARS8t 7+
Aot B AlF FE0) ARE-E deionized water (HPLC grade),
acetonitrile (>99.9%, HPLC grade), methanol (>99.9%, HPLC
gradey2 Burdick & Jackson (Muskegon, MI, USA)<,
ammonium formate (97%)} formic acid (>95%)= sigma-
aldrich (St. Louis, USA)Z, ethylene glycol (99.5%)2 Junsei
Chemical Co. (Tokyo, Japan)2] #|&-S A&-3}%1T}. QUEChERS
EN extraction packet (magnesium sulfate 4.0 g, sodium chloride
1.0 g, sodium citrate 1.0 g, disodium citrate sesquihydrate 0.5 g)
£ Chromatific (Heidenrod, Germany)2] #|&2 ARE-3151t}.
Shakers= Geno Grinder 2010 (SPEX SamplePrep (Metuchen,
USA)) AFS, AR+ 338 (Gimpo, Korea)?]
COMBI-514R #|¥-2, Syringe filters &thrlo] =L (Seoul,
Korea)?] 0.2 um PTFE A& AM&-3s191 ).

AJR B0 AREE acetonitrilex} formic acid (298%)=
Supelco® (Merck KGaA, Damstadt, Germany)2] Al&-3 A&}
2L, distilled water= Wasserlab (Navarre, Spain)2] Z47A| %
FAE olgst] ZABIAL & 9 AAlol= BEKOM®
(Bruchmuhlbach-Miesau, ~ Germany)2] ~ QuEChERS  EN
Extraction packet2} Agilent Technoligies (Santa Clara, USA)S]
dispersive-SPE (Primary secondary amine, PSA 25.0 mg, bulk
carbograph 2.5 mg, magnesium sulfate 150.0 mg)S AF&-31S3Th.
Z1&71= Collomix (Gaimersheim, Germany)2] VIBA X.30 A
2, AR = L F8H(Gimpo, Korea)?] COMBI-515R
9} MI15S-md A|E-S, Syringe filter’= Thermo-  scientific
(Waltham, USA)®] 0.22 ym NYLON A|&-& AR&-3157th

BEME H=
= H Ao

Terbufos 2 phorate®] FAIHE HEFMe] AXQAS, H=F
SHA|(Limit of quantitation, LOQ) % 3|48 Al&8& F3l

W

HAZSIATHFAO, 2017). LOQE Al1d=0]=H|(Signal to
Noise ratio, S/N)7} 108] o)’d¢] s== A3t 355
A1E Aol 29 LoQeF LOQS] 109131 0.01 3 0.1 mgkg
oM ST A= LOQ B LOQ2] sHl =<l
0.01 2 0.05 mghkg, E4E LOQ, LOQS] 1081 2 1004}
£210.01, 0.1 3 1.0 mgkg FEH FreS FHsl &
Aol A3ge BRESIT, BE dRde] A4S B
s AEY AAAFE E2ee] Fush azetEay
&€ peak HA9] 37 H41E Fall A=

E48H &y

Terbufos (1,000 mg/L)= acetonitrileZ 8]43}¢] 100 mg/Le]
working solution® & FA|3}3L, terbufos sulfone (100 mg/L),
terbufos oxon (100 mg/L), terbufos oxon sulfoxide (100 mg/L)
4 terbufos oxon sulfone (100 mg/L)2] ¥ &3}5}o]
5 mgkge| EEFENOE AT A B EY 4
< {319 terbufose} TAMA]l EFFETEAL 0.005, 0.01,
0.02, 0.05, 0.1 & 0.2 mg/LZ 84312 & AHS Az F
A AEE 22 2 mLY F31] ethylene glycol (99.5%)
0.1 mLE 7ol dass7]2 $512 A7 & 7 5=
B8N 2 mLE A-8-5)51o] matrix-matched standard solution
= ZABIIT AT 245 AT terbufos= 0.004, 0.01,
0.02, 0.04, 0.1 2 0.2 mg/Le] ¥F=gA o e A
552 0.004, 0.01, 0.02, 0.04 & 0.1 mg/Le] EFFZHOZ
B 247 0.5 mLE FHdte] A2 AR 89 0.5 mLE 7t
3}¢] matrix-matched standard solutionS A8} T}.

Phorate (1,000 mg/L), phorate sulfoxide (1,000 mg/L), phorate
sulfone (1,000 mg/L), phorate oxon (1,000 mg/L), phorate
oxon sulfoxide (1,000 mg/L) 2 phorate oxon sulfone (1,000 mg/
L)o] ¥F8NE 7247} 100 mg/Le] EFHFLA 02 ZA|5)
Atk A2 5 B 24 A9 SREFEAL 0.025, 0.05,
0.1, 025, 0.5 2 1.5 mg/LOZ 3|X3}2 247} 0.1 mLS
SES acetonitrile 0.4 mLe} FA42] A& €9 0.5 mLE 7}5}
o] matrix-matched standard solutionS ZA|SISIt). A &
215 913} phorate= 0.004, 0.01, 0.02, 0.04 2 0.1 mgLE 3]
A8 A 552 0.004, 0.01, 0.02, 0.04 2 0.1 mg/LZ 3
Aate] 247 0.5 mLE Fg F A2 AR & 0.5 mLE
7F8F matrix-matched standard solutions ZA| sttt ¢H4
H Z}Z+9] matrix-matched standard solution A& 4] A
T2 FA7]719] 931 YERd chromatogram 73] peak
WS 710 R P AN S Adsisit

FHl

TR EY
Terbufos
TSI A ANE E SRTE SRR EGAE ZH 10 g

S 50 mL conical tube®l] ¥ acetonitrile 10 mLE A 7}s}
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o] X% % QuEChERS EN extraction packetS 7Fste] 1,500
mpmelA 10 27+ 318 FZ630ch 35 5 4000 pmelA 5
7 AR & NS 02 um syringe filter (PVDF)E
olgste] A AmvhE T AL 7] (Liquid chromato-

m

g 38

graphy mass spectrometry, LC- MS/MS)2_2 F-413515] ).
A4 AR 10 g& 50 mL conical tube®l] ¥ 3L acetonitrile

10 mLE 3718 & 660 rpmoZ 287+ g oS

QuEChERS EN extraction packet2 ¥ THA] 660 rpmo 2

Table 5. LC-MS/MS conditions for the residual analysis of terbufos and its metabolites for potatoes, soil, and upper plants

Analyzed parts Potatoes and soil Upper plants
Instrument 1290 infinity IT SCIEX ExionLC™
(Agilent Technologies, USA) (AB SCIEX Co., USA)
Column Capcell Pak MGIIL, C18, 5.0 um, 2.0 mm x 150 mm  Aqua 5u C18 125A, 150 x 2.00 mm 5 micron
(Osaka Soda Co., Japan) (Phenomenex, USA)
A: 0.1% formic acid in D.W
B: 0.1% formic acid in acetonitrile
Time (min) A (%) B (%) Time (min) A (%) B (%)
0.0 50 50 0.0 95 5
) 1.0 50 50 1.0 95 5
Mobile phase
6.0 10 90 3.0 40 60
7.0 7.59 10 90 13.0 0 100
8.0 50 50 18.0 0 100
10.0 50 50 18.1 95 5
25.0 95 5
Flow rate 0.3 mL/min 0.2 mL/min
Injection volume 1uL 5uL
Potatoes and soil Upper plants
Instrument SCIEX TRIPLE QUAD 5500 SCIEX TRIPLE QUAD 5500
(AB SCIEX Co., USA) (AB SCIEX Co., USA)
Ion source ESI+
lonspray voltage 5500V
Collision gas 9 psi
Ton source gas 1 50 psi
Ion source gas 2 50 psi
Temperature 500°C 550°C
Curtain gas 30 psi 10 psi
Potatoes and soil Upper plants
Compound Precursor ion Product ion CE? Precursor ion Product ion CE?
(m/z) (m/z) V) (m/z) (m/z) V)
103.0 15 57 30
Terbufos 289.1 289
2329 9 103 14
. 187.0 17 187 17
Terbufos sulfoxide 304.8 305
96.9 53 131 47
97.0 65 97 55
Terbufos sulfone 320.9 321
170.9 17 171 18
57.1 29 57 26
Terbufos oxon 272.9 273
103.1 13 103 12
. 170.9 17 171 17
Terbufos oxon sulfoxide 288.9 289
142.9 31 115 40
230.9 19 231 20
Terbufos oxon sulfone 304.9 305
139.0 27 203 25

9Collision energy
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Table 6. LC-MS/MS conditions for the residual analysis of phorate and its metabolites for patatoes, soil, and upper plants

Analyzed parts Potatoes and soil Upper plants
Instrument Agilent 1290 LC SCIEX ExionLC™
(Agilent Technologies, USA) (AB SCIEX Co., USA)
Column Hypersil Gold, C18, 5.0 pm, 2.1 mm % 150 mm Aqua 5u C18 125A, 150 x 2.00 mm 5 micron
(Thermo Fisher Scientific Inc., USA) (Phenomenex, US)
. A: 5 mM ammonium formate in D.W A: 0.1% Formic acid in D.W
Mobile phase N L o
B: 0.1% formic acid in methanol B: 0.1% Formic acid in acetoniltrille
Time (min) A (%) B (%) Time (min) A (%) B (%)
0.0 80 20 0 95 5
1.0 80 20 1 95 5
Mobile phase 4.0 20 80 3 40 60
7.0 20 80 13 0 100
8.0 80 20 16 0 100
10.0 80 20 16 95 5
20 95 5
Flow rate 0.3 mL/min 0.2 mL/min
Injection volume 1 uL 2 uL
Analyzed parts Potatoes and soil Upper plants
Instrument 6460 TripleQuad TRIPLE QUAD 5500
(Agilent Technologies, USA) (AB SCIEX Co., USA)
Ion source ESI +
lonspray voltage 3500V 5500V
Collision gas 10 psi
Ton source gas 1 30 psi 50 psi
Ion source gas 2 50 psi
Temperature 350°C 550°C
Curtain gas - 10 psi
Potatoes and soil Upper plants
Compound Precursor ion Product ion CE? Precursor ion Product ion CE?
(m/z) (m/z) (eV) (m/z) (m/z) (eV)
75 10 75 17
Phorate 261 261
47 40 97 45
. 199 10 199 14
Phorate sulfoxide 277 277
143 35 143 35
97 40 115 37
Phorate sulfone 293 293
171 5 171 16
75 30 75 20
Phorate oxon 245 245
47 40 47 40
153 15
111 35
Phorate oxon sulfoxide 261 243 10 261
97 42
125 20
155 10 155 17
Phorate oxon sulfone 277 277
127 10 111 35

ICollision energy
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LC-MS/MSZ #4313 tH(Table 5).

Phorate

#ASE A AR Y SRTE SASR ESF AR 2 10g
ol| acetonitrile 10 mL-2- 7}¢F & QuEChERS ceramic homo-
genizers ¥ 660 rpmollA 1587 X8 F23I00T) A%
3141 QUEChERS EN extraction packetS 713+ & 660 rpm
o & 1087+ A" FE35T) ©)$ 3,500 pmellA] 1027
A4 B2l 3 9 0.5 mL acetonitrile 0.5 mLE &%
3te] matrix matchingdlal 0.2 um syringe filter (PTFE)Z &
et F LC-MS/MSZE #4319t}

A)74+7-2] phorateell thgt M2 WHH-2 terbufos®] A/
A2 Wi FYsiAl K sisith(Table 6).

MFerdd AH
#2548 7 2 AR Exg] AE 10 g LOQ

m

o 40

(0.01 mg/kg)el 5H1Ql 0.05 mgkg <ol H=E 5 mg/LZ
ZAISE working solutionS 3WHE- |3l 48 A|F9}
TU3HA 20CM W& Btste] AP B4 9

27 o D
=M 45

Zh A Al gk 7, AP 5 B A Al A
2] AAATE 0.98 o[dolATHCCPR, 2010). & 4]
O1’de] LOQ= terbufos, phorate 2 A 55 &5 0.01 mg/

L
keolATh., 7 ZAONA AR, A 2 EYO] terbufos H
A 552 358S ZH2t 63.0-100.3%, 70.1-114.1% 2
86.3-97.5%°191 2.1, phorate 2 THAIA] 55 t)gt 3|48
Z}z} 85.2-107.6%, 78.8-104.9% 2 81.8-118.7%= LJERSITEH

T3t At EFH A (relative standard deviation, RSD)= 25

Table 7. Residual concentration of terbufos and its metabolites in potatoes and upper plants (mg/kg, n=3)

Site Site IT

Application Compound Potatoes Upper plants Potatoes Upper plants
Max Mean Max Mean Max Mean Max Mean
Terbufos <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Terbufos sulfoxide <0.01 <0.01 <001 <0.01 <0.01 <001 <0.01 <0.01
Terbufos sulfone <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Control Terbufos oxon <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Terbufos oxon sulfoxide <0.01 <001 <001 <0.01 <0.01 <001 <0.01 <0.01
Terbufos oxon sulfone <0.01 <0.01 <001 <0.01 <0.01 <0.01 <0.01 <0.01
Total Terbufos residues” <0.01 <0.01 <001 <0.01 <0.01 <0.01 <0.01 <0.01
Terbufos <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Terbufos sulfoxide <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Terbufos sulfone <0.01 <0.01 <001 <0.01 <0.01 <0.01 <0.01 <0.01
Recommended  Terbufos oxon <001 <001 <001 <001 <001 <001 <001 <001
Terbufos oxon sulfoxide <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 0.01
Terbufos oxon sulfone <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Total Terbufos residues® <0.01 <0.01 <001 <0.01 <0.01 <0.01 0.01 0.01
Terbufos <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Terbufos sulfoxide <0.01 <0.01 <0.01 <0.01 0.02 0.02 0.09 0.05
Terbufos sulfone <0.01 <001 <0.01 <0.01 <0.01 <0.01 0.02 0.01
Double Dose Terbufos oxon <0.01 <0.01 <0.01 <0.01 <0.01 <001 <0.01 <0.01
Terbufos oxon sulfoxide <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.11 0.07
Terbufos oxon sulfone <0.01 <001 <0.01 <0.01 <0.01 <0.01 0.02 0.02
Total Terbufos residues” <0.01 <0.01 <0.01 <0.01 0.02 0.02 0.23 0.15

YTerbufos total residues = Terbufos residue + (Terbufos sulfoxide residue x 0.95") + (Terbufos sulfone residue x 0.90%) + (Terbufos oxon residue x
1.06®) + (Terbufos oxon sulfoxide residue x 1.00%) + (Terbufos oxon sulfone residue x 0.95)
10.95 = Terbufos A} & (288.4) / Terbufos sulfoxide 2} % (304.4.)

20.90 = Terbufos A} 3 (288.4) / Terbufos sulfone &2} 2F (320.4)
91.06 = Terbufos A} 3 (288.4) / Terbufos oxon A} & (272.4)

91.00 = Terbufos A %F (288.4) / Terbufos oxon sulfoxide ¥ A} & (288.4)
%0.95 = Terbufos A} =5 (288.4) / Terbufos oxon sulfone A} 3 (304.4)
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T
%

20% olat= UEht H7F w5 3948 2 RS
W9 W39 THFAO, 2016).

Tag

MEOIH Y

Terbufos 2 UIAK] 58S A2et A= 304, Adie=
6647+ A7 & BA819.9H, phorate & AR 552 A
3 e 229, AR 8397 AR T Bt
Terbufos B THAKA] 589 3|&-2 714} 83.6-93.6%, A3+
76.6-103.6%3A.2.H, phorate 2@ AR 5%<] 3]4&-& 1A}
71.5-102.6%, A5 89.9-106.5%% LFER} AlE ke A
& 717k 59 oHgEit.

A% Y YR F 5 BRY

(Table 7). Phorate= X7 I3} X3 19] &5 7|53 A2+
Are TiEFZO] LOQ HIrell oy, v ATollA=
R phorate sulfone®] 0.01 mg/kg® UER} FAFIFS
0.01 mgkg ©1 21}, MRL 0.05 mg/kg 7]%+o]ITHTable 8).

EAe ool AR o P WA A3
o A} AFR-E F7I2 BT Terbufoss £ 19
71 Bl A TrelA SRl LOQ HIRtelth 2
gy T 119 7153 A2 7-olA terbufos oxon sulfoxide”}
0.01 mgkg YERAS, wi3F A2]7olA terbufos sulfoxide,
terbufos sulfone, terbufos oxon sulfoxide, terbufos oxon sulfone
o] Z}z} 0.05, 0.01, 0.07, 0.02 mgkg WEL} EXFHFS
0.15 mg/kge] AAtH(Table 7).

Phorate= 27 19 7|5 2 Wl A2 Folld F1H7ke]
LOQ Wto|Rl o, 27 119] 75w 2w A ellxe
phorate sulfone®] H&=]o] FHFFo] 22} 0.01, 0.04 mgkg
© 2 YePHTHTable 8). ©|213+ A<= terbufos YAIE EY

Table 8. Residual concentration of phorate and its metabolites in potatoes and upper plants (mg/kg, n=3)

Site Site IT

Application Compound Potatoes Upper plants Potatoes Upper plants
Max Mean Max Mean Max Mean Max Mean
Phorate <0.01 <0.01 <001 <0.01 <0.01 <0.01 <0.01 <0.01
Phorate sulfoxide <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <001 <0.01
Phorate sulfone <0.01 <0.01 <0.01 <0.01 <0.01 <001 <0.01 <0.01
Control Phorate oxon <0.01 <0.01 <001 <0.01 <0.01 <0.01 <0.01 <0.01
Phorate oxon sulfoxide <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <001 <0.01
Phorate oxon sulfone <0.01 <001 <0.01 <0.01 <0.01 <001 <0.01 <0.01
Total Phorate residues® <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <001 <0.01
Phorate <0.01 <001 <0.01 <0.01 <0.01 <0.01 <001 <0.01
Phorate sulfoxide <0.01 <0.01 <0.01 <0.01 <0.01 <001 <0.01 <0.01
Phorate sulfone <0.01 <0.01 <001 <0.01 <0.01 <0.01 0.02 0.01
Rec"ggslgnded Phorate oxon <001 <001 <001 <001 <001 <001 <001 <0.01
Phorate oxon sulfoxide <0.01 <001 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Phorate oxon sulfone <0.01 <0.01 <0.01 <0.01 <0.01 <001 <0.01 <0.01
Total Phorate residues® <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.02 0.01
Phorate <0.01 <0.01 <0.01 <0.01 <0.01 <001 <0.01 <0.01
Phorate sulfoxide <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <001 <0.01
Phorate sulfone 0.01 0.01 <0.01 <0.01 0.01 0.01 0.06 0.04
Double Dose  Phorate oxon <0.01 <001 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Phorate oxon sulfoxide <0.01 <0.01 <0.01 <0.01 <0.01 <001 <0.01 <0.01
Phorate oxon sulfone <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Total Phorate residues® 0.01 0.01 <0.01 <0.01 0.01 0.01 0.06 0.04

JPhorate total residues = Phorate residue + (Phorate sulfoxide residue x 0.94) + (Phorate sulfone residue x 0.89?) + (Phorate oxon residue x
1.07%) + (Phorate oxon sulfoxide residue x 1.00%) + (Phorate oxon sulfone residue x 0.94%)

0.94 = Phorate -2} % (260.4) / Phorate sulfoxide A} (276.4)
90.89 = Phorate %A} % (260.4) / Phorate sulfone A} % (292.4)
91.07 = Phorate -2} % (260.4) / Phorate oxon A} 3 (244.3)

#1.00 = Phorate A} % (260.4) / Phorate oxon sulfoxide %2} &F (260.3)
%0.94 = Phorate A} % (260.4) / Phorate oxon sulfone %A} % (276.3)
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Table 9. Residual concentration of terbufos and its metabolites in soil (mg/kg)
Sampling Site Site I1
timing Compound Control  Recommended  Double Recommended  Double
Dose Dose Dose Dose
Terbufos <0.01 2.30 14.05 2.37 4.84
Terbufos sulfoxide <0.01 1.05 1.76 0.74 1.35
Terbufos sulfone <0.01 <0.01 0.01 <0.01 0.01
Planting Terbufos oxon <0.01 0.02 0.04 0.02 0.06
Terbufos oxon sulfoxide <0.01 <0.01 <0.01 <0.01 0.01
Terbufos oxon sulfone <0.01 <0.01 <0.01 <0.01 <0.01
Total Terbufos residues® <0.01 332 15.77 3.09 6.21
Terbufos <0.01 0.11 0.90 0.03 0.41
Terbufos sulfoxide <0.01 0.70 0.96 0.55 1.28
Terbufos sulfone <0.01 0.10 0.35 0.08 0.32
Harvest Terbufos oxon <0.01 <0.01 <0.01 <0.01 <0.01
Terbufos oxon sulfoxide <0.01 <0.01 <0.01 <0.01 <0.01
Terbufos oxon sulfone <0.01 <0.01 <0.01 <0.01 <0.01
Total Terbufos residues® <0.01 0.87 2.14 0.62 1.91

“Terbufos total residues = Terbufos residue + (Terbufos sulfoxide residue x 0.95") + (Terbufos sulfone residue x 0.90%) + (Terbufos oxon
residue x 1.06%) + (Terbufos oxon sulfoxide residue x 1.00%) + (Terbufos oxon sulfone residue x 0.95)

10.95 = Terbufos -2} % (288.4) / Terbufos sulfoxide A} % (304.4.)

20.90 = Terbufos &2} 2F (288.4) / Terbufos sulfone A} % (320.4)
91.06 = Terbufos A} % (288.4) / Terbufos oxon i<} 3 (272.4)

91.00 = Terbufos &=} & (288.4) / Terbufos oxon sulfoxide %<} &F (288.4)
%0.95 = Terbufos %A} % (288.4) / Terbufos oxon sulfone A} %F (304.4)

A gk 50} 3= FollA 8 tlARES] terbufos sulfoxide,
terbufos oxon sulfoxide, terbufos oxon sulfone®] A&H 4
TA3Rahmana et al, 2012) ¥ EZZZ|IM % terbufos
sulfoxide, terbufos oxon sulfoxide, terbufos sulfone®] 7H&¥
A4 (Szeto et al., 1986)9F FAISIITE. HE3F phorate ¢
AE EY Al 2ol 43t 374 phorate sulfone}
phorate oxon sulfone®] HZEATh= A-T+ZA 7 (Szeto et al.,
1990)2}F “4+2] phorate ZH7<3T(Suett et al., 1980) 52 3L
A u), EF 22]¥ terbufos9} phorate”} ]S Saf 1A}
o} AFRE F oldE F UeS AAIALA

el

EY 3 59 URY

EY T HseF 24 A3 A7 ] 3] Bl
terbufos®} phorate =5 238}3HE3} —sulfoxide, -oxon2| ZHF
o] Zraasdr.

Terbufos= 715 2279 7% 4 2 332 mgkeelA
0.87 mg/kg, ¥4 1= 3.09 mg/kgolA 0.62 mgkgo 2 7z}
73.8%, 79.9% AT, ek viEF A2lte] g 2 >
15.77 mg/kgolX 2.14 mgkg, & IIE 621 mgkgolA
1.91 mg/kgO = ZH7} 86.4%, 69.2% A5l TH Table 9).

Phorate= 7155 A2l 7] 74 £ > 8.73 mg/kgellAl
1.73 mg/kg, E3 1= 3.27 mgkgolA 0.92 mgkgl & zF2t
80.2%, 71.9% Zraateh ek vl xg]e] 49 24 1

& 7.26 mgkgollX 1.86 mgkg, 7 = 3.89 mgkgollr
3.36 mgkgl 2 77} 74.4%, 13.6% a5 tH(Table 10).

T2} -sulfone®] AFH2 terbufose} phorate 5 2
7] the] =871 Zrleke A4S B8t} Terbufos sulfone
< AA7Ndle BE AgTlA LOQ PN B LOQ 0]
Fout, Fe719] 7EF 2 i Al £ 12 0.10,
0.35 mgkg® &, ¥ TeIAE 0.08, 0.32 mgkgo & 77}
Z718F3tH(Table 9). Phorate sulfone2 X7 19] A4)7] 7]
ZF 2274 020 mgke, Ml X2]FlA 0.56 mgkg
olloy}, FE|oe 7 Al TolA 1.47 mekg, M
Aol 1.58 mgkgS 2 F718I5ITh 3 £ IO =
A7) 712 ATl 022 mgkg, HlF Xz]TRollA
0.24 mg/kgel o, FE)oll= 71w AlTolA 081, v
2] ol A 2.83 mgkgl E F71513THTable 10).

ol B 4ol 10 cm ©WollA] terbufos 2 phorate”} T
A del 2 Bl 2, terbufoss= sulfoxide”} sulfoneX T 4
A&t phoratess sulfone®| sulfoxide Ht} $-Alsith= <
A 3}(Sarker et al., 2023)9} FAFSICHL B 4= 9137, thALA]
+ B3lgkE B} o3 717 dRsitte 972 2 (Choung et
al,, 2011)2+= frAkehchar & 4= qitk.

EGAE dAle XS B oA Aol vgAeR
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Table 10. Residual concentration of phorate and its metabolites in soil (mg/kg)

i Site I Site 11

Szlr?lrl)nl;l 8 Compound Control Recommended Double Recommended Double

Dose Dose Dose Dose

Phorate <0.01 6.26 3.89 1.58 1.99

Phorate sulfoxide <0.01 2.39 3.02 1.58 1.77

Phorate sulfone <0.01 0.20 0.56 0.22 0.24

Planting Phorate oxon <0.01 0.03 0.02 0.01 0.02

Phorate oxon sulfoxide <0.01 0.01 0.01 <0.01 <0.01

Phorate oxon sulfone <0.01 <0.01 <0.01 <0.01 <0.01

Total Phorate residues®” <0.01 8.73 7.26 3.27 3.89

Phorate <0.01 0.03 0.03 0.01 0.03

Phorate sulfoxide <0.01 0.41 0.44 0.20 0.85

Phorate sulfone <0.01 1.47 1.58 0.81 2.83

Harvest Phorate oxon <0.01 <0.01 <0.01 <0.01 <0.01

Phorate oxon sulfoxide <0.01 <0.01 <0.01 <0.01 <0.01

Phorate oxon sulfone <0.01 0.01 0.01 0.01 0.01

Total Phorate residues® <0.01 1.73 1.86 0.92 3.36

YPhorate total residues = Phorate residue + (Phorate sulfoxide residue x 0.94") + (Phorate sulfone residue x 0.89%) + (Phorate oxon residue x
1.07%) + (Phorate oxon sulfoxide residue x 1.00%) + (Phorate oxon sulfone residue x 0.94%)

10.94 = Phorate -2} % (260.4) / Phorate sulfoxide A} (276.4)

90.89 = Phorate %A} & (260.4) / Phorate sulfone A} 3 (292.4)
91.07 = Phorate ¥ A} % (260.4) / Phorate oxon A} & (244.3)

#1.00 = Phorate A} % (260.4) / Phorate oxon sulfoxide %2} &F (260.3)
%0.94 = Phorate A} % (260.4) / Phorate oxon sulfone %A} % (276.3)

ko] Egol| & E3lEEF shs Zlo] Faslith o] o

Zfolo] Hl#|ate] Uep A= 943ttt Terbufos®] 74 ¥4 1
o] 71 AT+ 3.32 mgkg, MIF AT 15.77 mgkglo =
489 A o] z}o]= BT} Phorates ¥4 oA 7|5 A
2] 8.73 mgkg, MIFF AT 7.26 mgkgl = wiE A+
7F 2318 °F 17% A= ¥ Wk, X Hellxl= 7159 A
27 3.27 mgkg, ¥WlEF 22T 3.89 mgkgSZ wiE A2
7} ok 19% HEgE =9k,

O1-1 3T A

A B A T AR A4 terbufos 3 phorate®]

13 27 11 25F terbufos 2 phorate®]
Zo] LOQ HI§F & LOQ Folgict. eyt vk
1e] ZFA}ellA terbufos sulfoxide”}
0.02 mgkg YERHAL, 327 19] AJFoA terbufos sulfoxide,
terbufos sulfone, terbufos oxon sulfoxide, terbufos oxon sulfone
°] 0.05, 0.01, 0.07, 0.02 mg/kg YEFH2H, phorate= E74
[} 2] 7AF 25 phorate sulfone®] LOQ F5=0]0 L, X7

2
AL
>
g
o
=1

o
rr
o
o

1¢] A]’45-o| 4 phorate sulfone®] 0.04 mg/kg LEFST].

EY T 5% B2 terbufos9} phorate Z5F F38}5F
E3} -sulfoxide, -oxon®] ZHF-Fo] A2]7] tju] &7 7+
431901}, -sulfone®] ZHF3-2 terbufos®} phorate &5 7
2171 tjH] 8]0 F7slatt.

o] AT= EYHTAIE 7EF, Mges x5 4
ek 2F 973, AT R EY 5 5] AFFE T
ato] BT AIFORE T o7t itk 53] AT 2 E

M-S Folo] Baletaol wallgdl wheh thAkA Feje %t
7k, B gt sofo] 77t B AR
S RIS 7153 AMA] 7A€ terbufos®} phorate
&< 25 A3 MRL(Terbufos 0.03 mgrkg,
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