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Residual Characteristics of Insecticide Sulfoxaflor and
Its Metabolites in Soil
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Abstract In order to understand the behavior of the insecticide sulfoxaflor and its metabolites in the soil,
the residual patterns, adsorption and desorption properties, and degree of reduction in soil were investigated.
To study the role of soil microbes on residual pattern of sulfoxaflor in soil, as the results of the biological
half-life of sterilized and non-sterilized soil, it was calculated in the range of 69.3-138.6 days in sterilized soil
and 16.5-19.3 days in non-sterilized soil. Sulfoxaflor and its metabolites were found to be higher in the soil
with organic matter (sulfoxaflor and X-1 :99%, X-2 : 98%), and lower amount of tested chemical were found
in the soil without organic matter (sulfoxaflor:76%, X-1:79%, X-2:67%). Thus, the adsorption of
sulfoxaflor and metabolites was affected by soil organic matter. However, the desorption rate of sulfoxaflor
was high regardless of the presence or absence of soil organic matter. The results of Fenton reaction to
reduce residual sulfoxaflor and its metabolites in the soil was as followed. When Fe®* (ferrous) was treated,
the degradation rate was 2.4% for sulfoxaflor, and 15.7-49.2% for metabolites, which was higher than that of
1.3% of sulfoxaflor and 1.9-9.8% of metabolites when treated with Fe** (ferric). Additionally, the reaction
kinetics was accelerated when H,O,, UV, and persulfate were treated together (with Fe** : 40.2-100.0%> with
Fe** : 1.2-100.0%) and effective degradation has been achieved up to 100%.
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o L3 S5ll% (sap-feeding pest)ol] &40 = =}
L3l= A2 d#A JtHKim et al., 2016; Loso et al.,
2016; Nugent et al., 2015).

Sulfoxaflore ZH&E % EYA Eawo] maldErt
EA0] =2(EFSA, 2014) T 72| AR X11719474(X-1)
2 X11721061(X-2)2 A4sk= Aoz a4 ). a7
TEHTHANME FE T sulfoxaflor HFES] HolE &
sitEa 7 tiAAe] o= star, 34 & sulfoxaflor %
T 2ol X-19] o= A 931l UTHRDA, 2015).

u]=- Minnesota Department of Agricultured] WEH =
% Z sulfoxaflore] 3l WH7]1= 19 vjko g nj$- o}
ZHERAol A9 gle AoE HAsiSith v tiARA] X-1
o] ¥H7]= 1,000¢ o), thAkA X-29] ¥E7]= 2,0009
dog 4 EY 84 ! thAA =

24 H7PAE 3RS Akl A9 4 ol &
3l B3}etE<l sulfoxaflors 29 et &al=r) = E9
&% 7%]-’? % 89l Freundlich “357(Ky)7}F 11-72 mL/g®
1A} Yol 817 = =0 o|EAS 1A Aoz o
H4 ATHMDA, 2013).

2 Ate fEvetlA 2ol gk ARg-Re] oAl
)= A=A sulfoxaflore] ESFoA] 85 34 o]3) ok
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sulfoxaflor @ tAHAIES] BESF 37 SolA] &F o 2
T3 54 123 AslEE AR AR
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AEA| sulfoxaﬂorQ‘r A X11719474 2 X11721061
2 % 997, 99.7 E 94.0% EFF-S Dow Agro Sciences
(Indianapolis, IN, USA)9] A|F-& ol ARSIt Al
o ARE-E acetonitrile, methanol 2 water= Burdick &
Jackson Inc. (Muskegon, MI, USA)°] HPLC gradeZ,
ammonium formate= Sigma Aldrich (St.Louis, MO,
USA), formic acide EH4HSeoul, Korea)?] A&, A5 A
AE $3 primary secondary amine (PSA)YS Agilent
Technologies (Sana Clara, CA, USA)2] A&, calcium
chloride (CaCl,, 95.0%) ¥ sodium chloride (NaCl, 99.5%)
+ Junsei Chemical Co. Ltd. (Tokyo, Japan)®] A&FS +9
stof ARE-sISIT.

Fenton reaction A&l A& ferrous sulfate (=99.0%)
9 ferric nitrate (=98.0%)= Sigma Aldrich (St.Louis, MO,
USA)IIA, potassium persulfate (PS, >95.0%)= Yakuri
Pure Chemicals Co., LTD. (Osaka, Japan)°l*] hydrogen
peroxide (H,0,, >28.0%)= &S 4HSeoul, Korea)ollA +¢
stof ARE-slSIT.

159 EY 7 &9 313

RS 1= O

Bot] YErdsio] ARSIt EY & ARt &
317] 98l 2ke] Bl 02 2 1.0m g/kg st HEE
sulfoxaflor®] working solutionS *]2] %t
T 28e § J=E FE3] agingstd Al%“ﬂ ’\l*% skt

f

EQF F sulfoxaflor ¥ C{ALN| ZHREAMY

ES AR 10gS 50mL 94| #l A =Fslo] acetonitrile
18mLet 1N HCI 2mLE 9:1 (viv)2] Hl&E 713k &
vortex mixerZ 20%7F 2,500 rpmoll A X& FE319 L, o]
FEE° NaCle #H7leted iﬂf& T 5Ezt
(4,000 rpm)ate] 45 2 mLE o
o] 50 mg PSAE 747}0}04 A 0]'/%——]11 l-rﬂ g2 Y
A2 (4,000 pm) & F AEd HFEES polyvinylidiene
fluoride syringe filter (0.2 um, 13 mm)ol| &3}3te] LC-MS/
MS=Z #4813l

4 7]7]= Shimadzu Nexera UFLCO| Shimadzu LC/
MS 8030 plus7t & LC-MS/MSZ 0.1% formic acide}
5mM ammonium formateE &3t HPLCE waters}
methanolS ] 02 ARSI TA1o ARE column
© Kinetex® C18 [100 mm (L) x 2.10 mm (i.d)., 2.6 um]e]
Atk EA9] ionization mode= electrospray ionization
(ESI) positive mode®|A] multiple reaction monitoring (MRM)
£ o|83le] A3t} Sulfoxaflor 2 thARA ] A &
A5 3l FA2 &Y o] EZ3E matrix matched 7 HAS
23R e, 1 == sulfoxaflor 2 X-19] 7% 0.005,
0.01, 0.02, 0.05, 0.1, 0.2 ¥ 0.5mL/L, X-2¢]
0.02, 0.05, 0.1, 0.2 % 0.5 mL/LZ #4{3}]t.

A% 0.01,

EQ & sulfoxaflore] F AlE

EY = sulfoxaflor®] 77 Al Akt 2 A ESS
2 o] Hasislnh. A+t EY B ATe 121°C00A4
3047F 33 autoclavmgopiott] st E9F 20 gofl 4mL
TFETEE 60%) s A7Iete] 25 £2°CA 27
7} pre-incubationdte] A|EZ ARSI 7t B AR 20 ¢
ol sulfoxaflorE 0.2 2 1.0 ug/g Aglste] A v st
3 1,3,7, 14,21, 30, 60 2 904 T AEH STt vl 7]
b FAE S5k S 2o & v BEsiinh
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Sulfoxaflor 2 AR 2] E%F T2 AlES 9&) -rr7 1=
AASA Fe B A7 F7]ES AAT BESS /\]E
TEIAY. EY T 71E AlAE EY 6% H0,& 3



314 M - ZX - OFE - "OHX] - 0

7Fsteq 7}®3}% HE 63 AZ F 75°C ovenllH 1%
a9t A28 E%E methanolZ xﬂﬂﬂ T e st
Bt Zﬂq-o}"q AR ARSIt 7 EY ARE 2¢¥
st 4w 1mgkgol &€ 0.01M calcium
chloride (CaCl,) £ 10 mLe} g4 YAEEFA] ¥ &
F FEAYY Fo] FAEH TR Esle Al
E18t7] 913l shaking incubatorel Al 120 rppme]
0.25, 0.5, 1, 3, 6, 12, 18 & 2417} 59 gt & ‘ﬂ
}5-l % LC-MS/MSZ #4313tk olu, %
Lol 4Fd F we] AFEEFe W s I
o} gl Foke i‘:°ﬂ 2 5 s &t7]
sulfoxaflor ¥ AKIE 01 02,05, 1.0 ¥ 2.0 mgkg T
o= Hested 7o W} FLsA skt
AgAd3= 2(1)-(3)} 2ol Freundlich, Langmuir %
Linear 52522415 o83t 32 AHEsiirh.

dor

ro o&“i
o o
Yy do ob < g

Freundlich C,=K; x CM 6))
L i C o= bK x G )
angmuir s = _
- 1+bC
Li Ky C. A3)
mear =
C.
Ce Edol 534 5] Fugp), C= BRYH &
A 5 Fo Fx(ug/mL)olth K, (mL/gy= Freundlich 2

7, 1/n2 heterogeneity factors YERHATE E3H b= EY
%o A T HUE FF ke w4 4S, Ke
adsorption coefficients 2] v] g},

O

Langmuir &, K&

Fenton A|250]|
Fenton A]Fo]l 2]t sulfoxaflore] #3l Al Amold 5
(1995)2] A2 Fuste] pH 39 & FAM XYk
o} AlES S8 sulfoxaflor B TARA] 20 ug/mL7} aafe
0.1 M sodium phosphate®l| ferrous sulfate 2 ferric nitrate
£ 50 mg A2]3%eH, H,0.7F 0.1 Mo] H=5 A2]slo]
dz7NA 200 rppmeZ 24A|7F shaking3}Sit). o] & &

o8t £3

=% - 5loIRl - 23

% ZHFES #4951 Fenton reactiondl] 2gh #3E I
3T Egh, EFSA (2014)= 5941 sulfoxaflor 2 ThA}
Al X-18] F2al 7 A dofuA] =rkal Bargk vl Jlvk
webA] UV ©5 HEFe 2 574 @3 UV 24 3
< U] fAsh 254 nm IF] UVE 2ARSIIOH, 2k3)
o S Felskr] 9 0.1M PSE A st Fe'/

H,0, ¥ Fe’'/H,0,8] EaldS golsiait).

I 71Xt

zd J-"I' &

=
3+8 AME

LC-MS/MSZ #2443} sulfoxaflor 2 thAHAe] 4% 9]
AH3AE sulfoxaflor @ X-12 0.005 mg/kg, X-2& 0.01
mg/kg® YEPHTE A £45 918 233 matrix matched
AR AR ABAFR) e BT 09990140 =2 <F
33 HAAS Btk EY 5 S9E sulfoxaflor 2 tA}
Al FAHE Be A A3 sulfoxaflors 89.3-99.4%,
X-12 95.2-103.7%, X-2& 88.7-100.8%, o] A5 (coefficient
of variation, CV)E 1.3-5.1% $22 gty 7]
F(MFDS, 2017)%1 70-120% 3]5-&3} HolAlG= 10% oW
£ WUE3EI9E LC-MS/MSZE #4 Al chromatogram’y 7t
A peakse= WFERA] 94k

EY & sulfoxaflore| X7 S4

Sulfoxaflor 2 tAHAS] B 34 = nAE §-50 u}
E 23l 548 2=kl Ssl ”&ﬂﬂ% o B} v
o EYoz Ads 4319} At Bl sulfoxaflor
0.2 mgkegs A2siiE Wl 194} 27] HFFS 020 mg/
kg, 903 0.12 mgkge 2 YER} W7 ]1E Fig 13
7o) 138.62(y = 0.1883¢ 0%, 2= 0.938)% AFEE oM,
1 mg/kgS A2 3IHS wl 0.98 mg/kgdlA 0.12 mg/kgZHA]
7raste] M)7E 6939 (y = 10342600, 2= 0.9813)2
et v EqRAE 02mg/kg* A2lsts o
H717F 19.3Y (y = 0.128267 9% 2=10.7891), 1 mg/kgS
2289 W 16.59 (y =0.9068¢ %, 2=0.9549) L}E}
ot Sulfoxaflor® 0.2 mgkg *2]3 AHES T AR
X-12 23lgtEe] Ba9} A A=l 90U 21(0.084 mg/
kg)el 7P Bol JF3tdom, 1 mgkg Agg 25 FHdi
0.580 mgkg A3k T}, 3 v)Akg Bk 73$- sulfoxaflor
o] A s=e wet X-19] 2R 0.19 2 0.98 mgkg®
2 Ve At ESE BaiiS o oF 24 o] AL
o} 9HA AR X-29] A9 T AT B el v
o= YT

Sulfoxaflore EY¥ % 2= oA #3ll=o] primary
metabolite?] X-12 A3l A& = A w3l =] X-
22 A= AT B s AFEA] = FoE
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Table 1. Physicochemical properties of the used soil
Soil pH EXCh?Eﬁf;b /lligc)atlons oM? ECY Particle distribution (%)
texture (1:5) c (g/kg) (dS/m) -
K Ca Mg Sand Silt Clay
Loamysand 5.6+0.1 1.0+£0.0 3.0£00 12+00 172+05 03+00 583+0.7 333+12 8.0+09
9 OM, organic matter; ® EC, electrical conductivity
100 Sterill (0.2 1)
—e— Sterilization (0. -
a —o—sterilization (1.0 :g 3.1) 100 [ A % F3 i
—a— Non-sterilization (0.2 pg g-1) ‘;J
80 —a— Non-sterilization (1.0 yg g-1)
80
2 g
S 60 £
‘;_'; g w0
g s
(?) 40 §
k) o 40
2 3
£ < —O—Sulfoxaflor
g 2 —X-1
4 —-X-2
0 0
0 10 20 30 40 50 60 70 80 90 0 5 10 15 20 25
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@
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»
o

20 —e— Sterilization (0.2 pg g-1)
—o— Sterilization (1.0 pg g-1)
—a—Non-sterilization (0.2 ug g-1)
—a—Non-sterilization (1.0 ug g-1)

0 10 20 30 40 50 60 70 80 20
Time period (day)

Fig. 1. Degradation patterns of sulfoxaflor and residual patterns
of metabolite on the sterilized and non-sterilized soil (a:
sulfoxaflor, b: X-1).

BE B} QITHIMPR, 2011; Terry et al., 2015). ¥ A7-<]
A= EYF F sulfoxaflore] 28 Al X-27} A A
BXAY A7 mRte® vEhY 919 Terry 5(2015)¢]
Aol x5tk o8k ESF 3 sulfoxaflore] WE 13
Froldge mE =R 7ol Bual @ Je
, BsletEo] Falldol wet thAAZE AP ET] wEel
o] YAAELE ARSI A FHEZ FroldS Fofof
sith . AztEch,

E

v rlr

¢

E2F & sulfoxaflor ¥ EHA}i1|°| Ex EN
et B9 pHY} 5.691 oRiAle] BEoko.
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Fig. 2. Time-dependent adsorption kinetics of sulfoxaflor and
its metabolites on soils (a: raw soil, b: organic matter removed
soil).

1.7% Z 3 AP G ESATH(Table 1).

Eoo] %ZH ]”“rrﬂﬁol &R Sl o= A= JF
< "R ZRIAE ot 1] fste] EYS f71ES Al
A B 2%A] B EFOR 7251 sulfoxaflor 3
AR 7F Bkl F&ete] AP Eedehe Al ¢
A3ttt = A Fig. 29F 2o f71ES AANA &2
EolA sulfoxaflore} X-19] 74 oF 124]7b0] ZA#319S
o FEFo] F7FekA] 2R3l WH S o] F = A RIS
™ X-29] 739 oF 18A7F A & FAHYP S o] T v
W, 7158 A A ELNA sulfoxaflor, X-1 2 X-2& ¢F
A7 A3 & FHREEE ol f71EY] f-7e o
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oo el o =
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ALl BE s taREde] Edd FFEHAOY f7]=
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Fig. 3. Concentration-dependent distributions of sulfoxaflor
and its metabolites between soils and soil solutions (a: raw soil,
b: organic matter removed soil).

Hwang 5 (2016b)}2 endosulfan isomers (o-, B-) %
endosulfan sulfateE E/Jo] AJolgh F A ESS iy
o8 FNPE saele] F BN BE §7122 A7)
St EgollA] S2Fo] AL S RIS ok B2 o
2 st S tist AtolAE(Alvarez et al, 2013;
Bovin et al., 2005) §-71& ko we} Foke] S3to]
S Wt Sith B AT A olg Hieh 7]

A= T EY F Tl IS = 80 E":PJ &
o] 2w FE-H(CEC), B4, pH, 7IF2A(RE, T2
o] EE)5etA B4 s A debd F loH,
Aol A Hlo] 24 5kl sulfoxaflor = ]
B A2 Al B fr|ETRe] 4] =g Wl o}
et 4719 8R1Ee] EdHoE S HIA van der
Waals' force @ 254 A% 59 B3 T3] 4254
7] W02 ALEETH(Chun et al., 2018).

Sulfoxaflor ¥ tIAAES] EY T S Ise9 5%

[e)

©
o
2.1_&

7NEE AAT EdoXE 27t S/l E $3EA &
A g ol "ol gl 2l IskithFig. 2). ol

Freundlich 2]ol 283 A3+ Table 29} Zt}. Freundlich
SIS AP EE e, gho] F24E &
249 Fr7t Aol mEt F&o] oHY A= AL ov]et
THSparks, 1995). 4 K= S22 YeRN™ Freundlich
219] 712717} 190 77k o BuiAlT Ko fARH =H
K EYol g EY & S24S 89 F ARFo=Z v
o] YeRH o2 Kagrol Aeas BEY & 5% 4%
o] Zrashs AL vt

F71ES AAGA FS EF £ sulfoxaflor, X-1 B X-2
o) 1/n& 1.15, 1.15 2 1.082 Yehton, 47188 AA3
EokAE 1.03, 098 2 1.0622 YJEFIT}. Sulfoxaflor,
X-1 2 X229 K@ 7182 AASA 2 EYlA

Table 2. Freundlich isotherm parameters and concentration-dependent K, values of sulfoxaflor and its metabolites on soils

K value
Soil sample Pesticide I/n R? Initial amount (ug)
0.5 1.0 2.5 5 10
Sulfoxaflor 1.15 0.9681 23.69 9.00 14.38 17.52 13.29 17.18
Raw X-1 1.15 0.9572 32.17 11.50 19.00 25.32 19.00 21.22
X-2 1.08 0.9213 14.54 7.33 12.33 15.13 8.09 15.67
Sulfoxaflor 1.03 0.9848 3.21 2.45 3.35 3.55 2.70 3.17
OMR" X-1 0.98 0.9948 3.34 3.35 3.55 4.00 3.17 3.35
X-2 1.06 0.9444 2.54 1.63 3.08 1.78 2.03 3.08

 Sorption coefficient of sulfoxaflor and its metabolites residues between soil and water;

® OMR, organic matter removal treatment
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Table 3. Langmuir isotherm constants of sulfoxaflor and its metabolites on soils

Soil sample Pesticide K R? b
Sulfoxaflor -0.11% 0.9107 9.51
Raw X-1 -0.08” 0.8855 12.33
X-2 -0.15Y 0.8817 8.08
Sulfoxaflor -0.64? 0.9675 2.52
OMR" X-1 -1.89? 0.9975 3.35
X-2 -1.19Y 0.8653 1.90

9 A negative value means that data were unsuitable for the Langmuir isotherm;
® OMR, organic matter removal treatment

d
23.69, 3217 2 1454, $718< AAG EFelM 321, 100 e

334 2 2548 e} EFO R FabEs woke] g T X2
ke 2 719 ek Aol e Eleial
Sulfoxaflor®} thARFE X-1 2 X290 &2 ZHIE
Langmuir?]el] ti9)ate] Yehd Axb= Table 33 2ttt &
F N FT Al FHEFE YT quadts 7180
EAsHE ESlM 9,51, 1233 2 8.08 pg/glZ UERGS
o, 7158 AAS EGIME 2.52, 335 2 1.90 pg/g®
2 yUeht X-1004 F2e] 7 B2 Zow Yeiuth
I Z3E Freundlich ¥ Langmuir ]2 2 YEPIS o o5 ; 2
5 Freundlich? oA Ajd o g2 =7 vyeh) Agsrs Number of Washing time
ﬂ omn, Langmulr*‘J K %ol & Ueille 2&
} % sulfoxaflor ¥ tARAI9] &2 Langmuir2] ]|
]— ] roh oy Aetel 4= lth(Hwang et al., 2016b).

=

(=23
o

Adsorption rate (%)
8

N
o

—O—Sulfoxaflor
—2—X-1
—0-X-2

100

£ o _]Q, o ooy
01' :?L_', ro §\l JN'

(o n

-]
o

EY = sulfoxaflor ¥ CHAFX|Q EF& M
Sulfoxaflor 2 AA7F Sl =g & sulfoxaflor
3 X-19] FHES 99%Aom, X290 FHES 98%3ATh.
F71ES AASA @& EYeIA 22 4S 13] Fagt
A3} sulfoxaflor=s 53%, X-12 66%, X-2& 60% B2H e
Aoz YelTthFig. 4). @24 S 23] 5198 o
sulfoxaflors 82%, X-12 78%, X-2& 86% 223t &
7es AAT EYY A 23 S 13 A6l o ®0 1 2
58-68% BAE N0, 23] vHE FP5lS o 81-89% B Number of Washing time
el = A0® YERT Lee and Kim (1998)2 f71&ES Fig. 4. Desorption patterns of sulfoxaflor and its metabolites on
AASA ke Eoko] A REEo| oxadiazondt %I soil (a: raw soil, b: organic matter removed soil).
Agtslr] Wil f718S i3 EQo] f7]E0] AAW
E¢oM R}t E2kgo] o1} g2bgo] vy ®H3l v} E 2 & sulfoxaflor? Fenton A|2F0f 2|5t -E-3H
At A B AR M= F7)EY 5 FAglo] v Fenton reaction 0|43} IikslEo] whg-sle] A4
=% FEo R e ZA0® YETh ol oxadiazon 5= radicalol] 9§t #3l WFEOZ, Fe*'¢} H,0,7} ¥H-3}
o] A% Eo] 3t &3l=7t 1.0 mg/LE AF oz e o] AA == hydroxyl radical (OHe)ol| 9]gh Eajjuk-g-o]
9] W | sulfoxaflors 809 mg/LE 2ol tgh &3] =7} kg0l Ho g dHA Qo AT FeP'oll o= fALs)
3 7] i FFEC] 2% EslZ 44 Al Fenton reaction®] dojuj, A O]Jiﬁr k-S-5le] sulfate
g2ty 7o g7 AlgEY radical (SO, )E AAsk= F4kslE2l PS (S,04) <J3f
Az wkgAdo] gelA]7] wlEel radical W] 7S &

(=23
o

Adsorption rate (%)
8

N
o

o
=
=
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Table 4. Comparison of different processes in reduction of sulfoxaflor and its metabolites in terms of degradation efficiency

Degradation (%) Degradation (%) Degradation (%)
Treatment Treatment Treatment
Mean® + SD” Mean® + SDY Mean® + SDY
Sulfoxaflor X-2

H,0, 0.6+0.1 H,0, 5.8+ 1.7 H,0, 04+02

Fe** 24+0.5 Fe** 157+1.4 Fe* 492+29

Fe** 1.3£0.3 Fe** 9.8+2.1 Fe** 1.9+04
Fe*'/ H,0, 402+3.7 Fe**/ H,0, 66.4+4.6 Fe**/ H,0, 100.0 £ 0.1
Fe*'/ H,0, 1.2+04 Fe*'/ H,0, 49.0+£2.0 Fe*'/ H,0, 140+13
UV/Fe*'/ H,0, 60.8+5.2 UV/Fe*'/ H,0, 793+£3.8 UV/Fe*'/ H,0, 100.0 + 0.0
UV/Fe*'/ H,0, 494422 UV/Fe*'/ H,0, 53.8+29 UV/Fe*/ H,0, 100.0 £ 0.1
UV/Fe*'/PS 78.1+£3.7 UV/Fe*'/PS 943+3.0 UV/Fe*'/PS 100.0£0.0
UV/Fe*'/PS 727+1.6 UV/Fe**/PS 769+ 1.6 UV/Fe**/PS 100.0 + 0.0

3 Mean of triplication; ® SD, Standard Deviation

5t on A= Table 40 YERATEH

Sulfoxaflor 2 AR E3} H,0,7F WH3-2 31519 o,
H,0,7} 7HAtspA o] A ¥k wk-g-& =7} wrol whg-o] A9
uA] ekskeh. B, Fe* ¥ Fe'9F whg-aid
49.2% el Hem, Fe* 7} Fe'Bt} ©
At Sulfoxaflor?t Fe*'/ H,0,5 WFSAIZAS Wl 40.2%,
Fe''/ H0,5 WHEAIHS ® 1.2% w3ll=l¢]

RSBl W et o Bl He A4S ¢
Ak 9] 79 Fe*/ H0, 2 Fe*'/ H0,9 uhe-afe] 7zhzt
66.4-100.0 3 14.0-49.0% 3l == 202 VEpytth.

UV 2A} stof]l wbgA171 A3} sulfoxaflor B tAIE 2
T UV/Fe”/ H,0,x2] A UV/Fe*/H,0,48 Bt} &&
&S Bk olgldt A= W pHOlM Fer'=
hydroxyl radicals A§J3te] A8 02 F7188 Halls,
ol MAH Fe™'= H,0,&A 3}oll Fenton like reaction®
2 hydroperoxyl radical (HO,*)& A§/J3le] 234 0.2 3
o Zosly] wjZel el go] E2 Ao= AetE) v,
Fe*'¢] 7-¢- hydroxyl radicall2t} ¥F-&-"Jo] W& hydroperoxyl
radicale] AJJE7] witol] B EalES Hel ZoE AR
2=

Sulfoxaflor & A E2] Eafjol] thdt Fed3} PSollA A
== sulfate radical®] JES FQlsk A3}, UV/Fe*'/PS
5l US/Fe'/PSAZ T 7 Aol 100% 3= ek 9,
H,0,% PS] Zall &S Hlaugh A3 BE AglolA PSE
A7belsle W o =2 EeleS Biloen ol HO0.E A
718t A g] ol A€ sulfate radicalo] A=A 2oy PSE
A7Vek 739 F7HE R A7) ol 7hEskE 87t
dojuh= Zlog ddtHny &, ofge] w3} 7Fo] PSe
Fe?*¢} Wk-8-319] sulfate radicalS AJ/4J e #qk olLj2} PS=
UVol o8- = sulfate radicalS A 4= Ut}

7t
rlo
Hlll o
o

N

o o

FQZJr + Szng_ g Fe3+ + SO4._ + SO42_
Szng_ + hv — 2804._

olgA AAE sulfate radical™Eo] O S radical
reaction®] doju}A Em o] & <3| sulfoxaflore] £alj7} T
s dojue Ao® AGHTHGuan et al, 2011;
Kurukutla et al., 2015; Shah et al., 2015). ¥ 17tojA]
Fenton reation® 2 F5¥ E% = sulfoxaflor #7F olz}
A ES] WE Eelle 4= Sl AxE Wt

7198 4= U Ao g AlgET
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oF AZAl sulfoxaflor B AHAIES] B Follx ] SEIE Fetalr] S8t B FToAe] s 2 ¢
£4 1?4:1 73t AeE 2 0T EY 3 sulfoxaflord] E9F nlAE {50 whE 259-S 2A817] 9
3 At 2 Bkt Bk ek AESH B w2 A A} At EQelA 69.3-138.62, B4k E A
16.5-19.34 2 YeRsIt). Sulfoxaflor @ AL EY T F2 P2 A8 ESAM - (sulfoxaflor ¥ X-1 :

99%, X-2 : 98%) &&= #7158 A% Eok(sulfoxaﬂor 76%, X-1:79%, X-2:67%)l B3l =2 5282
Bo] BEY f71Ed A 93¢ ‘%‘:L?){‘:}. Iy sulfoxaflore] 282 {7122 55 #AIgle]l =4 YelgTh
E"E"ﬂ R sulfoxaﬂor ! JAAIES A7A1717] 913 Fenton WHe-& =8t 23 Fe'E A 3t9e o E3ll&
£ sulfoxaflor®] 7Z-$ 2.4%, YA ES 15.7-49.2%% YR Fe** *2]A] sulfoxaflor’} 1.3%, AR E©] 1.9-9.8%
Eal|lE Ao H)s| il:—?ﬂ ettt 23y, Hy,0,, UV 2 persulfateE 7 2|3+ 7-9-ol= Fe** A2]A] 40.2-100.0%,
Fe’* A2]A] 1.2-100.0%% ¥ sulfoxaflor®] 7142491 4713} G345 YeRHQ]th
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