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Abstract: Tolclofos-methyl is one of the most widely used
organophosphorous pesticides in control of soil-borne
diseases in ginseng field. In Korea, residues of tolclofos-
methyl in ginseng and cultivation soil is quite often
detecting. The objective of this study was to know the
possibility for the accelerated degradation of tolclofos-methyl
by various chemical treatment under soil slurry condition.
The degradation of tolclofos-methyl was accelerated by
zerovalent metals treatment in soil slurry. The degradation
rate of tolclofos-methyl was found to be at higher
zerovalent zinc than unannealed zerovalent and annealed
zerovalent iron. The effect of different sizes of zerovalent
iron on tolclofos-methyl degradation was showed that the
smaller size of zerovalent iron, the greater the degradation
rate. In aqueous solution of pH 4.0 below the degradation
rate of tolclofos-methyl was very high. Under this
experimental condition, tolclofos-methyl degradation was
the greatest at 2% (w/v) of ZVI under 0.1 N of HCl in 24
hours, the degradation rate was 94.4%. By testing various
chemicals, it was found that Fe,(SOs); as iron source
showed better for degrading tolclofos-methyl in H,O, 500
mM treatment and sodium sulfite also showed the
degradable possibility tolclofos-methyl in soil slurry.
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It Ay ol S-S HAlE] ste] EoF At
Az AR Sl {77194 AAlR] tolclofos-methyl S
AL Aele 52T BEEsiAe 18y kAo A
Folle A Tl Fo] AElees sFE itk
Tolclofos-methyl Zof tig &3 57}t vl Srop =5
= TAF(Kow) Log P gto] 4562 H]o]/d 5oko w4
4 FollA ol/dol A gl AFAE vlwA 11 soke
2 4&A Slth (Tomlin, 2009). Tolclofos-methylS- Q13
Al Folli= AR-S oFA] Esh= ofAlE FH 1A Hof gle
o el KRS oFS B 2 57 Al4E 07 Zo]

EoFo] ofwlA Bzl QI
ATLAI} (Kim et al.,
ofello] £715 Efal Yo}
ool Qe ® Holu | EQFO R o]
S A o2 e Tolclofos-methyl QAR REeA]
AT B EspA] e} EitellA] BEAA oA Eel 9
A ARRSES QbAAREVIEo] Aol 1ot Al
S7FE0] QAN Foll R AIR AREStaL olsol QI
ik Bkl AFwel S Aol vEhar Stk
(Kim et al., 2008).
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reagent (Kim et al., 1999; Rahman et al., 2010), zerovalent
metal(ZVM)(Shea et al., 2004) , sodium bisulfite (Bian
et al., 2009) & TFEeH o] irEo] vk ZVME ARl
o] AbgtEHA v BHE N7 9 7HaL Stk
o] % zerovalent iron(ZVI)> U 5%5E(Zn, Mg, Cu)
o vlwshA 7 AeiAle] gk FAdo] Al 6] I
W 507 FFEATAYE o R(E = 044 V) 5o
U EoF FollA o E4E AL T o] AR S
& o] 9] AAY E=Alst Gz edRE )l wol
A= QIt} (Shea et al., 2004). Zerovalent zinc(ZVZn)
5 ZVISE M {712 =42 FEstel vheksh WhHo R
A=l 9tk (Roberts et al, 1996; Fennelly and
Roberts, 1998). 53] EFHd=197) -0.76 VE HH} =
of gelaste] o felgh 2= dejx itk Sarathy et al.
(2010)&- 1,2 3-trichloropropane(TCP) 2] #aljo]l 1o} ZVIg}
ZVZnE WS v ZVZn7t v addolgtal Bl
Tl Fenton AJoR- 7Est AbhES-& A 7lE A=
ferrous ione FWE 3}o] hydrogen peroxideZH
hydroxyl radicale #4AA 25 7129 E4dS EaliA]
714 Btk (Kim et al., 1999; Rahman and Kim, 2010).
273 hydroxyl radical= 23 °]&et7 4 UV 55 ol&
sto] S 7Kk A7l A7E¢] Villagt Nogueria (2006)
o] &3l DDT, Kim et al. (1999)¢] paraquat ¥ Rahman¥}
Kim (2010) 2] oxadiazon <] &3¢l thste] 2=k
T3k FSg XFEel QloA] weko] A, sodium
bisulfite”} A2 2H§-ah= SN2 Whe-5 Fall sofo] w4l
wo] 53} Hi= 7)2E 0|43} chloroacetanilides] #%
A alachlor, acetochlor % metolachlorE F53t A7)+
AT HA&AHACH (Bian et al., 2009).
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Tolclofos-methyl 9] EFF(E% 99.8%)-> Chem Service
(West Chester, PA, USA)°IA 9lato] ARSIt s
< acetone®] €3|A7 stock solutions At ¥53(-2
0C)el Rykshar dast F=2 3]4519 working solution
O ARSIt Tolclofos-methyl®] 7%+ Fig. 1%} 2tk

Cl Sy
P(OCHy),
CHs o
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Fig. 1. Chemical structure of fungicide tolclofos-methyl.

Al 3 EQY

ZVI= annealed B+ electrolytic-powder = Fisher Scientific
Co.(USA)I4 unannealed 3> Peerless Metal Powders
& Abrasive(USA)°lIX ¢3ste] ARESISIom, ZVZne
granular®. Acros Organics(USA)°IX -iste] ARE-8I31
T} Fenton HF3-¢] A|9k> FeChi= Sigma Chemical
Co.(USA), FeClsx= Katayama Chemical Co.(Japan),
Fe>(NOs)s, ¥ Fey(SOs)s= Junsei Chemical Co. (Japan),
H;Ox+= Sigma-Aldrich Chemical Co.(German)E AH-3}
%tk Sodium bisulfiter= Oriental Chemical Industry
(Korea)®l4], HCI= Junsei Chemical Co.(Japan)°l4]
dsto] ARESlTh Aol AR EokS i S5
EdF A4 ARty AGEAe] BEoks AFste] Sst
U 2 mm A& XA APAEE ARl oH B
light clay(clay 33.2%, silt 41.8%, sand 25.0%) ©]31.°.H
7% % 1.0%, CEC 13.2 cmol/kge| itk

Al

Tolclofos-methyl®] &% &3 AL F7T 20
mLE 535l om, B Eell A2 slurry AElE Morales
et al. (2002)°] el wet ESF 5 goll water/acetone?
H7} 7/3(v/v)Ql €4 10 mLE A2lsle] a8tk ZvVI
el W FEEEE ¢7] 918te] annealed ZVI(aZVI)
9} unannealed ZVI(UZVDE 27 2%(w/v)Z *25}5]
1, ZVI Az mE AolE sletetr] fJste] uzZvViE
0.5, 1.0, 3.0%(w/v)Z A2lsI3itt Tolclofos-methyl®] *]
ekl w2 RS &7] Slskel 44 1, 5, 10, 20
mg/LE A3 5 uZVIE 2%(w/v)Z A2late] A3ak3]
o, zVI YA e 93 uZVIE 100 mesh ©J3},
100-250 mesh, 250 mesh ©}ox F-Eate] AAsISIch
ZVZng o83 Bl ES ZVISh wYet 20w st
Ak AMd 2AelA€] tolclofos-methyl®] w3l A3
uzZVIE A#skal HCIE AHeg B5eo] 3519ith Fenton
reagentol] 9%t 3% iron sourced] WE WS A
dat7] 13l FeCly, FeCls, Fex(SOs)s, 2 Fex(NOs)sE 2H2t
3%(w/v) A28kl HyO, el sEE 2lsto] F3sisith
Sodium bisulfite®ll &3t 3= sodium bisulfiteE 747}
5, 10, 20, 50 mM (v/v) TF2%E *2|3}3l phosphate
buffers 7tste] F3aRlth 2F A9 tolclofos-methyl
o] 7 n-hexane & & %3191 12,000 rpmellA] 103+
1 AR sto] sl @l 0.45 um syringe filter® o]
731 DB-17 column(30 m x 0.53 mm id. x 0.5 ()<
0]-g-3l9) GC/FPD(Shimadzu GC-2010, Japan)® 45}
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44.7%, aZVI°l 2J8l} 10.8% -a4¥oF uzVIel 2]t tolclofos-
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methyl®] &3l7} Fig. 29} o] 1] o] o]Fo] X Zlow
UeRstT) o] F 7] FHli= uzvIe] %¥o] anneal o
e 'AE 23 EeaEo] AAE dEHE weolA]
ol Min et al. (2009)2] &8 2704 ] A9} o]
uZVIE #2|3t 7497} tolclofos-methyl?] 3l &0 Hf =
U HAow AlgHh

B9k slurry AN uzZVI A2l w2 Jee Fig.
30419} o] el 48A1%F Fel] 0.5, 1, 3% He|TollA] 212t
337, 44.7 4 51.9%9] w3&= ZVI A2Fo] S/ uf
2t tolclofos-methyl®] #a7F S7kehs A4S LreRiSith
ZV19] Aelgo] Woltle] et Hel APt 00 = H
2% S7HERA ARE BEshe ool ol el whet ¢
2 0] tolclofos-methyl> A= T @ol ol £+
o] dojili= FoE Azt o]t A= Fg F
chlorothalonil, endosulfan®] F3& 93slo] ZVIE A€
St Avel AR 202 YERITE (Yun et al., 2008; Shin
et al., 2009). Tolclofos-methyl®] “s%=el W ZVI Az
o]t 23l Y2 tolclofos-methyl ] FEol whet 3=
AL Bz e oy e A sEY Wk g =

C/ICy

04 T

—e— Control
0.2 —v— Annealed ZVI
—a&— Unannealed ZVI

0.0 t t t }
0 10 20 30 40 50
Time (h)

Fig. 2. Degradation of tolclofos-methyl as affected by
annealed and unannealed ZVI in soil slurry.
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02 | —v— uZVvI 0.5% |
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—— uZVI 3%
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Fig. 3. Degradation of tolclofos-methyl as affected by

uZVI concentration in soil slurry.

Al YEFsth Tolclofos-methyl €] E3lli= ZVI A2] - o2k
6A17F 743 ol Fig. 494 #o] FRdH o] Edsh= 2o
LIRS 1

ZVIg} Fekel HEHAe] wE wkeds 4] st
uZVIE A2 Y974 w2l 100 mesh ©]3}, 100-250 mesh,
250 mesh oo® FHEato] AATH A B4 slurry 210
oA Fig. 59418} #o] ZVI 7ol &5 #a &wrt
S7Fetom, Ae] 48417 F EalE Bdt 40.2%014 68.1%
2 7V AoE YETE ol& o] FobdarE uzvl
o] wyo] F7kete] tolclofos-methyl?} HH&-8 4= Q=
site7} S7Feto] HallEE 9 allEo] SUksk Zo® AlRd
t}. olelgt A3k Liu et al. (2001)©] chlorophenol®] ZVI
o oJgt FAHNANE ZVIe] BH A o] FeE Fghe
o] w7} wejEvhs Aol 2L o)tk

Tolclofos-methyl®] ZVIel 93t FalE 7153141717
ato] Hol Fa] S5t W)= 2791 pH 4.0 ©lake]
g dox NS st A¥R= Fig. 67 #¢] tolclofos-
methyl®] &3l7F 90%°1d-5 UERISIE: pH 4.0 ©]ske]
2H3E- el X = AbskEo] A ok Lal=o] Shng

1.0 9 —e— TM 1 mg/L
—v— TM 5 mg/L
—=— TM 10 mg/L

0.8 7 —e— TM 20 mg/L |

CICy

02 T+

0.0 t t t t
0 10 20 30 40 50
Time (h)

Fig. 4. Degradation of tolclofos-methyl under various
initial concentration by ZVI in soil slurry.

1.0 ¢
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Fig. 5. Degradation of tolclofos-methyl as affected by
size of ZVI in soil slurry.
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Ao F ol Fholo] wWol BAYET] witel] FA %=

7¥etA k. F-2o] F7hstel webA tolclofos-methyl®]
WAE At o® Frketo] gl AdelA ZVIE Aestal
HClE Agfgh Ak 223304 AH9] 557t S7F5 tolclofos-
methyl®] Fali7} 7H58tE 1 el & s Y EE AoR U
ERstth 0.1 N HCl A2 T-elA ZVIZF A 4] o2 oz
ToIM= tolclofos-methyl] 3|7} dojupA]  okgkont
ZVI ATl s 244170 94.4% 744 Bai7F El= R o®
LERRTE

ofde] Afele Hit wiAR ARgHeA RES-She]
AsfolA-S WA HAA Ml FATIAE WHIAA Ay &
& HEg] delel dste] theFst Rl dEES walAA
4 itk Tolclofos-methyle] ZVZne] Aol ostoir
w7t 2 dojuk=A] Felshr] flato] zvish 22 WO
2 EY slurry Z310llA Rl setslgith Fig. 7¢]
ekl vpe} o] Zvzn T3 Aelg@o] WEE tolclofos-
methyl®] 2all&0] FolA = ZoR Uit FUZ
uzZVIiE Aet 7499 vlwsels W, °F 10-20% Y& &
3|7k e Ao YERith ofdo] Hur} a7t o S

ojN fllo

g

0.8 H —e— 0.1 NHCI

—v— 0.1 NHCl+ZVI 2%
—&— 0.05N HCl +ZVI 2%
- 064 —&— 0.01 N HCI+ ZVI 2%

8 —4&— 0.005 N HC1 + ZVI 2%
—— 0.0025N HCl + ZVI 2%
04 1
0.2 +
0.0 +
0 5 10 15 20 25
Time(h)

Fig. 6. Degradation of tolclofos-methyl by ZVI under
acidic condition in aqueous.
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Fig. 7. Degradation of tolclofos-methyl as affected by
ZVZn concentration in soil slurry.

| Avs zvIe] 2EASA917E -044 V, ZVZnd -0.76
VE T 27] gl 210 % AR gt) o]2]st Avh= Sarathy
et al. (2010)<> TCP2] <alell glo] A} ofdE Wl
o ofle] BdAst B Z o] FolXits Antel AR
th Tolclofos-methyl®] 5ol w2 Fall&2] FAlM =
Fig. 81419} Zo] tolclofos-methyl®] A-5Eoll4] 3l £o]
A UERt L F57F obdas Eellvls A3 wAlSH
UERTE Tolclofos-methyl®] #e¥Fd> ZVZn Az 5
12713 Ay e deol] mgshs Z1o% Ueith

) slurry©ll4] Fenton reagent 42]3}] tolclofos-methyl
o] - AL WalE=7He AN A¥= Fig. 99} 2tk A
&4 iron source®] W FaEC] AolE ity e
FeCl,, FeCls, Fex(NOs); 2 Fex(SOy):E ]88t w3l 2%
S A3 A3} iron source SoA Fex(SO4)s7}F 50.9% %
71 et EallES RSt Fenton reagents o835
AN HO, Aefwel wE @3 hydroxy radicals
FAHE 0,9 557 57FE5 tolclofos-methyl< &
37t S7kehz BRI 3%(w/v) Fex(SOu)sE Akl
H,0,9] AZS 242 100 mM, 200 mM, 500 mM= &

10® —e— TM 1 mg/L
—v— TM 5 mg/LL
—=— TM 10 mg/L
0.8 1 —e— TM 20 mg/L

0.6 T

crc,

0.4

0.2 +

0.0

Time(h)

Fig. 8. Degradation of tolclofos-methyl under various
initial concentration by ZVZn in soil slurry.
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Fig. 9. Degradation of tolclofos-methyl by Fenton reagent
as affected by different iron sources in soil slurry.
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25192 4% tolclofos-methyl®] &= Fig. 103} o]
A 48417t ol 64.3, 76.9, 93.5%% H.0,9] A2]Fo] T
7} 25 tolclofos-methyl®] 37} &= Sict.

23 2gEE-S S50 tolclofos-methylS 3417
7] {18l sodium bisulfites ©]-§-3to] EF slurry 7ol
A APE 8% Avk= Fig. 117 ) Sodium bisulfite
#12] 48413t ¥ 5 mM A2 4.0%, 10 mM A7 10.1%,
20 mM A2 18.6%, 50 mM AT 52.9%°] tolclofos-
methylo] 3 Z1& @RIsI3 oM, sodium bisulfite?]
Aol T7HEEE tolclofos-methyl®] #3817} S5+
707 UeRith Bian et al. (2009)2] 7oA alachlor,
acetochlor, metholachlor®] sodium bisulfite®] 2J3F #3}
ATrof|A] Feko] HAAIA, sodium bisulfite?} IHAA =2 2}
gl S\2 Rhg& Aol Hof o277t "ol yriar
T22] gbdo] Whslo] s Hrar W sl Tolclofos-
methyl®] #3lolAE tolclofos-methyl®] FAH|, sodium
bisulfite”} A2 2}-gafo] A A ehikg-2 53l Eal
Holcar Abg L

B

Py »
& * 9
0.8 —e— Control
! —v— Fe,(80,), + H,0, 100 mM
—a— Fe,(SO,), + H,0, 200 mM
S 061 —e— Fe,(SO,), + H,0, 500 mM
o
04
0.2
0.0

30 40

Time(h)

20 50

Fig. 10. Degradation of tolclofos-methyl by Fenton reagent
as affected by various concentration of H,O, in soil

slurry.

1.0 Y 5
¥ pd
F
E\i
0.8 + g
Qe 0.6 +
o
041 —&— Control
—¥— Sodium bisulfite S mM
—&— Sodium bisulfite 10 mM
02+ —&— Sodium bisulfite 20 mM
—A— Sodium bisulfite 50 mM
0.0

20 30 40 50

Time(h)

Fig. 11. Degradation of tolclofos-methyl as affected by
various concentration of sodium bisulfite in soil slurry.
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Z10A Al el FA17E E] AL 1= tolclofos-methyl
o FalE FX717] Slste] ARE thekst skl A
AL o5t of= A Ha7t Hi= Zlo R ehgt 53
US 7Hsst & s AoE Almdh vE Al
" 2] A3 dueAnt olF EdiE A 2%
= o] QU tolclofos-methyle] E&F FolAe] EalE 7}
S3AV7] 91 712AR ARE S Sl AR Az

=

2

12

ATA tolclofos-methyl:> QU4+ 9l Q14F
A RIS HEH L glo] 1 Aol EAIA o
tolclofos-methyl-s EF slurryz=7iel|x] ofe
A s Esto] BalHs ARE ARSI ZVI
&t 7% uZVI7}F aZVIET tolclofos-methyl 2] #3E
skolor uzvIgh ZVZnel 73-elli= ZVvZn7t 53
= 0% et uzVIeh ZVZn AZfToxs AeFe]
T/t 8 o] Aes ¥ & EefHe JoR
UEETE pH 4.0 olake] A zadstellA Aeld zZvis
tolclofos-methyl 9] E3ll5 B& FRAA F-8ljolx 244

A

=71
b "k 94.4%7FA) #3|A1ZT)E Fenton RHS-& o83
tolclofos-methyl®] 3= iron sourcei® Fey(SOu)s7} 7}
 ZAel o, HO; 500 mM A2 TolA 93.5%7H4]
3= %Atk Sodium bisulfites ©]4-8F EF slurry 52
tolclofos-methyl®] 3= Aej@do] 715 Fal7t &

¥ 0w 50 mM Azl el A 52.9%7F & E ATk

B AGE 20109 % sEXEH TEATARI(FAH
3: 200802A01033084)2] Aol olal 3w Ao Uy
oln A gel A=A
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