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An organophosphorus insecticide, chlorpyrifos, has been of a great concern due to persistence, tox-
icity and accumulation in soils and groundwaters. This study deals with degradation efficiency and
dechlorination kinetics of chlorpyrifos by various types of zerovalent irons (ZVIs) for effective
remediation of the soils contaminated with chlorinated pesticides. Chlorpyrifos degradation rate
was increased with increasing ZVI treatment amount and reaction time. The degradation rate and
dechlorination kinetics of chlorpyrifos increased in the order of mZVI>nZVI>¢ZVIin solutions
and soils. Dechlorination number value of chlorpyrifos by ¢ZVI, nZVI and mZVI treatment exhib-
ited 1.08, 3.09 and 3.18, respectively. In soils, degradation efficiency and kinetics of chlorpyrifos sig-
nificantly were affected- by moisture content because of the limited contact between ZVIs and
chlorpyrifos. These results suggest that nanosized and functionalized mZVI could be effectively
applied to degradation of chlorinated pesticides in the soil and aqueous environments.
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A&. Chlompyrifos®] FFE-> Wako Chemical Co.(Japan)ell
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solutions A3 F HRFT 2 3|l L3199t AHe
ZVI(cZVI)y= Fisher Scientific Co.(USAYNA 95% == A&
£ TY3te] 150 um sieveS T3 YA AR3EIITE Tron
Chloride(FeCl,)= Shinyo Pure Chemical Co.(Japan), NaBH=
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Montmorillonite-ZVI &3A(mZVIy= F 5279 4] |slo],
0.16 N-NaBH, 250 mPil 0.1 N-FeCl, 200 miE d33s] A=Azl
158 &< 483 93217 o2 montmorilloniteE FeClLS}
1:19] HI&E H7lsle 308 B¢t 9 whgal] AA4E e
ethanol2 FHE3] AFSIL, HATEAN,) 3l Axsle] 4]
3T ¢ZVI, nZVI 2 mZVIS xAl 3AEA 2 A8 nA
o AFY FEINH B4 FH TV L A% Azjel v
fARBIASH, ZVI9] dAZ7)E ¢ZVI 50~150 ym, nZVI 2

Table 1. Physico-chemical properties of soil

mZVI 20~150 nm H9)= ERT

89X chlorpyrifos®] #3. T&H oA Zvl T7 2
2] &gol] wE chlorpyrifos®] 8 FFe AN $lske]
4puM chlorpyrifos £ (pH 6.5) 10m/S 24m/ vialo]l ¥
¢ZVI, nZVlI 2 mzVIE Z+z} 001, 0.05 0.1, 03, 05,
1.0%(w/v) S=5 A5l 720l rotary shaker(140 rpm)=
SAIZE WHSAIZ] 2 n-hexane© 2 chlorpyrifos® 231 GC-
ECD(Varian, 3400 CX, USA)Z ¥418l¢ic}. S ZVI 57
9 ugAZk W2 chlorpyrifos®] EdWSS AT ¢35t
o] 4uM chlorpyrifos &4 (pH 6.5) 10m/E 24ml vialoll ¥
3L ¢ZVI, nZVI 2 mZVIE 0.5%(wh) H=E A3l 0.5-5
AlZE BEEAIZL F fl9) Y e s EAEith e
ZVIs Aol 93k chlorpyrifos®] ©@43t AEE AR 9
& 30 uM chlorpyrifos £ 10m/ol ¢ZVI, nZVI E mZVI
E 7 1.0% HEE AHste] AF2olA rotary shaker(140
pm)E 0, 0.5, 1, 2, 3, 5 A7 §EAIZ] 5 YalEe)sle 4
N F331 ion chromatography(Sykam, S-135, 000)2 CI
o] 2 Aot

EPIA chlorpyrifos®] £3l]. £ 5¢2 25°C, 4%
FEZZNA 787 viFsk thE- chlorpyrifos®] F&=7F
E 71$22 10mgkee] HEF A3l 2447} agin
). ¢ZVI, nZVI & mZVIE 0.1, 0.5, 1.0, 2.0%Www)ZE Z}z}
Aggt & 2477F FQF AF2oA rotary shaker(140 rppm)E X1
g3l 3 acetone 20miE F7Fsl A IAI7F Bot g 35
Shal ZIgrodsetsith 2 ojdllg FAeiTo A dichlormethane
30miE 28] FE3] §5T T Sml acetonitrile® A2 g
the- HPLC(LC-10AD, Shimadzu, Japan)S ©)-28kd chlorpyrifos
£ Ausioith

Eolx ZVI 7 E WAt wWE chlorpyrifos®] #-31
WIE AP flEte] LT 60%FFT 029 mlg
AZEGYL HEs FE2 A B 8 ESEHT
20ml/g AXEFOE vhro] A@sich 919 A8 2ol
chlorpyrifos 10 mgkg ==% Azlet] 24417} agingdt ¥ E
GRS AL 60% E deionized water 10 miE H7}
Sl F& SR SRS 2 228 el 2HE
Egoll czZVI, nZVI ¥ mZVIZ 2t 1.0%(wiw) X2l3le] o,
1, 3,5, 7, 159 7o NgE st o} $L3 44
S 2 chlorpyrifosE 338t}

A3 o D
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84)A chlorpyrifos®] ¥3fl. F-E&AFIA cZVI, nZVI
2 mzvI Ao WE chlorpyrifose] Bl E8S XA 2
F= Fig. 13 skt zviel 57 2 Fejol] dAgle] X%
o] F7FerE chlorpyrifos ¥3&0°] S718It). cZVI 2%

pH OM. EC CEC. Particle size (%) Texture
(1:5) (%) (dS/m) (cmol/kg) Clay silt Sand
63 1.63 0.8 142 33.8 41.9 243 Sandy loam
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Fig. 1. Effect of ZVI types and treatment amount on chlorpyrifos
degeneration in aqueous solution. C,: 4.0 uM, volume: 10 m/, initial
soln. pH: 6.5, reaction time: 5 hrs.

o] F7HETE chlorpyrifos?] Eajgo] BAHo T Zr)ste]
1.0% AHEA 20% A= E=HATE 398, nZVISH mzZVIZ
0.1% H2JAlol:= chlorpyrifos] 380 40% o3t Qout
0.3% AJAloll= 70~80%2 F43] Z7Faldn}. ZvI Azl ko)
0.5%31 73 chlorpyrifos®] E-a1&S ¢ZVI 18%, nZVI 70%
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¢ZVI<nZVI<mZVI £ 2 Vgt dikdo = 7y o3
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7¥eh= Ao dEA 9o, zviel YRt ALE ulEw
Hol W] wfie] whe 9ot HEN I} Zrtbsle] HaLo]
S7FA S w2 A7) ARRE czvIe] Rt=) 7t
50~150 um RIZA nZVIS] 20~150 nmel] B3] iR o= u)
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Fig. 2. The degeneration kinetics of chlorpyrifos with ZVI types in
aqueous solution. C,. 4.0 uM, volume: 10m/, initial soln. pH: 6.5,
ZVI treatment amount: 0.5%
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kineticsE first-order rate constant(k,)= YERN
AAre A= Table 294 72k}

¢ZVI, nZVI % mZVI 2|3l vlsle] WAl (k)=
57181980, chlorpyrifose] Ea|HHA7 e FolA= AL

BRI ¢ZVIE 0.05% °lstz H2|g B9olle k gkl vl
sigkom, AAA 02 chlorpyrifos?] #a|7F 7o) doulx] ¢

= Zo=Z YETth nZVERs XEl#Ee] 0.05%A4 0.1% B
M k 3ol F43] FoEHom, chlorpyrifos B3N 1= 56.6

AIZRA 8 5AZEO R ZHAEIITE. B8 mZVEE 0.01% 2o
M= TR cZVISE nZVIel s k 3ol 0.1072A4 A4 e
wow, Mol F/HERE Ao Frlehe AT U
ERRIT 2B W& TAre) RS s & o),
TElM nZVI B mZVIe] B 03% o) Hesks Ao
chlorpyrifos el &8-S Huisled & gl zloz Addn)
ZVIll 9]} chlorinate compounds®] E&jE [x}¥o2 €Y
&3} whgol &3 C-Cl AFA CI7t fEE7) i), £&
HoA chlorpyrifos®] E39} CI 0129 $52 ul$ WA
FHAAE JERT Figo 32 8940)M ¢ZVI, nZVI 2

Table 2. First-order rate constant k; and half-lives for the degeneration of chlorpyrifos by treatment amount and ZVI types

Treatment ZVI nZvl mZVI
(%) k; value half life (h*) k; value half life (h) k; value half life (h)
0.01 1.7E-05 6664.9 0.022 51.9 0.079 14.6
0.05 1.6E-05 6463.7 0.020 56.6 0.129 89
0.1 0.025 453 0.135 8.5 0.124 93
03 0.043 26.7 0.328 35 0.459 25
05 0.057 203 0337 34 0.636 1.8
1.0 0.078 14.8 0371 3.1 0.901 12

*h = Reaction time (hour)
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Fig. 3. Effect of ZVI types and reaction time on chlorpyrifos

dechlorination and chloride ion effluence in aqueous solution. O:
¢ZVL, [0: nZVI, A: mZVI1, C, 30.0 uM, volume: 10 m/, initial soln.
pH: 6.5, ZVI treatment amount: 1.0%
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Fig. 4. Effect of ZVI types and treatment amount on chlorpyrifos
degeneration in shurry soil. C, 10.0mgkg, soil weight: 5.0¢g,
incubation time: 24 hrs.
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73] A= ¥EE SAIZF Folle 2F 99 E 43 uMEA 7t
7+ 20.1 € 257 uMe] E3EAt CI o] FE= nZVI ¥
mZVI A2l oJa} FA3] F7kEe] vk SA Foll= Zhz
62.6 2 79.0 uMe] RAAAHAUL). 9] AIE vz Zzke] A
g EME O ol 55 B3l@94she chlorpyrifos
EEZ UYro] & 229 chlorpyrifos’t E3€ o AAEE
Cl o]2¢] &S JEP! D/N(dechlorination number)®| gk
& ¢ZVI 1.08, nZVI 3.09 @ mZVI 3.152 Yehdr}. ol&idh
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FA VR, nZVI®F mZVIE °3) 79 HAUAE gy
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Fig. 5. The degeneration kinetics of chlorpyrifos with ZVI types in
slurry soil. C, 10.0 mg/kg, soil weight: 5.0 g, ZVI treatment amount:
1.0%
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Fig. 6. The degeneration Kinetics of chlorpyrifos with ZVI types in

60% field moisture capacity soil. C, 10.0 mg/kg, soil weight: 5.0 g,
ZVI treatment amount: 1.0%
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