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Fenton A2} % UV & ZAlol| o8t M|=H| paraquat2] 23l
st - otojod - ZiRef
AR A S

R ¢ : Paraquat7} EAdke &9 FHF A4 Yehlle Fentonr|oke HA7HE O UV #E 24131
paraquat®] F3) AEE ZALSSITh Paraquate] e @Al & ZAo UV Ho] zAlHE wbEZZCA
hydrogen peroxide} ferric iong Z}zt @502 Ae)sigl& 7Pl paraquate] 2317} o] 20|27 gk}, Ferric ion
7} hydrogen peroxide& &A1l A3t ZPols ¢ 247 UV o] ZAlHE WHE2A 2% we7iA F 1043}
ool ¥hg-o] HPAeNl =R om ¢ 209 B9l o B%, UV o] ZAEE vk 279 A$ole o 0%
9| paraquat E3FEE VERUTE ¢ 2 hydrogen peroxides} ferric iong] ¥ #slo] wE paraquate] £
AEE ZAS A7 02~08 mM9 ferric iono] X HUE A%, 10~500 mg/ £ 9] paraquati hydrogen peroxide] &
Xl #ARe] 20~70%] B&E JERAUT UV o] A whg ZH|ME 10 mg/ £ 7} 100 mg/ £ 9] paraquat
FEo| A= ferric jon¥} hydrogen peroxide®] =9t #AIgle] %% olde] E&&-E Yl o 200 mg/ £ 7 500 mg
/ £9] paraquat FEANNE & 2RGAY nFIAR ferric ione] ¥E7} F7184E paraquate] REEE FUlsHE
e Jehhlch WAz Zts} ferric iond] F= ¥3{02~08 mM)o] wE paraquat®] ¥ 27| whE&E
T o 249 4 00004~00814, UV Fo] ZAHE wH- 229 39 0003~003672 Vbt Paraquate] £3)
Z7) WEEE UV Fo] A E ¥hg 2oy ¢ 270 2aglo] ferric iong] =7 Z7HE4E F7kstach ¢
Z0X e} Feof W7l 20~1,980%, UV Fo] ZAtE: uhg 244 A9 B8 ¥yl 19~3BRo2 Jehy ¢ =
ARTR= UV o] ZAHE 8 2310 paraquate] ¥3E 9 ¢ 2402 {elde ¢ k(1994 8¢ 204
A, 199 94 309 4+8))
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araquati= -89 BEolA] e aRY 271 cdolee  J1E FF- o)W “Ce BF 01% wiRoln], B} 3
%giaqgua;%méon Eﬂglotln ﬂ;zé i}zg}of; ]%ji ARt "CE TR Wabsel I cldslel U o
3 $23} chargetransfer complex§ #4al AaA § WD S 199). A -?-a]_b}a} .E-%lo]])\-_]g 434 f“
ZE Felighly bound typoz EAA mop 7ol pamquatel Bgt sl F4d YA o4
(Akhaviein®} Linscott, 1966). B9 7shA g  oAwE & 7 A% ] }
paraquatis AEAol & Fok 8] 47 gpow, w P BV paraquatd AEHA AxATZAE &
Az A8 BaolE APyl AYW @ opfe} gy, TORL praquate] FAL ASROR TSN wgtn
Z71% §3 2& B3 29159 wsdE yus qny  (Hance 5 1980) paraquate] 82 FHL ool o]
o] WBAo] 71 poos A YrHConstenla =, Y EY F AFsEt A #AAHATE d7EAR
1990). ulZo] £ uj(Kanazawa, 1990) o] paraquat?) UM?%"N
ES87 % paraquate] EA) Fehe wbound, loosely ¥ E3 B VA SRS A FE Aol & £
bound 2 tightly bound typed] 717 Fejz TrE & Atk 53 paraquat—ti o2 ?rﬂ%“ﬂ:’ﬂ g g=E
SITHo] 5, 19%). 1996dEs] A Sehtet g £ 90 R B0l W Sshert 0TAN o 70g/ L 2
ako] paraquat 5 tightly bound types] A< HF A g 7] WEd Fxd 2¥E AF e 98 B
810+744SD)ppm, loosely bound types] #A$- BT %, A% 8719 AY rE *J_E"J.Q] HIAE B oj3) A
005ppm olstz AZH v} glori(sFAYs, 106 w = WU TFS A Uk £ A28 paraquaty) Ax
o Eogold ZBAS AT A AE AEA) o

"2kl 2} paraquat7h ksl FUAL F gtk ATATRE B3
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¥ b lvKKanazawa, 1990). wiebA] paraquat7} Eokoln}
Wz AsA o HXHNY Ae 29 g, v
9=q e 9% 42 §9 2 At o
o 2 59 8499 BAE PN 4 AL Aoz
NEEES

2 A3t g FIATIE Aer dEA JdE
Fenton AJ%F2 ferrous -2 ferric ion¥} hydrogen
peroxides) EFEUE Qe A0 o)5L WS
AEFANA AAHom S We| ZAh WA
AAR FolA A A} el 3% ggg o
FerhSedlak, 191; Zuo9} Hoigne, 1992). ©] ¥ E-do]
Ao EAE S Fenton ¥Hgol <3 A3l g A
7t &< hydroxyl radicalo] AAds™ AAE hydroxyl
radicalel] oJ3] 73t Ata} whgo] FAdrh LF 300
nm o9l UV o] 24 Aol Fenton o] o
& 2250 ook 71 B8R WS ASHAAG
T 97435 Baug db driPignatellos} Guadalupe,
1994).

wed B AN EYold Fzd AEg
paraquatz} 2% F& v £l 29l Sol slaf #A2
FHE 7ol slemE 49 F9| paraquatE A7
A% % geAg B 9% d7el YBe2 Fenton
A 2Kferric ion¥} hydrogen peroxide) % UV #& o}&3}
of 89 F paraquate] £3) FEE FAFEITL

T

# Ao AM3-¥ paraquat= Zeneca Agrochemical Co.
AA B 97% EFES AHENoH  ferric
chloride®} hydrogen peroxide= 74z} Kanto Chemical
Co.9 Junsei Chemical Co.ollA] F4lsted AR&atgith.
Methanol2- J. T. Baker Co.of|4], 1-octanesulfonic acid
sodium saltt= Wako Co.oll4], phosphoric acidi= Junsei
Chemical Co.9|A], diethylamine Janssen Co.o)A],
acetonitrile J. T. Baker Co.ol|A] +{i5led AL&3tdth

Paraquat E&-&9 10, 100, 200, 500 mg/ ¢ o] ferric ion
£ 02 04 ¥ 08 mMo] g% & A3 o8& 30%
hydrogen peroxideE 0.035 0070 &= 0140 M Fo]
Hr A71slge. o] dkg-ole.  yliraviolet
lamp(UVM:57, UVP)} 10 cm A2l 53 365 nme] UV
Fe dANT 2ARIAY & 24 dAAE B3
o). )7+ ferric ion¥} 30% hydrogen peroxideZ %7}
a2 B2 Whgdog Fom A A7l F o
ole] AgtE WR|5t7] 3 methanol 50 uE wH-S-lo)
FUste] WgS AAAFCE wHgAg 045 um nylon
filter® o]} AT F ojolo] paraquaté HPLCE

EREr !

& 283 UV 3& ZABR: 83 2494 Fenton A]
oko]] 9]3t paraquate] 3] x7] HHEEEE 2ARH 4
atad 500 mg/ £ 2] paraquat EF-&9o] ferric iong 02~
08 mMe] HZ& 71t ¥ 30% hydrogen peroxide®
0140 M FF0] HEE Arlsiact o 2] A, vhs
WA 3 0, 5, 10, 30, 60, 120,- 240, 4808 &, UVE FA}
3he kg ZAY B9+ 0,1, 5 15 30, 60, 120, 240,

& 3 BETE FHste &S AN oE ¥
olo] paraquatd HPLCE EAaiqich z+ A|7d H
o g 27w EY HE AFPrE Jehla, A7k
e wE AT 718718 SR AR
739)5t4 ek Paraquat®] #3) WHA7)E 4 = In 2/kej] wh
g} 2HEskglv). Paraquat®] 3242 p-Bondapak G
reversed-phase columno] 428 Young-In HPLC-9500S
A3t} 254 tmel Seld Stk ol5gont
10 mM¢] l-octanesulfonic acid sodium salt, 200 mM<2]
phosphoric acid 2 100 mM9| diethylamine® = &3z
AlE $F-8 80%5} acetonitrile 20%2] EFEUNE A
&k
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Hydrogen peroxide(oxidizing potential : 1.77eV)i= ¥
Az AegARre Aol oFsly] Wil Cu, N
Co, Mn 53 & W& AsPdele) g&0], UV, Xray,
yray 5% Z& Zuj7t EAY Fe ALY A
o] sso] 1 AART F2 A3PAYAE Z2HE hydroxyl
radical(oxidizing potential : 2.80eV)2 AAlste] SAjzle
tH#&, 1993). §3] 4] (oA RE upe} o] ferrous ion
¢ Zulz $fo] hydrogen peroxideZ 58 hydroxyl
radical& AAA7IE W8-S “Fenton W7 ol2t AAF
THFenton, 1894).

Fe* + HHO, ——» F" +OH +OH: (1)

Tomita (Tomita 5, 19%4)2 Fenton WH&-02 AAE
12} AkglE-o] hydroxyl radicalo|gls ARG SHE 4}
om, WHE hydroxyl radicalo] 7] 8gH&3tel ¥
A AN S 7 ER WS e F AR TAA
g 71 3RtEse] Hkgo] R ] P ot
71 AFES AN F e AR dEA gl
(Sedlak3} Andren, 1991; Watts 5, 1991; Sun3} ignatello,
1992).

H0, —2—» OH: + OH- : (photolysis) (2)

H0, ™1™y OH:. + OH: : (radiolysis) (3)
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E3F Radiationol] €3 WHEE 4 (2), 3)olH B n=is}
o] hydrogen peroxided] UV #& ZA}ste] homolytic
fissiong do oz F7)9 hydroxyl radicals AJA7)
3= photolysis®} UVHL o &2 JuxE 7R
Xray, 7-ray &9 ZFAlel 23t radiolysis7} $ltNicole
5, 1990).

Fe" + HO, ———» Fe + OH + OH- (4)

e + HO, =By JFe” + O + 2H ()

Fenton ¥+-3-2 4 (4), (5)olA B =ps} o] ferrous
ion(Fe™) & AMEaHE ARTR= ferric ion(Fe)g AME3l=
Zol ferrous ionE ferric ionC 2 AMSIAF)7] 43 F7}
Hog 4ARE+E hydrogen peroxided %< 9 4 &
o]xe] glomZMurphy 5, 1989) & AFAE ferric
ion % UV #& AHgsle] 89 T paraquate] &34
22 e,

Hydrogen peroxide &2 ferric ion®] 365 nm¢] UV %
& ZA}ste]  hydroxyl radical®] AAE  REdh
paraquat®}e] ¥H3-A3-8 ZANE Ade ¥ 19 2tk § 1
oM R upel Z2o] AE-¥ paraquat®] FEel] TAFLo|
& 274 hydrogen peroxide €2 ferric ionS @5
o2 A3AE AF paraquate] £37} o|Foix|x] &
stk =g UV Fo] ZAMEE Z29A % hydrogen
Table 1. Degradation of paraquat in water under

various conditions

Degraded ratio(%)
Paraquat conc.(mg/ £)

Conditions

10 100 200 500
No reagents/dark 0 0 0 0
HO; 0035M 0 1 0 0
only/datk hoM 0 0 0 0
0140M 1 0 0 0
Fe* 02mM 0 0 0 0
only/dark o4 M 0 0 0 0
08mM 2 0 0 0
No reagents/UV 0 0 0 0
1,0, 0B5M 1 0 1 0
only/BV- oM o 0 0 0
004M 0 0 0 0
Fe* 02mM 3 0 0 0
only/UV osmM 0 0 0 0
08mM 3 2 2 0

peroxide &2 ferric iong ©502 AFAE 4% A
Zd %9 #AGle] paraquate] 3T A9 o]FoiA|
A e AoE JEehrh

Fe'" + HO ——~——p-Fe” + H + HO- (6

ey A (6)ollAet 2ol UV #E ARk W 24
A g Fof ferric iono] EAY Z-$ pyrimidine?|
37t oS £3Ew(Cernoorsky$}t  Blckburn, 1971),
atrazine, prometon, prometryn, ametryn 5°] A7+ Ul
of £ago] & v glu(larsen T, 1991) EF 25
| parathiono] paraoxon®} p-nitrophenol2 FE-sj€ti=
AT Bag vh gl ok Bowmand} Sans, 1980) 2 A
9] Z¢oE AHEE 10~500 mg/ ¢ FF<] paraquat &
ool ferric iong ©EoZ sty 365 nme| UV #&
24A7F ZAAZ] 7S, A ferric iond] FEet AAR
o] hydrogen peroxide® Wxo2 A3 Z5-o virt
A2 paraquat?] #8= dojubx] &3ith
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Fig. 1. Time course for degradation of paraquat(500

mg/ £) by Fenton reagent.
(08 mM Fe*/0.140 M H;0,).

Ferric ion(0.8 mM) % hydrogen peroxide(0.140 M)&
FA AeE Aot ferric iong TELE AT A
& 243 UV Bo] zAlEE w3EZdA dH3AIRE
73] mE paraquate] EAEE ¥ 13} 2t 500
mg/ 49 paraquat G ferric ion ¥ hydrogen
peroxideE Ao} Aed 79 & 223 UV o] AL
He ey 25 WA F 1083 ool jkeol
PRl meagon ¢ ZAd Fyols o %,
UV o] ZAMEE ¥hg 219 ol o %9
paraquat ¥ H=E VeR)ITH
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FeOH*" - »Fe’" + OH - @)
RCO-Fe) — Y __pFe” +R- +CO, (8)
ROH + Fe* % yFe” + RO- + H (9)

Ferrous ion¥} hydrogen peroxide®| wWh3-2 Q<js}z]
R FEEHoR oFofR=H EHFAA ¥HEL A (1)
9} Fenton ¥hg-2 Wl Aol F3}eHy ukg-2 A (7),
8, ()elMst 2ol UV Ho] EAste uh2ZIoA
ferric ion©] ferrous ion¥} hydroxyl radical =& alky
radical -2 alkoxy radicalZ &&= ¥H3-S Wl A
ojtiBalzani®} Carassiti, 1970). 18 19 Q7A}olx
ferric ion ¥ hydrogen peroxideZ FAlol 23t 7
o ZARATHH WU WV o] A Bez
(D98 W3 + BESHA W)l paraquate] 3 A
=7t ¢ 12% A= A veRded ot UV o] A}
St wgado] Fenton W% W oje} Belehy v
T FAlell A= hydroxyl radicale] Aol o =A
Bry Z7H50R i gl Aeg Almdrk 2y ferric
iono] @Eog AHd Ztele & zdoly UV Fo
ZAMEE 98 27 25 paraquatd] FalE dojuA @
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o
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Fig. 2. Degradation of paraquat by different concent-
rations of Fe* and H;O; under dark condition.

o 243 UV Fo] ZAFE whE 274 10479
¥E2 A7} %9t hydrogen peroxides} ferric iond) s%
3o} 1} & paraquate] 3] HAEE ZARR A= a9 2
33 . :

a3 2% ¢ 2N, 27 3& UV o] ZAE ¥
§& 274 e 59 Fenton AJ%S Hed s 7
¥ paraquate] #3&& YePH 0|tk ARS-H Fenton A
oko] FE9 FARlol FY & 1Y A UV Hol
ZAHE WS 27o] ¢ 2ART paraquate] £3 A=}
A EA Jebgoh

a9 20 YERG His} 2] UV o] AR g2
2 Z7AdA 02 mM2] ferric iono] HZHUS -
0~500 mg/ £ 2] paraquat= hydrogen peroxided] &Xxoj
ARl 20% olste] E3&Ss UeERAL, 04 mME A
HRAL ol 40% °l3}, 08 mME Hstas 45l
£ paraquat®] FE7} 500 mg/ ¢ ¥HSTE AYEtae
83% olste] E3|&E YEhiTh Paraquate] Fa&d
AHE-E paraquate] FEZF 2&5E A ZAHJRL F
U3t paraquat F= Gl ferric iond] FEI &
+2 paraquat®] #3&o] =A YUERHT 22y Sun T
(Sun3} Pignatello, 1992)¢] AFAAAA Lepd niet 2
o] hydrogen peroxide®] F%7} F71d4E Eajd 3l
AR 7189 Balgo] vl @42 vEREA ¥t
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Fig. 3. Degradation of paraquat by different concent-
rations of Fe** and H;O, under UV irradiation.
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ot ojst Zo] paraquat®] &3&°] hydrogen peroxides]
FES FAge] et AL A @B)elAM BE uie 2o
10 mole9] hydrogen peroxideE ¥3&jA]7]7] A=
2.0 mole?} ferric iono] B slt= AR ZE njFo] E ),
B A7) AHg-¥ hydrogen peroxided] %(0.085~0.014
M)7} ferric ion¢] ¥E(02~08 mMyol] u]s) Teoz =
Aste] paraquat®] E3fd] FIFE A £ S A==
hydroxyl radicale] 42 JY7] W2 Alsdh
T o 2N FEHol EASl= paraquat7} ZF ¥
=4 &= AL paraquatS E3A1Z 4= e hydroxyl
radical ] AJ/do| Fenton BH7te g dAxo] 9l7] wjE
o ¥ 4 & paraquat Fx 1o wet FAHEHA]
g5l Ao AlFEHM

—e— FeCl, 02 mM
—a— FeCl, 0.4 mM
—a— FeCl, 0.8 mM

0

InC /C

on

T T T T T
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Fig. 4. Effect of various ferric ion concentrations on
degradation of paraquat under dark condition.
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Fig. 5. Effect of various ferric ion concentrations on
degradation of paraquat under UV irradiation.

UV o] ZAMEHE ¥ 2719 Z$ 29 39 Yehd
vle} 20] 10 mg/ €9} 100 mg/ £ 9} paraquat FESIHE
ferric ion¥} hydrogen peroxide®] F%$} #AIglo] 95%
olde] Eal&S YEhi oy 200 mg/ £ % 500 me/ £ o
paraquat’} EAE H9oe & ZHAAY vREAIR
ferric ion9] %7} 24 paraquate] Eaj&x dAZ
Z7kst= ARe Ushigith ols A&7 vhe Po] UV
Fo] ZAIHE Whg Z7o] Fenton ¥R ¥ opz}
3}3H4 whgo] oSA % ferric ion Z hydrogen peroxide
2 Y hydroxyl radical® AJAIFAOZM paraquate]
w3 &o] & ARG =4 et ASE Algdrh

WHS-A17ke] A 7}e} ferric iond] FE W3l @E ¢ =
A3 UV Fo] ZRAEE AN 4 dbgAIRHE
paraquat?] ZHisEel Ui 27|Eke HE TR
Uebd A= 19 4, 59 2tk

Table 2. Degradation of paraquat(500 mg/ £) in water
by Fenton reagent(0.014 M HO,)with reaction

times
.. Fe™ - -
Conditions concimM) ti/2, min k', min"
Fe”' /HO, 02 1980 0.0004
(dark) 04 529 0.0013
08 20 0.0314
Fe” /HO, 02 303 0.0023
04 301 0.0023
08 19 0.0367
* ty/2 ;. Half life.

** k : Reaction rate constant.

¥ 2& a7 4, 59 ZAs ¢ 247 UV Fo] A}
e 8k Z270A paraquate] w3 ¥V H 28 £
7] W& E A4E T8 Zojth. Paraquatd] £3 w317
(e & 279 7$ 20~19808, UV FHo] ZAEHE
g 2AAE 19~3B38eE Yeh) ¢ ZARGE
UV o] zALHE whg2210] paraquate] £3) 718
92N o] AAHUT BT ¢ 2AA 9] £
z7] ¥g&e A K)E 00004~003140|%.08 UV 3o
ZAMEE ¥k ZAMAME 00023~003672  ERTh
Paraquat®] 3] W37|e & FHol UV o] ZAMH
T 9e 24 BF ferric iond] ¥&7t FUMETE 245
Qom i x7] BEEE AGE ferric iond] ¥E7 &
VEE 718t o 2AuE UV Jo] AMEE &
§ ZAo| paraquate] ¥3|E 9T WS AR FeF
& ¢ 5 3ok

Calderbank= Aol 24 Ag]® paraquat’} 4~7%
E AU A9 gifE &5 AEAY dg9€¥ EFYA
= &ejdd] FRdnn B3 3497 (Calderbank, 1970;

R oo
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Calderbank, 1972), Pignatello®} Baehr= E%9] colloidA
E4o] hydroxyl radical®] ®¥F3-A-S °F3}A]A Fenton uh
ol A% 4Fs g9E #AAAdE dFER Rad
v} 0‘01(P1gnate1109} Baehr, 1994) AA] 4AgA|A=
=5 A a2 JdAAR AR AFARES F
gl % 8% ¥%9 ferric iond hydrogen
peroxide7} A3 365 nme] UV Fo] ZAld AS 4
£ 39 paraquats= FHH 0T FaHod & Qe A
o= Algdnh EF HId e L (L 5 19979 93]
soil slurryol]l 235 24 6-trinitrotoluene®] Fenton A] <)o)
9 3YF oY & ke AE FeE o Qe
2 £ 70| 0|43 Fenton A% % UV 9| ZAle] o]
o =4l F3E paraquate] RIlx 75E 4 S
Ao g Az}

P

LAte 2

2 A7 1989E FHEZIS/EARY A7) Al
2 wad A7 diojd Ao A=y

[ =F-
Io_lol-_l.__
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Degradation of herbicide paraquat by Fenton reagent and UV light irradiation
Byung-Ha Kim, Mi-Youn Ahn and Jang-Eok Kim (Department of Agricultural Chemistry, College of Agriculture,
Kyungpook National University, Taegu 702-701, Korea)

Abstract : This study was to investigate the potential degradation of a herbicide paraquat by Fenton reagents(ferric
fon and hydrogen peroxide) under UV light irradiation(365 nm) in an aqueous solution. When 10~500 mg/L of
paraquat was reacted with either ferric ion or hydrogen peroxide in the dark or under UV light, no degradation
was occurred. However, the simultaneous application of both ferric ion(0.8 mM) and hydrogen peroxide(0.140 M) in
paraquat solution(500 mg/L) caused dramatic degradation of paraquat both in the dark (approximately 78%) and
under UV light(approximately 90%). The reaction approached an equilibrium state in 10 hours. In the dark, when
02~08 mM ferric ion was added, 20~70% paraquat of 10~500 mg/L was degraded, regardless of hydrogen
peroxide concentrations(0.085~0.140 M), while under UV light, 95% of 10 and 100 mg/L paraquat was degraded
regardless of ferric ion and hydrogen peroxide concentrations. At paraquat concentrations of 200 and 500 mg/L,
paraquat degradation increased with increasing ferric ion concentrations as in the dark. However the increase in
hydrogen peroxide concentration did not affect the extent of paraquat degradation. The initial reaction rate
constants(k) for paraquat degradation ranged from 0.0004 to 0.0314, and 0.0023 to 0.0367 in the dark and under UV
light, respectively. The initial reaction rate constant increased in proportion to the increase in ferric ion
concentration in both conditions. The half-lives of paraquat degradation(ti/?) were 20 - 1,980 and 19 - 303 minutes
in the dark and under UV light, respectively. This study indicates that Fenton reagents under UV light irradiation
are more potent than in the dark in terms of herbicide paraquat degradation in an aqueous solution.
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