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A Study on the degradation of Lindane in water by
Advanced Oxidation Processes (AOPs)

Ju Hyun Lee

Department of Environmental Engineering, Graduate School,

Pukyong National University

Abstract

Lindane is a completely man-made halogenated organic insecticide
that has been once used widely throughout the world for agricultural
and public health. purpeses. Lately, lindane has.been used for medicine.
Lindane is one of “the ‘highly toxic "and persistent organochlorine
pesticides which has caused serious environmental problems. In the
environment, lindane appears to be mobile and relatively persistent
enough to significantly impact water resources.

Advanced oxidation processes (AOPs) involving highly reactive
hydroxyl radicals are effective for the destruction of hazardous organic
pollutants, especially, for those compounds that are refractory, toxic, and
non-biodegradable. The AOPs include UV/H.O, UV/TiO,, UV/Os,

Fenton, Photo-Fenton, photocatalysts, an electron beam, ultrasonic

_Vi_



waves and etc.

In the present study, the degradation characteristics of Lindane by
Advanced Oxidation Processes(UV/H:0,, Fenton, Photo-Fenton process)
were studied. The degradation efficiency of Lindane in aqueous solution
was iInvestigated at various initial pH values, Fenton’s reagent
concentrations and initial concentrations of Lindane. GC-ECD was used
to analyze lindane.

Lindane has not been degraded without application of AOPs over two
hours. But, approximately 5% of lindane was—degraded with UV or
H>O, alone. Lindane with UV/H.O, process showed approximately 7%
higher removal efficiency than H:O: process. In the UV/H:O2 process,
the pH values did not affect the removal efficiency.

The optimal mole ratio of HsOo/F e”' for lindane degradation is about
1.0 in the' Fenton and the Photo-Fenton process. Highest removal
efficiency was obtained at pH 3 in the Fenton process.

Under the optimal: experimental condition, lindane removal efficiency
with the Photo-Fenton process was approximately 11.5% higher than
that with the Fenton process.

Also, the experimental results showed that lindane removal efficiency
increased with the decrease of initial concentration of lindane. Because
the higher the initial concentration of lindane, the more intensive the
competition between parent compound molecules and intermediates for
reaction with OH radical, therefore, the lower the initial removal rate.

Under the same conditions, the orger lindane of removal efficiency is

as following : Photo-Fenton process > Fenton process > UV/H-O,

= Vil -



process > H-O, process.
In addition, intermediate products were identified by GC/MS
techniques. Than PCCH(Pentachlorocyclohexen) was identified as a

reaction intermediate of the Photo-Fenton process.
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Aed #wHAN M FeA 20 fU1daA 2EAE B
ToAAE g HAste] WES SF WA de AREEo] 1940
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71 % HCH(Hexachlorocyclohexane) 3}3&- Zgkg]ol o wha} H<ol
Fo s g5 &7 Fol BHeA SAs= AAE P g
1985~1986, 1986+ 1987kl AlA| Ao =2 A& o F ATH A&
50%% AABHAT.

HCH 3}ghES 1825 Michael Faradayel <8} Al ¥ vk, HCH
FEo] o]d A= a-HCH, B-HCH, y-HCH Sol gl o] 5 58S
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Table 1 Chemical identity and Physical/chemical properties of

Lindane

Characteristic/Property

Data

Synonyms

Lindane,
Cyclohexane,12,3,4,5,6-hexachloro—,Ga

mma-Isomer

Chemical formula CsHsClg

H
H Cl
H
Cl e
Chemical-structure - S H H

Gl

H Cl
i |
CAS number 58-89-9
Molecular weight 290.83

Physical state

Crystalline solid

Melting point

50

Boiling point at 760mmHg

323.4C at 760mmHg

Flash point 150C
Density at 19C 1.89
Water at 25C 7.3ppm
s Acetone(43.5g/100g),
Solubility Organic solvents &
¢ 20T benzene(28.9g/100g),
a
Ethanol(6.4g/100g)

Henry's law constant at 25C

35x10 % atm - m*/mol

LogKow

3.72

Vapor pressure at 25C

4.2x10° mmHg
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2.1.3 Lindane®] A H g APJAT

HEA 5(Q2002) o2& dE FAWO 2 Lindaned #3 &8°] 20%
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otk A tsk up et

%

9

Z  5(1986)2 Alcaligenes S  o]|&3te] wAE 3
Lindane® &3 54 A3 A3 947 20% W9 #3 &&=
ki e o

Hongbo Fu %(2005)< aFe:038} UV 55 o]€3F Lindane? 33+ 3
E4 ATA 28% A= F&S UEhATka vhal vk gk,

Adriana Zaleska 5(2000) 2 TiO2¢t HsO. 5 o] -&-3ko] 68%<] w3l E&S
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UV/Os, Fenton; Photo-Fenton, #&wj, &3 - A7|w] 5o 9Qurpo'?.

F TAL A1E oA AR, Byd FH Sl Sol
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UV/H O, T4 FYH+= UVY FHuf %
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H:Op= WHEali g =4do] wWol e A, 1718, Atsdds,
w59 2=, G3E L FHA A AHLo] vl AR dEA I
T3 oy AbskAl 5 7PE AAA ol FHgo] &olstn, HAEH
WA EAs AAdSHA] Al AASEAE EHell A g HO9 O.= 3 H o
37429 ZdelA e AHS Az Jo’. gy
HyOph o 2 o] Abst= o] 44 Qe Ho0:8 sZolA ofF ¥ &£x=
HES-317]  uwjio] wWreFE o A 3lshE (chlorinated aromatic compounds)
e 1 agE M fFUIEREES AEAI77]d = BlE A ol
meka] UVell 9st Hy0:9 #8ll(UV/HOp 3 HEF-E ZH4sA|l OH

radicald MAAZE  BehEH = Asob gol AFsel A

HO0= =% 3% 38300nm "% UVel 9sted OH radical®

Hz02 + hv <> 20H - = (1)

o] uwl wA¥E OH-radical2 pH=004] 280V 2F3}4 $f(oxidation
potentia) S YERHI lo] H.0.9 177viHt A =t =3 OH
radical&  10°M 's '9]  ®& WEEEE fU|EEF HAdgdowm
LI =

AAE OH radical> FTYE H0.9F w¥ES3le] T2 radicals <

H
A7 = & al, radical e Bl H0.2 Z2@H 7%= ot

OH:- + H:O, — HO;- + H,O - (2)
OH- + HO* — HO,- + OH -+ (3)

_10_



2HO, - —  HoOs + Oy - (4)

o
)

AAE wg ZAEe AstEE<e OH radicals #1713 €% (RH)S

Al A 7] radical(R - )& AAkstH, o2 A AAEE 7] radical
Bkg-AJ o] ol ksl Tl 7t
RH + OH - — H,O + R - — futher oxidation -+ (5)
A4 el B AGA s Adate] H0p2 A 1T,

207 + 2H.Q = H0, + 201 On -(6)

a3y Hee &9 71 B wzlEscl ol #HEEB00nm W e
o= 3}

#4)el UVE F2 A5, M09 Fidl= wWalse] OH radical®

ARFEEE ol IR F7]159 g sS A7) YHAME O
=o U7t e’

2.2.2 Fenton &3

Fenton ®¥h&old ‘H,0.9F 27} #Heol W& 3 AsiukgAdol &
statgo] WAetE 2glolgta JoEd 5= g

Fenton 432 ZH %o 27 xel Henry John Hortsman Fenton]
o]=2S5 wa WWEArh H J. H Fenton™-& tartaric acid, H.0, 27}
A Fol AAds ol HepAE wA He d4s ek, 1%

FAHA9 AP Fd HO. 271 Aol EAsE 2ANA f7]Edel
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=

olee] 3

=

AA 71 7)1 742 A A 29 A =
=)

Fenton ®F-g-9j
A+3} ek A o] A

-

1

Fooh?,

o] A o]

o

g
w2 pHell A

=S
Ho0,ZFE OH radicale] ©HA o] #7153

= =

Aeltt. Ha0,

A
E X3} mechanismol] ©f 3+ A

ALRIZE oA

)

—
fite)

Skt

o) 0] 4

]

=

= o

=

)
19303 g o]

=

\d

&l

-

1

5t

°

=,

o] Q1A A

Fenton 4Fg-0]
mechanism

1980 o
X3

=]
R

el

]

A
¢

Z ¥

Abolel

A=
, 1A Wl A Fenton ¥WH$-

A ]t

4 o)

[e)

ki3
=

zas

j
a-

mechanism

o
Q)

F

H
R

o %

Fenton 2]

1

5)

|0l A2 obu)et A EL Fokol A

Haber9} Weiss(1934)*

B 110091 W@ A H. J. H. Fentonol|l ¢
P el ol gkt

2.2.2.1 Fenton ¥F-8-2] mechanism

°



s

sttt f71E0] EAEHA &S wWl Haber, Weiss cycleo]gt +E2

H,0, + Fe*' — Fe* + OH + +OH o (7)
H,0, + Fe¥' — Fe*' + H' ++« O0H o ()
*OOH — Oy + *H -~ (9)

Fe®' /Fe*
2H205 — O+ 2H-0 -+ (10)

radical?} "t S mat 1= RH7E #ls Wioll EA1shd

H
ek Al A8 AgEo]l A7]= Teo] dojun A (11+~15)%F Zol

Fenton A]%Fell o3l §Frl&Eo] Atshis] & o d o] 22 H(I)ol=
Aol & APel& grh g 7168 717 Fe¥'v 0ol ol Fe''2
AbatE WA OH “radical 441713 o] 2A A48 OH radical® Fe’
Al Fe'' 2 3994 77wA Aale At Ristis) dv.

0,0, + Fe*" — Fe*' + OH + - OH o (11)
RH+ -OH - R- + H0 - (12)
R:- +Fe" — R- + Fe* e (13)
R" + OH — R-OH o (14)
H-O, + RH — R-OH + 2H20 -+ (1h)
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ARFH O & radicale] #HAlH= wbEE 2 GAE AAE EFT

AMS mechanisme =3 AP, o5 dAE MZ AAHo|x

(7h) 7B A]: radical A4
() Ak AA GANA BAE radical 258 A 28 radicale] A

(th =42 radicale] 242

Haber9} Weiss(1934)®'7} A k8t Fenton 2AFs} - #-8-9] mechanism<
A2 WS- (chain reaction)© 2 UER W HES-o] &) A= vfS3 )

7N A]
Fe* + H,0;, — Fel + OH- + OH -+ (16)
EE}
OH:- + H.O, — HO, - + HO - (17)
HOs; + + H:Oy — Oy + HO + OH - -+ (18)

e B g A A Hole HbE mechanismo 2 UERUH

OH - + H,0, — HOy+ + HyO - (19)
HO, < H + Oy - - (20)
0; + + Fe”' — Fe* + Oy = (21)
Fe* + H,O, — Fe’* + OH - + OH e (22)
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o\

|

Fe* + OH- — Fe’ + OH e (23)
A ol olge & ZmE Ty dolg<E (Ni, Co, Mn )¢
ArslEo] Al8E 4 9o} Fenton 3AEL A I ol EFS

AA kst BAHO] WAFER A Fulsk Y Ao,

2.2.2.2 pHY| %%
pHe| W3}el] whe} §ofo o] Al o]Fo] ut# il OH radical©l
AAE = At g v o) d97h w7l wEel] Fenton AF3sk wEE-l

4 2 dge WAE Axe ue pHelth pH7F A4 WS oy

o

HH, F4E 2 o] Fe(OH)3(S)E FASHAY 371 ZE o] P4 w0
c3E = 3 o2 o] TASHA AL Fenton A3k ®FES TES
FA43 "AxA B HZE A olk2 FulEAe Jss& dHstn

Apodo]l AtstE = Suje] ARjkst wbgolidloly H,0. B Fviel &4

HO, + OH — HO: + H20 -+ (24)
H027 + HoO; — HO + OH + 09 -+ (25)

wglA] Fenton ZAoAel AA pHEe ZAHL e Fasup,

gutAd o2 Fenton 34 % Photo-Fenton dAolA HAY pHE

3~350] .
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2.2.2.3 Fenton A ¢F FYHF| &

Hx020l %7 dAF ool F&o] faste=d ol HO.7F
Aot B2 s BalEAY OH radical® A ZE 37 wjiolth. OH
radical> H:0.9} ¥F3-S 3}il, OH radical scavenging capacity (4 5)ol
71902 dA w9 adEE HoE e 27EE HH g
FAH o oF gt

Fe(ID¢ Fe(lDoz A% Hde Zwj=s 28&sHA =9, pH 4
olato] gholA &gt wgS ShAl ®nk HA Y Fe(l)¥ Fe(lDd %=
27 f3 oFTd FAdFoER HAFS st HAY FIFES ok

?;51'1:1'47)-

2224 T3 R 2 AA

Fenton W32 pH W97} 3~35% AHA ZAoA 7F4 =& 385
Uebdtha (kA Ak vF o mEkA] Fenton ¥4 S F3d A7t
%] A]

g¢5d =2 T3 AYe AL F HEE ook Adeddd FF= v
A ks & Sz ofFd e AAst AEasE T

gste] AwAow sHYxTE AFEHE Fe'e §3wrt e pHE

75~8 WAE zEsum, $F P4 Fael A oA 3
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2.2.3 Photo-Fenton &3

2.2.3.1 Photo-Fenton®¥-3-2] mechanism

Photo-Fenton W82 Fenton W33 UV/H0, #74°] 2
At A A F7EAEY wAdgH o7 wS3lE OH radicals A4 3kt
2l (16)9] Fenton %FgolA A7 Ferric hydroxy complexes, <& 4
Fe¥, Fe(OH)’'E& UVel oate] s s Fe’'¢t OH radicals
APV 3 st a2 Fe(OH) & thg3t ro] B8 #rh,

)
i
°

Fe(OH)* + hv."— Fe’ + - OH - (26)

Fe' &8 [Aofx®at folga ZpAFAe "o | Fasld aEe
&4 >(adsorption  capability)S  zk. #Ze] o= &} Fauste}
Hoigen™”'¢] 'H.a1e]. o] &t Fe(OH)* 9] FF2==E o] 420nme] 34717
bl e, 7)ol el gFAe] este] Fe''e] 3uksol OH radical®l

Qo e AHEE T

21(26) 0l A Feg+%-‘4 Fede] old AdE Fe'' = 2(16)¢] Fenton
gEg-ol Ajolgst=tl HaO7F EAet= & OH radical®] ¥ EAAo]
A HoOo= 21(1)9F 7ol F& 300nm 7 wHe] 33S A UVel 2]3}e]

4780z 3wt B,

r&

o9} o] 37}x WA REZ E3lo] Photo-Fenton ¥H<o|AE 7]F9
Fenton ®t&3 UV/H:Op WHEH U O B2 4 OH radicale] A7 ¥ o]
=4 #7218 AsE 71EAL Aolw, UVE o] &3 Fe''o #&gld
o)ale] Fe¥ 7} d4d oz AAE FFHIEZ H0.7 FEFE Sold =

A&Ho2 OH radicals AAASHA W, 7] A9 FUdEFS AT
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9 F glo] AFHoew AH &A WPl Fx "
Fe’'o] @atets Aol 7pA3A74 6 Wl 33 74 Fado]
olgHERE UV lampolA ZAMEE FAHS UV/H0, WHSHTE U
AR A F Qo] AUA R JAuAIt ditE = EdE 7HA
Aol tt,
thAl wstd, 7]E9] Fenton WHgel UVE 2ALSHe] Fe’'oF H0,9H9)
ol o3 AAPE Fe's w2 ST ol g8ty ol oA Fe'=
A AA © S OH radicale A ES o 24 Fenton HE-g-l
Sol Hojut A=A JpHa gl
dotA = Ao grs

1

13} Photo-Fenton
el sk A =, OH

Photo-Fenton & AolA B %
et A oL oA FEse] B8 UV FFE
radical®] AZ2%FS FEsHA Hrk old Aol Fee OH radical¥}
9k-8-3te] OH radical®] Aol 7]9dslA Aep?,
UVel =AML desi o w2 oduyA7t
A EXE A FEAb
esld HAF

18} Photo-Fenton Rk
J e B

R elgE A

EA5te] SR a8 Lol A
oHE AQ4HE=

]

anlg
e Y B Fe’F Ggew &
Ae]Z&o] Fenton ®eLol Hla] tkld TlsAE g
FoluAle]l dAxtat AHeage] FFS sladl UVE AdE3 Ao
7 g &P,
2.2.3.2 pH| 9%
FAL Fenton AT wpasx= pHWsl %
IS FiL, AT LSt sl
G EHA

Photo-Fenton

M 7eeH”. pHE OH radicale] A4 ol

3eFS m v pHztel A<5stAl =9, Fe(OH)3o 3
EopAHA UVe] F3hgo] srold Fe''9

Fe''o| wxrb Zasa, g

o
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S0 wolAA ®©rl. wEbA Photo-Fenton WHS-& pH 304l 713

EL 589 HolA A
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3.1 Al ¢

2 ATl A€%  Lindane  AldrichAle] AKX 97%)=
AFEEg e, pH 24& 98] Junseirbe] HNOs(s=% 60~61%)<} Yakuri
PureAte] NaOH(£% ~96%)E Ab&stdth ~HE3  Fenton A|2Fo=
Junseir}2] HoOx(= % 30%)= Ab-gst o r, FeSO, - TH.O+=
Sigma-AldrichAHGER= " 99%)8} Al°k& o] &3kitt.  EF  Lindanes
F=317] 98l AFE-3F Hexane2 Fisher ScientificAHs=% 99.8%, HPLC
grade) Al¥S o]&slRom, o7 %E(lon Strength) =45 $31A
Junseirle] NaClO, - HO(Ge %= 98%)5 Ab&3}Sith

NI (EHE 26W, Sankyo Denki Com. Blacklight Blue lamp,
FISTSBLB, #7% : 315~400nm)™'& #=stsich #o] 3z s
AL Apsta wkg7] A g o] UVZE d LAl AR =S 317] 98]
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+ Teflon tapes ©]&3te] <o A3t

_1_:'1__
o] NaClOy4 * H:09] 5%== 0.06M% 3ttt

Cooling water

pH meter v * & >ampling port

Magnetic stirrer

Fig. 2 Schematic diagram of reactor for AOPs process.
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3.3 2349

3.3.1 UV/H:0;, ¥4

UV A2 45477 el Lindanedole] %7] pHE zda%on

pH 42 IstekAte] 125PD models o]&3tth o] & H0.7F H7FsE =
A7 W AF Ao R AAsal, HoO7b R7bE R FAlel UV fZs
s A AT vhg AR & dA AR A SR samples AT F

Hexane< o] -8-s}o] Lindane< F = (liquid=liquid extraction

method) st At UV/HoO2 A2 & RESAIZMS 1202 &= A48

3.3.2 Fenton ¥ Photo-Fenton &3

Fenton A¢kS $£9387] A Lindane &8¢ %=7] pHE x4dslgion,

o] ¥ Fenton ¥ A< Fenton A 2FHH0:2F FeSO, - THO)o) A 7FE = A7+

a2

& e A%

=

>

ro 2 A& 31, Photo-Fenton & 42 Fenton A]%fo]
A7t sAl UV AZEFsAF e 1-57HS w8 A FA o=
ARt o. UV/HO, 34 vha7bx 2 dbg A2 & A A|7F -4 o

Z samples 33 F Hexane= ©]83}9] Lindanes = (liquid-liquid

flo
r]I.
oo
>,
N
N,

extraction method)3d}$it}h. Fenton¥} Photo-Fenton 3%

Zute] w2 wgol AAE I 102 F3} o] FREE WgEET F43)

N

Fashs A%S wel & NgANS 60RO st

ol
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3.3.3 Lindane® £#AjHH

BEA37] 98l HP-5 capillary column(J&W ScientificAl, 0.32mm x
30m x 0.25m)3¥  HAEES A ZE7](Electron Capture Detector(ECD)) 7}
A2kl Agilent TechnologiesAlt 4890D GCZ Abg3slo}. EA38kt). o]
HHo 2 FEAS HAS FHT &L 31=2%= UEG o™ GC-ECDAA
Lindane®] A Z34= 0.1ppbelstz ElE 3t Fig. 39 F3EoA
A7 9] A ek Al =438 skl eH, Table 2 ol GC-ECD #4

334 TTARE BHY

a9

Lindaneo] #3ll¥+ WSA=ZE deotsty] g8 T84 As
et FHAANES B8] H8 271 EE SppmeE A AGsEe o,
Fenton Al¢Fe] T =& Hy0.9F FeSO, - TH.09 X5 ZH7F bmM=
4 sAll UVE 75 AlAH Photo-Fenton

Z
T

FHOR WS/ HEAGL W A% F A4 AZ HFow 12mLA
§

e
M

it
2

samples A #H3I F HNO;

i 26mLE  ol&sle 3wz A"Ed] EFste  FE(liquid-liquid

Ag o gatel pHE 2 oFE 2AF ),

extraction method)3lAth. & ¢ YA+ E 2 A8tY Hexanes T W=
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AW GC-MSDE  o]&sty FHAAEdES A0 FUHAEES
ALg37] 918l HP-5 capillary column(Agilent TechnologiesAl, 0.25mm
X 30m x 0.25um¥ AZFEA7](Mass Spectrometry Detector(MSD))7}F
29 Agilent TechnologiesAlt 6890D GCE AR-&3lo] H23}¢it}. Table
3°l GC-MSD?| #4 &%= 215 YES

Reactor

b__Hgog, FeS0, - 7TH,0,-UV

SampleZmL

k— Hexane 2mL

Extraction

l

Solvent layer

l

[ 2L sample ]

l

[ GC—-ECD

Fig. 3 Diagram for Lindane analytical procedure.
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Table 2 Oven temperature programs for analysis

of Lindane and its intermediates

Target material(s)

Oven temperature program

(2min)

of Lindane

(a)|GC-ECD Lindane
30 C/min
Oven temperature : 80T
Injector temperature : 250T
Detector temperature : 300T
80T
(10min)
Intermediates
(b)|GC-MSD

Oven temperature : 50T
Injector temperature : 290T
Detector temperature : 280T
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V. 23 € 31&

4.1 UV/H0, A

4.1.1 Blank Test

&2, A AEdA - Lindaneo] FEASETEH LTS T
AAH=A AFS 9etstr] 93] Lindane® %71

pHE 3, 7, 92 YA 1208 &<t magnetic stirrerE ©[g3lo] 1 wkgh
AMAFAS. | 2 A3 JFig. 49 UBExo]l FEde2 2% o=
Uetster | wwukeks F8i A= Lindane® AlA7F Ao dojyA F<
¢ g AT B UVRE Z2ARSSS A5-H H0o%F 0.1mM, 1mM
FERE FUSA 1205 AR Aol = Bl &2z oF 5%, 3%,
4% ey, UVY-HO, RHO 2= Lindanedl &@fo] & a37t e
Ao g et A2 Fig. 5ol [WERRL T

=5 50ppbZE 3k,

o

4.1.2 UV/H:0, A
UV/H20: &4 HoOs= OH radical®] wAol7] wFo F7]&9

AR GOl Hi0pel F %ol 4FE wEth HOre e (20~ 302 2ol
Lo 935t HoO7F 28| AL A A o] 7]_15_3]_]:]_57)‘

o
radical 5% A 2% Wt

OH:- + H:O, — H,O + HOs - - (27)
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HO; - + H)O, — H.O + OH - + O -+ (28)
OH- + OH- — HxO -+ (29)
HO, - + HO, - — HOp + Oy -+ (30)

ole)dt radicaldl AAF WeEL B3I H/1E FEsh WA
HO07F =2 552 S48 A5 A Hage),
Amanda 5(2008)*Y& UV/H.0, &4 23S %3, Lindaned H.0.5

CeHeClg + 12H20, — 6CO2 + 6CI° + 6H  + 12H:0 =+ (31

%271 % [50ppb, pH/ 3% ZEZoIA M0, FHUHFS WA AVIH
Aste] H&S #EeAT. 2 A3 HO0.7F 0.1mM, 1mM, 10mM<Y
HEAHow 7tz oF 98%, 155%, 15.0%7F EaH o™, A= Fig.
6ol YEtAH. HO0ys%=7F S7F & s ZlER SUFst o
HyOp5 =7} ImMol 3ol 5 S 745 &

AR o4 HO0: = AT AR HlEete] A &80 FrtetAE

ol @2 datellA wrs s, ol AAES 2ds] H0.E

2 X

s

oF

o)
FLF A HO07F E3hHl 0.8 HOZ W#Hste] &l H2H7)
ol HY HoOp8 @02 £48tde wu UVeE Agstds 25
vaagol o FUkEA sglon, ¥ ATeldE UV/HO, 3AWeRE

Z Bslaso] YEA ot
Amanda £(2008)7¢] o1 Fo] wEw UV/H.0, &4 S 2 Lindane©] 5%
ol o] 90% o)A

22UV lamp 38 2 =945, pH, H:0; F95%, =4 27|5=

r—{m
:x:‘;
i,
2
i
=l
=2
=]
ot
b
I
%0,
o
£
2
T
2
r o
>,
ol
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-

)9 Aol = QIEe B AFoAE T
Ao ® FAdE)

rol
o

Aeel 97 dutg 94 2@

413 7] pHell ©+& UV/H,0, 3 a&9 W3

UV/H, O, Al2=®lel A pH7} Aelago mx& 9Fs ##s7] 98]
%7] pHel W3stE FH HddS AT 27IF=E S0ppbE s oM
H0: Y5 ET 10mM=Z 3] pHE 3, 6, 92 WA A FTHA &9
Hels otz ket pHE 8, 6, 9 9 w HFHo=z §3]&o]
15.0%, 12.9%, 13.0= & zlol= iAot Fig. 70 vERS o] w8 pH
AgEa el 2 FFS WAA FKshHe pHtl FHglel A9 &
AE 7}A. Esplugas® 5& AOPsE ©]€3F phenole] 23] 28 oA

UV/H:0, #49 Z4d5el wsdxdzA pHe Fastd, @x H0.9

s
[

e,
ro

2e°] 2480 st UV/H0.

N
Agdid A= pHE E4skA &1
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1.0 &‘&M.:F————‘—g———~—~————-®—————— mmmmmm a
0.8
0.6
o
Q
)
0.4
02 - —e— pH3
—¥— pHY
0.0 T T T T T T
0 20 40 60 80 100 120 140

Time(min)
Fig. 4 Blank test of Lindane (Experimental conditions : Co=50ppb,
NaClO4=0.05M).
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0.8
0.6 1
o
Q
O
0.4 1

—&— UV only
0.2 =0 H,0;0. TmM

—w— H,0,TmM

00 T T T T T T
0 20 40 60 80 100 120 140

Time(min)
Fig. 5 Degradation of Lindane with UV or H202 alone
(Experimental conditions : Co=50ppb, pH=3.0, NaClO04=0.05M).
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A — B ——
............................ _&—*—*~‘--U
0.8
0.6
o
Q
©]
0.4
. —e— H,0,0.1mM
. <=0 HyO51mM
—w— H,0, 10mM
0.0 . . ' : ' :
0 20 40 60 80 100 120 140

Time(min)
Fig. 6 Degradation of Lindane by UV irradiation in the presence
of H>02 (Experimental -conditions Co=50ppb, pH=3.0,
NaCl04=0.05M).
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0.6
(=}
Q
®]
0.4 4
0.2 —&— pH3
—v— pH9
OO T T T T T T
0 20 40 60 80 100 120 140

Time(min)
Fig. 7 Degradation of Lindane at/ various pH by UV/H20: process
(Experimental conditions : Co=50ppb, H202=10mM, NaClO4=0.05M).
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4.2 Fenton &7

4.2.1 Blank Test

o

Fenton ¥t-&<& d©7]7] Ao Fenton AleF 52 343l FeSO, - TH0E
HA FQlsh=dl o]zl 9@ Lindaned #3) &b eAE dotr]
913 FeSOs- TH,O0S 0.1mM w&E2 FY3 F 1208 &8 wWHA[A
Folth Fig. 8ol Uebyiol W8 A% 12032 § %7] Lindane 5% °F
5% Ax7b ZaEAerH, obF AIGE WA ®a wnkvt AJAE

el
2 & A 3} (stirrer-alone) 2 =LA x}o]7F o FeSO, - THOE dEo 7

4.2.2 Fenton ¥t-&¢ ¥l-&x}4+ Z2A

Bo A3Ed o), dukH o F Fenton WS 1x HbeS wEtha

Hau gy Bidd o r AA 13h vhSS maix 23S

9C_ ke - (31)

Fig. 9v & AFddA HAystdd o8] 74 Fenton 374 % Lindaned

%7] ¥ %7} 50ppb, Hy0.=0.1mM, Fe*'=0.1mM =71 uwjeo] AHAHS

=

o= A4S 39 Ad g Zolth 60 WSAIE T

LI

=2

11t
2
(0]

o=
7}

Fenton W$-o] &telA dojt 108714 9] datas AFE3Fow, 1

’

b
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P RS 087922 WA 12 ko] Jh7ke Al durdny webq 2
Ao A2l Fenton W2 E2 AFAbH oA ¥t wpe} o] 1z
U3 wrEvta 8 4= vl T3k Fenton® Photo-Fenton & 7ol A]¢]

o7 Fenton Wrgo] ZHukahA

T
oo
dpx
ol
o
&
=
rlr
r]I.
oo
>,
.t
o
>
i)
d

ol 108714 9] datas vle o

i
iy
Y
£

423 HO2, Y ZF W3l & Fenton 33 &&¢ W3}

Fig. 102 Fenton #AolA H.0, F%7} Lindane® #afjo] v x&
gl el JFENATh Fef'FEE 01mME 2FA71I, Hy0,9)
PEEs HAA & WIFE stz sk Ha0:9)
AEEZE [ 00ImM, 004mM, 0067mM,. 01mM, 02mM, ImM=
SAAS W, S FEMEES AR £ 602484 F HAFAHLE 47 ¢
12.0%, 66.3%, 78.0%, 88.6%, 86.4%, 76.3%<°] w37} dojutomn ol&
3 M0, FUF=7 S7Foll wek Lindaneo] & &o] 5

it A= HO0, $%=7F S7bgd. et #AE= OH
radical®] ¢o] F7}slo} Lindane®] el & 4717 djwow AddTh
a8y dAFE ooz o] MOyt FYHW F&ol #adt:
A7 dEhwth ole A e HyO: 7Y Al Ho0x7F 029 H0=
s el E AW OH radical® A Z23tsle], OH radical> H,0.9F ®WH§-&
81, OH radical 2%0°] 7|91 & &A ®rkn 153 wF A5, Fig. 110

e wgEEge AR HO, FUF  FHESE
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Ba7b v ZEAon, H07b HA S0l 25E ggdolth webAl, HO,
FHEE 0.ImMe] HPFom deksn, oo wmeh L A FZIo|A

H,05/Fe”' 9] H A mole ratio= °F 1.00.2 Johw o)

4.2.4 FeSO4 * TH2O Y F] 1 & Fenton 33 && W3

s

Fig. 12 Fenton ZAoA Fe*' %7} Lindane?] 3o w X
oJge] el JERAT HOp 52 0.0mME 1AA 7)1, Fe*' T2
0.05mM, 0.1mM, 02mM= WstAZT 60&31F kg F HFT &S
Fe*' %7} 0.05mM, 0.1mM, 0.2mMe wj z+2} oF 81.8%, 83.7%, 87.1% =
vebytow, &b H0x/Fe” o 3 molesratio?! °F 1 F
T A5 AR mole ratiod Hlstd HF wEs&ol 1.6% FHAasHA
Feol H4ads ¢Adth Fig. 13°] el WS E3H A 2

O]

Fe' #4Fol S7185% S7hehg ont 440 &2

aAEo] 9or®E FelurEE UdA % ofFOg ZF7A7]W Fenton

Abspikgol old EECHOZh AR Yoolde] Ea st wAysA

%7] Lindane® %%w%W3lo] w2 Fenton 349 Ra AFS sehal
8] %7]% %= 5ppb, 25ppb, S50ppbE FA3dtaL YA Z
A e}, Fig. 140 e nlel o], 6083 we-dt A} 275 %7}

25ppb, S50ppb¥ W  ZFzZF 9F 91.9%, 88.6%7F #aEAom, Spphel
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Fig. 8 Removal of Lindane with FeSOy4 - 7TH20 alone (Experimental
conditions: Co=50ppb; pH=3.0, NaClO4=0.05M).
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Fig. 9 Time vs. -LN(C/Co) plot by batch reactor (Experimental
conditions: Co=50ppb, H20,:=0.1mM, Fe2+=0.1mM, pH=3.0,
NaCl04=0.05M).
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Fig. 10 Effect of the H202 concentration on degradation of
Lindane in the Fenton process (Experimental conditions: Co=50ppb,

Fe’"=0.1mM, pH=3.0, NaCl0=0.05M).
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Fig. 11 H;0; concentration vs. rate constant(k) in' the Fenton

process (Experimental conditions: Co=50ppb; Fe2+=0.1mM, pH=3.0,
NaClO4=0.05M).
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Fig. 12 Effect of the Fe* concentration on degradation of Lindane

in the Fenton process— (Experimental. conditions: Co=50ppb,

H202=0.1mM, pH=3.0, NaCl04=0.05M).
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Fig. 13 Fe* concentration vs. rate constant(k) in 'the Fenton
process (Experimental conditions: Co=50ppb, H202=0.1mM, pH=3.0,
NaClO4=0.05M).
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Fig. 14 Effect of the initial concentration on degradation of

Lindane in the -~ Fenton process (Experimental conditions:

H,02=0.1mM, Fe?'=0.1mM, pH=3.0, NaCl0s=0.05M).
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Fig. 15 Effect of the .initial concentration on degradation of
Lindane 1in the _Fenton process (Experimental conditions:

H202=0.1mM, Fe*=0.1mM, pH=3.0, NaClQz=0.05M).
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Fig. 16 Effect of the ‘initial pH on degradation of Lindane in the
Fenton process (Experimental conditions: Co=50ppb, H202=0.1mM,
Fe*'=0.1mM, NaClO4=0.05M).

_45_



0.16

0.14 ~
0.12 + /\.
0.10
0.08 +

0.06

Rate Constant(k, min'1)

0.04 ~

0.02 ~

0.00 T T T
2 4 6 8 10

pH

Fig. 17 pH vs. rate constant(k) in the Fenton process
(Experimental. conditions: H202=0.1mM, Fe2+=0.1mM, pH=3.0,
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Fig. 18 Effect of the H20:2 concentration on degradation of
Lindane in the Photo-Fenton process(Experimental conditions:

Co=50ppb, Fe?'=0.1mM, pH=3.0, NaClO=0.05M).
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Fig. 19 H30O; concentration wvs. rate constant(k) in the

Photo-Fenton “process  (Experimental  conditions: Co=50ppb,

Fe?'=0.1mM, pH=3.0, NaClOs=0.05M).

_51_



1.0
—&— Fe® 0.005mM
-0 Fe* 0.01mM
08 - —¥— Fe* 0.02mM
0.6
(=]
Q
&) S~
0.4 1 e
0.2
00 T T T T T T
0 10 20 30 40 50 60 70

Time(min)
Fig. 20 Effect of the Fe* ‘concentration on degradation of Lindane

in the Photo-Fenton process (Experimental - conditions: Co=50ppb,

H.0,=0.01mM, Fe*'=0.01mM, pH=3.0, NaCl0,=0.05M).
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Fig. 21 Fe® concentration vs. rate constant(k) in the
Photo-Fenton . process (Experimental conditions: Co=50ppb,

H202=0.01mM, Fe?=0.01mM, pH=3.0, NaCl0,=0.05M).
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Fig. 22 Effect of the initial concentration on degradation of

Lindane in the. Photo-Fenton process (Experimental conditions:

H.0,=0.01mM, Fe*'=0.01mM, pH=3.0, NaCl0,=0.05M).
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Fig. 24 Effect of the Fenton reagent concentration on degradation
of Lindane in“the Photo-Fenton process (Experimental conditions:

Co=50ppb, pH=3.0, NaClO4=0.05M).
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Fig. 25 The degradation of Lindane by various .combination
processes (Experimental conditions: Co=50ppb, pH=3.0,
NaClO4=0.05M).
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Fig. 26 The rate constant of degradation of Lindane by wvarious
combination . processes during first 10min (Experimental

conditions: Co=50ppb, pH=3.0, NaClO4=0.05M).
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Fig. 27 Gas chromatogram from GC/MS analysis of the Lindane reaction products

(Experimental conditions: Co=5ppm, Hz02=5mM, Fe2+=5mM, pH=3.0, NaClO4=0.05M).

_60_



Cl

. Cl Cl
Lindane
Cl Cl

Cl

|
== HCI
\

|
PCCH o
(Pentachlorocyclohexene) O

|
|- HCI
T

4¢)
TCCH e
(Tetrachlorocyclohexene) O

DCP
{Dichlorophenol)

TCB
(Trichlorobenxene)

Fig. 28 A proposed reaction pathway of Lindane degradation.

_61_



V. 2E

1. 89 Ao A Lindane: Fenton %33 Photo-Fenton ®¥Fgol <]3]

Mg o R BajEdon, BE Ao 13 W& wskth

o

2. Lindane> A1 AEjol A= Aol &37F dojubx] tew UVY
HoO,, Fe*'ib ©Eom  F3lds  A9oe B aggo] 5%0s=

&2 A9 gl AeE YEEt UVHO, €42 22 34

3. Fenton &AL pH 3094 78 Z&¢] =9t} Fenton =43}
Photo-Fenton 34 olA " H.0/Fe”' 9] HA mole ratios & 10°0=%
LE} S

4. Fenton &3 Photo-Fenton &AoA+= % mole ratio °| o=

W% AT HFoE FAAAL AFONE FUFI RaAREol vddA

gokow, Q3| FalEE&ol FAastAUTE ol H0F HEFew o7
7% OH radical®] scavenger 9&< 7] wjiolzt #AdbEn Fe’' 7}
oz FPP Aot M0, w57 1A o] Fe''7l H0.%5

= -
R ARE7] wEold #@whevh. EE, Lindane® %7 =7}
5 S

9
A
of
o2l
e
fru
s
:(!)L_IJ
rD‘l
o
o
=
5
gus
.
*
rD‘l
o
o
i
flo
A
o
fru

_62_



-

&3}l Photo-Fenton & 74, Fenton &%, H:0/UV 374, HoO.%F ¢ 3F
5

o,
o

o2 Photo-Fenton &Ae] 7b¢ F&o] Fdvh =7

BN
o

4w, wgol Az F 30Es AIsS W a&s vl B

Photo-Fenton &7 ¢] Fenton &4 Xttt ¢F 11.5%A

i
i
:(!)L_‘J
~
in}
fh)
39
i)

6. Lindane® %75 %7} 50ppb%! 7%, Photo-Fenton & AolA HO,
0.1mM, Fe*" 0.0lmM ¥ %= muZe] Fenton A ¢F< o] €38 Photo-Fenton
TA4elA EPASH WHO® +##7]%S& W8t 2™ (EPA 0.24¢/L, WHO
2ug/L), =715 %7t bppbtl BFdE s TEZ AGS FYUI}AES

o (H,0, 0.1mM,Fe*" 0.1mM) Fenton ZATo &% EPAS WHO2

<=

FA7FS s Y. =3 Photo-Fenton &AM %75 %7} 50ppb¥
A% H,0, 0.05mM, Fe?’ 0.06mM FE== 593519 < ul= EPAS WHO9
FAVFS  HEslo], [ H| 9 Fenton Al%FS o] &3  Photo-Fenton

T A% Lindaneo] & #aE2S & & AU

7. Lindane® “Photo-Fenton ®WH&-d <3 FIHAANES A3 23

PCCH7} #A="E<S gkt wWekA  Lindanes ©dA3st wkgo]
AP =HA PCCH, TCBs, DCBs, DCPs, TCPs G2z ®3¥t}
HEA R CO% H02 #3ld Zlelet FAH A

B3Eel o ol gAY Aol Hgol A5 Aow BoHH, FF
2EEE WO O BA9 Alo] Wy A7 A NRARR Abgol 5y

_63_



A, ASE, pl-6(2001)

|
Zh

8

| o] A, www.me.go.kr

_LU
il
ﬁo
=

o] %], www.kfda.go.kr

<
=]

17

7
o

]_

o
St

& ¥ 9] A, www.epaigov
ol 53

<

4, EPA 2
A
2]

o.

o

o

AO
_Eo

Ocean and Polar

’

Research, Vol. 28(3), p317-329(2006)

Tor

Tor

-

=1 (1995)

g, "t71% HCHs®o =% °o|&4", <t

G
&

_64_



pp.231-240 (2002)

=K

B

W
%o

~H

, p40-43(2006)

=
%ETI:@

9] =2(2002)

3
)

i

X

o}
XV
o
ol
o]

of
70

x
A4

B

B

B

o

of
O

p—

12. 91435, w

bt s o} 5} 7]

k<1
e

X 54, 200818

)
=

e

A, p3014-3021(2008)

Tor

", 2007

A, pl212-1214(2007)

3 =2

H oA, www.water.busan.go.kr

"Photocatalytic decolorization of

15. Y. S. Park and K. H. Ahn,

Rhodamine B wusingimmobilized TiO2 onto GF/C and fludized bed

reactor”, J. of the Environ. Sci., 12, pl277-1284(2003)

16. Ali Safarzadeh-Amiri, James R. Bolton and Stephen R. Cater, ”

pollutants 1in

organic

of

Ferrioxalate-Mediated Photodegradation

_65_



contaminated water”. Was. Res. 31, No. 4, p787-798(1997)

17. Santiago Esplugas, Jaime Gimenez*, Sandra Contreras, Esther

"Comparision of different advanced

Pascual, Miguel Rodriguez.

for phenol degradation”. Water Research 36,

oxidation process

p1034-1042(2002)

@ o

ry

719 A F ol

off
rir

18. S A, “F=al B S Frel st

TG el A AL 8] = (1997)

19. Miller G./ Tyler 5 EnvirenmentalScience AnIntroduction (Second

Edition), Wordsworth Publishing Company

20. Morlene S. Evans, George E. Noguch, and Clifford P. Rice ; "The
Biomagnification of polychlorinated Biphenyls, Toxa phene, and DDT
compounds in*a Lake - Michigan | Offshore Feod web”, Archives of

Environmental Contamination and Toxicology, Vol.20, p87-93(1991)

21. Agarwal H. C., Kaushik C. P., M. M. K., “Organochlorine Insecticide

Residuse in the rain”, Water, Air & Soil Pollutant”, Vol.32,

p293-302(1987)

M. K. K, A. Raman “Organochloride

22. Kaushik, C. P. Pillaj,
Air & Sail

Insecticide Residues in Air in Delhi, India”, Water,

Pollutant, Vol.32, p63-76(1987)

_66_



23. DouAbul Ali AZ, Saad Hamid T Al Timari AK Al and Rekabi
Hussain N Al “ Tigris-Euphrates Delta : A Major Source of
Pesticides to the Shatt al-Arab River (Iraq)”, Archives of

Environmental Contamination and Toxicology, Vol.17, p405-418(1998)
24. Buser, HF., Muller. “Isomer and Enantioselective Degradation of

Hexachlorocyclohexane Isomers in Sewage Sludge under Anaerobic

Conditions”, Environmental  Science and  Technology, 29,

p664-672(1995)

26. Ty A9k 3 etE A A H A ~8 Z o] A http://ncis.nier.go.kr

27. AR, ‘R AEdl 9 B 2 B E7(1996)

DO
0
o
:>14:"4
o
12
of
e
k1
>,
i

<l
o

, 7 3+ (1996)
29. Kim Jung-Hun and Smith Alistair, “Distribution of Organochlorine
Pesticides in  Soils from South Korea”, Chemosphere 43,

p137-140(2001)

30. 74, “3etEAotdAg ay A1A"(1992)

_67_



32. AzkE, LRk, ofF s, ‘M=ol o7k Wit al g
o] &3l —ZF PCBs B #7194 5o &3
s}8}+3] %] Vol. 30, No. 1, p40-45(1987)

33. Amanda M. Nienowl, Juan Cesar Bezares-Cruz, Irene C. Poyer, Inez

Hua, Chad . T. Jafvert, "Hydrogen peroxide—assisted UV

photodegradation of Lindane”, Chemosphere 72, pl1700-1705(2008)

34. Hongbo Fu, Xie Quan*, Huimin Zhao, “"Photodegradation of y-HCH

by a-Fe203 and ‘the

influence of fulvic acid”, Journal of

Photochemistry and Photobiology A: Chemistry 173, pl43-149(2005)

35, HAZC, HAF ALBAAGE LUV -AF AL ukg x4 9
UV/H202 ag4ksbA 2", o st

SRR E

=4

=

o~
T

_68_



38. TAE, “ThFE AFAsEHS ©]8% 2-chlorophenold] wIHSA A

39. J. H. Baxendale and J. A. Wilson, "The photolysis of hydrogen
peroxide at high light intensities”, Trans. Farad. Soc., 53,
p344-356(1957)

40. V. Maurino, P. Calza, C. Minero, E. Pelizzetti and M. Vincenti,
"Light-Assisted 1,4-Dioxane Degradation”. Chemosphere, Vol. 35, (11),
p2675-2688(1997)

41. Legrini / O, Oliveros E, Braun AM. "“Photochemical processes for

water treatment”. Chem Rev, p671-698(1993)

42. Venkatandri R, Peters«.W. R. "“Chemical oxidation  technologies:
ultraviolet light/hydregen peroxide, Fenton'sreagent, and titanium
dioxide—-assisted photocatalysis”. Haz -~ Waste Haz Mater. 10(2),
p107-149(1993)

rot
H
ol
.

et BEitd, A, NE 58 e o&d o,

3}8k3) %], Al 1648 A135, p9-14(2005)

44. H. J. H. Fenton, "Oxidation of tartartic acid in the presence of iron”,

Jour. Chem. Soc. (Brit), 65, p892-899(1894)

_69_



45. Haber, F., and Weiss, J. "The Catalytic Decomposition of Hydrogen
Peroxide by Iron Salt”, Proc. Roy. Soc.(London), A147, p332-351(1934)

46. Buxton G. V., Greenstock C. L., Helman W. P. and Ross A. B.
"Critical review of rate constants for reactions of hydrated electrons,
hydrogen atoms and hydroxyl radicals(+-OH/O-) in aqueous
solution”. J. Phys. Chem. Ref. Data 17, p513-5185(1988)

47, 7Ad%, “1=2rE e 3 A (AOPs)S o] &3 -1 4-dioxane?] #IHEA
A7, F o shal A AL 3k9) =1E,(2007)
48 7183, Fenton &Mkl 238k EEAkd PVA @R, hIFtfshu F3skA A}

49 R. Bauer, G. Waldner,-H. Fallmann, S. Hager, M. Klare and T.
Krutzler, "The. Photo-Fenton reaction and the TiO./UV process for

waste water treatment - —. novel developments”, Catal. Today, 53,

p131-144(1999)

50. M. A. Engwall, J. J. Pignatello and G. Domenico, "Degradation and
detoxification of the wood preservatives creosote and

pentachlorophenol in water by the photo—Fenton reaction”, Water Res.,

33(5), pl1151-1158(1999)

, O A% o]t 274Y, “Fenton ¥ Photo-Fenton Ak



stadS ol&s A4 el Agel w3 A7, d=SG AT A,

26(4), p29-37(2000)

52. B. C. Faust and J. Hoigne, "Photolysis of Fe(Ill)-hydroxy complexes
as sources of OH radical in clouds, fog and rain”, Atomes. Environ.,

24A(1), p79-87(1990)

53. Walling C. "Fenton’s reagent revisited”. Acc. Chem. Res. 8§,
p125-131(1975)

54. R. Bauer,and H. Fallmann, “The Photo-Fenton oxidation-A cheap
and efficient wastewater treatment method, Res.. Chem. Intermed.,

23(4), p341-354(1997)

55. R. G. Zepp, B. C. Faustuand J. Hoigne, "Hydroxyl radical formation
in aqueous reactions~(pH 3 - 8) of iron(Il) with hydrogen peroxide:
The Photo-Fenton-_ reaction”, Environ.. Seci. Technol., 26(2),
p313-319(1992)

56. #xFP o} &H o]X|, www.lampkorea.co.kr

57. J. H. Baxendale and J. A. Wilson, "The photolysis of hydrogen

peroxide at high light intensities”, Trans. Farad. Soc., 53,
p344-356(1957)

_71_



58. Santiago Esplugas, Jaime Gimenez, Sandra Contreras, Esther
Pascual, Miguel Rodriguez. "Comparision of different advanced
oxidation process for phenol degradation”. Water Research 36,

p1034-1042(2002)

59. A2 F Al A", “AEA S o] &3k 2.4-Dichlorophenol®] il&

e, e E R 818 =5, 19(11-6), p757-761(1999)

60. Theresa M.Phillips;” Alan G.Seech, Hung Lee, Jack T. Trevors,

"Colorimetric assay for Lindane dechlorination by baecteria”, Journal of

Microbiological Methods 47;p181-188(2001)

_72_



L

R

w7b QA 22, =yl 6ol

_‘1

1=
L

53

o
A

Lo

Uy,

LOH

1o
X
ol
ojn

A 7FEA A, o

S

Ho
el
w
o
|

b

AL ol A 3

A)

=gy,

p—

.

.

JH
-
B

a

T

of
=

e

B

o
Tor

Flo~ a8k dejme 2954 7

H

]

=& F(F7) dsAul A WA =<

AFgI e,

dal Aduje] A

a1 AAFA

o}

)

0

Al

oK

M

Ytk HE A

6}3—

0

rs,

_?:]_

U

.

AL

A 744

ol E § ol

o=

R

=
<o

)l

Folg FHot, We AFA m

?ﬂ,

= :l—lxg‘

&

=g Y

5

°

SRR

et
5}

A

o
o

)|

)

A, whA)

Al vhm e &

T+

o
[

g

ol A

_73_

Al AL,



=]
ZS i

Hl, 2w v A

1=

o] 1A ol

) o T S
o= = o m
5! = W e TR T T OB —
\,.u_ﬂ \Ul N Om- ‘mm OM @H J_,mo J_,mo EO __“mM :.;E | DM.M-_ EE \MM rﬂ erﬁ
< ~ Mo o = _ <) 9 o o
T + Hom X E T T N M 5o o w
o n o I N &R = B
s NEoook o = O wOE T .
N TR A =5 e 2 ok . 5 X T !
ﬁmr%ﬁﬁ%sé%ﬁmwﬂiﬁ w - B X
ﬂoﬂuﬂﬂgﬂﬁwﬂaznﬁw 7o S
L0 5 = oo < I © e o T g mm 5 T F o
© 3333 AR R LT
f / .’ ) ~ —_
T - Wk W T E
R SN I o = 0 o o
Bl 'S Y X o) } g o i
* P B og oo 2 e R . ° X
W o SR T B
ay ey o 5 o 0 B X T £}
L = U ol By B Mo i MNooT B N -
e B o e o T A ¥ L £
0 mMO X = d 0 H.O o = -~
1ﬂemz,dw@r14uﬂu4%?oa@
= oo M = oA o Hoahy Rl T X
Tl a ¥R o B R YRS T
T %éﬁxpﬂxurml,xlstl__Hoﬁ
BN 3 O TR e < o N o ©
A N o | X o o= F Sl M ~
a - —_ T
o= WEN Bt W < = R N uAHH_ = Moo ™ Mﬂ Jm
W T ol M T ON® L 24 =
2 oW o RN =~ S g B TR
T x Y ow oy oy B T S S S
- oo N s T e Ho e - m o A
= ® 7 3 . I A )
SN = g = o g Mo T T r A e Z
w T B s x g T e S i -
oo Xx r TR Mo o ap N O =
- ¥ o =m . s = i o
- l_nm ol N Jnm.._ - X 0 Ho ,m.._ o - ZT U_I s \_an.vﬂ ﬂl
I iy o ol
T 2N g0 L o T kg B W H %
) n_Al.._ XO = X JH A oﬂa ZL
B BT T o oo T e ¥ s EFE T = woN
i = 70 ol S s = = T 2 oo = % o
® S o % I T X 2k
frt o X - o AR = o = SR
B NE > ® X 2o L RT o o) A )
- 1;_.A o ‘m_ﬂ ‘Ul ﬂo UrL 20 -~ fang mmo ‘Ul L.c ﬂ [} UE
On* A o 0o Y — A Of = Y A =S , =N
s T o T oW BT 5 X
MR T o o T BT

A 2

-
=

M=y 2d7kA o

- 74 -

(<3
w1

3
=

o} ui}.,

L

R

5t

S

74
Fa, @eiy, 9

S

AFAH Aol
@ vel gof PApE v

WEd e

B



	Ⅰ. 서론 
	Ⅱ. 이론적 배경 
	2.1 Lindane 
	2.1.1 Lindane의 특성 
	2.1.2 Lindane의 이용과 인체에 대한 영향 
	2.1.3 Lindane의 처리방법에 대한 선행연구 

	2.2 고도산화처리공정(Advanced Oxidation Processes, AOPs) 
	2.2.1 UV/H2O2 공정  
	2.2.2 Fenton 공정 
	2.2.2.1 Fenton 반응의 mechanism 
	2.2.2.2 pH의 영향 
	2.2.2.3 Fenton 시약 주입량의 영향 
	2.2.2.4 중화 및 철염 제거 

	2.2.3 Photo-Fenton 공정 
	2.2.3.1 Photo-Fenton반응의 mechanism 
	2.2.3.2 pH의 영향 



	Ⅲ. 연구방법 
	3.1 시약 
	3.2 반응기의 구성 
	3.3 실험방법 
	3.3.1 UV/H2O2 공정 
	3.3.2 Fenton 및 Photo-Fenton 공정 
	3.3.3 Lindane의 분석방법 
	3.3.4 중간생성물 분석 


	Ⅳ. 결과 및 고찰 
	4.1 UV/H2O2 공정 
	4.1.1 Blank Test 
	4.1.2. UV/H2O2 공정 
	4.1.3 초기 pH에 따른 UV/H2O2 공정 효율의 변화 

	4.2 Fenton 공정 
	4.2.1 Blank Test 
	4.2.2 Fenton 반응의 반응차수 결정 
	4.2.3 H2O2 주입량 변화에 따른 Fenton 공정 효율의 변화 
	4.2.4 FeSO47H2O 주입량에 따른 Fenton 공정 효율 변화 
	4.2.5 초기 농도 변화에 따른 Fenton 공정 효율 변화 
	4.2.6 pH 변화에 따른 Fenton 공정 효율 변화 

	4.3 Photo-Fenton공정 
	4.3.1 H2O2 주입량 변화에 따른 Photo-Fenton 공정 효율의 변화 
	4.3.2 FeSO47H2O 주입량에 따른 Photo-Fenton 공정 효율 변화 
	4.3.3 초기 농도 변화에 따른 Photo-Fenton 공정 효율 변화 
	4.3.4 Fenton 시약 주입량의 변화에 따른 효율 비교 
	4.3.5 각 공정별 분해효율 비교 

	4.4 중간 생성물 연구 

	Ⅴ. 결론 
	Ⅵ. 참고문헌 


