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Summary

The photodegradation of pyrene, chrysene and benzolalpyrene that were

detected in domestic water treatment plants and were similar in structure among
polycyclic aromatic hydrocarbons (PAHs) were investigated in water irradiated
with a low-pressure mercury lamp, emitting the wavelength of 253.7 nm and UV
output of 1.35 x 107 J/s. The effects of several factors (t-BuOH, HCOs;, pH,
TiO2, H2O2) on photodegradation of above three PAHs were also examined. In
addition, the photodegradation were compared among PAHs wused and
photodegradation processes (UV, UV/TiO;, UV/H:0s and UV/H;O»/TiOz) at the
optimum conditions of above factors. The results obtained were summarized as

follows:

1. In the effects of t-BuOH and HCOs, on the photodegradation of PAHS,
their rates decreased  with increasing the concentration of the former, but
decreased little with increasing the concentration of the latter under the conditions

of concentrations used in this study.

2. In the effect of pH on the photodegradation of PAHSs, their rates decreased
with increasing pH, but their change were greater in case of pH increase from

acid to neutral and were little in case of pH increase from neutral to base.

3. The optimum concentrations of TiOz and H2O2 on the photodegradation of
PAHs were 1 g/L and 15 x 10° M, respectively. By these optimum
concentrations, their rates increased with increasing the concentration of TiO., and
Hz0; because the amounts of OH radical formed increased, but for the
concentrations higher than the optimum, their rates decreased with increasing

those concentrations because the white turbidity phenomena occurs in case of

_vi_



TiOs and H.O- acts as an OH radical inhibitor.

4. The photodegradation rates of PAHs fitted a first-order kinetic model and
their rate constants obtained in this study for pyrene, chrysene and
benzolalpyrene were 0.0043 min ', 0.0032 min ' and 0.0025 min ' in case of UV,
0.0062 min ', 0.0047 min"' and 0.0037 min"' in case of UV/TiO, 0.0082 min
0.0059 min !, 0.0044 min ' in case of UV/H;O and 0.0102 min ', 0.0068 min ' and
0.0050 min' in case of UV/H.0y/TiOs, respectively. Therefore, it can be known
that their photodegradation rates decreased in the following sequences: pyrene>
chrysene> benzolalpyrene among the PAHs used; UV/H:0+/TiO:> UV/H,O05>

UV/TiO2> UV among the photodegradation processes.

The kinetics of photodegradation of PAHs should be carried out in more
diverse conditions, together with their mechanisms and identification of
intermediate in order to investigate their characteristics of PAHs which were

similar in structure.
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2.3 UV/TiO°l &]3k Fial

UV/TiO; WHol AFEH & WteAlyd E22 TiOxx= FoluAE F435+49
ety & FEFvd &2 o]t (Ollis ¢+ Turche, 1989).

RE=A7F A a0 9l W= A(band gap) o] oy Aol sjdsts wge] dlow

op
od

%44

o

WA S o 7| AI7I™ WEEAl el dAxpek A go] AAFET o] et Aol 1
o7 olFstd FA=AN wrgate] AbstErdnkEo] dojupA HM o]R& FFHv
Hk-$-o]g} A4 =t} (Bahnemann &, 1991). 4FslEjElF 2] M= WS oF 3eVEH ugo
2 oF 400nm7} v, oo ulgl 400nm ©]dF FGo] zLjAS ol wrgo] X3
Hrt.
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7]

iy

o] AFANE EYE HAHOR AAHIL Y= FE=v] FH A Wk

rlo

S A Fael % AA-4F el A4 W3 (e17], excitation), A3 5839
A% welA 2 4718 FANS, FHE Al @ Axsh ¥ trapping, 4
A-AT gel AAF R BAYE OH ool 9% f7189) Jspngon 723
PN

T e, olgfd whgAAS ofefol YEhATH(A, 1996; tHA¢-A 5, 2000).

1) 7] (Excitation)

Tio, ™ Tio, (ey+ ) (15)
e €y (16)
2) & Fpdseryipn) (17)
oo+ TV Y HO= 0,H +Ti"—0H (18)
iV + H,0= T —H,0 (19)
(site) R, = Ry .4 (20)
OH- + Ti" =Ti"JOH - (21)
3) Trapping
Ti"—OH- +h" = T/"/OH - (22)
Ti"—H,0+h" = TW"JOH- +H" (23)
Rl + 1" = R (24)
TV + ey = Ti" (25)
Ti" + 0,= Ti"—0; - (26)
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4) 2} 4 g+ (Recombination)

eyt h" — heat (27)

5) Hydroxyl attack

Case I  TYV/OH - + Ry s — Ti" + Ry 45 (28)
Case I OH - + Rl,ads_) RZ,aa’s (29)
Case M  Ti"fOH- +R, > Ti"+R, (30)
Case IV OH- + R,— R, (31)

b Tk S Ul kA ARl os] ot

) EWel £38E §%3% F39 OH doige] we. 4 (28)
2) 89 oz ¥ OH doiza F28 471579 wg. 4 (29)

4) §71%3 OH #hrige] BT Sgo 4o duso] we. 4 (3D)

A= F71=3% OH &z whg2 Afapozd g3t FARE d#e] whgs A
A CO.E 8] ghHAtstel o] 2 A "7, 1996; tHA-+A &, 2000).

a9, TiOxE YJAF F+%°) wg} anatase, rutil, brookite® T& %™, o] & &)
FestElo] 7Y dnbHo®m AR E AL 9l 1 anatase®t rutil FES] TiOz°]th.
F7HA AH Y TiOzolA FFvf whgo] F=2 o]&5H= X+ anatase ¥ E 9
TiOp 2 A ©]= rutil Fele] TiORth HlsEW A o] B2 o] Aok AA7A S AT
of 98t TiO.2 FZHv] W& F2 TIO,RWoA dojups oz dEA Ut

kA wizd Aol Y A9k v hes AL 7 e Ao IR gl



TiO,2] FFu] wEEolA Fo3% A= ZEes AL TiO9 x4 2 pore

sizeo|th. TiO&= 4ty oz &k Feju XA Ao TiO»E coatingdt % (thin film)

Bl TiOo] Fd#el S7rgel wel FF site7t S7bekr] wZel #71& e
T92 dfols UVFIHE Welietr] wZol
Fr7l=e AAEES FAaATH
olglgt offr= AA TiO, FFrf W&ol A3 AFeM= 2 TiOE 7Hd Bol
AR&RAL Itk ey o] Ag-ole TiOE 3k e Aol Zad #rt of
el o] & 3]skt ofelwel Atk
aser FEve ARgEE TiOo FH
of FEf B AAZFS arefste] A= oA ok
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2.4 UV/TiOy/H:0z0l °J & i3

UVEAANA TIOS HOE H7He Agol Feajgol Srtsntn wa sa 9
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@ olel S5 gt ol Rekarerk
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=
rlo
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oo
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o
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2
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Hze FEsel o H0.2%8 Hxide=z A4 4 3. OH @
s}

=
U g5 Abskel o] dasty] wiel] A= o] wheE F=Sv) AEes
<

AR HOoe FES @ 4 Ak, 272 52 FAdFIAY 0.2 2kstE 4
H:0: #7F= 027} electron scavenger® #8424 Q7] wio O.5 FFsto=
A FEo &S S7FAZICE TS Al A wEE2 FEw

A-4E Al HasA

o
o
o
2
2
_O|L
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Tz FArerA= 350nm ©lske] UV oy Ao & E&xo] OH =y ZS
AAEAY, TiO, EHolA conduction band® Ho]¥ Az}t wWH3-3te] OH oz
S AAs7I= stal, olw A E o] 9l superoxide Zht]Zd wkEste] OH vl

& AHEE Bk

H,0,+ hv—20H - (32)
H,0,4+ ¢ —O0H- + OH~ (33)
H,0,+ 0y - —~OH- + OH + 0O, (34)
H,0,+ OH - —OH, - + H,0 (35)

mebd fFr7lEdE B ke A9 TiO9r H:0x5 ol &ste 44 Huh w2

S EES 2E 7 e Aoz dEA vk, 2001).

o

Autx o 7 "<& T A= power-lawd o 98] AAbE T}

;= — %(l? — kO (36)
(k MEHERS, ¢ 298 FE)
EE PAHY #E3= 2 (36)9 nztel 1o HE 13 HHS £E28 0 &
=)

tha B3 =53 Qi (Trapido %, 1995). o]+ th&3 o] vehd 4+ gl

, = _idg — C (37)
AEDAA t=0 9 W C=Co= Hthwl A(38)} 2ol vepd & k.

_C

o= kt (38)

(Cot 2 HEHE 27|55

o714 kgt A9l oe FA4E MSHEdFE ey, wexzde weh g

5
S
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HL

I 1670 PAHs%

B A7 FEd dd=dEA US EPAZ Aoz A3

R

Hog {FAS pyrene(Aldrich, 97%), chrysene(Fluka, 95%)3} benzolalpyrene

=
= ol&Eel =° 100mg/ ¢ =

(Fluka, 98%) 371A &4d& AY3gct. ols 3}

T8
A2G & 2es FRER 2000/ 0 2 4 3ke] ST
% @B ®ATE U Fel - 55h4 YAL Table 1.3} Fig. 2.0 thebulvh

o o° off

chrysene benzo(a)pyrene

O

a

o

pyrene
Fig. 2. Molecular structure of pyrene, chrysene and benzolalpyrene.

Table 1. Physico + chemical characteristics of pyrene, chrysene, benzolalpyrene

Mol. Wt. Solubility Vapor Pressure Carcinog
PAHs ) . Log .
(g) at 25C(ug/ ¢ ) at 25C (mmlig) enicity
pyrene 202.1 133 6.9x10 7 4.88 NC
chrysene 228.3 11 1.1x10°° 5.63 WC
benzo(a)pyrene 252.3 2.4 55%10° 6.06 SC

*NC=non-carcinogenic;, WC=weakly carcinogenic; SC=strongly carcinogenic;

Kow=octanol/water partition coefficient, Adapted from McElroy et al(1989).
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Cooling Quartz glass
water output tube

-

LV lamp

AVR

— [P

Cooling
water input

Stirrer

Fig. 3. Schematic diagram of UV system.

£ ol&aton, REATEE 647 R Stk A
Al dAARE HAS R §hgTle] FEFolA w3 o AFHASFA LM, TiO,,
H:0., t-BuOH, HCO; # pH% | =xWstE FUA AAEEe] WHats glsdit
pHE 0.IM HNO:¥ 0.1M NaOH=Z pH 5, 69, 92 =439t pHE pH meter
(model Orion 290A)E o] &3] =439, DO+= DO meter(CONSTORT C534)& ©]
&3t SA s

2 oA Adxs 8oFshd Table 29 2

_18_



Table 2. Summary of experimental conditions

Items conditions

Main condition

compound pyrene

t-BuOH 0.1M

HCO3 5x10 °M

TiO2 concentration 1lg/ ¥

H,0 oncentration 1.5x10 °M

Initial pH 6.9

Comparative condition

compound

t-BuOH

chrysene, benzolalpyrene
1x10*M, 1x10 °M, 1x10 °M
HCOs 5x10 °M, 5x10 ‘M

TiO, concentration 025 g/¢,05¢g/0,2 g/¥
59x10 °M, 5.9x10 *M, 5.9x10 °M
Initial pH 5 9

H202 oncentration

PAHs®] &%=5742 Fig. 40 vepbdl wpol o] aivy. A7 vit} wbg-7] ol

=

A Bold 5mie] 489S methylene chloride(Fisher, HPLC grade)® 23] &

Ay

ol
32 e

sttt 1 ¥ FEAE ¥ NaSO2 28 AAsta, fedf A= o3

]_

i Z4k7](Zymark, Model Turbovap 500)E Al&3le] IME F3

O,
o
£
_! [e3
o
o
A
1>

sttt =9 WEEFE A (Hexamethylbenzene, Fluka) 10uS  #H7}sko]
GC/MSD 2414 X g2 o]&3to] A3t
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Sanple of water (5n)

J . Methylene chioride

E ion GO x 2)
J « AtydrosNa,SO,
. GQass woal
Hitration

J +«—— Concentrator
Concentration
J +«——— Internal standard 101

GC-MS

Fig. 4. Flow chart of experimental procedure for the analysis of PAHs in water.
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2.3 GC/MSD #41x1

AAZE A AEE 553977 229 GC/MSDE Abgste] A sl on,
GC= Hewlett Packard, Model HP 5890 seriesIl o], MS+E Quadrupole typel &
HP5972 MSDe|t}. oju] ZAH& DB-5 (0.25um, 30m x 0.25mm, fused silica tubing
5% Phenyl, 95% methyl poly siloxane film thickness), %74 A FS AFE3FA
o I A BEFYTFY 2% 300C, #HE7] 2% 300Ceo|H, EPC(electronic pressure
control) 7]'s& ©]&3te] F&HS dAGeA FAAA HAY EFAx=HE AAsAH

T3 MSDE PAHs(Aldrich, 97%)E methylene chloride®] =<1 % 3|23l ThE

ok

fd 3uE GC/MSDo F38te] PAHse #x} o]& e EA oS A
SIM(selected Ion Monitoring) W o2 A3 Th o] 2 Table 39 YEFH ST}
T3 PAHs &&&E°] st J=E 24 PAHsE methylene chlorided] =91 %

3 A3t EFE A hexamethylbenzene(Fluka) R EFE 2 S Alg3dle] WEE

o2 Faslal, PAHs 3ttEd Wi vAan =z HdagdSs A8kt

_21_



Table 3. GC/MSD conditions for PAHs analysis

Instruments

Conditions

GC/MSD

Column

Injector temps.
Detector temps.
Injection volume

Oven temperature
Column head pressure
carrier gas flow
run time
Injection

Monitoring mode

Hewlett Packard 5890 seriesII/HP 5972 MSD

DB-5 (0.25¢m, 30m x 0.25mm, fused silica tubing 5%
Phenyl, 95% methyl poly siloxane film thickness)

300C
300C

3l
10°C/min
60C (2min) — 300 (6min)

15.2psi1
1.7m¢/min(He)

31min
splitless mode

Selected ion monitoring (SIM) mode
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thshah k=8l 35 (PAHs) ¢! pyrene, chrysene, benzolalpyrenes & 37FA] 3}&E o
sl UV, UV/H:0;, UV/TiO., UV/TiOy/H:020 A 3t3t= Akele] @iEalE W] alsfaL,
FEalol v A= gz dAAHCO;, t-BuOH) 2 pHe| &S AESIAH

HA 2 AT o 2ol AFEE HIEAl fa sFEEel Edl HeAE
AEs7] 98 AP AT o] E sl dFvw d2 FS Adste] 34
z|

a8 ER 2 AFdA PAHs 529 TAhe

7.

g

o gwael 9@ Aeletn wed

Table 4. Effects of several additives on the degradation of PAHs (200 g/ ¢ ) used

in this study without light

3 0,
Additives(Conc.) o Degrﬁ?tlo“(/‘) ) =
No addition 0.3~0.5 06~0.8 1.1~14
TiOx2 g/ #) 0.7~0.9 11~19 1.8~20
H202(5.9%10°M) 0.8~1.1 13~15 2.0~23
t-BuOH(2.1x10 “M) 0.6~0.8 1~13 14~16
HCO; (5x10°M) 0.7~0.9 1.0~13 15~18
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UVE #H7FA] §lo] ZAFsHe] pyrene, chrysene 2 benzolalpyrene] FEE A5
HATE 200 pg/ 2 o] FE&NE 6A1ZEE FxASEY] L 2.29] AW wet 3
sto] Akl & shgtEe] FEslE Fig. 5ol YEU It

1

—o— pyrene

—8—chrysene

o
oo
T

—&— benzo(a)pyrene

o o
£ o
T T

Normalized concentration(C/Co)
o
N

0 60 120 180 240 300 360
Reaction time(min)

Fig. 5. Photodegradation of pyrene, chrysene and benzolalpyrene with time

under UV(Co : 200 pg/ ¢, pH : 6.9, Temp. : 17TC).

Fig. 5914 Ho A= wpe} o] pyrene, chrysene 2 benzolalpyreneo] w3l 64
&S 47 78%, 69%, 59% = YUEFYTE = 6A17F UV ZAA|
benzolalpyrene®| H]&| pyrene ¥ chrysene?| #&3]&-2 1.328], 1.178] W=7 3&
dq HS ¢ F AT 1 AF gFE Abole #

benzolalpyrened] #o =2 74TS &4 5 Ak

b WEALA B

gul o

ol
A

&2 pyrene ) chrysene )

M
ol

WAl e 4707 A= 24 vid =] & pyrene, chrysene® pyreneo] WAl
1717 i 2% 59 U+ benzolalpyrened] FE3so] =}o]& Hol= Ao tfst It

Ao A Brlssy WA uge wjdde o] wel o] F4mo] ols Guts)
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), Axpe] o] B o7 E AEe] EbE Rt webA Y] wiEel Ao AR HT
A2 3= Sabaté F(2001)°] AR 7] PAHsO FEs] ATtelA
phenanthrene?] &34 =7} phenanthreneo] 17§12 WAl g7} ©f AgdEHo Q=
pyrene .tk 4499 =dvt= AFA e} FASEA Y. 28y Milleret Olejnik(2001)+=
AgrSHqzE AFES A F benzolalpyrene®] Ftall& o] chrysene® Falls& H
o Eohs whlEE A9E Bk ol B AFelA Bk 10° B vRE AL

FAa, whld e FYse T R dyEids 2] g e F4d
’ H N T 7o

Pyrene®] F&3]o] tx&= t-BuOHS 3¢S AHE7] 93] 200 pg/ ¢ 2] pyrene
g9 (pH 6.9 t-BuOH® %2 1x10 ‘M, 1x10°M, 1x10 °M, 0.IMO. 2 W 3s}A| A
6A1HE 9 2AF & pyrened] FEE&S Fig. 691 YER AT

Fig. 6°14 & 4 A& vhe} o] t+-BuOHS F%7F F7hghoel wel Faa& 7
2 4 ATH 0.IM t-BuOH EAstell A #iEal &2 t-BuOHe] EAetA &
S o B} oF 10% AU 18R R UVES ZALEY] pyrened FE3 st

Sol % OH ghrizte] WA o] BRaol Jae v Ao Abzg

B
ot
o

o
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Photodegradation efficiency(%)

BAP

Fig. 8. Comparison of photodegradation efficiency of pyrene, chrysene and
benzolalpyrene after 6 hour reaction in the different condition
(Co : 200 pg/ ¢, pH : 6.9, Temp. : 17+1C, HCO; : 5x10 M,
t-BuOH : 0.1IM). PY, CHR and BAP indicate pyrene,

chrysene, benzolalpyrene, respectively.

Fig. 8o yeElt ule} Zo] #FES|E= pyrene » chrysene » benzolalpyrene? <<
2 #A2%Ts 4 5 AT T3 0IM t-BuOH EA3oA #is & Aol=
t-BuOHeo] &A418tA] &&= ARt 7T~-10%H =2 FgE] FTH w2 Aole n
vlabeieh, 18l HCOs & 5%10 °M 7k Aot 1 gl Ao JehdA &9k
o}
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1.3 PAHs9| #FEajo] n|x= pHel <3

Whg--gof o] Atrmef vt e WEte o
ol freto] Whg-&oe pH7F FEa] Lol FIFS o= Fom KW HI
Ao+ (Miller2}t Olejnik, 2001).

Pyrene, chrysene % benzolalpyrene® Fi3lo] W x&= pH F&FS HHE7] 98|
Z27] WhE& Ao pHE 50, 6.9, 9.00% WSAIA Ate] W& FEsE HES I
E& pH WIAA AZte] mE FEs
WA A 6A13HE S AL & A5, 4 3= FEEE2 Fig. 109 YErl A
af ==

N
N
o
oty
e
o)
o
o
&
wQ
O
2
W
Au)
=
Q
M
o)
jan)
il

st ol ¥

e

PAHs7} 228 5= &<t &9 pHe 79 WA o
S A EAe] Aol wg vy wiiEel Ao R AtsETh

Fig. 109] 6A17F 3 ZAFA] pyrene, chrysene % benzolalpyrene? A A &S 2 HH
W pH 5, 6.9, 9°4 pyrene®] 749 83%, 78%, 76%, chrysene®| 7% 75%, 69%,

Rl

66%, benzolalpyrene 62%, 538%, 58% . & L} E}%tT}.
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Fig. 9. Effect of pH on the photodegradation of pyrene (a), chrysene (b)
and benzolalpyrene (c) (Co : 200 wg/ ¢, Temp. : 17+1C).
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Photodegradation efficiency(%)
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Fig. 10. Comparison of photodagradation efficiency of pyrene, chrysene and
benzolalpyrene after 6 hour reaction at different pH
(Co: 200 pg/ ¢, Temp.: 17+1C). PY, CHR and BAP indicate pyrene,

chrysene, benzolalpyrene, respectively.

o

ol213F ZA¥+= Miller®t Olejnik(2001)©] chrysene #} benzolalpyrene &%l %
7] pH®| W3te] W FE= AFIoR A5 AA Sk, SACdA &
Fheld o w2 Zdas FEREAE] Aole AJdva Baud Axet FAREAT e
Beltran 5(1995)2 fluorene, phenanthrene, acenaphthene =&l %7] pH W3}
uE = 719 Apolrb AT ®Wargh Aifot= Aol sttt

Miller®} Olejnik(2001)+= PAHs &9 %7] pH W3l w& shgt=1ke] 33
of ZpolE Hol= ol x7] pHel wet shekEe] AAEE AolE F2dko]

o

ofd
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ZAMA of7] H= AAde] (S, 2537 St Baskly, ae

=
7tzke] pHel A $89o] E5375E S0 2t pHAAN S F23) RS o33 &
(1999)2> %7] pH7} S7F ol wet FEsl&o] Fastdvtal Risiids
, ol BEF o o3 AAE COF FFol alkalinity(HCOs, COs*) BFE|R EA)
3to] OH #t]lZ scavengerz Z+83}7] wj&Eoletal B 1139
14 PAHsAFol¢] #E3& £ Hlw

Fig. 5o YEl pyrene, chrysene % benzolalpyrene?d #Es]&S 2 380 % &

3to] Fig. 11 YeER Aok

2
© pyrene
O chrysene
@) © 0
> 1 A benzo(a)pyrene
o
8 m] A
5 o O A
O A
§ A
R
0 sf
0 60 120 180 240 300 360

Reaction time(min)

Fig. 11. First-order Kkinetic plot of the photodegradation of pyrene, chrysene
and benzolalpyrene(Co : 200 pg/ ¢, pH : 6.9, temp. : 177C).
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PAHsF& 9 gttt AAAE H7tstol & & w, $=45F Table 5, %

7] pHE W3AA BEa & W, £=45E Table 6 Lhehich,

Table 5. Photodegradation rate constants and determination coefficients(r’)
calculated by first order kinetics in different conditions(C, : 200 ug/ ¢,
pH : 6.9, Temp. : 17+17C)

- Pyrene Chrysene Benzolalpyrene
Conditions - P - : - :
k(min ") r k(min ") r k(min ) r

uv 0.0043 0.97 0.0032 0.98 0.0025 0.96

UV/t-BuOH (1x10"M)  0.0040 097

(1x10°M)  0.0039 097

(I1x10°M)  0.0035 098

(0.1M) 00033 ' 097 00025 099 00020 096
UV/HCO; (59x10°M) 0.0042 097

(59x10*M) 0.0040 098

(59x10°M) 0.0037 099 00030 099 00024 095

Table 504 Ho] A= #le}l 2+o] pyrene, chrysene ¥ benzolalpyrene? 3343

T4= Zh2E 0.0043min Y, 0.0032min !, 0.0025min ' .2 YElgT gz 3 s
Atole] FE4 = pyrene » chrysene ) benzolalpyrene® =02 #A%S & &

AR, benzolalpyrenedl ¥H]&] pyrene 2 chrysene? ZFEs&ET 242 1.7249),

1.28v] wh=A FEs He & 5 UAAgTh

i, t-BuOHE 71 4 FZsiEEs g T70l #ARle] v=d ve=

Hage & 5 Utk
AT HCOs & A7h 4% FRASE/ gastdw 1 ol vnge & 5
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Table 6. Photodegradation rate constants and determination coefficients(r?)

calculated by first order kinetics in different pH(C, : 200 pg/ ¢, Temp.:

17+1°C)
o Pyrene Chrysene Benzolalpyrene
Conditions — 5 — 5 — 5
k(min ) r k(min ) r k(min ) r
pH 5 0.0049 0.97 0.0039 0.95 0.0028 0.93
pH 7 0.0043 0.97 0.0032 0.97 0.0025 0.96
pH 9 0.0040 0.97 0.0030 0.98 0.0025 0.97

71¥]31, Table 60 WeRd vRef o] %7] pH Wsle] & P SEA4TE H
3 A3 pHel wel 9F7ke] Zoli= A A TF benzolalpyreneel] W3] pyrenes 2.96

~3.12, chrysene 12~1398 A% w24 FiEs] €& & + AN

El

2. W/HQ0:0f 2|3t &
2.1 PAHs9] #&3 v X & Ha009 33k

F718 ] FEdel HOb EAEE {7159 Bzt b

AT ol EAEH 23 PR/ gastE 2o Bil Hil lthBeltran 7,
1996; Rivas %, 2000; sabaté &, 2001). ©]& UV/HxO:0l 93k spE-afols H.0.7}
OH &tz MAA 2 AdAA e H&& FAo] Fatr] wFeleta By ¥ g}
AT UV/H 000 A H:O: F&ell mE FE&E Aurr] 948 200 pg/ 2l 9
pyrene =& (pH 6.9)°] H.0, FEZ 5. , 5.9x10"M, 15x10°M, 5.9x10 "M 2.

= &y FYsto] WAt g FEdeS HESH] Fig. 120 YeERATH

@
O
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Fig. 12. Effect of H2O» Concentration on the photodegradation of pyrene
(Co : 200 pug/ ¢, pH : 69, Temp. : 17£17C).
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2.2. UV/Hy020 ¢13F PAHs 33}

H.0, %5 15x10°M #H7be 5 %

ZAbste] pyrene, chrysene % benzolal-
pyrene®| FtalE A ESTE 200 pg/ ¢ o] FEAE 6AEt FAFE] AR

m2 slgEe FESE Fig. 139 YeRN AT Fig. 13014 B A& vpep ol
UV/H:0201 A 6A1%F #ZAL 3 pyrene, chrysene, benzolalpyrened] F&a|l&S 7z}

95, 89, 82%= }EFGLTE

1 &
—o— pyrene
0.8 —&— chrysene
—a— benzo(a)pyrene

o o
£ (o]
T T

Normalized concentration(C/Co)
o
N

0 60 120 180 240 300 360
Reaction time(min)

Fig. 13. Photodegradation of pyrene, chrysene and benzolalpyrene with time
under UV/H20; (Co : 200 wg/ ¢, pH : 6.9, HyO; Conc. : 1.5x10 M,
Temp. : 17£17C).
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3. U/Ti00ff &fst ZEd

3.1 PAHs9] #&Ed| ol v A= TiO.o] 4

[

UV/TiOoo] ola §718< #Ea) s 45 Tio.e sl we 7189 %
of xtolE HAThal ¢#HA Atk (Das 5, 1994; sabaté 5, 2001).

B Ao UV/TiOA TiO, sxol wE FEHS 2y rr] 93] pyrene 200 pug
/2] FE&N TiO, ¥=5 0, 025, 05, 1, 2 g/¢ & 2] FYsto] Aj7te] ©tE F
T3l&S Fig. 1491 WetidTh Fig. 140 wepd upeb o] Ti0xo] F%=7F 014 1
g/ ¢ 2 sS4kl wel FEs ol SrETIE 1 g/l ol solAE 23] FE
&

o] #astAtt.

3

e

—— WV
—8— UV +Ti02 0.250/L
—— WV +Ti02 0.5g/L

—— WV +Ti02 1g/L
—e— WV +Ti02 2g/L

0.8

0.6 |

0.4

Normalized concentration(C/Co)

0 60 120 180 240 300 360
Reaction time(min)

Fig. 14. Effect of TiO2 Concentration on the photodegradation of pyrene
(Co : 200 pug/ ¢, pH : 6.9, Temp. : 17£17C).
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1

olels A= 7 5(1995), £ 5(2000), A1997)e] Ape} fAbakn], o= B
TiO] A7heke] BoldFE TiOsh LB AR 4F WHe] T Hu +F
oR ARE PAUAE 94 Fra] Wl AsEe F/HAW, T 5
A BUAE 2

l:_:]:_
Sz A% BE0) mwoAe FEu W waaA Hol AA TiO, FEeIA

i

b ol @A ol gelAt MEAYE fus FFow

3.2. UV/TiOzell €3k PAHs 33}

sletE Afele] FEdldl v A= TiO, F&dFS AHR7] Y8 TiO, 1 g/¢/ & #H7ts
% UV ZA}sle] pyrene, chrysene % benzolalpyrene?] #F&E&|E A9 B 9kt}.
200 pg/ 2 9] TE&AES 6N FALSES AlRte] mE sHEEC] A &S Fig. 15

of YR At
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Fig. 15. Photodegradation of pyrene, chrysene and benzolalpyrene with time
under UV/TiO2(Co : 200 pxg/ ¢, pH : 6.9, TiO, Conc. : 1 g/ ¢,
Temp. : 17+17C).

Fig. 159 veld mvle} o] 6A17F FFAF & pyrene, chrysene, benzolalpyrene?]

B &S 72 90, 83, 5% = LFERRL

4. UV/TiO/H0.0l 2|8t 2ol

F71E9 FEdlc HO:2F TiOE Al #H7Esk S wl, UV, UV/H0,, UV/TiO;
ol Bt} F7| &= FE|7} FHEE Ao ¥l il Yrh.(Tanaka 5, 1992; F,

1999; 4, 2001).
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eABAL R A A9, IO H0.2 FA6] A7kehd, 0.7 TiO; 4
A EAe FAE Adsh AF AAFE WA, wrk we Fe| OH #vBe
A BRASEG FRAS0] SAB0T AFFATHE S, 2000

EE QDS TiOsh HaFaE BAC B A TIoo BHHE 4
3 spabsheao} g stel OH 28 A4sta, ma Bbustens 44 28
o5l OH#ttZe] WA5ol, OH BB} LgE Aot wgshe] BRahrt %2157
Foleba kgt

i\

Hd

E Ao M= pyrene, chrysene ¥ benzolalpyreneo] w3a] UV/TiO/Hz0-0] 2] 3+
FEsNE Aonr] 98 o FEF AHsE Tio g/¢) R H0:(1.5%10 M) E
A7k & UVE ZARete] Algbe] we FiEaE A Este] Fig. 169 Web At

1 @
—o— pyrene
0.8 —8— chrysene
—A— benzo(a)pyrene

o
o

0.4

0.2

Normalized concentration(C/Co)

0 60 120 180 240 300 360
Reaction time(min)

Fig. 16. Photodegradation of pyrene, chrysene and benzolalpyrene with time
under UV/TiO»/H205(Co : 200 g/ ¢, pH : 6.9, H:O2 Conc. : 1.5x10 M,
TiOs Conc. : 1 g/#, Temp. : 17¢17C).
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w3 UV. UV/HoO,, UV/TiOs, UV/TiOy/Ho0:014¢] 6A17F 3-¢] pyrene, chrysene

% benzolalpyrene?] #&E3]&2 Fig. 179 YFeb ST

100 ____

D

80

60

40

20

Photodegradation efficiency (%)

UV/H202/TiO2
UV/H202

UV/TiO2

BAP

Fig. 17. Comparison of photodagradation efficiency of pyrene, chrysene
and benzolalpyrene after 6 hour reaction at different conditions
(Co : 200 pg/ ¢, pH : 6.9, temp. : 17+1°C, HyO, Conc. : 1.5x10 °M,
TiOs Conc. : 1 g/#¢). PY, CHR and BAP indicate pyrene,

chrysene, benzolalpyrene, respectively.

Figure 179 YEld nle} o] 3l3t&EAle]e] FE3&= UV, UV/H0; UV/TIO,,
UV/TiOy/H:0, &Aool EF pyrene > chrysene > benzolalpyrene®] <o = UE}
Wi, PAHse &49¥ FEM= UV/TiOyH0, > UV/H0: > UV/TiO; > UV o
= uekst
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UV, UV/H:0;, UV/TiO;, UV/TiOy/H:20:9] PAHs®] #&3] i< e
Table 79 YEF ST

Table 7. Photodegradation rate constants and determination coefficients(r?)
calculated by first order kinetics in different conditions(C, : 200 ug/ ¢,
pH : 6.9, Temp. : 17+17C)

Pyrene Chrysene Benzolalpyrene

Conditions — 5 — 5 — 5
k(min ) r k(min ) r k(min ) r

uv 0.0043 0.97 0.0032 0.98 0.0025 0.96

UV/TiO; (025 g/¢)  0.0047 0.98 - - - -
05 g/ ) 0.0059 0.97 - - - _
(1g/?) 0.0062 0.97 0.0047 0.98 0.0037 0.97
(2 g/2) 0.0054 0.97 - - - .

UV/H:0,  (5.9x10°M)  0.0059  0.95 - - - -
(5.9x10*M)  0.0076 0.96 - - - -
(15x10°M)  0.0082 096 00059 098 00044 098

(5.9x10°M)  0.0070  0.96 - - - -

UV/H;0o/  15x10°M
TiO, +1 g/

0.0102 0.96 0.0068 0.97 0.005 0.98

Table 791 el wiel o] UV/H.00 A FE38] £ %=+ benzolalpyreneol 4] 3|
pyrene ¥ chrysene< Z}7} 1.868], 1.34v] <713}t

a5 UVEAge] Hl& UV/H O &gl A Fidl] &%
Atk 2elE® PAHs F&Eafol dolA H0.5 H7FsE 499 &S 3=l w7
glo] A9 H=d Hlgx2 TS ¢ F A} E3H UV/TIOxol A o] #iaf &

T 144~1479 A== sgEe] #Agle]l A T2 HE&E F7ES & 5 USdTh
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2231 UV/TiO/HoO: 8 Al A &4 Atolo] Fis] £uidE nlus) By
benzolalpyrene®] H]&l pyrene< 29, chrysenes 1.36¥] =3ttt

UV/TiOy/H:0:01 9] #E& £=5 UV, UV/TiO;, UV/H0.2 F53] =9 4
W B H pyrene, chrysene, benzolalpyreneo] wa] UVelA xHt} Zhzb 2338, 2.12
Hi, 28], UV/TiOol A Rk Zhzh 16140, 1.449), 1.358), UV/HO-0l A4l 2o} 7+2F 1.22
Bl 1.15w, 1.148) wstc).

PAHs Alel9] ##3&) £%= pyrene ) chrysene » benzolalpyrened <o & 4&
sl 374 Atele] PAHse #FE3& UV/TiOyH.0, > UV/Hz0, > UV/TiO; > UV
o ® ek

o] A =FY PAHs 33ES FiEafol o AAsta & of 7pd 2849 %
W2 Ho0:9F TiOzel sl HA s eE Fatal o]& ZFste] #dste AYS &

o,

s
x2
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ch3huk sk 3ol 5 (PAHs) ¢! pyrene, chrysene, benzolalpyrene 5 F+Z Ao & FA}
gk 37FA] shekEol dis) 2537 nmo] TS WESE UVHZE AFEste] o8 1zt
(t-BuOH, HCOs, pH, TiOs, Hx0: % Hy0,+TiOx6)e] WHg-Flel| we Fisgv)
Zh AAke]l H A 200 A (UV, UV/TiO;, UV/HyO,, UV/TiO2/H202)2

g 7% 4% tew 2o AR AU

©
J

r-{m

:C>IL_"

I

W

o

&

1. FHgZ JAAZ 4dHF t-BuOH?2
7} ek ar, HCOs & #H7fsh
o mlmatgiet.

o 1o
off

3. B AdzdoA FEFo] A= TiO, 2 H0.9 3 sxx 247 1.0 g/ ¢,
15x10°Me2 Ve, HH5=7AE Tio, 2 H0.9 sx7F S71E
OH vz Aol Bol Alng FEs] £ Sr7tstAR HA s B
=2 TRE AUt "W TiOzo] A f-ol= Wed o] dojubal, H.0.9 4
ol H:Oo7t etz JAA 2 #-&3te] Fisl] S%7F 2382 st

1
pyrene, chrysene % benzolalpyrened] ©adl UV A% z+zb 0.0043 min ',
0.0032 min', 0.0025 min ', UV/TiO:¢] %% ztzt 0.0062 min’, 0.0047 min’,
0.0037 min', UV/H:0.¢] 7% 27zt 0.0082 min ', 0.0059 min ', 0.0044 min ',
UV/TiOy/H:0:¢] 7% 2+7} 0.0102 min ', 0.0068 min ', 0.0050 min '©.& v}e}u}
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