pISSN: 1225-4517 eISSN: 2287-3503
https://doi.org/10.5322/JESI.2022.31.8.677

Journal of Environmental Science International
31(8): 677~689; August 2022

ORIGINAL ARTICLE

AFE W9 A= 5
F=54 &3l w39 —a%

$7129) 58

— [=]
HArE sy g gstat MEERAA(F), PAF S g3 st

Application of Photocatalytic Degradation for Efficient Treatment of
Organic Matter in Landfill Leachate in Jeju Island

Chang-Han Lee, Taek-Kwan Lee", Eun-ll Cho?, Sang-Kyu Kam?*

Department of Environmental Administration, Catholic University of Pusan, Busan 46252, Korea
J)Hanpoong Construction Co. Ltd., Jeju 63225, Korea
Z)Depan‘mem‘ of Environmental Engineering, Jeju National University, Jeju 63243, Korea

Abstarct

In order to photocatalytically treat organic matter (CODc;) and chromaticity effectively, chemical coagulation and
sedimentation processes were employed as a pretreatment of the leachate produced from landfill in Jeju Island. This was
performed using FeCl3-6H,0 as a coagulant. For the treated leachate, UV/TiO; and UV/TiO,/H;0, systems were
investigated, using 4 types of UV lamps, including an ozone lamp (24 W), TiO, as a photocatalyst, and/or H;0, as an initiator
or inhibitor for photocatalytic degradation. In the chemical coagulation and sedimentation process using FeCls-6H,0,
optimum removal was achieved with an initial pH of 6, and a coagulant dosage of 2.0 g/L, culminating in the removal of 40%
COD¢rand 81% chromaticity. For the UV/TiO; system utilizing an ozone lamp and 3 g/L of TiO,, the optimum condition was
obtained at pH 5. However, the treated CODc; and chromaticity did not meet the emission standards (COD¢,: 400 mg/L,
chromaticity: 200 degrees) in a clean area. However, for a UV/TiO,/H,0, system using 1.54 g/L of H,0; in addition to the
above optimum UV/TiO, system, the results were 395 mg/L and 160 degrees, respectively, which were within the emission
standard limits. The effect of the UV lamp on the removal of COD¢. and chromaticity of the leachate decreased in the order
of ozone (24 W) lamp > 254 nm (24 W) lamp > ozone (14 W) lamp > 254 nm (14 W) lamp. Only COD¢, and chromaticity treated
with the ozone (24 W) lamp met the emission standards.

Key words : Photocatalytic degradation, Landfill leachate, COD¢,, Chromaticity, Chemical coagulation and
sedimentation, UV/TiO; system, UV/TiO,/H,0, system
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2002; Fan et al., 2008; Salem et al., 2008), AlFE2]
28| 7|uj G el = ot 4= EollA 9 o] A&7t
HAgskal Qlot.

HAEo B2 B2 = 35H4 g o)
Aot RS oG A st (Lei et al., 2007), A&7}
HHs) A=z oW AstrR JAFSHAY 2| Hp
ot egtsto] B9, A5k 9 A x4F QA7 A "t
(Salem et al., 2008). RFA o 2 vjPJA AE4= Q12
st felote] AHot=t £ Ay <1
AESHY FAA AAEA] 1 IR HRE= S
A gih o) 71 4= glo] &S T SR o
= HFEe] G2 fr1EE2 FAA HEHL
QIthH(Paik and Kam, 2021). 1217 d¥kA o g2 HE S|
A f71EAS s ek Aoz gA
(Kam and Gregory, 2001).
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=
gk 4 e = AFxE]o] Itk Meeroff et al., 2012).
AR 9] shitbe @715 Vew Pot
T Gl 350l Ealek-goll thet B2 A7t 53]
et o] 71E2 FEuo] 2E ZAfst] H4 =
A& Fol R FrIRES AR A 2E54
2 A7l e R, 7|EY g
ArehTh= ge] 1o Ho| e A-go] 7hEotH
S A7F EAsHR] o= S 7FA L itk Moon et
al., 1998). £3|, FZm=A TiOr= 7159 2ol ¥t
&oll &/do] Fot 7P ol AR glor, tRE
TiO, Bl walir-g-2] 7% TiOE LA ¥H-37]
£ o]8stal )= (Behnajady et al., 2007; Li et al.,
2012; Wang et al., 2012; Lee, 2021), ©]+= 5L 2]
WEold 2d0] e Aol A-8st] o=
2= TIOE AR A E A2t & o] & 25t

ojof gtrtar H 15kl it (Moon et al., 1998).
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Table 1. Water quality of landfill leachate used in this study

Items Concentration (Average)

oH 8.27 ~ 8.66 (8.44)
Chromaticity (degree) 1,940 ~ 2,150 (2,054)
COD¢; (mg/L) 2,038 ~ 2,250 (2,150)

BODs (mg/L) 225 ~ 290 (238)
BODs/COD¢: 0.108 ~ 0.125 (0.118)

$S (mg/L) 85 ~ 105 (95)

NH;-N (mg/L) 2015 ~ 2,282 (2078)
TIN (mg/L) 2055 ~ 2,328 (2,098)
T-P (mg/L) 9.55 ~ 11.86 (10.55)

2 Aol AHE &S Ame AFA H 28719
A HE5E 201749 5~10 B2t o€ Af5=o19om,
A4=gt Mg APAR 2ulste] FA] pH, ML,
CODc,, BOD, A%, S8, NH;-N, TINEE714 4 4)
2 T-P 59 2 FRFL slershsich. AR pH o 4

= 247} pH meter (Mettler Toledo, CH/SevenMulti
S—-47K, Switzerland) 2} A x=Z7 7| (HACH DR-2700,
Germany)E ©|-gsto] S4staoH, 7[et FE2 =4
L AFAI IRl wheh BAISHIT Aot A E4o
A0 AAZE Table 10 ERH AT

pH+ 8.27~8.66 (F+t 8.44) 2 oFd7e| A& LiEr
T gon Ml 1,940~2,150(8w 2,054 8 gt
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Z48& HYom, CODe 2,038~2,250(8¢ 2,150)
mg/L, BODs 225~290(%8+F 238) mg/L, BODs/CODc,
0.108~0.125(B 0.118) 0. & A& 5] 47182 1
FEO| HEshd frlEel e Ade & 4 AN
NH;-N-& 2,015~2,282(%8+ 2,078) mg/L, TINZ
2,055~2,328(8F 2,098) mg/L = tiF-Ee] £714 A
4 9FFE2 NHy-N =2 F4=0] 9lgS o 4= 2dSlth
7€} SS= 85~105(8+ 95) mg/L, T-P+= 9.55~11.86
(B4t 10.55) mg/LO] @ =S JERAITE

FEMZ2E anatase@ (Degussa P-25)2] TiO, &
=, SAARE FeCls- 6H,O(HHAZ = ())& AH851H3l
om, HFERIAY] FFe floll ARSE HyO0, H,SO,,
NaOH % 76t Aof2 At EF o= HAglo] AH8s
slct.

UV lamp= U] Abe el © 2 K E 254 nmE W&
1= 254 nm-14 W lamp (GPH287T5L), 254 nm-24
W lamp (GPH436T5L), 254 nm ¥ 185 nmE W&3h=
ozone—14 W lamp (GPH287T5VH), ozone—24 W lamp
(GPH436T5VH) 5 4&75 795kt 254 nm-14 W
lamp @ 254 nm—24 W lamp¥= 22} 254 nmollA] 35 p
W/em?, 72 pW/em?e] BAI71E vehfi glow,
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ozone—14 W lamp= 254 nmollA 35 1 W/cm?e] 3247
2lofl 35 ppme] o] ¥R ozone—24 W lampe
254 nmeA] 72 pW/em® o] A7) €le]l 75 ppme] 2F
o] Ish= Ao & AR drh(Sanyo UV, 2021).

2.2, AEz|

2 Aol AMH FEul §Hg7) 9] RAEE Fig. 1
of ettt §H-87]1= pyrex A 2] 217 13 cm, W
74 11 cm, =°] 44 cm] 324] §h-g7]o|w, UV |
= 5871 A @Yol AR Apelddo] #UsHA ZAHE 4=
QE5 BT Sl Faetelom, FmLo] My o
AsHA §AIA 7171 Sl BY71E o853t wH-g7
ol dlo] §k-g7] i & FY == A& PAsh] ¢
Sto] 28t2 = ZeRtar, UV Hirof ot 3g-& HH7
5t7] $J5te] wh-g-7] e]F-o water jacketZ A X|5HaL o]
£ W7z 8kX (refrigerated circulating bath, Daihan
Scientific, MaXircu CR-8, Korea)E ©]-85}o] 4AsH
LE200)E gAseH, Alg7t FYsHA Hhest
L& QAW E o]-gate] £3}st3iTt
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Fig. 1. Schematic diagram of photocatalytic reactor.
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shdch AR FeCls-6H,0& /\]'%0}0:1 Shm et
al.(2000) ¥ Seo et al.(2002) 2] A+AIE FI1= 5o
pH 3~7¢] ZZof|A jar tester (Dongyang Scientific
Co., Model 7476, Korea)& A8t 38513t =,
&5 Al 1 LE 2 L Hlo]Ae] FHstal of7]of] 4=
(0.4~35 9)°] FeCly-6H,02 715k1 AJRo] pHE
H,SO4/NaOH=Z 3~7¢] 2702 243 & F<5unt
(200 rpm)of|A] 55, $EHH50 rpm)of|A] 304, HA

AZF1AIZ e 2 SFshe ] . 214 AH-2 45859t A A
2] TS A7 252 HS0/NaOH & pHE 3, 5
9 782 HSPA] A& 3 Lol 2L E 9] TiO; (Degussa
P-25)E& 7lsto] @EAZ] el = FFr) vH-g7] U2
7¥SHAL Ti= o] 7o HyO,E 71t & 27| wWRb7] 2 W
HhSRGITt. o] AlzollA 7] AEdH4EH UV H

Iof| tfsf 0~96 h 53t HHEAIZ] & A4 AJ7hate} A]
FE Fste] GF/C AR 2 o7t & F=of wh-gof u}

£ CODg, ¥ A% ks Axojort

e Eo‘o}‘?&mﬂ 1%# Lt
8.4, COD¢2 2,150 mg/L, A& 20542 Ve
o}, HA] FeCls-6H,09] U2 2.0 g/LE 15k,
pHE 3.0~7.02 2dsto] J&49] 334 Hd A
¥ & CODc 2 A& o] M3hS Fig. 2] LERISITh
Fig. 204 Hi=Hle} Zro], FeCls- 6H,020] FA 30|
2.0 g/LQ1 7%, A =9] pH7F 691 A7t HA 9 =1
°2 COD¢ ¥ M=7t 242 40%, 81% A71H 1,280
mg/L, 3805 HYS & 4 2d%lem, o pH =7
ol A& FeCls-6H,02] Faao] M7z Q3] 23]
A 7h Sk & 4= ST 2 A7 A3= Shin et
al.(2000)%} Seo et al.(2002)0] AAISH A¥}Ql pH 4.5
7h HAzolehs Aot Aol & Y-S o 4 =,
ol&= &40 B4 whet 4Hd-89 <l FeCly- 6H,O&
FAL A S-Sl wet Al =o] pH7F #ske] &
ol g mA7] "zl Aoz AbsErh(Kwak,
2000). Al&2] pH7F 3.0~5.59] 27 A+&= sfehg4 -
24 A & AFE] ol o] pH7} 3.3~3702 B|ud 734t
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Fig. 2. Changes of COD¢;, and chromaticity with pH in the experiment of chemical coagulation and sedimentation using 2.0 g/L
of FeClz-6H,0 as a coagulant for landfill leachate used in this study.
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Fig. 3. Changes of COD¢;, and chromaticity with coagulant dosage at initial pH 6 in the experiment of chemical coagulation
and sedimentation using FeCls - 6H,O as a coagulant for landfill leachate.

Table 2. Comparison of COD¢;, and chromaticity between raw and treated leachates by optimum chemical coagulation and

sedimentation

CODq (mg/ L)

Chromaticity (degree)

Sample (Removal, %) (Removal, %)
Raw leachate 2,150 2,054
Treated leachate 1,280(40%) 380(81%)

dog & st gleley pH7Y 621 29 4= pH
7} 5.49] SFAFAS, pH 6.5 oA ol A= pH 7 oS B
gt o] FeCls-6H,0= AlZ2] pHel wat Fe3+
Fe(OH)?", Fe(OH),", Fe(OH)3 | , Fe(OH), 522
=], & A7) pH 6 2404 = Fe(OH)s | *@*é
= A5t A= 59 471 2 MEE T3l o
E2 08 A|Ast=t] aH|ste] AN Foll= 54
Zﬂﬂ Ao EAetA] 947] Wil Ao &2 Atm =, 7]|et
pHOlA = HE-E ol Evx= 2ol FH = EAsto]
7152 A7 AASHIAT SHA L] Hol-2o] A
o Fof| ZHFote] MEE wol= AR T
Fig. 2°] 2125 H Al# 9] pHE 6.002 1A
FeCly-6H,09] F#-2 0.4~3.5 g/LO & H3IA|7|H
A 313 W A F COD I A o] ¥slE Fig.
3o YRSl Fig. 3¢ YERd Hiel o] FeCls-

6H,09] F94eF 0.4~2.0 g/L M= SHA Fho]
Z718H4-2 COD, @ ME7t ARAA 0 2 74451= 7
FS BHGoH, o] Hr} 52 FAeFA= CODq ¥
A7t Z7Vobe A%S BYS 4 4= I8l &, FeCl
3-6H,09] F4F 1.2~2.0 g/L HLJoA = AFAol o]
pH7b 54~6.022 A F2 $3&E FH9
Fe(OH):E A & T-=o] §718 L M AA
715t .ot o] B} =2 Fol| A= AN F9
pH7F 3.3~3.82 SHAt F2 ooz EAsto]
F7NES EF AAT 5= AA T AN Fof A5t
AL g Fols Ao whaer
i oq:,Loﬂ/q‘:_ 9}6]-2741 z111 /qol/] _,4 _,_‘j
pH 6, FeCls-6H,09] FUeF 2.0 g/L Z7AA
5 AA e & gA Yol sl FSm o A 4

Poten, o] 204 &4 T CODe B Mee=
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Z¥7} 40%2} 81% A7 = AtH(Table 2).

3.2, F=0l 2al9ES0] 2fst 22|
3.2.1. UV/TIO, AJAEI0| o/3+ 22|
iy JE5E FeheA - A E
£ H,S04/NaOHE pH 72 Z3FA st o] 7]
1| TiO; 3 g/LE 7Isto] @AY & FZof 1t
Y& 7teta 74 943 FRdle = HY Ao s
%= ozone-24 W lampE AH&-5Fo] 0~96 h 54t
AA 4 Azt Al 28 st UV/TIO, Al2H
A FEof| gh-gof 2 CODe,, Mk ¥ pH WS
Esto] 11 A¥E Fig. 40 HEb Sl
B Aof AFgH B TiO= FUAF2 3 g/L2 A
Aokt ol TiOx= YA = 9] 57t
45 e d=dte FEHH] FII5HA =l ¥
7] Y& ZAMEE FovAE &3] e La8=
Ao AretE2 FrhstA| Rt 4 o) FUsHA =
g2 ko] 508 FiEE FolvAE A
dole 2E 2stn 2 A% TiO,9] FHwo] 2
Q35 (Kim, 2002), Seo et al.(2002)-& mj# 2=
£ o= S -Hd AEg & A-e Tio, 4
Aol A 3 g/Lo] FHFNA 7T H A 20& B
ot B35} 2™, Cho et al.(2002)-2 A-ESHA] *

)

E A A&l el TiOy o] FUA#H= 3 g/LE ot
Hh-s2 sgstgor, E Ao = e A
Al Anks Faste] TiO, FY#S 3 g/Log 1
Astact, 28 R Aol HES SR
pH 275 7= st FEn] Eo-g-E 43Ysto]
(Moon et al., 1998; Seo et al., 2002) E AL A& X
% pH 2738 pH 7= st A&t
Fig. 404 K= Hel Zo] & Z7of|A= CODe: 2
A oF 6X]7F 0] % 242} 975 mg/LL, 320% A9| &
A e Heow, ol g &S A9
CODc; 1280 mg/L @ M 3805 Z+2} 24%, 26% A|
Azt Zlolut AHAH 9 vlE6-87]%:] CODc: 400
mg/L o]s}, AL 2005 o]stoll= E n|=|A] Zoh= A
o2 vepton, 7] pHE 7oA ) vhgof w2
OH & &7te/d o] 9] Agof we} 7.8 2o 2 F
71hE & 4 QIS mEbA 2 A9l 7] pH TollA
= AE59 f71E Bollago] vl ¥, ¢rtes
ZR00| M= TiO,2] ®HI} 4= Fof EAfct= 2L
L HAEE Aol9] A7 HEu 2ol L HEH ] TiO;
o] Hof| F2to] oY1 5t TiO, 7Hth o] A-go]
Zo 9323 YA EE HCO; /COs% ol 23] A
=H7] 2] LEEAe B e U2 Aoz B
5T HKang et al., 1995; Bekbolet et al., 1996;
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Fig. 4. Changes of CODg;, chromaticity and pH of landfill leachate treated with chemical coagulation and sedimentation
with time for UV/TiO; system at pH 7 (UV Lamp : ozone—24 W lamp, TiO; : 3 g/L).
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Fig. 5. Effect of pH on COD; of landfill leachate treated with chemical coagulation and sedimentation for UV/TiO, system

(UV Lamp : ozone=24 W lamp, TiO, : 3 g/L).

Li et al., 2015; Anirudhan et al., 2017). wr2bA %27]
pHE 3 9 59 Aoz zHste] J=ul W5 A7
CODc, ¥ M Hsh= pH 73t §7 242} Fig. 5 2 Fig.
6o Hetliglet. 1ol = AlAskA] oy 7]
pH 33} 5014 UV/TiO, A|AR oA FE50) ¥1-3 2t
pHE 27} 3.0~3.87} 5.0~6.59] H19]2 Wa}sHact.
Fig. 50l trehdl viet Zro] CODe= 244171 o] %]
Aol ARt g2 B30, pH 3, pH 5 B pH 7] Hisf
Z¥z¥ 940 mg/L, 750 mg/L, 970 mg/L-& B pH 5 >
pH 3 ) pH 7¢] =0 & ZHaeka & & ASlTh ol= gt
A= Cho et al.(2002)f o7t 732 w7 Sl
ool =04 A E AX Aol disl F=m) 2o
W35 alRt At A 21oA w2 AlAEC] dof
Fom, 53] pH 4~5014 7HF =2 AlAEo] dolAl
1, o] Hopure pH % -2 pHell A= Al A-&o] 4Rt
= A 9 Bekbolet et al.(1996)9] 23t 54 Goslar
5 AEr=T 8 Aot A= gS 73 A
of| et F=ulf EalRt-gof thet =71 pH ¥3¥@3, 5,7,9
2 1Dl pH 594 7P =2 #alle-& Holal pH 3
9 pH 7014 2 2alle2 HAths et 7 o] 47
Skl Qla=tl, ol= pHell i F=Em o] 39 Ash, M=
T 9 f71E9] Ao}, FE5ul g A3 A H= 7

SASE(CO, HCOs ™, B COs ) B HES Foll &
Ash= Thekgt £7] S0]1.2(Cl, SO, PO 5) 59
251A 0] k8o ot Z o7 W & EH Lo
AHEE TiO, 289 48l Fo] RHAHSIT 00] H=
pHpzc (pH of point of zero charge)+= 65102 &
Z] JE=dI(Kim, 2003), pH 3 &A= TiO,o] EH
o] tF-E TiOH," 9] (H)HsE TA =1L HE5 ol
EAsk= 4719] Theket B7] ol Atelof gt Q1=
o] 2-g-5}o](Matthews et al., 1972; Matthews, 1984;
Bahnemann et al., 1994) OH =2}t A8 2 57] 2
=4o| FEu o] 4 F ol FIsh= A= o1EA 5t
o] F=rf 9] Boll's] HAskATHBurns et al., 1999),
7129 FEH 2olld} A= FrleAsehEo]
F2 COE EAste] g7 i &= glenz o]
OH 2t Z scavenger(Bekbolet et al., 1996)2] F3F
AL BAIS & Q= B} 282 St pH 7 84
A= TiO,9] o] FEHOZ TiO™ 9 (-)Ask=
oA Hil a5 flEE FREoR Jol2g HA 5
o H=o] ool thAa F2H& o] YA skl (Kiriakidou et
al., 1999), 3t F=0] S 21t P == FrIeAas)
rEo] FE2 02 HCO; 22 EAste] OH =2tz A
A& wafigttH(Bekbolet et al., 1996). pH 5 SHofl A=

5
3}
b2
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Fig. 6. Effect of pH on chromaticity of landfill leachate treated with chemical coagulation and sedimentation for UV/TiO,

system (UV Lamp : ozone—24 W lamp, TiO, : 3 g/L).

TiO] -2 HEA 02 (+) Aot =ut pH 3-8
A Kt sjE]siz] g2 f71E2] g2kl 7 ekal(Ku
etal,, 1996) T3t F7|&tASRMEo] tiHE CO= &4
Stol(Bekbolet et al., 1996) o]& <lIst OH =zt
scavenger 2419] 9ke Zh4 7] wjEel Ao g wt
gt v o] & 27491 pH 59014 H=]4=2
CODcZ 750 mg/L=2 A9 e] HjZEs]87]=<l
CODc: 400 mg/L olatolli= 84 nigghe o &= USich.

Fig. 6014 A& W3}= COD 2t B2 oF 6417t o]
Tof| Aol AT FhS Bglow, pH 3, pH 5 L pH 7
of sl zHzF 280%, 250%, 320%=E Hol Mg
COD¢ 3 uF7HA 2 pH 5914 718 E2 AlAeS 1
Fom, pH5) pH 3) pH 79 £o & fFhoch= B
< Btk 28y i R2e] Aert - $HAd S 5
3l AAEe] 2 Wish= Bolx] gigton, 2 Ao]
A 27191 pH 504 Aj4=2] 42 250k 2 FHA]
olo] HjE5]87]ES] 2005k olste] 2HEt= AE
Spa i Pel=

3.2.2. UV/TiOz/H,0, A|ARI0| QJ5t 242

B L9] ozone-24 W lamp 2} 3 g/L2] TiO = At

|35 UV/TIO; Al2Hlof|A] A1 pH 59] 2AA %

#2lao] £ F4A 99 HiEs87ES 20k

ATE Kol o] 2o A F=m Eofig-go] ZX1A4] 2
AAA R 2H8-h= HO 5 B 1415 EHE ofo]
0, 1.0, 1.54, 1891 2.31 g/LE 7kt UV/TiO,/H,0;,
A A"oA] 48A1ZF FRF FEu FollRkge] wE
COD¢: ¥ M WH3ts HEsto] 11 AiE Fig. 7 %
Fig. 8] UehH LY.

Fig. 7 % Fig. 8of| LFebd Hiel Zro] #-g-F o] whet
Tk 2} Ho|z|qt oF 12 A|7F o] Fofli= A o] AA7H
S Hglow, CODe 9 A&l H,0,1.54 g/L 744
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Fig. 7. Effect of HyO, concentration on CODc; of landfill leachate treated with chemical coagulation and sedimentation for
UV/TiO2/H,0; system (UV Lamp : ozone—24 W lamp, TiO, : 3 g/L, pH 5).
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Fig. 8. Effect of H,O, concentration on chromaticity of landfill leachate treated with chemical coagulation and sedimentation
for UV/TiO2/H,0; system (UV Lamp : ozone—24 W lamp, TiO, : 3 ¢/L, pH 5).
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Fig. 10. Effect of UV lamp on chromaticity of landfill leachate treated with chemical coagulation and sedimentation for

UV/TiO,/H,0; system (TiO, : 3 g/L, pH 5).
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