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ABSTRACT :

IDivision of Forest Resources and Landscape Architecture, Sunchon National

This study was carried out to evaluate the pollutant removal efficiencies of the advanced

drinking water treatment using ozonation process. For raw water, Nakdong River was used. By conducting
continuous ozonation experiments, the following results were obtained. Efficiency of water treatment was
enhanced with increase in ozone dosage. When ozone dosage of 3 mg/L. was used, preozonation of raw water
reduced TDOC, ADOC, A&BDOC and NRDOC as much as 0.6 mg/L, 02 mg/l, 0.1 mg/L and 1.0 mg/L,
respectively. On the other hand, content of BDOC increased at the level of 0.8 mg/L. Ratio of UV254
absorbance to DOC content by the preozonation with 1, 3 and 5 mg/L. dosage were 0.048, 0.044 and 0.037,
respectively. In case of postozonation, it were 0.018, 0.015 and 0.012, respectively. When the ratios of
consumpted ozone content to 1 mg of initial DOC were 1.5 and 2.3 in preozonation and postozonation

treatment, respectively, the highest DOC removal rates of 25% and 32% w

ozonation.

were obtained by the continuous

Key words: ozonation process, TDOC, ADOC, A&BDOC, NRDOC, BDOC, UV 254 absorbance
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Av 18-S A9 31 P A9k ok EReAEAT 9
e Adrdad LEAYA F71EE 913 AsAeab]
oA mekatd ¥hgAo] 2 52k, polycyclic compounds
7 AAEL 24 ¢kokor} wke-Ao] & amined, phenol
e diRE AANZ 5 .

B dve 49 A5daE 2y andow Ao
2A FHo| FRES FF] A 1xARE A A
B ool BB A5ASE dhon e 0EA

AESHI:
Mz R

BASH

FAFIARE B R CPS] A9 S5%
A5 Aste] AHsigon), AezAell A1gF 449
ot FoEAR AT Reolrise) $A5HL Table 1
3} 2k

QEMST HE W 2MTA

SENGEE o}2E 950E o] 4 m A% 180 mm,
HFEe) 35 m FENSES L, 1Y€ A5AEF 20 o
A Agsgor?, o HEEEE ol el oz8
719 fdFY BFo] W] HEs GRS e}
ok e@wAe 2AwAyYos 372 987 gy, 2

Table 1. Characteristics of raw water used

Component Raw Sand filtered
water water

pH 6.5~9.6 63~73
Turbidity(NTU) 5.6~380 0.4~06
DO(mg/L) 114~13.7 7.6~13.6
COD(mg/L) 37~83 -
BOD(mg/L) 20~64 -
SS(mg/L) 9.8~150.3 02~28
NH:-N(mg/L) 0.01~0.75 ND*~(.32
NOs-N(mg/L) 23~48 ND~3.1
ABS(mg/L) 0.18~0.32 ND~0.18
Alkalinity(mg/L) 24~58 20~46
KMnO; consumption(mg/L) 6.8~14.8 3.0~56
T-N(mg/L) 46~103 1.8~53
T-P(mg/L) 0.14~0.34 ND~0.08
Chlorophyll-a(ug/L) 11.7~1883 ND

*ND : Not detected.
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% 5 mg/L7} HES QETAY|Y kA

A5 0EPEZE olgF S ETE 2] 9
ol A FoERsze] 02FY ¥ BE 494 U
&2 KMnO, Z:H]%;, DOC (dissolved organic carbon),
UV254, THMFP (trihalomethane formation potential), ABS
(alkyl benzene sulfonate) 52} W3} ZAFSISICL

M|QE [ DOC HAHEE

MR 53N aE 9wl tid DOC A K&
2A37] Slelel Asutezel oA 49 AnE Ed)
2 3o AvlE 9GS 0EANYSY DOC FER Lol
@] DOC mg% 4¥lE & w2} DOC A 548 =
sk

OF X0 2J3 DOC 4z
22l 93 Mstsls DOC ¥ Aswse) 4
o]

% DOCe A% oFAldl 32 AAEE ADOC (adsor-
bable dissolved organic carbon), ®|AE] 2]l AYEE3
A= BDOC (biodegradable DOC) 2 AEE&2M83 &
2o 2 AAH = A&BDOC (adsorbable and biodegradable
DOC) 81, AEEsEEolvt FFRHOE AAHA @=
NRDOC (non removable DOC)2 £738159th

AlE 500 mLE 0.2 um membrane filter2 of34}3}te] 120T
ol 583 Edd vy, 34 DOC (ADOCS} A&BDOC)
= o745 AR 100 mLe] dEdEt 2 g& 3718)al, shaker
oA 4827+ Rk AAR DOCE &43tem, w4
DOC (BDOCS} A&BDOC)= f#tgt Al2 200 mLo] 2%
5 mLE 7kl 20T gelln 793 wigsk & DOCE
243tk 22N 20 pm membrane filter2 oz}l &
29243} potozoa® AAG AEE B0z 3ok
NRDOCE= 4Fds H7bste] 783t wige 418 100 mLol
A 2 g& Wrlsla Fg7|olA 48417 ik & AlE
o o} 9= DOCE F48ke] NRDOCZ 313, vjob A
£9] DOCol NRDOCE wl A2 ADOCZ ajgirh 127
A&BDOCE &2 DOCollA ADOCE i gho]d, BDOCE
4834 DOCIIA A&BDOCE l ghoz ghatalsicy”.

EXME|0 2/8 UV254/DOC B3}

AERRFEAA Y] QEFYFRO WE A - FOEHEE
o AYEAHE EdE EF el A71Ee] AREe
82 Vehl= 7FREQ) SUVA (specific ultraviolet absor-
bance, UV254/DOC) ghg ALt &AM g0l 2|8t 3]
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ZAFsaTE SUVAZES UV254 nm
3% FAF DOC Fx(mg/D)E the gholoh

FARAE e £23AEYY, @
F"37} APHAS] Standard Methods™<l) Zae] RAj515t)

DOC (dissolved organic carbon)i= A]|EE 02 um mem-
brane filtersz o343 $of] TOC analyzer (Shimadzu, Japan)
S o]83}o] Table 29} Zo] P45l oM, UV2s4 F4ee
A8E GF/C (glass fiber cirdles) oJA|2 o7}t ol UV/Vis
spectrophotometer (UVIKON 943, Italy)E A}g-8}e] 254 nm
oM F4313ick

THMFP (trihalomethane formation potential)s A)E 100
mlell G258 QT oFoZ FRISIA 20Tl 244]
ZF A & sodium sulfiteE 715te] ARALE AAD ohe
A& 25 mlol| W33 Z8-8(1,1-dichlorobenzene-ds, 1,000 mg
/L) 25 uLg ¥ the o] 894 5 mLg #3}o Purge and
Trapo& #x]e)ste] Gas chromatography (Varian Star)E
olgaiol ZRar

ABS (alkyl benzene sulfonate) £-4& wgallBgmo s
A& 100 mLE A3 the chloroform© 2 8 &3}
UV/Vis. spectrometer (UVIKON 943, Italy)S Al-8-5}o] 654
nmoll A A48T, chlophylla % A® 100 mLE GF
/C HAZ A4S the 7R E tissue homogenizerdl] 31
N%-aceton2- 10 mL 7}3la] EHS & 4T QhAoA] 2447
BAG O daiefsle] 1 gas Fsled UV/Vis. spectro-
photometerE A}8sle] B335 633, 645, 630, 750 nmol|A4 =
st chlorophyll-a g8 AxMalgt

KMnO, ZH|Z

2F FUER 2 AeE 9 Fo&E HEFe] KMnO,
ZRE WshFig I)v AeEo] 49 A7z Bt 9445
o] KMnO; ZH]2ke 70~156 mg/L H9jgon], o=zl
£1,23 4 ¥95mg/Log 108 <+ Helatde i Az
49 KMnO; 22k Wishs 217} 59~140 mg/L, 52~134
mg/L, 44~131 mg/L, 35~114 mg/L % 28~98 mg/L¥
A=A EFYFE W KvnOy 2HlZe] HE 74488

off

Table 2. TOC operating conditions for analysis of DOC

Parameter Conditions

Detector Non-dispersive infrared gas analyzer
Carrier gas flow rate 150 mL/min-air

TC furnace temp. 680C

Dehumidifier temp. 07T

Injection volume 53 L

7}
TOEe] Aoz AeEXY e} FAle AdS e
FoE FUYTI BHloHre] KMnO, 4HI#
2 30~56 mg/L ®Mon, 2&FUEE 1,2 3,4 25
mg/LoE 128 FF AHeslele o HEl49] KMnO; 4]
2 wshe 247 25~46 mg/l, 22~45 mg/l, 18~39
mg/L, 14~32 mg/L ¥ 12~28 mg/L HYF}. olnf o2&
FUF WE KMnO, ARF He 74a8-e 242 15,
23, 35, 47 2 54%2A FYe] sl i tha &)
AQAGE A - FoEAT] BT QFFYFTI} Z7HEF
KMnO, 4918 AlAE 0] A Yepxhor, vk 9F&F
FEAAE S LAY 2779 23 KMnO,
F Aass Yoy B2 SEFUTToAME
SZ7HEE S YRt KMnO, 483 o] @
FHo g epE AFod Y5 EF5Y 4
718 93t 2AEE Uehlie Ao &
e o KMnOy &HlEk] 248 e 4% §7
o] 9Fo] ofs) AHstAA =7 wjFo|ck
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DOC (dissolved organic carbon)
QF FQrwo] ue DOC WilFg 2= HeE A9

16.0 4 Postozonation

KMnQOa consumption {mg/e)

6.0 [ Postozonation

KMnQa consumption (mg/e)

0 27 42 63 84 12 147 168
Operation time (day)

Fig. 1. Variation of KMnO; consumption according to ozone
dosage. <, 0 mgOy/L; -, 1 mgOs/L; —=—, 2 mgOs/L; —,
3 mgOs/L; —%—, 4 mgOs/L; =&, 5 mgOs/L.
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Fig. 2. Variation of DOC according to ozone dosage. —C-, 0

mg0s/L; £, 1 mg0s/L; —-—, 2 mgOs/L; =, 3 mg0;/L; —%—,

4 mgOs/L; =&, 5 mgOs/L.

B¢ FU9e) DOC wWdhe 27~93 mg/L
FU¥E 1,2 3,4 € 5 mg/LO= 108 &
oF A w Halge]l DOC ®sl= 7zt 25-~91
mg/L, 24~88 mg/L, 23~85 mg/L, 21~83 mg/L T 2
0~79 mg/L WePon, oW o& FYUFLd e Hi
DOC HTELL 7121 6, 9, 13, 16 T 0%2A 9 9%
Tt F71E DOC AARSE SVl Aoz Jehd
384 e&Ae]e] A9 Ao udg b Veh)ick

FoE Ao A= HE A FARE AFE
Bl fd4l BeoHe] DOCE oF 1.8~64 mg/L
HAT QEFURE 1 mg/LoE 128 Fob As9e
) A2 DOC Wshe 17~60 mg/l, SEFYEE 3
mg/LAXE 13~57 mg/L, 27 5 mg/LAXE 12~55
mg/L WM=A BT DOC Az|agd 27 8, 15 % 4%
Aom, felee] sl wit ole AAAN HeE
4 FoEAR EF o PRIt RS AEgu
DOC F=& oM ZAstg ot Aelasde ko v

QF FYrwo wE UV F34% wsle Fig 37 2
HeES A A7 BRF Y] Uvass 3=
= 0.082~0451 cm™ W9Qom, 9EFET 1 mg/LOR

0.50 Preozonation

o o
[ S
o o

UV 254 absorbance (ca')
o
N
[w]

012 r Postozonation

0 27 42 63 84 12 147 168
Operation time (day)
Fig. 3. Variation of UV 254 absorbance according to ozone
dosage. <, 0 mgOy/L; -, 1 mgOs/L; —2—, 2 mgOs/L; —=,
3 mgOs/L; —*—, 4 mgOs/L; —&—, 5 mgOs/L.

108 5oF A3l W AEae] UV E3% s
0068~0407, 3 mg/L 2 5 mg/LoxE ZHzh 0.052~032
2 0042~0289 cm HYZA HF 7ASe Zzh 14, 3B 2
Bro|R o QEFUTEY} /1S5S UV 3= 3
aske A% eIt

Fozxo] ALow AEAYY} FARE AES Ve
A¥E 1 2 3, 4 2 5 mg/L, FEAZE 12804
UV &35 3 74482 27 23, 38, 46, 52 2 58% 4
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ok f15e] s wek ool Aol RAT A -
FOEAY LT OF FYEEr) /1URE el U5

L
E4ve 7AEe] Audor 4wd AEeg Jehde
=272 ul3le] Ao g ot e HEg

SEA el ofsf UV F3=rt gad AL C=C olF
A3re Ze G 229 CC 4ol =] wiE
ola, f71EAFY] AxEA AHEHE U254 F459 DOC
o AA7E ME ztel7h = AL Gy 8] O
SR} dojupx] 9w C=C o|Z2AF T WIE ug:
38 5 1A 2Fe st frge FEe At
oA & @] AwAs H7) W2 Aes Als

ek

THMFP(trihalomethane formation potential)
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Fig. 4. Variation of THMFP according to ozone dosage.
O 0 mgOy/L; 3 1 mgOy/L; ——, 2 mgOy/L; —x—, 3
mgOs/L; =k, 4 mgOs/L; —&-, 5 mgOs/L.

Aoz ‘;l T2 Azise] THMFP #siFig 4= e
Aol 79 A B FUY95e] THMFPE 0.093~
0171 mg/L Heglon], 0E23RFE 1,3 2 5 mg/l, H&E
AIZE 10214 A2l THMEP wishs zbz} 0.075~0.148,
0.058~0112 % 0.044~0091 mg/L2A Q& %—Okg} =
VS THMFPE Zaslgon, oln) B Hae-e 77}
16, 36, 2 52%2A 9= %—O‘ic 3 mg/L 7MA)= uu}— e

B esio 1 o)fele Pagol M E3EE A%
< Hgcth

FRE A9} A9ow HEARE 2FIX Ae)dre] THMFP
o] Byt AeEL LEFAFE 1 mg/LY o) o 14%, 3 mg
/LY ) ok 27%, 18]35 mg/LY wj oF M%TA HoE
AEZS AR A4S Yehiich

F5o EAshE THMs:= Q29 o8] 44 AAA &
gt THMs 4 27229 f71845 e&xgz 4
¢ AAEAE B 5 o' Aoz 49A o, B ag
M= FAFY s el ok Aol IR
LET} FOEAY BF 22 FRIey} /142 THMFP

A adhe AFgeldlon o Aye-s Avkzos 3

Mguﬁ%ﬂ Hlgled wioiu} ral 2 28717 ok o
7& ¢ THMFPE ZH ﬁdé‘%cﬁl we} v R

:&Pé}b Ao® vFo] B o 2F T 277} WiEshs
A&f71Ee] THMFPS] Al %ﬂ%% AABEAL gl Aoz
A= a1, DOC Al A& (g, 2)o] THMFP A A&l v}

) o_,Vl

& of e

Preozonation

0.40 {

Postozonation

o 2 42 & e 12 147 168
Operation time (day)

Fig. 5. Variation of ABS according to ozone dosage. —$-, 0

meQs/L; -, 1 mg0s/L; =, 2 mgOs/L; =, 3 mgOs/L, —%—,

4 mgOy/L; —6-, 5 mgOy/LL.

v Ao i) DOCE YREvle] THVFPE WHEE §7
B2 EAsia oiF-Ee] THMFP vdd §71gds &4
7] Bl Ao A7

ABS (alkyl benzene sulfonate)

9& =9%uo) nfE ABS HslFig e F9FEY 7
F9959] ABS FmE 002~032 mg/L Helgon, 9F
F%E 1,2 9 3 mg/LoR 108 Et 22stye u 2g)
21 ABS i zhz ND~018, ND~010 2 ND~0.02
mg/L B9z Zadlon P e 24z oF 55,79 @
9%EAN 0E FYEE 1 mg/LANE 3243 Hse B
goi} 11 o)F= HElg 2yt EaEE A4S Ry

FoEY Afolr FeEAEY Be ATFS HYon
PRl Baodaae] ABSY| F%rF ND~018 mg/L 9]

HEATE 12200M9] Al ABS Hit Az]ge 2
oF 79, 9 L 100%2A FY5e] Ausle] wet i
Zole AT HeE %QL A BT EFYTE
7F FVEE ABSERE hAaston HnkEog Aulgo]
=9tk

o

L No :!0

AHIEY| U2 DOC HHES

%M Nxﬂ DOC xﬂﬂoﬂ OlEHE 2EL 229 9
oA uiEES ALdst 450 SEHY Sl U F 4HE
L0 DOCQF ‘?}‘O—O}EE Tl EAsHs DOC 29 %




o

194 194 - BB - o) FA - AFH - RS HES - 25

8

Preozonation

8

Removal efficiency of DOC (%)
(o)

Postozonation

8

]

-
(=]

Removal efficiency of DOC (%)
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03/00C

Fig. 6. Removal efficiency of DOC according to ozone consu-
mption. -, 1 mgOy/L; £, 2 mgOy/L; —2, 3 mgOy/L; —
4 mgOs/L; =%, 5 mgOy/L.

< Hg. 60X Henlel o] HoEAe)e] A% g9 27]
DOCel| tigt aule@wFo] of 159 ¢ Htje] DOC AAS
= Uehlglen ofm) DOC AALL oF 5%k Fo&4
ZoME FH9 Zefodge] DOCY tisted mwloEa
o] oF 239 W o R2%2A Hrje] DOC A2 FE &L Uehh
o] @9 DOCY LEFATTI 52 AATL] =)
e mebd eEA e 5] COof HOE ¢33 23]
5= DOCe Ae&AolA o 25% ols), 1e)1 Fo=4
glol M= of 32% o]tz 2Fd 9|3 DOC A ELL )
T ORAT B Al AHE dEH s dess
A B¢ 2EFYHE 27) DOC mgd 4HE Q2o
15 mg ole] F=7} HES FYskm FoEe H949
Hefod o] 27] DOC mg% £H|E 0] 23 mg oJujel
TE7F HeE 2dste] F9lshd AP Aoz Y4Ednk

LEX2|0fl 2§ DOC M2}
REL 759 DOCE 009 HOZ 28 AAY w
T ohz} DOC &5 el B4 1A o|(B)Eal

A EA ARAR AsATE 5] emg 9FEA g
o3 % DOC TS wiskd 4 Qlth & APoM=
LEA 23 DOC ZEWMsIE 2A18}7] 8t A&eke
ZoH AE B FOE HE2 FU4 FE5¢9 DOC
AEwstE 2

Aoz A9 45 Table 304 Rupe} o] Ae] 2
7] B TDOC 5% 53 mg/LoX 2&2FUEE21,3 €5
mg/Lo 2 P uf) TDOC AAZHE 24zt 02, 06 2 1.0
mg/L ©]03, ADOC A 7] BT & 12 mg/Ld]
A 242+ 01, 02 2 04 mg/L o]} 1]lx NRDOC A
Fo 747t 04, 1.0 2 16 mg/LOE 714 @o] AAHP o,
wkHe] BDOCE %7] Hisk 04 mg/Lolx &2FY%w
21,3 25 mg/Les Hae 0 22 07, 12 2 16
mg/LogA 7Zkz} 03, 08 & 12 mg/L Z718l9E), o=
NRDOC7} @& o3 413} #sjgoz A BDOCE 3]
A7) W& AoE A

FoEAEY] A Table 49} o] AEAN MY FAL
g Age Jeidlen QEFUTEE 1 mg/LoA 5
mg/L7AA] A2)at3g o) TDOC AAZE o 03~09 mg/L,
ADOCE 0.1~02 mg/L, NRDOCE 05~15 mg/Lo& 7hi
319 om, BDOCE 03~09 mg/L 2713191tk Kasstrup =
humic 2] tigt HeE 2 A FAAHANA 2EHz
o] 93] BDOC/} S7l=leom o F9o] e ue &
#o] w7] ¢ Edo] ZA3li T FAEA %= 24
o] Z7iita sigom™, B AYINE 2EFYEET}
2713l wel TDOC, ADOC, A&BDOC % NRDOC S-&
Zasiglod BDOCE 2318 Z7Iske Aoz yehgoen,
o= NRDOC7} @&l 9J3 413 #ajgozx BDOCE 7
A7 WEQ Aow AEeH eEFYwst 37t
el w2k NRDOC9] BDOC H#8-2 A Zvlshe Ao
vehstet.

83 REFES] wWE DOC Qg Wahs HeEq
74$- ADOCS} A&BDOCE #1902% % Z7ld] me} 2 =}
o7} fileut BDOCE REFYEEI 71845 S5ty
QEFUEE 5 mg/LAA Aol wlste] o 297% 71519
o wiAe] NRDOCE: L2545yt S7189E 3 e
SHPom FULEFE 5 mg/LellA] ol wiste] oF 25%
AT F020) Aolx AoE 2o AR Jeh)
2om, QEFIFE 5 mg/LoA] BDOCE 299% Z7}3 uk
W NRDOCE 325% Z4stdrk A9E 2 3o&x g u}
£ 7} DOC A4&HslE ADOC, BDOC 2 A&BDOCE A9
Aol7h GOk NRDOCE 29 Hlste] F.0Ex]g]o]M
% 7% o £& AgESS vehlch 53] BDOCE wlA
B ofiAdon HHng 9EAF BDOC 7k o
Blglote] AgE o AA HieEEeA 23 2dS do
2 4 glomg 9FA)E] 5 BDOC AA AlxHo| vheA] 9
2313, BDOC AAE fsiXe 2&248 F&5040 45
qeege] 9 o8 Qlck
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Table 3. Effect of preozonation on DOC components

Table 4. Effect of postozonation on DOC components

Raw Ozone dosage(mg/L)
water 1 2 3 4 5

Max. 9350 9163 8845 8508 8377 797
TDOC Min 2781 2528 2414 233 2100 2083

(mg/L) v, 50 5100 4933 478 455 430

Component

%

(100) (00) (100) (10) (100) (100)

Post- Ozone dosage(mg/L)
ozonated
water 12 3 4 5

Max. 6416 6085 588 5732 5601 5524
DOC  Min. 187 174 1573 1391 1359 1280

(mg/L) a9 360 3504 3371 3aB 3091
©(100)  (100) (100) (100) (100) (100)

Component

Max. 0851 1174 1409 1729 2004 2311
BDOC Min 0189 034 0483 0661 072 0916

(mg/L) Ao, 0466 073 094 1249 1461 1683
T 87 (44 (000 (263) (22 (384)

Max. 0354 1028 1190 1450 158 1812
BDOC Min 0106 0266 0397 0524 0670 079

(me/ L)J Ao 022 055 0792 095 1074 1120
T6d) (158 @7) (84) (45 (363)

Max. 1262 1276 1272 1181 107 0946
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(mg/L) 1194 1097 0978 0972 081 0846
T @) @15 (198) (04 (189 (193)

Max. 1393 1290 128 1319 1314 132%
ADOC Min 0403 038% 0352 0339 0318 0310

(mg/L) A 04 0791 0830 082 0814 0817
Ve @1 (L9 B6) (49 (B4) (264

Max. 13% 1325 1302 1256 1109 1085

A&(BjDO Min. 0397 0375 0358 0331 0316 0302

(mg/L) 062 058 0561 0532 0485 0451
T (22 (115 (114 (111 (106 (103)

Max. 0820 0754 0718 0646 0628 0603
A&BDOC Min. 0198 0186 0174 0169 0165 0161

(mg/L) A 0412 0455 0371 0316 0312 0306
Ve 105 (125 (105 (94 (©97) (98)

Max. 5841 5388 4862 4342 418 3605
NRDOC Min. 1577 1187 0950 0752 0465 0310

(mg/L) A, 3088 2630 2410 2005 1745 1400
T 570) (526) (488) 422) (383 (20)

Max. 3843 3018 2687 2317 2074 1783
NRDOC  Min. 1170 0867 0650 0359 0206 0163

(mg/L) A, 2331819 1511 128 1008 0849
Ve 000 @99 B2 (73 (14 @75
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() : Index(%)
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Fig. 7. Effect of ozonation on the UV254 to DOC ratio.
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