g4 aets) A A1P(A12E), 1267~1274, 2002
J. of the Environmental Sciences

QoM - OIZXY - O|EH" - BHEL - 2B XFA"
O} MA] RIMXAE - ZHASD SRMH st
"RHINE SUIKT - CLHUAR BASYRRL

(20024 73 8L Hs; 20023 108 25Y 7HEH)

Effect of Ozone Treatment for Nakdong River Raw Water
II. Removal of VOCs and Algae in Raw Water by Conducting Batch
Test of Ozonation Experiments -

Young~Sung Lim, Hong-Jae Lee’, Do-Jin Lee”, Jong-Soo Heo',
Bo-Kyoon Sohn™ and Ju-Sik Cho™
Masancity Chilseo Water Treafment Plant Haman 637-940, Korea
‘Division of Applied Life Science, Gyeongsang National University, Chinju 660-701, Korea
“Depf of Agricultural Education, Sunchon National University, Sunchon 540-742 Korea
"“School of Environment and Agricultural Science, Sunchon National University. Sunchon 540-742. Korea
(Manuscript received 8 JUly, 2002 accepted 10 Oclober, 2002)

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 batch test of
ozonation, the following results were obtained. When ozone dosage of 5 mg/# was used, ozone transfer and
utilization efficiencies of the ozonation were 94 to 92%, respectively. Removal efficiencies of single VOC
compound or mixed VOC compounds in the raw water were 80% to 90% by the ozonation with 2 mg/ ¢
dosage and 10 minutes contact time. Removal efficiencies of ABS by the ozonation with 1 mg/ ¢, 3 mg/ ¢
dosage and 20 minutes contact time were 83% to 96% , respectively. Almost 67% of chlorophyil-a at the
concentration of 38.4ug/ ¢ was removed by ozonation at ozone dosage of | mg/# for 20 min.

Considering the efficiency of ozone utilization and water treatment, the most effective ozonation could be
obtained with high ozone dosage and short contact time.

Key words : Ozonation process, Ozone utilization efficienciy, VOC compound, ABS, Chlorophyll-a
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AolA  ring-hydroxylationo] Qojuty, I3
quinone B4, 281 nglY I}3E F3 muconic
acid, maleic acid, tartaric acid, glyoxal, glyoxylic
acid, fumaric acid, oxalic acid, ketomalonic acid,
muconaldehyde, formic acid §3 #2 AWZow
A ZaE 2-9 4-carbon FAE, CO9F HOE A
A e&:xgA wIFE IFEEY x7] 43
22 o) wmExg 37 AdEEs wf = A
o §7122] %54 F=T alkenes ) aromatics >
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Table 1. Characteristics of raw water used
Sand filtered

Raw water

water

pH 65~96 63~73
Turbidity(NTU) 56~330 04~06
DO(ng/ £) 11.4~137 76~136
COD(ng/ £ ) 37~83 -
BOD(ng/ £) 20~64 -

SS(me/ £ ) 9.8~150.3 02~28
NH;-N(ng/ £) 001~0.75 ND~0.32
NO3-N(ng/ £ ) 23~438 ND~3.1
ABS(ng/ £) 018~032 ND-~0.18
Alkalinity (ng/ £ ) 24~58 20~46
ihf;?gption(m Z) 68~148 30~56
T-N(ng/ £) 46~103 18~53
T-Plng/ £ ) 0.14~034 ND~0.08
Chlorophyll-a(ug/£) 11.7~1883 ND

ND : Not detected
HEE 54 Agsdch ey A8
oz I8 YRT AL, QEWSE FHA
e fFRAZ AYHFS M A Ao,
SEFYEEE 2F3 FT7IE 6 £/minFHA 24
A FYsHEA e drtHgew x£H
s

222. SEHEZY 2F 2F5A

SERSZzY FHRA] FUFY G4 AT
3z R g Hustn 0FE WEEES Yolr)
st e Ex] FHEA AgodAM &9 AL
&3 o] 8 &% FAFEL LEFYFEE 2EFH
F718 6 £/mino2 FAA FUsIUM oY
AR d7bdges xdate] 1,2 3,4 2 5
ng/ £7F HEE A 2EqJERY HEANTS
747} 5 10 9 208 0% o QEFYEES} HE
Azrol wel eEHFZZUY SEFUY, WeEH
9 BHEFE FASAY

2.23. 32 F71 8122 (VOCs) A a

Aol FLARIIsTEo] LT E
g 7t ARe] HFAHY 42 BF 2E
of % HLAHVHFE AHa e AEST]

ol EA 878552 1,1-dichloroethylene, di-
chloromethane, chloroform, 1,1,1-trichloroethane,
carbontetra chloride, benzene, Trichloroethylene,
toluene, tetrachloroethylene % ethylbenzenes &
£ A7 1 mg/so] AR wU4E Fr 23
Qo ssel meldsd FUsgen o
2 2mg/l FEe AEANE 510 # 20



G5 A5AsY QEAY a% I AR
por 47 28 495 L 455 T A2
R\ 8HRe 24ot

224, GOl 2AHEAAA(ABS) A&

LEA o 9 o] 2 AH &I Al ABS(alkyl
benzene sulfonate)?] e & &E FAlsl7] Yahd
Bojolsto] ABS 5571 05, 10 2 20 mg/?

HE% Prhe e, 0F HEAWE 510 2 2

Ho] HEE zHIY 90F rE 247 05 L0,
20 2 30 mg/¢ o2 A} FUAFS K&
ABSE &3sl9d.

225 2% AARI

2&EXE e 9% 2F AAZESL 2FEL 1, 2
34 2 5mg/l 552 47 FYstn HE2AE
5 10 % 208 &< Hsted FdFd fFEFY
chiorophyll-a 5 & 439 zA8Ig ).

23 FEEA

FEAFANEGEL ABo YEEEFLAS Be

b Purge and Trap(Tekmarr 3000, USA)R L&
A8 F Gas chromatography(Star 3600ex,
Varian USA)E AH&3}o £4392M Purge and
Trap#t GC £AZ 748 Table 29 Zt}

Sol2AHEYA BAL dEAEIHoZ AE

100 mE A3 g chloroforme® &) &
3l UV/Vis. spectrometer(UVIKON 943, Ttaly) &

Table 2. GC operating conditions for analysis of VOCs

Item Condition
P&T
Standby 30T
Purge 11lmin
Drypurge 4min
Desorbe 4min at 175C
Cap cooldown 50T

Bake 10min at 225C
GC

Column Rtx-502.2(crossbond phenylmethly
polysiloxane)
105mx*0.53mmIDx*3.0um thickness

Detector FID

Detector temp. 250C

Column temp.  15min at 45C (7C/min) 15min at
150°C

Carrier gas N2(99.999 %, flow rate 80psi)

Fuel gas Ha(flow rate 40psi), Air(flow rate

60psi)
P&T : Purge and Trap

\ul ] o

349 47 5} Z5AA £3}

Al o 3

TE

AE38te] 654 ool Al 7431543, chlophyll-a
£ A8 100 ME GF/C 9x2 o33 og o
A& tissue homogenizerdl %3 90%-acetone 10
mt 7¥she] Bl F AT dhola 2447 whxis

& gAEEstd 1 AR Ag FHske UV/ Vis.
spectrophotometer®  At8-3to] 3% 633, 645,
630, 750 nmell Al &Aste] chlorophyli-a 35 A
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%, & o]&&& 77 973 932%°1 3, HEHA
Zbo] 2089 w oF ALEL 77} 972, 94.8%,
Q& o) 8S 717 969 NLUEA LEFUYFE
7} F7EEE 9F HAEEH o8& FaHE
RO 2 e,

Q&9 s 5o WY sng o]
2% AFLEY FEE B 0F ALEE 7
Fo AV FFBAI o FLo) WEFE,
7\xe) Ash Ae5E gow, o e FHA
% FY994E gyeR & o&2x8 a0 o
gt pilot plant AFolA HEFAIZE 108, LEFYF
E05 9 10w/l ) 9F o] ggo] Zz 80
9 75%2 YERG Al7he] A mEl FFelA
& g £ Qe DOC AEo] FojEo &
HlE= Q&0 Holxm LELEFEIF LA
Mg oA 2 ALEH o]Fgo] HAH yro}
Aga dges B AT o9k fFAMR A

£ YErHRI

3.2. A R7183E(VOCs) M= &z
A4 Fol VOCs7F ddAAE £ o8 7t
o] BE¥odso] f4E A VOCs A

Hstel VOCsE 9YAR =&
tale] Hgol o] F4dt]
X HAEAN] 2 HYPE g g
= Table 4 2 5olA ®i=utel Zoh
7z 1 mg/ 4
A A9 O HGag&2(Table 4) L&

oX.
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rir 22 oXx tlo
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Table 3. Ozone transfer rate & utilization rate of
ozonation contactor

1

rh

3] HEF - 27

2
ST

EE 1 ng/l, FEANNE 510 2 0808 747
Q
&

AEeae o §r1d92AseEel  1,1-dichloro-
ethylene®] Az|8&& Zt7 93, %6 2 BVREA A

# &80 7P =ska, dichloromethane 47 25,
31 2 3%EA 7 vty 1.1.1-trickloroethane
2 tetrachloroethylened & 70~95 % Hslel 52
AP EE&S Eay aeln WEES3HEQ benzene,

toluene 2 ethylbenzene® LEFUFE 1 mg/ 4,
HEZAT 2084 °F 92~06% o|A4e ES Ag

O ZZZ0l ke

i%% L]rE‘rLﬂi‘iE} AT WO 2 mg/[ Oﬂ}“iT‘:‘ ;\(ji
ZA17F 1089 9 dichloromethane® chloroform$
A3 gF-Eo] ok 89~99% o]AY E¥L HIzm
£ Yepliieny, o]u dichloromethane % chlo-
roform® A& &2 Zt7 of 363 L 455% A
o VOCsel vl3te] Mg go] vl ot

)
ES

B Fo] VOCsY FE7F Z247F 1 mg/ 24
ojg] 71A VOCs ARo] &dEH &AT v A
ZEE2(Table 5) FLAYET EATY H o9 v=
& AE Yepgdoy e Aeaed g
A2 EAY HRo ¥lad vk ZAHJS
o, QEFUFE 2 mg/l, HEAD 108 A
dichloromethane 2 chloroform2 933 Es Ayt
Ao 80~97% o4 H& ALEEs B

Benzene, toluenes 2.3 AH9S nu:s
gzl g AAHE NS wE A

2 2ex 9209 tetrachloroethylene= S Zoj
ogk AHPWEE A9 dojuyx &3 OH #uz

o o i JE R

F4o g PMEAEEE Tl AAHAG

SO

Table 4. Effect of ozone dosage and contact time on
single VOCs removal efficiencies

QOzone Contact Ozone Residual Transfer Utilizana- (unit : %)
dosage time off gas  ozone rate tion rate ; .
Mg/ &) (min) (min) (gL 8 (%) Ozone dosage(ng/£)
5 036 008 B0 977 1 2
1 10 0195 0003 978 975 VOCs Contact time(min)
20 0080 0003 932 978 5 10 2 5 10 M
5 0676 0006 98l 978 Ll-dichloroethylene 928 961 987 982 B9 %5
2 o 040 006 93 10 Dichloromethane 258 311 437 281 363 455
L 0289 00 o2 %9 Chlorof 339 420 528 342 455 569
5 1220 0009 976 973 ororomn Y Ry 0 Rl W9 B
3 10 0.801 0.009 970 %7 1.11-trchloroethane 724 862 %1 741 88 %69
20 0374 0009 972 %9 Carbontetrachloride 856 %4 996 86 H8 96
5 2zig 0031 %.8 %6.0 Benzene 721 896 953 834 939 R8
4 10 1AL 0L %64 %5 Trichloroethylene 804 %52 978 835 970 934
2 0581 0031 o0 %2 T 736 88 924 62 KN4 M5
5 4182 0106 %3 %2 oluene D0 G0 Jed e R A
5 10 2047 0.108 95.4 932 Tetrachloroethylene 688 824 925 747 89 9%9
20 1157 0037 948 925 Ethyibenzene 845 878 %1 W02 922 980
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Table 5. Effect of ozone dosage and contact time on
mixed VOCs removal efficiencies

(unit : %)
Ozone dosage(mg/ ¢ )
1 2

VOCs Contact time(min)

5 1 20 5 10 2

L.1-dichloroethylene 88 921 975 839 %9 91

Dichloromethane 219 308 365 241 346 408
Chloroform 301 403 506 338 435 558
1.1.1-trichloroethane 69.8 8.8 942 706 84 96.3
Carbontetrachloride 837 951 990 843 %4 992

Benzene 56 711 80 %69 B4 936

Trichloroethylene 620 805 925 650 834 946

Toluene 581 743 875 604 781 910

Tetrachloroethylene 681 824 912 6383 843 959

Ethylbenzene 635 70 909 649 810 929
sk 2&Ee friEdde AYHoR whg
WekEal BXsiAwge] gteE& T vlg wa),
A 2 1A EERE A UES §HA
ox, SEAYAY HEIVIAME FUI7F 294
A frIedEde 54 AALES dgie
of By ¥AES WUy #A#A] 7] o A
FA7e 2LEAYA ALGFRTIGTE AgaES
Q&0 % FHREY BI|E oy RErpHoz
LEFSA URIVIAR AEEHE TV 9% 2E
g% 54% Uevs AoZ ¢EA 9lo] L&A
gle] Fa gntopdet 2EYY ZRE YE Ao
2 Azdg agan 34ds Fol VOCsTt 2
2l g/l EER dUdE v EPHEE 2
PENE AP 2F FYFE 2 /2, BEAZE 20
2 AEl2 dFEY VOCst 90%01 Azld 4
s Aoz Az

ABS(alkyl benzene sulfonate)E
05 10 2 20 mg/¢ FE= H7leted 2& F9%
5 9 HEFATR w2 ABS HE 58S FAS
= Fig. 1ol BEEukel 2o,

%27] ABSEEZ7F 05 mg/¢d W 2&EFUw
mg/ £, AEATNE 42 5 10 ¥ 0822 3
] ABS A#la&2 747 72, 87 2 2%l
EFYEE 2 mg/llAXE ZH7 82, 96 H 9T% R
, LEFYIFE 3 mg/lolME 5~100 %o &&
&S veERRY a2l ABSEEZ 1.0 meg/

itk

2 ki fo

1271

ABS : 0.5mg/¢

Removal efficiencv of ABS(%)

40

20

ABS : 2.0ma/¢

0.5 1 2 3
Ozone dosage (mg/8)

Fig. 1. Removal efficiency of ABS according to
ozone dosage and contact time in postozona-
tion contactor at various ABS concentration.

-~ Smin 1 10min -2 : 20min

19 AL E 0F FYSE L ng/ s olA 22 62,
B R 87%, LEFUFE 3 mg/LoME A 92
98 R 9% HEa&s YEhllew, ABSEE

720 g/l 8 AYdE LETUYFE 1 g/l 2
3 mgy/loR 5R F

89%, 20% F< A
A xlo] eEFY o] F

b
8-S YepgY adn HEAY B2 ABS
A E&L LEFFo AL HYole HEAIZL
o WE Qo] T How Ustou 2FFY
o] B8 Afoe HAE:AZI A AFgS wA &
= Aow Yelygt &2 ABSARY 2% AT
3 WARAE BIYNA AAJY ojdd oEF
AN 2715k g7 BT Aol E LEUEFYA
B} 30-40% Y =& AAgo] Uepdun? s
b ol ABSAHEY dARIt LES Faot BHX
A4S dosuM AAH] uFolct

34, 2% AAZY

ZRE 259 pH W3 A5 Q 9EE F24
719 wle] HAL zdste Aoz g8 Ao



934

£ Aray %011 1L 04421 H4, S83A
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e s *ﬁhﬂiﬂ 2o 2R ZRE AR

U AEE gz F e T8 do ZFAHE
ol A8 chlorophyll-a®} A58 chlorophyll
a2 AHFAANTIE Aem dEA oy, dut
"oz z8 F&HFL UelE R E S chlorophyll-
ZALEte] 28 AAEEE HMse
star itk
2 Ao MR QEA HE ZF A
Aol =% chlorophyll-a &7 #2%
(384 pg/2)ek dUHdoz =& F&
2)e 222 -a% % YFE o839
5 2 HEHAZ w2 chiorophyll-a ¥
ZAEE ) o)W AT dsrE 28 2F
¢l Stephanodiscus sp. 2 Synedra sp.
=3
AEsE 9 HEA7te] wpE chlorophyll-
2 (Fig. 2, 3)914 B wigp o] 9
hlorophyll-a ¥ %7} 384 ug/ 42 njiF
SEFUAEEE 1| mg/l, FEANDE
o7 3 —g—uﬂ Z+7k oF 29, 49 2 67
‘\’Jlﬁ £ 29 4ng/¢ A3
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Z7} &) “}E} chlorophyll- a«] A g &L F7hs)
= A%L RgY. WA F chlorophyll-a 5%
b BEEI5L p/4)d A5 AFES "R
100 ¢
80 |
60 |

40 r

Removal efficiency of chiorophyll-a(%)

0 L L L 1 s

0 1 2 3 4 5

Ozone dosage(mg/{)

Fig. 2. Removal efficiency of chlorophyll-a according
to ozone dosage.
(initial concentration 38.4ug/ )

4 : 5min A : 10min A : 20min

Lol ZA - o] £

2 QEFEV ¥&TE &Y X\J’i‘-"]ﬁol Edains
g Z22d-a% % AAL =it 53|, LEF
U Z(C)F HEAHTD)AA CxT ﬁii«” 1
BAZ A8y AALY chlorophyli-a %7} C
g gL #A glee B

AxEd 23 (Fig 2) CT7F 20¥9WE sty
SEFYUFE 1 mg/L oA HFANT 20801, T
FAE Tt 4 ng/ £ o1B HFA7Eo] 5Ro) €t o]

Bzt AALEL 669% 65.0%% I ole
19 %EQJE HEZ o}F H3 AAES UER
th AFToMe FYE CTatollAl chiorophyll-a
AALEL £12% FQE, T E £32% £
E9) zolE Ho] CTHel T &7 AHEA
E7F H=E RE & 5 U

o] F7 P‘a"’?% chlorophyll-a
%49 mg%
chlorophyll-a A|A &L T able 601]/\1 BiEulel o
7addon, %7 chlorophyll-as% EH7F 38
4~1541 pg/ 28 W LEFYEE 1 g/l 2 3 mg
/2 A chlorophyll-a %+ Z}z} °F 195~95.2
2 81~572 g/ YR ZAHYDT, oy FYUL
Z o9 mg% AAE chlorophyll-a®& ztzb <F
42 pg B 23 pgoldth TET LEFQ
mg/ £ 22 A2 5A-& ul chiorophyll-a
04~287 ug/[ HIAZ FULE &Y mg% chlo-
rophyll-aZ& ¢k 19 ggogA LEFYEET =
Mi-igas -’f-%‘i% @9 mg% chlorophyll-a A A
B2 FaEE ALE YEyY. ol FY9E F4
o4 chlorophyll-a %7} Eolive AL I g
o] ozlro] 2&EL FY3H LEZ 4y

ﬂiﬂ

§100r

g

= L

.5_80

2

9

S 60 [

k-]

oy

3 40

&

2

L 20

o

1]

&
0 1 1 A. 1
0 1 2 3 4 5

Ozone dosage(mg/!)

Fig. 3. Removal efficiency of chlorophyll-a according
to ozone dosage.
(initial concentration 154.1ug/#)
@ :5mn M 10mn A 20min
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N7l 3ol wot 2Rsk WY 4+ Y 0EY
o) oiHoz REEn, QEFYTEL BT
Q
2

chlorophyll-a¥ 64.2%¢] #&E82 B
FUEE 1, 3 m/loAe 47 178, 2% +
AESE BHolow, oju) d¥2E mgF chlorophyll-
a AAZFS 94~631 peelddn dgon, & 4
ol S &FAEL 3 mg/s AolA ok 64%
oo AAZLES Yehen FUeE oy
mg%d chlorophyll-a2 ¢k 23 gl B2A H 59 4
ol vlato] oF7h vl

Table 6. Variation of chlorophyll-a according to ozone
dosage in . ozonation contactor. (contact time :
10min)

Ozone dosage(mg/ £)
0 1 2 3 4 5
Max 141 92 681 572 361 287

Chlorophyll-
OOPWER Min 384 195 124 81 44 04
(ug/ )

Ave. 986 5717 R86 326 186 122
Max. - 604 443 334 209 269
¢g Chlorophyll-a
Min. - 194 134 104 89 82
removed/mgQO; " 3
Ave. - 419 309 28 209 185
4. 74 F
Ardss Ho andoR AegoenAd %3
o FRES FFN7) AT N2ARE g o
T ATUAFE g ez 8 oEAT o
FEARVIsg 2, SHMMA 2 2EAAZES
2AS ABS 02 g
SE ALET o] FEL 2F2FYUBLE Ing//s
HEANE 20822 AYsde o 22 982 ¢
978%01%31, QEFUSNE Sng/ 2 Y W 27 948%
o ROSBEA 2FE ALEH o]FEL L o

[\\>]
=
L)

& o dichloromethane
i 5-2o] ok 80%olAte
& AYEgE YeEnARL,  dichloromethane ™
chloroform® & &&& zt7zt 363 2 455%0)3}
B2A A ago| g ot

ABSE=7F 20 mg/2 g H)

Al o HAEAR7IEE R 2FAA &3

£ 2 3ng/lo2 5% Fok AYsde o Ao
&2 Z+7ZF 58  89%, 208 F<F AYsige w
7} 83 @ 96% Ao eEFY ko] Futeds
=2 ABS A E&S YeERRSITH

Chlorophyll-a A7 &&2 %7] chlorophyll-a %
E7F 384 pg/ld W SEIQEE | ng/l, HE
AZEE 20822 F9E W 67% AYEes
PR, SEFYTEY HEAI] 247 1 g
¢, 2083 4 ng/l, 505 CTZol 20 o o 2z
o]l AAEL 669%4 65.0%E I xtol= 19 %
ZIE AER o}F v%d AALEES Yeo CT
gol Fdstd 2H9 AdEARI} H5=d Aow
LHERSELY

%7) chlorophyll-as = ®97} 384~1541 pg/ ¢
o SEFTUEE 1 mg/2 2 3 my/lolA FY
& vy mg AAE BT chlorophyll-a%-& 7t

[e]

Z 9F 419 pg 2 228 pgolSith
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