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ABSTRACT

KEZE>

Surfactant-enhanced ozone sparging (SEOS), an advanced version of SEAS (surfactant-enhance air sparging) was
introduced in this study for the first time for removal of non-volatile contaminant from aquifer. The advantages of
implementing SEAS, enhanced air saturation and expanded zone of sparging influence, are combined with the oxidative
potential of ozone gas. Experiments conducted in this study were tow fold; 1-dimensional column experiments for the
changes in the gas saturation and contaminant removal during sparging, and 2-dimensional box model experiment for the
changes in the size of zone of influence and contaminant removal. An anionic surfactant (SDBS, sodium dodecylbenzene
sulfonate) was used to control surface tension of water. Fluorescein sodium salt was used as a representative of water-
soluble contaminants, for its fluorescence which is easy to detect when it disappears due to oxidative degradation. Three
different gases (air, high-concentration ozone gas, and low-concentration ozone gas) were used for the sparging of 1-D
column experiment, while two gases (air and low-concentration ozone gas) were used for 2-D box model experiment.
When SEOS was performed for the column and box model, the air saturation and the zone of influence were improved
significantly compared to air sparging without surface tension suppression, resulted in effective removal of the
contaminant. Based on the experiments observations conducted in this study, SEOS was found to maintain the advantages
of SEAS with further capability of oxidative degradation of non-volatile contaminants.
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% FoEseel Sl 9 271590 shjasel oo
ot 3}k skshRs| d3e] ZIHSEOS, surfactant-
enhanced ozone sparging)yS ol B3, 484 &
Ho|AA FPE 2 LEEES o= AASHE

=9340,

2.1. M2

B A= Z7o] 300~500 um, 500~1000 pm H$ 2]
EHPELFS o83ttt WA HS -7 9l
SDBS(sodium dodecylbenzene sulfonate, Tokyo Kasei
Kogyo Co. Ltd., Reagent grade)S A83}om AmAg
JAIE o] 83t BE AFo] TYs T (200 mg/L)E 2
L3k HISEA QHEZZA Fluorescein sodium
salt(Sigma, Reagent grade)s ARE3Iior TE Ao
T3 F5o] 428H (100 mg/L)E A|lZ=sl] ARSIt

7] 7teEe 719 VRS ARSI Air
compressor(Keseong Scientific, GSOC-95MC)ollA] HHAY
H 37] Ee S GETE)E Y8R dlo] o Y
7] (Ozonia, LAB2B)S 53 LE/A2 AYASISITE o
A 9FI|10) 0FFEE EFEAH 10A IA ¥
J SgHoE ST AXRTVIE 2 UmineE I
31 1.45 g-0y/Nm-Aire] 2E8 WAF oW FAkrs
0] 83150S WE 43.5 g-0OyNm*-0,2] &8 HHIAIATH

Fluorescein sodium salt®] &34 A HAAFLS black
lampE ©o]-§3lo] SRk Z AP T ARE T3l HlaL
siom, Aol AMeE 8] HHAgHS vidd 11
2% (Fisher Scientific Co., Tensiomat Model 21)2 A}
B3] Z7g313Th.

2.2, 1Xpel ZEAS

Ale] AR o] A7kE 2o 2E/ ] o3k
HIZEEA R7]1E22] Fluorescein®] 34 2482 A
317] 93 Aoz W7 53 cm, Zo] 81.0cmS! T+
2] AhS ARSIt 5 8l 29 vigelA 3em
BRSO 500~1000 ym EHEIFCE U A 78 cmE
300~500 um EEGCE FH fHoH, FFES 046
2 =AY X" AL 5575, Fluorescein -84,
= Fluorescein?} SDBS E3<-goo 2 3T}, L
3l A 37, Ask QFAEWE: 37)), AEE
LETREE: ks ARSSl] ¥7) silom Zrw
AollX Fluorescein®] P4 AP EE BT &
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Table 1. Experimental condition for 1-D column experiments

No. Concentration (mg/L) Sparging gas* Sparging time otc.
SDBS Fluorescein (hrs)

1 0 100 Air 192 Control, AS
2 200 100 Air 192 SEAS

3 0 100 0, 192 oS!

4 0 100 0;’ 17 0s?

5 200 100 0, 192 SEOS!

6 200 100 05’ 17 SEOS?

*Q0;': low-conc. O; gas from air
0;% high-conc. O; gas from pure oxygen

P, 1EE LY e 17ARE Bt XSSt
Atk AHFZAS Table 19] VFERAATT

LEIARZHE fFEEe QF/RR] A fo]
2 L/min 22 Z7|45F 10 mL/min BT} 022 o
o] eIk SRR H7IEIRaL AR THHA Al
HiEEe Qe 5% 7M3AT 8ds FHslA &
oZx QFo] AAHEE 3}t EI|7IE 14 inch
Elo]& FHE F3lo] Y] s E=Ysilal AHo
2 Bo]ot EJ|7KAE needle valve®t AR F350
AX)E bubble flow meters ARESI] Z77~ o)
10 mL/min® 2 $AE 52 319}t Z7)9gda ZEo
FRE wEHE B2 lab bottleS &3l TR,
9 5o F9E A3 A W IS ARk
om, mEg 3 S4S flste] ARSI 13
HEAY EAEE Fig. 19 YERASIT

2.3. 2XH AXIREAEH

B A3 SEAS ¥ SEOS FHoIAMe] Z7]9%d 2
Z7198F1 YFol|A] Fluorescein®] &3A] AAl&ET W3
£ 343l fIste] AAEATE ARE 22k AR
2 PMMA(poly methyl metaclyate)]d=2 712 70 cm,
MZ 60 cm, UH] 1.5 cmo]H, 9&3} Q22 y1xkx|a]d|
Z 2ome] & EYPIEY FEHHo| AAEUGY. FE
< 27 300~500 ume] FEFC 72X FRHE Hejo] &
EOl&= 50 ecmo|H, FFEL 0452 SHHAUCE A E
HOZHE] 20cmol] 755 = SDBS9 Fluorescein
T84 water tableo] A H=E st F o] #
A 22 SXE F2Alelells 025 mme] 3521
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Fig. 1. Schematic diagram for 1-D column SEOS experiment.

diffuser(Alltech Co., 1/4-28 threaded inlet filter)S A3%]
alo] ol Tl FIPRTE EQlEES ST

Zrpkege 37, A @R 37)E At
3190k, Z71H3S 100 mL/min® & 4315301 62
S AFES FdY3IAh. SEAS 2 SEOS HAolA ] Z
7149 W3l S<to g #ASN 0, Fluorescein®] 3
B A= ARE FEl S-S 23 Ak
ddFe] BAES Fig 20] Vepglon, d3dxde
Table 20 YeRNSITE
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9] F7|ES = (air saturation)s H|SIATE LFEIRAE
Z76k= SEOSE ¥7)2 Z7)8l= SEASS] F7)¥siw
o Wgle] ozt vl SESe, SDBSE E=HeHA &

J. Soil & Groundwater Env. Vol. 15(6), p. 37~45, 2010



40 W7 - A - AR
| | vent
5%
NaOH
bubble flow
meter
needle
valve Q
ozone ~
generator sand unsaturated
sand
HAvA
saturated Soom
50cm
20cm 60cm
air compressor ! diffuser A2\
{ Switching valve I
| 70cm |
I
black lamp
Fig. 2. Schematic diagram for 2-D SEOS experiment.
Table 2. Experimental condition for 2-D box model experiments
Concentration(mg/L) ino ti
No. Sparging gas* Sparging time etc.
SDBS Fluorescein (hr)
1 0 100 Air 144 control, AS
2 200 100 Air 144 SEAS
3 0 100 05 144 oS
4 200 100 O; 144 SEOS
*Q; gas produced using ambient air
Table 3. Final air saturations for air sparging experiments conducted using 1-D column
Sparging gas* Surface tension (dyne/cm) Air saturation (%) Volume of water extracted (mL)
AS Air 72.4 152 108.6
oS! 05! 71.8 17.6 125.7
08? (o} 71.9 14.1 100.6
SEAS Air 4234 62.2 44437
SEOS' 05 47 57 407.22
SEOS? 04 43.37 50.8 362.03

*05!: low-conc. Os gas from air
0s% high-conc. O; gas from pure oxygen

< 200 vlerte ojds] FA SEE HERiSIE &, FRlelE Eekar s 719 W Fr1EE0]

SDBSE =98] &2 xzdolA9] F7|(ASpll &3t & SDBS-4 TRl e Y Azre] 2t S-Sk
NEIEE oF 15% FEAd HIste] SEASTF 62%,  UERES on|3itt. ole} 75% A= SEAS FAIA <

SEOS7} 51%, 57% T<E08 Wepsdth o= eF7khe]  FRAE 718 sieeie 7] 93 W e7)Esiert
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Fig. 3. Change in fluorescence before and after sparging (1-D
column); AS, 0S'0S? stand for Air sparging, ozone sparging
with low concentration ozone gas, ozone sparging with high
concentration ozone gas, respectively: vertical arrow-region of no
fluorescence observed.

3l webr SEASS] el 7|93 W F1as &
daapt vlad & fAHL 955 gt ol &
Zo]| 93 SDBSO] Eafskol nlsl] Zrrrt AY
< Y= Alzte] 7] witoz Eoldd. & ZU|7}
2o F3FE QT oJslo] SDBS7}F wallwar, wEbA 3
HAEo] sl F71Es=el FEFS wR)7] Hol| o]
u] Z77ol| 9t F7|Esk=r) QHgE= Ao g S 4=
At 2 ) ofste] w9 HA| a7} == AW
IAE 2 = £ AP AaHr) e 3Y|EsE
7} vehd 7FsAE wiAE 4= it

3.1.2. Fluorescein®] &34 A4

SDBS7} =QEA] @& ZHo|A Fluorescein®] FEA
DAAEEAAR St FFAAFEY &) V2
F715t5= W(AS) 4%, AsE LIRS IS

SEOS'
144 hr

SEAS
sparging 192 hr

before SEOS?

17 hr

Fig. 4. Change in fluorescence before and after surfactant-
enhanced air/ozone sparging (1-D column); superscript 1, 2
represent low and high ozone concentration, respectively.
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ol 574= 9] Fluorescein B+ A8l Atz FolEt),

SDBSE T=U3IS Wl Fluorescein®] F3J4 AAE-2
F7)2 Z71519S w(SEAS)E 4%E SDBSE 24
kS wl9] Fluorescein 44 AAGE8F} AT} o=
7)E3}8-0] ZoHA|tEH= Fluorescein®] A A& Lol=
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Fig. 5. Fluorescence removal ratio; removal ratio-length of
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sand unsaturated

sand saturated

Fig. 7. Sparging influence zone for 2-D box model experiments:
dotted lines represent desaturated zone due to sparging.

HAtHFig. 6). IFE LE/RAE AT QF7R1o| H]
st oF 30u] = FES ¥3EEE Fluore-
scein®] FPA DAEEE 9] vlElsl] FoE Zo=
) 13kl AHAT A7 B9 Fluorescein®] 3
B4 2AEEE Fig. 59 YERARITH

3.2. 2R ARIR HA

32.1. 7199

SDBS7} E=YEIA] ghe Zoxe] 7199 &= ¥}
999 21%)°ll HISI(Fig. 7(a)) SDBS7} 100 mg/L2]
FEE =98 270ME Z719FAFe 1b)e] A
3] ZUBItE. o= oJu] SEAS T Aol HEH
v} ATHKim et. al, 2004, 2006a, 2006b). TL3F ZH
A F7IHR LEIEAER)E ol8st] FTIEIAS
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Fig. 8. Changes in zone of fluorescence due to oxidative degradation of fluorescence: no surfactant applied.

(a) SEAS
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sand unsaturated
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Fig. 9. Changes in zone of fluorescence due to oxidative degradation of fluorescence: surfactant applied.
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7198 TN SEOSHEE LE7IARE ]l
A= 90~95%2] G0 F7)e ofste] Bt o]
ALt o] o7k 2Fo) 23t AN Hafjo] we 2
IR17], T3] APLARIAE SV A7) Hasht

3.2.2. Fluorescein®] F3JA A2

SDBSE =314 && ZA0A| Fluorescein®] 3343
2AEL FVIE FIIBIAS W(AS) AA| ZstF
0.5%, A% 2FE7}IE 100 mL/min®] o8 Z7)s}
s wW(0S) HA EsFFHL oF 30%l HFsh= I
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