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The use of colloidal gas aphron (CGA), as an external oxygen carrier, provides a promising
alternative to promote aerobic bioremediation of BTEX in the subsurface environment. CGA is a
stable bubble supported by three surfactant layers and can supply oxygen below the soil surface
uniformly due to its plug-flow characteristic. Since CGA has a hydrophobic layer that can act as a
partitioning medium for hydrophobic contaminants it is known to facilitate desorption of soil-sorbed
contaminants. In addition, bioaugmentation and biostimulation are possibly achieved by using CGA
when generated from a solution containing BTEX-degrading microorganisms and appropriate nutrients.
In this study, we presented the physico-chemical characteristics of CGA generated from a solution
composed of microorganisms and nutrients. The applicability of CGA as an in situ aerobic
bioremediation technology of BTEX will be further evaluated.
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1. A&

BTEXZ 2.9% =3} 8743 Agste ol gJoix] 571" AEs)s BTEXS &art it g 24
gobe Ay oyR] 8, BaAbE "Held felgk Aol slch v At A= At dge
shato] o] Fofx]7] oleig] FE FAUBA L Jehnz, AldA sl A7 MEIA AJags I
27171 YEire HEAAFLAQL ARALE Adpdoz FHdeof vl 7]&2] Bioventing®  Air
Sparging2 7|4 Akt A=A i% (Preferential Flow) 7}x|A| =lo] Eof W] Abxe] 27} 274

g b olue}, Air Sparging®] 7% E3pohell FRIgH Abde 8] HEA] I EEXIUE whxv
A7) wel Zstel EAlshe 2REA Akl FFE vAE AoE FAA ek ool & Aol
#1¥& Colloidal Gas Aphron (CGA)% A4 SHHA R o] 83te V&S Jislzat dil). CGA:
Plug- Flows #Ajslo] Eokol] ALAE vl

2

= A FdsA FFEtn AHELAE T 298] 22
ZRlolgbe A ook, Eoke] ¥EFF Aoki Usls dAsEHE JHA nAEY FHE2)E §3
o] Biostimulation, Bioaugmentation 59} F7}2¢l AFE 7|djgd 4 gl o5 93} A =AEF

- 269 -



BFEe] Eof7t SHe2 CGAE Axdhe= 7]¢S FHF F o]F BTEXE 2£9% E9F Columnd
Fdsled A5} #ANAY CGA A4 7154ES HAFEd Ak, vIAE, dofio 234 FF ¢S
7pbst iz} gl

2. &

2.1. Colloidal Gas Aphron (CGA)

Colloidal Gas Aphron (CGA)-& 1987 Sebba[3]7} &2 Akt =& =7] (25~120 wm)S] 3
7N\x2A AWBAAZE T3 498 4000 rpm o)L HAo F u AT whgo] A FAFHF|
U3 EAFe F2olze] AL vehlth. CGAE 7]E (Bubble)r}t AFE (Foam)Ie ti2A 71432
odF FALE A i ARIAYA Fo] 2 FuE AT e dEFTFRE R UEH4L. 7
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BTEXE E#sle 7FE 72 299 o2y 333 v|YE73} BTEX Hagos & o
2% Pseudomonas fluorescence[5S] ATCC15453-& ARg-3 oA olc). Pseudomonas fluorescence ATCC
154532 BTEXE #4d ©atdeg o]4§3 FAle] Rhamnolipide} 72 Biosurfactant® ¥u|ghchi
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2.3.1. CGA WAA A
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- 270 -



gt CGA Aol 43S WA &7 % Stirring Time 60~600 secZ, Speed of Stirring 4,000
~8,000 rpmo 2 Zt7} WIAAZIY CGAS EA W3lE fasle], AA Stirring Timed} Speed of
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54e 38T F AL EAH R Fgshs A FA6E A3

2.3.3. CGA A #F

2FA A7 AEAH o2 vAEF YR, ALE TFEEE CGAY 7|Fel 3she EXog ¢
d4, Gas Hold-up, Z7] ¥ %2 33 Ao} CGAY AL A= CGA Suspension 200 mL
£ 250 mL Aol &3 F A7kel| w2} CGA%} Drainage Liquid Alo]9] ZA7} o2 A w3leleA]
Tabslo] z2HA Rl Drainage Curve2Y-E] Drainage Liquid®] 1/2¢0] wirEE A7kl Half-Draiﬁage Time,
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CGAY =7] XX Batch Type Particle Counter (Multisizer II, Coulter)3 o]-83le] =A%t}
[12,13]. =7] ¥ &A Z7)o| Image AnalysisZ AR&-3}od Particle CounterZ o]43§ CGA ¢]x}=7)
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Fre-s UF FoAEHe] EoFS Pyrex Columnol| 43 ¥ 3= 7|4 BTEXE Upflow ke
Z FHHEZF 3lo] Columng F33P7] A3t F9 F7] F BTEX Fvt Zobd w7ta] E& 24
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Column, ii) "|8&< E§3l= CGAZ 2§ Column, iii) CGA ‘WALAS A o2 Z7)9) 7
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£ FAFE o Ao]c}. Generatoroll A A Z2¥ CGAE Peristaltic PumpE ©]-83}e] 3 mL/min[14]8] &&=
E Columne]] F4]& oA o], Fq] #3-L Downflow/Upflow Ztztell disf A& A Zlojch #
53%7] (Pressurized Solvent Extraction System; Applied Separations, PA, USA)E o]-8-3lo] #3559
Column Y] E¢fo2¥%E BTEXE $%% % GCFID (M600D Model, Younglin Co., Korea)2 ¥4
3] o FEE AAT

&
3L
©

£

w
e
)

rhu

1
e
N

o EAsl= BTEXE 37] ZAA & oz Aisstr] s 988 st
¥ 4 3lE o715 Colloidal Gas Aphronelzhe /WA /MEstede Zelch
| 71€2 Off-treatment A[dolut X2l 875 33 49 Algo] &
3, F34 LIPAIE F16e W AT 5 AIs). 59 CIAE

A
o
!ILl o

2 ofr

loﬁ".
AU
R

of
o2
A

we T
N,
Q
Q
>
op Mt mo b
2
)
o4

(u?)
o
iy
s
N

- 271 -



wjeFAE AH8-3te] CGAE LAA7)

F3e 2 ATl AEYE T e FreR AT A%

7F AEAY 7S HAHQ CGA AR 71eE AEd £ oA "ok

10.

11.

12.

13.

14.

15.

LIRS

Michelson, D.L. and Lotfi, M. Oxygen Microbubble Injection for In-Situ Bioremediation: Possible
Field Scenario, In Innovative Hazardous Waste Treatment Technology Series; Freeman, J., Sferra, P,
Eds.; Technomic: Lancaster, PA, pp. 131~142 (1991).

Jackson, A., Kommalapati, R., Roy, D. and Pardue, J. "Enhanced Transport of Bacteria through a Soil
Matrix Using Colloidal Gas Aphron Suspensions”, Journal of Environmental Science and Health,
A33(3), pp. 369~384 (1998).

Sebba, F. Foams and Biliquid Foams: Aphrons, John Wiley & Sons, Hoboken, New Jersey (1987).
Jauregi, P., Mitchell, G.R. and Varley, J. "Colloidal Gas Aphrons: Dispersion and Structural Featrues",
American Institute of Chemical Engineers. 46(1), pp. 24~36 (2000).

Shim, H.J. and Yang, S.T. "Biodegradation of Benzene, Toluene, Ethylbenzene, and o-Xylene by a
Coculture of Pseudomoas putida and Pseudomonas fluorescens immobilized in a Fibrous-Bed
Bioreactor", Journal of Biotechnology, 67, pp. 99~112 (1999).

Gutnick, D.L. and Minas, W. "Perspectives on Microbial Surfactants", Biochemical Society Transactions,
15, pp. 228~35S (1987).

Sebba, F. "An Improved Generator for Micron-sized Bubbles", Chemistry and Industry., pp. 91~92
(1985).

Kommalapati, R.R., Roy, D., Valsaraj, K.T. and Constant, W.D. "Characterization of Colloidal Gas
Aphron Suspensions Generated from Plant-Based Natural Surfactant Solutions", Separation Science and
Technology, 31(17), pp. 2317~2333 (1996).

Kommalapati, R.R., Valsaraj, K.T., Constant, W.D. and Roy, D. "Soil Flushing Using Colloidal Gas
Aphron Suspensions Generated from a Plant-Based Surfactant”, Journal of Hazardous Materials, 60,
pp. 73~87 (1998).

Longe, T.A., "CGAs : Generation, Flow Characterization and Application in Soil and Groundwater
Decontamination”, Doctorial Dissertation, Chemical Engineering, Virginia Polytechnic Institute and State
University, Blacksburg, Virginia (1989).

Jauregi, P. and Varley, J. "Colloidal Gas Aphrons: Potential Applications in Biotechnology”,
TIBTECH, 17, pp. 389~395 (1999).

Han, M.Y., Park, Y.H. and Yu, T.J. "Development of a New Method of Measuring Bubble Size",
Water Science and Technology: Water Supply, 2(2), pp. 77~83 (2002).

Chaphalkar, P.G., Valsaraj, K.T. and Roy, D. "A Study of the Size Distribution and Stability of
Colloidal Gas Aphron Using a Particle Size Analyzer", Separation Science and Technology, 28(6), pp.
1287~1302 (1993).

Jenkins, K.B., Michelson, D.L. and Novak, J.T. "Application of Oxygen Microbubbles for In-Situ
Biodegradation of p-Xylene-Contaminated Groundwater in a Soil Column", Biotechnology Progress, 9,
pp- 394~400 (1993).

Wang, Y.D., Wen, H.Z., Huang, Y.Y. and Dai, Y.Y. "Separation of Cu(II) from an Aqueous Solution
by Using Colloidal Gas Aphrons", Journal of Chemical Engineering of Japan, 34(9), pp. 1127~1130
(2001).

- 272 -



