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Abstract @ This research was performed to evaluate the feasibility of in situ soil flushing for
TPH-contaminated soil remediation. It was conducted in batch test as fundamental research for in
situ soil flushing. The 30% of initial TPH concentration was removed by shaking only in batch
test. The removal efficiency of TPH in case of groundwater as surfactant dilution solution was
approximate 2~6% lower than that of distilled water. Mixing ratio of soil to surfactant solution
did not practically effect on the TPH removal efficiency. In the experiment of using single or
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mixed surfactant solution with 0.1~4.0 wt%,

B LR

Tween—80, SWA-1503, SWA-1503+SDS showed

averagely over 80%. It was determined that the optimum surfactant concentration was 0.1 wt%

because there was no significant difference between concentrations of 0.1~4.0 wt%.

Keywords * In situ soil flushing, Batch test, TPH, Surfactant
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Table 1. Surfactant characteristics for this research

RROYEY A AT EPAYIE] A8 29T 3

Commercial name Tween—80 (POE20) SWA-1503" SDS
Chemical name b Qlyoxyethylene - sodium dodecyl sulfate
sorbitan monooleate
lonic character non-ionic non-ionic anionic
Molecular formula C64H124026 C57H102020 C12H25804Na
Molecular wegiht (g) 1,310 1,106 288
Shape liquid with high viscosity | liquid with high viscosity solid
pH 6-8 - 5.0-6.5
HLB 15.0 14.9 -
CMC” (mg/L) 13~15 50 1,455
Viscosity (cps) at 25C 400-620 - -
Interfacial tension - - -
Surface tension 47 at 0.1% Tween80
(mN/m) 57 at 0.7% Tween80 - -
28.6 at CMC

9 reference [9]
Y Hydrophilic-Liphophilic Balance
9 Critical Micelle Concentration

AHEEE 471 AREPAE AgstE e, A
HEGA L] 2 EAS Table 1o YepHSIt.
AARE  AHZAA = Tween-80 (POE20),
SWA-1503, SDS®} Bioversale]®, o] =
Bioversal> LAESS A3E 93 AHDEAE
Aok bl 3Ate] BIlEgoz duty B
2 AlEERR] Kot AASEA] FSHATH
Tween—80(POE20)> EAF=Fo] 1,310 g¢l H]o]
24 AWEEAzR HEIF =2 Bl
HLB(Hydrophilic-Liphophilic Balance)¢t CMC
(Critical micell concentration)+= Z+2z+ 15.037}
13~15 mg/LS UER)T 9tk SWA-1503% &
kol 1,106 gQl Hlo| 24 AHEIAZ H=rt
=2 HAol, HLB} CMCx Z+2F 14.99F 50
mg/Lolt}, SDSt= Sol24 AHSZAZR EA=F
2 288 g% Tween-80 (POE20)o|4}
SWA-1503¢0] w®]ste] wotont CMCe 1,455
mg/LO2 =9t}

At &9t A
IHEGA F=2 50%°1 i
7S AR FdsHA Ao
=9, 1.0 wt% SWA-1503+
SDS&82 Z+ZF SWA-1503¢t SDS7F 0.5 wt%

o 7l HES Bga Aol

3.1, LEHEY EN

SHEYS] dx B EAS A5k sk
QAEGS TN F AASS AASHL w1
Ad7re] #EE4S £ 9 AwEr] flste] 250
pm  H[FES] Qfzpe]  diste]  JEREAY]
(Analysette-=22 NanoTec, Germany)& ©]|-&3%F
717124 e AASHT. AAF A3 A dA
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Table 2. Experimental condition
Surfactant
type SWA-150 | . swa-15 | SWATISO o,
Tween—-80 | SDS Biovrersal 3+Biovers .
) 3 03+SDS Bioversal
Experiment al
parameter
Effect of

solution kind
for surfactant
dilution

Kind of solution for surfactant dilution = distilled water, groundwater
mixed with sea water
(distilled water only used as a blank)

Effect of mixing
ratio with soil
to surfactant

soil : surfactant ratio = 1 : 1

, 102

, 103, 1:41:5

Surfactant conc.(wt%) = 0.1, 0.2, 0.3, 0.5, 1.0, 2.0, 3.0, 4.0

Effect of
surfactant
concentration
100 o
9
o 80
[}
g
©
o
- 60 4
2
Y
g 40
[}
o
§ 20 1
Q
Q
<
0@ T T T
0.0 0.5 1.0 1.5 2.0 25
Sieve Size (mm)
Fig. 1. Particulate distribution of contaminated

soil used in this soil by sieving.
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Fig. 2. Particulate distribution of contaminated

soil used in this soil by particle size
analyzer.
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°om, 0.250 mm A9 0.425~1.180 mm Afe]
of QA ZZt °F  25%%  AA|SHALh
1.180~2.380 mm Afele] UAE 1.68%= A
oAl s Hl&2 5] uu|gt Aoz et
SrhFig. 1. d=EA7] SA oA 180 «
m7} F8 JFI7E YEgeH, cay 4=
Aol gl ulge] silt YAt EASHATHFg. 2).
ok AAET JEEA7] At o5t EA
2 AtE(sand) 2 HHE AT

QAEYS] 7] FEE AR T2 A 3
Mol AgE AFT T HAAHZst GC-FID
(GC-2010, Shumazu, Japan)E& ©]g3}e] A5}
gk Q¥EYS] TPH %% 8,892.6~9,631.4
mg/kge] Welollor, Htskl 93685+
412.9(4.4%)2 et %27] QIEF 7t~
AZotEI#ES Fig. 3o yEtfiqlct. 7] TPH
FEE 1T o 2 QAEYS A3t § Y
Z 329(TPH < 2,000 mg/kg)S THEA7]7] 9]
A= 79% olde] AAGEe] EHolof & Ao
2 HaE et
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Fig. 3. Gas chromatograph of THP for the
contaminated soil in this study.

Table 3. Effect of shaking in batch test

TPH removal
efficiency (%)

Mixing ration with soil
to surfactant solution

1:1 30.38
1:3 30.23
1:5 29.60

AU A= afigtel sl Slof s
7b AR E3tE zshee] 9oz TPH AAR
o IFL uF $r Y Aoz AZErt

EGA7I&S] @4 A8 st
" At foz st AAEE Ast e
S7PF verd 5= 2lof ololl digh 932 HESL

A rlol
rod

ok ARSAALE SWA-15035 AFgste] Bk
£ 0.1~4.0 wt%= WA oW, S84 A
Eg AWggAe] e3tvl= 302 &t

2~6%2] EE&AF Yerd & e Aoz &
d=gon, 7 Az 0.1 wt%olAe slis
7} 23tE AetE ARt A9t SRS4E A
839t Aol Hlste] 5.8%° AgASH YES
tHFig. 4). ol2lgt Av= AR-MNaChel 77t
TPH AAEES S7HAZItHE B ddzte} o
& AJolgt Auplom, ol AA| Ado AHgH
QAEY HAA FEF Astro] NaCl 5k
7t =4 Fok7] gRe R Agztedt meEhA, =%
NaCle] H=& W7 AY 100% 8 AHe
sto] HES dart 9le Aoz AZhect NaCl
0.4M (FE2] NaCl &&= °F 0.6 M)2 7t
hH Sole AHEAA SDSO CMC7F 8 mM
oA 1 mM olstz "ojzltty K Hf gtk
[11].
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Fig. 4. Effect of solution kind for surfactant

dilution on TPH removal efficiency in

batch test.
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Ratio of Surfactant Sol'n(mL) / Soil(g)

Fig. 5. Effect of mixing ratio with soil to
surfactant on TPH removal efficiency
in batch test.
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Fig. 6. Effect of a
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Fig. 7. Effect of a mixed surfactant—concentration on TPH removal efficiency in batch test.
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