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Remediation for Hydrophobic Organic Compound Contaminated Soils
by Surfactant Solution
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SYNOPSIS : Hazardous substances produced from industrial sectors have caused serious
contamination of soils and groundwater. The hydrophobic organic compounds in the subsurface are
hard to be decomposed, and as they sorb on the soil or last as a NAPL they might contaminate the
groundwater for a long time. Although we recognize the danger of contaminated subsurface, very
little was known about the effective remediation technique. This paper focuses on the remediation of
the p-Cresol which contaminated subsurface by applying the surfactant-enhanced desorption
technique. Sorption characteristics of soils and organic compounds are studied, and the applications
of surfactant solution are studied for effective remediation. The results from this study could be
used as some data for surfactant-enhanced remediation. The flexible-wall permeameter tests are
performed in which in-situ remediation is simulated. Results show that triton X-100 at 2% solution
desorbs p-Cresol 1.7 times as much as water desorption in the flexible-wall permeameter tests.
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1. MB

Fr718 g Abgol §5 % wal old o3 Ao el FHAFAZ diFHT Ao A 249
A2 E 27 PR JEF, =58 7 AFANE 2 AF 8T 71§ 4§, A=A g
39 HAE Fd, %9 AAE, FFTFER 7 2 F AR ¥ FEF I A4 93
w, 2o g Hale o8 ZJ30A FolE & JUHUS. EPA 1995). &4 L9EEdR 299 EY
# A, A Ao dFHeE AL 2 dEFH HHU FFAU(pump and treat : LFE
A3 E NEH o2 FEF3Y Agstes )2 ARA, FAF AR E Jehdled ols 254 24
Edo] B U3 L=yt A1 I 540 Yol L9EFIE AIFE H9 o] REste FFH
71&0] A|ztol @ol ZHglx, v]go] o] E7] WEo|H(Mackay et al, 1989; Hunt et al, 1988). A=
SFrAged o3 AZE 7T Aloldl EAFE LIEWE F2 AAND Y- gEgH H§
(physico-chemical process)22 &FY=to] F&3d 29EZL AASNA Xdld 22 Ayt o] &3}
A oz AL BAEAE dosA 8o olE leveling effect(FF A Fr}, o]z3t 71& 9
FrAB Yy FAHSE FEI}DL E&E A7 Yt ArE Aol AREAHA Fgojtt AN
AAE FEAFAA 254 BHAEY $AEE FT/MANE ReZ LEA Y7 dE ARTYA &
HoZ QPXIE £I}ANE BF LH9EAY FE5AL /M7 A2FAAH 22 pumpingol 93 AAE
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AH g MM (Surfactant)0fl 2|2t 20FF H7H HIIUE

g 2 %2 g 254 %7

x 2le) $HEE F/NY)T, =% 1 454
g2 AREYAE ol 48 AW o =

d €49 AA F2 dAY

ARBRA vho] Almicelle) BAT o JEA L= 2o fAYS
Auto dgAde] Ya 2t ARBAA AR
AADBHA SAL o] 8% 0T Egoz

ARBHAL olFAH ¢ + U%ol HZ THE phase?t AAWES BAHFAY + Y& o= vz
AdBAA & 2 o) 2540 A4S WE F 2Ro) AE T4 amphipatic) EATE GE

ojth(z1¥g 1).

) Hydrophilic End
: Surfactant are classified

by the nature of the head group

Hydrophobic End
: Usually cpmposed of long-chain
of hydrocarbon residue

ARZAGA L 244 FE(-CH-lnd SEAEY HEFL 494 oz EdsA Hol F FEo] A
2 FgddE 4%S vehdth AT a9s WdE AYE4A e I8 FELS 29 HE5s6H
T A%l o ARGAHA A7t B2RY 478 R AL WAL wA o] A2 gusHe
T HA 21E A 7] A8 AL BELS B3 HEFEn 244 FES ER BEoHe 3
Bz EAA HAed 2 @ wye] AMIAA EAEC] 234 & A AUGEI-E, E-71F, E-2
Aol AA3te Aelnh. ofd RS AFLAIA L FH(adsorption)o] 2} 811 o]z Adt B EHE
2FAARES grahrt 5o Ha E HEL I A9 EZHAHo] ofd ©sieio] RHAGH
Hogrh AREPAY F2E SR BReE FFHHE g AAA, EEZHEE FA 9 @3

vlol Ao N AFd FES

A4 FEL oz AEH SEAEH] Hilte

ot dwtao g ¥EJl B wE AUGHA BAE AWozme HH
Feirt 49 oz o FEdH, F=7F A wolx 4 AWl AW
BPA 2AESZ THE I o|FEE vlojde Ao A= Ao
HAE Fole F8 WAYFol "o ol vlojadle] FAH7] AEE 138 2. Micelle
FEAAFA ] ABBFA L FEE CMC(critical micelle concentration)

gt g} wlol Aol Avl= HZAo] ¢ 3~4nm AEolth FVILEE AANA vield FAHe] Fa
olfr= vloldo) BEEA EE @ EREE 59 F 7] WECT ARG BA] LY F
AYE, 254 F7IEHER 74 o2 d4HY dv BEEAEH AFHA R uHs 3]
3

£ B4 32 R3x 23¥ FHEAA =T NAPL)Z EA8A vk A & o vlojdo] &)
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Aex AAHJ] AFARAE F7/HNINA 1 4 §lE + Uvh F, §d4o=2
R 2HE diA &4 EFAES o3 B35d S0l 2& GHY vlo)de Z*‘—‘?-v‘i'—"i Fo}
Eolz 4 7] wWEolth mloldoe] FAHI AFdE FEU CMCe AWEEAY FF/, 2%, 3=
(hardness) 59l st d+2 281d UcHRosen, 1989). AHBA A A AFARR F/EFTE2 4
Age] CMC#t& Folbddh dAZ CMC#Y g¥tAd ¥+ 01~10mMoltk. CMCgtol 2 Aug
AAZE LAEAY £ITE ¢ F FAAAZY. ety oz o)A AHGHA CMC#HE &3, E
g 2HEHY LT FFAR FBol AHEHT Atk AF Ul EstgdorHE AWEAA ] NAPLA
Aol AojA AHRGHA RANA 2HES FF5 &3 Z(mobile-phase solubility)e] F71e] 3 =2
TCE(trichloroethylene)e] Sl 9] &3] =(water solubility)= 15TolA ¢ 7.5mM(980mg/L)¢ &), 0.5M
SDS(sodium dodecyl sulfate) =& HolA = 150mM(19,600mg/L)2 oF 2082l &alx FAS JeERRU
tH(West, 1992).

3. M=
3.1 EY AR

A AHE & AlEe AR Y A2 oM AT HE Ax F M0AE TP 7Y@

FF4 FEI FFAL a8 FAESE EFH AEE AHESAT. ol AT EFEE 4F0 A
g oolfre AAHA FAEE & A FFRAFI UFE 2ol g &40 oAA HE AL W
Asta, £ 254 {7) 88E°] p- Cresol°1 E°&°l] 443 FFE F 2FAA 29" Auke A3
g A7) AT ol fEtd RFATE A FEIN EFAE AT, f71292 SAG
Fie A8 FHEE #NEAq EQ /\]EE ’“5"3}7‘" HAh o]gA wEW A 74zt £3 ]
2 HAE soil : FEA EFA D FAES BANH 2:6: 12 gt olqA QoA E¥A g &

2 =
B9 #&FL 6.7%HU L, HF(Gs)E 253019t}

A AHLE LEEAZE HE %(Phenols)°1 p—Cresol& AH&3tATH ol& Fdolu AlxAFE
o] AMEHo FHAY EGF ogdoz 2¥x k. A BRAQ p-Cresold &% 99%Z Sigma
Chemical Co.o|A T4 A th p-Cresole] 712 EXNXE ¥ 19 A2stg.

¥ 1. The Physio-Chemical Properties of p—Cresol at 25°C

It o .. Vapor
Compound - Structure Mol. mell Specific Solubility D
Formula /Boil . 3 Press. log Kow
Name Formula wt Bt(C) Gravity g/m (Pa)
OH
. 348" . . .
p—Cresol C7Hg:O 108.1 / 202" 1.035 16800 14.67 1.95

H

* Mackay, D. 1991

3.2 A|HE M H(Surfactant)

gagdos AgE APZEAE &3 Bol AHEHIT Ut Fo)24(anionic) AHBA A SDSS} H]
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o} 243 (nonionic) 2. 2 Triton X-100(t-Octyphenoxypoly—ethoxyethanol) S AA3QtE AW A=
Sigma Chemical Co.clA T4& At 2 ARLEAA ] EHAE & 2 of delidd,

E. 2. Physical and Chemical Characteristics of Selected Surfactants

gﬁﬁgﬁ Chemical Structure Type CMC(mM) MW  HLBY
SDS Sodium dodecy! sulfate C12H2504SNa A g 288 N/AY
’)I‘(Ij{gg POE(10)octylphenol CgPEyo N 1.7x107t ™ 646 135

C represents alkyl chain length (-CHz-) P represents a phenol ring (-CeHs-)
E represents an ethoxylate group

A : anionic, N : nonionc

a) Clarke, et al. (1991) b) Edwards et al. (1991)

¢) Hydrophile/Lipophile Balance d) N/A : Not available

W78 F 2D p-Cresold] Eol ozt F& 5EA4& motstr] H3) 5252488

O SLFALPS e BYPeR 2dN EYS Z}ZT«] gz gAow MHFTOEXK

471381825 Gas Chromatography(6890 Series, Hewlett Packard Co. USA)E &

A &5t -E—’li 2702 AHAZ7):= FID{lame ionization detector), Z¥L Model No. HP

19091]J-413(HP-5, 5% Phenyl Methyl Siloxane, Capillary 30m, 320nm, 0.25mm nomial), 872 2

AFAE AVE£EHTE SLEFAY L gFLYHo AEE AFHL 16X100mm  Culture
c-tube(Wheaton Co., with Teflon-faced cap)& A&t
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4.1 E20] CHEt p-Cresole] S2F2AE

Ay B9 dg A 2549 71388 £ S4E H4Er) fsteq 2EALY
ohoolddl @A FHFILIS %Bﬂlﬂ p-Cresolo] EFol] tigtd o= AE At o]Fof F=2
galerte Adsga 28 23 FF WY 522 RS 4N o) FJen, olF T FF
22 4y -‘5‘}7—‘}“”301] S E%QE% 39 o) e FFAA wRA F A

411 SSEMEWY

2% EF 5g7 2HYEFE A (p-Cresol: 5~100mg/L)& A @l ¥ zH(headspace)ol A FA
olm], 9 QEZ A gAo] NaNs(Sodium Azide)E Fv|ZH(FFHI2 001%) A7t & & vlY=2e FF
ol AMEao] o8 LAS UEE AT AFHAS F2AM nuwrz FAAFY EGEEF T2
@k A7) & z2+7be] A g 8-S 942y (Maraton 8K, Fisher Scientific)ell A 20837+ 2500rpm °]%¢
&%z 39 BA7)n 44 A (Supernatant) 2ml viale]l AHT F o] GCE °l&3td =S

41.2. S2&Faddd"

ol
D

52 Haol £29 olF AP Edel FA4Y L9R/1ELY ¥ T &S AR HF
3 5

By 2dg o) 83 & {2 HE FH
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o714, K, = linear equilibrium partition coefficient
Cs = amounts of the solute sorbed in the soil, (mg/kg)
Ce = concentration of the solution in equilibrium with soil, (mg/L)

"

28 3 & 5 494788 Yehlle A2E pCresold FF/Z =9 vnE 93 BTEXS T2
F243492 ¢4 =A8Ax, & 3 de APEWASF Ko & YeEblUT. p-Cresol®] K, &2
12182 BTEX$} vlustd didEdd tsfd F2e] Fdxez & gz, wd eH9Ede] AP
dA BE gAE oje Ao FUEHIU.

120

100. ¥ 3. Sorption Isotherm Parameter on Soil
~ 80 | Kp
ﬁg’ 60 | p-Cresol 1.21

3 a Benzene
O 4|  ohene Benzene 161
20 2 i%,ﬁgum Toluene 1.94
X p-Cresol

0 (Toluene) Ethylbenzene 958
] 20 40 60 80 100 120 p-Xylene 10.55

Ce (mg/L)

1% 3. Linear sorption isotherm

4.2 £E20f] CHEt p-Cresol2] EFXIAMH

WY FNRGEZ 098 EGol tste Az AVFHAY FHY, =Y, 293 A2 9@
AHEE AL shobatr] Astel B84 FRAYS AAHATE HEA APH LojR AR He
AYRA F57)8 o] 8 RUYT v WEARZ ]8T

421 E& 4 WY

FAAGANAM Y vAIMAZE dAFY FGe)H 9AFE(GE0meg/L)e] 2 G € A7 APF W T
A& Feld EoF/g 9] HE 12), TAERE T2 ¥ w7 FLAA WA FR =Y
ANERS A2 2R FAD F A YE 2ml viald]l AT SR FE =4AHA B> F A
Heo] FAE At 2FEAAAEEA &4, o) 2AAF)E AFBo NFL glo] A F FAE

Z AP B gF LA FS ZAH3 T 308 o) F2AA g3 HYo =Ed w7
‘?_“\]Zl‘i} olF g dAEYVZE nd BN T AA A viald] AFHFL 282 GCE =&
A gy,

ekl %2

422 & AE Za
(1) ¥lol2A ARBAA Triton X-100 (TX)9] % Wzl g &5 L dolrny] 98 TXY %

0.05%, 0.1%5, 05%, 19, 2%°] #Ze| £do2 SRIYL AT 94714 TX 1% §4& CMC
FTEZE W 100 CMCA siZste golth d¥dxE 19 4 o UYEhAS. TX 0.05%°1A4 01%
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(%, 5CMCAIA 10CMCO)E2 558 /M7 wa 23% 4

o 25%1H 43%E T ¥ £ LUtk 9@ 1%l 3 0| N ]
2%5E29 FrtlHE 56%°0H 60%= ARSHA FAo 3 o ’ | =

2 Zobo vld 2359 FAL AN S AoT YEw £ LT e

% o] AAz AWGHAY £AF G5 BAA Yo 3z O | i |
HYEEe 2605t AVBAA} Awsdy wusAt. £ o | A -

£ 0} | ‘
(@) goled AUHHA SDSE ICMCl 57 e 5 O 0f i l ;
E2 o 024%(FAMDE CMCH Bwo BE 8H%9 A oo o , 0

g dolrz] YA BE %o SDPSrF L7 adm Triton X-100 Concentration (%)
2, oled B o] AWEAAY AMES HFY] Y H
7VEo 93 gzF qAS AHrauzx 4. olg ¢
o224 ARGAHA L CMCe d9 #H7tel A 9gE wevhes Ao AAsY d& HAss Ak o2
B} ARBRA FEA G BrASE RS I 02| vhold EWe] T BA}A MBS I3
o AV)o)FZ0] ¢, o3 AARFAHA o] Alole wraHo] AHstE L vio]do] ¢HASIHE
2 9ls] CMC7t A3tach SDSS 7% NaCl 04ME 37} 60
st CMC7t 8mMol A ImMo) 32 ZojZ s ek A
& ICMCe SDS&eie] NaCle #7bstd 0.05M, 0.1M,
02M, 0.4M9] &8 NS0 Z+Zto] tiste] EAHEFHE A
AEgth G714, o 0.6MS NaCle] s=7F vt g9 &
zoltt, A A g9 Hrle g 2FT Fde] AU
S8 ¢ % YUtk 0.4M NaCl #7F SDS ICMC &)

AT FATH2-3F) FA F FHEC BAR}E RS 35 . . .
gostge. 21¥ 5 = ICMCY SDS £9¢) #Hrls = 0 0.1 02 0.3 0.4 0.5
NaCle] 5= W p-Cresold) AHEL =AF Rolth Concentration of NaCl in SDS 1CMC (M)
A7k = NaClel 527 02M7AE 9A%S ¥4 ¥ 9 5 Effect of desorption in addition
Hao, NaCl to SDS 1 CMC solution

219 4. Desorption w/ Triton X-100

55 |
50 |
45 |

a ¢

Contaminant Removal (%

regulator
5.1 piMH 47| S :

. . -— A drain/fill line
egulator drain/fill line—, pressure

AN ed® H& AWBHA F9o : e s G
AH - Asss By (In situ remediation) ﬁ
AGA 2dgP37] A8 AEAFAE cell liquid o

£ 243 AAMHAFF7(flexible-wall =
permeameter)Z A Zs . AAEAFF7)
= 3AERHES7 vt A4 Pgrgdd

Moo e

gas cylinder permeant
soil influent line liquid

F&ete slstead Ase L B - . <

BHow mAY & 3, A4Y £F BAsE \ \anvﬁﬁ “atve

side wall flow effectsE A3 & & 9} effluent line ‘\?rain v

. vacuum

oll_\: side wall charmels-% %‘—' '3]'“‘{5 % j‘-_g.o_ﬂ buret (a) Influent Accumulator
e ¢ @ ,\] =3 9]_ x\j%s‘_ 74] g%— ooy 7_(_4‘ @3‘_ ;“ (b) Flexible-Wall Permeameter

A3 LS & ¢ gA €k 28 & dAH (C) Effluent Accumulator

AELE7] A2de JEd Rez O F471 29 6. Diagram of the flexible-wall permeameter
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BH, @ g3 L4 TF5(nfluent accumulator), @ ASF4 €FEd9E ZoE: By, @ ¢HFTIFAA
2 A gas cylinder2 T4 ® .

5.2 ;47| B3 ¥
5.2.1 27| B3 @YY

Ago] AR EHE A2 TFE 110g AEE %7 100mg/LY) p-Cresol £48 o] &5u7F o
16%°)4 =/ =2 Havard Miniature t}37]E o] 83l Zo] 70mm, 37 35mme Al&E = o]
W p-Cresol & A ZA] NaN3(Sodium Azide)E F#HH] 05% H71std EF & v Ed o5 AE
g Bux o AYE ASEE molddl BAZA AZ FEANA 24N N0l BHde FaAFYP =
g2 4t o] F AEE moldllX FE3A ¥HgAe] gl Teflon Membranes #-& % Latex
Membrane2.2 THA] ARtk 28z F7] <Go]l 28 7% Zol AlRE AAFFPH. o] & F£3ES
7t g, 23 gHE FFAA L o3 AlE ngoRRE Ao AFE Z2A 1 29H FE F
743t o2 wl&@(Effulent Line)S &3] wiEHo] ofdo] SAERS FOo2HE £y F&3 <2
F QA AT F52HE o 0.7kg/em’ (10psi)e 7He] 6 o) Auke Aozt tigF 2-4mel £
T8 om E53AE 50~600 HES td F

5.22 57| B3 MH #H

E47] A¥ L& DI water, Triton X-100 2% £ A (FFu])o] diste] AAeAdth A2 E 2 7
ety B2 &4 43 Ao M FFASE 8X10 ecm/secd! Aol 358 0] 51%7 =AU
ARERAA &AL &Rz &8 T AFNA Triton X-100 2%(F-HH]) §Ho 2o F W9
E4 AgolE p-Cresold] 5480 W 86%2o.2 Ueha ol 22 458 Hlate] 178 A
=9 F4e vebd Aot Triton X-100 2%(F3H]) §Hozo T4 4y F 2 pore vol. (50mL)°l
BRe $o wF goold 7 e BASS Yhils A2 BAT 5 AUtk 2T o) W 7
a5k Bmg/L)E B2 el £ B35 (F 5-10mg/L)el ulskel 4v) o4 ®S e Uehygich

6. d&

B d7e 9AE A2 oRiESG FEA EFEA, FHEY EFEN diEd {IAAH frlgdE
ZgHonn HEH AVLEHAE o2 5

& =23 EaA s a9a 3%

T3 AA @AM AVLEAGA Aoz AH
o ol AdFE T3 ol ZEL g Eo

o M S

& T3 3
o AL AEI 93 ANFANESY]) AY
oz & v AerzAe nste 298S A ey

(1) AAYA F57) A8 93 THAABE(F7]E 6.7%)0 dist F24F 2 A8 2] AF Kt
p—Cresol°] 121929 ol BTEX® EuwlAl4 grcoh zgkch

(2) vlo] &4 ABVEAA Triton X-100229 &4 @& AP EF/E R |7} 12(FAN)Q 2
2. 0.05%, 0.1%, 05%, 1%, 2%2 7% Z+zZ} 25%, 43%, 46.5%, 56%, 60%Z el o o)z wn|Fo
Rol ATE T AR FLE 2% v dtolE BaR.

(3) &ol2A AWBAA SDSl 49 7 me 23sS ¥y $sd 1ICMCEBmM)e] SDS £
Aol NaClel 5=8 WA A 7l g2 A8 8 AAg 23 H7lHe NaClsxrzt S71gtel wet &
5ol F/hetE RS 2 & Aoy, 04AMOIGE k9 23)AEE HIMAE W €35 41%0A
50%= &= At
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(4) AAHAFF7IE o8 A 2da) SRAYS AAE Zn vo)ey AHBZAPA Triton
X-100 2%(2F 200CMC) &Hez AAPYE B¢66%) B2 AARS 92T 1.7 ojie gxds &
& 2UT 5 AU

30 1.0E-4
1>
25 | o TX 2% (1) b —— 0 TX 2% (1)
éﬁ & % TX 2% (z)l E a TX 2% (2)
< 20| o o < 1LOES
g A Y Yo y
e 15 1| 2
8 o 4,0 S
§ 10.4D s 0 2 1.0E-6
E 5| ‘o 2
= S 4 A A a4 S
0- L L o I E‘ IOE-7 L L
0 50 100 150 200 250 0 50 100 150 200 250
30 1.0E-4
> 25| z.pwaterl % ﬁ{ + water
E 5
3 2 | = 1.0E-5
3 _—
§ ol g AL oy
E 10 r ”-E:F.p + . = 1.0E-6 e T
B 54K + - I =
= R _g
0 . . ' +_p 2 1OE-7 . . .
0 50 100 150 200 250 0 50 100 150 200 250
Cumulative Volume of Effluent (mL) Cumulative Volume of Effluent (mL)
29 7. Permeameter test results
#ZAre| 2
o] =F& 19983 g FADL stedATH o o3t ALY ol TA=Hr}
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