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Model Development of Surfactant Reuse by Activated Carbons
in Soil Washing Process
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ABSTRACT

A model describing the distributions of surfactants and HOCs (hydrophobic organic chemicals) in surfactant/HOC/
activated carbon systems for surfactant reuse in soil washing process was developed. The model simulation was conducted
for the evaluation of the effect of concentrations of surfactant, HOC, or activated carbons. Phenanthrene as a target HOC,
Triton X-100 as surfactant and three granular activated carbons with different particle sizes (4-12, 12-20, and 20-40 mesh)
were used in the model simulation. The distributions of HOC were significantly affected by surfactant dosages, especially
at around the CMC(s). The results of selectivities for phenanthrene were much larger than 1 at various concentrations of
surfactants, phenanthrene and activated carbons, which mean that the selective adsorption of phenanthrene by activated
carbons is a proper separation method from surfactant solution. The model can be applied for the design of the surfactant
reuse process using activated carbons without extra experimental efforts.
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o}k WIS B8] (PAHS, polycyclic aromatic hydro-
carbonsy= 27l B= o|RHT} B2 2o WAl |2 4
Hol e B4R 1 AHA 547 oMY, S
o= Qe ¥ile] T Hal e A A4 R
EZ(HOCs, hydrophobic organic chemicals)°]c}. ©]2]gk
PAHst 3PAR9] 5ol A% Al == B9hd
AAE AAAl W=, o]59] Be SIER Qs E
& F7IEH A Aks dAdske] el TRIERF EY
Wol| 2H731A1 DcHCerniglia, 1992). PAHsE 299 E
&= Aslslr] flaiA AEsHEQl WHE HIES =28t
SFAQl W Eo] ©ol| AviE|o] $ith(Riser-Roberts, 1998;
Sellers, 1999). o]&gt WHES] 28 A 7P & AR
< PAHs®| w2 83l|=lld]| o|F a3 3l Aag
AAE Bl ol83lal o olF ARSHAE o83t
EAH FHE PAHsTY &4 LEE4S AlAsk=
71E2 gde] &85 IokKile and Chiou, 1989; West
and Harwell, 1992; Volkering et al., 1998). Z1&\} &
& AH Al B AEGA Ao R H& AX &
£ =¥ = AR o] Q1% WA 3gnI8e] s
Hk=A] EsloF 3CH(Lowe et al, 1999). o]= A=
EG Al 3F Al AHEAAN] H8o] HA| A elA
RS AAGIThE AeME & = lor A
AL AMEE 2D 5 e ANEAA AR I
HE=A] F Q31T (Lowe et al., 1999; Lowe et al, 2000).

A Y= = AALEAS] AR Ve B
slebAQl o g = uf Gy, vt Ao} = 31 e
I AAZIA] oA LHAELS HdelFo=w Fafsle
7l& Bo] FE o]F3L JUtKLowe et al, 1999; Lowe et
al, 2000; An, 2001). 22t ollX 7Iedh AES/ A
A 7168 PAHSE 299 EFe] Hed HEA1A
Eophd B2 Aoke] wpert. 9 @Yo A9 H] 3
LAEAE Ago] o v Hol) =] Ao+ vl
2 odEHe] Fb ol PEFS v vk o
ol o7k 8ullE Al ARSS7] 13 7<) 578
o] a7t} el g ol AELdAlNE AL 7t
FIIEE H|o|2A AHEIAE AT Fgolle s
7}t Lowe et al., 1999; Lowe et al, 2000). H=3F
PAHs?] AE)7 BIE B3Fog she A75e Q9Ed
¥ ot ARSAE A 1l sk S 7
ATHAn, 2001). ©]o] & A= AHSYAE AR
St ERAE FAolA mASH AHEAGA §AS ARE-
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Fig. 1. The process concept of surfactant reuse in soil washing
process. Phase I: contaminated soils with HOCs, Phase 11 : the
surfactant solution after soil-washing process, Phase TIT:
adsorption process by activated carbons, Phase TV : supernatant
solution after adsorption process.

sp7] 9% PHoE BYG FHE ALs wele]
Jeke ol§3 AWBYA A Ko &

 2ds F8sh7] A 71 /Wde Fig. 10149 2
| ERAIF g0 AR AlHEAA] &S SAERS
183t LAEAT AUSPAE Eelgh & AWL/3A
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o AREE 4= SIth= 7doltt

£ 2ds A83h] 98 AlZEle FA F HE 1
itk 1 A WA Sl AUEAE T8k A
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Fig. 2. Distribution of HOC and surfactant in adsorption process
by activated carbons. Phase 1. water/surfactant, Phase II. water/
surfactant/activated carbon.

al. 1992; Edwards et al, 1991; Edwards et al,
1994a; Edwards et al., 1994b; =53k - BE55-, 2003).

B rde T 7 gg2AQl AuEdAlel HoCrt
2zt sl SRk Al2ElE TPt 4 FERE
WA &83le] o] F EHo] FAl EAlshe AlH
oANxe] FAHE dSstarat sisltt. webs AlHEAd
A7} Aol S8 3 hemimicelle2] 84 ol 23
HOC®] 7180 2oy, AlHEAdAL] E3ol| o5t &
Jete] 7% 93log 1gk HoCe] &2 Well a1
oA ettt 1R 2 Fde 71EAQ1 & o
g 7o)l & 40 qlon, B wdl Aujel HAe] AHE
3R} HOCS] F3te] Ajole SAddel F2tE AdgA]
Aol oJgk F3o = AT = US Zo|th

2.1 AlHEMNe| &

A dAle 2eA i A o] & #AF
of A EAlske B8 EAE SA-T FE(CMC,
critical micelle concentration) ©]’F o2 Bgo| EA&
Wl Fig. 20x1¢} o] wldS A3t cMCceE AlMEA]
Aol FFol wet GAS Fhs 7EA =uh, AHEgA
o} Bo] xgFo] 9= Al(Fig. 2, phase 1)l EAJERS
FUshA A3 YRl AHEZA7E SR ] AHEA]
Aol CMC 2 dge] AAEFA] 55 s o]
23+ A|(Fig. 2, phase A ABEAAL] & F=(C,,,
g/Ly= EAgkol 2k AWEIAI(Cy,, gke)ot 8
BMe] F=(C,, gLE UL, 78 o] wee
o] wd e AR (Cpe, gL TEAIZ EAYSE

= AREA FE(Cro L)) T2 HR)ET B
geto] 7FE AlMe ABEAAIT 24 S
CMC7} =58l wls] S7hsal ojhe] cMCE
CMC(s) (LR 3 olg AR 2] Fwrt 4
g€t

Ct,s = Cl,s +f4//CA,s :‘LE]I— Cl,s = C/,mon + C/,mic (l)
C[,mic: Cr,s_ Cm(s) ‘:La:ﬂ- Cl,mon: CMC (lJ( QS 2 Cm(s))
C/,mic: 0 (lf G,S< Cm(s)) (2)

CMC(s) oldolne) AneAle) 22 5248 B4
= Ui theat 2o

Mypic= %mr_ émax(DA - anCMC (3)

A7 fiis B 9] Hl(kgL)E, o5 B
Fkeys YERATE Qe ST Tlgt AHEAA]2)
Ho F2F FHgke), vge £2 HLys HERIT,

gukx o2 getel] SalEe AAE A e 54
FE S QA 1B} ol sl
o ol F2BHA| b= Aoz dHA o (Edwards et
al., 1994a; Edwards et al., 1994b; Gonzalez-Garcia et
al, 2001; Zheng and Obbard., 2002), CMC+= AlWH&
Ale] FHel whe) thew) o) W),

CMS(s) = f1yOmax + CMC “)

Ax Al ol Edeto] FUEY AREdAE 84
goll F3wjo] ol EASIE ST} SoRAAl HW o]
of W&} CMC &3t W3l CMC(s)E HHAA Eot.

/detoll gk AREdAe] F2EE-2 BET 4,
Langmuir 4}, Freundlich 2] 5ol WEtia B3 §)
THUrano et al., 1984; Narkis and Ben-David, 1985;
Liu et al, 1992; Gonzalez-Garcia et al., 2001). ¥ 1
TolMe Ede M5 Fo)7] fls AHEATE 24
gl 28l 99 523§ olF SRS &
o] dojyx] g GAE AE EZ3H(Liu et al,
1992) AAEAA7} SAeke] A&H 02 ek T
(IGAIME Freundlich 218 AFS3laL AHEAIA|S] 3=
7} FFo] dojur| g wA e el e HulgEE
HEE ARSI wEbA] AHEdA7 S8 A&
Hog FAsk= 19AIE Freundlich 212 AM83ld g}
W o 2

CA,s = Kd,s C[r’ls (5)
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A7, K, (Lkgre Al g Aaghdale] F2&
AlE Yepdch 2 24l H-8% Freundlich 41 &
do] HAsLE ) AAEAZAY] AEH] F2o] Yo
Ue FiEoMe A8 =122 78I 2™ (Karickhoff
et al, 1979; Chiou et al., 1983; Walters and Luthy,
1984; Schwarzenbach et al, 1993), &2l =&
g o 74 mgAdAe] W FEE MOt HEE, )

B e Qrpd geo] Ao (kb K8 e
e
de: Qmax/CMC (6)

22, SPAIBEAH/ENE HoIMe] HOC S

ARBAAE A7 B AHA el AlE o
AR HOCE %5289 43 B4 ] 2717 oz
ZA Sl olmle] Bt wAsh AL 589 Aol
X Belsis Bulsel ofs 24 Bk,

K,=X,/X, (7)

71N, X, X, 22t Tl st e 89 Ao
TASk= HOC] = HIE YERIth o] g2 HOCY &
ol BAgle] Ad5olm, logk, @ ABZRA BAE 7HA
= Aoz deix UtHEdwards et al., 1991).

o] AlzHlo] ZAjeto] FUHT AdAe] F=
HOC®] FHlAl Ztel] ®skrh A7)a o] gk Weh=
g =0l SAISk= HOC] 2/detol] tigh §3F 215
Ao EMN o hssith. @49 £ Ale]e] HOC &
W+ Freundlich 2] & &gt 4 3o E3] F=7}
A g2 AolMe dF8An=1)= 33T T Ut
(Karickhoff et al, 1979; Chiou et al., 1983; Walters
and Luthy, 1984; Schwarzenbach et al., 1993).

e

Caj=KaCy; ®)

A7IN, €, (mgkey= SRR T3 HOCS) %L, Kd

(Likgye &gk el HoCeh Edete] fulAlrE
Uehdith. o5 shsiu AUEgA7} sete Al*‘%ﬂo
Z A48T 5 Ak oW K, 3 CMCE 23] of

o] A3} Zo] 18 FHEdwards et al., 1994a).

Kegene= Ka(So/San) s foas) at CMC(s) ©)

SL) oc,s
-S,)A(CMC+S,, )Y]:

oc,s

Ksucmc K(
d,sub d CIS(S

cmce

at sub CMC(s) (10)
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714, S(mg/L)e} S, (mg/Ly= 27t 573+ B3k CMC
o4¢] HOC &3l=0lal, £, (ge= 88| f7I1E 3
F (=102 7FPIAL £, = SRR AUSHAL F
Zglo] we} Mslsle 718 o o] Ao #
e},

0” = foost €xfomxCyx107

(fom (g/g) : ATHEAIA Y] ERAE-E) (11)

A71A e ] {718 vlausie] AHEAGA
7o) il FREE ‘)rE]'lHL FF A= YE
Aok 2 (1)elx] B 28 4715 o) 3o 5%
Aol 75 w‘%‘t& 71 Afﬂ f o] WPy} A

oc,s

ek go] F2A A9 gha B-go] vl =
o) 1 Phe) Tkl FAse #7189 ol foeus @

R EECREEAR o

2.3. HOCY| &3}

A AEEAAT
doz EAPE HOCE 7 ZdollX] Eshses
Hot. ole} 22 HOC| HY EAZolX Y S 53l
A2 MSR(molar solubilization ratio: mol HOC/mol
surfactanty?} S, Z5E vlA A3} 8 g Aol
HOC®] WA (K. (-)E & T UTHEdwards et al.,
1991).

K :(S 1V)lyAi§R (12)

cme O

W H9ge] HOCH EASHA e Al A9l 4e
ST A4S AT 5 ok

E3jaL 9= Al HOC} 2
7HA

X :( 1 ) MSR e yrop— KnoCag

1 K, VCaqj

(13)
WA Sy MSRY} =891
Cog/mg/Lye WA Fo we} |

o7, K& 3w
‘el HOC®] =% C
slgitt.

21 (1301 MSRE %%}71 s &, B oopde,

Cop == Eolok 31, o]52 olfje] & 71E¢] HOC &
A FAE B3 & 4 JUtH(Edwards et al., 1994a).

ﬁa[q,ﬁﬁn[nc,j = ﬁ;;,jJrﬁsZrb,jJrﬁch,j (14)
o714, A EAdEto] Hr=7] 2] Al(Fig. 2, phase
eI 5= & AollAl HocS] & B<(nl, ek v
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ol EAlsh= HOCY & B(7,,, )8 VERIAL, 3
2 FAeto] H7kE o3(Fig. 2, phase 1I), HOC7} Z}
7} w5 SOl ok 2Rl E3E AuGl,
zelan w4, 08 EAIRE HOCY] F B5E
LR gie}. ol gd'o] H7kE7] A & HOCe]
FE 27 Wl EASh= HOCS ot ZoEE v
o Hoz Fd 4 e,

_ 1=
agj T Pmic = CliniVaq (15)

ofuf #e} A (14)9] 7 FEE FalAlreh AHegA ]
FEE XY Hog s v 2k

_II =

Pagj = CagVaq (16-a)
1 - K b
n»"”"ba./' T vag,j d,cmcmA ( -)
K, VyCaq _ S
_ Jo
mic,j m—iqj(mmt - Qmax(DA*CMCan)
1=K,V Caq.j
K VCooi
whag,j
2 (77,1) (16-c)
1 KmVWCa‘Lj

7M., ViLimoly= E9] & Fujo|n], 7]5.0] i (-)
< AFS 22 B gl 919 Al 42 16-a, b, ©)
I} 2 (1555 HOCS E2FAA (2 14 tigste] of
#e} e ol dlgA C,, 5 T Utk

Cug, o (17)

7A,

a= 7Km VW(anJrKd,cch)ac) (] 8-3)
_1I _

b= C/, i”i:me VWan + an + Kd,cmcmac + Km VWmmic (] S_b)
-1

€= ClliniVuq (18-¢)

471 AR K, (LkeE CMCsPIM 589 4
7 B9 F2 4 Alele] HOC RalASolch $1e) 2
N TR Coy F K, (e B ©1881E F2E HOCE]

% 0,8 7% 4 .

CAJ:K

d,cmc

Can (] 9)

9o oAl e ol8alel MSR ke T 4 glow,
o] gko=RE vl A9 HOC ¥EF 78 4 3t

6mic, i MSRX 6/, mic (20)
wzhx] ofE Ao EAlshs HOCY s&= thael 24

AN WGt

Ct,j: CwA,j+ Cl,j ZE]:I—,—— C/,j: Cwmic,j+ Caq,j (21)

714 C, ;= Al EAISKE HOCY FHolH ¢, = o
oz EAslE HOCY F3& UERTh 99 &8
53l SAEE/ARGAIA Aol AaEAAle HOC]
T HE ¢ S ok

ol9} fEo] B Aolr= MEY® Fh(selectivity)yS &
3 ek o83k AWEdAll HOCY HE] ATE
ottt Hee= 4] (22)2F o] HOCS AHEAA)
o] Al vIE VR = 3lom RulAlE 58
Ao] Jigol|Me] TS WALl FEE LFo] Fo
23 rdeA 78 4= Ack(Shuler and Kargi, 2002).
AeEErh 1Ho 22 3hs 7H Agolle AlEE Al B
o HOCZt &9t oJ3l] ez o g Fees ofv|gith

Kinoc  Cu;7Ciy 22)

S(Selectivity) = = 2
a sUrRFACTANT  Ca,s "Clrs

3.0 o ke

3.1. Mih 2AL

Fig. 29] 2719] phase oA E9gk/AAE Al /Zo]
7K Al(Fig. 2, phase el digh Zdlz zz oS
T4} o] Rule EAMYe uHsiA] ggtong
Folzl zzo|Me] HEY gEol theh A= 34 |
o} 2 z2 o] 3182 EXCEL Worksheets ©]-8-
stk AR 2= Hlol2Ad AHEAAR] Triton X-
100 4319t HOCE 2540 28k 29l &4
Ql PAHs T 12]9] 47} 370?] phenanthreneS 1743}
A}, FAEALE S M= AREIA], EA3g 12
I HOCY F%F ¥ Fxolth. Bdle] Fdx HHd
HOCS} AHE/dAe] E)aishs 44 T3
& kS ol83I o I g Table 1, AR} B
J9= Table 2, Z7|27E ESIRE HAERA] AL
A Table 390 A=)3kdtt.

i Ao

)

(1]

3.2. & Al

AFo] A8 EAeRe ZEA|de] YA Darco
20-40, 12-20, 4-12 W& A4S 27t SigmasS 3
T FHE SRR FRSMIl-Q, 1SMQ)E
FxH MHEt] o]EES AAZE T 80°CollA 48A]%F
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Table 1. Properties of surfactant and HOC relevant to this study
a) surfactant (Triton X-100), b) HOC (phenanthrene) (Edwards
etal.,, 1991)

a) surfactant (Triton X-100)

Properties Triton X-100
mol formula CgH,,CH,OE"y sH
M, (g/mol) (average) 625
fem (g8 Clg) 0.634
CMC (mol/L) 1.7x107*
Semm (mol/L) : phenanthrene 13x107°
K,, (-): phenanthrene 10>
WSR (-) : phenanthrene 0.025

*E : CH,CH,0
b) HOC (phenanthrene)

Properties phenanthrene
mol formula CisHyo
M, (g/mol) 178
log K., 4.57
Se (mol/L) 1.0X 107

Table 2. Physical properties of activated carbons in this study

properties 20-40 mesh12-20 mesh 4-12 mesh
surface area (m%g) 621.35 529.68 273.98
pore volume (mL/g) 0.726 0.661 0.270
Ohmax (g-Triton X-100/g AC)  0.30 0.23 0.15
K, (L liquid’kg AC) 49,960 18,860 7,650

Table 3. Summary of parameter values and variables in the
model calculations

Parameter Value Parameter Value

o, (kg/L) 0-0.05 fay 0-0.05
I

C,,,.m.,j (mg/L) 0-100 Dy (g/L) 0-10

Joes (g-Clg-AC) =1 Vy (L/mol) 0.018

oV < F AMARIER] il Agaiick 2y
o Be)H 548 ] S8 NEEE BA7ASAP
2010, Micromeritics; 77.3K, N, gas)& ©]-8-3}o] Bl:EA
A7 F5ES TSFATH Table 2).
wdeo] 74 A o -ﬂr‘jjru]
Triton X-1003} phenanthrene®] &2
71—71-9,] Nf‘ﬂ_g 250 mL )\1-71- __.;;]_ _g_ o]
rpm 20°Colx] 48117 E<F ilﬂ* Al U e el
o] o] FAEE Gt F3o] Bt & AEke] 7]
A JAE AASE] 218l Millex millipore syringe filter

2 T3] 9
3a9e FASAT.
83

O]'OZ] 100
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Fig. 3. Solubilization of phenanthrene by Triton X-100.

(0.45 pm, hydrophilic)® A& & UV #&717 €9 1
% A ZZvET9)(HPLC; Dionex USA)E AME-
3} Triton X-1003} phenanthreneS 2+t 230 nm<}
250 nm IPgoA XS ARSI
SUPELCOSIL LC-PAH(150 mmX4.6 mm, particle size
5 um) ZHES ARS3FYAL A-573(85% acetonitrile I}
15% de-ionized watery> 1.5 mL/min®-2 S}
4. 23t A 0F

4.1. Phenanthrene 25l

Triton X-100°] tg+ phenanthrene®] MSRS- Fig. 39|
YeEMI}. Triton X-1002] CMCE 75 phenanthrene
o] 837} T3] Wah=t] o= CMC oVdollr 34
| v ofs) phenanthreneiﬂ St Skl o
wolt, & AqtellA] gk AHEAIA| Triton X-10001 O
3t phenanthrene®] MSR2 0.086°]H o]= 7]&9] =&
(Li and Chen, 2002) oA A 53t fARRE dhs

HERdiT

4.2. Phenanthrene2} H|HEMN|2| E&

AJEb) S35 AREAdA|e] S3F Bdle dukr o
= BET E 5_21-/\1‘14. 7]—0 ]jO]:__ [q____]:‘l_—j 5101

(Gonzélez-Garcia et al., 2001) o 54 F= o]3}]

= Freundlich == Langmuir 412 WETH(Liu et al,.
1992; Narkis

and Ben-David, 1985; Urano et al.,
1984). AHEdAe] S22 Adeke] Eejslelz] E4d
wet 1 FFo] A==t (Newcombe et al., 1997;
Gonzalez-Garcia et al., 2001) ¥ d79] ¢ HY F

% 9F 4 g Triton X-100/L ©|3}|A= Freundlich 4=
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A F2=RS 20-40, 12-20, 4-12 |4
ol A 22+ 0.3, 023, 0.15 g Triton X-100/g-carbon
o] ZkS Holal QItH(Table 2). e Axte] =717} &
oSS S, v3EAR T vlEEle] gl 35k A
HEGAe] o] TS & & AUt ARG A 9
phenanthrene®] 52521 AP A= Hxo =4 A&
g Aas Fud = AGHCHAAT 5, 2006).

Phenanthrene®] &3kl tfdk S22 Freundlich 4]0
2 38 F don w57t BE 7 Freundlich 25
HE = A%= 12 7PY8lod(Chiou et al, 1983) 3=
2dS weslsle] 288 4=tk Phenanthrene®] &2t
2412 531 phenanthrene®] FHAI(K,)S AHEA 20-
40, 12-20, 4-12 WA 22t 49,960, 18,860, 7,650 L/
kg-carbon®] ks 7FAH o] Zk gt Eeke] vsEEd
7} pore volume®] Zfololl &gk Aolzt & 4 Utk
(Newcombe et al., 1997).

4.3. Z7| AHEdN s &

AAEAHOC Alell E/dgte] T4 AlHe g}
HOC®] el ¥shyh Azt E4eke] =971 gLyt
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Fig. 4. Effects of initial surfactant concentration at 1 g activated
carbon/L and 50 mg phenanthrene/L. (a) surfactant partitioning,
(b) phenanthrene partitioning, (c) selectivity.
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odFtt. ol £ ®dlo] A FF(Crittenden et al,
1985y 7} &ZH(Park and Boyd, 1999)0] AY3}X]
o= 7HESI] whizelet & = ok ey AAl &

g Al AAEdAS] =7t Eolgldll wet s
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Fig. 5. Effects of initial phenanthrene concentration at 5 g Triton

X-100/L and 1 g activated carbon/L. (a) surfactant partitioning,
(b) phenanthrene partitioning, (c) selectivity.
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Fig. 7. Effects of particle size of activated carbons with various
surfactant concentration at 1 g activated carbon/LL and 20 mg
phenanthrene/L. (a) surfactant partitioning, (b) phenanthrene
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C,,;: concentration of HOC sorbed to activated carbon
(mg j/kg carbon)

C, s: concentration of surfactant sorbed to activated
carbon (g surfactant’kg carbon)

Caq,j: concentration of HOC in aqueous pseudo-phase
(mg j/L liquid)

:concentration of HOC in intial aqueous

C/[,ini, J
pseudo-phase (mg j/L liquid)

C,,;: concentration of HOC dissolved in liquid phase
(mg j/L liquid)

C; s: concentration of surfactant dissolved in liquid
phase (g surfactant/L liquid)

Cj mic - concentration of micelle in liquid phase (g
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surfactant/L liquid)

C; mom : concentration of surfactant as monomer in
liquid phase (g surfactant/L liquid)

Cyicj - concentration of HOC in micelle (mg j/L liquid)

C,;: total concentration of HOC in system (mg j/L
liquid)

C,s:total concentration of surfactant in system (g
surfactant/L liquid)

CMC : critical micelle concentration in pure liquid
(g surfactant/L liquid)

CMC(s) : critical micelle concentration when activated
carbon exists (g surfactant/L liquid)

feom:weight fraction of carbon in surfactant molecule
(g carbon/g molecule)

foc, s +organic carbon fraction in original activated
carbon (g organic/g carbon)

fo*c , ‘organic carbon fraction in activated carbon
after sorption of chemicals (g organic carbon/g
carbon)

fas: fraction of activated carbon in liquid (kg carbon/
L liquid)

K cme : carbon-phase/aqueous-pseudo-phase  partition coe-
fficient of HOC for carbon/ aqueous system at
CMC(s) (L liquid/kg carbon)

K,: partition coefficient of HOC between activated
carbon liquid (L liquid/kg carbon)

K, s partition coefficient of surfactant between activated
carbon and liquid at sub-CMC (L liquidkg
carbon)

K subeme - partition coefficient of HOC between activated
cartbon and liquid at sub-CMC (L liquid/kg
carbon)

K,,: micellar phase/aqueous-pseudo-phase partition coef-
ficient of HOC(-)

%m,-cz mole of surfactant in micelle form in system
(mol surfactant)

My, total mass of surfactant in system (g surfactant)

MSR : molar solubilization ratio (mol j/ mol surfactant)

Ny ;imole of HOC in aqueous phase of activated
carbon/aqueous system (mol j)

Zm,,,, j:mole of HOC in sorbed phase activated
carbon/aqueous system (mol j)

Zmic, jimole of HOC in micellar phase of system

after addition of surfactant (mol j)

QOmax - concentration in activated carbon sorbed surfac-
tant at CMC (g surfactant/kg carbon)

S : selectivity (-)

S, : total apparent solubility of HOC in pure liquid
(mg j/L)

Seme - total apparent solubility of HOC at CMC (mg j/L)

Vy: molar volume of water in a system (L/mol)

X, :mole fraction of HOC in aqueous pseudophase (-)

X,,: mole fraction of HOC in micellar pseudophase (—)

e :effectiveness factor relating effectiveness of organic
carbon of surfactant to that of activated carbon
organic matter as sorbent (—)

o4 : weight of activated carbon (kg carbon)

Vg : Volume of aqueous solution in system (L liquid)
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