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ABSTRACT

It has been known that nonlinear characteristics of sorption affect the transport behavior of
water soluble pollutants in soils. However detailed experimental studies have not been performed
to verify the effect of non-linearity of adsorption isotherm on transport of chemicals in porous
media. In this research, the distortion of breakthrough curves of a cationic surfactant
(cetylpyridinium chloride, CPC) in a engineered stainless steel column packed with glass beads
were investigated. Glass beads with about 110 um diameter coated with a thin n-decane film were
used as the media providing the sorption surface for CPC. The CPC adsorption isotherm on the
surface of n-decane from aqueous solution was a typical Langmuir type. The breakthrough
curve of CPC using step input showed a late breakthrough on the front side and early
breakthrough on the back side accordance to the shape of the isotherm. The retardation factor
of CPC was found to be a strong function of the input concentration, which also a
manifestation of the non-linearity of the isotherm. The retardation factors for the CPC with
step input agreed with those of pulse input that the maximum concentrations are controlled to
be the same as the step input concentrations. This results support the validity of the unproven
field practices of using hydrogeotracers with non-linear adsorption isotherms to determine the

hydrogeological parameters, e.g., NAPL saturation, air-water or NAPL-water interfacial areas,
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Fig. 1. Experimental set-up for CPC transport
experiments with a column packed with
glass bead coated with 0.3:m thickness n-

decane film on the surface.

ek A AEE Bl 7452 2004/min. 2 13 H
step input gL HA
2 22718 Al

=
of A7 go1g AYYR

2orl 12 ofy

o A op

ZH(bromide) ¢ CPCE 77} £elsle] d&dslict,
L FEAdA AEEe FHRE] 3271 499
=% 2ot w7l A&HAL Frol wE A
el WskE Yoty sk F 6 /XY ME o
€ CPC #%(0.03-0.9mM) 7} AR&-Edc}. CPCe
CMC/(critical micelle concentration)< 0.9mM oI
o}, pulse input 482 2% Z-& pulse 37](pore
volume®] 40%) & A&t oy f4d9 CPC 5%
£ 283 53] ¥rEAE 1At pulsed] A1E
step input®] A& ZoH pulsed] & A9
HEE 28t CPC $4& $HFFE ubpe] F+
Ao 3tk pulse inputel 213 wt@lFAo] o
oA HAZIY CPC HNF=E FYsER 3
£ CPC #8495 Azt A%3Q step input A
& Ao 71&d vl B WhHoz A

CPC #8947 n-decanete] AWAHE drop-
weight &

mx

o

& AHEsl AT, 20ml Fd
o Zol7t ¢ 2cm H%E n-decaned ¥ ¥ glass

tube(®17 0.5cm)E n-decane Ao €AH3) Y1

& 1L

Journal of KoSSGE Vol.6. No.2 3~14. 2001

co] g g

CPC 894& M3 "ol Yol glass tubed] &2
2HE Y38he CPC 89 #e2 102003 = 3
e FAE SFFo2H CPC 59 W n-
decane¥ CPC FgAz7te]l AW S 23
2 A7 BE AL 25( 1)°CollA AAEYet,

4,1 n-decaned CPC F&o87k9] 3

n-decane? CPC F&d7te] ZRGHZHARE
Fig. 20 YeRA}. ZF549 €48 n-decane?te
ABde-E 2F 48 dyne/cm 29 CPCY %7 3
7htAM AR fieHoz TS 4 F e
 CPCe CMC?R! 0.9 mM ZAHdAE ¢ o]4e

ARgEe] Walt godck 4 5o 2Asl] At
EA4S2IHS Fig. 39 dsigich CPCY n-

decane®d CPC F#&£949 AWZFHLE AYHY
Langmuir type®] $2342 Hole 2oz #H
Atk CPCe AMEErst Ax|o] T8l g
FEE CMC 25 dod ol thE d7Zd7e 2
! A ANEAAZA E3E NAPL-water AR
o o]Fe FEFVHe : CMColdel 444 ¥5)

o~

kvl

50
E -
B 40+ ‘-‘-
g e
) ..
_5 30 ‘\.
(%2} =
= "
2 20 1 "
] \'ub
g10- ..
D i
E ;
0 ; ;
-21 -19 -17 -15 -13

CPC concentrations(In mol/cir)

Fig. 2. Interfacial tensions between CPC aqueous
solution and n-decane measured using
Drop-Weight Method.



NAPL-Z A9el4 Langmuird §454& Holt AWFAR(CPO) o gy FAWAY F554 9
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Table 2, The input Concentrations and Retardation Factors of CPC Transport Experiments with both

Continuous Step Input and Pulse Input

concentration (mM) Rt
exp. # ' pulse - . step pulse step

influent maximum influent front back
1 0.892 0.559 0.562 1.39 1.43 1.44
2 0.562 0414 0415 1.58 1.53 147
3 0415 0.264 0.263 191 1.67 1.55
4 0.263 0.156 0.157 2.03 1.88 1.74
5 0.157 0.064 0.064 2.68 2.78 243
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Fig. 5. Breakthrough curves of tracers through a
column packed with n-decane coated glass
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triangle-inverted back side BTC; relative
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tracer concentration to the influent
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Fig 6. CPC Breakthrough curves : each graph
consists of two BTCs - one for pulse input
exp. and the other for step input exp.; the
input concentration(Co) of step input exp.
was controlled to be the same as the
maximum concentration(Cmax) on the
pulse input BTC; all BTCs were normalized

with respect to the input concentrations.
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