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Removal of Nitrate in Column Reactors Using
Surfactant Modified Zeolite

Kyoohong Park'* - Dongho Lee®

'Department of Civil Engineering, Chung-Ang University
2Geoworks, Seoul

ABSTRACT

The objective of this study was to investigate the characteristics of nitrate removal by conducting the column test in order
to see the performance of surfactant modified zeolite (SMZ) as a permeable reactive barrier material. The prediction of
nitrate removal was tested using the one-dimensional advective-dispersive model fitted to the experimental breakthrough
curve. A methodology for scaling up to in-situ permeable reactive barrier was also proposed. The breakthrough of nitrate
in the column packed with SMZ was well predicted using linear equilibrium adsorption model. The breakthrough time and
half-life obtained by breakthrough experiment with variation of flowrates were decreased with the increase of flowrates.
When 10 m*day of groundwater containing the 50 mg/l of nitrate is to be treated to satisfy the potable water quality
criteria (10 mg/l) by SMZ reactive barrier, 300 tons of SMZ and about 6 years of breakthrough time will be required,
suggesting that 165 million wons are needed as barrier material expenses in each 6 years besides the initial design and
construction expenses and the minimal monitoring and maintenance expenses.

Keywords : Surfactant-modified zeolite, Permeable reactive barriers, Nitrate, Column reactors, Advection-dispersion model
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Table 1. The Characteristics of Zeolite
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Physical (0.5-1 mm)
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Moisture Content 8.3%
AlLO; 12.21%
SiO, 72.60%
Chemical FezO3 2.17%
emica CaO 1.62%
Components
MgO 0.84%
K,0 2.80%
Na,O 1.88%
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¢ Fowrate = mifmin

. Flowrate = 05mlimin
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~— Expalibrivem somtion model
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Fig. 1. Experimental data and Simulated Breakthrough curves of
Nitrate in SMZ Column.
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Table 2. Model Parameters of SMZ Column

Flow rate
(mlfmin) 1 0.5 0.25
€ 0.49 0.41 0.45
v (cm/min) 042 0.25 0.11
D (cm*min) | 0.01310.005 | 0.0182+0.0004 |0.0009+0.00007
R 14.6+0.1 21.39x0.03 28.2410.02
I 0.99 0.99 0.99
A (D/v) 0.03 0.073 0.008
Kq (L/kg) 4.5 5.69 8.3
f 0.9878 0.9999 0.9631

€ = Porosity; v =Pore velocity; D = Dispersion coefficient; R =
Retardation factor; A = longitudinal dispersivity; K, = Distribution
coefficient; f= Fraction of equilibrium sorption sites.
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Fig. 2. Experimental data and Simulated Breakthrough curves for
Dispersion coefficient (D) variation.
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Fig. 3. Experimental data and Simulated Breakthrough curves for
Retardation factor (R) variation.
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Fig. 4. Breakthrough curves of Nitrate in SMZ Column
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Table 2. Parameters of SMZ Barriers

v v, Vs M T Ve
(m’) | (m'kg) (m*) (ton) | (day) | (m’)

2004 [4.67X107°| 84X 107 | 300 141 1410

Journal of KoSSGE Vol. 8, No. 2, pp. 55~61, 2003

3, dukEel Al o] Aatddae] Hojx Bits
=7} 33 mg/LEZEW 5, 2000021 Aol Hial] & AellA
= 50mg/le] Z/1EEE AMsien®, sMzel A
Axo) AAS 93 F20) FEE ool Hol s
Aog FEEZ UE o9 Welazyt ok W
wz)o] AMET P70l B4 ¥ V18 Ao R ke

=2
—

h
[

SMZ ZEol|A A AAo] AES AdE3IeH,
CXTFIT Modets ©838l salat4g sjidatar, 44
wheuix o] AAMPHES AAIAES AT

1) SMZ HBAFZAANZ 0]83 CXTFIT Model®]
SimulationZ2#, W}-¢- YXsh= dTAE VeRLL gle
H SMZE o83 A Ao AA o A, HIHE

Ao Rvhs PYPFARAS F8she Flol
SE)3 Aow dddEn)

2) B ] Az (e AR A
o] SAlsAl VAL 9loH | o) A met o),
2 2oz ggAe] A AU, T FHE Fd
AT, 1,9 X ol 97 P wohs #AM)
gro] oJgke. Hix] ok= log FRIFUT) A BE
D7 (npre e 716 vl s

3) AR dgie] BHE 712Z VHRA R
AT ) WHES AXBIeH, A dAas
=7} 50 mgLl! Ak 10mE &85 AVIE]) 10
mg/LE A7 T2 @ 739, 300 ton2] SMZE AME-3}
o oF 6d 7h5.84) wiEe] @A glo] SMZRFEHAE
AR & e ASE 5=

1Y

|
E‘I

°]

fus

I o
F
o

e 1

aAel 2

771N A8R7 e e 2] A ol
T} FEElen, du] Aol ZAE =-UTh

¢
fr

I
o

it}

1. USEPA (1998), Permeable Reactive Barrier Technologies
for Contaminant Remediation, EPA/600/R-98/125.

2. USEPA (1998), Metal-Enhanced Dechlorination of Volatile
Organic Compounds Using an In-Situ Reactive Iron Wall,
EPA/540/R-98/501.

3. Powell, R. M., Puls, R. W., Blowes, D. W., Vogan, J. L,,
Gillham, R.W., Powell, P.D, Schultz, D, Landis, R., and
Sivavec, T, (1998) Permeable Reactive Barrier Technolo-



10.

11.

12.

13.

15.

16.

17.

SMZZ o83 Ayuks-

gies for Contaminant Remediation; EPA/600/R-98/125; U.
S. Environmental Protection Agency.

. Lackovic, J. A., Nikolaidis, N. P., and Dobbs, G. M. (2000),

“Inorganic Arsenic Removal by Zero-Valent Iron”, Envi-
ron. Sci. Technol., 17, pp. 29-39.

. Farrel, J, Bostick, W. D., Jarabek, R. J, Fiedor, J. N. (1999),

“Electrosorption and Reduction of Pertechnetate by Anodi-
cally Polarized Magnetite”, Environ. Sci. Technol., 33, pp.
1244-1249.

. Eykholt, G. R. and Davenport, D. T. (1998), “Dechlorination of

the Chloroacetanilide Herbicides Alachlor and Metolachlor by
Iron Metal”, Environ. Sci. Technol., 32, pp.1482-1487.

. Nam, S and Tratnyek, P. G. (2000), ‘“Reduction of Azo Dyes

with Zero-valent Iron”” Water Research, 34, 1837-1845.

. Devlin, J. F,, Klausen, J. and Schwarzenbach, R. P. (1998),

“Kinetics of Nitroaromatic Reduction on Granular Iron in
Recirculating Batch Experiments”, Environ. Sci. Technol.,
32, pp. 1941-1947.

. Agrawal, A. and Tratnyek, P. G. (1996), “Reduction of Nitro

Aromatic Compounds by Zero-Valent Iron Metal”, Envi-
ron. Sci. Technol., 30, pp. 153-160.

Huang, C. P, Wang, H. W. and Chiu, P. C. (1998), “Nitrate
Reduction by Metallic Iron”, Wat. Res., 32, pp. 2257-2264.
Choe, S., Chang, Y. Y, Hwang, K. Y. and Khim, J. (2000),
“Kinetics of Reductive Denitrification by Nanoscale Zero-
valent Iron”, Chemosphere., 41, pp. 1307-1311.

Alowitz, M. J. and Scherer, M. M. (2002), “Kinetics of
Nitrate, Nitrite, and Cr(VI) Reduction by Iron Metal”, Envi-
ron. Sci. Technol., 36, pp. 299-306.

Li, Z. and Bowman, R. S. (1997), “Counterion Effects on the
Sorption of Cationic Surfactant and Chromate on Natural Cli-
noptilolite”, Environ. Sci. Technol., 32, pp. 1948-1955.

. Li, Z,, Stephen, J. R., Zou, Y., and Bowman, R. S. (1998),

“Long-Term Chemical and Biological Stability of Surfac-
tant-Modified Zeolite”, Environ. Sci. Technol., 32, pp. 2628-
2632.

Li, Z. and Jones, H. K., Bowman, R. S., and Richard, H.
(1999), “Enhanced Reduction of Chromate and PCE by Pel-
letized Surfactant-Modified Zeolite/Zerovalent Iron”, Envi-
ron. Sci. Technol., 33, pp.4326-4330.

Li, Z., Burt, T., and Bowman, R. S. (2000), “Sorption of
Tonized Organic Solutes by Surfactant-Modified Zeolite”,
Environ. Sci. Technol., 34, pp. 3756-3760.

Johnson, R. (2001) “Summary of Pilot-scale Modeling of A
Permeable Reactive Barrier Filled with Fe/SMZ Cubes”,
http://cgr.ese.ogi.edu/leap/fpubs.

. He8), A, AEY, 8789 (1999), “HRe=17] Fe0id

2 ol g3 A Ae) B9 B WG] WS SR 3

2E3173813] %], 15(2), pp. 257-264.

A A AA 61
19. HPHEF (1999), “F-45 B-S o435 TNT A 2] FH8 4

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

7, SR EFAESA]. 41), pp. 97-107.

A8, A8, u e, 279, A9 E. 2001), AR
&) AR} ETHES-S o8-8 QM FA e, P e
2, 17(5), pp. 565-571.

B, 015 (2001), “f7 | LBE D FEEe] B AlA
Z 9138+ F2HA) 241 2) Organobentoniteol] 3+ A2, T gk
73383 FAIEk S =3, pp. 111-112.

o] AF, uAlS-, AUTH2001), “F22WAT o) FA) A
AE A FHAZA Q) F7] BV | Eol] A7 A5, 7
TABFESEEEEIA, 6(4), pp. 41-50.

O[F T, o, BhfE, o8}, MERH (2002), “EaAAE
S w-g e A mj @2 A e] A A Zeolie$ SMZ(Surfactant
Modified Zeolite)2] 2-8-3 387}, @=273 314 18(5),
pp. 483-492.

Lee, D., Lee, W, Lee, J. H,, and Park, K. (2002), “Enhanced
Sorption of Nitrogen Compounds Using Natural and Surfac-
tant-modified Zeolite as A Permeable Reactive Material”,
The 6th International Symposium on Environmental Geo-
technology and Global Sustainable Development., July 2-5,
Chung-Ang University, Korea.

Haggerty, G. M., Bowman, R. S. (1994), “Sorption of Chro-
mate and Other Inorganic Anions by Organo-Zeolite”, Envi-
ron. Sci. Technol., 28, pp. 452-458.

Brusseau, M. L. (1992), “Non-equilibrium Transport of Organic
Chemicals: the Impact of Pore-water Velocity”, J. Contam.
Hydrol., 9, pp.354-368.

Kookana, R. S., Schuller, R. D. and Aylmore, L. A. G.
(1993), “Simulation of Simazine Transport through Soil Col-
umns Using Time-dependent Sorption Data Measured under
Flow Conditions”, J. Contam. Hydrol., 14, pp. 93-115.
Selim, H. M., Davidson, J. M., and Mansell, R. S. (1976)
“Evaluation of A Two-site Adsorption-desorption Model for
Describing Solute Transport in Soils”, {n Proc. Summer
Computer Simulation Conf., Washington, D. D.

Cameron, D. A. and Klute, A. (1977), “Convective-dispersive
Solute Transport with A Combined Equilibrium and Kinetic
Adsorption Model”, Water Resour: Res., 19, pp. 718-724.

van Genuchten, M. Th. and Wagenet, R. J., (1989), “Two-
site/two-region Models for Pesticide Transport and Degra-
dation: Theoretical Development and Analytical Solutions”,
Soil Sci. Soc. Am. J., 53, pp. 1303-1310.

Toride, N., Leji, F. J. and van Genuchten, M. T. (1999), The
CXTFIT Code for Estimating Transport Parameters from
Laboratory or Field Tracer Experiments, Research Report No.
137, U. S. Salinity Lab., U. S. Department of Agriculture.
Fornwalt, J. J. and Hutchins, R. A. (1966), “Puritying Liq-
uids with Activated Carbon”, Chem. Eng. (11 April): 1979;
(9 May): 155.

Journal of KoSSGE Vol. 8, No. 2, pp. 55~61, 2003



