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Batch test and column test were performed to develop the design factors for
PRBs against the contaminated groundwater by ammonium and lead. Clinoptilolite, one
of the natural zeolites having excellent cation exchange capacity(CEC), was chosen as
the reactive material through the ion-exchange mechanism. In the batch test, the
reactivity of Clinoptilolite to ammonium and lead was examined with varying the
particle size of Clinoptilolite. The unit weight of Clinoptilolite showed removal
efficiencies of 65 % against the ammonium and 98% against lead. The effect of particle
size of Clinoptilolite was not noticeable. In the column test, the permeability was
examined wusing flexible-wall permeameters with varying the particle size of
Clinoptilolite. When the washed Clinoptilolite having the diameter of 0.42-0.85 mm was
mixed with Jumunjin sands in 20:80 ratio (w/w), the highest permeability of 2X10*-7X
10 “cm/s was achieved. The reactivity and the strength property of the mixed material
were investigated using fixed wall column having 8 sampling ports on the wall and the
direct shear test, respectively. Clinoptilolite was found to be a suitable material for
PRBs against the contaminated groundwater with ammonium and/or heavy metals.

key word : permeable reactive barriers(PRBs), Clinoptilolite, ammonium,
lead, flexible-wall permeameter, fixed wall column

l_A-]E
2% o YR &4 THE GEEF o] FEE 2000 ppm FEZ oh$ ol
AE47 a5 £2E A$ FREA oF &5 ool Az4Y Rew SPWUT)
w3 Ao dEHon ARFHe 335 57 NEA 54 WS 2 Ao nn
51 9ol oo GRF oo} & 5 Foleoz odE Aatsol fF Hspuieto]
N33 27U
Mg BYgsrige iz, 04 A4l 52k 220 wgEA A
AW Fa WAS AAGd Aa4s Asss e A Beus) sPe 7E
Aek4 Ae7EA %A ¥ (pump-and-treat)ol thal, Aol PR FH E4L ol
gotis o] o} fAMLo] A 5 vk Hxe weHAE 97 L o &
Q4715 PEE 099 Ad5E FHT BHow AEHAL HI FUANE 97t 3



S ol88 9BV B2 V%] U@ AT B 0TI Yk HAH
FEEoY FEE02 098 NAFE A o WeHAY HgYS JET AT
= A9 gt

ool 2 ATAE FREOIY $ELCE 0dF Agsol & s e
g g B0z ALHIES WIEAD AT Ao A BIHS AFHAT $
A BEa 29 B AR BIAL BANAD, ANHATFIIE o8 TEYol &
g3re Aeoln WeBAY FEAFE ARG, BUL o83 AFHAAL 1S
4 Brhse @u FAYHAA A U ARAYe AN AR FESHE o
shelch
2499

2.1 &4 479

250 mlel ZgtA=e] 0-0.15 0.42-0.85, 1-25 mme| Clinoptilolite(Silver&Baryte
Ores Mining Co. S. A.(Greece))E& 1 g¥ Y1 80 mg NHs'/L9 ¢42F &< 100 ml X&
FABAT. A A 5 ml¥ AEE AHT ICE AT @ Ff, ol27tE 1
Aa 27|15 EE 40 mg PVY/LE Q3T BHdE ICPE AHE8igth 334 &4 BF
& o (standard solution, Cica-reagent, Kanto Chemical, Janpan) & 34} 3] A}-&3& ).
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Figure 1. Flexible-wall permeameter Figure 2. Fixed wall Column
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Figure 3. Batch test results for ammonium
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Figure 4. Batch test results for lead
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Figure 5. Permeability results
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Flgure 6. Permeability result after washing
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Figure 7. Column test results Figure 8. Direct shear test results

34 AYABAY

29 8e APAVAYY AAE BAFT IPAA & F YRl HFF EFL
BASE FRAA e £YES FEEHAREZ, 49 187Dl 2 BelHA
Fe AL & 4 Aok mebd weuAe FEE FRHF A FUA Q=

1. M. J. Zamzow and J. E. Murphy, "Removal of metal cations from water using
zeolites”. Separation Science and Technology, 27(14), pp. 1969-1984 (1992)

2. L. Curkovic, S. Cerjan-stef Anovic, "Metal ion exchange by natural and modified
zeolite”, Wat. Res., 31(6), pp. 1379-1382 (1997)

3. A. D. Gusmao, T. M. P. Campos, M. M. M. Nobre, "Evaluation of some factors
affecting the design of reactive barriers”, Environmental Geotechnics conference (1998)

4. U. S. Environmental Protection Agency, Permeable Reactive Barrier Technologies for
Contaminant Remediaticn, (1998)



