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Abstract

¢ Removal of nutrients from domestic sewage or industrial wastewater is needed to protect surface waters from

eutrophication. This research was carried out to remove the nitrogen (N) and phosphorus (P) from the wastewater using the
iron oxide obtained from the steel industry and the natural zeolite, respectively. This research was conducted in both batch and
continuous systems. The removal efficiency of the nutrients was evaluated in the batch system using the varying
concentrations of zeolite and iron oxide added. The removal efficiency of N was 60% at the 8g of zeolite added. In the same
condition, the removal efficiencies of N were 76% and 82% at 12g and 16g of zeolite added, respectively. Removal efficiency
of P was 80% as 8g of iron oxide was added. The removal efficiency of P was correspondingly increased as the concentration
of iron oxide was increased. Continuous column system was also used to evaluate the removal efficiency of N and P by the
addition of zeolite and ferric oxide, respectively. Removal efficiencies of N were compared in the mixed packing, two stage,
and four stage columns, respectively. The removal efficiencies (80%) of N in the separate packed columns (two and four
stages) were higher than the mixed packing column (40%) afier 90 hr. Whereas, the removal efficiencies of P were similar to

each other in the three columns.
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Table 1. Physical and chemical properties of natural zeolite

Properties Ranges

True density 1.72 g/cm3

pH 7.21 in 5% solution at 20°C
Particle size 20-30 mesh

Water adsorption 8.21% at R.H 50%

Purity 55~60% from XRD analysis

Table 2. Chemical compositions of raw and pretreated natu-

ral zeolite
Component Raw zeolite Pretreated zeolite
(ww %) (wiw %)
Si0: 63.70 62.91
AbLOs 11.12 13.92
Fe203 1.17 0.88
Ca0 3.02 0.95
MgO .75 0.68
Na;O 0.30 420
K20 2.94 3.05
H.O 16.00 14.78
Total 100 100
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Fig. 1. Procedure for iron oxide preparation.
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Fig. 2. Schematic diagram of continuous column.
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Fig. 3. Relationship between NHi-N and PO;’-P concent-
ration and reaction time in batch reactor(Dosage of
zeolite and iron is 8 g).
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Fig. 4. Variation of NH,N and PO, -P concentration as a
function of time varying dosage of zeolite and iron

oxide.
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Fig. 5. Variation of PO,”-P & NH,'-N concentration as a
function of time.
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Fig. 6. Variation of concentration and removal efficiency of
NHs-N & PO,-P in mixed and separate packing
with zeolite and iron oxide.
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NH,N & PO, -P varying pH.

S S es x| M20 H23, 2004

Holx vk wHE 70417 o] FREE AhFer) IR F
7} 3ter ol pHol didt J¥x= veh}r] Azksldc)

pH7F 720 7% E3 &9 100/ & AAES
(90%)& UERSITE 7041 o] % 100A1ZF Alolole pH
o] w¢ ZA BE HUoH, AAEEL pH 7>5>3>9
o] &M 2 YEsth &9 100413 o]Fo= pH 3l o}
& ZAaAAAEo] YBHIRA X3ta pH 5, 7, 9= A
o] FABIATE pH 39 2AAME AYF &0l T3
ZaEe g4 yehdth Q19 Al o} pHell g
AY A= Fig. T(bottom)¥} . Q19 A9+ pHY ¥
o] AA & Ao YEhgon ol AYe] ¢y A
Al JA pH7E Qe HYE 7Y gEQ Rez wad
ok ISAIZE o]% Q19 TEE 9 14 mgLE AAHEELS
36%2 fAgo] AAHULL AgelolEd] 9 A4AA
€ Ak A% Q1 AAA B} pHel tig o] &
g F

34. AtspEo| H|mA

?l AAMR At FEAF A5 PN 2 3o
E Ul i) SR ZAA o]&" slEe oA
At vle} Zol d JFTANA By AL A
of AP AAIA o] 8t vhE d42 dYPelA
olg¥ AsHEe FuFeheo AR AsHo] o]
sl Ql AA &g HwEy] Y8 FHE4 vim 49
< P3Ao-

500 mL ®lo]7 o] 20 g ¥ AgYE Zhzt Y3 1543}
T ERSAIR) & Q9] % #EEYTh 7] 16 mg/Le)
Qe 15X ¥HE T AJokg kBt A9 44 mglE
73%2 AAEES eSS 8HH, 3 7123 o4
ol A& A A AzxH AsHH] A¢E 02 mglLoldt
2 99%7F AAde] BEEHAG ey A HEFANA
HAsE e AElEle olfdhe o] ¢ AAZW b
#AE Aoz AFH

4.2 B

Zeolite9} 2+3}3 L ©]83te] NH,-N and PO, -P9| &

HeAMe g MEA 82 488 e 2

1. Zeolites} AF31AS FAM 1:12 E3ste] NH-Ne}
POMPE BA FHE A5E HEMoR 1M HIY
39& @ NH,N and PO,°-P9) AAFLL Zz 75%
g 80%= FAA 7} 7Hedte] #FEH A

2. A&EY HYoNA Zeolited} 3HE #e RHIE E
3 2 By 218 As 2 A8 MY dy Fx
AAE #7 23T Z¢7t #2& AAZEE VRN
o1} Q AAE BEF 2L AAEo] #AHA.

3. Zeolites} A3tHE #e FHzE 29 Ry FIE FH
oA pH7E 3-99] A9 60AIZt7AR] MAEL FRo,
o]F wHAIZE oAM= pH 70] 74 £2 AAREE Y
ERALE;. 918l AAE 10A1774A] pHo| 93 Gae



Hel Zeoliteo} MSIHE OIBE WS = W4 U ol %2 109

Bgon 1047 olFelE o] Qe Aoz B
At

4. AAA Frbs RN FAEE @ol AHEe

olg-e Aok 43 olguT} AYIE AYE W
S RELE EE DR ECIRCT

AnEs

. US Environmental Protection Agency, Manual nitrogen
control, EPA/625/R-93/010. Office of water, washington,
D.C. (1995).

Vaughan, D. E. W,, Synthesis and manufacture of zeo-
lites, Chem. Eng. Prog., 84(2), pp. 25-31 (1988).

. Liberti, L., Boari, G. and Passino, R., Phosphates and
Ammonia Recovery from Secondary Effluents by Selective
fon Exchange with Production of a Slow-Release Ferti-
lizer, Water Res., 13(1), pp. 65-73 (1978).

. Nguyen, M. L., and Tanner, C. C., Ammonia removal
from wastewater using natural New Zealand zeolite, N Z
L Agric Res, 41, pp. 427-436 (1998).

. Jorgensen, T. C., and Wealtherley, L. R., Ammonia remo-

val from wastewater by ion exchange in the presence of
organic contaminants, Water Res., 37(8), pp. 1723-1728
(2003).
Milan, Z., Sanchez, E., Weiland, P., De las Pozas, C.,
Borja, R., Mayari, R. and Rovirosa, N., Ammonia remo-
val from anaerobically treated piggery manure by ion
exchange in columns packed with homoionic zeolite, The
Chemical Engineering Journal, 66(1), pp. 65-71 (1997).

7.

10.

11

12.

13.

Torracca, E., Galli, P., Pansini, M. and Colella, C., Ca-
tion exchange reactions of a sedimentary chabazite, Mic-
roporous and Mesoporous Materials, 20(1-3), pp. 119-127
(1998).

Kesraoui-Ouki, S. and Kavannagh, M. Performance of
natural zeolites for the treatment of mixed metal-
contaminated effluents, Waste Management & Research,
15(4), pp. 383-394 (1997).

Wakatsuki, T., Esumi, H. and Omura S., High perfor-
mance and N,P-removable On-site domestic wastewater
treatment system by multi-soil layering method, Water Sci.
Tech., 27(1), pp. 107-113 (1993).

FA=, A zeolite® ©]83 FEH X$o ¢R
Uokd AaAA, G eu YA e=F (1994),
APHA, AWWA and WEF., Standard methods for the
Examination of Water and Wastewater, 19th Ed., Washing
DC, USA. (1995).

Chung, Y. C., Son, D. H. and Ahn, D. H., Nitrogen and
organics removal from industrial wastewater using natural
zeolite media, War. Sci. and Technol, 42(5-6), pp.
127-134 (2000).

e, HIE, 8, A LEolEY R Fo|2
T mAe YA R 22T B A7, o
L4311 813 &), 12(3), pp. 75-80 (1998).
Ratanatamskul, C., Chemchaisri, C. and Yamamoto, K.,
The use of a zeolite-iron column for residual ammonia
and phosphorus removal in the effluent from a membrane
process as an on-site small-scale domestic wastewater
treatment, Water Sci. Tech., 31(9), pp. 145-152 (1995).

Journal of Korean Society on Water Quality, Vol. 20, No. 2, 2004



