583583 A A2d A3E (2002)
Korean Journal of Environmental Agriculture Vol. 21, No. 3, pp. 178-188

HiZ2i0|E ZEiof ofst iz WEskrRz|

Nk
FAoE $ATe
(200219 79 5 FH4, 20029 8€Y 5Y =)

Treatment of Artificial Sewage Using a Zeolite Column
Jeoung-Yoon Seo (Dept. of Environmental Engineering, College of Engineering, Changwon National Univer-
sity, Changwon 641-773, Korea)

ABSTRACT : Constructed wetlands typically cost less to build and operate, and require less enmergy than
standard mechanical treatment technology but they have similar performance to centralized wastewater
treatment plants. Therefore, they were constructed especially many in rural areas, where are small villages but
not industries. Plantless column tests were performed to investigate the possibility on using zeolite as a filter
medium of constructed wetland for the wastewater treatment. Removal efficiency was COD¢ 94.63%, T-P
41.41% and NH,-N 99.75% at hydraulic load 314 L/m’ - d and filtering height 100 cm filled with a zeolite
mixture. This zeolite mixture consisted of 1 : 1 by volume of zeolites in the diameter range of 0.5 to 1 mm
and 1 to 3 mm. Accordingly, hydraulic load 314 L/nf - d was considered as optimal. Three zeolite mixtures
were used to determine the optimal mixing ratio by volume of a zeolite (A) in the diameter range of 0.5 to 1
mm to a zeolite (B) in the diameter range of 1 to 3 mm. 1: 3,1 : 1 and only B in A to B by volume were
tested at hydraulic load 314 L/m’ - d and filtering height 100 cm. CODc- removal efficiency was more than
89% at mixing ratios of 1 : 3and 1 : 1 in A to B. That of T-P ranged 56.42 to 58.72% and, that of T-N
and NH,"-N was 87% and 99% regardless of mixing ratios of two zeolites. Removal efficiency was lower at
the column filled with only B. Removal efficiency was better at filter medium filled with mixing ratio 1 : 1 in
A to B than with the other mixing ratios. Thus, it was found that the mixture of mixing ratio 1 : 1 in A to
B was appropriate for filter medium of constructed wetland. Removal efficiency was higher in down-flow than
in up-flow, and all contaminants were removed most in 20 cm filter height near feeding area.
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Table 1. Chemical component of zeolite used

Chemical component Content(%)
SO, 680 ~ 720
ALOs 90 ~ 140
CaO > 30
MgO >20
KO > 30
Na;O > 40
Fex(5 > 30
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Table 2. Particle size distribution of zeolite mixed with 1 : 1
by volume of a zeolite in the diameter range of 0.5 to 1 mm
to a zeolite in the diameter range of 1 to 3 mm

Diameter 13 1305 05~085 085~17 17 ¢
(m)

Weight (§) 206 193 813 100 74

Welght ~ — og 43 27 Bs 244

percent (%)

Cumulative (o 434 3938 %6 100

percent (%)

Table 3. Permeability coefficient of each zeolite mixture

Mixing ratio by volume*  Permeability coefficient(cm/sec)

A:B=1:1 154 x 10°
A:B=1:3 791 x 10°
B 836 x 10°

*A, Zeolite in the diameter range of 0.5 to 1 mmy; B, Zeolite in
the diameter range of 1 to 3 mm
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Table 4. Composition of synthetic sewage

Component Quantity in 40L tap-water(g)

Glucose 9.00
Na,COs 848
Kd 084
NHC1 3.00
CaCl, - 2H,O 084
Na(l : 150
MgSO; - 7H,O 0.50
KH:PO, 0.53
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q

Fig. 1. Schematic diagram of experimental apparatus.
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Table 5. Operating conditions for the experiment

Experimen- Hydrauhc loading Mixing ratio of zeolite Height of .
tl No.  TOW bpe (L/nt - d) (by volume) fitering bed T ocding method
53 .
113 Feeding :
160 10 minutes
1 Down-flow A:B=1:1 100 em
314 P .
ause :
2‘2(; 350 minutes
A:B=1:1(1)
2 Down-flow 314 A:B=1:3) 100 cm 4
B(IM)
20 cm
Down-flow 38 g ”
100 cm
3 314 A:B=1:1 100 em
80 ecm
Up-flow 60 cm "
40 cm
2 cm

A, Zedlite in the diameter range of 0.5 to 1 mm; B, Zeolite in the diameter range of 1 to 3 mm.
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Fig. 2. CODG concentrations of influent and effluent at each
hydraulic load and filtering bed height of 100 cm.
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Fig. 3. T-P concentrations of influent and effluent at each
hydraulic load and filtering bed height of 100 cm.
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Fig. 4. T-N concentrations of influent and effluent at each
hydraulic load and filtering bed height of 100 cm.
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Fig. 5. NH;"-N concentrations of influent and effluent at each
hydraulic load and filtering bed height of 100 cm.
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Fig. 6. CODc concentrations of influent and effluent at each
mixing ratio{ I (1:1), I(1:3), and I(0:1)) of zeolite A and
zeolite B, and filtering bed height of 100 cm.
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Fig. 7. T-P concentrations of influent and effluent at each
mixing ratio( I (1:1), II(1:3), and TH(0:1)) of zeolite A and
zeolite B, and filtering bed height of 100 cm.

7} ojA)9] 3| Table 59} o] A 1L A LejolE
A% 05~1 mm tf A&Ho]E Y% 1~3 mme] FIjulE 1
11, OE ALHolE dF 05~1 mm o] ALeHolE A
1~3 mme| Hulg 1: 308 T3l oAz AMEska
a83 I AlgelE 97 1~3 mmiks A2 ARSI
o &A)e) FolE 100 em S8 Rahe 314 L/m’ - d=
TLsHAl FYssth

Fig. 6& A37|7F & &dset 2 2y A
QD5 H3lE vehd Aoftt §9959 (0D sEs
180~220 mg/L2 BT 198 mg/Leolyck 1, I, M 29
B &5 FEE 2001, 2036, 3558 mg /L, 222 A7
HEL 8989, 8972, 8208%0|tk A 1T} MelAE A
Fgo] A WSy A9 A & MelA= A
Fgo) Btk oA YHo] F4F Al FWFe] A
317) mEe = Aztdn

Fig. 72 A87|7t B2t 995el 2t L9 Ase] &
FE WSS vER Aotk fYEsy TP v== 311~
406 mg/LZ W3t 349 mg/Lolgth I, II, M ZE9]

T 55 55 152 145 144 mg/L, 283 AAEEL

(o]

re




A geolE Do) o3t AFALsI4AE 183

30
—
S=le o, o & ¢ o
Ex
S |
250 | emnfluent AEffluent T |
= X Effluent 11 O Effluent I |
8 10 B
[
8 s

A A
T s R AR QR E R eE g

0 2 4 6 8 10 12 14 16 18 20 22
Operating time(days)

Fig. 8. T-N concentrations of influent and effluent at each
mixing ratio(( I (1:1), IM(1:3), and HI(0:1)) of zeolite A and
zeolite B, and filtering bed height of 100 cm.
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Fig, 10. COD¢ concentrations of influent and effluent at each
filtering height and hydraulic load of 314 L/m’-day in
down-flow.
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Fig. 9. NH;"-N concentrations of influent and effluent at each
mixing ratio( I (1:1), I(1:3), and MM(0:1)) of zeolite A and
zeolite B, and filtering bed height of 100 cm.
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Fig. 11. COD¢: concentrations of influent and effluent at each
filtering height and hydraulic load of 314 L/nt - day in
up-flow.

cm, BFEEEE 20, 40, 80, 100 cmE 3}3al, A SelolE T3
H&& 97 05~1.0 mme} 1.0~3.0 mm7} F3jd] 1of10]3]
v}k 183 ek Babe 314(L/m dy= #-8-319rk

Fig 1039 118 955 w395 2 39l ne
AF7IZE B3 FrAess 4 2 Ay ODeskE #s}
£ Jepd Aotk ferd 0D sxe 205~261
mg/Le. 5 20743 mg/Lolglch kel oAl o] 20,
40, 80, 100 cmollX B F&F F=v 2001, 2060, 35.73,
1604 mg/L, 283 AAELEL 9150, 9125, 84.83, 93.19%°]
Ak ZdaRFollA= 100, 80, 60, 40, 20 cm A Eolef f=
F i FEv 1336, 13850, 14820, 166.50, 178.00 mg/L,
agla AAEELS 4327, 4119, 3707, 2930, 2442%°|})
skl A oz Fo] 20 eam W) 91.50%2] CODe 74
£ Btk A slakRelME dale] A f714
LFEHe] dids] A&sA 2ErE As €+ ATk
Hiel AEERol e oa 20 am Folold B} 2442% 1
231 100 cm o7 Folel X% 43.27% o] AA o} AFk
oMol Hzlggol wieks] wgkrh skakFe] 80 cm oA =
oo A} A|AZEC] 40 cm 7] FolofA] Kok FAsiii=d),
olA L 4+ F o) 100 am £ol9] A E AR F HFE




184 MAH
6 [ - 30
I & Influent m  Effluent at 20cm

—~ 5 L — A * . .
557 X Effluent at 40cm x Effluent at 80cm | —~ 25 e * ¢ . . .
) | o Effluentat100cm ; S . ™
4t g 2

= |e * o * . o o = u %
S5l ¢ . S 51 ® Influent B Effluent at 20cm

ERE RS . b= X Effuentat40cm X Effluent at 80cm

= X X =

2ol X o X X x 6 = 10 O Efflyent at 100cm |
@ X % z & 8 ] a

&} s X Q [o}

c .l X 2 c = n [ ] 3

o 1 [o] Q 5 ! E 5 2

O = o ¥ o R

8 % J
0 ‘ . 0
0 5 10 15 20 25 0 5 10 15 20 25

Operating time(days)

Fig. 12 T-P concentrations of influent and effluent at each
filtering height and hydraulic load of 314 I/m’-day in
down-flow.
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Fig. 13. T-P concentrations of influent and effluent at each
filtering height and hydraulic load of 314 I/if - day in
up-flow
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down-flow.

30
Jsi e e e ¢ MR
g .
221 & Infuent m Effluent at 100cm
S X Effluent at 80cm x Effluent at 60cm
©'5 1| o Effuentatdocm A Effuent at 20cm
Sl a = ]
e n n " [ ] s
S X
o5k 4 ¥ = £ 45 ¥ & § =

o

10 15
Operating time(days)

5 20 25

Fig. 15. T-N concentrations of influent and effluent at each
filtering height and hydraulic load of 314 I/m -day in
up-flow.
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