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Optimum Depth and Volume Ratio of Aerobic to Anaerobic Bed for Development of
Small-Scale Sewage Treatment Apparatus by Natural Purification Method
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Environmental Engineering, Jinju National University, Jinju, 660-758, Korea, *Division of Applied Life and
Environmental Sciences, Sunchon National University, Sunchon, 540-742, Korea)

ABSTRACT: To develop small-scale sewage treatment apparatus for detached house of agricultural village,
a small-scale sewage treatment apparatus by natural purification method that consisted of aerobic and
anaerobic bed was constructed. To reduce the area of a sewage treatment apparatus, four different filter
media were used and each filter medium was coarse sand, broken stone, steel slag, and mixed filter media
(coarse sand : broken stone : steel slag = 1:1:1). The efficiency of sewage treatment according to the depth
of aerobic and anaerobic bed and the volume ratio of aerobic to anaerobic bed were investigated in small-scale
sewage treatment apparatus. The removal rate of pollutants according to the depth of aerobic and anaerobic
bed in small-scale sewage treatment apparatus was high in the order of 50 cm < 70 em < 90 cm. The
removal rate of pollutants according to the ratio of aerobic to anaerobic bed in small-scale sewage treatment
apparatus was high in the order of 1:1 < 1:2 *= 1:3, Under the optimum conditions, removal rate of BOD,
COD, SS, T-N and T-P were 98~99, 95~97, 99, 65~66 and 96 ~99%, respectively, in small-scale sewage
treatment apparatus.

Key Wonds: natural purification method, sewage treatment apparatus, depth, volume ratio, acrobic bed, anaerobic

bed, coarse sand, broken stone, steel slag, mixed filter media
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Table 1. Chemical characteristics of the sewage used
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Fig. 1. Particle distributions of the filter media used.

- EC DO  BOD COD sS T-N NH+N NO-N NOsN TP  POsP
PH N ds m (mg L)

Average 73 049 0.16 122 76.2 914 455 187 0.3 0.11 419 268
Range 70~ 035~ 006~ 710~ 315~ 345~ 192~ 192~ 001~ 001~ 201~ 070~
75 057 028 177 231 328 907 243 0.09 027 127 698

Table 2. Chemical characteristics of filter media used
pH EC oM. T-N T-P K Na Ca Mg
(1:5H0) (dS m™ (%) (mg kg)

Coarse sand 7.9 0.05 0.6 74 118 1,638 464 2,212 489
Broken stone 7.8 0.04 11 3.9 184 1,394 154 1,031 1,942
Steel slag 119 5.65 0.2 11 1,071 32 153 762 9,555
Mixed filter media* 95 0.09 12 29 658 1,202 227 1,135 4,195

* Coarse sand : Broken stone : Steel slag =1:1: 1.
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Fig. 2. Diagram of small-scale sewage treatment apparatus according to the depth of aerobic and anaerobic bed.
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Fig. 3. Diagrams of small-scale sewage treatment apparatus according to the volume ratio of aerobic to anaerobic bed.




AAA 3R A 4~F AR A

ue o HA zlo] W 3-8y HE& 17

I7IES G792 E A IR sl oJATHER
74z} 3R AFsioH, 371429 A71E 712 05 m
x A2 05 m x 0] 1 m2A €3] 025 m =7 T3}
Al AF). 719z E 37IFE o @429 A
741119 @429 F7)= 742 07 m x AR 035 m x
=0 1 m 24 §30] 025 m*H7 393, 3718%2 o 8
7189228 B7k 1 : 291 729 F7)E 1R 07 m x Al
207 m x 0] 1 mEA £0] 05 m*HA s}glen, &
718z o @714z 87t 1 : 32 @714%e) A= k=
0.7 m x A2 1.07 m x #°] 1 m&A4] £80] 0.75 m*% 7]
A8, AR A9 F7 2 Al FAAAE A
E P F71x dolo wE 4] a8 2AE 98t
of AAl Y AJFe &8 AR AA U AT F
dsHAl 3ksich

SEEMEIER| 2MEA U ZAN

2F A AN FABE T2 A4 B4
Y 20T AAF R FUAAE & S5
BRI AR Zolel b A8 a&, 37]-¥7] v&ol
e FAE &2 IR FYFS 600 L m” day' 2
3] AL

Aol ost 27 AR I 28 ad
ZARE 20043 625E 20053 69744 Hig AAEIG o,

NS, B9EAYS U PRSE 4 2AEE 470
FAsgon, AR AHE A% 3FE 17 18, oS F
o= AU 43) B4l F 78 BAY 2AS Pkl
2 200049 e BES TeETE

HI
iz

gy
FARNE A0 AFEAN B F APHAY Standard
methodel| &alo] XS, pHE 2AH, ECE EC
meter(Orion, Model 160, Germany)® #43131.2H, DO
4 BOD:= YEejoRlo|=3ER MY, CODE A KMnOy
W 8= SElAgol T, T-NS A E3335H, NHAN
£ A=, NO-NE Holzeh, NOyN+= #5404, T-P
9} PO-P olAF2HE S oz BAF

L3

b

4 A O

ofx Zlojof| wE £XE|gE

AANFFE 7IE 9 F7AEZY A Zold mE
pH, EC ¥ DO¥FE+ Table 304 R nio} o] FAI3h
7] pHE 73019004, sk gxe 2r1dxE Fas
I7VEA Y] pHE AL 2 A4S A4 83~860%
A FAIeel wisl ot FleRleH, Aded 1 9 £
A= 44 126~127 2 11.5~11.82 FAISkeel Hd]

Table 3. pH, EC and DO of the water according to the depth of aerobic and anaerobic bed in small-scale sewage

treatment apparatus

Depth of small-scale sewage treatment apparatus (cm)

. . Raw 50 70 90
Filter media water Treated Treated Treated
water in Effluent water in Effluent water in Effluent
aerobic bed aerobic bed aerobic bed
pH

Coarse sand 8.3 85 8.4 8.5 8.6 8.3
Broken stone 73 8.4 8.4 8.3 8.1 8.4 8.1
Steel slag ' 12.6 13.0 12,6 129 12.7 13.1
Mixed filter media* 115 11.6 11.6 11.7 11.8 11.8

EC (dS m™)
Coarse sand 0.4 05 0.5 0.6 0.5 1.6
Broken stone 05 0.4 0.4 04 04 05 1.7
Steel slag 1.3 2.6 1.5 2.6 1.5 2.4
Mixed filter media* 04 1.4 0.5 1.5 0.6 1.5

DO (mg L)
Coarse sand 7.2 7.1 7.5 6.4 74 5.8
Broken stone 02 7.4 7.0 7.7 6.3 78 56
Steel slag 4.5 7.2 5.4 57 6.5 44
Mixed filter media* 47 7.0 5.9 5.8 6.7 45

*Coarse sand : Broken stone : Steel slag =1 :1: 1.
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Fig. 4. Removal rate of BOD according to the depth of aerobic and anaerobic plot in small-scale sewage treatment
apparatus {{J : Depth of 50 cm, &4 : Depth of 70 cm, B : Depth of 90 cm).
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Fig. 5. Removal rate of COD according to the depth of aerobic and anaerobic plot in small-scale sewage treatment
apparatus (L] : Depth of 50 cm, £ : Depth of 70 cm, B : Depth of 90 cm).
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Fig. 7. Removal rate of T-N according to the depth of aerobic and anaerobic plot in small-scale sewage treatment
apparatus ([J : Depth of 50 e¢m, & : Depth of 70 cm, B : Depth of 90 ¢m).
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Table 4. NH-N, NO»-N, NO>-N and PO:,-P of the water according to the depth of aerobic and anaerobic plot in
small-scale sewage treatment apparatus

Depth of small-scale sewage treatment apparatus (cm)

_ ' Raw 50 70 90
Filter media water Treated Treated Treated
water in Effluent water in Effluent water in Effluent
aerobic bed aerobic bed aerobic bed
NH+N (mg L)
Coarse sand 0.5 05 0.2 0.3 0.5 0.3
Broken stone 12 0.2 0.1 0.6 0.2 0.8 0.6
Steel slag 94 3.6 9.2 3.6 7.0 6.2
Mixed filter media* 94 6.1 7.2 1.9 6.3 7.3
NO-N (mg L")
Coarse sand 3.6 0.1 17 0.7 14 04
Broken stone 2.9 0.1 0.5 0.8 0.1 0.3
Steel slag 0.03 0.1 0.1 0.1 0.3 0.1 03
Mixed filter media* 0.2 0.3 1.1 11 6.4 1.6
NOsN (mg L)
Coarse sand 8.6 1.3 149 44 14 7.8
Broken stone 10.8 5.0 10.2 5.0 9.7 45
Steel slag 011 16 0.1 0.1 0.1 0.1 0.3
Mixed filter media* 0.1 0.2 02 0.1 0.5 0.8
PO,P (mg L")
Coarse sand 0.51 0.19 1.33 0.17 1.17 0.17
Broken stone 155 0.16 0.01 0.46 0.01 0.61 0.01
Steel slag 0.12 0.01 0.22 0.01 0.04 0.01
Mixed filter media* 0.07 0.01 0.11 0.02 0.01 0.01

*Coarse sand : Broken stone : Steel slag = 1:1: 1.
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Fig. 9. Removal rate of BOD and COD according to the volume ratio of aerobic to anaerobic bed in small-scale sewage
treatment apparatus (] : Aerobic plot : Anaerobic bed = 1: 1, B4 : Aerobic bed : Anaerobic bed = 1 : 2, B : Aerobic

bed : Anaerobic bed = 1 : 3).
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Fig. 10. Removal rate of SS and T-N according to the volume ratio of aerobic to anaerobic bed in small-scale sewage
treatment apparatus (C] : Aerobic plot : Anaerobic bed = 1: 1, E2 : Aerobic bed : Anaerobic bed = 1: 2, B : Aerobic
bed : Anaerobic bed =1 : 3).
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Fig. 11. Removal rate of T-P according to the volume
ratio of aerobic to anaerobic bed in small-scale sewage
treatment apparatus ([ : Aerobic plot : Anaerobic bed =
1:1, : Aerobic bed : Anaerobic bed = 1: 2, B :
Aerobic bed : Anaerobic bed = 1 : 3).
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