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ABSTRACT

Advanced Treatment of Domestic Wastewater

by Soil Column

by Ahn Young Mee
Advisor : Prof. Kyung—-Hoon Cheong
Department of Environmental Education,

Graduate School of Chosun University

The purpose of this study was to investigate the removed of nitrogen, phosphorus

and organic matter from synthetic wastewater using the soil column. Soil, wasted
oyster shell and denitrifying activated sludge were used as a supporting media of the
soil column.

In the batch experiment, the addition of 209 of oyster shell to the soil accelerated
nitrification in the soil column.

The influent ammonia nitrogen was mostly convert to nitrate nitrogen in soil
column and little ammonia nitrogen was found in the effluent.

The inoculation of denitrifying activated sludge on soil column was also effective
in accelerating denitrification.

When methanol and glucose were added as an electron donor on nitrate reduction

_6_



the methanol was a more efficient electron donor then glucose.

The influent COD/NO3-N ratio of 4.4 is require to remove the nitrogen
biologically. The removal rate of 86.3% achived in the soil column and the effluent
T-N was about 10mg/L.

In the continuous experiment, the simultaneous removal of ammonia nitrogen and
organic matter occurred in organic matter decomposition reactor.

The T-N removal rate of 87.4% achived at HRT of 36 hours in denitrification

reactor.
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Table 1. Texture and

daet el Mool tet 28 ZALS A A SFQLCEH

permeability of soil

Permeability
Texture (cm/hr)
Sands 63
Coarse Sandy soill —
Loamy sands 57
Moderately coarse — Sandy loam 12.5
f‘i’ne sandy 75
oam
Very fine 6.7
sandy loam
Medium — Loam soils Loam 2.5
Silt loam 2.5
Silt -
Moderately fine — 715 ;imdy clay 2.3
oam
Clay loam 0.88
Silt clay loam 0.6
Sandy clay 0.8
Fine Clayey soils Silty clay 0.4
———CClay 0.57] =F




Sandy clay 7
loam

Sandy loam /
* .

104

S Loamy s/
0 Sand_\san:‘.' / /
100 90 80 70 60 60 40 30 20 10 O

<+——Per cent sand

Fig. 1. Soil classification according to the USDA.

Table 2. Soil texture classification

Soil size Diameter (mm) Grain number | Surface area

Classification n| = = A (number/g) (em®/g)
$¥4 | ®EQ

Very coarse sand| 2.00-1.00 - 90 11

Coarse sand 1.00-0.50 | 2.00-0.20 720 23

sand Medium sand 0.50-0.25 - 5,700 45

Fine sand 0.25-0.10 | 0.20-0.02 46,000 91

Very fine sand | 0.10-0.05 - 722,000 227

Silt 0.05-0.002 | 0.02-0.002 5,776,000 454

Clay < 0.002 < 0.002 90,260,853,000 8,000,000




Table 3. The general properties of surface soil

Quality of surface soil Composition
Sand 70%
Silt 20%
Clay 10%
Water holding capacity at salutation 35%
Particle density 2.65 g/cc
Bulk density 1.55 g/cc
Porosity 41.5%
pH 75
Organic carbon 1.09%
N 0.08%
P 0.03%
NH4-N 10 ppm
NOs-N 30 ppm
CEC 5 ~ 15 meq/100g - soil

Table 4. Permeability classes and rates for saturated soils

Permeability
Texture
Class Sub Class cm/hr
Very Rapid > 50
Rapid Rapid > = 50 sand
Moderately Loamy Sand
. 5 ~ 15
Rapid
Sand Loamy
Loam
Moderate 15 5 Silt Loam
Silt
Sandy Clay Loam
Moderately 05 ~ 15 Clay Loam
Silty Clay Loam
Slow Slow 0.15 ~ 05 Sandy Clay
Very Sl <015 Silty Clay
ery (0A%% . Clay
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Table 5. Composition of synthetic wastewater for nitrification

Components Concentration(mg/L) Remarks
NH,4Cl 191.04 Nitrogen Source
KH2PO4 13.16 Phosphorus Source
NaHCOs3 468

FeCl; - 6H>0 4

KCl1 4
Minerals

MgSOs - 7TH20 5

CaCla - 2H20 4

NaCl 15
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Table 6. Composition of synthetic wastewater for denitrification

o Z A

ME Table 71 &L},

Components Concentration(mg/L) Remarks
KNO; 361.1 Nitrogen Source
KH>PO, 13.16 Phosphorus Source
NaHCO3 468
FeCls - 6H20 4
KCl 4 Minerals
MgS04 - 7TH20 5
CaClz - 2H»0 4
7= Mo e, of ool & Ao As5Mel Ay cds 2l &4

Table 7. Composition of synthetic wastewater for continuous operation

Components Concentration(mg/L) Remarks
CsH1206 140.63 Carbon Source
NH,C1 191.04 Nitrogen Source
KH>PO4 13.16 Phosphorus Source
NaHCOs 468

FeCl; - 6H20 4

KCl 4
Minerals

MgSO4 - 7TH20 5

CaCla -+ 2H20 4

NaCl 15
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Fig. 5. Schematic diagram of soil column on nitrification.
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Fig. 6. Schematic diagram of soil column on denitrification.
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Fig. 7. Schematic diagram of continuous reactor for organic matter

decomposition, nitrification and denitrification.
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Table 8. Analytical methods and parameters

Parameters Analytical Methods
pH pH meter, TOA HM-20S
T-N UV Spectrophotometric method
T-P UV Spectrophotometric method
PO,-P UV Spectrophotometric method
NH4;-N UV Spectrophotometric method
NOs-N UV Spectrophotometric method
NO>-N UV Spectrophotometric method
CODwn Open reflux method




K
E

oK

=
Bl

A
S

_I

S
Al

I,

S
=

LA el O s}
(Fig. 8)0ll A

q |

S
O

7

al
o =
M el

£ OF
M

A

4.1.

ol

-

o0

ot

ANE

2 elol

hog?

9

Hd

0l
%0
(I

JJ
o

0f0

i
0
K
)
3l

Tor
o

=
o

E)|
ij
!
]
o

|

S
-

Sd2 Table 104 Z20{ pHYI Ul w

|

S
-

oln
ol

3¢

o
or
X0

<J

di, ol

=

o1 o
= M T

=

=

Z 1}

24

PAloh0] 2,632

FOPY A 2hol

%

ol
<0
)

oD

ol
J

et Heol &9

>
f=Y

D

Test result
0.7%
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Classification
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Table 9. Properties of the soil for the experiment
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Fig. 8. Particle size distribution curve of soil.
Table 10. Chemical properties of sampled soil
pH OM P,0s5 CEC(me/100g)
Characteristics
(1:5) (%) (ppm) K Ca mg
Soil 5.35 4.4 59 0.18 114 4.06
Sand 7.23 0.2 13 0.06 17.2 4
Soil + Sand 6.23 1.5 11 0.11 12.7 4.03
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Table 11. Characteristics of soil and waste oyster shell a

with in soil column

Packed materials
Components
Soil (Wt%) Oyster shell (Wt%)
Si02 62.40 -
AlO3 20.11 -
Fe203 8.75 -
mgO 1.81 0.74
Ca0O 1.33 97.26
P2Os - -
K20 2.71 0.49
Na2O 1.41 151
TiOq 1.48 -
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Fig. 11. Effluent of methanol concentration (55.6 mg/L)
on denitrification in soil column.
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Fig. 12. Effluent of methanol concentration (111.2 mg/L)

on denitrification in soil column.
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Fig. 15. Effluent of methanol concentration (222.5 mg/L)

on denitrification in soil column.
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Fig. 16. Effluent of glucose concentration (222.5 mg/L)

on denitrification in soil column.
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