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Abstract

This study was carried out to evaluate the performance of Modified Ludzsck Etinger (MLE) process with waste oyster shell
media in aerobic tank. Influent flow was 36 L/d and thc order of reactor was anoxic, acrobic and sedimentation tank and unit
hydraulic retention time was 2 hr, 6 hr and 4 hr, respectively. Sludge recycling rate in sedimentation tank and internal
recycling rate were 100%. Media fill rate in aerobic tank was 5%, 10% and 17% and fluid MLSS concentration in aerobic tank
was 3000~4000 mg/L. Average TCOD removal rate was 91~93%, TBOD 92~96%, SS 95~96% and when media fill rate was
10% or more, in organic compound removal it could satisfy with wastewater discharge standard. Average total nitrogen
removal rate was 70~76% and average total phosphorous removal rate was 58~65%. With media fill rate increasing, total

phosphorous average removal rate also increased. For it was that released calcium ion from waste oyster shell reacted with

soluble phosphorous. From these experiment results, the MLE process using waste oyster shell as media is a practical method

for advanced sewage treatment in rural area.
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Table 1. Operating conditions of all modes

Mode Media Internal MLSS
fill rate recycle(%) (mg/L)
Mode 1 none 100 3,300
Mode I 5% 100 3,200
Mode II 10% 100 3,500
Mode IV 17% 100 3,400
DO: 2.1~3.0 mg/L,
Remark Return sludge ratio:g 100%
Table 2. Characteristics of influent
Item Min. Max Avg.
Ca” 11.2 14.1 12.8
pH 6.2 6.8 6.5
TBOD 85 176 140
SBOD 29 94 62
TCODcr 225 373 280
SCODer 62 170 118
TSS 73 148 97
VSS 52 137 86
T-N 20.0 38.4 26.0
TKN 19.5 36.0 25.5
NH,'-N 16.6 26.2 19.6
T-P 29 4.7 3.6
PO,"-P L6 2.2 19
Alkalinity 105 143 124
$Y5E AR FUFE TR LA WA
FEH] dwrAQl st JHET frIEET L4
TE7F 22 Holth Table 2& §U3549 A4e2 BOD
= "yt 140 mg/L, COD+ H#F 280 mg/LE Qut E/\]‘Eﬂ-

9] COD/BOD H|gl

2 et
A 43}

(Randall et al,
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1992)31)
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d29 a92 veit B3ES Had 9 454 g2
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Al ek
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Table 3. Organic removal efficiency of each mode
Influent Effluent Removal
Mode (mg/L) (mg/L) Efficiency(%)
TCOD TBOD TCOD TBOD TCOD TBOD
I 286 137 30 13 89.5 90.5
il 301 141 26 12 91.4 91.5
m 277 143 21 8 92.4 94.4
v 287 155 19 6 93.4 96.1
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Table 4. Nitrogen removal efficiencies of each mode

Influent
Mode (mg/L)

Effluent Removal

(mg/L) Efficiency(%)

T-N NH,"-N T-N

NH," N NO;-N T-N NHs-N

34.8 23.6 12.0

0.8 9.33 65.5 96.6

33.9 20.4 10.2

0.4 792 69.9 98.0

30.5 15.9 8.3

2 (B85

0.3 4.47 72.8 98.1

28.6 235 6.8

0.4 4.45 76.2 98.3

NHa -N(m g/}

Inf Anoxic Oxic Eff

—e— 0% Fill rate —=— 5% Fill rate
—a&— 10% Fill rate — ——— 17% Fill rate

Fig. 3. Variation of NH,"-N concentration of unit process.
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Fig. 4. Variation of SCOD Concentration by unit process.
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Fig. 5. Variation of NO3;-N Concentration by unit process.
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Table 5. Phosphorous removal efficiencies of each mode
Influent Effluent Removal
Mode (mg/L) (mg/L) Efficiency(%)
T-P PO,"-P T-P PO,"-P T-P PO,"-P
I 3.84 1.84 2.33 1.26 393 315
i 3.35 1.53 1.40 0.86 58.2 43.8
m 3.76 201 1.43 1.12 62.0 44.2
I\ 3.62 1.83 1.26 0.97 65.2 46.9
Table 6. PO;”-P mass balance in sequence reactor process
Removed mass(g/d)
Influent Effluent Remarks
Waste sludge React remove
2.01(mg/L) 1.12(mg/L) - Removal efficiency 44% flow 36 L/d
0.072(g/d) 0.040(g/d) 0.022(g/d) 0.010(g/d) Cell conversion rate without media 31%
100(%) 56(%) 32(%) 12(%)
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Table 7& Mode®d #H&#]A B33 vlnE vepd Aol
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AZ Hd 020~0.29 kg VSS7F AAE 0] ©E MLEZ A
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(g &, 2003)c2 B HAYH} FA ZHE VeI LH,
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BODrmol} vl&j wi$- ZrE= Aot

Table 7. Comparison of sludge production and SRT in each mode

Mode I 0 m I\
kg V$S/kgBODrm 0.39 0.20 0.29 0.38
SRT(d) 1.5 24.0 23.1 12.9
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Table 8. Variation of oxygen demand in each mode

Mode I il I I\
Special oxygen uptake rate
6.0 8. 7.1 12.4
(mgO»/gMLVSS/hr) 8
Oxygen demand
. . .65 1.
(kgO/kgBODrm) 0.65 1.70 1 88
Total MLVSS 2260 | 4144 | 5207 | 3761
(mg/L)
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Table 9. Comparison of removal efficiency rate with the others methods

Item BATU" HANT? KNRY SMMIAR” This process
BOD 92.6 98.9 95.0 ' 96.0 94.4
Removal COD 69.9 89.1 88.5 90.5 924
efficiency SS 87.1 98.8 96.8 95.2 95.6
(%) TN 67.5 71.7 61.9 77.1 72.8
TP 73.6 72.9 83.8 86.9 62.0

Note : 1) Batu Biofilter Nutrient Reactor.

2) Hyundai Advanced Nutrient Treatment Process.

3) Kwon's Nutrent Removal System using Upflow Multilayer Bioreactor.

4) Submerged Moving Media Intermittent Aeration Reactor.

Jourmal of Korean Society on Water Quality, Vol. 22, No. 1, 2006



36 e -

o3, A W U BB AAsE= HE F B
ole7 w3l AAY QA9 HEE 8% FEE T
o] HZAA BN Feugo] o]2ojAh

5) ME742 Edo] WHAE RABL 10% VLA AL
@A TARHG 4.03 mgem’ 22 Vet A&
ARTFL 5%} 10% FAEA A 22 020, 029 ke
VS/kg BODA|AZ @5 MLEZAE| vl3] < 36% A=
2 APk

6) A4 BAS FYF MLEZALS AL 10% o3
2304 $7123 2 4%2 AALE B mhg d5

L=AFPoE HgTbsh
AL A

B dATE FFAHAG 2H7)2AT(RO1-2004-000-
10494-0)8) AQOE FPHYLH, AY HAREA &AL
AE Y 20049E ATBAAAL A o] FoiR Aol
H, olo] ZAL=FYch

atnesl

THEEATY, &
(I), p. 18 (2002).
2AE, 944, HEFZ, U EFA(BioCube)E ] &3
FAEAYIE, Gyl TEGI - dFEFF Y
A e g HI =FF, pp. 15-18 (2001a).

A, d9A, BAF, €5%, Fdeolo A (Bio-SAC)E
o] &% FE4 BELH FIF9F AAVE, ¥

srAgALd FE B dF

o o

sIRE2aAsHE| x| M22A H|15, 2006

E38] - g EFFGE FEFAGeLAY =84, pp.
23-26 (2001b).

BEE, ode, Ay, dEgd s o8& FHY 4EY
W 848U /718 AAY vz dF, FHd
37 BFEAATL =EF, 4, pp. 129-137 (1995).

THE, ¥ &, AFE, AEE, HFF42E o8 A4
AEYSH g3 HeAY, FFdH G, 1303).
pp. 227-234 (1997).

9HiE, d8F, 498, FHY Eg2y FAE o8
MLEZE 9 strixANeg H587), d#EEFFY =F
£, 23(5B), pp. 463-470 (2003).

otsl, Aes, ¥, 2dAZE o &% dAA E+F, F
doigz #F7=EH, 6, pp. 145-152 (1997).

o), 4&F, T AYALY AHELIA £ &, &
FE8 3] %], 16(4), pp. 430-446 (2002).

29, 79275 28 MLES A20 239 v, A
W MAE S = (2001).

#Ho&, HrjEAe G Y}, AFZ p. 92 (2003).

APHA, AWWA & WEF, Standard Method for the Examination
of Water and Wastewater, 20th Ed., Washington D.C. USA
(1998).

Hieltjes, A. H. M. and Lijklema, L., Fractionation of Inorganic
Phosphate on Calcareous Sediments, J Environ. Qual., 9,
pp. 405-417 (1980).

Randall, C. W. et al, Design and Retrofit of Wastewater
Treatment Plant for Biological Nutrient Removal,
Technomic Publishing Co. Inc., Lancater, p. 28 (1992).

WEF and ASCE, Design of Municipal Wastewater Treatment
Plant, 4th Ed. II, pp. 15-65~87 (1998).

Yoon, G. L., Kim, B. T., Kim, B. O. and Han, S. H.,
Chemical-mechanical Characteristics of Crushed Oyster-
shell, Waste Management, 23, pp. 825-834 (2003).



