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Comparison of Removal Characteristics of Organic Matter, Nitrogen and Phosphorus
Between Suspended-Growth and Attached-Growth Biological Processes

Hong-Duck Rqur ¢ Sang-Ill Lee

Department of Environmental Engineering, Chungbuk National University

ABSTRACT : This study was initiated to evaluate efficiencies of suspenced-growth processes(CAS; Conventional Activated Sludge, MLE;
Modified Ludzack-Ettinger) and hybrid process(Modified-Dephanox) on removal of organic matter(C), nitrogen(N) and phosphorus(P) in
murnicipal wastewater. M-Dephanox process was designed to improve the performance of Dephanox process on denitrification efficiency. As
the results, removal efficiencies of total chemical oxygen demand(TCOD), total nitrogen(T-N) and total phosphorus(T-P) in M-Dephanox
process, which is hybrid process, were 12,3, 18.6 and 28.2% higher than those in MLE, which is suspended-growth process. The better
removal efficiencies of TCOD, T-N and T-P in M-Dephanox than those in MLE result that M-Dephanox is not only hybrid or
multi-sludge process but also process using biosorption mechanism which is possible to use organics in denitrification, effectively.
Ammonia removal efficiency in nitrification reactor of M-Dephanox was 96.7% at short hydraulic retention time(HRT) of 2 hr which was
3 hr more short HRT than that(HRT 5 hr) reported in other related papers. This indicates that M-Dephanox process can reduce HRT of
whole process.

Key Words : Municipal Wastewater, Suspended-Growth, Hybrid, Multi-Sludge, MLE, M-Dephanox, HRT, Nitrification, Denitrification
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Table 1. Average influent characteristics

Parameter Concentration(mg/L)
TCODc; (mg/L) 2172 £ 30.8*
SCODc: (mg/L) 96.6 = 21.2

TKN (mg/L) 420 = 74
NH,"N (mg/L) 315 + 4.0

T-P (mg/L) 64 + 1.7
PO,-P (mg/L) 25 + 09
TCOD¢/TKN 52

* Standard Deviation
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Table 2. Operational parameters of conventional activated sludge, MLE and M-Dephanox processes in lab-scale study

CAS MLE M-Dephanox
Unit | Value r‘;zi)“(‘%e) Unit | Value r\;fllo(u‘;:; Unit | Value ZEL“(’;;
Volume of aerobic tank(8 hr¥*) L 10 100 None
Volume. of anoxic tank(4 hr) None
Volume of aerobic tank(4 hr) None
Volume of anoxic contact tank(0.59 hr) None None L 3.89 7.33
Volume of downstream settler None None L 15.98
Volume of first nitrification tank(1.07 hr) None None L 7.10 13.38
Volume of second nitrification tank(1.07 hr) None None L 7.10 13.38
Volume of third nitrification tank(1.07 hr) None None L 7.10 1338
Volume of anoxic tank(1.53 hr) None L 10.13 19.10
Volume of intermittent aeration tank(1.53 hr) None None L 10.13 19.10
Volume of post-aeration tank(1.15 hr) None None L 7.60 14.33
Return sludge flow rate Q | 1 Q 1 Q 1
Internal recirculation rate None Q 4 None
Activated bypass flow rate None None Q 1
HRT Hour 8 Hour 8 Hour 8
SRT Day 12 Day 12 Day 12
Temperature T 25 T 25 T 25

*Hydraulic Retention Time(HRT)
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Fig. 2. TCOD and SCOD removal efficiencies between sus-
pended-growth processes(CAS and MLE) and hybrid

process(M-Dephanox).
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Fig. 3. NH,-N and TKN removal efficiencies between sus-
pended-growth processes(CAS and MLE) and hybrid
process(M-Dephanox).
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Table 3. Results of T-test on the numerical difference of

average NO3-N and T-N removal efficiencies in

MLE and M-Dephanox processes
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Fig. 4. Denitrification and T-N removal efficiency between
suspended-growth processes(CAS and MLE) and hy-
brid process(M-Dephanox).
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T-test(one-sided test)
NOs;N in effluent |T-N removal efficiency
Compariosn of MLE |Compariosn of MLE &
& M-Dephanox M-Dephanox
Null Hyphothesis(Ho) (Ho : 11 = 1) Ho : 1 = )
Altanative
: > : >
Hyphothesis(H;) Hycp > g12) (Hi s > )
Significance
0 X
Level(a) 0.05 0.05
to(nl+m-2) 1.680 1.711
*Sp’ 17.64 101.82
**Test Statistic(t) 443 470
Critical
Region(t>ta 4.43 > 1.680 470 > 1.711
(n1+n2-2)
In 95% In 95%
confidence confidence
Results NO;-N in .T-N removal efficiency
M-Dephanox process |in M-Dephanox process
were lower than that| were higher than that
in MLE process in MLE process
where

1 : Sample values of NOs-N in MLE effluent or T-N removal

efficiency in M-Dephanox process

2 : Sample values of NOs-N in M-Dephanox effluent or T-N

removal efficiency in MLE process

m : Numbers of sample of MLE or M-Dephanox process
n, : Numbers of sample of M-Dephanox or MLE process

Si : Standard deviation of NO;-N in
removal efficiency in M-Dephanox process

MLE effluent or T-N

S, : Standard deviation of NOs;-N in M-Dephanox effluent or T-N

removal efficiency in MLE process

X; : Average value of NOs-N in MLE effluent or T-N removal

efficiency in M-Dephanox process

X, : Average value of NOs-N in M-Dephanox effluent or T-N

removal efficiency in MLE process
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Fig. 5. PO,-P and T-P removal efficiencies between sus-
pended-growth processes(CAS and MLE) and hybrid
process(M-Dephanox).

Table 4. Comparison of average efficiencies of CAS, MLE
and M-Dephanox processes

Operation conditions
HRT : 8 hr / SRT : 12 day / Temperature : 25°C
Removal efficiencies(%o)
CAS MLE [
TCODe | 73.0 * 12.8* | 790 + 93
SCODe: | 67.5 + 150 | 693 + 96
NH,"-N 744 + 180 | 934 + 153
TKN 666 + 102 | 799 + 77
T-N 82 £ 102 | 550 * 10.6
POSP | 81 * 125 | 469 + 324 0
T-P 310 + 336 | 431 + 170 | 713 % 190

*Standard Deviation
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Table 5. NH,"-N removal efficiency and NO;-N and NO;-N
in nitrification reactor 1, 2 and 3
NHs'-N
removal(%)
Standard Standard

Deviation| Average DeviatiOn\ Average

NO,-N(mg/L) | NOs-N(mg/L)
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Average .
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reactor 1 This
(*13.38%, | study
mi1.07 hr)
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®@1.07 hr)
Nitrification
reactor 3 This
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89.7 | 93 1.8 1.1 | 100 | 35

96.7 | 45 04 | 04 [ 139 32

983 | 3.0 0.1 01 | 150 | 27
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D. e;?hanqx Bortone ¢t 819
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(*27.5%, | Sorm et 100
=5 ht) Jal. (1996)
Dephanox
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Dephanox
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*Volume Ratio, m] HRT in each reactor
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| @Rouctr!

+Reactor 3 |
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Fig. 6. NH,-N removal efficiency in nitrification reactors
according to SCOD concentration in downstream
settler.
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