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Abstract

The present study evaluated effect of temperature on removals of organic matter (C), nitrogen (N) and phosphorus (P) in
Modified-Dephanox (M-Dephanox) process, which is hybrid system, comparing with those of Modified-Ludzack Ettinger
(MLE) under the suspended-growth bacteria, as control. M-Dephanox process was more stable than MLE process in the
removal of C, N, P, especially in nitrification, as the temperature was decreased from 25°C to 16°C. As the temperature was
decreased from 25°C to 16°C, the removal efficiency of NH4'-N of M-Dephanox process was decreased by 3.8%, but that of
MLE process decreased by 25.7%. T-N removal efficiency of M-Dephanox was higher than MLE process by 27.1% and

26.9% at 25°C and 16°C of temperature, respectively.
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(1) Anaerobic tank

(2) Downstream settler
(3) Biofilm reactor
(4) Anoxic tank

(5) Post-aeration tank
(6) Final settling tank

Fig. 1. Configuration of activated sludge system according
to Wanner et al. (1992).
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(1) Anaerobic tank
(2) Aerobic tank
(3) Anoxic tank

------------- »  Waste water (supernatant) stream
——» DPB sludge stream
—— -+ — » Nitrifiers stream

Fig. 2. Basic configuration of a two-sludge system (Kuba et
al., 1996).
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Table 1. Characteristics of the average value of municipal
wastewater (n=50)

Parameter Concentration, mg/L
TCOD (mg/L) 342 + 117(STDEV)
SCOD. (mg/L) 118 + 29

TKN (mg/L) 451 £ 6.1
NHi-N (mg/L) 327 £ 3.7

T-P (mg/L) 69 £ 19
PO4-P (mg/L) 24 £ 0.7
TCOD/TKN 7.6
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(1) Aerobic tank
(4) Downstream settler
(6) Intermittent aeration tank

(2) Anoxic tank
(5-1) First nitrification tank
(7) Post-aeration tank

(3) Anoxic contact tank
(5-2) Second nitrification tank
(8) Final Settling tank

Fig. 3. MLE (top) and M-Dephanox processes (bottom) used in this study.

Table 2. Operational parameters of MLE and M-Dephanox processes in lab-scale study

MLE M-Dephanox
Unit Value Volume ratio (%) Unit Value Volume ratio (%)
Volume of anoxic tank (3hr*) L 10 50
Volume of aerobic tank (3hr) L 10 50 None
Volume of anoxic contact tank (0.51hr) None L 3.89 8.47
Volume of first nitrification tank (0.93hr) None L 7.10 15.45
Volume of second nitrification tank (0.93hr) None L 7.10 15.45
Volume of anoxic tank (1.32hr) L 10.13 22.05
Volume of intermittent aeration tank (1.32hr) None L 10.13 22.05
Volume of post-aeration tank (0.99hr) None L 7.60 16.54
Return sludge flow rate Q 1 Q 1
Internal recirculation rate Q 4 None
Activated bypass flow rate None Q 1
HRT Hour 6 Hour 6
SRT Day 12 Day 12
Temperature °C 25 — 16 °C 25 — 16
@ : Symbol (@) means hydraulic retention time (HRT) in each reactor.
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Fig. 4. Characteristics of TCOD and SCOD removal between suspended process (MLE) and hybrid process (M-Dephanox).
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Fig. 5. Characteristics of NH,'-N and TKN removal between suspended process (MLE) and hybrid process (M-Dephanox).

o]

S Holil glew I Folrt 1.7%c] EHsAT &7}
16°C2 YolAd ulzl MLE M-Dephanox Z3¢)
NH,-N AAZEL 2z 72.8, 93.0%ZA M-Dephanox
Fe dEUokd AAEE] % 202% T ¥ Ae #F
g ¢ gtk =3 exv} vfo}z]rw MLE 23L& 25.7%
8] dRUokg Ah AL #4F v M-Dephanox
2 A F 3.8%9 gRUoMY Ak AAEELY A
Bol1 gk

TKN AAzE A 22 3TL RHFH JL< Fig
SE B #FE £ Atk &% 25°CdM MLE
M-Dephanox &3¢ TKN MAZEL 24 714, 85.5%=
Al M-Dephanox #F3o] MLE F3ET 14.1% o &2
AERNE BEE 5 9loy, &85} 16°CE Yold o] what
MLE ¥ M-Dephanox Z49] TKN AAZLL 77 59.7,

a)
=

-
)

L
©

=
=

2]
=

85.7%9) AALEL E‘-ﬂ M-Dephanox Z4d¢] MLE Z3
of Wal o 26% © ¥ AAZELEL BIE F YU
T3 2t "‘0}7(]‘:4/\‘] MLE TAL 11.7% TKN MAE
0] Z4% WA M-Dephanox 232 oF 86%9 &8¢
IYE §A52L LS BEY = A

SEEAN ERFS A= FASE P 33 e
B39 A7 4924732 443 23 NH N AAZLY
B 16°CoAME 95% AZHH o)A, TKNY AL 25°Ce}
16°C 25 95% Ay or M-Dephanox FA©] MLE

g vlE Z&o] FUol FAHATKTable 3). =Y
obd A4 g TKN xﬂy-]_@—_%o] MLE ZAd] ul&] M-
Dephanox T3] 9 2 olf= M-Dephanox FFL t}

B ¢en 4oz AAUEc 7180 AL A
AY =YY Wzl AU8HE SHoA H(extemal

Table 3. T-test results about numerical difference of average NH,-N and TKN removal efficiencies of MLE and

M-Dephanox processes

T-test (one-sided test)

NH,"-N removal efficiency TKN removal efficiency
16°C 25°C 16°C
Null Hyphothesis (Hy) (Ho : w1 = ) Ho : 1y = o) Ho : m = 1)
Altanative Hyphothesis (H;) Hi:w > ) Hi @ w1 > o) (Hi @ w > pa)
Significance Level (a) 0.05 0.05 0.05
ta(ni+n2-2) 1.711 1.761 1.711
’sz 125.23 31.71 24.58
"Test Statistic (t) 459 499 13.35
Critical Region (t>to(ni+n.-2) 459 > 1.711 4.99 > 1.761 13.35 > 1.711
In 95% confidence In 95% confidence In 95% confidence
Results NH.'-N removal efficiency in M-Dephanox TKN removal efficiency in M-Dephanox process were
process were higher than that in MLE process higher than that in MLE process

* 857 = [meDS7 + (e )S2Yimni+na-2)
= (X0Xa) /[S,(Uny + Ung))?

where,

i : Sample values of NH,"-N or TKN removal efficiency in M-Dephanox process

U2 : Sample values of NH,™-N or TKN removal efficiency in MLE process

n; : Numbers of sample of M-Dephanox process

ny : Numbers of sample of MLE process

Si : Standard deviation of NH,-N or TKN removal efficiency in M-Dephanox process
S, : Standard deviation of NHs-N or TKN removal efficiency in MLE process

X, : Average value of NHy-N or TKN removal efficiency in M-Dephanox process
X, : Average value of NH;'-N or TKN removal efficiency in MLE process
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Fig. 6. Characteristics of T-N removal between suspended
process (MLE) and hybrid process (M-Dephanox).
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Table 4. T-test results about numerical difference of average T-N removal efficiencies of MLE and M-Dephanox processes

T-test (one-sided test)
T-N removal efficiency
25°C 16°C
Null Hyphothesis (Ho) (Ho : i = w) (Ho : 11 = 1)
Altanative Hyphothesis (H,) (Hy @ > m2) Hy ;> m)
Significance Level (a) 0.05 0.05
ta(n+n2-2) 1.761 1.711
'S, 223.90 93.80
"Test Statistic (1) 3.62 7.09
Critical Region (t=ta(ni+n2-2) 3.62 > 1.761 7.09 > 1.711
Results In 95% confidence In 95% confidence
T-N removal efficiency in M-Dephanox process were higher than that in MLE process

* 87 = [(n-1)S)* + (np-1)821(ni+n2-2)

** = (X-X2)[S, (/s + 1/ny)]

12

where,

W : Sample values of T-N removal efficiency in M-Dephanox process

U, : Sample values of T-N removal efficiency in MLE process

n, : Numbers of sample of M-Dephanox process

n; : Numbers of sample of MLE process

S, : Standard deviation of T-N removal efficiency in M-Dephanox process
S, : Standard deviation of T-N removal efficiency in MLE process

X, : Average value of T-N removal efficiency in M-Dephanox process
X, : Average value of T-N removal efficiency in MLE process
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Table 5. T-test results about numerical difference of average PO, -P and T-P removal efficiencies of MLE and M-Dephanox

processes
T-test (one-sided test)
PO,"-P removal efficiency T-P removal efficiency
. 25°C 16°C 25°C 16°C
Null Hyphothesis (Ho) (Ho : 1y = 1) (Ho : 11 = 1) (Ho : i = 1) (Ho : w1 = 1)
Altanative Hyphothesis (Hi) H > w) Hiwm > w) Hi o w > ) (Hy :w > po)
Significance Level (a) 0.05 0.05 0.05 0.05
to(ni+nz-2) 1.782 1.782 1.812 1.734
*S,,z 853.55 434.74 821.38 207.90
**Test Statistic (t) 3.81 4.10 2.27 4.65
Critical Region (t>tq(nitn>-2) 3.81 > 1.782 4.10 > 1.782 227 > 1.812 4.65 > 1.734
In 95% confidence In 95% confidence In 95% confidence In 95% confidence
Results PO, -P removal efficiency in M-Dephanox process T-P removal efficiency in M-Dephanox process
were higher than that in MLE process were higher than that in MLE process

* S50 = (DS + (DS i+na-2)
= (= (XS0 + 1)
where,

1 @ Sample values of T-N removal efficiency in M-Dephanox process

12 @ Sample values of T-N removal efficiency in MLE process

ny : Numbers of sample of M-Dephanox process

n2 : Numbers of sample of MLE process

Si @ Standard deviation of T-N removal efficiency in M-Dephanox
S» ¢ Standard deviation of T-N removal efficiency in MLE process

process

X1 : Average value of T-N removal efficiency in M-Dephanox process

X2 : Average value of T-N removal efficiency in MLE process

smE8stEA] M2 A HiS, 2006
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Table 6. Comparison of average efficiencies of MLE and
M-Dephanox processes

Table 7. NHs-N removal efficiency and concentration of
NO;-N and NO5™-N in nitrification reactor 1, 2

Operation conditions
HRT : 6 hr
SRT : 12 day
Removal efficiencies (%)
Temperature
25°C 16°C
MLE M-Dephanox MLE M-Dephanox

TCOD, | 73.0+226 | 874£51 | 86.7+48 | 920+£3.0
SCODy | 717166 | 71852125 | 772297 | 81.6+6.9
NH N | 985+23 | 968427 | 72.8+146 | 93.06.1
TKN 714+68 | 855441 | 59.7+63 | 857£3.0
T-N 399+£175 | 67.0£11.8 | 375+ 123 | 64.4£6.0
PO, -P 08+22 | 603+£413 | 13.7413.7 | 59.3 £ 26.1
T-P 358+31.7 | 73.34£252 | 383+ 18.0 | 683£9.7
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Fig. 8. NH,-N, NO--N and NO;-N concentration in
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