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Comparison of Removal Characteristics of Organic Matter, Nitrogen and Phosphorus in

Suspended-Growth and Hybrid Processes with Hydraulic Retention Time

Hong-Duck Ryu' - Sang-1ll Lee

Department of Environmental Engineering, Chungbuk National University

ABSTRACT : This study was initiated to evaluate the effect of HRT (hydraulic retention time) on removal efficiencies of organic matter
(C), nitrogen (N) and phosphorus (P) in municipal wastewater for suspenced-growth processes (MLE; Modified Ludzack-Ettinger) and hybrid
process (Modified-Dephanox). M-Dephanox process was designed to improve the performance of Dephanox process on denitrification effi-
ciency. As the results, removal efficiencies of C, N and P in M-Dephanox process, which is hybrid process, were higher than those in MLE,
which is suspended-growth process. Especially, nitrification inhibition of MLE was observed more severely than M-Dephanox as hydraulic
retention time was reduced from 6 hr to 3.5 hr. Nitrification in nitrification reactors on M-Dephanox, at short HRT, was so excellent that
ammonia nitrogen removal efficiency in nitrification reactors of M-Dephanox was about 92% at 1.59 hr of HRT of nitrification reactors, how-
ever, nitrification in nitrification reactors on M-Dephanox was affected severely by organic matter entering to nitrification reactors from down-
stream seftler. It was observed that reducing of HRT in whole process resulted from reducing of HRT in nitrification reactors on M-Dephanox.
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Table 1. Average influent characteristics

Parameter Concentration(mg/L)
TCOD¢, (mg/L) 342.0 + 116.8*
SCODc¢, (mg/L) 117.7 + 293

TKN (mg/L) 45.1 £ 6.1
NH;"“N (mg/L) 327 + 37

T-P (mg/L) 69 £ 1.9
PO P (mg/L) 24 £ 07
TCODc/TKN 7.6

* Standard Deviation
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(1) Aeaerobic tank
(4) Anoxic tank
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(2) Downstream settler
(5) Post-aeration tank
Fig. 1. The configuration of activated sludge system according to Wanner et al. (1992).
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(3) Biofilm reactor

(6) Final settling tank
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(3) Anoxic contact tank
(5-3) Third nuitrification tank

(1) Aerobic tank
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(2) Anoxic tank
(5-2) Second nitrification tank
(8) Final settling tank

(4) Downstream settler
(6) Intermittent aeration tank

Fig. 2. MLE (top) and M-Dephanox (bottom) processes used in this study.

Table 2. Operational parameters of MLE and M-Dephanox
processes to observe the effect of HRT in lab-scale
study

MLE M-Dephanox
Processes
Volume Volume
Conditions Unit [Value| ratio |Unit|Value| ratio
(%) (%)
: 0 None
Volume of anoxic contact tank None L 2.64]| 591
Volume of first nitrification tank| © None L |7.10 | 15.88
Volume of second None L |7.10 15.88
nitrification tank
Volume of anoxic tank - L |10.13] 22.66
Volume O.f intermittent None L o013l 2205
aeration tank
Volume of post-aeration tank None L |7.60 17.00
Return sludge flow rate Q 1 Q 1
Internal recirculation rate | Q 4 None
Activated bypass flow rate None Q 1
HRT Hour| 6, 5, 4, 3.5 [Hour| 6, 5, 4, 3.5
SRT Day 12 Day 12
Temperature Tl 16 ~18 | C| 16 ~ 18
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Fig. 3. TCOD and SCOD removal Characteristics between suspended-growth process (MLE) and hybrid process (M-Dephanox).
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Fig. 4. TCOD and SCOD removal Characteristics between suspended-growth process (MLE) and hybrid process (M-Dephanox).
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Table 3. T-test results about numerical difference of average NH,'-N and TKN removal efficiencies of MLE and M-Dephanox
processes according to HRT

Items T-test{one-sided test)
NH,"-N removal efficiency TKN removal efficiency

Parameters HRT 6 hr | HRT 5 hr | HRT 4 hr | HRT 3.5 hr | HRT 6 hr | HRT 5 hr | HRT 4 hr | HRT 3.5 hr
Null Hyphothesis(Ho) | (Ho:pi=p2) | (Ho:pw=pa) | (Ho:pi=ps) | (Ho:pw=pa) | (Ho:w=w2) | (Ho:pi=pa) | (Hotpi=pa) | (Ho:w=no)
nyza;ﬁ:?;;:}m Hitpr>po) | (Heiw>pn) | (Hyop > o) [ (Hyope> o) | (Hacp > o) | (Hosp > po) | (B > o) | (Hy > pa)

Significance Level(a) 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05

to(n+12-2) 1.711 1.717 1.717 1.812 1.711 1.717 1.717 1.860

*sz 125.23 113.75 56.62 4241 24.58 52.42 88.00 4.07

“Test Statistic(t) 459 10.51 14.34 3.90 1335 10.85 8.81 743
ftr:filniiff;’; 459> 1711 | 1051> 1717 | 1434 > 1717 | 3.90 > 1.812 | 1335> 1711 | 10.85>1.717 | 881> 1717 | 7.43 > 1.860

In 95% confidence In 95% confidence
Results NH,"N removal efficiency in M-Dephanox process were | TKN removal efficiency in M-Dephanox process were
higher than that in MLE process higher than that in MLE process
Sy = [n-DS” + (n-1)S:li(ns+n2-2)

"= (XX S (U + L)

where,
M

: Sample values of NH;'-N or TKN removal efficiency in M-Dephanox process

u> : Sample values of NHy-N or TKN removal efficiency in MLE process
n; : Numbers of sample of M-Dephanox process
ny : Numbers of sample of MLE process
S; : Standard deviation of NH,"-N or TKN removal efficiency in M-Dephanox process
$; : Standard deviation of NH;-N or TKN removal efficiency in MLE process
X, : Average value of NH,-N or TKN removal efficiency in M-Dephanox process
Xy : Average value of NH,'-N or TKN removal efficiency in MLE process
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Table 4. T-test results about numerical difference of average
T-N removal efficiency of MLE and M-Dephanox
processes according to HRT

T-test(one-sided test)

Items
T-N removal efficiency
Parameters HRT 6 hr | HRT 5 hr | HRT 4 hr |HRT 3.5 hr
Nuli
e Ho:p = Ho:p = Ho: =
Hyphothesis(Ho) (Ho : pi=n2) | (Ho : pr=p2) | (Ho : pi=p2) | (Ho : pi=p)
Altanative
Hy:p > Hi:u > Hy:p > Hi:py >
Hyphothesis(Hl)( 1o > ) f(Hi s > po)|(Hi s > p2){(Hy oy > o)
Significance 0.05 0.05 0.05 0.05
Level(a)
to(n1+n3-2) 1.711 1.717 1.717 1.860
s, 93.80 31.51 86.29 571
Test 7.09 10.70 8.48 6.92
Statistic(t)
Critical Region |, oo 1 711110.70 > 1.717]8.48 > 1.717[5.71 > 1.860
(t=te(nitn2-2)
In 95% In 95% In 95% In 95%
confidence | confidence | confidence | confidence

Results - -
T-N removal efficiency in M-Dephanox process

were higher than that in MLE process

w = (DS + ()82 (nrtna-2)
"= (XXM + L))
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where,
w : Sample values of NHyN or TKN removal efficiency in M-Dephanox
process

p2 : Sample values of NH;"N or TKN removal efficiency in MLE process

n; : Numbers of sample of M-Dephanox process

n; : Numbers of sample of MLE process

Si : Standard deviation of NHy-N or TKN removal efficiency in
M-Dephanox process

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

X1 : Average value of NH,'-N or TKN removal efficiency in M-Dephanox
process
X, : Average value of NHy'-N or TKN 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 according to HRT

ltems T-test(one-sided test)
PO,-P removal efficiency T-P removal efficiency
Parameters HRT 6 hr | HRT Shr | HRT 4 hr | HRT 35 hr | HRT 6 br | HRT 5hr | HRT 4 hr | HRT 35 hr
Null
U= W= W= W= Ho:pi= Ho: pi=pe Ho:pi= Ho:pi=
Hyphothesis(Ho) Ho:p=pa) | Ho:p=wa) | (Ho:pi=pa) | (Ho:p=po) | (Ho:ip=pa) | (Ho:p=pa) | (Ho:pwi=po) | (Ho:pi=po)
Altanative
Ty > Ty > Tuy > LUy > Hy:pi > Hi:p > Hi:u > Hy:p >
Hyphothesis(H,) Hiecwe>p) | e | Hewpe>p) | Hepe>pn) | Hepe> o) | Hepe>pe) | Hepe>pe) | (Heope> )
Significance 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Level(a)
to(n+n02-2) 1.782 1.717 1.782 1.860 1.734 1.725 1.734 1.860
*sz 43474 1006.88 357.89 349.14 207.90 411.34 275.86 504.06
"Test Statistic(t) 4.10 3.19 379 5.08 4.65 3.35 241 2.30
Critieal Region | 1 1782 | 319> 1717 | 379> 1782 | 5.08> 1860 | 4.65> 1734 | 335> 1725 | 241> 1734 | 230> 1.860
(t=ta(ni+ny-2)
In 95% confidence In 95% confidence
Results PO{"-P removal efficiency in M-Dephanox process were | T-P removal efficiency in M-Dephanox process were higher
higher than that in MLE process than that in MLE process

© 8 = (018 + (DS +a-2)
T = (XX (S, (Un + 1ng)]

where,

ui : Sample values of PO"-P or T-P removal efficiency in M-Dephanox process

w2 : Sample values of PO,"-P or T-P removal efficiency in MLE process

ni : Numbers of sample of M-Dephanox process

ny : Numbers of sample of MLE process

$; : Standard deviation of PO-P or T-P removal efficiency in M-Dephanox process
S, : Standard deviation of POs"-P or T-P removal efficiency in MLE process

X, : Average value of PO-P or T-P removal efficiency in M-Dephanox process
X, : Average value of PO,"-P or T-P removal efficiency in MLE process

Table 6. Comparison of average removal efficiencies of MLE and M-Dephanox processes

MLE M-Dephanox

Items |HRT § hr|/HRT 6 hr|HRT 6 hr[HRT 5 hr{HRT 4 hrlHRT 3.5 hr [HRT 8 hr|HRT 6 hr|HRT 6 hr|HRT 5 hr{HRT 4 hr[HRT 3.5 hr
(25TC) | (257C) (16T) | (17T)  (177C) (187) (25C) | (25C) | (167C) (177C) (177C) (187C)
TCODG, 79.0 73.0 86.7 89.3 77.4 87.3 91.3 87.4 92.0 92.6 88.3 87.5
(#93) | (£22.6) (+4.8) #5.6) | (£11.9) (£3.5) (#4.1) (£5.1) (£3.0) (£5.3) (£2.4) (£2.5)
SCODe, 69.3 71.7 712 74.5 69.8 76.3 82.3 78.5 81.6 83.9 78.5 81.6
#9.6) | (#£16.6) #9.7) (£6.0) (£8.2) (£2.9) (#6.7) | (12.5) | (£6.9) (£6.2) (#4.5) (£2.7)
NHL"-N 93.4 98.5 72.8 382 1.7 17.4 94.0 96.8 93.0 84.0 55.8 32.0
(#153) | (#2.3) (£14.6) | (£11.0) | #4.5) 5.7 4.9 2.7) (£6.1) (£10.3) (£9.6) (#7.2)
TKN 79.8 71.4 59.7 475 24.0 28.1 87.8 85.5 85.7 79.5 57.8 37.6
7.7 (£6.8) (£6.3) (x8.1) (£8.9) (£2.0) (£2.4) (#4.1) (£3.0) (£6.2) (#9.8) (#2.1)
TN 50.5 39.9 37.5 43.8 213 26.2 73.6 67.0 64.4 68.3 535 36.6
(£124) | (17.5) | (x123) (£6.4) (#9.3) (£2.0) (29.6) | (£11.8) | (£6.0) #4.7) (#9.2) (£2.8)
PO,P 344 0.8 13.7 6.3 574 31.7 77.8 60.3 59.3 47.5 95.8 91.7
(£25.6) (£2.2) (#13.7) (#9.3) | (£26.6) (£25.4) (£23.9) | (#413) | (£26.1) | (#43.9) (£2.5) (#7.3)
T.p 43.1 35.8 38.3 46.1 679 57.1 713 73.3 68.3 75.1 85.7 89.8
#17.0) | F31.7) | (x18.0) | (£20.2) | (£20.4) (#3L1) (£19.0) | (#25.2) | (#9.6) (#20.3) | (11.6) (£6.4)

* Standard Deviation
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