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Abstract

This study was conducted to investigated the removal efficiency of BOD and nutrient for the treatment of
low strength municipal wastewater by a biological nutrient removal system. In this experiment, the effect of
operating parameter including HRT of 7.0hr, BOD/TN ratios of 2.62~4.08, internal recycle of 50~300%,
and retumn sludge of 50~100%, were studied during winter season. Efficiencies of organic matter and T-P
removal and denitrification were not significantly affected by the change of temperature in winter season.
However, the specific nitrification rate and nitrification efficiency decreased at low temperature. Besides,
denitrification efficiencies increased with increasing BOD/TN ratios.

It was also found that the internal recycle and return sludge ratio below 50% is required for the effective
denitrification of low strength municipal wastewater. With operating mode 4 of the optimum, the effluent
BOD, T-N and T-P concentration were obtained to average 5.8, 14.6, and 0.84 mg/L, respectively.

The temperature-activity coefficient (6) of specific nitrification rate, specific denitrification rate and specific
phosphorus uptake rate were obtained 1.044, 1.017, 1.028, respectively.
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1. Influent 2. Anaerobic tank 3. Anoxic tank 4. Aerobic tank
5. Sedimentation tank 6. Effluent 7. Intenal recycle
8. Return sludge 9. Waste sludge

Fig.1. Schematic of the facilities for field experiment

Table 1. Operation conditions for pilot plant

Parameter Operation Variables
Influent Flow rate, m%/d 18~22(20)
Reactor Anaerobic 0.83
Volume(m®) Anoxic 25
Oxic 25
HRT(hr) Anaerobic
Anoxic 3
Oxic 3
BOD/TN ratios 2.62~4.08
Temperature(°C) 7.7-26.8
SRT(d) 6~15
MLSS(mgiL) 3,000~4,600
Note ( ): Average
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Table 2. Influent characteristics

Concentration(mg/L)
Item
6/1~11/20* 11/27 ~5/30*
TCODy, 25~78 45~152
SCODy,, 18~47 30~80
TBOD 40~93 72~228
SBOD 24 ~60 60~ 162
SS 25~100 45~210
TN 18~30 24 ~46
TKN 17.9~28.8 235~435
NH;-N 12~28 17~35
NO;-N 02~20 062~14
T-P 1.7~38 22~6.3
S-P 1.4~33 1.8~5.1
*: Date(M/D)
mg/L< vehRgch, 8 TN NH-N| 75

Lo

= 7247} 18~30mg/L3} 12~28mg/LE2 FYstrF¢l
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A28 §9% FEob R o} 119 TR
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FE ALgEd. o] A7l TBODw 72~228
mg/L. TCODy, = 45~ 152mg/L, $S¥& 45~210
mg/L-& 2tk TN9 7ol 24~46mg/L, TP=
22~63mg/lz $AZ7\) Ao} vlmated 4315
o] FEHE} Oa AskA Hels AL o A7l
7+ Rusds AR 8o Qld) Y+
o] FrRsyl da Ale vehd 2oz AztEn

= ZL& o

2}
P
s

o fo

rlo

!

AA B EH
A OlH & A
Table 12} Table 3
VR u}g} A FAIZEE 1AIZE, FA
Z 2 F7)29 AFAZHE 717} 3ARte 8 nekaL
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(Return Sludge ratios) & #H3AZAth daAHAE
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o] 717t BOD/TNHE 3.93~4.08% BATH
£ Modeg] MLSS %% Mode 1~4olA]
3,000~3,500mg/L., &4 Mode 5~8°A= 4,000~
4,600mg/L A= Z fFA3Fem, SRT(Solid
Retention Time)& 6~154 2 483t @729
g3t o] HEF sile
712 DOEEE 2~3mg/LE FASIES
b, =8 weze exi A Ad
Befod o3} AgAN 42 % Al AAR
& dEstgr). ofele] Table 32 £ 439
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Table 3. Operation mode of process
IR(%) RS(%) .
Mod BOD/TN rat Temp. (° Date (M

ode (% of Inf) (% of Inf)) ratos emp. (C) ate (D)
1 100 50 2.74 204~2638 6/1~8/24
2 200 50 273 216~242 8/31~10/4
3 50 100 2.62 189~219 10/9~10/25
4 50 50 262 145~171 10/30~11/20
5 100 100 4.08 11.7~132 11/27 ~12/20
6 50 50 3.95 8.2~9.1 12/27~2/7
7 300 100 3.97 7.7~95 2/19~3/20
8 200 100 393 11.2~207 4/1~5/30

Note: IR: Internal Recycle ratio, RS: Retum Sludge ratio
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Table 4. Organic matter removal efficiencies
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Fig. 2. BOD concentration profile.
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o] %59 AAEES Table 40 2.9 A
BOD 3 COD A A& &2 &4 Mode 1 ~40| A 27}
85% o4& Holm 9o A Mode 5~8
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COD(mgL) BOD(mg/L) SS(mg/L)
Mode
Inf. Eff. Rem.(%) Inf. Eff. Rem.(%) Inf. Eff. Rem.(%)

1 25~78 45~105 86 40~93 2.1~91 91 28~100 2~67 91
(45) 6.1) (65) (5.5) (45) (3.5)

2 28~55 54~65 86 40~75 25~65 93 25~60 21~5 89
(43) (5.8) (61) (4.2) (33) (3.4)

3 25~57 45~6.2 85 42~-77 38~82 90 41~65 2~5 93
(38) (5.5) (56) (5.8) (49) (3.3)

4 34~57 45~71 86 49~77 28~55 93 28~75 2~45 94
(45) (5.9) (64) 4.3) (51) (2.8)

5 50~152 53~76 92 72~228 22~85 97 82~154 2~51 96
9(86) 6.2) (134) (3.4) 97) (34)

6 52~99 58~10.6 88 85~145 25~75 96 45~145 2~5 96
(67) (7.9) (114) 4.2) (86) (3.1)

7 48~102 55~9.8 88 95~192 25~73 96 70~125 31~58 95
(72) (7.6) (119) 4.3) (92) 4.5)

8 45~95 48~93 90 85~176 28~75 95 75~210 2~75 96
(72) (6.8) (121) (5.3) (120) (4.0

Note ( ): Average
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ERIglth B3] $4719 Mode 6~79 A $ &
Fo] Hi BOD ¥5E 4.3mg/L o3, FEFe
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Table 5. Summary of ammonia nitrogen removal efficiencies
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Fig. 3. Ammonia nitrogen concentration profile.
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Fig. 4. Effect of temperature on nitrification.

of el Aoz 7z} &4 Modeo ¥-$ZU MLSS
¥ 24 Mode 1~49]A 3,000~3,500mg/L, &
A Mode 5~8o]4] 4.000~4.600mg/L. H =S £ 3
Atk g7 SNRL 9 BOD/TKNE|7} 3.0 o] &}o]

Z80] 14.5~26.8°C2 24 Mode 1 ~4<jA] 238

NH;-N(mg/L) NO3-N (mglL)
Mode Nitrification Efficiency (%) Date (M/D)
inf. Eff. Inf. Eff.
1 12~28(19) 0.4~1.7(0.95) 95.0 0.6 9.5~11.4(10.4) 6/1~8/24
2 13~18(16) 06~1.1(0.81) 94.9 20 9.3~12.9(11.6) 8/31~10/4
3 14~19(17) 0.6~1.6(0.77) 95.5 0.3 10.3~12.8(11.3) 10/9~10/25
4 14~20(18) 0.4~38(1.7) 90.6 0.2 8.4~11.8(10.5) 10/30~11/20
5 17 ~33(23) 3.2~5.2(4.4) 80.9 06 5.8~8.4(6.8) 11/27~12/20
6 18~27(21) 52~6.8(6.1) 71.0 0.8 39~54(4.8) 12/27 217
7 19~25(21) 6.3~7.8(6.7) 68.1 1.3 35~4.8(4.2) 2/19~3/20
8 18 ~35(24) 1.3~6.1(3.2) 86.7 1.4 36~12.4(8.2) 4/1~5/30
Note ( ): Average
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Table 6. Effect of temperature and BOD/TKN ratios on SNR

Mode Temp. (°C) BOD(-FKN ?NR

ratios (mg NH,;-N/gVSShhr)
1 20.4~26.8 267 2.070~3.815(2.625)
2 21.6~24.2 266 1.946 ~2.482(2.371)
3 18.9~21.9 2.56 2.245~2.870(2.561)
4 14.5~171 2.54 2.369 ~2.882(2.561)
5 11.7~13.2 3.98 1.388~2.102(1.887)
6 82~9.1 3.85 1.130~1.700(1.471)
7 7.7~95 3.87 1.329 ~ 1.783(1.568)
8 11.2~20.7 3.85 1.785~2.899(2.401)

SNR; Specific Nitrification Rate

~2.63mgNH;-N/gVSS/hr, BOD/TKNH| 7} 3 85~
3870 F&o0] Yo =79 Mode 6~794 1.47
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#e Holm Add. 28y F4
BOD/TKNH]| 7} 3 850]1 4=20] 11.2~20.7°C¢l &
A Mode 89] ¥ SNRE 2 401mgNH;-N/gVSS/hr
2 BOD/TKN®] 7} 3.0 o3& HA o &3 248
Hol= 24 Mode 3~49 SNR3} vl mate] 2 afo]
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A% 15mg/L o]
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Fig. 6. Total nitrogen concentration profile.
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Fig. 7. Effect of recycle ratios on TN removal rate(Mode 1~4,
Total recycle ratios=IR(%)+RS(%}).
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Table 7. Effect of temperature and BOD/TN ratios on total nitrogen removal efficiency and SDNR

3.0 0]} & Mode 1 ~4 7}t

Holxm it} Fig.

o O

T

4 Mode 1 ~42} Z uF
F&+ A EE) o digk TNAA
Uehd Aoz TNAAES & k4

T-N{mg/L)
Mode Temp (°C) BOD/TN ratios SDNR (mgNO,-N/gvSShr)
Inf. Eff. Rem.(%})

1 204~26.8 274 18~30 11.4~16.5 409 0.961~1.993
(24.4) (14.4) (1.425)

2 21.6~242 2.73 19~25 13~16 36.8 0.731~1.725
(22.3) (14.1) (1.203)

3 18.9~21.9 2.62 19~25 125156 415 0.841~1.757
(23.6) (13.8) (1.383)

4 145~171 2.62 18~29 10.5~153 46.9 0.726 ~1.970
(25.4) (13.5) (1.554)

5 11.7~132 4.08 24 ~ 46 12.0~16.5 56.1 1.6565~2.173
(32.1) (14.1) (1.829)

6 8.2~9.1 3.95 26~37 125~165 498 1.371~1.973
(29.1) (14.6) (1.417)

7 77~95 3.97 25~33 12.0~15.7 537 1.502 ~2.027
(29.6) (13.7) (1.705)

8 11.2~20.7 3.93 25~36 8.0~15.7 60.7 1.744 ~2.549
(32.3) (12.7) (2.046)

Note ( ): Average

SDNR; Specffic Denitrification Rate
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Fig. 10. Effect of temperature on specific denitrification rate.
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48YnE et

Jd Aot} %5 B TPExE ¢ SPeee +4
Mode 1 ~49| ) z+z+ 2.6~2 9mg/L3} 23~2.6

mg/L& Holx

new,

o} 2 o] £ Mode 5~ 80l A
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Table 8. Phosphorus removal efficiencies
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Fig. 11. Total phosphorus concentration profile.

74
7o weustst F4719 FtadE ETEta
1.0mg/L o]} Uit &< Xﬂﬂi"% 24

o] &ejA] WwEae 279 50~100%2 H AN A
2 wkz] or31 TBOD/TP ujdl| 9Ja) &
= zog eyttt TBOD/TP H)7} 21.9
24 Mode 1 ~4o) X TPAAEEE 67%°]
Ho|x 9A|4k TBOD/TP B]7} 34.7~41.1

T-P{mg/L)

S-P(mglL)

SPUR Temp.

Mode TBOD/TP °
Inf, Ef.  Rem(%) Inf, Ef.  Rem(%) (mgSP/gVSS/hn) ()

1 17~34 05~14 648  14-28 04~12 643 238 0.26 204268
280)  (0.96) @35  (084)

2  21-35 07-12 659  18-30 06~11 655 232 0.26 21.6~242
269)  (089) 229)  (079)

3 20~27 08~11 645  17~23 07~09 642 219 025 189~21.9
@57 (0.91) 226)  (081)

4  21-38 07~12 658  18~33 06~10 672 226 0.29 145~17.1
@91)  (096) 256)  (0.84)

5 2249 04~10  79.1 18~46 03~08 809 411 027 11.7~132
(328)  (0.66) (305)  (058)

6 2363 03-08 810  18~51 02~07 818 355 027 82~9.1
@37)  (061) @97)  (054)

7  25-38 03~08 818  23~35 02~07 814 39.9 0.26 77~95
(300)  (054) 264)  (0.49)

8 25~55 03~12 807  23~48 02~10 816 347 0.33 112~207
(364)  (0.68) 331)  (061)

Note ( ): Average

SPUR: Specific Phosphorus Uptake Rate
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Fig. 12. Effect of temperature on specific phosphorus uptake rate.
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