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Estimation of Nitrifiable Nitrogen Compounds
in Municipal Wastewater by Respirometry

(20073 29 19 =8 H4; 20079 6¢€ 129 HE A= a9)

Abstract

Nitrogen compounds in municipal wastewater can be divided into biodegradable and nonbiodegradable
fractions with biodegradability. Biodegradable nitrogen compounds can be removed through biological
nitrification and denitrification processes, and nonbiodegradable nitrogen compounds affect the effluent
quality of biological nutrient removal processes. The amount of nitrifiable nitrogen compounds, which are
the sum of ammonia and biodegradable organic nitrogen, has been estimated by respirometry.
Respirometry shows good estimation of the concentration of nitrifiable nitrogen when a synthetic sample of
ammonium chloride is dosed. The estimated concentration of nitrifiable nitrogen compounds in municipal
wastewater is close to ammonia concentration in municipal wastewater, but it is lower than that for the
synthetic sample. If nitrogen assimilated into cell synthesis of nitrifiers and heterotrophs is considered, the
total amounts of nitrifiable nitrogen compounds, which are nitrified and assimilated, could be more
accurately estimated. The concentration of nitrifiable nitrogen compounds, which are biodegradable, is
about 31 mg N/I, and this is 119% of ammonia and 94% of total nitrogen. Ammonia, nitrate, biodegradable
organic nitrogen, and nonbiodegradable nitrogen are about 79%, 1%, 15%, and 5% of the total nitrogen in

municipal wastewater, respectively.
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Fig. 1. Schematic diagram of a respirometer.
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Fig. 2. Relationship of respiration rate, nitrifiers growth, and
nitrifiable nitrogen utilization in biological nitrification.
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Fig. 3. Respiration rate for the estimation of nitrifiable nitrogen
compounds.
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Fig. 4. Respiration rate for the estimation of nitrifiable nitrogen
compounds in municipal wastewater.
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Table 1. Nitrifiable nitrogen compounds in municipal wastewater

Value
Parameter
Range Average

Sy (mg N/L) 18-31 23

NH; (mg N/L) 21-36 26

TN (mg N/L) 27-45 33

Sy/NH,* (%) 78-94 88

SW/TN (%) 57-77 69
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Fig. 5. Respiration rate by sequencing batch reactor sludge for the
estimation of nitrifiable nitrogen compounds in municipal
wastewater.
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Fig. 6. Respiration rate by activated sludge for the estimation of
nitrifiable nitrogen compounds in municipal wastewater.
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Table 2. Nitrifiable nitrogen compounds including nitrogen used for
cell assimilation in municipal wastewater

Value
Parameter
Range Average
Sy (mg N/L) 25-41 31
Sy/NH, (%) 113-124 119
SW/TN (%) 86-98 94

Table 3. Nitrogen fractions in municipal wastewater

Nitrogen compound Fraction
Ammonia 79%
Nitrate 1%
Organic nitrogen
Biodegradable 15%
Nonbiodegradable 5%

3.4, HastetEe| dEd S
shrel Aatshy Aigges AFIAEANER
2 BT e EuAE ol &t Fitst v
= 3 FHEIFNAE A xS 1P SFEH
° 6H 4 A3} Table 2 9Jr 2o Aitsbg A
O

ok NI 119%, TNe] 94%e] 551,
:LT'H‘:'E /q]ﬁz‘ﬂ-}ﬂ o 34-5} 7:1_r O}Tv/] 7&1/&]-51./\4
gheel s Hoh AgeA 4T o 9l
oh Aststd AAsRtE S NHyEG 19% B B3
o, ol NHy of¢lo] BEstxos La7bsd
b R =l R 2 A e S I I B o e

gz dada.

[e5

A2

o
o
FeaA Ao Fajrbed dastgEoldl
o B e oR v/ @ 1R SoXs
o W&l ok 11457 5, 2004b) 5 #galw wr}
Algstetel 48T 4 BRANE f71dhe
3%, AAE BrelEe fr1dae 2%2 44

301



Journal of the Korean Society of Water and Wastewater

Vol. 21, No. 3, pp. 295-303, 2007 &5 92 3l AsEA AAETE 24
o AEed Geald AAsEe 4284 Aa o gk 54 Wb 1 EEY. SaEed
AAZHY A age] 43S FE 2224 35 18(1). pp. 29-36.
FA%% 2~13%(Henze, 1992; Grady eral., 1999; > @& @ife, Aeesr Q004h) s5awd e oi
5 . of A 54 H7b: 1L S8 E 3 NUR, g8+

Henze etal., 2000) F=2 FH= 1 it Ad27% E6814. 18(2) . pp. 113-120.
skrT Aatdel 1% BEw A, W2 3 qgw 9% 182 gax FuE (2003) vAE
w A7AN Aesd died dagdee L SEE B o e w18 B, FglrEy
o 5%z BAHAT 2], 17(4), pp. 503-509.

4. Benes, O., Spanjers, H. and Holba, M. (2002) Respirometry
4 A = Techniques and Activated Sludge Models, Wat. Sci. Tech.,

46(4-5), pp. 1-6.

5 Drtil, M., Németh, P. and Bodik, I. (1993) Kinetic Constants

2 AFdEe 2FERH Jsto] 49 A4tz of Nitrification, Wat. Res., 27(1), pp. 35-39.

A AxrES FH5tn 1 AES EAS 13 6. Ekama, G.A., Dold, P.L. and Marais, G.v.R. (1986)
Az ey e A28 A8 59y Procedures for Determining Influent COD Fractions and the
Maximum Specific Growth Rate of Heterotrophs in

| 9zA =0 NHLAS 208n 5E58md 9 Activated Sludge Systems, Wat. Sci. Tech., 18(6), pp. 91-114.
sovorleEn A= TRHOE e 7. EPA (1993) Manual Nitrogen Control. U.S. EPA, Washington,

dlol Aakshy AosRe #49 A% aRdes o

Aol BEgsA FHE & Ut AEZFAE 1213 8 Grady, CP.L. Jr., Daigger, G.T. and Lim, H.C. (1999)
Ao A njAEe] AUk x| ool 1 2}l Biological Wastewater Treatment. Marcel Dekker, Inc., New

AT Bk YA 24 5 At o oo G o f
N . . 9. Henze, M. aracterization o astewater for

2. shpel Aitaid AasRe S 9d BneN/L Modelling of Activated Sludge Processes, Wat. Sci. Tech.,
= —8]"/}:%‘ NH4+9] 88%, ’TNQ] 69%0121\:”;}' %’—l’ﬂ'i} 25(6),})]3« 1-15.

d AAZFES NHi 9 fAlsto] vlus 3 &aA 10. Henze, M., Gujer, W., Mino, T. and van Loosdrecht, M.

243k 4 g)g o), QZA 2 v A3 i) (2000) Activated Sludge Models ASM1, ASM2, ASM2d and

A Ax3l8tE o] Zeko] thh AT} ASM3. Scientific and Technical Report No. 9, IWA
= = o . ° Publishing, London.

3. Aus nidE Uil_ T459 OC}:_U]_% & fﬂ _ﬁ/\éi 11. Kappelerigj. and Gujer, W. (1992) Estimation of Kinetic
aefstel she] Aatebd dasheE S AW At Parameters of Heterotrophic Biomass under Aerobic
€ %7 31mgN/LE st435 NHiel 119%, TN Conditions and Characterization of Wastewater for Activated
94%0] k. wEtA NHj o] 9jo] AJEsaoz £ Sludge Modelling, Wat. Sci. Tech., 25(6), pp. 125-139.
7158 97 AAE sl A 9 A T 12. Kong, Z., Vanrolleghem, P., Willems, P. and Verstraete, W.
olgd Fgre] ANFA AAFEEo FTS wr} (1996) Simultaneous Determination of Inhibition Kinetics of
et 4+ AT (;;(;r;gxg?:;i; ;gfsi-sl\;lglﬁcamn it Repomes

4. 2ALS NHyjE 79%, BEH o2 B/l 13. Langergraber, G., Wuchty, M., Fleischmann, N. and
o 71 AARE IS%E 94%7F AESH oz Bt Lechner, M. (2003) Rapid Automated Detection of
3t A L3It Eo|Qt. A AEHE f7]24AE Nitrification Kinetics Using Respirometry, Wat. Sci. Tech.,
3%. A3 AEIEHE 97 AL2E %R =HEY 47(2), pp. 149-155.

O met Anele 19409 B dEaA 2 14. Spanjers, H. am.i Vanrollegher.n, P.. (1995) Respirometry as a
rEEEe Sz BAY To.ol for Rapid CharaFterlzatlon of Wastewater and
- = R Activated Sludge, Wat. Sci. Tech., 31(2), pp. 105-114.
15. Surmacz-Gorska, J., Gernaey, K., Demuynck, C.,
A2 Vanrolleghem, P. and Verstraete, W. (1996) Nitrification
Monitoring in Activated Sludge by Oxygen Uptake Rate
1. 253, 73)%, HHd (2004a) E5H o8 s} (OUR) Measurements, Wat. Res., 30(5), pp. 1228-1236.

302



4% @

1

oIR=eRA| o
213 3%, pp. 295-303, 2007

16. Vanrolleghem, P.A. and Lee, D.S. (2003) On-Line
Monitoring Equipment for Wastewater Treatment
Processes: State of the Art, Wat. Sci. Tech., 47(2), pp. 1-34.

17. Vollertsen, J. and Hvitved-Jacobsen, T. (2002)
Biodegradability of Wastewater - A Method for COD-

303

Fractionation, Wat. Sci. Tech., 45(3), pp. 25-34.

18. Wentzel, M.C., Mbewe, A. and Ekama, G.A. (1995) Batch
Test for Measurement of Readily Biodegradable COD and
Active Organism Concentrations in Municipal Waste
Waters, Water SA, 21(2), pp. 117-124.



