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Study on biological kinetics for nitrite and

nitrate removal

Jung-Gi, Son

Department of Civil Engineering, Graduate school of Industry,
Pukyong National University

Abstract

This study was conducted to evaluate biological denitrification
characteristics and kinetics for nitrite and nitrate removal.

When the applied COD and NO; -N were 1000 and 600 mg/ ¢,
respectively, and HRT was decreased 1.0 to 0.25 day in complete mixing
reactor, it was shown to be the average 90 % of relatively high COD and
NO: -N removal efficiency. COD/N ratio was 1.87 at this experiment.
Kinetic constants, Y, ke, Ks and #max for NO2 -N denitrification were 4.808
mg VSS/mg NO» -N, 0.009 hr’, 823.7 mg NO, -N/ ¢ and 2.076, respectively.

When the applied COD and NO3 -N were increased by stages, more than
90 % removal efficiency could be obtained. But, NOs; -N denitrification rate
was relatively low compared to that of NO2 -N. This mean that denitrification
was estimated that the accumulation of NO» -N was contributed in the achievement effective

denitrification.
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2.13% ZYHEPA, 1975; Beccari et al., 1976).
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Table 2.1 Denitrification rates with various carbon sources

Denitrification rates .
Carbon sources , Temperature(C)
(g NO3 -N/g VSS-day)

Methanol 0.21~0.32 25
0.12~0.90 20

Sewage 0.03~0.11 15~27

0.072~0.72 -
Endogenous Metabolism 0.017~0.048 12~20

gdo] #AAdtE  ulAWELS Pseudomonas sp., Micrococcus  sp.,
Archromobactor sp., Bacillus sp. 53 22 £o] glon FAalh 2@ A A

A7 ob 718 A FEAR AFEE 94 TEIE HH P TE 47
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assimilation)® ZAFE o] 3} 2t & (nitrate dissimilation)oll ]3] o] Foj At} o] 3}
28 HF(ENE TF AH)EL, Fadde A gl Fa ez 2es)
B, o] o dojye F3FE o2 st Aol gty ATy Ao 23
2 "ok whef R yolrt oju] EAFUW, G| 55428 HFE FAo] 2

olgtA el Hitd BelE S 2L A 7R 9 nAEEH weEo] 9t}
D ¢EYelz &Adg 39, F g ZYold(ammonification), ©] A& o} & Ak

3) ANEor FYUH F st HFEERE HE T | (denitrification)

Mo

Akunna et al.(1992)
dZYolslrt 23 Al
2}, g R Yo}yl AR vk g8 e Zrhet gt =3k Akunna et al.(1993)&

7] COD(ZF 2 2) : NOs-N H]7} 538t =& Fot
F Y ZA221 g ZAYE w57 FUME o
G714 £ X 2% dRYolsrt FF a9 2 M E(glycero)n 2 xR
7bedh f71eA sEEe EAAdT dojus, 243 B AH(lactic acid) 2L

Al 2ad ga BgE EAAC e 2 Fad A4d #9 A2 A

2 B9 W 3 ANge] Mo Aivtrz BYHE Hol
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N03 + % C5H1205‘_’N02 +% C02 + % Hzo (2)
No,+ L coHL06L N+ 3 co,+ 4 H0+ ol (3)
2 8 644126 2 2 4 2 5 2
NOs+ 25 CoHwOs+ H0-+ Ny + 2 CO,+ -5 H,0+ OB (4)
W) glofd, Y $AL AW FTEIA/ANY Teln TFRA/0H
Mee] oFd ule 747 2683 172010k ey, DAE HAS P 2@t

o] &5 7] mWEel A vle $o AMt} Bri(Akunna et. al, 1992). 714 e
Aol A et dds 224 A dojuAnh dutd o e MAse &
3 = (Methanogenic activities) = T3 28 49832 ZdHo|M 4HE o oz

22537 dojd Foff dojyA "Foh(McCarty and Smith, 1988; Harper and
Pohland, 1985).

Methanogenesis
CH,COO™ + H*—>CO,+ CH,  AG°=—135.83K] (5)
2H2+—%—C02—>% CH,+H,0  AG°=—135.6K] 6)
Denitrification
INOF +5H, + 2H >N, +6H,0  AG°=—1120.5K] )
CH,COO™ + % NO; + % H*—2HCO; + % Ny+ % H,0  AG°=—817.71K] (8

24w zobs Hggy weeolutt Sao B Asko WA A0
e 2 BYE AL F AL F2o) BY 43 oI, @ 2 ejeiobs
A

, T2 4 283 e #F71d dIA e

AaA A A
2dA pHE T8 3184 ARoln, WA AN Lot2iert 447 o
o o]&H oz AT T pHeE A5t & dadozA fegg, AL, =
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Table 3.1 Operating conditions

[tem NO2 -N denitrification NO3 -N denitrification
Stage I o|lm| V|V |V I o, m|wv | Vv |V
Inf. COD(mg/ #) 1,000 1,500(1,000 1,000 1,500|1,000
Inf. N(mg/¢) 600 830 350 600
MLVSS(mg/ ¢ ) 2500 2500
HRT(hrs) 24 112 | 6 4 112 | 12 |24 |12 | 6 4 112 | 12

33 A E XA 9 2N

33.1 g =4
2 AFo A AEE 92 74 dMFEAM 242 Table 329 2ok 53]
vl Y] B9 obddd 2 FAdge] FhHA dEE e 2A %
obdAE R AIE FY& AF =l et Table 329 FA ol sl
KNO;'® KNOs3E &3fstd dF AM&3H



Table 3.2 Composition of

synthetic waste water (based on 1,000 mg

COD/L).
Constituents Concentration Remarks

Glucose 12 g/L

NaHCOs 1 gL

» Trace element solution 0.5 mUL See the composition below
Tap water to 1 Liter
* Trace element solution Concentrated
H3B04 50 mg/L
FeCl> - 4H20 2,000 mg/L
ZnClz 50 mg/L
MnClz - 4H0 500 mg/L
CaClz - 2H20 80 mg/L
(NH4)sMo702 - 4H0 50 mg/L
AlCls - 6H0 90 mg/L
CoClz - 6H20 2,000 mg/L
NiClz - 6H-0 50 mg/L
NazSeO3 100 mg/L
EDTA 1,800 mg/L
HCI (30 %) 1 muL
332 AF vAE

B AP A8 AF e #4532 $F2A AL SHAE AL
sAaom, el TS, VS &2 2 $5+8S 27 228 g/, 188 g/L 2 97 %%tk ©]
gL #= vol 2500 ng/ £ 7+ %% Y3

2 FUste] Ax A HFol 284 F B 29

d

4% F oF 30 Uz opAAY 2 A

o Abg-sheTh

323 Nz A4 2 +4 24

Agel AHEF ARE FU5FS #3550 Uha) 2 A 1 3 ATk CODE
#45o HsiAE TCODE Astgon, 4250 dalds 48 44 oo
24 of3}g AEE o g3t SCODE EMTY. =@ wgze) o7 Jujg
B7sk7] As) GCE ol gsted gas 242 RS E 49

o RE £42

12



Standard Methods(APHA, AWWA, WPCF, 1992)¢] wstouj o]of] A}&3k

A FE o WH S Table 337 2t}

S

Table 3.3 Analytical methods and instruments

e
%3

Item Unit Method and Instrument
COD mg/ ¢ | Potassium Dichromate Open Reflux Method
TS mg/ £ | Total Solids Dried at 103~105C

VS mg/ ¢ | Volatile Solids Ignited at 350C

Sulfanilamide and n-(1-naphthyl)-ethylene diamine Method
(Hach DR/4000 spectrophotometer)

NO; -N mg/ ¢ | Brucine Method (Hach DR/4000 spectrophotometer)
Gas ¢ /day | Gas Chromatography (HP 5890)

NO» -N mg/ £

13
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Table 4.1 Summarized results of Kkinetic parameters NO: -N and
NOs3 -N denitrification.

Kinetic Parameter NO: -N Denitrification | NOs -N Denitrification
Y 4.808 0.103
ke 0.009 0.002
B max 5.076 3.367
Ks 823.7 761.8

Fig. 43 % 469 23§ Table 411 Soksich Eol Yehd uish go] 2
AFNA 24U o8 £E F olANg) wALo] AN YASHYG
159 o 2 ¢+ ATk WA 2F FH9 LAl o) AakaA) opEy
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