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Inhibition Kinetics of FNA to Denitritation Using
Nitrite as Electron Acceptors
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Abstract: A lab-scale two-stage UASB-A/O combined process for treating the real municipal waste
leachate is used to investigate the inhibition kinetics of free nitrite acid ( FNA) to denitritation using
nitrite as electron acceptors in wastewater. Under the premise of achieving short-cut nitrification—
denitrification stably ( running 130 days) a number of denitrification batch tests are carried out in
different concentrations of NO, -N and under different pH gradient with sludge which is from an A/O
reactor and has good biological short-eut denitrification nitrogen removal efficiency. A denitritation
inhibition kinetics model is established based on a large number of experiments and the Nitrous
denitrification inhibition kinetic constants under different pH are deduced by function match. The
relationship curves of NO, N concentration and specific rate of denitrification match the Andrews
inhibition kinetics model well at constant temperature and pH conditions. The maximum specific
and K
being 17. 8 mg/( g*h) and 6.40 mg/L under pH 8. 0 respectively. When pH is in the range of 6.5 —

denitrification rate R, and halfsaturation constant Kq significantly vary at different pH R,

X X

8.0 the inhibition constant K, significantly increases with the increase of pH. However the

corresponding value of p( FNA) (0. 177 —0.225 mg/L)) remains the same level of magnitude which
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proves that FNA is the true inhibitor from the view of kinetics point.
Key words: leachate; nitrous denitrification; inhibition kinetics; free nitrite acid ( FNA)
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Fig. 1 Flow diagram of the two-stage UASB-A/O system
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1 pH

Table 1 Kinetic parameters of Andrews’s inhibition mode for denitrification rate under different pH

pH R,./(mg-(gh) ) K¢ /(mgeL™") K, /(mgsL™") R p( FNA) /( mgeL™")
6.5 11.9 3.55 75.8 0.982 74 0.177
7.0 14.5 5.25 245.0 0. 986 07 0. 181
7.5 15.1 6.02 800. 9 0.991 41 0. 187
8.0 17.8 6. 40 3044.5 0.992 4 0. 225
12 ¢ pH
By pH R,
_(f O-._k-. max
- K,
z of N
5 \o\\ R. . UASB2
4 e r B i A/0
~0— r SEE
2r pH=7.0
d 100 200 300 400 500 600 20
G (NOS -N)/ (me= L) B
#hap(NOS -N)/(n ) NO; N K. pH
7 pH=7.0 p(NO; N)  re R K,
Fig.7 Measurement value and simulation value of specific pH NO, N
denitn'ficat'ion rate with different original nitrite 1 pH p( NO; N)
concentrations under pH 7. 0 B
NO,
2.4 pH NO, pH - K
K, . pH=6.5
1 R. K, K, (75.8 mg/L) pH=8.0
pH NO, N K; (3044.5 mg/L) pH
R,.. K pH=8.0
R K. 17.8 mg/g*h  6.40 p(FNA) p(FNA)  pH
me/l.  pH=6.5 R.. K. 11.9 p( NO, N) 0.177 ~0.225
mg/(geh)  3.55mg/L R, K, pH me /L
. FNA
. Gujer ASM3
_ pH=8.0 p( FNA)
NO, N R,. =0.029 H
P
mg/( g+h) NO, N 0.5 mg/L. Ilenia
25 )
ASM3 Abeiling 7 p(FNA) =0. 13 mg/L
2 Soto 37°C pH=7.5
Oscar ] K, =906 mg/L p( FNA)
NO, N R =138 0,16 mg/1. pH
mg/( g+h) NO, N K, =0.36 mg/L. K, p( FNA)
R, Anthonisen ' Almeida '



2012

896
FNA
ATP . Baumann FNA
mRNA
p( FNA)
FNA
pH NO,
pH
p( FNA)
FNA pH
pH
pH pH

3

1) pH p(NO, N)

Andrews

2) pH Rmax KS pH =
8.0 R.. K 17.8 mg/( g+h)
6. 40 mg/L

pH P( NO, N)
3) pH=6.5-~8.0 K, pH
(75.8 ~
3044.5 mg/L) p( FNA) p( FNA)
(0.177 ~0.225 mg/L)
FNA pH =8.0
p(FNA)
FNA
4) pH NO,
pH
p( FNA)

11

12

RUIZ G JEISON D CHAMY R. Nitrification with high
nitrite accumulation for the treatment of wastewater with
high ammonia concentration J . Water Research 2003
37(6): 13714377.
van DONGEN U JETTEN M S M van LOOSDRECHT M
C M. The Sharon-Anammox process for treatment of
ammonium rich wastewater J . Water Science and
Technology 2001 44(1): 153460.
CHUNG J] W BAE W. Nitrite reduction by a mixed
culture under conditions relevant to shortcut biological
nitrogen removal J . Biodegradation 2002 13 ( 3):
163470.
FUX C BOEHLER M HUBER P et al. Biological
treatment of ammonium-rich wastewater by partial
nitritation and subsequent anaerobic ammonium oxidation
( anammox ) in a pilot plant J . Journal of
Biotechnology 2002 99( 3) : 295-306.
GALI A DOSTA J van LOOSDRECHT M C M et al.
Two ways to achieve an anammox influent from real reject
water treatment at lab-scale: Partial SBR nitrification and
SHARON process J . Process Biochemistry 2007 42
(4): 715-20.
PENG YZ YANG Q LIU X H et al. Nitrogen removal
via nitrite from municipal wastewater at low temperatures
using real-ime control to optimize nitrifying communities
J . Environmental Science and Technology 2007 41
(23): 8159-8164.
PENG Y Z ZHANG S J ZENG W et al. Organic
removal by denitritation and methanogenesis and nitrogen
removal by nitritation from landfill leachate J . Water
Research 2008 42(4-5): 883-892.
GAO Da-wen PENG Yongzhen LI Baikun et al.
Shortcut nitrification-denitrification by real-time control
strategies J . Bioresource Technology 2009 100 (7):
2298-2300.

NOGUERA R D OKABE S PICIOREANU C. Biofilm
modeling: present status and future directions J . Water
Science and Technology 1999 39(7) : 273-278.

HENZE M GRADY C P L J GUJER W et al
Activated sludge model No 1 C //IAWPRC Scientific
and Technical Report No 1. London: IAWPRC 1987.
HENZEM GUJERW MINO T etal. Activated sludge
model No2 C //IAWQ Scientific and Technical Report
No 3. London: TAWQ 1995.

HENZE M GUJER W MINO T et al. Activated sludge
model No 2d ASM2d ] . Water Science and
Technology 1999 39(1): 165-482.



6 . FNA  NO;

897

14

15

16

17

18

19

20

GUJER W HENZE M MINO T et al. Activated sludge
model No. 3 ] . Water Science and Technology 1999

39(1): 183493.

SIJBESMA W FH ALMEIDAJS REISMAM etal
Uncoupling effect of nitrite during denitrification by
pseudomonas fluorescens: an in vivo31P-NMR study J .
Biotechnology and Bioengineering 1996 52(1): 176-
182.

YARBROUGH J M RAKE J B EAGON R G. Bacterial
inhibition effects of nitrite: inhibition of active transport

but not of group translocation and of intracellular
enzymes J . Applied and Environmental Microbiology
1980 39(4): 831-834.

ANTHONISEN A C LOEHR R C PRAKASAM T B S
et al. Inhibition of nitrification by ammonia and nitrous
acid. ] .
1976 48(5) : 835-852.

HELLINGAC van LOOSDRECHT M C M HEIJNEN J

Journal Water Pollution Control Federation

J. Model based design of a novel process for nitrogen
removal from concentrated flows J . Mathematical and
Computer Modelling of Dynamical Systems 1999 5(4) :
351-371.
VADIVELU VM KELLER J YUAN Z. Effect of free
ammonia and free nitrous acid inhibition on the anabolic
and catabolic process of an enriched Nitrosomonas culture
J . Biotechnology and Bioengineering 2006 95(5):
830-839.
WEONSY LEE CW LEEST etal. Nitrite inhibition
of aerobic growth of acinetobacter sp J . Water
Research 2002 36( 18) : 4471-4476.
ZHOU Yan PIJUAN M YUAN Zhi—guo. Free nitrous
acid inhibition on anoxic phosphorus uptake and
denitrification by poly-phosphate accumulating organisms
J . Biotechnology and Bioengineering 2007 98( 4):

903-912.

21

22

23

24

25

26

27

28

ALMEIDA JS JULIOSM REISM A M etal. Nitrite

inhibition of denitrification by pseudomonas fluorescens
J . Biotechnology and Bioengineering 1995 46( 3):

194201.

FRANTA J R WILDERER P A. Biological treatment of

reactor

Water

paper-mill wastewater by sequencing batch

technology to reduce residual organics ]
1997 35(1): 129436.
TARDIF O HALL E R. Alternatives for treating
recirculated newsprint whitewater at high temperatures
J . Water Science and Technology 1997 35(2-3):
57-65.
GUJER W HENZE M MINO T et al. Activated sludge
model No 3 J . Water Science and Technology 1999
39(1): 183493.
ILENIA T VALENTINA I STEFANO M L et al. A
modified activated sludge model No 3( ASM3) with two—

Science and Technology

step nitrificationedenitrification ] Environmental

Modelling & Software 2007 22(6) : 847-861.
OSCAR S ESTRELLA A MARLENE R. Kinetics of

cross-inhibited denitrification of a high load wastewater
J . Enzyme and Microbial Technology 2007 40(6) :

16274634.

ABELING U SEYFRIED C. Anaerobic-aerobic treatment

of high strength ammonia wastewater nitrogen removal via

nitrite J . Water Science and Technology 1992 26(5/

6) : 10074100.

BAUMANN B van der MEER J R SNOZZI M

Inhibition of denitrification activity but not of mRNA

et al.

induction in Paracoccus denitrificans by nitrite at a

suboptimal pH J Antoine van Leeuwenhoek

General and Molecular

183-189.

( )

Journal  of

1997 72(3):

International

Microbiology



