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Abstract: The kinetics of the NO,-dependent ammonia oxidation was developed for ammonia oxidizer mixed culture when there was no
molecular oxygen in the batch tests. The kinetics parameters were determined, where the half saturate coefficient of NO, was 0.821 pmol*L™",
inhibition coefficient of NO, concentration was 1.721 pmol*L™", and the maximum ammonia oxidation rate were 0.144 mg*(mg*h)~". After
adding the volume fraction of O, was 2% to trace NO,, the ammonia oxidation rates increased obviously. The maximum ammonia oxidation
rate; 0.198 mg*(mg*h) ™" occurred under the condition of the mixed gasses containing the volume fraction of O, was 2% and 50 x 107° NO, .
Under the condition of mixed gasses containing the volume fraction of O, was 21% to trace NO,» the ammonia oxidation rates further increased
greatly. The maximum ammonia oxidation rate, 0.477 mg*(mg*h) ™" occurred when the volume fraction of O, was 21% and 100 x 10™° NO,
in the mixed gas, which is 3 times higher than the general aerobic ammonia oxidation rate. The function for NO, apparently to enhance
ammonia oxidation was suggested. The kinetics model of ammonia oxidation under the conditions of O, and trace NO, mixed gasses was
developed. The model was validated by the results of ammonia oxidation experiments under the conditions of the mixed gasses containing 2%
0, and trace NO,. The mechanism for NO, to enhance ammonia oxidation under the conditions of O, and trace NO, mixed gasses was
discussed.
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G KR K A S NHY -N 150 mgeL™'s
KH,PO, 30 mg*L™'; KCl, 110 mg*L™'; MgSO, 50
mge L™ FIE ORI 0.4 mLe L' E T HR
TR ) 41 ZnS0, + 5SH,0 80 mgeL™'; FeSO, * 7H,0
100 mg*L™"; CuCl, *2H,0 20 mg*L™"; MgCl, *6H,0 50
mg*L~"; H;BO; 20 mg*L™".

SR AN 72 L SCHRL9 1, T 2L it i 4 No,
A P A A s I RS i RSk BT S
W SRS T VS e I H A SR I I A AL
BRI PG V0 15 1 v Y vh o B A A AL P R
( Nitrosomonas ) » 18075 A P 407 40 22 804K T FVRH 7R

T DRRR M 0 S B R B IR B D) se e e R
I3 IRGERE B UTTE 40 min 7576 50 mL, A 450
mL [N ALK, H NaHCO, (2 mol* L™ ) 15 ¥ &)
pHEZ 7.8 ~ 8.2 % M i , T FF M Jy i b 25 F1 <0
RA AR5 WAR 1D H S 0 BB AN Y,
ARSI, A5 B T RO AR CE 1 BT R B (40
remin '), PRAE N 2% VR & 14 5) . BRIR S 18 4T
IR 2 ~ 3 hy WOV TFF GG THIN S, BEB% 20 min MHUFE
FUORE, H = R D 2 % WP 19 NH, -N « NO, -N.
NO; -N & i, BOF M BCDTIE Ja 7578 5 mL 2R H]
FEE TR HVEN E COD, 55 mL {5 THMAERAN 1 L
[P A (S [ Bioscience 2000 71 5 $5z K 4 460k
H(OUR, ) -

max, ns
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Table 1  Contents of mixed gasses

R ik
2 3 4 5 6 7 8 9 10 11 12 13 14 15
NO, x 1076 5 15 25 50 150 25 50 100 150 250 25 50 100 150 250
€O, x 107° 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300
0,/% — — — — — 2 2 2 2 2 21 21 21 21 21
SPATA, N, N, N, N, N, N, N, N, N, N, N, N, N, N, N,

I N-(1 2338 - 4 g b a0 5 NO, =N, iy —
T 0 B2 R 58 NOy =N, 8 1G K 710 ' B2 3 0
NH, -N, %% pH THENE pH AR, K52 DO 112
WE DO, NO,/NO AR A CAb st db | B Tk A 2
WEFTHTMIE NO,/NO.

AT (NODD KA iR NH, -N 9K 2 4 2
FJE NH -N 5464 NOy -N X — 2 I, NH,; -N ¥
NODCO,/N) A 32 x 1.5/14 = 3.43 mg*mg™', NO, -N
(1) NOD fE A& 0. V5 Je Mk FE ) coD R, HitH A X
WM AR FEEE mg COD 7516 HA7.
IS [1) 2% it 1) 22 A0 CNOD)D 3

2 ERE5HH

2.1 TR TERSMT No, A NE) )%
2.1.1 SEEEIR

TSN, pH=8.0+0.2.1 4 29C =+
1°CH, S A % 5 NO, WREEIN R G R W& 2.
A AR SERE NO, W) R RGNy 5, 78 No, W
JER 25 x 107°C1.117 pmol * L™ DI A 3 55 K AE 0.063
mg* (mg*h) ™", BEF NO, WL F 4R S48 T, 2 A A
PN F B

2.1.2 BRER

RV : A5 S N RE T SO 2 A IR 2840 T 58 4R
BORAS s 78 BN R I, 35 R v e A AL BT
i i B AN R AR AL NO, A A ) i R %
NH, -N FE A JE AT NO, W 2 AP 3R B BRI, 1l 74
TR RF G 2 4 9) Monod 3)) 11 % U7 #, K H]
Andrews FH1 IR R0 SR f NO, X & A A1) 5%
Wiy s T LA, S SR I B

S

Ks + S,

SNOZ

" Ko, + Sno, + 20, /K,
A guo, AT TR T, NO, B2 AL NHY -N
PR, mge (mgeh) ™" s gyo, a9 TC I TS A 1
T, No, M % %A L B K NH; -N FF fif 3l %,
mg*(mg*h) ™' S, A NH; -N #& &£ CLL NOD % 75 ),
mg*L™"'s Ko A NH, -N 4 F1E £ (BL NOD R 71D,
mg*L™"s Syo A NO, I, pmol*L™"s Ky, BT
AR, No, B A L NO, P MR 4L
pmol*L™"s K A TEIr T T, NO, a4k No,
FHH L pmol o L7

gro, = N0, max
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SEEG T NH, -N R E CBL NH, -N KR K40H

150 mg*L™" = 514 mgL ' (LA NOD £ 7%, i K F 1L

TR 2 K = 5.359 mgeL™' (LA NH, -N &) =

18.380 mg* "' (LA NOD &)L W, 2.2.3 (2D Tk,

5 SCERME LA CNH, -N 27:)0.2 ~ 5 mge L' AR 4f

— T, 58 S /(K + S, = 0.966, f8 A
(1, 13%:

SNO2
o, = dxo, s * 0966 Kyo, + Syo, + Sto, /K,

(2)

R 2 e Eeds o SR GOHAT LS, #4526

w1 PR, S g . 0.144

mg*(mg=h) ™'\ Ky, = 0.821 pmol*L™' K, = 1.721

pmol* L™ NO, B 503N )y 2= 7 e

S, Svo
=0.144 - = ° :
o, Ks + S 0.821 + Sy + S3,/1.721
(3)
%2 AREME NO, SNRERMIESNEE
Table 2 Ammonia oxidation rate under the different
concentrations of trace NO,
SN02 x 107° SNOz/ ;Lmo]']fl ¢/mg*(mg*h) ! HEI%
5 0.224 0.029 5.0
15 0.671 0.051 3.2
25 1.117 0.063 2.7
50 2.235 0.048 4.9
150 6.708 0.030 2.2

g/mg-(mg-h)?

0 1 2 3 4 5 6 7 8
Sno,/ pmol-L!

1 S8MLEERM NO, REZ LIS
Fig.1 Simulated curve of the ammonia oxidation rate under the

different concentration of trace NO,
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2.2.1 SRR
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1°C I, 2 AT 2 5 NO, B2 IR v DG R LR 3 FH
4 LEREE NO, SR IMAN 29 58/, E AT 2
R4, RIS )G, VA N2 AN
PRI PEAS 3] T 42 s de R B AU 13 R I AE 50 x
107 NO,/2% 0, &1 F5 29245 0.198 mg*(mg=h)~';
ELRH 5 T NO, R FE 1 4k 852 186 0, %0 4 Ak T80 R O
/N AE21% 0, FITHE NO, 400 T, 2 A 2 gk 455
R B B v, e K2 AR 0 T8 % L B AE 100 x 107°
NO,/21% 0, 54T, 414 0.477 mg* (mg=h) ™" ; {HEE
H NO, WEHE— PN 2] 250 x 107°, 20 A 18 5 X
BEEAIS . AH IR FE I NO, 2541, BEAE O, B2 )3 i,
AT ESTE S N
2.2.2 MRS

ke 5 2.1.2 IR TE . 24 0, FITHE NOo,
HAFIS, WM = H AL S No, L& A AL R Ik
A IXIN A B ) Sk B2 NHY -N B UK TS O,
WREERT NO, g 3 AN 2 PR . i NO, 211
AT FH LA S B (R 0 ) B )y ) 2 5 RRARRAIE, Y L
R[] Andrews J5 FE A . T NO, 2 S Ak 1) [H]
P NO EZ A AL B A0 M Pl I NO, A 2410 A 4
N NO,» B 5 & A RN, R S8 0, BT FE
1 TR AE 2 AR A S5 N R 40 Y NO 94 B AR Pk 2]
Fase, W No, TR 0, HFEH RN E o, IREA
KL A 0, &1F R NO, B SE A BN Ty T R
VAL 0, 443, 0, W EAAAM I R 2R E) 2
AN R NH, -N R BERT O, W EE, 2 18 31 3 i
SeA AT R =4 NO W B AE P ) VR AR L LS4
A 2 I AR B AR A0 T8 6 T B 3 B NO, TE 5
M 201 .

SOZ th SOZ
q(OZ/NOZ) = SOZ + K e SNOZ q max KS + th KOZ + SOZ
+ 02 . th . SOZ
Ioym = K178, Ko, + S,
SNO
iy S ZSZ e (4
KNO2 + 9o, T Oy, KN02,1

A qeomo,y M 21% 0, IR NO, 2 T NH; -N
PEAR I 2, mge (mgh) ™"+ g, 0 4 L2 S AL e X
NH; N P fif 38 5, mge(mg=h)~'s S, 4 DO WK ¥,
mg* L5 Ko A DO P WA 2 mgeL™'s Ky A
NH, -N AR HLCLLNOD 277905 mge L' K, W
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0, &1 K, No, & A 4 NO, - A AL
pmol* L5 K2 NAT 0, 44 1, No, B4 %A 1L No,

N, 1

FHNH G pmole L5 K A5 R0, mg® pmol ™' .
AL (4D,

qco,m0,) = Guax ° [S,/CKs + Sy0]e [SOZ/(KO2

A ax * S’NO7
+ SOZ)]X( 5 s,
KNO2 + SNO2 + SN(JZ/KNOZJ
So
2
b ) (5)
SOZ + K- SNO2

I @ = 40, ) Gunr 7E XTI NO, SRR
B a0, B NO, ALAMRI O, AL5M I BAL:

A ax * SNO2
ANo, = 0 2 0
2 2 2
KN()Z + SNOZ + SNOZ/KNOZJ
So
R e (6)

S02 + K- SNO2
Geonoy = Qo X LS /(K + 8,0
x [So /(Ko + S 0] x acey, (D
2.2.3 BASHANT
(D AR AR AP E 2 g,
N Monod /7 F2 A5 T 5 K b 3 B i T 2R
G I 100 5 5 00 Y V0 R 50 O, T R 3 B
KR ZE 5 T CA NATTIIAE 380 5 >R FH 40 J 05 3K 56 >k
SEAN H 1) S5 K Bl A K T 2R Bl aw K T T B
i,
fowe = [l (1 = £, x OUR, /X, (8)
X =X fidfoe + fur3 (9
fo =CSy. = 0OU,DICS, . +0.30U, ) (10D
f =Sz = OUL OIS, -, (D
T, £, A I AR A A TR A G K R B mgemg s
S AR 5 A A0 R 4 S K R 2K mgemg ™' OU
AT TR ASC Hp I AR B SR TR T AR, mge L
OU,,, A W W A IV fird 1Rk 460 A0 BT 110 480 TR Wi
mg*L~"s OUR,, A 5480 2 A TRT 1) e R 40 W =%
mg*(Leh) "5 S, . A NH, -N ¥4 % B (LL NOD &
N)ymge L7t S, A NOy -N H14R ¥ CELNOD &
7R)smge L' X Sh) 4R AN A mg L' X, AL
A AR mge L5 o0 N IR B SR R R K
ARKEERE L.
Wz R s, = 76.457 mg*L™', OU,,, =

55.400 mg*L~" & AU (100, 4 % £ = 0.226
mgemg ™ KELIETR S~ =65.337 mg* L', OU,,
=50.220 mg L' A AKX (11D, 53] £, =0.231
mgemg~' I SEM LR X = 1656.01 mg*L™", Fi
K(OKMA X, =1235 mge L' F LMW R OUR,,, =
120 mg* (Leh) ™' ARAN(8), 735 4, =0.0284 b
=0.682 d7's g = ftae (1 + 0.3 £o)/f,. = 0.134
mg*(mg*h) "

(2) DO MR K, M E MR K,

GBS SRR TR R AT Y F

Cds o/ dt D s
q = X,

S S 0,
. nh . ( )
q max KS S KOZ S o 1 2

K¢ b F A A M NH N PR,
mg‘(mg'h)fl.

SEEG NH, -N W BECLL NH, -N &8 K200 150
mg* L' =514 mg*L~' CEL NOD #%713), e K1 A
WHG S, ICKs + 8,0 =1, A5A AL E FAUBE DO {H 11
AL T AR

4 == G * SOZ/(K()2 + Soz) (13)

3 C13) PR 22 B0 Bk AT 2 1k [, 45 31 7 72
1/q=4.013/S, +8.119, HX R R* = 0.928. K13
Ko, =0.494 mge 17", 5 3CHRL 14 JRA RGPtk

HEARLE H i DO R FE AT, I 52 2 A AL T R A
BE NH, -N ¥R 1A A i AR 4k, SRAG 20 S0 AT R 4L
(LA NOD #7R) K = 18.380 mg*L™' =5.359 mg*L"™"
(LA NH, -N %750, 5 3CRO13 TR AR L — 2k

(3) HesH

SCU NH, -N W JE CRL NHY -N £ 718D N 150
mg* L', KgCBL NH -N & 75) = 5.359 mg*L™':21%
0, W52 0, WP 9.380 mg* ™", K, = 0.49%4
mgeL"" T EL, S, /CKs + 8,0 = 0.966, S, /(K +
So, ) =0.950: i A (77

qco,mo,) = G * 0.966 * 0.950
A max * SNO2

L] ( (
KN’gz + Sxo, + Sko, /K

02
NO2 )1

So2 )
502 + K- SNOZ

W% 3 S Bl s Q1) W REAT 0 45, J45

N (14)
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gl 2 iR, HE S a,, = 34.163. K2 = So
0 " * S 124997+ S ) (15)
16.716 pmol*L™'v K2 = 0.943 pmol*L™'\ K = o, T NO,
Mafe ks 2\ . VA =] K /?I XH NO ’b/j/: ’KX % H
24.997 W BN (T), 1814 0, AR RAFFOU NO, BAHARAKL acng,
NO, Z&1F N IR EAS) 124 T . ~ 34.163 * Syo,
S s N7 716,716 + Sy, + S0, /0.943
_ o, % : :
qco,mo,> =0.134 x Ks+ S, K02 + 502 Soz e
+
34.163 * Sy, So, +24.997 + Sy,
X ( 2.2.4 FREALEOAE

16.716 + Syo, + SZN02/0.943

£3 21% 0, MHWE NO, THIE R LERED

Table 3 Ammonia oxidation rate under the different concentrations of 21% 0O, and trace NO,

Swo, 4o, N0, [k R 4 NO, B AL [iigea 7%
Jumol*L "1 x 10-6) Jme* Cmeh) ! Jit v i/ 9% JiT 5 EL 1/ % R 1%
0.000C0> 0.117 100 0 - 1.7
1.117(25 0.257 11.2 88.8 1.918 3.1
2.236(50) 0.401 4.4 95.6 2.993 0.9
4.475(100) 0.477 2.1 97.9 3.560 3.9
6.708(150) 0.390 1.6 98.4 2.910 4.2
11.168(250> 0.283 1.3 98.7 2.112 1.5

TRAW T DO WREE 9.380 mg/LL

2% 0, AR NO, 211 N 1K S 5 RAAA
S, T M B AE R ¢ H, SR

0.50
05 i HIR AR o (AR, LK 4.t 4 WTLLE
0.40 Y U R S S A B B S

~ 035

:'é:oso 3 itie

@ 025

£ 020 T TSR, I 4 S AL B VR 55 0 e R
015 NO, HEATE S I N 2% 0, J& » B 25 2 7]
010 I, FH AR AT B2 A
005 5 ; 16 15 WS TR A RN 219 5, S A

Sno,/ pmol-L-1

2 21% O, EHETEENIFEERE NO, RET WG

Fig.2  Simulated curve of the ammonia oxidation rate

under the different NO, concentration with 21% O,

B KRR & A AR, W =R B NO,
ST A 28 S A R FRAIG . LEECAE 50 x 107 NO, AT 150
x 107 NO, #E AR 0, B IZA 2B ol
AJ LU, 28 S A T AR A AR P I 3G hn i 4

R4 2% 0, Y= NO, THEEIERE

Table 4  Ammonia oxidation rate under the different concentration of trace NO,/2% O,

Swo, Sno, So, 5 Dl ik K=R1d NO, B R %
/%106 Jymol L~ JmgeL"! q /mg*(mg*h)~" g /mg*(mgeh)~' T LEHl/% Btk L/ % 1%
25 1.1170 0.375 0.112 0.098 7 0.661 99.339 -11.9
50 2.2360 0.375 0.176 0.198 0.211 99.789 12.4
100 4.4750 0.374 0.201 0.171 0.092 99.908 -15.2
150 6.708 0 0.378 0.181 0.165 0.07 99.93 -8.9
250 11.168 0 0.379 0.134 0.155 0.057 99.943 15.8
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SCHRC 15 TS RIAETE 0, BL NO, i AL I 2
A4k, NHY  NO, Fl NO Z [ i fk 220k R R N
1:2:2,NO 1E N B 4 = HE . 44 0, B, NO #4
R NO, FRHENAEIR, NO, 4 270 40 i 3 5 16 21
SURTE M A A Be A U 2120 5 NO: NO, 1 Fh 4
FAF R A B — Rl ML LAY NO, 116 24 35 0
T 0, AT EERI P, 38 o 4 4 2 SR Ak i e
{ER SIS R W, C, H, REW NI A = A A
TETE, FASBEANH] No, 12 A ATE Y, U] o, A
G, H, 1EHAEAR A (3 PR AT, 1 5 NO, 1 R s v
HALAN ], NO, B 24 S8 AL P Ak A 28 S8R i LI AU
A R 43 A S I AT () 8 ) AN (R MR A Ak B T
ALK — LR g5 R0 X R, R T No, &
SR B AR AN B — B HE
B ARG P R AR

1t 0, 3R NO, 401 T2 A L. — 75
[fil, LA O, Ay L7324 (0 1 R B A S A AT L NO,
KT AR NO, B S A A I A 5y — 7 i,
NO, BLE AL ()™= 4) NO fE4i B ad i o, (1)
2B A A NO, , 2 5 2840 SOV, A4 No, Y
AN IS | 75 SR R, AU B 0 4 e Y
NO, TEFRFRIN FECT 0, M FER it 2 Fi A5 700 4
SEAAS A 1 g5 AL 13 2 A8 A T8 ORI B2 o, T
NO, & H] T 5tk 2 A A E T, X — 4T U &
M NO, 5 Z A R HCRAE

15 21% M 2% 0, W IAE NO, IISAT R, 75
I #5286 NO, I 2 OB A4 T s R R
0.117 mg*Cmg*h) ™' ] 2.197 ~ 4.077 1% A1 0.844 ~
1.692 i, W3 3 F 4, I K2 A 3R HHLE 21%
0, F1100 x 107° NO, HIZ&AT T, £ NO, ik 2 &
e pR BUAH A 3.560, 75 5] 0.477 mge(mg=h) ™", EE TG
NO, I R4 T 2 A 3 i ey
T A N, No, A& Ak e KO #E 0.063
mg*(mgeh) ™", L TG NO, I XS4 F & Efb
BRMKL 46% : 14T 0, 541 T, IS Ik & 1) No,
AL T S SA AT R R 3 R 4 g T IR
FAHE S NO, B A R P R A R
e, W ar BUE Y, 756 0, Al NO, &1,
FERAET NO, AN, HIE 2% 0, &M FHEN
B2, B O, MImARAETS Rt NO, B AL B AR
# . Jetten FFUESE 25 NO, WKEEN 25 % 107° ~ 50

x 10~ i U SR A0 T8 R T 4 1Ry 8 A5 Zart %5 R K
NO, 18 V. eutropha 2555 7% W IR A A 33 4 | B 20 54k
TR A A R | S K A i R R A R A AL
JIH B, 58 0, 41 F 2 NO, WRFEH 25 % 10°°
I LS AT M R, A6 0, 451 T 24 NO, #RIE N
100 x 10~ i H A A% ME B K1) Schmidt 25 5%t 21
B Nitrosomonas eutropha 1 NO,/0, AT
A R W e g5 R BN, L 0, KT,
Nitrosomonas eutropha Tt 0 ~ 25 x 107° NO, & F %
AR R T H NO, IR KT 25 x 107 LU,
S AT R BB . e K I 2 A R (LU
JEEDIEE] 134.4 pmole (goh) ~", AHATF LLAE X S 4 AF
O, FHE 219%) M F AL CLLE A B
[1377.6 pmol*g=h) ™" ML K2y 10 £, Ll 4 4 A1
O, T 1% ) MR A EZE(CLE A FT367.6
pmol* (goh) ™' K K2 3 fi5t,

Schmidt %5 &K I, # 2 AL H TG 0, 54T T %
BRI 0, 18 NiE, AR A SRR AT
0, a5, 12 e FIH NO, 164 732 4k, i 5
AR SEFIH 0, 160 T2 ARMRE )1, WA
0, 0T, NO, (NO, S AR A7 AE RS B T 15 5 0
T HIVE R, B AT I 4 2 S A 1R B 75 5 2B NO, %
AL SCERCS T2 8] NH, W NO, A1 NO 22 [A] [ Lt
Bl 1:1:1, 5 3CERL 15, 16 IS DU R X &R,
1E 100 x 107534 T, 2 A 1) NO, B a4 4k
WA SRR KR, JE H B AT W HE 0, AL ). Zan 2538
TR BN NO 454577 DMPS Fl1 NO fiff 2340 17 3 F
JiNEBR N. eutropha TEAGH 7] NO J5, 24 10
2 RN L A4 1L, FRE A NO J5 2 A A T
3BT, I SEIRAIE 52 T NO R A S0 S8 A 0 1k
HHEEEH, I RITEEBINM NO [ & K T 41
M bR s sk &, o] g2 T A AR NO RE6E T
NG BCIE R AR AE T B0 20 i) | Schmide 2505 T
NO, %f K £4 4k NH; 1 NH,OH 35 VEH N . eutropha
A 0, A NI YEWE 5% m, RIAE N NO,
T8 ~9d A I NH, MIHFE, B/ E No A
NO, 742, i B <07 : 2 BRIX LS NO AT NO, » NH
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