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Abstract: The effect of trace NO, and kinetic characteristics for anaerobic ammonium oxidation of granular sludge was investigated by batch
experiment. The sludge anammox rates could be described by the Haldane model. The kinetic parameters were determined, where the
maximum anammox rate was 6.65 x 107’ mg*(mg*h) ™' . The half saturate coefficient and inhibition coefficient for ammonium nitrogen were
87.1 mg*L ™ 'and 1 123 mg*L™" respectively, and the half saturate coefficient and inhibition coefficient for nitrite nitrogen were 15.39 mg*L™"'
and 159.5 mg*L™" respectively. Trace NO, apparently enhanced anammox under trace NO, atmosphere conditions. The function for NO, to
enhance anammox was suggested by the Haldane based model. The parameters in the function were estimated, where the maximum enhancing

anammox coefficient was 48.79, and the half saturate coefficient and inhibition coefficient for NO, were 2 480 mg*m™ and 4.22 mg*m™>
respectively, and the basic rate coefficient was 0.018 2. The most of NO, in the experiment was lost.
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1.1.1 28500 PR A SR AL 26 1) 5%

B K BB Y] s WAH A A (NaNo, ) 26
mg*L”'; (NH, ),80, 7.6 mg*L™'; KH,PO, 3.04
mg*L"": K,HPO, 3.96 mg*L™': NaHCO, 2000
mge L™ T E TR KW 2.0 mLeL™' R IT R
WA % EDTA 5.0 g* L' FeSO, *7H,0 5.0 g*L™":
ZnS0,*7H,0 2.2 g*L™'; CoCL*6H,0 1.6 g°L™';
CaCl,*2H,0 5.5 g*L™'; MnCL*4H,0 5.0 g°L™';
CuS0,*5H,0 1.6 g°L™'; MgS0,*7H,0 5.0 g°L™';
(NH, )4Mo,0,, * 4H,0 1.1 g*L™'; NiSO,*6H,0 0.42
go L7 ARk S & ONH, CD K 43 0 4+ 4.51.20.7+
50.116.8+184.8.230.8.280.3.568.6 H1 980 mg*L.~".
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Fig.1 Batch test reactor
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i 1. A B K 4L G T A A& A (NaNo, ) 26
mge L' Z & (NH,C1) 230 mg*L™'s (NH,),S0, 7.6
mg*L~"; KH,PO, 3.04 mg*L™"; K,HPO, 3.96 mg*L™';
NaHCO, 2000 mg*L™"s TR TG H I 2.0 mLeL™".
TR T R VR AL ) 1
*1 SBFAASKAS
Table 1 Information of gas
i NO, JIUEH CO, RS

= e
b /mg*m~3 /mg*m~3 T
1 0 616.2 N,

2 30.81 616.2 N,

3 51.3 616.2 N,

4 102.7 616.2 N,

5 205.4 616.2 N,

6 308.1 616.2 N,

F N-C1 Z33)- 4 2 i e 201 52 NO; -N, F4%
TR AR 5E COD, B LM MLSS, K% pH vl
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NO/NO, 7> BTl 72 NO/NO,™ . 2 4 Hh 3 & St o fir
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2. PRAR S SE A T 6 0 I 2 S0k FEE (%) 388 o i 84 o, A
AEIKIEN 230.8 mge L~ AR KAH 2.75 % 1077
mg‘(mg'hyl » 2 e B A 2 RO I N, = A A T R
R,

#2 SEREMEASELRFEHOHEM6 mg L)

Table 2

Effect of ammonium nitrogen on anammox(26 mg*L~")

e + S S %
%5&{&75;*“2 NH{ -N ﬂfﬁ;z %
/mg*L / mg'(mg’h) !

4.5 0.000 15 5.5
20.7 0.000 86 1.2
50 0.001 53 1.7
116.8 0.002 18 3.9
184.8 0.002 6 4.2
230.8 0.00275 3.2
280.3 0.00271 5.2
568.6 0.002 48 1.5
980 0.002 18 2.6
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{H 2.75 x 10 mg*(mg=h) ™", Z J5 Bl 45 W firf A B
LSRG, A A B
%3 URSEREMRASFELREHHM 30 mgel )

Table 3 Effect of nitrite nitrogen on anammox (230 mg*L~!)

m%\ﬂf&z NPH—N?EBM%% S—_—
/mg'L /mg'(mg'h) !

4 0.000 31 2.1
6.6 0.00075 3.6
12.5 0.001 69 2
18.5 0.002 154 3.2
25.97 0.002 749 5.2
37.7 0.002 712 3.9
39.97 0.002 709 4.1
49.9 0.002 478 5.1
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HIH BN 1123 mge L™ AN 25 20 W F0 o £k
15.39 mg* L', I H £ 159.5 mge L',

2.2 flEE NO, R PRSI R

TE % AR B 230 mge L™, WA & A W E 26
mg* L™", AN A] NO, ST JRA S0 A A0 8 e A8 L 3%
4. HHE 4 v W, AR I R A2 AL AR 19 T, 24 No,
WFAAPEILF] 102.7 mgem ™ I, PR A A IE Z A
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Fig.2 Effect of ammonium nitrogen on anacrobic
ammonium oxidation rate
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Fig.3 Effect of nitrite nitrogen on anacrobic ammonium oxidation rate

Bl KAH, 298 5.13 x 10 mg* (mgeh) ™', & Al
A NO, I IRA A A A 1.9 % 23— 2D 1
N NO, WPEIN , PRAE R A AR B D A
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A AN SEAHR R A 2 B EARIALE) ) 2 TR,
AR AL NO, RALER L a.y,

A(xo) = AL SN(’z/( KNOZ’S
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Fig.4 Effect of NO, on anaerobic ammonium oxidation rate
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Table 4  Anammox experimental results under the trace NO, atmosphere

NO, WK Rl SuEs tH NO, W A NO R Wi
/mg*m™3 /mg*(mg=h) ! /mg*m™3 / mg*m™? /mL*min~!
0 0.0027 0~0.0017 0~0.015 60
30.81 0.003 5 0.24~2.3 0~3.1 60
51.3 0.004 2 0.59~4.7 0~7.1 60
102.7 0.005 13 0.97~8.1 0~14 60
205.4 0.004 54 8.5~21 0~42 60
308.1 0.003 35 37 ~ 143 0~58 60
3 W ARIRHI % £ 5.401 ~ 11.995 mmol=L™" . ARH 4
e

VE R DA A8 A B 00 SIS 28 R A 2 AR AR
TR A Ay DR AR B B A TR TR 2 0T, 7 e R B
A IR, 0 PRAR A A B I AR AR I
A R A TSR NN R AR T A B G
Haldane *ﬁﬁ!}lﬁ‘ﬂ\fgm TSR H Haldane 15 24 48
T EUFIEA A BN IR AU 2 B J R 1R 5 i, 43
B8 )1 2 K05 HARRE 5T 0 00 4 A A —
SE 2551, X Bt TR 2R e b R R A A
BRIANIE AF 70 K 510 ROBH A4 B8R IR AR R o B AT
ALY T R AR AL TR R B W 1 B 7 2 R
3 IR A A8 A BRI 15 40 1) e K B A A T 6 1. 320 ~
2.761 mmol*(ged) ", S KW AR b #5 LH % 14.497
mmol* (ged) ™5 PRAVE AL B T 55 P ) FH 21 -1
FUHAUE 1.801 ~ 4.215 mmol= L', ) H V. AiFf & 5 (1)
AR FUH 0.468 mmol* L~ 24 H 5 ¥4 1 5 44
38.018 ~ 98.465 mmol* L™, 5K [ 5 K % S A 33 44 i
IR IE N 16.656 mmol=L~" 5 VA R 35 X IR 480 2 4

WFIE T IR A A TR K 3 7 27 e P 2 B 5 K 0 )
WAL 49.85 mmoleL™', i KR N E A 5.11
mmol* (ged) ™", AL HIH Eh 15.53 mmol*(god) ™'
TEAHER Hh 5 R A0 O 11,42 mmol L7, P44
FUH 20K 2.28 mmole (ged) ™', iz K Vi % h
10.73 mmol*(g*d)~".

TR LG W TR NO, X RURL 5 I 1) IR 4
AT I 2, R IR NO SR AL T 41 ) 40
FRPEAV AR, 52 5 R = A R D i B A G
TR, I B S A ) (1) JEC ) R il ek s Lt B Tl
& NO, 361, No, X RA S AT A=Y - — 8
(R EE RN RIE T AR5 A= 1 Ll AR KT R A, B3
1 T B AT 25 ok 4 NO, A DR A 2 S A 1 1 R
YL RGP 22 3] — 5 AR B A DR AR A TR T
TRLFI IR 5 R AN R A A Y 3 mgf A 1 IR A 28 AR A TR 11
AAGAE 52 21— 52 52l RS I A 1 No,
RI, A 1) NO 7245, NO W PR A & A A T 1 5%
WAPKE ANZR 2R, A7 45 38— 20 W 5. Schmidt 5547 & 9L



3 A% JORLYS e PR =R A0 B 0 27 R SR NO, (5% 687

1E anammoxidans ) RS B AL R 48 Y NO, WK%
BN, NHS WNO, HIVHAEIE A NO, 177 AR T AR
B, KR R EAE 51.3 mgem IR E I, REE
NO, B 2 %, BB anammoxidans 145K H
. H10.003 h™"H4ME] 0.004 h™'s FE—2E 1K NO, #
G, LTGRO R SRR, 205.4 mg*m ™ NO, 17
TERTILAE K 50,0028 h™" . NO WRJE N 0~ 616.2
mgem I, NH 7 ¥ % R M anammoxidans )42
KA BAR, NO, IR LG W FE 05 1 B A 384 0, 38 n 1)
NO 8 8% 7 #6; 9 NO WK B2 I& #1027 mgem™* I,
NH; - NO, 1 NO (1) Lt 7 #E 35 7 #5852 21 410 i,
anammoxidans WAEKTE LW %4 0.001 h'.

{E N NO, It R A RS L NO, 4
RN, 43 B LR R T R - (D IR AU A B RE )
1 NO, 4 LT AR EAGE, TE =1 N, F1NOs @il
T NO, /KA LU A A R A IR, 1 HNO, 1R
AFE , SRS oy fERE T NO FI HNO, 5 Q) IR
AN RE FE NO.

4 it

(1% H Haldane #2453 IHF 58 28 A0 P AH S A
Xof DR AR S R 1 5% 5 49 31 e K 20 B NV 3R
6.65x 107 mg*(mg=h) ™", Z % - WL A1 H 40k 87.1
mge L™, I HOCN 1123 mge L' s WAH A& 2P 1 A1
WA 15.39 mge L™, I ECRH 159.5 mge L' .

(2K & IE M 8L 5y ) 2% 7 RE ik IR AU 2 4
M) NO, SEAL R AL @y, » 1 31 NO, f5e Kol R 5L

(48.79), - 1 Rl # % (2480 mgem™* ), 1l F %4
(4.22 mgem O FFEEAHEF 540(0.0182).
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