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i [ F T AR MR ZIIRT 7T KRERBAHE RGN, BATE AKX T B LA
(Free nitrous acid, FNA)M AL E EH e Fra R % 2 ERASMH TR, A X THRAFHT
FNA AL E & raegdhiE. [8 ] REFEAHAT FNA 32 EAH (Ammonia oxidizing
bacteria, AOB)#= I 7 B 3 AL & (Nitrite oxidizing bacteria, NOB: Nitrospira #= Nitrobacter) % %
wdr el B, [ % KA 53X R % (Sequencing batch reactor, SBR), A T A& &% Bk
J& (Mixed liquid suspended solids, MLSS)# 8 300 mg/L #) & F2 A4k 5 4o, @it bk X3 n 5 H
BAF A b B F FNA (%4 RE 4 1.16 mg/L)4L 32 48 h /=, AOB #= NOB /& M8 T fbF L., [ %]
WECFNA B EMH 5 48h B, FNA REE# £ 1.16-1.17 mg/L, % & & (Free ammonia, FA)K
J&vF 0.017mg/L, AOB. Nitrospira. Nitrobacter /&3 kX A8 R T, HHEAZE 9OhE, 5
O LA, R REAERE (ryy ) P RATER 3 REA R E (rno ) BTN T R, 55 d 3.5.
4.828 mg N/(g VSS-h)i% £ 3.3. 4.668 mg N/(g VSS-h), EL I &4 % & & 42 % (Nitrite accumul ation rate,
NAR)#4 4% F 33.2%. 4t 8 FNA A& M TR 48h /5, FNA JRE 44/ 0.64-1.16 mg/L, FA RAE
1&F 0.039 mg/L, AOB + & % 145~ , @ Nitrospira. Nitrobacter ¥ & 3480 & F 4, 4~ %] & 3.002 9x10°.
4.245x10° copies/g VSS 4 £ 1.666 5x10°%. 5.163 8x10’ copies/g VSS; it#H 4% 99h i, 52 G 44n
Fo, I -nAE T @ E 800N, M o, JE B R 1K, | 4.828 mg N/(g VSS-h) 4 £ 0.007 mg N/(g VSS-h),
HAER 0-292h 79, NAR 3K F 94%. [436] 4F A FNA 4327 75k 48 h 53+ AOB #= NOB
TN R AP HEIAVER, fadk R FNA L3 7EM475 R 48 h B3t AOB BA 224374145 A, st NOB £ A 5%
eI HIE R, T A RIS M s A2 AL,
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Inhibitory of FNA on the activity of AOB and NOB under aerobic
and anoxic conditions
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2 Beijing Drainage Group Co. Ltd., Beijing 100044, China
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Abstract: [Background] Stable partial nitritation is the bottleneck to achieve the anammox technology of
municipal wastewater. At present, the effect of free nitrous acid (FNA) on the activity of nitrifying bacteria
at home and abroad are mostly studied under aeration conditions, while not much research has been
reported to discussed the effect of FNA on the activity of nitrifying bacteria under anoxic conditions.
[Objective] To investigate the inhibitory effect of FNA on the activities of ammonia oxidizing bacteria
(AOB) and nitrite oxidizing bacteria (NOB: Nitrospira and Nitrobacter) under aerobic and anoxic
conditions. [Methods] The activities of AOB and NOB were investigated in a sequencing batch reactor
(SBR) after FNA (initial concentration 1.16 mg/L) treatment under aerobic and anoxic conditions for
48 hours, based on the condition that the suspended solid concentration of mixed solution (MLSS) was
8300 mg/L. [Results] After treatment under aerobic conditions with FNA for 48 hours, the FNA
concentration was maintained at 1.16—-1.17 mg/L, and the FA concentration was less than 0.017 mg/L after
48 hours, results showed that the abundance of AOB, Nitrospira and Nitrobacter did not change
significantly; Compared with the blank group, the specific ammonia oxidation rate (ryu;.n) and specific
nitrite oxidation rate (rno,-n) after aeration to 99 h decreased dlightly, which decreased from 3.5 and
4.828 mg N/(g VSS-h) to 3.3 and 4.668 mg N/(g VSS-h) respectively, and the nitrite accumulation rate
(NAR) was always lower than 33.2%. After treatment under anoxic conditions with FNA for 48 hours, the
FNA concentration was maintained at 0.64-1.16 mg/L, and the FA concentration was lower than
0.039 mg/L, the AOB abundance changed dightly, while the Nitrospira and Nitrobacter abundance
decreased significantly, which decreased from 3.002 9x10° and 4.245x108 copies/g V'SS to 1.666 5x108 and
5.163 8x10" copies/g V'SS, respectively; Compared with the blank group, the ryy-n decreased slightly, but
the rno;-n decreased significantly, which decreased from 4.828 mg N/(g VSS-h) to 0.007 mg N/(g VSS-h),
and the NAR is maintained above 94% during over-aeration from 0 h to 292 h. [Conclusion] AOB and
NOB were not significantly inhibited by FNA treatment for 48 hours under aeration conditions, but under
anoxic conditions, NOB was strongly inhibited while AOB was dlightly inhibited by FNA treatment for
48 hours, and stable partial nitrification could be achieved.

Keywords: Free nitrous acid, Aeration, Anoxic, Nitrite accumulation ratio, Activity of nitrifying bacteria
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AR, DA S AL B AR R B 7 21 /K Ab 3 7
NN IS 78R /NN A B 55 &8 i B i)
PR AR, R T SR 54
A T 2B R AR, ARk P K Ak 4858 e FL
J1 . RAFRIA T M R A A AL T A I
FREE U (NO, -N) W HL FaZ 4, 2 A (NH,™-N) J L
M, TERAP BRI, SR A B AR
XHAE G AR, R+ IR A A E A
HA /D 60%0E < . 100966k J5H I A H AR AL

IO R S TR AL S BT ¥5 K R R A SR AL
FOAR MO 5540 W 5 K e e M FE i AL — B2
X LA i g RS ) e AL B R S B A R
1k (Ammonia oxidizing bacteria, AOB)APY 14
N4 i (Ammonia monooxygenase, amoA)F
A Ak T (Hydroxylamine oxidoreductase, HAO) #
NH,"-N % fkh NO, -N it 29, Sy A Ak
A {E NO, N,

ot R T A P S T 01 I i R 4Tk 7T (Nitrite
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oxidizing bacteria, NOB)AY K45 348 J& -2 i e ke
ARG, i AOB AR L EREH AL A,
W75 KB, AOB Y S M AN BUIE T NOB 4 & it Fn
W, 1RV %4E (Dissolved oxygen, DO) R B A
AT RS2 B, Blackburne 25T A
g, 76 DO HeJ¥ 2 0.4 mg/L B A] LISEEE NAR &35
90%, Ma 2% 3 DO Yk 5 I 7E 0.4-0.7 mg/L
RS H NAR 357 95%, SeEisaFemifk, 15 Zeng
g R, RS KL TX DO WET &5
GG R, IR IK . PR R Al
A HIE DO ¥R BE I AN Al K A B S 30 e AR A
k.. Anthonisen 281 % Bl — 7 v B (147 25 0 il 1R
(Free nitrous acid, FNA)X} NOB 7 P HLA7 55 £ 410
HIYEH, Vadivelu M) EIFESE T FNA X
NOB F1 AOB Hy#iiifil ¥k &£ 4351124 0.02 1 0.40 mg/L,
B PIRESE R B, FNA A2 NOB ELIE (5 5 i
Y1, 4 FNA ¥JEh 0.702 mg/L i, &4 NOB i
PR SE Al Wang P& B FNA W% ik 3]
0.24 mg/L i} NOB & M4 5 43l

PUA SCHR SR T FNA SRS A0 B8 35 M 1 52
KREZRAEMETIFM T HATHI, B T A S
T FNA Xk i HE g 4GE , A A
THEALSZFL FNA X NOB s ZUm IR, Hxf
AOB Tl s 55 M vE T , i LB AR 1,
AT DASA B Pk SEEt s RE RS AL G E Y %8 AR
1ok S5 ) S B i ¥ AR R A A - IR A AR
A LB ISR TR HF Rk R, AR
M2 A 471 3 it X R 6 4% (Sequencing batch
reactor, SBR), HEXELFAMBASLM T, FNA
X} AOB Fil NOB i 1 52
1 MRS I3
1.1 RIGEE. EKEFMRIETSR

K FAM R AT WL B AL Y SBR S ids, A
BTN 1.8 L, RABI RS T HiRE . A
IRt FE DOE . pH fE AL (T &) ¥t WwTw
XA TN o SRS (A1 ) AR

FETER G ) DO A DAL RTS8 i 1 IEH 5 30,
Rl DO ¥k BE/INF 0.2 mg/L)FF A s il , %
i DO B4 5k 0-0.2 mg/L 1 2.0 mg/L 2247, #t
BRI, DO fHIYTE 2.0-5.0 mg/L JEEN .

I K I A A5t R 5 K A B0 T
K, KRB 1. B NaNO, (100 g/L)
P75 NO, -N ¥, pH {Hifi) 0.1 mol/L HClI F1
0.1 mol/L NaOH K75 . 4285 U B B Jt 5t i At
T KA B Pt s e, B R R A
MEBRAIWRES, M MLSS 4 ¢4
5 4006 500 mg/L 35 FEl P -
1.2 EZERFIFLEE

DNA 28GR &, MP A#]; PCR VIR
£ (Promega GoTag Green Master Mix), Promega /A
5 2E it PCR Wit £, TaKaRa A F] . NanoDrop
One., SEHfET PCR 7 #44% . B+ i, Thermo
Fisher Scientific 22w ; 40 pH, DO, il Bl &
10, WTW A 5] 66T, b A A A
1.3 RIEHE

P - B e st R s K AR T I el
W5, JETT MLSS 4 8 300 mg/L Ay, FHH443
R4 BB A S FR 1.8 L 11 SBR R s
PEATHF4E FNA TR FNA SR, 23914450 R1
il R2, R1#l R2 (%) DO B 435425 2.0 mg/L Fi/
F 02 mg/L, M\EYIH 15-20 °C, pH {E¥N
6.0£0.1, ¥l FNA #2140 1.1240.40 mg/L, #f
Tl EF (] 445 48 h, il G R & AR bR AE A I B0 L2 2,

=1 REAKKERYFHE
Table 1 Characteristics of real domestic wastewater used

in this study
£zt Y[ FH{E
Index Range Average value
pH 7.2-715 7.4
COD (mg/L) 128.4-530.2 315.4
NH4*-N (mg/L) 33.9-65.4 47.1
NO, -N (mg/L) 0.0-0.7 0.01
TN (mg/L) 34.2-65.5 47.7
POs*-P (mglL) 1.6-7.1 3.7

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1930 A 2 A

Microbiol. China
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Table 2 Variation value of each indicator during the
SUppression process

= v
fatn .U SJ 1] R1 R2
Index Time (h)
pH 0 6.02 6.02
48 6.01 6.244
Temperature (°C) 0 15 15
48 15 15
NH4"-N (mg/L) 0 48 47.2
48 335 65
NO; -N (mg/L) 0 413 401
48 408 380
NOs -N (mg/L) 0 16 17
48 40 14
FA (mg/L) 0 0.017 0.017
48 0.012 0.039
FNA (mg/L) 0 1.16 1.12
48 117 0.64

b BT X R 58 B B TS U T A ok
KAV, HEGTF NO, -N #iiE R4, o
PBGE G RTETE, RL A R2 X0 465405~ S1
M1 S2, FEiil MLSS 2 3 000 mg/L, #Jkh NO, -N
e 30 mo/L Ac A7, DO E Ky 2.0-5.0 mg/L,
EETE 15-20 °C, HAFIHHEK (3 min), BEX
(70-90 hy, F#IL(15 min), HEZK(3 min), PEF7 iR
A

&3 PCRYBEFEFERMSY
Table3 Specific primersand PCR programs

14 ShIEREMNTGE

ARIG I FEF MLSS, NH;-N. NO;z -N,
NO, -N ¥R R P4 7460, pH f. DO
{ELFN T (R R A 5 20 WTW-Multi 3420 3 52 {3k
FFIE .

7 PCR (QPCR): H 1xPBS & 115 JEFE i
37K,14 000xg B.L» 2 min 225 FIF W, B T-20°C
117, RFIRF &4 DNA HEATHRI, 4REUS K
DNA iffij NanoDrop One jllH A% FR ik J3 K 4l Ji .
PCR R Wk A&, RNAFR(25 pL): GoTaq
Green Master Mix 12.5 uL, 1F . JZ[#5[4(10 mmol/L)
£ 1L, DNA ##) 0.5-2.0 pL,ddH,0 #b & 25 pL .
PCR KM 43R 3. RAFEFHES X AOB
amoA IAEILIA )R T NOB M #EfY Nitrospira #ll
Nitrobacter DA & 4T 1) 16S rRNA J:[H 47 gPCR
P14 [NATE QuantStudio™ 7 Flex System SZHT &
i PCRAY E#kAT, RAAH &N, PCR &
Z(25uL): SYBRZE M 12.5 uL, 1E. 549
(10 mmol/L)#% 1 uL,ROX 0.5 uL, DNA &4 2 L,
ddH,O #hE 25 UL, i Bk sz . #ik . REE
F% . FURLAi ik RIS TR

PR B LR Gk P 5191575 PR PCR %A Z:2% 3R
Floraand target gene  Primers name Primers sequence (5'—3) Amplification length (bp) PCR program References
AOB amoA gene amoA-1F  GGGGTTTCTACTGGTGGT 491 95°C 15 min; [23]
amoA-2R  CCCCTCKGSAAAGCCTTCTTC 45 cycles (95 °C
1 min, 54 °C 1 min,
72°C 1 min)
Nitrobacter 1I6SrRNA  Nb100OF  TGCGACCGGTCATGG 394 95 °C 10 min; [24]
gene 1387R GGGCGGWGTGTACAAGGC 35 cycles(95°C
1 min, 62 °C 2 min,
72 °C 2 min)
Nitrospira 16S rRNA NSR1113F CCTGCTTTCAGTTGCTACCG 165 95 °C 10 min; [24]
gene 1264R GTTTGCAGCGCTTTGTACCG 35 cycles(95°C
1 min, 60 °C 1 min,
72 °C 2 min)
Bacterial 16S rRNA 1055F ATGGCTGTCGTCAGCT 323 95 °C 10 min; [25]
gene 1392R ACGGGCGGTGTGTAC 45 cycles (95 °C
30, 50 °C 1 min,
72°C209)
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PrufEfZe g s . H NanoDrop One 436G EE
TN ORI B o K lifk s A sk L 10 5 He s
JER B AIME gPCR #rdEdh . JUB7E QuantStudio™
7 Flex System sZi g PCRAY EiEfT, RAAH
ST, PCR RN AR R A F .

FNA. FA. rnu o A rnoson ST 20 500 DL 2
K@D, 2. B)F():
[NO;-N]

o ~230] 1
273+T

FORAHIRER AT, ma/L; T R/REEE, °C;
pH R TR A TRBR I
17 [NHI—N]XIO"”

14 exp[ 6334

FNA= (1)

FA (2)

-+10™
273+T

K, PA RORUFESZREE, mo/L; [NHL-N]ZER
AW, mg/L; THRAREEME, °C; pH iR
B VR PRTHE

([NH; N~ [NH;-N]_)x1000

ro. = s 3
NH{-N MLVSSxt, (3)

[” Anoxic inhibition

400 |
350 | :
300 | :
250 |
3, 200 F §
E 150 | §
Z 100 + §
50 | :
i —

K, rnn B8 LA A E AL EE, mg N/(g VSS-h);
[NH,"-N]s /8 B STF i B 20 A0 B2, mglL
[NH,"-NJe /R B 45 BT 20 200K B, mglL
MLV SS F/R IR G AE R B TR EAMRE, mo/L;
ta FRBESE], h,

~ ([Nnoz-N], ~[NO;-N] } 1000 “
NO;-N MLVSSxt,
A, rnos N Fom HWE A R R A A AL
mg N/(gVSS-h); [NO, -N]s %78 BE ST IR NI Al R
AL, mg/L; [NO, -NJe /s B T4 RN L Aif§
PRERAWREE , mo/lL; MLVSS £RIREMIE RIS
FEAMREE , mg/L; th FRoRBESE], h,
2 HZREWE
2.1 IR RIEFR T LR

Bl 1 i R B IR oR NHL =N
NO, -N. NO3 -N. FNA. FA &l pH {H1Y4E 1k
L. TELFESEAET , LR pH (EF1 FNA ¥
BE SR B AR, T NH, N ¥ i 48 mg/L [ %
33.5 mg/L, NO; -N #JFH 413 mg/L =
408 mg/L, NOs -N ¥ i 16 mg/L F+ % 40 mg/L,

r

L6 46 16
[ [
48 h = ~
L] F4_ H4 B 45
=
=3 z k)
-2 42 2 H2E

q
.

450 [Aeration inhibition | 6 1g 16
400 |- 3 Bl on
350 |- § [ ]48h o -~
3300 |- : 14 _ 143 H45
2 250 |- i = = £
= 200 | : =
z. : -2 12 Z 2
150 | 3 = =
50 H | i T 7
o [H— . - I
NH~N  NO,~N  NO,-N pH FNA FA
Index

1 ¥M&EIEMAET NH, Ny NO,-N. NO;-N. pH. FNA #0 FA fZ5{b i
Figurel Evolution of ammonia, nitrite, nitrate, pH, FNA and FA in the system under inhibition conditions
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DB FE S A5 1F T FNA ¥R B0 1.16 mg/L i, 48
i 48 h ], AOB F1 NOB 434 K 9k 58 44
il o EEESMT, MR NH-N MR EE
475 mo/L FHEZE 65 mg/L, 4rHrihhiX Al fE &
TAEGE I 2 DO W EE IR Z/INVT 0.2 mg/L,
WS e R A KRB ARG T NHS-N W E T
B, T NO; -N il NOs -N ¥ J¥ oKk & F %,
43 B 401, 17 mg/L F% % 380, 14 mg/L, pH {H
FH 6.020 FHE £ 6.244, ST H T 7B
ASET FNA Wy 1.16 mg/L st 52 Al Ak 1 1
PEHA — & A S s, X5 Wang 45
URF 5N R B 41T FNA ¥R 0.2 mg/L i)
A A0 ) 52 A A TR 9 A L2 A0 o RT3 1 O s AR
— B[R Liu 25298580 7E DO Sy 0.16 mg/L
iiF AOB #I NOB i M-I A A 1 B 22 5, HBEE It
i T NOB G VE KT AOB Gk, JFARESL L
FARAAL, U HEBRTEAS TS 54 DO X ik 50
SRR T .

[, FEREAMIFA R R, FA VR IR
/NTF 0,017 mg/L, Tfii Anthonisen 28BS % 1 FA
X} AOB #1 NOB (¥4l fil B {f 7351 2y 10-150 mg/L
1 0.1-1.0 mg/L, Katsou 2520 H 24 FA Mk EEHy
0.19-1.52 mg/L i NOB i 1 [k 35%—65%, it
HAIR G FA WS I AS REXT Al Ak BT 8 1k 7 A R
HERR FA M AR IO 25 L0 T4, 7B
IR, FA MR AR 2K T 0.039 mg/L, Qian
22 285 o ol S 46 5 1) PA MRl 5 mg/L b PRI
{5 )E ., NAR U 10%, LA Y FA
W EE I AR S 5 X S AL T A4 il 1L A . 78 d S
BBt FNA HeJE7E 1.16-1.17 mg/L 78 BBl Y, T Bk 4R
IHl w4 FNA WA 1.12 mg/L, #l 48 h 5
FNA ¥ F% R 0.64 mg/L., BFFE R, 1EIFE &
4F FNA #&J¥h 0.02 mg/L B %} NOB 15 177 4=
MR, Park S5 N FEA S AE T FNA
Ji 2 0.92 mg/L 5% NOB I 1 7= £ 3 2141 4] 12
A& T FNA HRJEH 0.24 mg/L i} NOB

EAEIE S, NI A IR 4T, AN R
RIS AR, FNA REE IR A AEXT NOB f7
TEA I e ST A .
22 MHUEFEMHTARE

Bl 2 s A G AW 48 h, BAEHH] 48 h
J5#) AOB. Nitrospira. Nitrobacter A4 728 fk
o 3@ T2 I ran-n F rnos-n B2 FEHE
HE SR T 48 h S RS 99 h IF Y rmin
F rnosn AR RRAE , DL SAR S T4 48 h et
&< 99 h B 1Y s -n A o, B FEFREE .

@n

v

>

.‘%D 55 JAOB

& NOB-Nitrospira
g 201 I NOB-Nitrobacter
x

g 15}

g

E 10t

=

=

o

s 3 ’7 |/

2 0

2a)

Control group Aeration 48§ h  Anoxic 48 h

Group

2 A[EHNEIZHT, AOB. Nitrospira, Nitrobacter
FETUHNE

Figure 2 Change in abundance of AOB, Nitrospira and
Nitrobacter under different inhibition conditions

Z 6

w0 P
cg St — - Crvo
2

Z —

g 3¢

2 0204 -
= 0.16 [

.2 F

= 0.12 L

=l -

g 0.08 -

.‘E 0.04 -

g8 0.00

o Control group  Aeration 48 h Anoxic 48 h

Group

3 FEHHEIZGT, SRS 9h E rywaF rvon
G

Figure 3 Thevariation of ryy,.n and ryo;.y under different
inhibition conditions
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TEZat i A 48 h 5, 525 A 4iAH H, AOB.,
Nitrospira, Nitrobacter FFE¥ARMBAL, 4%k
4.890 9x10°, 3.002 9x10°, 4.245x10° copies/g VSS
W 4.8646x10°, 2.898 7x10°, 4.186 6x10° copieslg V'SS,
IS 48 h IR ITEMES IR i< 99 hit, L
Imin F Inon IR REAIR, 4351 35, 4.828mg
N/(g VSS-h)f% % 3.3, 4.668 mg N/(g VSS-h), x5
AOB. Nitrospira, Nitrobacter = A8 fb 45 AR —
B, VLTI S FNA M2k 1.16 mg/L i),
223 48 h y#pil, AOB F1 NOB {52437 £ HH i
], XGRS FNA HE 9 0.92 mg/L if %
NOB {1 e s S il P g 2538 9 R —3k, 20
INH— 5 R TREE MLSS AR S8
2 BI04 25 700 S AN TR 3 B, o — T T2 A A
il I B AN [ 1 B, AN RIS HEA 729 48 h iy
P, JZEAN A SRR [ 29] 4 1 ]

TEGEIDH 48 h 5, 5= XA, AOB
IR BFRAC, h 4.890 9x10° copies/g VSS
W% 3.754 4x10° copies/g VSS, {H Nitrospira #il
Nitrobacter F=F 4 0] B FRE, 4>5H 3.002 9x10°,
4.245x10% copies/g VSS [ % 1.666 5x10°.

5.163 8x10 copies/g VSS, AL ZE /L — AL,
HadBEE 99 h i, ra,n F o (B35 3.5,
4.828 mgN/(gVSSh)#% 2.7, 0.007mgN/(gVSSh),
Ino.-n FEAK B i . AOB . Nitrospira. Nitrobacter
FREAIAEY ryn N A rvo,n (EZEAL LA AT 15
BAE B4 251 FNA SN 1.16 mg/L B, 34 48 h
J5 AOB TEPEZBNEMAMNHI, 1M NOB (Nitrospira
Fil Nitrobacter )i 1157 53 ZU401 ] , X 15 Wang 42!
WIS T FNA X NOB 1 P AT 3 21041
VE 2 SR —2
23 HRSHECRMERTIHE

P 4A FIE 4B 2B T 1A i 48 h Fnisl
ST 48 h )5, LB ET RS NH.-N U NO; =N
NOs -N 1 NAR ZRfb A, T Ui B & R G 5
WI7E 0, 99. 162 1 256 h W& . HEAK . K,
T RS AT B WIRREH] NO, -N W2
25 mg/L, FILIT5 NAR B8 H04H NO, -N
JEAE.

HE 4A TTLUEH, BB RS+
NH4"-N VWEERFS T RE, NOs -N YRERFETH,
NO, -N W FEETEL SR B B NO, -N T+

- - - 105
42 —- A | 90 Jdog
= 36 7\ —B— NH,-N 475 ~ J75
=TV [ ] —
= 30 = _
; 5 | —eo—NO, N 160 2 160 3
;# 18 L ——NO, -N 45 z 45 %
< 12 430 & H30 =
Zz
6 15 115
0 40 q0
42 180 - 105
~ 36 70 —~ 490
@ 30 60 ? 4175 g
£ n 0= e =
Z 40 1 <
T8 R
T 0 o
z 12 < 130
20
6 w 415
0 0 do

4 TBET, %M NH,-N. NO,-N. NO;-N #1 NAR ZE{L i
Figure4 Evolution of ammonia, nitrite, nitrate and NAR in the system under aeration
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kass, SOl TR BRI Bz NO, -N
WHEZ N 25 mo/lL, FLFEEBS AT, NH.-N
AL NO, =N 1 8 . 1B E 48 h i), NAR
M 33.2% % Wi K2 0, ULHALFA S FNA R
9 1.16 mg/L, #0i 48 hisk, X NOB & HA R
I HIER, A RRSBUE RN L

B4 FNA 436 48 h 5, Bl 1 B it a] i 44
I, NHg™-N R BEEHRFSE TR A R i i n, il
Rt T R E R, AOB 1o PMEPEIRE , %
AITEBAAIE T, FNA X AOB {1k Al EA mT
Wik, X5 Ma PR g AR iR 0-268h
P, NO; -N WeJEIAME FREH NOs -N WA
BT, NAR IRZATE 98%LA I, Uil Racdihs
R R ALOR, X5 Wang B i B
FNA S5 40 ] 5280 3 3 3k 11 75 7K J R i A+ IR 4
FAEACEA M . T BR R E 292 h I5F, NO, -N
WeRE LTS, H 46.3 mo/L [ % 44.5 mg/L, A
At NOs -N ¥ T+, B 0.5 mg/L T & 2.7 mg/L,
NAR P2 94.3%, Ff:Ff 75 B2 BT ] A3 m, NO, -N
WERIRE TR, NO; -N ¥ RIRET &, i
K% 324 h, NAR [ E 21.2%, F£HHESZE 292 h
W, REEFARMAITH M BMRARSR, i8R
324 h i}, ARG H R AR Rt

BT, FNA X} AOB #il NOB ¥ HAG )
R, A — 2R T FNA A9
DNA BiEEFCxS & EZFL, R DNA G, w4
SEGMAYIET P B miE T B
PERAFT, FNA PR =4 T e Bl
AR T AT, R T
(N203) . —HALAE(NOy) ., —H LA (NO)E /T
W) 5 5 A8 D A B S 1 T 0 s S e, 77 S i
T B X2 ) A RGN

3 ik

(1) WF5EAMET FNA (914G FNA 4 1.16 mg/L)
ALBRTEPETS U2 48 h, AOB Fll NOB j& P24 A& 41 il .
(2) BAEZAET FNA (0145 FNA 2 1.16 mg/L)

Xof S A A R T LA PR

(3) = HhilFILh FNA VLA 1.16 mo/L FE B4 5%
P FALBRTEYETS IR 48 h J, NOB & M gl 41 i 4 B
LR T AOB IE MR HsR A, H AOB JE AR R
WA, 11 0-292 h N NAR 4ERETE 94%L |-
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