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Abstract: Partial nitrification process has the advantages of saving nitrification oxygen demand and denitrification
carbon source, which is the focus of current research in the field of water treatment. The study of free nitrite (FNA)
pretreatment method to realize start-up and stable operation of partial nitrification is in line with the concept of en-
ergy saving and low carbon. Six identical moving bed biofilm reactors (MBBR) were pretreated with FNA at mass
concentrations of 0, 3.2, 6.4, 9.6, 12.8, and 16.0 mg/L, respectively, and the biofilms were immersed for 12 h.
The untreated reactor was used as a control. The effects of FNA concentration on functional microbial community
and the operational stability of partial nitrification under optimal conditions were investigated. The experimental re-
sults showed that pretreatment at 25 ‘C and FNA mass concentration of 6.4 mg/L for 12 h could reduce nitrite oxidiz-
ing bacteria (NOB) and maintain the activity of ammonia oxidizing bacteria (AOB). High-throughput sequencing
and qPCR results showed that the relative abundance and abundance of NOB decreased significantly after FNA pre-
treatment. The biofilm was pretreated under optimal conditions of FNA and inoculated in MBBR to verify its opera-
tional stability. The experimental results showed that the pretreatment of biofilm by FNA could achieve stable par-
tial nitrification and maintain the nitrite accumulation rate stably above 85%.
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LG YR T2 P AR W RBAE R (B VR B i K
ROCRAR S ) 3, d R AL TS B s i 5
(CEN O X R AN AN 2 1 K i Wil B
25% M AiS AL 75 i 40% 19 B Ak B IR . 50% 15 e
PR, DL KR A 2R AL SR MBBR S BE
il £ ) PR Bh K B g A8 AT, Sk B TR 8 9 Ak 1Y)
TSR T2 AR T 2 e

i PR A A 5 A 1 o I R R A AL T (NOB)
1 AR A ok S B A R R AL (N O, =N I LR, ] i ik
PR R (pHDT il B A (FA)S™ I i
(DO)™™™ it B WA R (FNA)™™ K i 7 il
FNTAE S A R AL ST . H AT, R A Ak
i A B A7 AT e A = T 15 /K 280 B FR
BB, BFFE & I FNA Kb 3835 P 75 I8 ] 3 £ 1
Hu P NOB I £ B 2 A AL W (AOB) & 14, 42 52 Bl AR
SE R A B AT A A AR B A R SR 2
— 08200 Huihai CUT %530 32 72 e B FN A Kb 3 15 1
156 32 d, )R s R A L R A BB R
(NAR) >90% ) 3 52 90 1 AR 45 1 i 2 8 17 .
Cancan JTANG 252 % F FNA 4b ¥ 35 P95 98 18 h 5L
PR R A Ak B BRHE RS B (NAR>90% ) . VT 4E 3K, %
FNA Tii 4b #5230 50 F2 6 1k 09 OF 5% LA 3G 1 3 e
F2 2 RNA AL B AR AR R b R F O fif
HHE . FNA T Ab B A ) IS T2 A AL AR A
Yy R T2 B FNA T AL BT T A A R R S AT
ARATHL

ZE# K A MBBR 22 37 5 7K b 21 i) i Ak S g 75
PRVT SR F FNA 0 b 2 4 57 A% 28 (1 MBBR- %0 F2 i 1L
T AWl AT AL R 6] FNA ¥ BE R Al Ak 405 10 3%
PRV W) BV A2 Ak, W 90 00 S 91 AR i Ak A e
BAT S
1 MR EFE
1.1 LWERESHH

B #E 2 MBBR H1 A HIL3E 5 B, A R0 22 Lo
S 58 >R FH K3 Y 6 /R R B VR OB, B4R 25 mm, R
bR 30%. SEinde B F LA PE S . DOk pH
¥R e KR A AL (75 WTW Multi 3420i) 3 £L g
Y B I A% . MBBR B RIZAT2
AN JE 3, B TR 12 b AL 45 10 min #E K (11,7 b
.10 min HEK , HEAK FE K 70% ., %% A4S 52 56 3 ] s i)
R pHAI DO, SEE%E LK 1,
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Fig. 1 Experimental device

A« G A8 (NH,C1,99.78% ) , K At 1k 7k F)4k
TR A A7 BR 23 W) 5 B 2 44 (CH,COONa, 99.55% ) , i% =~
ATk T A RS W 5 CaCl(98%) , iR T A4k
Rl By A R 7] s MgS0, - TH,0 (43 Hr 4l ) . KH,PO,
(99.5%) .CuSO,-5H,0(43#74l) MnCl,-4H,0(53Hr4t) |
KL/ M) Na,MoO, - 2H,0 (4 Hr 4l ) , [H 24 48 41 {2
RAAEFRAF . FeCl,-6H,0(99%) , I 4 5o bk Ak Ak
B A PR 2N 7] 5 HyBO,(99.5% ) , K HE T A=Ak 243 51
]~ 3ZnS0,-7H,0(99.5%) .CoCl,-6H,0(99%) , K H: i
HRME R A BRA T

S K R AR AL A 16 75 K (N TR ZK ), PAAR
A B 0T TR B A A S0 TR ORI R A UL AR 9 TS K Y
pHTE7~8, AN THC/K M L3 1.
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Table 1  Composition of synthetic wastewater

9
@
@

5 Pg B,

i H M 5 H i

NH,Cl1 230 mg/L FeCl,-6H,0 1500 mg/L
CH,COONa 384.6 mg/L H,BO, 150 mg/L

CaCl, 4 mg/L CuS0,-5H,0 50 mg/L
MgSO,-7H,0 40 mg/L KI 150 mg/L
KH,PO, 40 mg/L MnCl,-4H,0 110 mg/LL
R TR 0.6 mL/L ZnS0,-7H,0 120 mL/L
— — CoCl,-6H,0 150 mg/L

— — Na,MoO,-2H,0 60 mg/L.

A AT VR A 60 mg/L, COD iy 300 mg/L

1.2 FNA Ti4b I8 & ) f&E 757 3%
o L B 2 Y 4 R A AL R4 09 A= W B T Ak B
[T A I AOB A1 NOB 1% M, 9 B A= 9 15 A 42 B
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T, % . 5 T A B AL 3 52 3L MBBR /2 2 2 v By B B 3

DNA . B 4 5l 28 LA b 1 8 R 4 1) A o 4 3
TR 309% H 5150043 2 6 A E YA S BN 1 LI
MBBR . FfH i 48 4 57 I B2 7R (25.0+0.5) °C, H]
1.0 mol/L & & AL 4 ¥ ¥ Al 1.0 mol/L 3 R 1 T 4k +F
pH 7E 5.0£0.1, %8 Jn W i 2 M 28 B A [ g 4, 4k 5
B g N FNA BT 435910 0.3.2.6.4 9.6 .12.8
16.0 mg/L( LA NO, =N 3t) 321 12 h JE A7 fAb . %
M2 b R 28 FNA il 4b B A W) 55 (pH R 7.0~7.5) .
FNA T o o B AR 4l =X (1) 1153

FNA=—— 2 (1)

A ipy, ——NaNO, B, mg/L;
T—— R % R, °C
pH——J ¥ % pH .

FEUALBRZE S , 43 B E 45 Sn & AOB HINOB
TEPE, I UE Y RERE i $E B DNA . 3833 AOB A1 NOB
PE T B B RE BT, PR TAR 2R 12 h B FNA ¥R
JEEXE TG JE R 1 9 52, JE B A FNA T04h 3 5 A U
1.3 AOBFI NOBEMME

FEM 7E AOB F NOB i M 2Z 1, I 25 25 7KK 6
IR PRV 3R, LA R BR T A A9 NH,"-N .NO, —N Fl fify
fiz £k Z (NO,-N) . FfiJ57£ 1 L MBBR "' Jin A NH,CI
Fl NaNoO, , 2 45 [ i #% ¥ i NH, =N Al NO, -N JiT &t
e BE 48 30 me/Lo & AN SE I o AR, O R 4R AE
(25.0£0.5) °C,pH 4E£57F 7.0~7.5. [l i, 3l 3 Bt <
FRALTE R (DO K 6.0~7.0 mg/L) o F 30 min
BU—WROKBE 33 o R B R 45 o0 0 22 45 7K BE R
NH,"=N FI NO, =N, /EZ ¥ [2 3 43 B, XF NH,"-N % B&
A NO, =N = R TP o DL NH, =N 25 B R Al
NO, =N 7= 550 5l L AE AOB FINOB (3% 1 . FNA 4b
B 5 AR W T T ) AR AR O 3 2 Ak B T A P R TR
PRI 7 R
1.4 SEENF

A BHE Y (PCR) PSR F 168 RNA JE[H V3
1 V4 X 358 514 341F(CCTACGGGNGGCWGCAG)
H1805R(GACTACHVGGGTATCTAATCC) . "4 57
& & (30 wL) {45 2xTaq master Mixx15 L, Bar-PCR
primer F(10 wmol/L) 1 wL,Primer R (10 pmol/L) 1 wL,
Genomic DNA 10~20 ng, Jil H,0 % 30 pL. ¥ #FEF K
95 ‘CHIAZYE 3 min; 94 “CAEME 20 5,55 CAEMHI 205,72 C
FEAH 30 5,5 NEIN ;T 72 CCHEAR 5 min, AH R VR Y

PCR W) #4755 SR AT, 78400 & S5 1 BAR BE I
VKMEIIE A J5 19 PCR 79, S8 )5 #6477 DNA gl £k mhiic, |
FH Qubit3.0 DNA A 3 771 65 X5 [m1 i 1 DN ARG 8 2 1,
PATG IR 1 1 SRS S5 I . iR G,
FEh DNA 8110 ng, fe 28 FHLIN T JE A 20 pmol/L.
M FF 3 8 P42 58 A5 43 25 o0 (0TUs ) A 1
A TR A R E 58 A
1.5 4AYEEEHEAILNBEIREREEITHR

S FE 4 FNA T4 B3 5 40 R A A 00 B L R
FH 52 56 8 5 B9 doe HE PN A T A0 B 3k R xoF 4 AR i b 1k
REASUE Y A= W) IEE AT FNA T b 3

Fa e I AT 5200 B HEAE MBBR Hhox A Wy i k47 7 ik
B AL BTy S AR S R AR [R] , RAL BAE B Ak 2k 2
FEMBBR IEH 1217, LI AP REHEAT 1 IR FNA Tii
Ab B, S A 50 do SEEGHATE], AR ZE 19K MBBR
BEKFTH K A NH,*=N .NO, =N I NO, =N,
1.6 DA E

NH,"-N——44 [l 7O RV s NO, -N——N-
(1-Z535) - 2 Z W oy WG BEVE s NOy -N—— B 7 0 7
G366 BE I s DO pH AL BE SR FH Multi 3420i 78 445 3k
K (7 WTW) . MLSS \MLVSS—i#8 7 3% (45 kHz,
120 W, 2~3 min) 3 3% AE W), 250> (10 000 g, 15 min) ,
Jei R FH VA DU A

NAR FIE A LB (ARR) 2 5l = (2) H£(3)
I

NAR:A(N&?TﬂQ;O{)X“m%) (2)
ARR=N N NN g, (3)
NH,"-N,,
AP ANO, F——3F 7K NO, =N 19 Jot 5 9 & 2%
mg/L;
A(NO, — H 7K i NO, —N 1 Jot vk 3 2%
mg/L;
NH, =N, ——#F7K NH, =N Jii &8 ¥ B , mg/L;
NH," =N, HI 7K NH, =N 2, mg/L.

SEG A ARR 35 B 60% 15 0 6l 16 Pk BE R & 1 PF
M 3845, K FH NAR 35 5 80% 1E J ¥ 4 B2 s 4k ) 3
W aE B AT MR8 B R i AR
2 #HREIFR

2.1 FNAREX AOBFI NOBEMHI I
R T FNA Tl AL B AR 9 5 S 4 A2 il Ak I
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W) B A A5 F L D SE R R FINA #8191 4k 2 A 4 st
12 h Bf AOB HI NOB Ay 7% A8 1k, 45 51 WL IR 2.

100 ¢
80
60 r
40 ¢
20+

0
201
40 ¢
60
80
100 ¢

AOB. NOBAHME %

[ NOB
1 AOB

6 3.'2 6.‘4 9.I6 l2l.8 16I.0
FNAJR 29 E/(mg-L)
B2 AREFNARERAIEF AOB I NOB B8 X3 iE 14

Fig. 2 The relative activity of AOB and NOB after pretreatment
with different FNA concentration

FH &1 2 AT, FNA Ve BEHE I B AOB Fl NOB (1Y
P AT T A [RD MR BE TR FNA X NOB 4 41 il 4
FAR T X AOB Il 7 FH o 24 FNA T b 38 Jo 3 v
4 6.4 mg/L i, AOB I P 2 66.34% , NOB {if £ K
28.67%. NOB [t AOB T WUk, i — 45 5 511 A9
—H(*Y, EFNA 9.6 mg/L 4F FHALHE 12 h )5 ,AOB
G R REAE 52.27% , T NOB 16 P4 % 2 22.20% .
2.2 FNAREXT AOBFA NOB 3 & #J 8g

AOB FINOB 1 = i J2 sz e R i Ak m 2l e ST (1)
KHEFE bR . R qPCR XA [R) 5 & v B FNA T 4k B
i) AOB(amoA ) #1 NOB ZH ( Nitrospira 1 Nitrobacter) ]
FRE ST AT SR LK 3,
108 1 [] AOB

[ nitrospira
108 M [ nitrobacter

% I
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6.0x 10*

4.0x10* "‘
2.0x 10*
O T T T _l T T T T
BEMISE 0 32 64 96 128 160
FNAJGR &R E/(mg-L ™)
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Fig. 3 Abundance changes of AOB and NOB under
different FNA treatments
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1 18 3 0] DL, AOB 7EAF AL T 1F v o 32 S A, i
NOB B # w5 £ 5 Ho {57 09 J2 Nitrospira A J& Nitro-
bacter , X 5 I FT (4 #) 1 — . AOB 1 NOB /Y
F I BE FNA ST v B 00 3G B IS, {H FNA X
NOB (% 5 Wi % AOB B & % , 55 FNA %I AOB #1 NOB
TR ARl . 2 FNA(6.4 mg/L HNO,-N) 4b B
12 h )5, AOB it F& 5 2.68x10° g™ (L MLSS i) , Lt
R AR5 PRI D T 30.39% . 1E A A 45 F F NOB
B [ #) 2.01x10°g" (A MLSS 1) , He & 4b #1975
VeIl /> 64.42% . NOB Ff A& 5306 1Pk 22 W] A7 75 b
FOIEAOC, S5 6 2.1 45 AT 41, NOB I 1 B A1 T ] g
S O IO S DAL AN 2 0 R A
23 FNAREXWNHAFEHFNTMW

kP 55 FNA T AL B 6 1 75 U b An B R TR 4
14 5% e, 2R AT R 38 Y 43 B . R MiSeq 5 iE
B 77 5 23R 241 738~359 690 A %UF A, H
JIT A A i ) 7 36 R 3K 5 99.6% LA L, U B RE A
I V8 B 53, T A 540 R 40 AR 47 b iz it B 45 v A3
AW BT SR Y LA B . B T ARMEAL OTU 154
a ZFEPEFE B, 1045 Ace . Chaol ,Simpson Al Shannon
B (WL 2) , LLVEAS FNA ¥R BE X i3 4= 9 3 & BE A
ZREPER 2 . HoAr, Ace Al Chao 78 B0 35 1F KE 5 119
BEYE 5 B, Simpson F1 Shannon $8 % 52 BLRE i 1) £
FEVERN I 51

MF 2 7] L, f1 Simpson F Shannon 8 #(15 # )
& FE )R 2 RE R OC R 5 3 TS U A L S A i e
Ao BN FNA SR AT AL B AR ) 2 REE S R IR
I FNA #E 77 040 AR L, B2 FNA W RS A 35 m
A= ) 22 M 22 B S 38 0 5 U/ B e T B )
FEE—HIEW D . GRS DAE FNA f 4k 215
WS U AN T 2 R M S B B g A RS —
O, Al RE S A R A B AR 0 R R TR AR
55 0% s e A e B — o R R AR R 8
FNA XAz 9 R N 3 1) 5% e 92 12, AT 8 75 T 5 FNA
WK,

R T il FNA R E A A 52 e, XA )
FEVE AR AR SE— 0P . 1B 4 o & B S ZERHKOF
W RS R, s T AR T R R A 11
GG ARG KT SR IC A Others” o

FH P& 4 1T, B RS U A FNA 1AL BS 75 U8
09 128 W) B 7% ¥4 LA Rhodocyclaceae i 3, 5 41 T &
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T, % . 5 T A B AL 3 52 3L MBBR /2 2 2 v By B B 3

x2 AYMSHEMEEHSEITR

Table 2 Biodiversity index statistics

e i e T ZRHE
7R Ace Chao Shannon Simpson

YO 333 761 0.996 69 4563.598 033 4113.238 724 4.083 585 0.059 985
FO 359 690 0.997 07 4 158.047 047 3791.937 318 4.257 852 0.038 332
F1 247 255 0.996 15 4177.460 893 3757.224 359 4.277 002 0.036 953
F2 340 835 0.996 92 4135.286 769 3716.411 940 4.428 967 0.031 884
F3 258 586 0.996 49 3579.876 211 3192.920 578 4.355 997 0.034 049
F4 241738 0.996 24 3591.310 816 3195.820 702 4.332972 0.037 957
F5 322 088 0.997 05 3 836.082 237 3473.305 398 4.012 956 0.070 853

T YO FRIR R A PR, FO~FS 43 5] 368 FNA it 0.3.2.6.4.9.6 .12.8 .16.0 mg/L W AL LA A JEAE T o

3 Others

3 Nitrosomonadaceae
= Nitrospiraceae

W Chitinophagaceae
3 Planctomycetaceae
8 Cytophagales_unclassified
B Acidobacteria

B Rhodobacteraceae
I Saprospiraceae

3 Comamonadaceae
3 Xanthomonadaceae
Bl Rhodocyclaceae
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Fig. 4 The biocommunity structure of each sample at the

(=

level of family classification

FFAIH) 13.21% ~ 40.01% . HE 4R , 7675 K A B R ¢
% B Rhodocyclaceae K 22 £ # J2& I il AL 1, H.
ARl R R 1 O 2 AR AR B SE h FNA
At B A W) B B Rhodocyclaceae ¥4 Fb 35 F A= 4 JiE
(YO) A X =B, 1 YO Hh i1 40.01% B 2 FO H (1Y
13.21% B4 DL H A JE o 3 7T RE 2 th T BT 2 R iy
FNA ¥ B2 R, S A0 T B AR m] R T I il 1R R A
HL 52 0 AH 2 R v BE 9 FNA 23 30 Rhodocycla-
ceae WA . THAL BT V5 U8 1 H A A8 355 5 A A 0F
58 BRI R R 2 — 5, 435 Xanthomona-
daceae'™ | Rhodobacteraceae™ | Acidobacteria®™ I
Cytophagales_unclassified , J AH XF 3= B 73 51l 2 2 7
13.77% .4.70% .4.00% . 3.18% 7= £5 o FNA 4b B3
155 T WEE B Re g B K P 1 A2 4L (B BUE W R Vs
I A kAW R A1k, t4h, Comamonadaceae |
Saprospiraceae, Planctomycetaceae #1 Chitinophaga-
ceae [ Bk AE A FAH [F], KB FNA A 39 i S 4
sy b o X BT A FNA AT A 2R AR R A
KRN BEE H 3 5 1 FNA 2 5 8050 00 Gl W0 38
28 AR RIS

B A Ak f5 B 2 1) J& Nitrospiraceae (NOB

() — B ), H X = BE R YO [ 1.39% [% = FO 1Y
0.92% ; IL )5 Fifi FNA 3% il 28 6.4 mg/L, HoAH X} = 5 B¢
% 0.19%, FNA i B ¥ £ 3 & 16.0 mg/L I A XF 32 )&
f% & 0.06% . Nitrosomonadaceae J& AOB & 19 — F ,
HAH XS F B 5 Nitrospiraceae fH L 28 (L #2 /N o Bifi 5
FNA M O3 & 6.4 mg/L, Nitrosomonadaceae B A X} 3=
FE N 1.79% [ 2 1.32% 5 FNA 4k 223 % 16.0 mg/L,
Nitrosomonadaceae ) A X} £ & M 1.32% [ &=
0.11% . 1ERLAKSE F, 24 FNA /05 il 2 6.4 mg/L
i, NOB 52 2 A9 52 1 Lk AOB K 5 24 FNA H 6.4 mg/L
BN E 16.0 mg/L B, FNA X AOB Y 5 i b %F NOB
14 5% e 51K
JE K b A W i R T 2 F LI S

127 W Pseudomonas
NN Zerrimonas

1.0} W) Nitrosomonas
0.8 F

S

Hoer

)

'

B 04}

=
o
T

0

Bs5 BAEKELZIEMBENHEESN

Fig. 5 The biocommunity structure of each sample at
the level of genus classification

&l 5 "] 41, Nitrosomonas (AOB)#] 46 48 X 3 B
H0.92%, FEE FNA L, Nitrosomonas & F2(6.4
mg/L) 1 F5(16.0 mg/L) Hv (1 A0 XF 3= B B A 28 0.78%
F10.39%., 7% F A ¥ B, NOB H Nitrobacter F
Nitrospira 2 A, H A X = 4 5 A 0.16% 1 0.32% .
Ffi & FNA 09 34 0l , Nitrobacter A1 Nitrospira 7€ F2 (6.4
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mg/L) AR XT3 B 43 ) 4 2 0.1% i1 0.09% ; 24 FNA Jifi
i W E 16.0 mg/L B (F5) , Nitrobacter 1 Nitrospira
AR 0.07% F10.02% . Fifif5 FNA Jit 5 v B 9 £
B, Nitrobacter WM NOB W FEHE , X 2 W K
Nitrobacter J&—Fp v BRI  , B 7E = NO, -N Wi E
FAH . Nitrobacter FE A 25 WA o5 32 5 Mo 457 B, AT
PLAW i Nitrospira 19 A K, 32 55 58 2 A5 fb 09 F e
PERY AR B K b, 24 FNA RO o1 =
6.4 mg/L I, NOB [ A XJ = B2 B R Fb AOB 1Y B, 24
FNA 5 % i 6.4 mg/L 34 % 16.0 mg/L A}, FNA
X AOB Y51 L X NOB A9 52 1 5K .
24 FNATIREIEWEEEHEALEE NI

P M 256 L qPCR R 3l o 25 5 40 B ml 0, 2
FNA J5 3% R 6.4 me/L B, 0] 45 %008 /> NOB () £
JEE RGP JF4E R AOB BTG P o FNA i & V&
6.4 mg/LIE N 16.0 mg/L B, FNA X AOB [ 52 1 L
X} NOB (1) 5 Wi K, HFNA Jfi & 4% 4 9.6 mg/L I
12.8 mg/L B ¥ Ak B85 (9 2 AR Bl . 24 FNA JiT o v
&4 16.0 mg/L B, NOB 9 3% : JL-F- 24 0, /H AOB
EPE AN 2 50% , NH, =N RBRRcR 22, Wik, % &
B MR RCR S B TF A, 5230 % FNA J5T 4 Vi B2 o
6.4 mg/L A AL BE 1) Fe A 251

CAWFFE R, FNA 52 270 NOB Al AOB A4 K
B I MR 43 M 0.02 mg/L 1 0.4 mg/LUP" . SEHG B
VIR FNA BT ik 2t 5 T 00 d, B 5% @ 1% s
U8 ¥k K I FNA AT %87 o Cancan JTANG %52
K FH 1.8 mg/L FNA T Zb B35 4 5 Jé Al 2 S B 72 il
b, A 5255 1 U FNA Jit 5 V& B R 6.4 mg/LL, S 35 i
TG I TE N 3 A 2 . AL B ) AT BB & T3 FNA
W 8 22 0 R Ak S S ()RR BT 7 S 1 FINA VR
K o AR Ak BEACAE W 0 RO R AT RO O —
R, A= 3 B 5 05 P 0 DR AH b BT — o TR B A% T
S B0 FNA AR W PN BB 5 e 4 2248, DA T
ST 0 FINA M JBE 3K

FET5 K AR HE e X NOB Y K 3093 R il & s2 3
RS LA B AT R G B . IR ST FNA T Ak 1 AR
Py WS S2 B 1 R A Ak BE S AR E i AT L i AT T O
50 d I SE B BIF ST o oA HERE SO A R A 1) A R B ik
J&E |, JFA0 6 JR PR R 6 DR 47 R A7 0 RS S RIOCR | 45 B vy
ferh DO & MR R 6.0 me/L. SN 28RS AL PERE Y
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Fig. 6 Operation diagram of the reactor
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Fig. 7 Substrate concentration changes in typical cycles

32.64.3.2 mg/L,COD }y 47 mg/L /i 47

755 9 Rt AR I e FE g b ke R 4F, &
BT 10 /NI, JE7K NH, =N JLF 430 g/ 4k
NO,-N, % W] AOB . NOB i M8 45 . 55 12 KA, £
VI 2 FNA AL FR S, NOB 36 P R %, 7K NO, =N ¥k
FETF S o AT AR, NH, -N ¥ BE 5 4 B A AL I %
7K NH, N W B AH LU g A 2 . FNA ZEF ] NOB
T M B TR S, X AOB Al 7= A 7 — 2 14 30 A
SR IE AT A 50 KA, #E K NH, =N JL-F 4 4
A AL NO, =N, K JL-FJE NO, =N =4 NAR & ik
90%. LHAEREV AW FNA LS, NOB i
PR RGBT S B T R A R B SR
HH SR 38 B 10 FNA &b B A= 4 IS 0 6 1 B 3
FEAG , B S B0 T MBBR- R il £k T 25 A9 ) sh flER
EILAT .

FZWNREWOE A B TRRMAE . %

P& AECORF 5L N R 3l 1B DO I AE 0.5 mg/L 51T
FSEE A R AR i R AR . KR ECIF R &
B pH 2 75 7K A B 3 ) NOB 6 1 1) — > S
o M pHTES.0LL By, AT LS B il A A9 2R .
SR A S 56 R AE A (pH i 7.0~7.5) . DO(DO K
6.0 mg/L) 25 F HEAT 19, U6 BA I 2 e B A Ak 1Y) 32 2
J PR 2 FNA T AL B AR NOB (9 £k &, NOB 75 %
A . Pl b mT 60, 38 Ao O FH 8 BV B 9 FNA Kb 3 A=
WIS , 3 % M A ) NOB B 375 1 e 52 B Je AR Ak Y
Ja BRI IS AT R AT ATIY .

3 it

WFSE T FNA Fi 4b 34 A= Py g 7 et 82 il A 1% 7T
ATV R A 2 A B T A 0 R Al A ) B () 52 1), 3
i T FNA P A B i A 7 e AR i AR AR e MR R

(1)FNA i &b 2 i ] 4 12 h i, 52 B MBBR- %
PGS A T2 1Y e FNA 0 4R B 6.4 mg/L, kb B
J& NOB {if P % % 28.67% , AOB 1% 1 4 66.34% . 1E
e fE FNA Kb 38 5% 4 F 10 Ak 35 7T LUAT 85008 2> NOB
(9 3 B, AT 52 B MBBR—% 2 il Ak T 25 14 ) sh A
EIBAT o

(2) 38 1Y FNA AR i 2R P 00 A K RN L (H
if i FNA 23 5 80 4 10 A W) A 38 1 3 5% 17 4
UKo FNA Tii4b #E X NOB B 52 M K F % AOB [ 521,
M FENA JR BB i 04 = 6.4 mg/LI, NOB B A X =F
JE W R L AOB (9K 5 24 FNA T 5 ¥k B2 1 6.4 mg/L 3%
% 16.0 mg/LE} , FNA X} AOB f52 0 L XF NOB A 51
TR,

(3) AW BE 2 FNA AL FE 1R J5 , NAR BRI AJ 35 3
85% LA I, H. MBBR-J8 FE i fk T 2 76 % i 15 DO
AT LIRS E 217 40 d.

5 % 3Tk
[1] HEM L J, RUSTEN B, @DEGAARD H. Nitrification in a moving
bed biofilm reactor[ J]. Water Research, 1994,28(6) : 1425-1433.
U6, WA A, 2% [ 4, 4% . MBBR P HRT 5 pH % % P fit§ 16 S5 Al
fefsEm[J]. Toalkk4b B ,2016,36(10) :20-23.

LI Na, HU Xiaomin, LI Guode, et al. Influences of hydraulic reten-

[2

[

tion time (HRT) and pH on shortcut nitrification and denitrification
in the moving bed biofilm reactor (MBBR) [J]. Industrial Water
Treatment,2016,36(10) :20-23.

TR, BRI S KA T ATk [)].
LAk T, 2018,47(4) :313-315.

WAN Chunyun, ZHANG Wanjun, WANG Xiashuang, et al. Re-

—
(98]
[}

—119—



AR

Tolk K A3 2023-04,43(4)

—
ES
[

—
W
—

—
(=)}
[}

[7

[

—
o]
[}

—
K=}
[t}

[10]

-1

search progress of new sewagenitrogenremovalprocesses [ J]. Liaon-

ing Chemical Industry,2018, 47(4):313-315.

PR LB T, A B X R A A R 1 5 )

PLBLERSE[T]. Tk AR B, 2021,41(2) :75-79.

ZHONG Lei, WANG Meng, ZHAO Baihang, et al. Effect of carriers

on the characteristics of shortcut nitrification biofilm and its mecha-

nism[ J]. Industrial Water Treatment,2021,41(2):75-79.

R ERSE TR, AMVAR R, A IR R 2 T S Al R AR R AT AT

5[], Tolkk 439, 2022,42(5) : 83-88.

ZHANG Zhihao,ZHANG Qun, SUN Yucong, et al. Feasibility of si-

multaneous nitration and denitrification at low temperature [J]. In-

dustrial Water Treatment,2022,42(5) : 83-88.

IRV, XS, REZAR 55 . R R Ak 64 52 i R 3R % R 4 T

LMW ] Tk 4B, 2022,42(4) :46-56.

GUO Kaicheng, LIU Wenru, SONG Jiajun, et al. Research progress

on influencing factors of partial nitrification and its coupling

pmcess[” . Industrial Water Treatment, 2022 ,42(4) :46-56.

LI Jibin, WEI Jinglin, NGO H H, et al. Characterization of soluble

microbial products in a partial nitrification sequencing batch bio-

film reactor treating high ammonia nitrogen wastewater [ J]. Biore-

source Technology,2018,249:241-246.

SR, 22 IR AR BRI R SBR 52 B E W4 WA AL

WE5EL)]. A EEFRIERE,2018,38(12) :4509-4515.

ZHANG Min, JIANG Ying, WEN Jingyu, et al. Achieving stable

partial nitrification in SBR at ambient temperature[ J]. China Envi-

ronmental Science,2018,38(12):4509-4515.

KENT T R, SUN Yewei, AN Zhaohui, et al. Mechanistic under-

standing of the NOB suppression by free ammonia inhibition in con-

tinuous flow aerobic granulation bioreactors[ J]. Environment Inter-

national,2019,131:105005.
YU Heng, TIAN Zhiyong,ZUO Jiane, et al. Enhanced nitrite accu-
mulation under mainstream conditions by a combination of free
ammonia-based sludge treatment and low dissolved oxygen: Reac-
tor performance and microbiome analysis [J]. RSC Advances,
2020,10(4) :2049-2059.
CUI Bin, YANG Qing, LIU Xiuhong, et al. The effect of dis-
solved oxygen concentration on long-term stability of partial ni-
trification process [J]. Journal of Environmental Sciences,
2020,90:343-351.
TR L RH RS AR DO BT 29T 5 /K SBR 4
AR e[ )], WA A2 T AR 41, 2015,29(3) : 760-764.
SU Dongxia, LI Dong, ZHANG Xiaojing, et al. Study on partial ni-
trification of domestic wastewater in a sequencing batch reactor un-
der different dissolved oxygen gradients[J]. Journal of Chemical
Engineering of Chinese Universities,2015,29(3) :760-764.
DUAN Haoran, YE Liu, LU Xuanyu, et al. Overcoming nitrite oxi-
dizing bacteria adaptation through alternating sludge treatment
with free nitrous acid and free ammonia [J]. Environmental Sci-

ence & Technology,2019,53(4):1937-1946.

20—

[14]

[15]

[16]

[17

[}

[18]

[21]

—
58]
S

i

—
[ ;5]
w
[

[24]

PEDROUSO A, VAL DEL RfO A,MORALES N, et al. Nitrite oxi-
dizing bacteria suppression based on in situ free nitrous acid pro-
duction at mainstream conditions[J]. Separation and Purification
Technology,2017,186:55-62.

LI Jia, ZHANG Qiong, LI Xiyao, et al. Rapid start-up and stable
maintenance of domestic wastewater nitritation through short-term
hydroxylamine addition [J]. Bioresource Technology, 2019, 278
468-472.

WANG Jipeng, LIU Yongdi,MENG Fangang, et al. The short-and long-
term effects of formic acid on rapid nitritation start-up[J]. Environ-
ment International ,2020, 135:105350.

TRV, BT, BOE 55 R AL LR T ik W s i R [ ]
Tk 4b 3 ,2020,40(7) : 1-5.

WANG Tao, YUAN Luzi, LUO Zheng, et al. Research progresses
on strengthening methods of short-cut nitrification process [J]. In-
dustrial Water Treatment,2020,40(7):1-5.

DUAN Haoran, WANG Qilin, ERLER D Vet al. Effects of free ni-
trous acid treatment conditions on the nitrite pathway performance
in mainstream wastewater treatment[ J]. Science of the Total Envi-
ronment,2018,644:360-370.

CUI Huihui, ZHANG Liang, ZHANG Qiong, et al. Stable partial
nitrification of domestic sewage achieved through activated sludge
on exposure to nitrite [J]. Bioresource Technology, 2019, 278:
435-439.

JIANG Cancan, XU Shengjun, WANG Rui, et al. Comprehensive
assessment of free nitrous acid-based technology to establish par-
tial nitrification [J]. Environmental Science: Water Research &
Technology,2018,4( 12):2113-2124.

PARK S, CHUNG J, RITTMANN B E, et al. Nitrite accumulation
from simultaneous free-ammonia and free-nitrous-acid inhibition
and oxygen limitation in a continuous-flow biofilm reactor| J]. Bio-
technology and Bioengineering,2015,112(1):43-52.

B R, B A5 O [ 8 vk B R B AR FNA X Ak T
IEPEREE R[], AL, 2019,40(7) :3195-3200.

LU Xintao, ZHOU Tong, TIAN Xiadi, et al. Effect of free nitrous
acid on the activity of nitrifying bacteria in different sludge con-
centrations under anoxic conditions [ J]. Environmental Science,
2019,40(7):3195-3200.

LT, L AT 15 °C SBBR R AL DU B ATELE
BATHERELT]. R EERHE,2019,40(5) : 2326-2332.

SUN Yiqi, BIAN Wei, LI Jun, et al. Partial nitrification fast start-
up and stable performance of 15 ‘C SBBR[J]. Environmental Sci-
ence,2019,40(5):2326-2332.

gk, Ze e, TR 4 LT FNA AL HIYS I8 58 B i1 75 7K B 43
JRRAEALLT]. fET 2542, 2015,66(12) :5054-5059.

MA Bin, WEI Yan, WANG Shuying, et al. Achieving partial ni-
tritation in sewage treatment system based on treating activated

sludge by FNA[J]. CIESC Journal,2015,66(12):5054-5059.
(T#H%177R)



