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Abstract: The design scale of a wastewater treatment plant ( WWTP) in Zhejiang Province was
16 x 10" m’/d. After retrofitted by Bardenpho — MBBR, the effluent COD, NH,” =N, TN and TP of the
WWTP were 17.2 mg/L, 0.37 mg/L, 7.72 mg/L and 0. 168 mg/L, respectively. Without carbon
addition, the effluent almost achieved class IV level of Enwvironmental Quality Standards for Surface
Water , which indicated that good biological nitrogen and phosphorus removal were obtained. According to
the measurement of every functional area of the biochemical tank, 28% -46% of TN was removed in the
aerobic area of the MBBR, and the removal efficiency could be maintained between 15% and 22% after
the shock of muddy water. The good TN removal efficiency was benefited from simultaneous nitrification

and denitrification (SND) in the MBBR zone. Due to the SND phenomenon in the aerobic zone, the
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carbon source cost could be saved by 0.23 yuan/m” on average, and the annual carbon source cost could

be saved by 13. 432 million yuan. Control of biofilm thickness and dissolved oxygen had an important

effect on stable performance of SND. High-throughput sequencing of microorganisms in the system showed

that the relative abundances of nitrifying bacteria and denitrifying bacteria on the suspended carrier were

32.19% and 4. 86% , respectively. The simultaneous presence of nitrifying bacteria and denitrifying

bacteria made SND phenomenon possible to happen. When the temperature was low in winter, nearly

90% of the nitrification load of the system was actually consumed by the suspended carrier.
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T, TEAHTE AL AL M 28 A RT3 T, il i 25 53 1,
AR DT DA I AR X W A AL R, 34
DXL ZSAS R 1R 3 , )F BR  A wo B AL TA
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WA FI5K) BB B 16 x 10* m/d,
2016 AEHEATHRAR G , KK T — 2% B THECH HE
IV, 2t T 72 2 Bardenpho—MBBR T.75, H J5 2k
B RIS AL TE X S A A R R A E T o FE
15 AR E I AT W], AR Ak K TN A RS 2 78 10
mg/L LIRS, J5 22 S AR R UE A R B SS, 1
IBAT I TCHF AR, (A K 32 s i 50m b &
i, AR A S K TN G 00 T 5 U, 83 i —
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Bardenpho—MBBR T.20) , 75 4 & X £ hn SPR - 11
RIEL TR 4K, SPR - I BB IR IKA HAE N 25
mm J& 7 10 mm AR LR A > 620 m*/m’, 754
CRAb R = % B 2R &0 B 2R I ORE) (CI/T
461—2014) £l A o, H I AR X 25 5 (0. 94 ~
0.97) Hig/INF 7K, HEBE 5 (1. 000 ~ 1. 003 ) 57K $
P IR N 30% .

biological denitrification ;

simultaneous nitrification and denitrification ;

A3l 2 K AR IR 28 3 DR IX L B AR IX L A AR
MBBR [X . J& il 480 X J5 4460 X, 88 e 2 A 00,
FATREX T HRT 43524 1.3.3.2.5.9 1.2,
0.6 h, Py FhEH E 4351 100% F1 60% A4k
TGURHREE RS ~7 o/L 41X DO 22 ~3 mg/L, 4=
HFEARNBIMERIR . 15K Bt KK BN 1
iz

&1 FAKITEIEKER
Tab.1 Design water quality of WWTP mg - L™
i H COD | BOD; TN NH,” -N TP
a7 i 7 320 130 40 30 6
— Ul 35 10 | 10 1.5(3) |15
it K 30 6 10 1.5(3) 0.3
1.2 MiRAE
.21 i

TR 1 A R 0 S B A Tt K A% DR IXOR
St 7, HORE Iy S RV O I L i ORI o R
FERH3 YOKKE, BORE I [E] [E] f o 4 b, 3 IR A )5
XFEAEARBEATINE . BR DO MK (T) R WTW
Multi —3430i i #5 X 2 2 0K 5o i ACE A7 00 2
G, A bnok A E AR I E o
1.2.2 iy

w3 By ol i 5R) & (E. Z.0 N AMag -
BindSoil DNA Kit, OMEGA ) 4& B fi 4= 4 % [H 41
DNA 38 3 1% B JI Wi 458 J5C P, kA 0 4 412 5 P9 4 1Y
SERENE, B Qubit3. 0 DNA 551 & A6 il 5 [N 41
DNA ¥k . PCR § 3457 F 519k 341F/805R, X%t
PCR =Wyt 7 B BEIC HRL UK , 8 1k DNA JiZ [ il
7 & (SanPrep) X PCR 7= 4y 2L 17 [H1 i, 1 FH Qubit
3.0 DNA A 50 &0k RS DNA RSB 5 i, #2118
1 VARG S I Fr , S5 BRI A AR i DNA 4
10 ng, iz 2 E AL P % O 20 pmol/L, 3 i
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Tab.2 Actual influent and effluent quality of wastewater

treatment plant

- Shiik/ | ShRbAk | RHIER
mi H -1 =il 2

(mg-L) | (mg-L7") | %%
COD 261.6 +74.13 17.2 +2.87 93.4
BOD, 98.4 £31.08 2.2+0.19 97.8
TN 23.5 +3.88 7.72 £1.15 67.1
NH, =N | 15.32+3.12 0.37 £0.13 97.6
TP 6.65+1.92 0. 168 +0.086 97.5

H12¢ 2 Al 5, 37K B/C{E 3128 0. 38, A] A: 4k
PEMUF, C/N A2 4.2, % T A C/N {E i 7
JE L EXTF AR C/N (EIAK, H T MBBR 15|
AL B E s A, Sk TR R SRR A
LB K Z A B E LT 0.5 mg/L; gL Ak, A1k
i 7K TP Y JEFEATT 355 0.2 mg/L AT, B4k
At FEAANBE IR EE ], TP 119 22 B #0 e i 3 2E P B
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R BT RE TG TR R, 00 T VR I 1) SRl TR
SRR 5 1 MBBR T 2588 im i) Ak 7 28 AR fi 4 Ui 4
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MBBR 2i 3 Ji5 , 38 3o 38 i S DXt 25, PR B T H K
TN FaE 548 , 5 W0 il (R S 1 745 AH B, TN 2%
BRIER T 1 fiF. XF TN (9 KBk, A= fh it K8
Ay AN B AR U5 BD AT AR E Bk TN e ik
i, AR AT H K TN A5 5] 7. 72 mg/Lo i Je S b
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TSR [l He A 160% JEHD}E B RAE, HE 2 )
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2.2 TN RBRINBEXIF ST

BRI AA B S DI RE XA TN [ 25 BRak

XA B T RE XA T TN VR, 4 B 48 2R
WE 1 frR. BEEE, I5 KA BET#E K TN -3
W R 23.5 mg/L, A ZA T HK TN
WREN6.5 ~9.0 mg/L, RGN TN 1) LB R K
$760.8% FEM81.7% K 67.1% , Wi, &
GIE3IH20H 4 H3H4H1TH—=24 H%3| T
BRI EN B 3 K A A op iy, iE K SS A 300
mg/ L ZEIRIG 237 1 000 mg/ L, phfi 2 I | — iy
3~4 h, Zad AR, 5K Z b EER A
T b SRR K (PR3 K ), He K 5 RN 3 A 7
V5K A KK 220, 0 & A R T/ NERL, H SS
e o YedoK nph B BUE X 0 J B ] Py R Ui S

IKIEATG KT, T 30A A3t P4 V5 U v B T T
R Y I K s s A At ¥ Y8 R P38 A AR S ) () Ay 34
JIT1 000 ~2 000 mg/L, H MLVSS/MLSS {f B & T
W, o A= Ak i MLVSS/MLSS {8 7 0. 41 wpifi J5
TRENO.35, YeHK K vhifi X R S8 BR COD A
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Fig. 1 TN removal proportion of aerobic zone

MEER TN (9 D RE DX 5 b A B8 n] LU i
IEHAROL T A X TN KRR 28% ~46% , A
PAZEBR 6 ~10 mg/L i TN; {H 432 2 PRI K nhdi i,
KRR B PR, 15% ~22% , KR 3 ~5
mg/L ) TN, P48 DO TN {9 25 B 8 0E 1 00
THE28% ~42% , %5 ~10 mg/L 1) TN ; 432
st vy, m]RESE N O A AR BERY TN L ERBE ST T B,
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Fig.2  Nitrogen removal during normal operation and impact
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M 2(a) AT LAE H, R E S BR R Ny
97.2% , i Ak L N 3 AR J A R 448 MBBR X, #4258
AU AEVE A EAR B T K Rk b, s fin 7
13 A A S MR B 5k 1 AT B AR XX TN A9 25 B .
LB TN [ LBR23H 73.4% , TN LR F8 K
AR VR IX T4 MBBR X, o, TR B X
X TN 9 L% 0 37. 1% , 4748 MBBR X % TN 1
ZBRFHN 36.3% , T4 MBBR X i /KA HLA) 5
APLTHFETR R AR AN BOIRRIR 9155 B0 I il 41X
AFEAE TN LBREILG: . il AU %2 i 2 T B iR
BHXAELE A A B i Ak (SND ) B4, I Ho otk T
UE—2F 10 TN 22583 (7 40% L b)) AR T A1 B
HiK TN B8 545, KT8 T 0E M #im, MBBR
XAFAE SND B4 4 o] BE 2 B N ZE W i) 40 )2 43
firE, MBBR T A MA T2 A YRR, 27 8k L

A7 SR (1l 8/ 48 RO, IR 2 A3 A R s
NIF4EIX SND R 3 T AT RE™ o iR A 7E R By I
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1R BE R R % AR MR 2 R i E AR, LA E AR
S P2 AT LA A K B P TR, i 5 R DR R
[FIE Hy F2 v 2R AR  DIRE U E A & AR, i —
AR T UF 4 X SND [T

M 2(b) 0T LAF Y, 32 Yo K il 5 A AL B )
TN [ LBRH N 71. 6% , IR B X 4 TN [ 2 B %
9 38. 4% ,AEACBCRIIR (AR X TN Y A PR3 A
BB, A XX TN I 25E FHRE 17.7%,
Ja SRR X RO IEXT TN ) LB % R 9. 63% ,
JE R X ABAFFEZ 5% 119 TN 2Bk HJE A b 5 Gt
A DXV SRR AT, TR IS 7K i A 5 0 R T RE 58
AR , AT J5 TP 4 IX e A /i TN 22

FEF 25K HEK TN 23,5 mg/L, RN
JREF 7K TN GE3] 7. 72 mg/L, 5 A% [B 474X SND
X TN B 2204, BB IAF] 67. 1% [y TN [ 2, a [a]
i L 2D EE 204% 117 52 BRAY 160% |, Bl f5 FEAIR
TR BERE . AN RIS 1T RO, 7 A s I
HhFBR S mg/L By TN, WIRRJE 2% FH 1% ) 0. 23 Jo/m’,
5% MBBR. s it J5 S A4 25 7% 9%, 415 2
PR HIT 1 343.2 J7 6, AT WL SND 3 72 B A B 5
WRERERESE . B X AR Z Rl MBBR T.Z 175
AKARER T AT RAT 2 B, B SR X I A7 AR A B Y
SND B{4:, TN LR 7E 3 ~8 mg/L Z |77 % F
HEAK TN ¥ J8 45 8 995 7K ), SND B4 5 0 1 8 .
XFFHEK TN ¥ BEBAR 35 K T, AN E T e g B ]
RAIE TN 45"
2.3 SND #ZmmEZED#H

U480/ A A B 2 T i SND 9 i 32 2% 4, T
ARG DO Wk B 55 A5 ) R B AH B 5% k) 38 2111
IR i s , — 7 1, A WL e A A AL SR
A3 R HLBRIR , AT B AL S A T 5 55
—JT I, SRR T BB R, PR AR X AN 5
TE R, WA F T S il A SN I o s il 28 vk B 3t
A, U] 25 R AN 48 DX O B A S 07, S PL R AN 3
G T T 50 P B4R X B S A SR o 3o T TS
ek, — M D0 i Ak B W 1 9 At 480 L 425 i 7E 2
mg/L UL b, Sl Ak 5N 0 3 i S A2 7E 0. 5 mg/L
AR W4 e AR 0.5 mg/L i, iy Tl
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T IAHACE R, NS B0 T 58 2 1 [5) 25 i 4k S g
AR A AR o T AR MR TR BE T 1A
e, 75 DO WRE N 2 ~ 4 mg/L AT BEIE U AT 14 4
A/ A MRS . R %N MBBR [X. DO YRJETE 2 ~ 4
me/L, A B H 97. 2% , Wb M BE B 4T, 1% DO
WP NAEAE B0 SND B, KB ERHE
RIfE 235 SND &R, a2 AR 2 87N, DO
55 518 AR MELUE AT 48/ B A O R, AR 2R
PRI KK, s WA HLAY 1) SR Ak A A% 3 1
id 2, Pochana 2RSS IN M BIORLAR B T E M
KA FF SND {gE47, 0 T SND 3 B 15
ZURRSE R 50 ~ 110 wm; Andreadakis' "> | $5 H %
4 SND ORI 15 U6 2R 1Y 3 B RS h 10 ~ 70
pm; Pochana 251 SR FH I sk i O WAL IR T 2010
ST S RN R W], RT3 ARy 382 pum B A 52
i 98.5% iy SND, 4 LR35 AR Jk /N3 155 um
B HABIAF26. 3% (1) SND, X TA3i H , #f44 [X. DO
HeRE R 2 ~ 4 mg/L I, of W 4 A ) s JEE 2 Ry 150 ~
200 pm,

B T8 A R a SS A S K A A At N 32 5
MLSS ¥ B T i, ToHL/IN UL ) % Ak 7 2 AR b i A
WIRSERZ B, AT DA LS 3 AR R 3R 1 € ey vl
1) V4 €0 Ay I A £, 70 FH B R K Pk 5 K48 8
R AP AL w5 — 2 ICHUBURLE i ny
O T AR L, R T A ML ) AR R N R AR
6 et AR D X TN 22 Btz 3 1 4k

WRIEFIZE X SND A — 2 B 20 . 28 5 ik 4
BRI AR, K i ) B A A DL B A I AR BR
K, AR AR 3 B > 30 000 (20 25
HKEar IR, I H DX 4y F B aE > 200 (1)K 45
FYEch £ . G4 MBBR X N #HK B HRT A L
P X IR AW GNE 5 Ny F AV, 5 T
WA S A AL ) JEC ) ) FH 23, 6 T 4 30 232 DL
SCHLSND gk n] 5 S R R, AR T
Ty W AR 1) TR B 0 ) R 0, , MR R 3 TR
Y3k 2 ] 18 R A 1 A LA B 3E 5 A R SND (1) il
I8 ZiE KT A X kK COD 2 30 ~40 mg/T, i}
7K COD 7 20 ~30 mg/L, 748 MBBR X4 10 mg/L
i) COD gk £ 14, i-48 MBBR [X AC/N {2} 3.6, 1]
D4R X SE B0 SND 1 Rij $/2 2 A W il 1t A AL ] A
Mo BT AR SEKIEAN A 5 B A DL,
fift SND Fir 5 e 5t vT RE R [ T X R ik 1

3 MBBR X% 4 5 #7

Ryt — ARG IR AR XS SND R B 2 , Xt
TG KIS TS U6 M7 AR AR R T T
PRI T 43T @ AT R AR X R A 3 R
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Fig.3 Relative abundance of species at genus level

Oy A AR BN, RGP R AL RN
Nitrospira 1 Nitrosomonas , .35 182 7 DR RS T A
B4 5 HE 45 R 30.38% F13.07% (1.81% F10.43% |
Nitrospira 2 3B (/)i PR £ E (L # (NOB) , BEZ5 5
VAR & 2B AT, DR A i A b i 5 Hb 29 0
159 Y 10 4% ; Nitrospira 735 ¢ i+ B 5 T-1%
GEimK) BRI, FLI DR T BE S D AR W 7 S k)
VIR AT 1 HeRD (i Z AR5 e P i AR 4R HF— 2 1Y)
FuBlle W5 B Nitrospira e B2 AL TH (AOB) A0
NOB JIfig, i B A AR R A R RS b, m] LR i
IKOK I AR A2 #4678 PRI 90, IR I Nitrospira
VE R TR P L Rt S e 1 {5 7K A BRAICR 45
N RAE, AR, RENWIGTRWEE N 7.5 ¢/L,
MLVSS/MLSS {24 0. 3, M & 77 Hdk By i5 Je i
14.7 g/m* ,MLVSS/MLSS &} 0.8, X} B IF A4
YIRS AT A €, RGEH 89. 94%
MRS AL TR ok B B 7 24 10, 06% Sk IR T15 1, &
TER A R rp B SRR 2 T AR

i N e P SSE =4 2 NE SRR ol E-| YN - 40D PR K L
BB SRR 3. BRI, SEORL b R AL T
AIFELE g SND B S it 1 O IE S o B BURHAI
To e B0 SR A T Pl JEAS AR [, R A RS IR A
WAEH] T SND s IR I8 -5 15 Je AR TR] , BB A XK
REFI Y COD i AGF R X &R 43 TR B A ik
PR HE 2R 4. 86% 5 e SH AL TR 7 2R
14.98% AR BEAPAETS P A TR B T i o LA
[f], & Ferruginibacter . Flavobacterium . Sulfuritalea .
Terrimonas . Dechloromonas 57158 A 1) o5 i KT
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1 & B Bk o & L, i Hyphomicrobium
Thiobacillus . Mesorhizobium 25 7F 3 B} 1 V5 U6 AP B8 5
FEEEASHAIA] , 33X 55 AH S AT ARG PEIRA OG0 R i A
W) Bradyrhizobium ( HLJ88 # J& ) 76277 #UA& E 5
Ry 0.73% FEI5 Y & e A 0.23% Gk B %
[ A A 5 LA B S TE A

®3 REUEMERFE

Tab.3  Species and abundance of denitrifying bacteria

%
m H B EUA 57
Flavobacterium 0.23 1.93
Hyphomicrobium 1.50 1.49
Sulfuritalea 0.28 1.28
Ferruginibacter 0.91 4.98
Dechloromonas 0.16 1.74
Mesorhizobium 0.46 0.40
Thiobacillus 0.17 0.20
Terrimonas 0.30 0.97
Bradyrhizobium 0.73 0.23
4 ik
@ 757K % H Bardenpho—MBBR T. 7, #E/K

C/N (BN 4.2, %) TN BYF3LBRE N 67.1% , 4
Pt 7K TN P854 7. 72 mg/ L, FEAR AT ZEAMIN%
IR BI AL PRER K TN SE b b s A2 fL B K 2 R/ TP
AL HIRREAE 0.5.0.2 mg/L DUR AR W) I R R AL
REAF .

@ ARGIEHEXAFERER) SND 4, IEH
IBATIHAF AR TN ) 25 BR A AT G55 28% ~46%
SEPRHR sl I BRI B 15% ~22% 5 i TAFAIX
[¥) SND B4, P30T 4545 0.23 Jo/m” (¥ I 28 1 5
P R B R Ak AR B 42 1 X T AR E R B SND A
HERL

Q) BiFEA LRy 32. 19% X
AL TR 25 0 4. 86% , il A 12 F1 S Al A6 1 [+ I A7
1524 SND B 7 A B 1 ROWARIE s & ikt
I, PR AR SRR AH T R SR 90% IR AL 17
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