549 B 121
2021 4E 12 A

A B K “F 2 4 CH A B RD
JOURNAL OF TONGJT UNIVERSITY (NATURAL SCIENCE)

Vol. 49 No. 12
Dec. 2021

NEHS . 0253-374X(2021)12-1727-11

DOI: 10. 11908/j. issn. 0253-374x. 21310

AR ARt R B i & Pl iE 1T R &
E R AR

IOk, KR, RN, ok
(1. FIRKH FRER 5 TRk, B 20009252, FBIH T HR RIS & 55 B T Rg FBIH 450052;
3. RO TR R, 3 200092)

WE: LIG/KAAI ™ Z 901K Ry IEK , FF R T K I35 ik
AR B S SR ks T st . hid R g
TR A s IR AN 2 R K EK TR A AL HEAT R
T Al LAY 7K 7 B far R &1L 43 300 Dy 5 meh ™ T4, A2
4 (COD) AR A (TN 19 25 B 5 43 51 ok 62.8%% 1
67.3%0; TE IR EE Ay 15~27 Cif, i R Ge 1 7K TN A2 E 1
10.0 mg L' BLF o Wik R G, AN Hyphomicrobium
Methyloversatilis 55 A% 4t S 10 40 T 04 AR X =F B2 B (i
25.12%) , Methylotenera Ml Paracoccus %5 [7) 4 i 4k S i £k 21
T B AR 2 B A (15 33.29%40) , LA b D0 B P A 77 A A
UET RGE = 85U AR

KBEIR . KLl g P R G MUY R AL
FIH
hE 5SS X703 NHEAFRERD . A

Deep Denitrification Performance in
Pilot-scale Denitrification Biofilter
System and Microbial Community

WANG Lin', ZHANG Haohao"*, WU Xinghai*, LI Yongmei'
(1. College of Environmental Science and Engineering, Tongji
Shanghai 200092, China; 2.
Planning Design and Survey Research Institute, Zhengzhou
450052, China; 3. Shanghai Water Industrial Equipment
Company, Shanghai 200092, China)

University, Zhengzhou Urban

Abstract:

was constructed to investigate the deep denitrification

A pilot-scale denitrification biofilter system

performance when the actual secondary effluent was
adopted, and the effects of key parameters (i.e. hydraulic
load, C/N ratio and temperature) on the operation were

carried out. The pilot-scale system mainly used external
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carbon source for denitrification rather than organic
effluent. The
recommended hydraulic loading and C/N ratio was 5 m-*

matter existed in the secondary
h™' and 4, and under the conditions the average removal
efficiencies of COD and TN were 62.8% and 67.3%,
respectively. When the temperature was 15~27 °C, TN in
the effluent was steady below 10.0 mg-L '. The relative
abundances of conventional denitrifiers such as
Hyphomicrobium and Methyloversatilis (accounted for
25.12%) were higher in the pilot-scale denitrification
biofilter and the

simultaneous nitrification-denitrification bacteria such as

system, relative abundances of

Methylotenera and Paracoccus were also much higher

(accounted for 33.29%). These bacteria guaranteed the

good denitrification performance in the system.

Key words: denitrification; biofilter; pilot-scale

system; microbial community; organic compounds

utilization
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HREACT 10 mg- L7, 1M 5 276 = /K 1 67 faf (8 m
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A g X R G K AR R 6.3 meh
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Tab.1 Characteristics of the influent

s R R/ (mge. )

y — = H
HANL N WREANO, —N) BE(TN) BHRTP) ORI (CODe) pHIA
0.11~0. 85 13.0~18.6 14.0~21.2 0. 15~0. 63 12.1~30.5 6.60~7. 14
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Fig.1 Schematic diagram of pilot-scale denitrification biofilter system and picture of real pilot-scale

denitrification biofilter system
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32 d WA shiz 17, ik & 4 K B NH,—N,
NO; —N, TN LA & CODer [ H ¥ FF 73 % § 5 1
0.25 mg+L'.5.20 mg+L ', 7.00 mg-L " #I 20. 00
mg L' 25 A, AN A B R 43 AR TE 35. 7%
71.9%.65. 6% F175. 0% iy o 45 EZIKBTHE R
IRF) T CHLI R S 5 A AL B A b ATl 3
K5 g HE T BR 18 ) (DB34/2710—2016) 1 T 253k
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BTG KA BT HE bR A 1T TN 5 vk B AR E 7E 10
mg-L 'R, IEIHA N IR R G E RS I
1.3 REHE
1.8.1 iBf75kE

TE LA P i R G as 17 ] 2K
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Tab.2 Operational conditions of pilot-scale denitrification biofilter system

BT SR O EEGE ) Hz S5 K A7k AR b
KA (3 meh ' 4 meh L5 meh A6 meh ) C/N g4, i85 R 10~14 C
C/NF(3, 4715) KA 5 meh LIRS R 24~27°C NH,—N.NO, —N.NO, —N . TN HI CODcr

i (15~19 CH 24~27 °C)

K Stk 5 meh !, C/N Ry 4

IR RGBT TRLRERIT ST R, BER— O S il ik
AP UE L IEA T — R vk . BB e Ol
S, AT R A e, SRR £ 80 m+h ! K 3
min; SR )5 , AT ROKERA I ok, SRR TR I 2= 80
m’-h !, KRR 10 m*-h !, B 15 ming B2 )5, i#F
FrEam K vk, KRR & 10 m*+h ', B4 3 min,
1.3.2  #HI/KPEVH

TEK F1 Gt 5 meh ' C/N Fe 4 FE 7K iR 24~
27 CF, ik R gz f e i , M S AR 0% s
X (GC-MS, Thermo Focus DSQ, Z& [ ) XJ 75 7k 4b B
J R A LTE Tt K (B S A A A 9 ks i R e
RGN IR G B K ) SR Ak A kb P R Gk
B K A B AT AT, 5 58 IR AR ZE )

& it 2R Ge Xt K H o AL R R I
1.3.3 BT

K F1 5 5 meh ' C/N H 4 R 7K IR 24~
27 °CF, X RGustThesE Ja , A1 e il 3%t i
Tt fb A i Pk 2R G N R W R IR A T 40 HT
1.4 SHIEER&NHE

i 55 W 58 # 8] >R AR HE 5 35 X NH,—NL
NO; —N.NO, —N. TN #1 CODecr % % HLK Fi 15 b5
AT E . R EHE = pH 3 (JENCO 6010,
) AR A (W HQ30d , &) K A
1L (A188, BlFi 1, o [ ) % HE /K pH {H 5 i A DL %
TR AT AE o

S A A kb 1 7K A LA o R GC-
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MS AT . BTN K L LA 1 L &
ot 0 3 YR HEA T 45 LB T 2 B, AR U i A TG 7K
BRERAMIEAT K , TR I 7 i A8 2 OB e 2 2%
AP SR 2 1 mL, 515 A H GC-MS X4 5 1
FERETINAE . GC-MS PSR - ik HR A
HP-5MS (30. 00 m>0. 25 mm X0. 25 um) ; FFE
Tk B S 250 °C 5 2 iR W R 60 °C L AR %F 2 min, DA
30 °C+ min ' AR T2 270 °C, 1#4F 5 min, 55 78
250 ‘CFiz47 3 min. S HAS, WK 25 mL-
min A N 101, HERE I R 1 pl. BESRMF R
LT HL S, L BSAE R 70 eV, B8 IR Ol 220 °C L 1%
2 L Sk 250 °C, VI 2 41~450 amu, T 1%
FRUEZE A NIST (National Institute of Standards and
Technology ) Ei4i 7 .

I v 3 00 e %o B A2 i X R G N
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Fig.2 Effect of hydraulic loading on removal of each pollutant
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Y177, e 7 ek 1 1 AR A I, DT
T UE M AR NH,— N AR . A, st
Yyt AL T RS F AR FE AL B AR
X5 J5 S A R RE BT I 25 S — 3, AE TR
Girp R IFR AL E . B, I R G NH,—N
e B ARG T NH,— NAE R 2 W 8 32 )
B e S, 8 A g A 4E S NH,—N 9 25 BR
L

KM H3m-h ' 4dm-h'.5m-h'F6
m-h 'F, P R G0 NO; —N AYF 1 Z2 558 53 5
4 63.0%.62.9% .61.0% F139.8% . K& KT
ARG, 2200 NO,y —N AU L BRFZ T R .
2K S e K 3~5 meh U, NO; — N -1 22 5
REA TR AR I AR B ., 1 bl 25 7K 77 6 fir 4k S 4R
B E 6 meh THL,NOs —N B LR TR T
21. 2% SAHALEDUEIL N NO; —N LR HEAS
B :NO; —N B S B e A= W 1T, SR 5 P
AL BRI > Bl K 7 S A BEN , ZIRRAE H
I %) e ) 4 P 20 97 38 i, 0 H 240K ) B e 2 = 2 6
m-h B KR PRl R S BUE PR NO, —N
(14 W o e i 2z 38 T s () e R
YIEA aod PV A 2 R ) S AL B NO; —N YA
BRI o SR IERCE W58 T AR g iz 47 ad
RO 36w SR A OGP A R A TR IR R 3
fIRH, 75 2R AR A 7K 7 fer (5 meh ™) A Rl &2 1
JKNO; —N BT 10 mg-L "B ZoR , 1 1
BRI R I, SRR 07K J1 ffar (8 meh ) ATh
AT 2 7K NOy —N B e IR T 10 mg-L ' 92
Ko JRFTET  TERRIRTT AL 25T, TR bk A
FIFREm K

WA FEK S h 3 ~6 meh ', T —5E
B RINO, —N i R, %81 F U6 NO, —N £
ORI T TR

ACN()2 N
P

AP NO, —N 2R A, KT
NO, —NWSERBIEIE; Ay, HHKFNO; —N
W I AE . K A 2350 3 meh ' 4 me
h™'.5m-h "FI6 m-h ‘0, 87354 0. 32.0. 22.0. 18
016, X FKB, B K I3 S 8, &g h
NO, —N RBRE A Pk . BINE T & KT

g I R, NO; —N 11 25 Bl 850 R %8 7 A8 22, 1
NO, —N ZBUREMHZEA K, X FH T NO, —N #
FEURE B AR AL o

EAK G N3 m-h ' 4m-h' . 5m-h 16
m-h ' F, R R G % TN A9 1 22 B 00 51k
68.3%.55.0% .54. 6% M41.3% ., TNZBEMES
NO; —N i EBRFCR AR —2, 27K F1 i fa5 4 5 m-
h "B, K TN ik B 9. 0 mg- L' 247,
5K Syt A 4 meh Ui R G X TN 1 2% BR & R
I

454 CODer AN LB, Tk R G ia T3k
K St 4 meh YIS meh !, i 2G4 BEOK B
i, SRR AR F1 5 far o] AT 29 Ab BERstR) o BRI, 76
JE SRS AR TR K ) T I AE S meh
2.1.2 C/NILEm

AR C/N T X R G0 iz 17 8O &l 3
No TEC/NHHN 3 4151, ik R G X CODer 1Y
S B 25 AR A 61.7% .62, 8% F156.7%. TE
C/N Ll 3 FI4 B, 245 CODer 2 R i & E
It H ARG H 7K Hh CODer ¥ BE -5 A AN IR st (B
AT Hh K ) VR BEAH 24, B I A TE K RN
RENT I . SR, ARS8 C/N U AR % 5
B, ZRGEX CODer I R BRFTRE T 6. 1%, Wi
IR L T R G AT BB IR, 3 25 15 AR 5
FRIVR 2% L% Hi 7K CODer e B AR i

7 C/N IR 3 4 FSEF, ik R G % NH,— N9
SR FBR R A A 30. 296,39, 4% F140. 5% . Kk
Heidi , C/N X NH,—N A EBRFZ A K HZE C/N
FE A 45 B, A R SN NH,— N G 25 BRASCR s 4
T C/N R 3B R BRACR . thF R AE g
PR R R E AT, RO AL R R A
PAHES, R AR & R G00 NH,— N 2
Bri 270, C/N Ll s e R i P i A
K, 3 G35 T REVE RIS NH,—N £ BRSO R4 5

£ C/N R 3. 4 F5 ), ik KRG X NO, —N
(-4 22 R4 )k 48. 896 . 75. 1% 1 75. 9%, 24
C/N M 34 2 AR, RGN NO; — N B2 R
F4m 1 26. 3%, M4k2L4e = C/N L, NO; —N Y
EBRFILFBA AL . AN S50 2= /M o
BB, M C/N HN 3 42 2= 5 i, AN &R g8t
NO; — N EBRE M 70.5% 3T ZE 7. 2%, BIK
C/N HXF IR R 5 /M R G A —F (A
JETEAF C/N HF /MR R G xf NO; —N [ 2B R
W T RS ERET, L E /MRS H
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Fig.3 Effect of C/N ratio on removal of each pollutant

FRRASEL R K, T rfial 2 4 A 2 s 7K b 3T
PRk, AR R TR C/N LLARTR]
{2 S PR 7K 9 CODer 2H 43 FR A7 78 R ME R i AT BIL
Y1+ R RER A SR A, P i R 48 S2PR C/N B
BT /MR G . W FHIRARS, Y C/N N 4Rf
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FEC/N R 3 A RSB, Al RGext TN AT 2
BRRA 51 41.5% .67, 3% F168. 0% 24 C/N LI 3
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MTAkSEEE R C/N L, TN A LBR R LA
I, C/N LA A Bl Re s 2 2B P A iR IR 77K
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454 CODer FIA I R BRACE  #EF2 09 C/N H ol
4., BARTE C/NHA 5 B H it R Ge A 54 14 i &
R A SR £ 3 N — E PR P AR R B D) K K
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2.1.3 R

HEIK IR A 15~19 C R K IR R 17 °C) F

24~27 CCF-¥K N 25 °C) F iR RGBT
RAE 4 FR . FEFBKIERA 17 TR 25 CF, ik
F Gt %} CODer 1 F- 34 2 B 22 43 9l 24 55. 9% Fi
62. 8%, 7K CODer (1) J5T 2 ¥ 5715 [l 4311 Ry 24. 2~
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Fig.4 Effect of temperature on removal of each pollutant
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Tab.3 Organic compounds in influent and effluent of pilot-scale denitrification biofilter

75 {5 EA ] /min Y44 FK b2 CAS 5 3 Fi K ik
1 6.58 J-1,2- @I 14376-81-9 138.00 + +
2 7.27 ] it < 112-40-3 170. 34 + +
3 7.34 1E—kE 1120-21-4 156. 19 + +
4 7.78 4,7- B 17301-32-5 184. 22 + +
5 9.20 1IET ke 629-62-9 212.25 + -+
6 9.50 1ET7S%E 544-76-3 226. 27 + +
7 9.91 2,4- RO I 15764-16-6 134.07 + +
8 10.43 2- W=k 1560-96-9 198. 24 + +
9 10. 65 IE ke 629-94-7 296. 34 + +
10 10.81 ] o 593-49-7 380. 44 + +
11 11.42 2-HIIE A\ 1560-88-9 268. 31 + +
12 12.07 e 630-04-6 436. 50 — +
13 13.03 2-FRE ok 1561-02-0 380. 44 — +
14 13.16 2-F A JUbe 1560-86-7 282.33 + +
15 13.78 IE A ke 646-31-1 338.39 — +
16 14.19 2-F L e 1560-84-5 296. 34 + +
17 14. 96 9-cAEki 55124-79-3 324.38 — +
18 15.27 (e S w75 55333-99-8 366. 42 — +
19 16.51 AR O 4443-55-4 364.41 +
T SRR A, — T R AR A
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Fig.5 Total ion chromatogram of influent and effluent of denitrification biofilter
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Tab.4 Relative abundances of microbial community at different levels in pilot-scale denitrification biofilter

system
"] (Phylum) 4 (Class) H (Order) B (Family) J& (Genus) AN/ %
Methylotenera 26.10
Methylophilales Methylophilace
clylophitates clhyloplitaceae Methylobacillus 2.60
Betaproteobacteria Rhodocyclales Rhodocyclaceae Methyloversatilis 8.02
Hydrogenophag: 2.29
. Burkholderiales Comamonadaceae 4 'mge'n'op. aga
Proteobacteria Simplicispira 1.97
Rhizobiales Hyphomicrobiaceae Hyphomicrobium 17.10
Alpl teobacteri Paracoccus 7.19
phaproteotacteria Rhodobacterales Rhodobacteraceae R /Z:;;Z:cl/l;r 18
Gammaproteobacteria Xanthomonadales Xanthomonadaceae Arenimonas 3.90
Flavobacteria Flavobacteriales Flavobacteriaceae Flavobacterium 1.44
. Chitinophagaceae Ferruginibacter 1.41
Bacteroidetes . . . . . .
Sphingobacteria Sphingobacteriales Saprospiraceae Haliscomenobacter 0.90
Chitinophagaceae Chitinophaga 0.58
Firmicutes Clostridia Clostridiales Family_XII_Incertae_Sedis Acidaminobacter 0.55
Others Others Others Others Others 24.13

FEZKT- b AR =E BT = i34 AR TR TR AN, AHXT
F MK EN MK R BT B 4M ( Betaproteobacteria,
di H40. 98%) a2 TE W AW (Alphaproteobacteria, fi
26. 11%) Fly—" I B 4N ( Gammaproteobacteria, 5 H
3.90%0) , XS BN NTETS K YA B S R A rh
RIEE Ty EErERY . 2EHACE L A HE
A = WA g B H (Methylophilales , 5 Lt
28.7%) MY H (Rhizobiales , 5 . 17. 10 ) FIZIAT
W H (Rhodobacterales, 5 It 9.01%) , H
Methylophilales J& T B2 W AN , M Rhizobiales F
Rhodobacterales J& T o ZEIE N . BRI, FEXT
FREEBRKARL AW IEE (Methylophilaceae, /5t
28.70%) A= 22 R B (Hyphomicrobiaceae, 5 L
17.10%) #1 21 #F & B (Rhodobacteraceae, 5
9.01%) . M#F 58 £ B , Methylophilaceae F
Hyphomicrobiaceae 52 VLI AL , 2 TE R IE R
Gia g A, NWBRIERN Comamonadaceae,
764 26 90) AR RE i m , HORARIE DRI TA
HA R E AR

P O O ) S 2 =C 7/ s a7 S R B e
TE] T 91w BB, R A EE R T 0. 596 1Y
JEA 144~ o ARXT = B2 HE A4 AT = 0 I8 43 51 oy iy
FEFTF 1 & (Methylotenera, 5t 26. 10%) A 221350
J&  (Hyphomicrobium, & It 17.10%) #i
Methyloversatilis (7 b 8.02%) , X 34 & 435l )& T
= O = NC 2 A 1 Qs = A | A N7 N S

Methylotenera Je&— T B AL TR , (7] Fiof 3 i — ol [
A AL AN, FA R /N A AL 52 B
A RS A 1 BE 1Y, T Hyphomicrobium H
Methyloversatilis J&-1% Gt SO AL AN T , B 45 ) 5 hi
WSV T AR A, BIEK &
(Paracoccus, /7 16 7. 19%0) BYAHXT 4= BE 40y , )R
TR AL RS I, & RETE A AR TR A
AR S B[R A0 5 I R R A Y — SR A 2
AL AR Mg K S A — E A 4R R0(3. 9~6. 4
mg- L"), B K R A A A E e
FRGEAER , AT F 58 A R IE AR AR B8 T P e
XA T [FEP A A A A K

TE SR AR A Wit R GE K, o5 A ey i
Yy 2R T AN IC IR N T A WU S AR Y)
L O Y N A 5 W [ A I
Hyphomicrobium , Methyloversatilis % ) i) A %+ 3= i
B [ 20 A A S T 0 T %) R X B v (A
Methylotenera . Paracoccus %) , UL LA BN IAEAE
PRAIE T A Y0t 2R G s R AR IR R USCR

3 #Hit

(1) 28 & 7 i I i 1k 28 9 0 b ik &R 42 %
CODer F1 TN [ 2 BRECR , #E7E R 7K I 7 faf A1 C/N
Fe 3508 5 meh R 4, I R 4 X CODer #1 TN AY
EBRA PN 62. 8% FI67. 3% ; FEURE N 15~27 °C
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