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Abstract [ Objective] A pilot equipment based on the biofilm method for full-process nitrification and partial denitrification was
constructed to explore the effect of hydraulic retention time ( HRT) on the accumulation of nitrite nitrogen ( NO,-N) in partial
denitrification by using actual urban wastewater as influent. [ Methods]  The actual urban wastewater was used as the influent to
construct a pilot equipment based on the biofilm method. By shortening the HRT step by step, the accumulation effect of NO;-N under
different HRT conditions was analyzed. At the same time, the activity of key biological enzymes was determined, and the changes of
nitrate reductase and dehydrogenase activity in biofilm were analyzed. In addition, the changes of microflora structure were analyzed,
and the functional flora was predicted by using the functional annotation of prokaryotic taxa ( FAPROTAX). [ Results ] Step-
shortening HRT could significantly improve the NO,-N accumulation rate, reaching 50. 47%=+5. 06% when HRT was 3 h. The results
of key enzyme activities showed that with the shortening of HRT, the activities of nitrate reductase and dehydrogenase of the biofilm

increased. The analysis of microflora structure showed that partial denitrification functional bacteria such as Flavobacterium,
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Thermomonas, and Thauera were enriched in the system, with a total abundance of 12.83%. [ Conclusion ] Biofilm method in
actual urban wastewater treatment can effectively retain and enrich partial denitrifying bacteria, improve the accumulation effect of
NO;-N. At the same time, organic matter degrading bacteria have also been effectively enriched and the utilization rate of organic
matter has been improved. The FAPROTAX prediction results indicates that various organic matter decomposition and partial
denitrification functional bacterial communities can be enriched on the biofilm, which can effectively improve the impact resistance and

organic matter removal ability of partial denitrification treatment of actual urban wastewater, and achieve stable accumulation of

NO;-N.
Keywords biofilm method

microflora structure

KA & & b (anaerobic ammonia oxidation,
Anammox ) L. 7. i 1 R & & & 1k W ( anaerobic
ammonium oxidizing bacteria, AnAOB) fE R E it &
AT O A (NOS-N) S HL P32k Ak 2 A
PN AT (N,) & — s RURFE rY AE W It &7
oo SR, 52 FR T3 /K Ji K i L2 & FE 0 sk =
NO,-N, BRI T H AR B N . PR, F80E 1Y
NO;-N {25 527t Anammox FSCHE | S S Al
i 537 SRS AL B LA HLAY oA v - A R 2
A (NO;-N) 5 NO;-N 7e g fhad 2 v i e % 22 53
B AEALIA R NOS-N 28 1E7E NOS-N &= Y1
AR E T B AR R A IS 245 B TR
I TR BLRB U T 7K 1) S5 36 3 AR 5 0T S o ek
IR IR A 2 2, ELK BRI K B SR, 3K
NO;-N xR LR BEAEm s 8 & B, K
5 ER I ] (HRT ) AL 2352 WA HLYI R A 38
W) VA0 e o T B A% [ i A, 2 TG 52 W) A= )
it 3% P A 0 R e o3 A, T L2 2R NOS-N
SASAEHERR A NOS-N BB, Kk, HRT S #552 br
WREETS K AR RS AR AT NOS-N SR B 1 Sk dt iz
GE /8

N TS NO,-N By b R AR R S il A B B
TSR U HRT (B4R A 25 5 th 36 P 5 e
TR AR AR R AT E SE N, M
T AEYEERA MY b S e R R A
TG VR R A AR SO0 4 3 gk A R 1 R R R
P SCRE AL DI BE W, A B TR & NOS-N R
ROR

PRI AR B S8 A8 S 1 ik 7 A ) I 1) 4
- R A e, DA SE BRI R 5 K S K
RIE HRT X 52 b 0B 35 7K J A S A Ak o 7%
NO,-N RBFCR 520, I8 1 A8 Py 1l i v R

partial denitrification  hydraulic retention time ( HRT)

accumulation of nitrite nitrogen ( NO;-N)

YIRE ¥ 45 10 1 R R A2 W A 25 T e R R I
(FAPROTAX) T fig I 43 M ) e w1 A A3 A ) B
TELEN AL AT S R AL LUST A bR e R S A
LRSS Anammox .25 T 52 PR B 15 /K Ak # 2
BEESARIE 5 BT =
1 #EFFE
1.1 R ESEMTR

rhaRe B R AR A A vt R R B Ak b 2 A
BROAT 9K 324 LA 85 L, T2 AL & 1 i
N o FEZK R A Ab VR F R R i T AR A
LA PR E— A A R A, 5 —3 4 Kk
R Eeab

B - R R T SRR
Fig. 1 Process Flow of Full Nitrification-Partial Denitrification
FeRP 5 P H A R 5T H TG K AL B RGHE AAO
TEAAE: 15 R FTE R 3 000~3 500 me/L, H:
rh RS AL M R I S TS R TS YR, IR L R
FEPYEBURL, BURHE N 200 15% ;6 75 I A Ak it

FEFP B TG PR TS Ve , N IREER E R4 R OB
JnEL 254 50% .

1.2 RWKREEBEITEHE

PRI 7K Ry R R 5 K AR BT IR K
W KOK AN 2% 1 fros, ol LUE H, AS [R5
5 2 A O AR 1 TC K K BT, S5 B i K Ak 2 i A
(COD,) B A& (TN) FHa AU 3h R, B 25



FAe 4 MR,

KI5

A IS TR X S o S 5 7K A B P R e B A P 2 i

Vol. 44, No. 1,2025

NO,-N 2R,
T H AU RS AR AL B AR B
Tab.1 Influent Quality of a WWTP in Nanjing

. JT v %/ l@ﬁt*ﬂ?{jﬁf?ﬁ/
(mg-L™") (mg-L7)

IR (SS) 58~176 119. 62+13. 65

COD, 108. 8~490. 4 284.73+97. 63

T H AT 4 (BOD; ) 37.1~143.0 102. 24+16. 27
TN 19.8~50. 1 34. 025. 40
2R 15.6~46.0 29.57+5.28
SBE(TP) 0.60~7.24 3.29+0. 88

R S s 1775 20, AL Il i bE R
R 150% , B iE fR 24 85 )8 4% E /K COD(,/NO5-N
3.0~4.0, X5 SBATREY 113 d, 3% 4 BB,
AR HERE BT BE (1~24 d) . HRT=5 h(25~48 d) .
HRT=4 h(49~82 d) HRT=3 h(83~113 d), X%
IR KRR 12.9~18.0 C.,
1.3 MiXEHHAZE
131 W AR 5 vk

COD, \TN TP % %, NO;-N | NO;-N %45 5%
FAR 3 J7 151 52 , pH/ORP £ 2846 T A ( PHG-
217C) SEBF WM pH A1 48 Ak 18 i HL A ( oxidation-
ORP ), DO 7E £k Wi M X ( SIG-
209 ) S Fsf W5 95 i 48 ( dissolved oxygen, DO) ,
1.3.2 JRE PRI E

VAR £h 34 JRL B ( nitrite reductase, NIR) il fig
i 5 B ( nitrate reductase, NAR) F1 i & [
(dehydrogenase, DHA ) i {44 FERH R 3 oz 585 &
(ZCIBIO, ) BEAT AN
1.3.3  TLEWREVR S5 S H

R HI 168 rRNA 3 2 0 e X (ol 2 i s kA
3BT AR IBOREAS [ R WA R ( DNA) |, 38 3 iR A
HL VKA 95 DNA 21 8 5 vk B2, R I 70 AR 28 )7 41 1Y

~ V4 XEFR G| Wt AT R A M aE R Bk, 74

P2 2% Br AR B KA I JS | X5 A 7 W 2l AR T
RA . SRJE AN PP SCPE T 1 HeRe O &
i B EE N i, f S5 7E Hlumina NovaSeq6000
V& AT
1.3.4 Bt @onk

WAE A A 2 FLEK (nitrite translation ratio, NTR)
SEVE AR S AL A R NOS-N 7 A 8503 R

reduction potential ,

— 100 —

B TR PR SR AR T = (1)

c¢(NO,-N) ;s —¢(NO;-N) 4,
Nygy = R Ex100% (1)
' c(NO3-N) o —¢(NO3-N)

/ﬂ\:p’: :NN'I'R_NTR ﬁ;

¢(NO3-N) y—— R W 5 #E 7K NOJ-N Jii
iiﬁg,mg/[l;
¢(NO;-N) o, —— W 5 #E 7K NO;-N Jit

IR mg/L;
c(NOZ-N) o o——
R me/L;
¢(NO3-N) yo——
IR, mg/L,
LRt
2.1 HRT 3@ R RELERBR I

J ol J A S A Ak Tt B 2 #E UK COD,/NOS-N 2y
3.0~4. 0, ¥ IFT M ERZE % HRT X NO,-N RFRCR 1K)
oA, K C/N ISR B iﬁdtﬂ’]iﬁjz’%ﬁmk
SPRiEK COD,/NO;-N A 4. 76+1. 22, £ Fr Btz
BCRIE 2 s,

SRR Y B, SRy {1 355 PR 75 Je P IE N P15 38
B R AFHEBERCR R K HRT(6 h) . BB EX
NO;-N 2= [ %~ 93.89% + 2.49%, it /K COD./
NO;-N 7 5. 1720. 57,COD, V-3 LFRFR K 63. 48% =
2.90% ., {HHF HRT B, Agfb it i oe 4,
7K NO3-N Jit fE ¥ & h (3. 96 £0. 25) rng/L NTR K
7.60%=0. 65% , %) . NO;-N ZFH#H 45 24 d B
RIS HE AL, | I SEURRE 2 T RN P 3 LB v
BIS1 i EOK G5 )2 R EERE )

HRT =5 h B Bt, NO;-N £k F N 88.00% =+
4.54% 37K COD/NO;-N 4 5.53+0.93,COD, &
BR N 62.00% +7.09% , BLIH 7K NO3-N i & 9k
FE R (5. 1422.03) mg/L,NTR } 8.53%=+3. 51% , 4l
LT IEDRHEE R B e i 42 T (P>0. 05) , R W4 k0
HRT % 5 h B, s AR DL 4 8 s il Ak oh 3=, B,
NO,-N EFECR A W E T,

HRT =4 h BB, NO;-N £ FR N 91.75% +
1. 76% , 7K COD.,/NO;-N 4 5. 17+0. 82,COD,, 2
BR%EN 53.40% 1. 03% , Fi% T HRT=5 h % F
F(P<0.05), BLHEF, 7K NO;-N JT & W R
(10.99 +4.60) mg/L, NTR & 23.09% +0. 63%, 5

I # 7K NOS-N i

SR gt 7K NOS-N i

(V]



I G . N Vol. 44 ,No. 1,2025
WATER PURIFICATION TECHNOLOGY January 25th, 2025

B 2 K[E HRT X R S Al At I SRR B i)

Fig. 2 Effect of Different HRTs on Denitrification Efficiency in Partial Denitrification Tank
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Fig. 6 Changes of Microflora Structure
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