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Nitrogen Removal Performance and Mechanisms of Biological Contact
Oxidation Process for Treating Micro-polluted River Water
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Abstract: A self-constructed river simulation system was employed to evaluate and compare the
removal efficiency of pollutants using polyurethane and polyethylene composite packing media in a
biological contact oxidation process before and after modification. Following the modification, the system’s
startup period for biofilm formation was reduced from 20 days to 13 days. During long-term operation, the
system achieved enhanced removal efficiencies for NH,"~N, TN, TP, and COD under conditions of a 50%
filling ratio and dissolved oxygen (DO) concentration of 4 mg/L, with improvements of 10.08%, 9.89%,
36.93%, and 17.84%, respectively. The enhancement in pollutant removal efficiency could be attributed
to shifts in microbial community composition and the enrichment of functional microbial populations. The
analysis results of biofilm communities based on high-throughput sequencing technology indicated that

the microbial diversity indices including Ace, Chao, and Shannon of the composite packing media were
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significantly increased compared with the pre-modification state. The phyla Proteobacteria, Firmicutes,
Bacteroidetes, and Nitrospirae, ect. emerged as the dominant bacterial groups. The abundance of

functional bacteria in the modified biofilms, including ammonia-oxidizing bacteria (AOB) and

nitrite-oxidizing bacteria (NOB), increased by 78.7% and 36.5% relative to pre-modification levels.

Keywords:  biological contact oxidation;

packing media; nitrogen and phosphorus removal

(GRERTRE PRt R N - S i IDRE L fN
AT R AP O 5 D i A T AR
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B LA B SO O T B SRS S O
AL T R 1 I H A R KPR A O . Mao
A5 X PR 5 SRR BEA T 2 AL MR AR R T
AL B AR U2 R S LR SR, W]
DUACIECREAY 2K 1k K A= W IS B B 3 fE 7, 2 i 42 7
RGP R o BRH 550 5 2 AR OR gt
AT AL A IR, e i B i A
BESE I, SRR VESR ¥ o SRTIAH LE TR —SEORE S
BURHE AR R 19 22 A0 20 A 45 M S B T UL s iy
ML, WEARTE T AR R

R A - W R R AR AR
A~k 7 5 = AR 5 0 i) SR R R 2R £
BEREAT BRI O 45 SF0RE, F ARSI IR R AR AR
-4 fioh AP BV Ao R X 52 75 G T K AR SO 7
Wy ety I [ 22 BRALAR , A A folo A e e 45 A S5 AR 2
AE B0 S , 5 75 A S Y mT i 4 7K o ek ARt
PSS B S

micro-polluted river water;

modified composite

1 #M¥EF*®
1.1 REEESIET

N o N I AN % i ot = B 1 N
A A o RSO R B R R T AR A
JIT A8 S A UL TR 3 XA A e AR Ak B 1 7 R AT L
EIE AL 5T, LB T ™A% A R SR 0T T Y 7K 7 2E A AR
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Fig.1 Schematic diagram of experimental setup
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K3 2 TR H 12 it e LR K Sl 1961 HE—2020 45
Mz AR R e &k 12 (1A 2
AR, 7 7.8 1.9 7 R=Fok i, At ] kg~
KT o v R IR B AR R AE 27~30 °C A IR VI VR AR
FF7E 3~5 °C, K g b5 K —2

BRI K S N TS G iml K, B4 2
iz £ (0. 33~0. 63 mmol/L) . . fil§ 2 44 (0. 003 6~
0. 007 1 mmol/L) \ASFR%H (0. 18~0. 41 mmol/L) Ak
¥ (0. 13~0. 26 mmol/L) . B R — & # (0. 027~0. 055
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i 48 (DO) e 4 4 mg/LL, L 38 by 50% , A #L 1 i
(L COD3t) M 0.001 7~0. 001 8 kg/(m*-d) . 7K

DL 6 0T BV 2K 3 = 2K S A A A 30 K AR B
JI—L]J%% 10

F1 K R AR 6 AT B & M B K R R 4k
Tab.1 Variations in water quality characteristics of river water and river sections of simulated experiment at
each stage
i H pH COD/(mg/L) NH;-N/(mg/L.) |  TN/(mg/L) TP/(mg/L.) JKIR/C

SEAK AT K 6.5~7.5 21.15~38.32 1.86~3.58 4.68~9.25 0.86~1.62 25

Tk HA 6.5~7.5 30.00~32.00 2.50~2.70 6.70~7.00 1.20~1.40 25

(EERCIDIN FE K 6.5~7.5 20.00~25.00 1.80~2.00 4.43~4.98 0.85~0.94 25
Hizk A 6.5~7.5 35.00~40.00 3.20~3.70 9.00~9.50 1.60~1.70 25

T SR AR I K W SLBRT K SR K COD NH{-N TP TN 22 5, p {543 514 0.65.0.06 .0.30.,0.46.,

FEAN TS U8 R R T By K Ab BT AYO T2
[l 358 5 Ve, V5 U8 TR A VR VR [ AR v (MLSS) oy
5 000 mg/L, 15 YR TLRE LA 25% . 15 e AT, FH XL
R A Uk, IF B AlK S 2 T H R AR e 4
P

AR I8 LU SR 20 VER A1, 4R 4Bk IR A
Tk A 4 4 Ry SRR} DN O AL B G IEUR , 25 5 H X AR 4D
TS e amr K s Y ) L BR AR . S5 R R R
fil 4 45 HORE 2 40 %7 NHE-N TN F1 COD £ 2= 5 %43
k% 85. 3% .65. 5% .60. 8%, W . 15 T 4T 4E BR4H
BB RSG5 (75. 0% .55. 1% F1 46. T%) F1itF 45 4k 241
HHUR R S0(65. 5% .52. 8% M151.6%) . PRI, %
R AR MR OIGd& ORI L fr et . R
Tl Y00 VR A4 3 2 o R R R T A M. R
GATRAE UL | BELAA R0 A Ak R0 A B W) R R A
JE ] I [ A, e 20 BUCEAT — G- IR 2544 (Y 4 o
ZALE AR B AA Z AL, R AR, ]
Jt AR AR R A K A ), REER R R
SR XTEXE )N 5 mmx3 mmX1 mm, 25 % 4 1. 65
glem’, FLIR A 98% , LR TH AN 3 800 m*/m’; K 4
175 BRI A 60 mm , [T A 14~15 o, AR 45 B Ky
0.93. FHIEFTIF AR LI MER R E 822 |, AR
P22 T HE R 0 BRIy — A BORHE TR R . KA
O] 5k ) Ak 7 R AR e, RIS E A I X I &=
Yz fb A AR B0 R N

TR e R H Rl B HE VR VA IS 2l , B vhise T34
BTG P T Ve A o 28 B I DY, FE A i 7K 22
P dc g b o PR B 24 b BEBLIAT K S I 4R R
A S HE S o 3 A aE K R COD  NHE-N
TN TP ) & J3E DL K U5 SRR} 35 1o i A 0 M 2 7 K
5 100 2 R S i Bl )

1.2 ERXERE

T2 A - B B R M S R AR IR i
F0. 3 mol/L (YR 14 KMnO, ¥ & (50 °C) H, KMnO, .
H,S0, . H,0 M AR Iy 1:2: 18,4 h J5 JH 6 mol/L [
HCLE W v e 2 1, 7 0. 01 mol/L A4 i 82 £k 2% iy
VSR (PBS) Vs 2 bk, SR 5 43 S HE 37 “CIY 5% 1%
TN 1 /L B R (AT 24 b, 5E O
WIS T SE K 5873 e, HARIET A 1

Tl AR B R e B e R IR R
GABR R M T X R 20 SR A T A2 AR A A 3
SRIG B A BT 19 5 20 R BRIEE LT 0. 1 mol/L 1
FeCL W, 7625 CHEIR A /F T AR 1 h 5 HCH
A B R T R4 b 25 CABHET = AE R B AR
Fe* LI £ % 212 0 I BR 2 1
1.3 SEENE

7502 DNA >R I 383 R 2 DNA $2 B 7] & 48
B, $2 B DNA J5 i s it 43 6 O6 B2 K5 A DNA 119
We B A JF U4l DNA $2 BOHOCR o 519 340F
(CCTACGGGNBGCASCAG)HI805R(GACTACNVGG-
GTATCTAATCC) HI T914 16S rRNA £ [H /Y V3-V4
X, 3F Hlumina MiSeq ¥ 5 A7 & @ w0 . I
O 23 5143 Demux (5. 4. 5 JiftAS ) Fl Cutadapt (5. 1
WA ) AT g A AL BN S VI B o {d FH Vsearch Xif
FEANHEAT S VL PR D A AR bR . X
RRAR BT HHE 97 % (AR RLRE HEAT I I, A Ry
TETE 751 Al R 20 2 BT (OTU ) Rl 3= B 508 e 4%
4 OTU R 1E FE 91 5 Greengenes 501 5 T S % %
G AT HE X, FEBCEES OTU FF X 7 1 43 22445 . o
fifi FH QIIME2(2025. 4 JiAS) #4443 it S g A RE AR
Y Coverage . Ace , Chao , Shannon F1 Simpson 55 8 %4 .
IS, 221 =5 JEL R RTAE X = E 4A
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1.4 SWTMBRFIE

COD R FHPRH T A 73 6O BE 5 5 s NH-N R
FHAR ECA T 2356 B 00 5 5 TN SR AP 3 o i
TH RS AN R BE VRN E 5 TP SR FHAR BRI 6
TR AE 5 DO SR FH I fife 8000 ASGHEA T AT

KA T B (SEM) WLEEAE ) IR AHOULIE
o FERNZE 2. 5% I R 2 S 1 B R R
2% PR U =K, B 8 e R R B 21 (50%—
70%—80%—90%—100% ) F . & 5+ 1% i 53 By Bt /Bt
K (4% 10 min) , 7K 58 BUS 7RG A A T4 2 h, 5
Je PEAT W4, 76 SEM N MEIE SR E . R HADE
2 S ] S Y AR A A B R B

K I F R LA 43 SRS I JEORH Y L e T AR
SR FH 2 285 122 fih o 300 2 (SRS 00 SECASk 20 28 2 ik o 32
K X RO T e (XPS) 43 A R} 2 11 L A
SR PR AR G T EDRE 2 TR 5 1 A= W BEE N DO
2 ZREW#®
2.1 ERIKMRE TR EBR IR

OB T 5 X TS e W 0 2 BRSO [ 2 i
TNo BUCPERTIG BG4 MEAT 50 A1 28 d, 4 B R] 43
AR 2013 do FTLAE Y, BOPE FE SR 2515 e )
P 2B L O T4 A I i o AR B O R, Bt
Jo B IEDRE R GEAE K A K | e D) R I A0
1 NH;-N 2 BR #5354 = 1 10. 2% .15. 9% .9. 6%
N 12.5%, TN K BR R 354w 1 9.4%.12.5%.
12.5% 1 6.2%, TP 2 B 3 4 il $& & T 29.9%.
30. 5%.29. 8% F1 30. 3%, COD % [F: Ky B4R 5 T
20. 0% .13. 8% .20. 3% M1 19. 4%, ZAKIE W, TN
5 RAERIR IR T 6. 2%, NHi-N . TP 1 COD
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Fig.2 Removal efficiency of pollutants by packing media

e L R

before and after modification
2.2 EBIBUERTEHRE R
TURLCPE FIT 5 A9 b2 T AR 2R K (L2 ik £

FAE) MR MEEMAITTER i LB R 2,

R2 ERBMAERERER FAGMREERATE S

AT
Tab.2 Specific surface area, hydrophilicity and
elemental composition of surface functional groups

of packing media before and after modification

FH LeRm Ay | Efbfa | RKEILPIOTE b /%
: (m¥g) ) C| o | N/|Cl| Fe
RENE| 0384 7426 |84.6(14.0| 1.4 | — | —
P Y 0.006 78.59 (86.5(11.9| 1.6 | 1.9 | —
ek %R
o 0.445 56.18 |76.4 18433 | — | —
ERYile
5

- 0.008 66.37 [63.4(247] 28 | 48 | 43
Y

FH 3% 2 T, 20 0ot el O SR R L 2 1 AR A ek
PEFTHE &5 T 15. 89%, L 8l 25 4 fioh 1 Hhy ol 12 115 1)
74. 26° % 22 56. 18° , 11 2 £ 1) sl 25 122 i £ 1 Hh ok
PERT Y 78. 59° B 2 66. 377, BNk Pk 5 4 & 420k 2 i
FARKMEY B AR T . HORMCHE S REBR R I C T
2 LB R R A T 8. 2%, 0 N JCE & A ilie
BT 4 4% F 1. 9%, X 3 B 5 I 2% T 9 R M s
R A A TERP A WIREAS T
P A BN OB, 2 T ORI CLO TR 5
Foo ROMMERFM I T Fe 0K, i Fe TLH
BT AR B T IR R

25 SEM 43 A1 & 30, SR G IR APk S5 2% DR B 1
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T, R EFE AL B MR, R S ekbE e
FE T AR AR oA HELRE HL S B AR, X nT R
MR T R G -

3 XPS I RE TR T AS [ SRR i v C ) o
W, a5 R W3, alLLE B R Al A C—C
FEFN C—H 5 AL TR 1 56. 6%, 1 C—O 8 5 1
T 52.3% ., —(C=0)—NH fl— (C=0) —0—
AP T 1. 2%, - H B T —(C=0)—0H, %
W M 5 B 2R L R Ak T SRR AL XA R T R
KYERR DR &, A A TREY M E A K. Ah, &
o1 & & 1Rk A & R A 5 AR,
BEERE T RABERZ C—O 8 LIt T T A
FEOKMESE P B B . ot e R IR N ERIE R C—C
SEFN C—H B 7 LI N T 24. 7%, T C—O 8
FLHE N T 18. 9%,—(C=0)—NH fl—(C=0)—0—
B 3G T 5. 9% Ui Plfbs4E Ak — ks T 5
M 3 A R AT B K S AT B R e SR K SR AL O L
E—E R FRTE T R &M Bk 1 1SR K Pk

3 FREEMHERCESLL
Tab.3 Percentage of C bonds in each packing

media sample Y%

—(C=0)—NH
C—CHEFI | C—O0 —(C=
I —(C=0)—
M ena | | TV or—on
REMR 80.2 11.4 8.4 —
PR EEE | 23.6 63.7 9.6 3.1
RKs 81.4 10.9 7.7 —
RO 56.7 29.8 13.6 —

UM R A B IR R Z AV B K, YR
S AR R R AR TR BRSO, LR
P OLH . PR A 4 AN R R 5 4 2 B 3 1 4 )2
SIARHRAE « A= 90 B 1T 28 P 2 mm 22 [1) 2 4 i 45
K, HPALZZR TR Ry 3, 220K 5 AN 2 R F AR L 18
FE 24 T ARAMSNE A Y S N 2~3 mm A
Yy o 2D B DAF AR o . TR
Wil 2 1) PR R A, DO NS 379 5 1) A% i 32 31—
FE BRI A A g T A SR T B b

RAME SR O A R AT B 5 R G X
NH{-N. TN 1 COD [ ZBRACR , X I Ge 4k T kLR
AP 0 A RS o YR 20 T BR 2 T B 2k
TFIa AR — R T 2R 8RR T B S SRR
P ARG P 5 LR, R 4 P IS B ) L 2%

AKPERS BB i, e R ARSI, Y ERAS [l Hg i, B0k
INRY K, B 5y I it S S DR SRR 5, Ry SR A T
LR M E RS B T A R &
PES S A, A 2R O AL AR SR T T A e
R BRI R SN R . TR Fed S T
FE % 38 0 A WA IS Ve, LK A% 7 ) Fe (OH) i
PRTT DD 2ok 2R e TR A [ 53 15, B R BETTTE
PEFIR, RTATH i5 %F COD 1 R BRACR .
2.3 ERKMEEEMEYEEE ST

20 5 TR T BE A AR W I RE T 22 RE o A
gE IR ULER 4, RIS 5 1) AE W) B Coverage $6 5034 5
T-0.99, K BIFE SR DU H 09 8% 3w , I 4 R e 8
LS T WA it A ) AR IS 0 o U S R R
WU g . B, MR OTU  Ace . Chao F1
Shannon 2548 804 T ROMERT Y . X EFE R A
B R oM i, R RS B RS 5 K R 1A K
AU 2, P m T A W I i B AT AR R T
SRA TIPS

R4 WEMBEESEEEY

Tab.4 Microbial community diversity indices

i H OTU | Coverage | Ace | Chao | Shannon | Simpson
BEME | 512 0996 | 578 | 546 | 3.82 | 0.073
RO | 478 | 0995 | 522|537 | 421 | 0.044
PR AN | 543 | 0.996 | 586 | 592 | 5.11 | 0.034
MER M| 501 | 0995 | 581 | 563 | 4.71 | 0.037

K4 B PERT S OTU L5 UKL . SRRk
ORI S B SR R EE OTU S 413 b, ket s i
A OTU My 124 8, R 2 0Rkelot: w5 B 25 E
LT OTU Ky 443, OB JE A OTU 2y 61 F

K21 ek B AR

A BER A

10 31

18

10 21

29 54

14 13

350

e 16

21 23

6

3 MERIEOTURAE=FEE
Fig.3 Venn diagram of shared OTU before and after

modification groups
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FF B ] (Bacteroidetes) . i ft. %2 € 1% | ] ( Nitrospirae )
77 8 7 ] (Planctomycetes ) %, Proteobacteria 7F E{
PE A5 2 2 R OB By & L 2 5 69. 70% Fi
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Fig.4 Microbial composition at phylum level before and

after modification groups
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Fig.5 Variations in functional bacterial genera before and

after modification groups
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