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Abstract: Durmg wastewater treatment Sing™a trdd1t1onptl lelOglLdl denitrificatioh process, the exgessive concentration of mtrate_‘l
nitrogen (NO, 2N) in/the effluent is the primary, cause of extessive total nitrogen (TN generatiofi:| By using an external ¢arbon source
to increase the carbon to nitrogen ratio (/C/. N) the @effitrification process can be strengthened, which effectively addressés " this
problem Using an infegrated denitrification reactor d’cveloped baged on the two-stage denitrification progess principle with the addition
of ‘polybutylene succmate (PBS) in the second stagethe denltrlﬁcanon process was analyzed using a scanning electron microscope
before and safter charactenzdhon of PBS materials. Moreoyer ﬁmphcon sequencing was used for in-depth exploration of changes in the
microbial community structure in the second denitrification pool before and after the addition of PBS. The data of a continuous 120-day
experiment showed that the COD removal rate dropped from 95. 7% to 90. 8%, the TN removal rate increased from 51. 8% to 80%, the
relative abundance of Proteobacteria phylum rose from 36. 1% to 46. 1%, and the relative abundance of Thermomonas rose from 6. 47%
to 13.48% . The results show that after the addition of PBS, PBS can not only provide carbon source for denitrification, but its surface
can also serve as a carrier for microbial growth and attachment, play a good role in filming, and increase the abundance of denitrifying
bacteria and strengthen denitrification. During the nitrification process, denitrification performance was significantly enhanced,
effectively improving the TN removal rate of the system.

Key words : two-stage denitrification; C/N; solid slow-release carbon source; denitrification; microbial community
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Table 1 ~ Water quality composition of artificial water distribution

A BN 1, 4% 10

5 B Ressnse 1 a4 L0

EA W /mg L~ E4 WE/mg-L~!
A 220 ~270 Sk 8 ~12
R 20 ~30 TR 18 ~21
iR — A 4~6 LK BRER WAk 9~13

TR UM 100 ~120 || fEICE T AMIT 4 0.5 mL-L~!

) ICE 1 EDTA 5 g-L~ ' fl FeSO, 5 g-L7'; R ILE I,
EDTA 15 g-L.~' | H;BO, 0.014 g-L.=' MnCl, -4H,0 0.99 -1~ "
CuS0, *5H,0 0.25 g-L~', ZnSO, -7H,0 0.43 g-L~' _ NiCl, -6H,0
0.19 g-L~' | NaSeO, - 10H,0 0.21 g-L~' il NaMoO, «2H,0 0.22
gL

F2 HAKFEHKER/mg-L~!

Table 2 Average water qualities/mg-1~!

KR bR CcoD AR BA putrs
BN 230 ~280 20 ~30 20 ~30 3~8
¥ 250 25 25 5

1.3 SRR

ARSI TGP Ve A T I TS A 1 v 7k Ak
BT St AR S, 45 B B R S8R

FERR LS50 LGPV Je ke A B R gt
P MLSS 7£3 000 ~3 500 mg-L~",SV 30% 4.

B EBE(0 ~60 d): YIEEFEp By, B AR
RPN 12 L-h ™' iZ T2 HRT 2524 20 h,
g R AE LR 3. 6 h, fFE S bt 72 10. 8 h, 5 &
FAEAI R 3.6 h, DUIER R 2 h. #4401t DO 24
5 mg-L" B4 DO 4945 0.5 mg-L™", pH 8,
RE (27 £2)C.

5 BE (61 ~150 d) - Eifhﬂfﬁﬂliﬁﬁx ISy
SRR TSR B A 8 — & f2 19 PBS,
e C/N H, 5 Ak i ki 7R icmm L JEPE
L4 BB ' 'x”

PRI | PCL AT PBS 455 g4 ML
JBEH T, A 800 | mb 2B T K, /ﬁf“ﬁ(zs
1)C,pH 7.2 ~75, 73 MAEE 0, 8 16‘ 24 48
72,96, 120, 144 F168) h BBURE W 5 7 i 4 LA
(DOC) ¥ J¥. ﬁﬁﬂ?*ﬁeﬁ@gﬁﬂﬁ&ﬁ%ﬂ“ﬁ&ﬁ%
A, S

ﬁmﬁ;ﬁﬁ "N
M, - M

In o L (1)

©

A, M, 48 ¢ 2RI R (mg- L1 ) 5 M, $R K

PR KR (mg- L") k TR R IR %k « 48
Al (h).
1.5 IEACIKE

SHERFEANIN PBS 3 Ak 2 il Ak B 2 1) e A S 5
Sl GRS pH B U5 BN AR B 5
TFAZERN R LI IEAS IR Ly (3*) &1 4 ZE A
3 KA IE SRS, 0 BT F 45 A A I S A 22

B — B Ak i 250 mL 5k TG 8 THEE
. MR IF AS e SR A 45 RS R 2R AR IR
HEEEREFRER | (0 sk S .
1.6 ZHiTik
1.6.1 JKEHEARIHT

pH R SLIM48 Tl Al pH i1 HP-480 il 72 ;
COD R HJ 828-2017 " EH &M A LI E; A .
TWAHASA HERAMEA *FH UV-2600 766
(Shimadzu, EMK){WJ T8 o F 4 HL BT (S-3400N, H
) WA A E’Jmﬁiﬁ/%ﬁ
1.6.2 {HAEYIRER S5 73 b

PEBURIG IR iz 47 60 d #1120 d y5 R HEAT
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M P, R ] CTAB J7 2% 48 HURE A iy 2 X 41
DNA, 5% FH Bl 8 45 15 1L T ASC2E 47 DINA 4 B2 A o
JE ARG

BOE B DNA TELLAE T, 2K B2
1 ng-pL.™". X%t 16S vDNA Y V4 X i#E4T PCR "3,
PCR 9§34 fit X #% & New England Biolabs 2\ F] f)
Phusion High-Fidelity PCR Master Mix with GC Buffer
R PR L, SR 25 . 98°C T AZ PE 1 min, #R
J&i 30 MEFR(98CAE 1 10 s, 50°CIE K 30 s, 72°C
FiE{iH 30 s),f x5 72°C JEfH 5 min. % Thermofisher
N FI Y Ton Plus Fragment Library Kit 48 rxns 335 &
RSO, Fif Qubit E 5 1 SCPEAG N & 4% J5, F)
Thermofisher [ TonSSTMXL #E47 ML FE .

2 HBRESH

2.1 COD By

K2 K COD ¥R COD BR#%, WI3 H
H7K COD #ii % 43#i.

BAT WA, 1k cOD M 87 mg-L”! ﬁ”‘% 12

mg- L~ '.,ﬁ\:qjiﬁﬁﬂ PBS B Bt ik Con 5’4 1

gL~ K, COD %EF'T@ 70 mg;L )}(’)Dﬁ&‘

(a) i ] 4100
30 f HE -
) s L
25 | M- RitgK | 150
.| cODyam - 54.1 mgLfiE <
£ 20 F oDy = 59.5 mg L7 160 %
B ! L
Rost n=60 L. S
i {40
10 [ i
i 420
5r :
0 |! 1 1 1 1 ] 0

30 40 50 60 70 80 90
COD jpypas i a/mg-L™

BRI = R 95. 7%, % I A Xt COD 25 PR R 47
JnA PBS BB K COD 4 36.6 mg-L~", ik
COD TEHERIAR #E 50 mg-L™" LI R A4 R Ny 86. 7%,
N AE TR E. B PBS W1, — B A Ak i
B P AN 35 BT PR B, S B0 43t K COD
by SR A0E N TR BT S, PBS BB A ML 1E A
ML S 5 3 s ik B gH AL, 17K COD & T
A%, COD £ 53 M 77. 4% T+ % 91. 7%, Hi7K COD

s

B3 sk COD XL
Fig. 3 COD frequency distribution of effluent

2.2 AREER

K 4 J&HKNH, -N NO, -N NO; -N #&J& 1 TN
EBRE K5 &1 KNH, -N NO, -NFINO; -N #i %
G3AR.

60 d £, 7K NO, -NME T 1 mg-L~", TN
EBRFIAF 57%, %L A RERAF. B 5 (e)
FW, HKNOS -N BEHRYET ~7.5 mg- L™, B Al ik
8.5 mg-L~", FHEUIZK TN LBRAxELIEEF; n PBS
Jo 7K TN EBRF W E T2 80%, 1118 5(b) A1 5
(d)ATH, 94% H7KNO; -N 76 5 mg-L™' LI, 1y
NO; -N 7k 7.35 mg-L™ [ % 3.4 mg-L~",F1
NO, -NH7K M 1.6 mg-L™'[% % 0. 68 mg-L~". #Jin

FaaE ik PR
450 :
C T 55 1100
400 L - —
i 2L i g
350 b -t *aoﬁ&m ety
T o 2tf ® 1227 1%
L300 FSeeSTE 'Y R
¢ 250 PP L AN N L 2
£ n : 460
o i =
£ 200 5 =]
S ' - ik COD a0 8
o150 ' - {H7kCOD
: Dk
100 | : ¢ CODXER¥
| 120
50 W
0 L 1 1 1 1 1 ' 0
0 20 40 60 80 100 120 140
id
/ @2 "tk Cop WwgH Cop HBE 7
Fig. 2 -'Efﬂuem CoD cgncerrﬂallon and COD removal rate |
40
© a— T E—E {100
35
./
30+ — H 1%
i
. =
. 25t P
g “ %
w® O COD yyg— 36.6mg L™ ﬁ
15 [} CODyyyg= 34mg- L™ 740 3¢
n=90
10 120
sk
N [ ] {0
10 20 30 40 50 60 70 80 90
CODjypasil &/mg-L™!
PBS H1H , S Ak 2 T AN 35 17 BT PR EE TN 25 B 327

AR Bl S, B A 20 TR 38 3 B A5 388 i
NO; -N A N, , AP Re K42 Tt
2.3 RRIEREHCH:RE

PBS ., PCL AT K5 DOC B th £k an s 6 Jir
N, B TR ANER 3 IR,

FHE 6 TN, AR DOC 1T 43 Ry PRk B Bt
(<24 h) FIE M BE ( >24 h). P B, & ik ik
DOC Bt 5 BBl i 1Y 54. 5% ~ 95. 9%, 18 3 B
BEN 4. 1% ~45.5% . £k DOC B BRIk
7 50% [ E]IF A E Kt < PCL < PBS, PBS 228
PERERAF. DOC R TR K/MIUT 2 PCL < PBS
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Fig. 4 Effluent NH; -N, NO -N, NO; -N concentration, and ,l-N-'removal rate

< T, PCL BRI RE B ik /J\jT:/H [ C/N azﬁk
i us n‘k%ﬁdnk COD HAR, ﬁ'ﬁPBs ﬂ%tlﬂ ﬁ 1’Eja
SRR Y 4

S k3D Téaa T3 I IbE: J& fw@r’rm ;
Exﬁﬁ ﬂ&zjﬁ:r'”i&ﬁﬂ/a,le %FHAIT&E’J‘?]‘ Bs

RHL. %ﬁﬁﬂ?*&ﬂzd@zﬁ’%%@ﬁ%&

e T AT A s ./
24 EXE% . 0V )

yku,mlﬁﬁ/m,%u\) pH(B) . @%{E*&m%;
(C)7FH7J<J'JW,?+ #F(ip ISR Ly (3% it

( S | M;, j I 4 R Mf: E 32 1R 30 B0 P 2 K7 LS 4, 25
F ".‘ ; 3 .D C puK = ,J i =
4{ Jﬂ I‘ab]ﬁ 3 Klnetlc ﬁttmg of DOC release Pmcess - % (3) {qAE AT
] i 4 Ly (3*) EXRIEHMERKTF
wap ke Bk e Y P ’ ""’
- — Table 4 Influencing factors of Ly (3*) orthogonal test
PBS Pk R 0.9904 y= —0.019 4x —0.285 R
e —%% 0.9719 = —0.031x +0.403 6 - — -
- K JEEE(A) H(B) BRIEENE (C) KIS (D)
pop, T —%% 0.9995 y=-0.1363x+0.1357 /C P /gL /remin !
18 32 —2 0.9326 y=-0.0258x-1.8445 1 20 6 2 50
b DU —4 0.9976 y=-0.0895x+0.087 1 27 7 4 100
_:E7KAIL -
[30d —4 0.9918 y=-0.0205x-1.5541 3 34 8 6 150
x5 EXRBERD
Table 5 Orthogonal test results
% HREE(A) H(B) BRIEH N (C) KBk (D) NO; -NEBRHR/ %
p
1 1 1 1 1 48.1
2 1 2 2 2 75.8
3 1 3 3 3 92.1
4 2 1 2 3 54.7
5 2 2 3 1 71.4
6 2 3 1 2 59.0
7 3 1 3 2 78.0
8 3 2 1 3 60.2
9 3 3 2 1 63.7
k /% 77.0 60. 3 55.8 61.1
ky/% 61.7 69. 1 64.7 70.9
ky/% 67.3 71.6 80.5 69.0
R/% 15.3 11.3 24.7 9.8

fEIEIRI A 1A, By C, D,

1) ¥E &, (55—31) = ¥RE N 20°CINO; -N HRRREPEHIE , 2 R(E—F1) = H—5
{8 & A2 R, A R AEAE R ULHTIZ I HEXINOS -N FERRE A

by ky T by WURRAE S fe/MELZ 22, IR B AT 75 HoA
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