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Pilot-scale biological treatment process of domestic wastewater
under low temperature and low C/N ratio enhanced by aerobic
denitrification and denitrifying phosphorus accumulation bacteria
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Heilongjiang 150090, China

Abstract: [Background] The treatment of low C/N domestic wastewater is difficult to meet the discharge
standard. The integration of multistage A/O, bicaugmentation and biofilm can effectively solve this problem.
[Objective] This study aimed to develop a pilot-scale multistage A/O with biofilm process, and domesticate
efficient microbial agent for nitrogen and phosphorus removal to perform biocaugmentation in the system.
[Methods] Chemical oxygen demand (COD), NH,4"-N, NOs -N, total nitrogen (TN) and total phosphorus (TP)
in effluent of the pilot-scale plant and the full-scale wastewater treatment plant were measured and compared to
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analyze the removal efficiencies. Meanwhile, high through-put sequencing was used to examine the impact of
bioaugmentation on microbial community structure. [Results] The removal efficiencies of COD, NH;"-N,
NOs -N, TN and TP in the pilot-scale plant were better than those in the full-scale wastewater treatment plant.
The maximum removal rate of TN by the acclimated low-temperature aerobic denitrifying bacteria was
84.21%, when the phosphorus removal rate by the acclimated low-temperature denitrifying phosphorus
accumulation bacteria was 85.75%. After bioaugmentation, the removal performance of COD, NH,™-N,
NOs -N, TN and TP was improved, when Pseudomonas for aerobic denitrification and denitrifying phosphorus
accumulation obvioudly increased. [Conclusions] Multistage A/O with biofilm process showed an ided
performance on the trestment of low C/N domestic wastewater. Bioaugmentation can effectively improve the
pollutant removal efficiencies of the system under low temperature.
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Low C/N domestic wastewater, Multistage A/O with biofilm, Low temperature,
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Figure2 Design drawing of multistage A/O process equipment
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Figure 3 Scanning electron micrograph of packing inside
before and after biofilm formation

T A: HBEHTIEEN (<100 £%); B: HEBUSICRN(x100 1f); C:
IS OB (<500 %) ; D: FEMRJE SFUEH(x5 000 ).

Note: A: Before biofilm formation (x100); B: After biofilm

formation (x100); C: After biofilm formation (x500); D: After
biofilm formation (x5 000).
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Figure 4 Removal of COD (A), NH,"-N (B), NO5-N (C), TN (D), TP (E) within 30 days running of multistage A/O with

biofilm
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Table 1 Analysis of the significant difference of pollutant removal effect between the pilot-scale plant and the full-scale

plant

#1 PRARESEKLCE RELZSEIERIREEHESF DT

Note: F>F crit and P<0.05 significant difference, P<0.01 very significantly different.

ik, FIIRE|—Z B HK
TN. TP BEREL
TP B BRI Fi5K

#—H AL

% B
2.2

,Ecqo

1 1.0

<
=

Sl A S A L B
S oS o oo oo o
N

100
90
0
0 .
0
0
0
0
0
0

! | L L |
oo o e o o @
@ I~ o W = O o] —

V777 Removal rate of NO,-N —=— NO,-N —— 0D,

100
90

(7/8w) N-ON

(94) 261 [RAOWIDY

m o oo Cc o o o o O
Z — @ o0~ o W N o= 04
= 0% DA AN NN SRR ANNNRN (NN SN X S N
= R Y ~
o T T T Y 1
= AT . .
B T e
g O o
o r,r,r,yeE,..s =
N ST
% ,ryrrrrr eSSl —~
= OGO, =
+ R ~
= OO, e
Z e T
AN e
AR
Z AN
Cc N
< m < Nl
[ .
+F -
o oo o o o o o O
m SN 8 I~ o v s oon o —
(7/3w) uonenUAIUO))

Figure5 Nitrogen removal efficiency of aerobic denitrifying bacteria
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F2 PREEBUMEBESSKOE AL ZEEMERYUREEMER SN
Table2 Analysisof the significant difference of pollutant removal effect between the pilot-scale plant after bioaugmentation
and the full-scale plant

Items F P-value F crit Variation analysis
Removal of COD 101.500 1.35¢ 4.139 Not significantly different
Removal of NH;"-N 163.900 2.38e 4.139 Very significantly different
Removal of NOz-N 120.500 1.49¢ 2 4.139 Very significantly different
Removal of TN 191.800 2.65¢ 4.139 Very significantly different
Removal of TP 175.593 9.15¢ 4.139 Very significantly different

TF: F>Fcrit H P<0.05 255 3, P<0.01 22 4% ik %
Note: F>F crit and P<0.05 significant difference, P<0.01 very significantly different.
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Figure8 Analysisof microbial community structure before and after bioaugmentation of multistage A/O with biofilm
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