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Abstract: Aiming at the problems of low sewage temperature, poor nitrogen removal efficiency and weak shock resistance of
traditional activated sludge process in the alpine regions of southwest China, a pilot-scale experiment of pure moving bed biofilm
reactor (MBBR) was conducted. The startup characteristics, nitrogen removal performance, and shock resistance mechanism under
long-term ultra-low temperature conditions were systematically investigated. The results showed that the pure MBBR was
successfully started up within 25days at a water temperature of (6.14+1.06)°C. During a long—term operation of 245days with an
average water temperature of (5.45£1.29)°C, superior effluent quality was achieved with an actual hydraulic retention time (HRT)
only 20% of that of the activated sludge process in the same WWTP. After a 1-month shutdown, the treatment capacity was fully
restored within only 14days. In the pure-membrane MBBR system, the first-stage nitrification zone realized the removal of inhibitors
such as chemical oxygen demand (COD) and preliminary nitrification, the second stage served as the main nitrification zone, and the
third stage ensured stable effluent quality. A single-stage process was adopted in the denitrification zone, where the reflux ratio was
flexibly adjusted according to the residual nitrate nitrogen in the anoxic zone to enhance nitrogen removal. Regarding nitrogen
removal potential, when facing influent quality shock, increasing dissolved oxygen (DO) in the aerobic zone to strengthen mass
transfer and oxygen supply could further improve the system's nitrification load by more than 25%, while driving the nitrogen
removal capacity to increase by more than 10%. The excellent low-temperature resistance of the pure MBBR was attributed to two
aspects: on one hand, the biofilm enhanced the enrichment of nitrogen-removing functional bacteria, especially low-temperature-
tolerant strains such as Flavobacterium and Dechloromonas; On the other hand, the biofilm’s dense structure and complex microbial
community supported thermal insulation. For pure MBBR design, enhanced functional bacteria enrichment and high effective
biomass should be concurrently considered, thus conferring higher treatment load.
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Fig.2 Pollutant removal efficiency during the start—up phase
of pure MBBR pilot

SRk e At g b R [\ NE R e R G AR e s
AT TR RTG Ge) 22 B 80 6 P 3 3E 7K A s B s ik
AT AT, 45 R i 3 Fros. gl p il i e 1247 1 LE
1T 56d, 1A /K 1(8.90 £ 1.92)°C, ik R Gi f % 17K
HI247,HRT 24 16h. 37K COD. NH, -N. TN 435
ik F] (277.33+49.26),(29.13+4.91),(36.03+6.6 7)mg/L,
oK 2y W & (36.22+5.53),(1.36+0.37),(12.33+
1.85)mg/L.[7l | ¥ P75 e 52 48 S AR 52 ), 5K s Ah 2
IKE AL 700m’/d %5 A4k HRT T4 47.14h,H
/K COD. NH;~N. TN 43%14(35.99+6.59),(1.51+
0.31),(13.70+0.79)mg/L.f& w2 ia 47 11 31247 2454,
WA KR B 52 (5.45 £ 1.29)°C, R G 4efF ¥ i K B
17.3E/K COD. NH,-N. TN %57} % (324.47+
72.76),(49.48+7.24),(52.70+7.30)mg/L, i ¥ i3k /K 1



1348 HOE

B R %

46 %%

F1 73 HETE 9.16% 23.70%- 5.40%, 1% M B 52 by
KK T4 ) B A (36.65+5.45),(1.28+0.66),(12.27+
0.88)mg/L. H )75 7K |3 1t 75 Y 8 4t 5 s A BE 7K

Uk S B 2 29 400m’/d, B 52 424k HRT FH48 82.5h, Hi7K
COD. NH,~N. TN 435Il 41(39.73+4.78),(1.79+1.09),
(11.37£1.92)mg/L.

800 / /
- @ #tAkcoD O ZMMBBRHKIIKCOD N7 iitEI5IE R KCOD e il K fik

7K B (m’/d)

80 FA JEKNH,“N A ZUBEMBBR P H A U ANH, N i

Onpin (mg/L)

PEVSYE FRGEHH K IEKNH, N e 7K

K& (°C)

41 76" 141 161 181 201 221
N EG))

K3 4l MBBR ik Faoe ia 7 I AUk e
Fig.3 Nitrogen removal performance during stable operation period of pure MBBR pilot
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Fig.4 Recovery effect of shutdown in pure pilot
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Fig.5 The removal effect of pollutants along the route during the stable operation period of the pilot test
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11.11%.

alifii MBBR I 245 Dy g X sk 4 H 7 i, i 4k
WHE =R 12,01 HEBAEME COD. #EY) IS
PRI W BRAE 0 O2 il A 38U (1 R FE $R A1
1,03 BCE SR T RGPt ie 1, PRE H KK
JRRSE A bR 2l MBBR S AR 206 T 43 2 5 >R
BEAHAL SRR, A R 2% T2 4l MBBR it &0 )
J51HLLS COKIE R, 2 i K A s o i 14 X DO
MHRIZAT I ¥ 6~Tmg/L $2 T 42 8-9mg/L 5ifl AL it
A, T RE— D m R T 25% LA L, W] B A
AR ERTT 10% A b T iE v Ve 45 R RA %, iE

HOIBAT R IFAAAAE W] AL i A 5B g, D AR ok
R IFANI S

40
a) —o— 4iJiiMBBR-O1
35} —e— 4i[liMBBR-02
—v— 4i[iMBBR-03
30l —a— TR
325
g
— 20
%
Z15t
10
5 L
0 1 1 1 1 1 1 1 1 1 1 1
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 45 5.0 55 6.0 6.5
N 8] (h)
40
(b) —v— 4lIMBBR-A
—o— iR
32+
3 24t
o
g
F4
& 16 |
QZ

oo
T

0_

0.5 00 05 1.0 1.5 20 25 3.0 35 40 45 50
5 & (h)

Ko ittt NVt 4 i
Fig.6 Results of nitrification and denitrification small-scale
experiments
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Fig.7 Composition of dominant species in anoxic zone of

pure MBBR biofilmt and activated sludge
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Fig.8 Composition of dominant species in oxygen zone of
pure MBBR biofilmt and activated sludge
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Fig.9 SEM images of pure MBBR biofilm and activated
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Fig.10 Biofilm thickness in different functional areas of pure
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TEVEVG R R GEI) 5,72, 6.80. 2.77 1.

#3 REXEVMEEVNERFTKTRYER G
Table 3 Biomass and maximum pollutant removal load of

biofilm in anoxic Zone

Diex A AS
I BE RN BE (%) 42.19 13.66
AR T £ B (g/m”) 12.25 -
MLSS(mg/L) 4900 4635
MLVSS(mg/L) 3724 2456.55
Difie B4 AP (mg/L) 1571.16 335.564
AR AR BE (wm) 260.00 -
I3 KT Y 2k 44 (kg/(m-d)) 0.38 0.03

x4 FEXEVBEEMERGEXSREIERGE
Table 4 Biomass and maximum pollutant removal load of

biofilm in oxygen zone

DA 01 02 03 AS
IhAE AN F 5 (%) 6.36 9.62 5.69 1.87
YR T E Y (g/m?) 1833 12.03 8.66 -
MLSS(mg/L) 5865.60  3849.60 277120  4635.00
MLVSS(mg/L) 4633.82 319517 235552  2456.55
DIfie w4t YR (mg/L)  294.71 307.38 134.03 45.94
AP IR (um) 288.00 223.00 172.00 -
IO SY/PR it
. 0.135 0.137 0.062 0.025
(kg/(m’-d))
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