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Abstract: A wastewater treatment plant (WWTP) in Shanxi Province was upgraded and retrofitted
in the absence of new land added, where modified A>/O — MBBR process was used to ensure the effluent
quality stably meeting the first level A standard of Discharge Standard of Pollutants for Municipal
Wastewater Treatment Plants (GB 18918 —2002). Using the concept of “mosaic” , the anaerobic zone
was divided into pre-anoxic and anaerobic zones and the aerobic zone was divided into anoxic and aerobic
zones. The SPR-2 suspended fillers were added into aerobic zone, which met the standard of High Densi-
ty Polyethylene Suspended Carrier for Water Treatment ( CJ/T 461 —2014). After upgrading, the WWTP
successively experienced the low temperature in winter and influent quality fluctuation, but the effluent
quality was still superior to level A standard, even some indicators had reached class [V of Environmental
Quality Standards for Surface Water. The average concentrations of COD,NH; — N, TN and TP in effluent
were 19.66 mg/L, 0.87 mg/L, 11.37 mg/L, 0.24 mg/L, and the average removal rates were 93.1% ,



www. watergasheat. com F i Z.MBBR A T L& 5K RAFKE LR S

97.9% ,76.8% and 93.3% , respectively, showing a good low temperature resistance, impact resistance
and synchronized enhanced nitrogen and phosphorus removal. The total energy consumption did not
change substantially after upgrading. The amount of carbon source added was only half of the design value
through the reasonable process layout and appearance of SND phenomenon in aerobic zone. High-
throughput sequencing and biomass measurement indicated that the sludge — biofilm composite process
had formed by adding the fillers, which optimized colony distribution and increased the diversity of flora
in the system. Suspended filler played an important role in the enrichment of nitrifying bacteria and the
contribution of the fillers to nitrification accounted for 79% in winter. The presence of a amount of deni-
trifying bacteria on the suspended carrier provided a microscopic guarantee for the SND phenomenon, ef-
fectively reducing the consumption of carbon source and increasing the TN removal. MBBR process has

the advantages of less land occupation, high load, strong shock loading resistance, which is suitable for
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upgrading and retrofitting of WWTP.
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upgrading and reconstruction ;

trosomonas

TRE SR V5 KA B B 4 HF T KA bR R
1, KK B R ST 2 — 2% A BV ISRk
Pt o (HFRE T BTG AKAEFE R L LU 91 2% A L aF 7K Ak
TR R KRR S B R AR K & AN IR
b S S S In) 8, PR e A AR 0 A v e bl EL
WA RE ST 9m AL SR AE WIS 1225 (MBBR ) 24 4 42
2, AT BTG KA )RR R MGE R FE T L
Z—o 2008 A TCE) R TG K A BR T R Uy AT
MBBR FF& G o 3 10 4E38 , € 4K ] MBBR 1
BTG K A BR800 x 10* m’/d, i 7% 4%
R A b Byl

SR JH MBBR 35 MUt 22 0% 1 < H i B4, B
MBBR RSt ARG M50 R g, DL A Ak Bk
o BIRHUREA AR P A K B S v e kAR
Jr, UHE LR A ani b R AL RS, B
Il Pg 335 K |~ MBBR FH 2% it A 4, 2 A et R
A?/0 - MBBR X317 95 /K (14 b BRACR | LI [7) 26
RUV57K ) A RS SR AR S %

1 IRBMARABRKEFE

P 535 KA H ) BE LB R 6 x 10* m*/d, it
IKRVIAETE 57K R 3, R B AL & 3 r Tolk K o TR
A0 T2, &1tk A 10 °C, W KK Bt €k
5K BT TS YWy HE R bR E) (GB 18918—2002)
TRARE . WEE KT R, 2016 4FEiZ ) H KoK
TR , R OK ARG OL T, 2K
TKIK BB B —2 A H5ife

R LB TR, H7K COD SRR 12 15 3|

MBBR;

first level A standard; Nitrospira;  Ni-

— 2 A FRfE, (H AL BRI AN ERAE , 32 R KK BT 5% i)
K, MK AP B K S A K X R A DL, B
i) COD AR AE R85 ; T R AR B B4 X, X TN
M BRI 22, PR R AL 50% |, [l i A 0 2%

TR AT — 90 A $E45 1Y 32 28 [ D) G B
g Qe . o5k B @i, 1R
FIETE J S TN — b v 1] — 2 A vl A B A i
o @ik TN KBk, HFR TR A0 B T
2L TN EBRFARJE 50% , JbrJa 5 TN £BR=R A
#N77% VL. QYT 1K) o
AT, A7 AE B S BRI K BT, BRI
SR TN R K B HE RO RS, SEI B A B H R K
KT B0 1) SRR B SR AT 58 A T B, 3 3 2 SR
JE W LA A ERPLohEe )1 . @1 ZE171H
L G Bkt 2N R S I T A, PR IE
BT N ARG F AR 21T 71k, e s T HUK
F,

Zit % B A’/0 JSBC MBBR %5 T 2 PERE il
S OMHT UL, S5 A% TR KK R 5 A
Tt AR K ) H R 0, SRR AT R G oAy s TR
SEGBATE LT T, % F MBBR 2B fif
15 M AT SR (] 5 I AR L3S R T K A B
R 0 S AR 2 SRR A, 23 ] MBBR T
TR

M N AL

©  FEHERIT AR, Wk 1 PR,



F34 % FI5H

+E 4 K H K

www. watergasheat. com

F1 & AKKER

Tab.1 Design water quality of influent and effluent

mg * L™
WiH | cob | BODs | NH, -N | TN TP SS
Kk | 530 | 150 51 65 4.5 | 460
MK | <50 | <10 | <5(8) | <15 | <0.5| <10
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Fig. 1 Schematic of bio-reactor before and after upgrading
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Fig.2 COD removal efficiency of bio-reactor before and
after upgrading

2.2 XfNH, - N BERRZR

PEPRUGE AT, #E7K NHy - N 2F-44 75 39. 58 mg/
L, 7K NH; - N 3550 4. 83 me/L, V-3 K FRF Ny
87.8% ; Zik s 5 , 3 /k NH, — N SE-34Hy 40. 21 mg/
L, H7K NH, - N F#54 0.87 mg/L, HfaE/NF 1.5
mg/ L, PR ERA N 97.9% o KK BTk E ik 5] —
A bRAE, EL R RRUE IR RNE IV KR

PO A A R BRACR IE AT LR A
Z ik, H4% kA K & A b di it HKE A
Wz mm,%éﬂfmﬁlﬂﬂiﬁﬁﬁﬁﬁ iy I G
S, T I R B, A G S AT R RO R
F T f ARt S (H 3 o 7 A AR B s P SR,
FH AR BRSO 2 I & A A AL 4 v, DR T Ak 40
DA AT ARG s R AR SR b ks A s Ak PR Re, B
RN A AE 22 )2 /K00 0T LR OO, B, PRIE T



www. watergasheat. com F ik Z.MBBR A T WL 35K IRAREGEZCRE 5T

FH34 K H15H

R T 5 VR TG PR BRI DR AT L& 44 BT it EE i £k
It JEUREXTREE B Rl R 010 326 R0 0 Ak (45 R 4
FEAZARIR (8 ~ 10 °C) i), H/K S AR FE L — E AR
FEMET— A i

AWFFERMY SN T 15 °C i g Ak s R
HF S T B, A 40 B 100 T 2 e R AR AT 5 4 VLA
T 5 CHE, G40 R 1 A A s LA 1k A feAE
FH 2532 I ™ F 5 ), G JHOR R 3 ot 9 52 M)
BEASE . A T i R A R R TR R
YERT, #047 TARIE (6 ~8 C) TRy ik /M, Y
KRGS U612 \MLSS 7£ 4 000 mg/L B}, 7E 3 h J5
ALK A 61 mg/L FEAKE] 54 mg/1,7E 6 h J5[E
iZE 45 mg/L, WAk G faf{ 0. 064 kg/(m* - d) ;i
gl MBBR L2 (JHFEAN 50% Z247) ,3 h ghin]
B A 62 mg/L FEAKZE 37 mg/L,6 h J5 Al AR &
25 mg/L, WAk fa ik 0. 202 kg/(m® - d) S 76
T5U8HY 3. 15 4. FREEIGSE R A MBBR T2 40
ATET K, TR EEAR T 10 CH, L i far il 3k 0. 4
kg/(m’ -+ d), BRFHEEES E 13.4 CHERIH A/O -
MBBR T ZZAbFRA: 557K, 4645 1 0 s i i Ak 17 1y o
WEEH HET5 K TR KR (4 ~6 °C) S R Al sesl
AWM T E B bR, @A77 &8 0. 15 ~ 0. 20 kg/
(m’ - d) o ARZWFFE XL R T BP0k 5
B A 40 B GG TR i 32 4 DA R et () A BRBE T
2.3 TN pEBE

PEPRUCERT , 7K TN SFH28 54.59 mg/L, K
TN SEH5H7 17.98 mg/L, E-H B35 H 66. 3% ; 4245
Moy 5, #EK TN SE3524 50. 58 mg/L, Hi 7k TN -3y
H11.37 mg/L, VY B 3K 76. 8% , I Fa e 35 F

— % ARECILE3)

ool Bk ik - EBRE 1100
SO ytten M o0 80stt todbtudirsun o o\ sttt 180
~ SOlmia i o g™
< 60t b A60 =
¥ 50 b
E &
S 40p 140

= 30
e AP DGR a4 2 20
il 0
w vy wy w w wy w)
[N} (o] (o] (o] (o] [Nl (]
S
n N N N N T T
O o~ o~ o~ o~ ~ ~
= 3 3 =3 3 =3 =3
N (e N N e\ N [\
i 19

3 MuEREMMRT TN B EBRIR

Fig.3 TN removal efficiency of bio-reactor after upgrading
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Fig.4 TP removal efficiency of bio-reactor after upgrading
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Tab.2  Diversity index of sludge and filler
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Fig.5 Analysis of bacteria in activated sludge and suspended
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