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Abstr“act To resolve the issue of sewage fluctuation and dlSCOIlUﬂ'Lllty in a rural district of China, a new operation mode of replenishing
the mixture of fermenthtion liquor and tail water during fhe off-flow period was proposed, and the nutrient removal performance of a
pilot-scalleu A?/0 system with this operation mode was investigated. The results of beaker experiments found that the mixture of tail
water and fermentation liquor at a ratio of 12: 1 had better denitrification and phosphorus release/absorption characteristics than the raw
water, and theoretically had the function of enhancing denitrification and phosphorus removal performances. The results of a 97 d pilot
test showed that the removal efficiency of TN and TP was improved after the system was adjusted from the constant flow mode to this
new operation mode, and the average removal rate of TN and TP increased from 69.27% and 86.94% to 73.34% and 89.94%,
respectively. The corresponding average effluent concentration decreased from 15.77 mg-L™"and 0. 80 mg-L~" to 13.76 mg-L ™ 'and
0.64 mg-L~". The sequencing results of the 16S TRNA gene showed that this new operation mode was beneficial to the enrichment of
five common hydrolytic acidizing bacteria genera, six phosphorus-accumulating organisms genera, and four denitrifying bacteria genera.
This was also the main reason for the improved nutrient removal performance. According to the long-term monitoring of the
characteristics of activated sludge, this new operating mode will degrade the sedimentation performance of activated sludge in the
system, and the average SVI increased from 106 mL-g ™ 'to 131 mL-g~'. However, this degree of deterioration did not adversely affect
the sludge activity and nutrients removal performance of the system, and there was no sludge bulking in the entire experiment. The
results of this study have shown that the A’/O system can maintain and improve the performance of nutrients removal by replenishing
the mixture of tail water and sludge fermentation liquor when the flow is cut off. This will provide new ideas for the design and operation
of sewage treatment plants in rural areas in the future.

Key words:A’/0O; rural sewage; intermittent inflow; tail water and fermentation liquor; nutrient removal
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Fig. 1 Schematic diagram of pilot-scale system
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Table 3 Characteristics of fermentation and mixed liquids

24 KRR 12: 1R AW
pH & 5.42+0. 11 6.65 +0.27
MLSS/mg-L"! 19459 +1 976 1724 £121
COD/mg-1.~! 5652.43 £476.37  534.55 +145.02
SCOD/mg-L ! 1200.42 £176.69  305.71 +46. 69
VFAs/mg-1,7! 519.24 +102. 32 59.37 +6.77
B/ mg-L~! 269. 84 £22.32 28.81 +1.15
PR/ mg-L~! 34.59 +3.18 4.05 0. 58
EH R/ mg-L! 596. 77 +89. 66 65.16 +6. 38
WK/ mg-1L~! 342.93 +59. 31 30.42 £1.05
TN/mg-L~! 659. 44 £116. 69 87.24 £9.17
TP/mg-L~" 87.58 +9.27 14.59 +3.42

1.4 SEIHE bR B E T5 vk

15T A FREE H (SVI) | IR A TR I [ A vk Ji
(MLSS) , & & W # J P A 7 TR AR vk B ( MLVSS)
COD NH, -N .NO; -N NO; -N /TN PO}~ -P#l TP ¥k

51.64 b. 18 “aeler

Vmﬂmﬁ%ﬁﬁmﬁ@ﬁ%mlmpHﬁ%m,
oK SR I 7 23 7 WIW £ 0 g st (L
VFAs , Z BRI R 1l J v O SOk [ 161). s
f I R LOWRY 1171 sk 425 49 0 i L
 HIDREAE R I 2R -G A T I S Y i
S 5 Sk [ 18 ], TR/ Wl 3o 2% 14 ) 5
VL SCHR[19].

ARIF) S8 W B 5 TR RERT I T B 3 d
WA, SR G E L8 AR LEREET
—20°C PRAF#5 . S50 25 A BT A e A T ok f
TE26 25 bW IR ARV R IR 9 A MR R HEA T
ST 5 |9 M 2 WGk 20 ].

2 HFREITE

2.1 IR SRR W R

DA [ 35 J5 A i 5 1) S R AR R PR n 1] 2 s
Kl 2 (al) Fl 2(a2) s 9250 LUK | 2 FRER
ZEPHERN 12 1R A VRN B U5 R AT S Ak 3 25 5
FFNO, -N¥R BE AR AR B O, v LAAE H 7 A0 ] B 52 56
FAET, UL S TRAN I 208 R B JR AT & AR SR A
AL R, BERR B NO,; -N ¥ B 43 S 7E 105 min
A1 180 min IFHLC IHAESRIS 5 1 LABUK AN 12: 19T
VBN R IS A B TR 5 4 1) R M A S 2 7
300 min [ SRS AL H ARSI S5 AT AR A5 5351 5%
B 6.57 mg-L ™' 1 2.16 mg-L™'fNO; -N. & 2(b)
Y UNGE- AR A I Eu RN A D i



5092 7D 53

B 41 %

PR FZTHE . 120 1 0 TR & VBRI K i S Al Ak 1%
(LANO; -N/VSS if) 43514 6.90, 4.09, 2.87 Fl
1.83 mg- (g-h) ~'. FbAE A6 38R v] RAE S A 6 2
P HLA AR R PERE ™ L AR R I 28 A HL
Wt 25 S W SR AR AR R 2L TR, 2 Rk R
R A R A e RE , BB A W RS PR Y
TARHCSESMINERIE A T A5 KA B R S5
m%%ﬁ%xﬁzﬁm R BEWS B /KR A R R At

AERSRA L SR AN 0 (B T JRoK. X 32 %2
SRS FKAR G, REER AW S A E 2 VFAs
N TAHIY, BT LA BRI Bt
ZHN, REER AW & A AT b ML A4
Z XA R FRE B EVE R, BT s i Ak
PEREY . PRI UL, & B S R KR A VRO H TR
K EAT L oAb v i, BEIS b BLAT SR AR B AU
Titig

25 8
—o— ik —o- ZEH (b)
e E —o— W —v—12:1
20
g 15 |
Z - 6
suof : z
Sl N Iwageeeeeos :
E

o Lih) # 4

25 =
_ 2) 2
I—.l 20 + E
o
£ 15
7 =2
=}
o

I 2 1 0 1 L 1 1
0 50 100 150 200 250 300 J5k ZHg kL 12:1
15 [ /min
F i f I g | "

= VN pefrs ;iHA KHB}# MLVSS ¥ 4 2101; mg- L 1% “-*f,._v ]

] i i "0 "]
f,‘- Yy B BRAE R R & y & (¥~
o I ' f .": Fig. 2 _Demsﬁfl‘qhtl n,- Ifm'm e of different substrdtes' as carbon Isources | f = -"'ﬁ

[ ,-g“ ;. , 8

uwn&mﬁ%wwmw&%yw@ywr

@%@EF%%%%UE%ZWM&%%%@;
12: 1IE’J’fE‘n
POY Py e AL B T LA R R TG
S, 2 B LD 3 LTI EL A AR 6
MR 35 15 5 PV 2 ) TS 45 LA , U4
RO BN TR, KBRS KR AR
RTADIAR L FAT A R B, 5 M
B T T SRR R L B R R KR
W AT L4 T 5 W R B R, 161 3 (b)

100

—=- KKk e Zm
—A— TR —v— 1201

PO -P/mg-L™!

1 1
120 160

1 ji)/min

20(}

L 1
0 40 80

ﬁﬁ%ﬁ%ﬁ%ﬁﬁﬁﬁwgﬁf

<
Z:IEJ%J?%E */F&Wl_ﬁ JEL.XTI:ETU%'EH%‘AE&
il AL 12 IE’J{E'K/E.\{MHJ%J(B’J?‘W@K(U
PO} -P/VSS 1) 43 5l & 40.93, 27.96, 28.72 Al
13.64 mg- (g-h) ~' IBEE R34 15. 25, 10.91
11.11 F16.52 mg-(g-h) ~". KBRS EKIEEGBN
T/ WO 3 36 1 1R 28 W RN LK TR ke, BRES EB AL
AR BRBE 1 e
2.2 LIRA {mﬁ%bé"ﬁi}%ﬂﬁf A’/0 RGN
R T R AW A R 4 A %Fﬂtt'. )
FEIK 515 & BT TR A A A AN B TR R 2 1

50
[ R
W e

40

30

m] | | |
0

W/ PR BRI A /mg-(gh) !

PRSI 25 SR R M5 Y B9 MLVSS YR 42 104 mg-L ™!
3 UARBEERABIER R B

Fig. 3 Uptake/release phosphorus performance of different substrates as carbon sources
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Fig. 4 Removal performances of nutrients at each stage
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Table 5 Relative abundance of bacteria associated with nutrients removal from sludge samples at each stage
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Fig. 6 Characteristics of activated sludge at each stage
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