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Abstract The research focused on the representative sequencing batch reactor (SBR) process and anaerobic/anoxic/oxic (AAO) +
membrane bioreactor (MBR) process in rural domestic wastewater. Glucose and sodium acetate were used as additional carbon sources
for organic compounds. Through chemical analysis, the COD, content, BOD; content, dissolution rate, etc. of the two external carbon
sources, glucose and sodium acetate, were compared. The removal efficiency and economic benefits of the two external carbon sources
for pollutants were compared through jar test and integrated equipment for rural domestic wastewater. The results showed that the
dissolution rate of sodium acetate was 2. 3 times that of glucose, and COD, content was 2. 4 times. Under the same cost conditions, the
removal rate of TN by adding sodium acetate was 96. 3%, 13% higher than glucose. Under the condition of adding the same COD,
content, the denitrification rate of sodium acetate was about 1.3 times that of glucose, the TN removal rate was 87. 2%, 3. 2% higher
than glucose. The removal rate of TP in effluent of the process flow adding sodium acetate was higher, the effect of biological enhanced
phosphorus removal was better. The increase rate of sludge concentration with sodium acetate was 29% lower than glucose, the sludge
volume index(SVI) value was relatively stable. The risk of sludge bulking was relatively low, sodium acetate was suitable for long-term
use as an external carbon source.

Keywords rural domestic wastewater external carbon source sequencing batch reactor( SBR)  anaerobic/anoxic/ oxic+membrane

bioreactor (AAO+MBR)  pollutant removal cost analysis
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Fig. 1 Setup of Jar Test
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Tab.1 Test Items and Analysis Method

K 5 Ik
COD. OB TR =N g HEEmREEE) (H)
o 828—2017)
P ORBT AR M E R 6L (H)
- 535—2009)
P OKB BRI e B R B OB EE) (GB
11893—1989)
™ OKBT B e e B BR AT I A 52 510
YEREEEY (HJ 636—2012)
pH (R pH ERYIE HEL) (HI 1147—2020)
SVI TG URTTRE L (SV 4 ) /1875 U BT it ik & ( MLSS)

2.2 KWHZE
2.2.1 BRI T

[#TA  T R F T ) 268 W ) B L R 0.9, 7
PRUEE e U5 AR — SO A5 1, B I 1 4 465
1.35 g, EIR RN 1.5 ¢ FFEIKK, 7E 2 000 mL
B B AR RAFA 1700 mL A6 HETS T8,
FEIAAE RMARBUE TG 157K, 4480 SBR, X e H 7KK 5T
FEbR , WF7 (R S5 AR BT 15 Je ) L BRACR . Bedh
RIGTRFE AN 2 FroR , TRE 4 R 7 R gl . 2 5k
PGP N = e = e e 2 R 12 A I R TR e o W 8 e
IR Z4° 14 h, B Je B B e UG B 100 mL 1A

T SV, , #HE 2 h J& , B3t 5 K 545
B o SRR 18 WK BT H8 AR 24 7 6 Ok s 7K
SEPRT5 B HE bR E) (GB 18918—2002) —4% A
B, 75 NI 45 R TRk

2.2.2 il

(B 4K 2 1% M R[] 44 5 760 W 5057 T £ 1) COD,,
F1 BOD; HLIEA 2. 43, 4% FRF NG IE COD,, 4 &4
T (4 SO S — 1A Ak 75 K b BRI 1 5 £ B8 [
TR % B 25 ke/d, 2 5 £R 3 E R Z R A0 10. 3
kg/d g I I HF2E 6 d,

PO — R B it o o 2 A% T2 2k (45 500
m’/d) , T2 AR A it 7K — PR AR ith — B 4l — g 4t -
MBR it 7K, A AL [l s Je Bl R 456, 2 A2k
() TR KK K i S S0 e — 3 IR
WV i ST W B R IR 0. 2 mg/L LR, BREHIA
il ET R R HRIE 0. 2~0. 5 mg/ L, FE A 4R
JR R R AR 2. 0~4. 0 mg/ L, JIE L5 fift 4800 R vk
FEFEHITE 4.0~6.0 mg/L, P2 /K AW 7 8 min 5 2
min, P KR EH IR E N 11 ~12 m*/h, F]H AAO+
MBR T 2 38— Ak Ak B8 it T Joe A =i 0, A 7
YA 3 s, BE5E COD, A 3L & & A1 A 4%
PTG G RBRACR , A B i A 2250, A2 7=k
50 4 7K K BT s 1 5 T R (LTS K AR 3RS e )
HERChRE) (GB 18918—2002) — 2 A #rife, 75 )1k
EEE IR
3 HESW
3.1 HFISH
3.1.1 B AT

e 2 Fow , AR I BR 2 R 8l COD,,
BOD, & M2 2. 4 1%, BN MR 1 [ 1A 2
FREAY COD, Fil BOD, & ¥ i A 51 2.7 4%,
A 78 4 B coD,, & B AR N 15,59 Ji/kg,
BOD, &8 A A N 21. 33 Ji/kg, K ZBREH COD,,
A N 5.77 Jo/kg, BOD, & & WA Ky 7. 88
Ju/kg.

3.1.2 AR T

¥ 25 ¢ ZHFIRESELA 250 mL BIBEHR, ITA 250
mL 7K 100 C A HEK, KR 2R EH 30 s 58 2
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Fig.2  Process Flow of Jar Test
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Fig.3  Process Flow of Produtive Experiment
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Tab.2 Prices of Comparison
SR K/ COD,/ BODs/ P LR VAT N LR LR A
- (1Y) (ke ™) (FE-ke ™) COD, Hfl BOD; L fH COD, Hufii BOD; LLfE
e A A A 2900 15.59 21.33
2.4 2.4 2.7 2.7
A Z RN 2 600 5.77 7.88
x3 (b
Tab.3 Chemical Analysis Data
R COD¢,/ BOD;/ KAEEY) T it Hewm i/
SMITBR I FEB mLk o ‘ : pH fif o e -
R (mg-kg_]) (mg-kg_]) RS E/s (g'mL™")
BRI AERK Tok 90% 186 000 136 000 9.9 1% 70 1.195 7
AR IREEMAE BRI 58% 451 000 330 000 7.4 2% 30 0.814 5
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3.2 MRS
3.2.1 I5R R RECR AT

(1) X5 IR BESE M  AE 3R 4 v, T#BEpR AN 2452
R MLSS Jii i ¥ B 4351k 5 3225 289 mg/L, SV,
53N 58% F1 55% , SVI HYAIAE IE 36 Bl N, B
ZPHEIR G5 P VR BE G RRE T, i TR il g0 Ui
TR, A REE I 8 25 S | 0 ) T 3 e st ) PR 6l
A 3 FE A B DX

R4 HEMEEIRE
Tab.4 Activated Sludge Data

BiH MLSS/ (mg-L™") SV  SVI/(mL-g™")
I HTE M 15 Y8 5109 50% 98
1#BEMRIEPETS U8 5322 58% 109
2P P T U8 5289 55% 104

TE : LR AR BN B A 0 20 B8 AR-B0 EAR 2 R4

(2) BAEBREI AER 5 0 BINFER R84
R 25 BR AR LE B AR AR 0. 7% , 3 2 P4
I RN ARG WA HLEE R B2, A W
TER, AT P S (AR X R e SN
X AR BRSO A S 0 A2 B — g 4, T 5
BB, ] Bl 28 U8 R Bk AR e gl Bt R O A

x5 HEHLAOKEEEE
Tab.5 Data of Influent and Effluent Qualities

I E COD, HA TP TN

HEK/ (mg L") 255 0.5 6.21 45.1

1#5ER K/ (mg- L7 14 0.5 0.13 7.6
1#BEMR 2 R 94.5%  98.8%  97.9%  83.3%

2#BEPR K/ (mg - L71) 28 0.8 0.14 1.67
2R LR 89.0%  98.1%  97.7%  96.3%

T B BN R A , 2452 B4 5] 1R 2 94 5 3R P D BRI
HUESATN

(3)TP LBAEN . N 5 Fias, T 2 Fh2h5134
g T s IR EET , HR 6 A )5, AR B AR
Ky AMIER T TP EBREBUR XA K,

(4) COD,, EBR1EN AR 5 v AR 55 1A
FTEOLT , B L BREIRA W, COD,, KFRFE
IR F A4 COD, FTHRES, EEH T LR
BB TEAIC, B 5T A AR 11 A, A
COD,, & W & W T /KPRy coD,, ¥ 2l
EBEY 2.6 15, KR A RS 5 ROV I SRR A,
B[R 2 FRE COD, 1Y 2RI,

(5)TN ZBRIEM . an2 5 Fros, B Z iRe TN
FBRFORAE B W 10, L BRAIK 96. 3% , 1M % in 4 %
W TN 2R 83. 3% , 8 H NI Z RN Y
RAW D, A& 2 BERE 2. 6 15, FIHAL
R, A Y RO A A T A K AR B, 2
SO A AR SR T V5 K AL ER ) R I LR R
HIAHE 3 Fh AN i AR ST 46t S RN
VE SRR IR B ST TN B 25 Bk 256 HL 78 250 i v 5 A 38 1)
FES MR IS AE SAE A A s i 5 T R Hh L RENTE
St B RSCR L TR A b

(6) fERLHL SBR v, AR J5 % 20 50 TP 1 2%
SRS, X COD,, (TN ZEBREE MK, 78 i 4
B Bt SRR , E RS2 Ay S s Ak 200 B B2 43 70 At 1) 7%
A% UL EBR TS K TP TN, SCER R 4
AMIBRIEA AT, BOMBEAR S FREA Y TN 3 BRA5CR
LK S8
3.2.2 AT

S T5 K AL B g B TN B R — B
86% ~ 88% , UK % it TN £ BR R % N 88.0% (%
6) . N3k 6 Fran, 7EREnas IR B A R 0 4500 T,
TN L BRZFIh 88. 0% i, A 1) 45 B4 & &
FREMIY 1. 04 175,

xz6 WA
Tab. 6  Cost Analysis
SMMBRIR BRI TN EERE SibR R/ g BTN 20R% RIASEM/(TT-ct)  BUNEAEE WA A
[ A 4] 2 83.3% 1.35 88. 0% 2 900
[ A 2, R4 96. 3% 1. 50 88. 0% 2 600 .04 !

VL TR (0 PR L (DR PR A (3 R 2 i
3.3 H£FRBAOMH
3.3.1 {54 BRI it

(D) X5V BE R SZ I . AN 7 PR, 1# 12046

B IX Y MLSS 255 4 d ik BNIE(E K 6 785 mg/L, 75
VMR BE KRk 59% 5 2# 1. 2 26 WS IX 1Y MLSS F|
W52 dIkFNIE(E R 5 516 me/L, BiGEWHT-H, 157k
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Tab.7 Activated Sludge Data

. . MLSS/ ¥ SVI/
(mg-L7") (mL-g™")
#1454 H1d 4261 46% 107.7
#2d 5392 65% 120. 6
43 d 5 808 76% 130.9
Hidd 6 785 81% 119. 4
%5d 5 769 65% 112.7
4 6d 4751 60% 126.3
WL Hi1d 3 864 40% 103. 5
%2d 5516 69% 125.1
43 d 5025 55% 109.5
¥ad 4832 58% 120.0
%5d 3921 40% 102.0
4 6d 4108 48% 116.9

T 1 AN AT A B, 24 1 S RN [k S R N hy
LY

TR BERE 2R 30% , 1 WY 381 4% 5 4 4 9 4 T ) P 3k
FENS AR ARG 5 2 | 7 U K T A 2 R A 4 )
FHBREE MR (HP= e AR, 14 T ALIBEAW SV 1
¥ 119. 6 mL/g, fie s M 130.9 ml/g, FFE 4
IR VE R B R 23 AN A A0 Bt B B R AR
THIRB AKX 2# T LR AW SVI A
112. 8 mL/g, SVI & FLAEIE % 3 [, B4
BRI P V5 e 1) B AR AT — e B AE T, an it 2
B ApE , SVI i FeLe ik, KISk B H 5 3505

1# 22 con,

I D |

0% - = = =H#LZHIN  eeeees

100% |
90%
80% -
70% -
# 60% [
N 50%
40%
30%
20%
10% [

L

PRk, CMREN T 4540 0 & B IL 0 /N T4 Bl
W, S R T A R A R AR R R A
COD, A &% &t AH R 20, B [ ik £ R a8 115
TR XU AT

(2) BAEBRBCR . E 4 Frw, dk KK R 25
BRAFTH, 1# LA T LR N 96.2% , 24
T ERAR T EBRRA 96. 1% , 1t B0 4 %5 b
FEIN 2 TR x4 2800 22 B3 e /N | 32 32 Xk il
AU TR TR, 2 A L BRAICR 32 L PR R
il S 5, AMIBRIE T 2R 22 PR R IR/

(3)TP EBRECH . K 4 B, i 1Kok B 2=
FRAEATH, 1# T2 TP P LB 96. 7% ,2# T
S TP LR AR K 97. 3%, N RMm T. 2
WK TP e BETEAR, 5 BRR T, ARSI AE 4" 1Y
W98 KB, AN RIBR IR X6 A 1k 22 G5 v S i Ak SR v 1Y)
REVE B B, B L RN R GRS A 11.82%
V1) SRl T T e, 5 T ) 250 W R 5 1 P B B R b R
DS S AE AR B TR A7 A, DRI, SR IIAS (] f e U5
XF TP ZBRFAFAEFE

(4) COD, ZBRAE . WA 4 Fow, ik 7KK
FRFATH R 3 d I, 1# T 42k coD,, FH B FR
H92.5% 2# T 22k COD,, FHLBRFE N 94.5%,
Ut BH TR B A I A0 ] ) R 5 v, e Al U5 43
AU, BN RN T £ 2K CoD, MRIEAR, £
BRa e, CRREAVE R — RN R IR , 75 S Hh e
Gy W A, T AE S B 1) N A i AR R 6 D
SRS AR 8 23 B, AR 30 2 R A A U R s K

2 TEECOD,, m— R

— e FTEHTP  seressee W LR TP
2 1AETN
LR R R 3
. .-I.
1 L N
§i4d #i5d fi6d

§1d #2d $3d

e ]
L D AR BN E R A b, 24 1 2 AR BUIN AR 240 ; 1 P9 A SR 5618
B4 kKSR

Fig.4 Data of Influent and Effluent Qualities
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COD,, Mk FEAR, XF COD,, @R EmmHls 5
3 d B, 1# T 24k COD,, EFRRZE®E A TRE,
T L COD, HRFREE TG TR, WA
COD,, Z=BRF LI (92. 8% .92. T%) , Vbt A #i 4
TG FH 23 Bt 3 I 1) 2 K R T . 7E COD, A
RS TEAH IR S5 1T IR 20 0 R T4 2 TR A A
KIAMIBRIEB N, Hx coD,, LERFIT—2,

(5)TN ZBR3808 . &l 4 Fras, i 7k K i 2
BRAFTTH 14 T 24 TN LBE%EH 78.9% ~87. 0%
(F114 84.0%) ,2# T 448 TN /8% K 82. 2% ~
91. 0% (V#4120 87.2%) , 3= 45 I [ 44 £, iR 4 Xt
TN B8R 4, 8t T 8 A 7 1 45
P e RN A2 B AR AR AN TR, 30 2 B &
Xt TN B9 B R LA AR 10% . %56 %
B, 7E RN COD ., AR A M &1, ik 2 i
BN AR B BRI T B AR 2 BR AR R /N o
BB, v T R 3R R A TELR 2 R A
ANAURTAE Sy A1 T e VK S8, A mT AR Sk I 2l
VRSN, 2 Bsf (] P9 AT R AIG TN, 6 35 7K b B 3k
AU E PR EE,

(6) SAHALH R I 4 F s, ok H KoK B 25 6

ALHN, 1# T 24 TN ZLBRBAEN 4 d i85 87. 0%,
24T 2526 TN LRAE 3 d stis3 88. 1%, #dshn
TR ) S A Ak 3 B PR 4 FR R BROAREMA  5 L
RANH RN 1.3 75, /N FE Y BET LM
B T AR AR AN I IR A I USRS R R,
LIRS MINBEIRI | A H N 6.9 mg/ (g-h),
DIRAIEE IR, RE AR ZR 4.3 mg/ (g+h) o
2o it — g W RN ) $m R BA X NOS-N 25
BREIA 100% , £ 007 2 0 X5 NOS-N 2 BR AL h
64. 8% , IAEAMINBA—RRIF R GE v, LASMIN 2 B4l 5
GiXF NO;-N MR BRaCR et I, #E COD,, ARK
AR AT AR 2R A0 ) R fh R T
EHE
3.3.2 AT

PTG K AL BESS BE3 TN 2R — kN 86% ~
88% , WU T TN ZBR#1%°h 88. 0%, 7E TN £fx
FAHFARE O T, BRI COD,, 4t AHR]
(25T A 2 BE LA (6 R oy S RN 2. 52 £,
FiH-d T AR A Z IR AN 2. 81 1%, Ik 8 Fras, 7
X TN BB AR R B0, A 2 B 1) fi AR
RAEER 35. 6% , R L TREN A 5 3

®8 A
Tab.8 Cost Analysis

s} AR TN 2BR%E SR & ke BT TN R KA/ (TGt TR TS e
i1 A A 84. 0% 25 88.0% 2 900
2.52 2.81
[ & . P it 87.2% 10.3 88. 0% 2 600
T A0 o AR - RS EL ALY A s A b 2 RN
4 Zig Te h AN T A AN, 40 =, TR R R I 2

4.1 BRIFRIELEIL

B AR IR I IEAE SBR H, B I A
26T, BR B8R X TN 1) 2 B %
96. 3% , L BN B M 13% , A Z BRENE N SN
TRUE T S AL A E RS B B, X TN 9 L BRAUR B
% 2 PR SR R TRI A X A TP 1 22 BRAL
REEN,
4.2 EFEREgR

T 3 A R B0 A A A T e vk B R K
RN TR 2 4%, SVI G bk o i e H 5 5
ik 130. 9 mL/g, A 7 v mT LA B 01458 o [T 44
AR A SVI E R B K, SVI s i, A &
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