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W OE ExHEHECIE TS V8 ¥ (sequencing batch reactor, SBR) BRI . BEAE R SRR, 2R A6 R N A%
(photosequencing batch reactors, PSBR) AbFRA IR AT AETHTG K, W HTISRIKR , WiARR, BEEKRPIS Y x
BRACR e et 22 5. SRR, 5inlRERMI, AR T TN A TP () L BR R4 5148 & T 48.72% i
39.18%; 5P AY PEAR R AN, JEEE R R R TN I CODAY 25 Bk % 4 A48 5 T 16.80% Ml 77.35%. 7% K % fi# &
DO 4 (0.4+0.1) mg-L™", = FA BT[] (HRT) S 6 h 5514, RIS /K 2R EEAR R G, HoKEF] OREEK
ARER T HEROARE ) — S A bR, MM EWNFLSRERY, WHEARMBREARNEAFE LA R EELES, FRE
& Z WP {7 7E Aeromonas7.07%. Runella6.94% 25 B W 1 B o J& A1 5 3% fi§ b -1 5 X 6 1k B deromonas7.07% .
Rhodobacter2.70% . Thauera4.58%. LIITE 1 L) BE Jk &I W0 25 S 0, 76 V8 1A 28 P 4k 008 25 1 -A PR 10 B il 5 12
L e A 2R TR R 4 32 8 T 0:015% #110.023 7%, U6 K 72 0 Al R i i il 2 it LU UR AR R 4205 T 0.010 8%, =W
FE A /INERBE N AT V5 v WA R Eh X AR i # F AR, RONER R ARG R . DL AR SR 45 SR n] Ry e
oA R R A BRGNS B

KRR  RA AWK VA RE R S P X W R N A

EE, KA TEKEA N2 ETGKEBER 30% L BV, 5 miE KM, &R KB A RIS
B, B VRN, B TG KB Y L ol 2 B R E S I SRR A, R, RS OK R RE L A
B AR AR T RP RRHE KA R 2k, ks . AN TR . RUEIESE, SR
SE AR PR S AR, TS e W R BRACREAR, BRI T T B o T I e i ke ] T A A TS K
AR, HEEZAATELLT M@ — RGNk, X2 rEis e T2 8 ny ), — 2R liiE
FE 0 PETS U T 20 BRI TS K G R v R ACRERE R AR TR G T e, R s M U
1% (sequencing batch reactor, SBR) HAHrwpdi fifer . HH BN, 1505 FULEA S &4 15 e ik
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W SRUA T[] I 2 B AU S s e W EL AT = A I E R AR 5, 76 SBR 5| AR FTE O it
32 Vi #% (photosequencing batch reactors, PSBR), ¥ PEV5 e Fl e 2[R 4b #i5 K , 7T LI PSBR H
R T P 2 BRACR 1, SU SR F e s 2 A AR R AL FRAE TR 5K, R F N RS 15 e T
R S UEE, EURBE 25 B R A 2 9N (91.0£7.0)% F1(93.5£2.5)%. LIANG %% Fi| i —Fh & 43 /1N
BR R M A 2 ARAT TR 09 3 2R - T AL G IR RGN LA kK, ER SRR, NH,-N Rl TP 19 L BR
KA 1% 86% F1 919%~93%

SR, FLH%E FE ) PSBR 1K 2 32 % ffit % (dissolved oxygen, DO). C/N| /K 454 B [d] (hydraulic
retention time, HRT) % MR85 (52, 1] 40 fif A0 i AR 5 5 1R 15 PR 2 ik, 7 2o & T e A 7
U0, AR ST AR ARV R 4 (DO S (0.4+0.1) mg-L™") FAG 5 FE B IA] (HRT. 20 6 hy MO 45 1F . & 3 4k
F:ERARR . BIRR ., REILEFRER, HRT 3ARR TG YN L BRI A P B 75 F
Z5, R TIERARWB AL, LI A% PSBR 17 BRI HE 125,

1 HRS R
L1 SR

S v Y B P R DX A R A5 X T K AR BRI S, im e LR B 1.9~2.4 gL', WIMET5 R
2910 d J5 A0 E) PSBR JE {5 YA & R1, {5 BUR W N 2.24 g- L' AHEFE R HI A B 708 2 H
¥ /NER 3 (Chlorella pyrenoidosa, FACHB-9), WK H HBRLEBE KA AW Fr o HeFh 28 A AZ /N BR e 10 o i vk
&4 14.07 g'L™', OD(optical density, OD) i 1.79, } 550 mL % ¥ Il A PSBR JE il it & R2, 44
it W R 2.28 g L' FMRAR AR /NERBE S B e B de L oA 501, R 8 R 3 A 275 V8 T B e AR R
R3, U6 3 T & ¥ B oy 2.31 g L' HC il B 0% K, FRA B R 43 Sk Ak 2 T %A & (chemical oxygen
demand, COD) #4200 mg-L™" | 24 mg-L' NH,"-N |, 6 mg-L™" &8 (TP). 30 mg-L™" &% (TN), 25mg-L"
MgSO,-7H,0. 30 mg-L™"' FeSO,.7H,0+ 30 mg-L " CaCl,,

1.2 SWEE

SRR B AP 1 R, PSBROHIUZA L IR WHR RRHR
P B Al R, ANE R AKEE N E IR RI R2 R3 HFERe
B, B LHE K (25+1) € L2 #0045 cm, Ly ey p—
HAE 10cm, mEHN 451, AR 3531, a
BRI WIHEOK 2.7 Lo SO0 8 S A B <AL, LEDAT %
M B UM TR B, # DO 0.4+ id t
0.1) mg-L”, KON 6~7. ¥, HIKIT4 L &
)76 IS A A b 5 AR Oy, K O [ 3 !",
WoKA, K E &SRS . PSBR 145> B PR IT
BB B I OCHE i o I N A s AT AR 6 h,
4G K 4dmin. BEFEBRR S5 h, UIVE 5~ El1 PSBRILWEE
15 miny, HE/K 5 min, & KRiE L 21T 4707 Fig. 1 Experimental device of PSBR

W o3 Ay e TEAH R A 4514 N is 4T, IR E 12 he12 h A6/ i R R 1
1.3 IKRIEFRS 5

COD R FH PR 1 fift 40 6 6 BE 220 72 5 NH,™-N R FH 40 FQ 500 06 BE el 22 5 TN SR FH i o At 1
B R 066 B I E s TR A UE TR B AW B (MLSS) K JHE HEvE I 2 3 DO SR A s AL (1
7 HQ-30d) M5 ; OD B R H 5840 o Y BE VA I 2
1.4 DNARRBIASBENF

DNA 2 Bt 1 25 3 5 I ¥ 2% JT] MobioPowerSoil® DNA Isolation Kit #£HUi5 U8 . ¥ . Y i 3 LM
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ML N4 DNA, SE KRR 4 DNA 425, FIF 1% B0 e e v vk A i 42 10 5 [ 4 DNAL K4E
ST AW R 25 B A BR S W) 74T Tllumina MiSeq /55 18 &= 77 .

2 ZFER5TR

2.1 AEMAFRIITEIERYGR

£ HRT } 6 h, DO H (0.4£0.1) mg- L' (I 41F T, 15eiR R . SRR . TR iR R X BEELR A %
JKH TN, NH,'-N, COD. TP fyZBRECR A 2 Fizs. WE 2(a) B, 3 KRR TN LBRRIK K
H17.26% ., 49.18% F1 65.98%, H e diA R P IN LR RS, WiskAEAZABEREGT
48.72% X2 THALH DO 1] 2k KA Ak 4 P 4 BB U A R EEMY, i A B FIAZ /N ER BE AT R 23 15 e
WA Z B0 A T RE T AR N TR, S T B R AL PR S K R R T U LA R R AR AR
TN ZBRFN 49.18%, HLim TG M AR o 1 /2 Bk i vl ik [R) P VR FH WO 2L, ok e MR AT /K Ak o )
TRE TR AL R K T A A HLE T, I E 200) s, 5 TRIAR R L EIR R RER R
NH, -N LB RAK KA 97.37% . 96.80% F1 97.43%. H Wz W], (K DO Mk SRT! A F| T f4 4k 1
F, I 5X AT BB R T5 PR R NH,'-N 2 BR34BT o T IR 2R v NN R BRSO B2 ol i
B RTR T NH, N VB E 35 fL 384 K AU .

WE 2c) Fiw, HRER. EERR . JREKRL COD LR FIMKIR N 99.52%. 18.93% Fl
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Fig. 2 Removal efficiency of pollutants in different systems
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96.28%. 15 etk Z&H COD ABRFimm Tk R, X 2R MEEITRAA B0 COD fLiae 1M,
ABIE G O BRI R O 12 he12 h, (SRR 6 h, RN T 45 B A DA, AR R R BEAE 5
#0 6/m E I b BR R K o I HL B T AR 5T gk K I R UE A JE K RN, B TN ALY,
25 5 Wl A TR R WSO RUR T, R TS VR AR R RN U SRR R PO X L B T34 AR IR 1R 1] (Proteobacteria) F
FEEE ] (Bacteroidota), FLJE T 5340 M, 2@ i HFEA VLY ORYERE A SR A & Bk, 45706
KEGRFER R A AR E M COD EBE, XUSD R FEN, ¥ E COD K 200mg- L™,
C/N j 10:1 F1 S:1 (4544 F, IR BEIR R o COD Bk 43 5k 78.2% F1 80.1% . Ifii SU 51 {y iff 53 3=
WY, TEAE G Je MsEik &, COD LBRFE T 90%., A58 6 3K & 19 COD. 5 B % 7] 15
96.28%, B W& T XU M SU S HMF s 45 5%, UhBHAIT 9% Ve B iR R A A1) COD K BRAR .

WE 2d) Frs, mlhek R, IR JRBEAK R TP R 250 R 37.31%. 83.67% il
76.49%. FAKZ | TP LR AR RIEE T 7.18%, X2 i T TP 76 sk v gk R AL T2 i s 2 2k 1)
U TV G R, AEMRSBE EE AGS IR &R TP 25 R 3k 84%, Hi it 70% A4 TP J& 78 o i
L RBERER B B, STHRIKRMEL, TR R TP EBRRIE S T 39.18%, £
R FRR R XA L PR IERRL TR 15 B R IA R, X5 LIANG S5® WF R 4518 — 8. RNIR &
T DO LINLARIER S £, AEW B AR R, s A IERE 0,, 71K DO &MFT,
FEA AL O, #hFE T AN B XT O, Tk, M 115 YW 5Bk . Bbah, JAVED %5 fiff 58 %
WY, 0 Pk 5 U8 T A E B T AU TR T DA TR O E VR = AR i O, DT AT 1] 42 42 s fese vh B = 2k
A A B TE M, DU AR 2E GG 7 2E oo
22 EHMEENE

R B 3 MR R R YIE A A5 R E 3(a)~E 3(c) ian . I 3(a) AT, 15

T i
Ay #r 4l
2 SR o AR
v NN Ya S
1 g v gl L E '
tae - y ¢ o A
] v"‘*“‘;j’ # & W5
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Fig. 3 Observation of biological forms in different systems
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PeAk Z i BECRBE D, 5T HEAL . & 3b) FE 3c) 0, e ik R s e 22 BE AR 3R
TICHE . 7R SRR 2 B P /N R 2 B0 TR sl B0 1 40 oA, 28 W U 9 e A A R T AR v sl e 9
FErERE. ST5IRRAM L, Vel R BB I, 475 S e id bt R B AR B R
R TR RAE, RUDIE R FRINEREE AT U6 T $ 0 S e v et e

R 3 4 R BT LB TRl AR &R G AR W s e e, 4 R A0 B 3(d)~&] 3G) BT o X R TR 3(d) i A
3(e) AT, IEMETS IR HAT 25 5, AT ¥ K AR PR AR E T, AN R AT e
J&, R R E AW R, K 3(g) RIS B 2R L AR NSRRI e 22 R A e
MEARTG I, IR RFE LR d & 30 FE 3G) AL, 8 /N R i R A EL
3. B 3 IO, 15U PR/ INEKEE, SRITIS U R DA R, 4R v s A TR g
23 AEGRENEYEZEER S

Do ZHEE I3 o 8 3 AR PIRE 3 o0 B T SiEMERE
AR STYREEE M ZHERNER, Table 1. Diversity index table
SERIN R IR . 3ARES M % R AE P AcedBE Chaoff Bt M35%% Shannond§ %l Simpsondik
99.7% Vi b, FHH T IRAEHYE A A LB 25 KR R1 < 63869 633.63 . 99.72 4.09 0.05
Sy 4 %) . Shannon 45 %% 1 Simpson 1§ %% % R2 . 44926 47260  99.78 3.04 0.20
B, J5URIK R P BUE MR MR B, JRE RS 63772 163934 9970 426 0.04

& Z 1) Shannon 883 i, F WMk AT DL
EIGRAR R A ek, T8 Ace FIT Chao $8 BRI WL, 158K R iR MK R U EY R F &
MEFEMRE, 5150 KR — 20

Kl 4 SRR SRS R . WE 4@) Fin, &P ERES I, #Rihdie 7, e
WER ML R SR R AR ZREE . B 40) nTIL, TSIRIRR . BIRAR . REER R H OTUs B
Bk 553, 373, 530 4>, HpIRE 157 0TUs, X £IHJe R R 515K R OTUs ZHIAK, 15
JenT L 4= Bk R ) OTUs,

600

RI
500 R2
< 30
=
8 4001 R3 R1 136 133 R2
2 I
% 300/ 157
= I 230 48
# 200
@ |
100 | 95 R3
5000 15000 25000 35 000
TIP3 5
(a) FRREHIZ A (b) Venn[&]

4 TRARMEYSHMN
Fig. 4 Microbial diversity in different systems
2) AN AR Z A D RETE 3T o SRR ZR rp B 3 AL RN AR G = BE R A 22 5, 16 S(a) FIIET 5(b) 43
BTN 1K A W R 95 AN g A AV o AnIEl S(a) B, fETs AR, AR O0 SRR 1T K /bt
539 R AL R 1] (Proteobacteria) 67.85% . AT ] (Bacteroidota) 11.72% . %% 1% |'] (Proteobacteria)
3.19%. BRFF BT (Acidobacteria) 3.01% . ZILTH 1Al 25 RAKAAE Y, AR TR0 2R FE
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M)A, e Al A RS A L R, IR E R T IE R IREAR A, J8 T s 7R,
AITE S ALY A LB LA 5 N T A K B, i — P KBRAI A, sk RT,
XL AEA T] M oy He 2 5 N 28 FE B 1] (Proteobacteria) 78.70% . UFF#i 1 ] (Bacteroidota) 12.56% . JEEBE
W ] (Firmicutes) 4.02%. TEVE AR R H, AR S BE 17 2 5 B 43 90 8 A8 JE B4 1) (Proteobacteria)
43.01%. #l ¥ W '] (Bacteroidota) 32.72%. 1% % W |1 (planctomycetota) 7.14% . ¥ 54 & 1]
(Verrucomicrobiota) 4.59%. S15 KRG, BRI R P ARILE TS TR T 24.84%, (HHIHT
WG LR 7 21%, X 2R AR E TS Y E T 5 R Wi, mes s kR h 2B E
TAR F AR U5 AR R AN PR R, R bR T U6 35 3 A 1A R rb A (] TR RS Al R 118 )™ o 58 4 S B0
JE T TR B2 R AR Y, DING 58P (98 e B, TR 3 v J08E S T b s 28 R A0 7 ) B 45 ik K Ak
Y. @A . M. BET . 4EA: 3R T R BB B R B A TR A, I T e e A R e
BECA HLYIE I T KA BB & &, AUFF R (Bacteroidota) 5 45 P B FIIE 248 55 A6 HLAY) o 1 %
e R EHP, WTLLREfR Z A 2 A HL Y, DI URT IR T AR E B I, TR Bk R,
Planctomycetota WX} EE VG5 RIK R LT T 4.29%, HETHERESFME, AT RED,
NIRRT € 2R

1A 5(b) Bz, 15 PR R ARG oF B B e B 4 TR B 20 D0 208 B0 7R 75 3R IR TR (Dongia)15.94%
Ve JE EC B (Thauera)13.34% . norank_f Microscillaceae 6.86%., 2.1 J& (Blastomonas)6.21%. )&
K 8@ Y Thauera), J& THERE ], XHEEE LGRS IIED. Thauera 15 e ik R P HH
J& , LT BHAS A R R B ALY, SRR G R MU RS AR RE R AR, X 55 IRAR R s g LB
MUEEAH — B, B AR PO X R B R A 41w 23 0l R U M R B (deromonas)48.44% . Z1 KT 1A
(Rhodobacter)4.29% . unclassified-f-Enterobacteriaceae 3.719% . 15K i [C [ (Devosia)3.46%. ¥ 1K &t
Aeromonas(48.44%) 1= 15K R, Aeromonas J& T RWEH , HA RASLBRBERCRPY, FLEAR
TP Bk R M 5 TR BEARR . LU B (Rhodobacter)4.29% J& T I AAL T, 7T LK NH, N & Ak N i
R b ol WAl R £ B, MK RANME B 4T Aeromonas(48.44%) . Rhodobacter(4.29%) . Acinetobacter
(2.11%) 55 57 F A Ak - U A R A B i EL BT &R R A RIAR/E AT, PR PR IR T 3 R R % NH, -
N. TN A RAFEBRICR 0 RN R A, AR 2B e 19 4 A8 50 R 2k B T 8 (Ferruginibacter)
11.76% . < ¥ J& (deromonas)1.07% . 421K W (Haliscomenobacter)7.05% . 15 7K B J& (Runella)
6.94% .

PE— 25515 AR RNV SR R AT E T students T A5G, FRAFAH A B F 2R, 4500
K 5(c) Fis o 515K R Ferruginibacter #1%} £ B 0.97% M Lt , I #EAK R Ferruginibacter #1 %} 3
11.76% . & 3§ Il (P<0.05), 3% BH £ i nT DL 3% 2 B A& &R ' Ferruginibacter #1 X} F £, i F
Ferruginibacter 7] R WS M i TS AL N B a] FHIPERY, 258 A 5 Ot , JF H YANG 5889 #if5¢ 3k
B, Ferruginibacter fE75 e /K R X} Ag" LA B T 32 . X RB/NEREE M ATGRIG, AT LA
BENAGRRIE, =S REN AR, B85 TG e A RIRE M A2 0, 0 & R 5
TR E o 15U IR R A H (X 3 B <0.01) KA E & (deromonas) Aty TR & (Runella), TAER
AR A AT R B B K 7.07% F 6.94% ., {EAFIEE I, Aeromonas J& T R BEH , 7E1K
AT BA SR e B A M REDY, JF HoX O B R A — o PR PO, U AR R B
Aeromonas(7.07%), < I /NER#E 0] LAXE TN Aderomonas #H X FE , 478 2 58 A0 Wi 2 Bk w12k g
18 VK AR AR RE T o Aeromonas TE A 2 RN S 1R R AR = B2 53 51 R 48.44% 1 7.07%, S
Aeromonas o)l RAF AR R, 2 MEAR A RHTE deromonas, 3 AR W 1 e T & 48 I &SR
W Aeromonas, iR R EILA B RARML T A& EE W . T EEAKR R T Aderomonas 1 AR XS = B & T 5 AR
., (Ao SORT AR A B G B A B AR RE ) BT, X SO AR R TP KBRS Tl e iR R A R
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Fig. 5 Structure and distribution of the microbiome in different a systems
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m Ak g% & B, b B 3% B 28 M Haliscomenobacter 52 — &5 %% W #k ik % 09 7 ¥, ¥ W
Haliscomenobacter 7 UL [ 72 L 3, 42 @i DUREMERE , (2 UE MBS Haliscomenobacter TE i, I 4 11y 4t
HRR . 28 LT, RBEIAR R s T 5 R0 10 -4 580 5 il £k A1 RN B i D) B8 TR o AR X E B 40 il
H 14.35% F1 14.01%, 805 A SR BE DD RE B AT R 0 R A i 3 A= 5C &
24 AEHERRRIE ST

1) A [F] 44 25 T 68 il 50000 43 B o AR 4l o #0  PRLRI R Y 20 T B 4 A3 (KEGG) B P2 (hitpe//www.
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Fig. 6 Prediction of functional enzymes and functional genes in different system
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Performance and microbial characteristics of co-culture of activated sludge
and algae in SBR for rural sewage treatment under low dissolved oxygen
conditions

ZHAO Tingting, CHEN Wang, YANG Chenxi, QIN Shumin, ZHANG Qian"

School of Chemical Engineering, Chongqing University of Technology, Chongqing 40054, China

*Corresponding author, E-mail:zhanggianswu2005@cqut.edu.cn

Abstract Aiming at the problems of high aeration and energy consumption of sequencing batch reactor (SBR),
photoSequencing Batch Reactors (PSBR) were used to treat the simulated rural domestic sewage, and the
efficiency of pollutant removal and microbial characteristics of sludge system, algae system and sludge-algae
system were compared. The results showed that compared with the sludge system, the removal rates of TN and
TP in the sludge-algae systems increased by 48.72% and 39.18%, respectively. Compared with the algae system,
the removal rates of TN and COD in the sludge-algae system increased by 16.80% and 77.35%, respectively.
Under the conditions of low dissolved oxygen (DO=(0.4+0.1) mg-L"") and hydraulic retention time of 6 hours,
the effluent of the sludge-algae system could reach the Class A standard of Discharge Standard of Urban Sewage
Treatment Plant. The high-throughput sequencing results showed that the dominant bacterial in the sludge-algae
system and sludge system were significantly different, in sludge-algae system, the phosphorus removal dominant
bacteria Aeromonas of 7.07%, Runella of 6.94% and the heterotrophic nitrification- aerobic denitrification
bacteria Aeromonas of 7.07%, Rhodobacter of 2.70%, and Thauera of 4.58% appeared. Compared with sludge
system and algal system, the prediction results of functional enzymes and functional genes showed that the
content of ferroxyroxin-nitrate reductase in the sludge-algae system increased by 0.015% and 0.023 7%,
respectively. The content of nitrite reductase in the sludge-algae system increased by 0.014 8% compared with
that in the sludge system, indicating that the addition of Chlorella pyrenoidosa to the sludge could reduce the
toxic effect of nitrite on organisms, and the denitrification performance of the reaction system was enhanced.
The research results can provide a theoretical reference for rural sewage treatment by sludge-algae system.

Keywords rural domestic sewage; sludge-algae system; microbial properties; photo-sequencing batch

bioreactor
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