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HA 1:0.75 BITR A R G55 Y2 4 it (COD. TNAI TP) I KB a R i ; M HRT N 2 dAf, #HRARERE LA
1:0.75 B2 A (9 56 4= W) S i 4% (W1 4R TSSO 1.12 g L) ZE B FE M R PHOE MBS 9 25 48 7, X NH;-N (1% 25 B 0] 5K
99.7%, PO B EBRFLN 70%, FIFH il & 7 AR X217 42 d /5 N5 P9 (SRT 2y 15 d) B9 4058 B V% 2647 4
Bk B, 035 A B Ok JEEBE B 1T 00 /D AT B8 (Exiguobacterium), B B 11064 7= 5085 4 B8 (Cyanobium) 175 1K
W o8 T8 PR 40 B9 AN 77 006 6 3 0 5 97 [ AL A B (Rhodobacter),  FLAH X = BE 431 O 23.32% . 15.23% Fil
5.77%. [EIBF, J2 N7 P30 77 78 S0P 1R 3k 14 i £k U8 58 B (Nitrospira), LA B B W5 9 R Sh AT B (Acinetobacter) il
REMEAT 4 S80S A Ak B B BR T (Paracoccus), FARXS 425505100 1.19% . 0.58% F10.35%.
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HARRIRBEME 008, REEREARBCEANG, HE 7 RAR ARG 380 M5 e mT DU ok
e DL AN AL W TRSAR B Bl o, SR AR EL, T MRS U B AR TR RE J1, X COD By & B R AR
Lo B — B i LA A T PR, — SR e S A TS TR ARG G, TR TR AR IS IR AR R DA,
NGUYEN S5 ARy, 78 3: 1(/hEke - iEdETs ) i el T, S A9 7= &A1 COD AR i s, e
A=y F AL B S A bl 2 AR, WA TS Je R 4 COD R FRRM EEHE, SUFY LI,
MURBEAEF L 125 B, XN FP R BR R (G0 91.0% F1 93.5%), [AH#E25%F COD 4 R %
WA o A6 —IRESE b, W65 e A/ INBR R 1 de A LU AP Ry 102, LGSR 3 Tl V5 7 Ak 8L ) 2550 %8 e
e Pl 22 Jr LA AR 9% A5 0 de A e v b A AN AH TR, AT R R BR Ok R KRR o e B S 1 22
NGUYEN % fiff 53 o (1) 2 75 7 faf W (COD 500 mg-L™' . NH;-N 200 mg-L™" Fl & i 45 mg- L") A9 A T
G R AN BTE/INEREE /e R G5 SU A5 5% 1Y 02 B2 PR A 36 7K (COD 380 mg'L™', BV 50 mg'L™
PO} 8 mg-L™") FIIR A I /e 255, T MUJTABA 25 fIF 5% 14 I ik B 1 &% 7K (COD 60 mg-L ™",
NH;-N 50 mg-L™" FLEBE 1.3 mg L") FE Eb/NERBE 5T R G . R, BADH U5 R IR A B2

VTS YR A PRSEBR IR K B, A T T b Z2 M A 1 (88 ) A AR B SR BRI K B T AR 25 R e
7R I

RGO OLA ME M EEZE) T AT /K i e 045, RS sAS FE B2 bL B — Tl
BRAT 25 WG PETS R AR TE () 22 T 4 TR A LE AT AR R AR A R TR Y CO, RgEA &
A LA RE SIS AR KUY A PR AR R ] O E M E RN . Aok R R, H
HA RSB I Ihae . S6a A 5 Hft 5 35 A YR T L B 3R 2 I AR R M AE R A, 1%
RRURAN TG AW SE 3G IR0 5y e il . AFUE SEEk G, TETS/KACEE . 3ok | YA &
Yyl . AR IR ) 7 A T RE A U (R X IR R AR R AT IH AR AE —
FERIRIXE . Fedn,  fnfef e B W AR W) AR RV A TR TR AR R 02 X T i R g TR AT

SRR AR PN A R K & A A Loy, BRI, SR R & U8 i 2 g i 3 52 Br A 15 R K
PRAFHE IR E R R ATE N TR o 2T DL R, A 506 1R G e A 48 0 1 s e dE Fh
2GR RO A AR B FOR A I SEBR A W R K, TR RIS AT O 2T A T U B S B A 3 TR K
rh B FUE TR 2 BR BT . R v D R ST TR R R G B LS A L, LA
FABATZ 18] 1 Br Il 4
1 #MRER%E
1.1 EERIEFMSEFREIERK

A S 55 2R FH B 5 1 5 08 B TR T O R XA S S K AR B T A AR, TR A PRSI Aok T
T A EE B TE] Y PR TS Y AR G B A R 2 h A R, BT AR AW IR
B SRR SRR 0 2 A O T W S IR - e T A 2R, oy — Sk
ke M SR .

S PRARIS KB 205 KA F ) A TTRD L BRI, R AR A A BT R AE SRR IR . S5
[B] &R AR 5 0 . Ak 2~ 75 %A & (chemical oxygen demand, COD) & (265+9) mg-L™', NH-N & 27+
1.6)ymg-L™"', PO # (1.840.3)mg-L™", W% (total phosphorus, TP) Ay (4+0.5) mg-L™", &4 (total nitrogen,
TN) 5 (34£2.2) mg'L™', pH K 7.5+0.7, 277 [E{4K (total suspended solids, TSS) 24 (12+1.5) mg-L ™',
12 ZWREMKETSE

D) R S, M IR AEEN, EH AP (RE 20cm, HAZ 10em, AUAEM1S5L)
Tl B 6 21 Wi 1 G AE W Sy s R AT o BIAG $E R A MO TSS TR EE O 16.7 g L' MR A 1Y Ih
PEY5 98 TSS g Bt ¥ B 9.8 gL' 45 I SUSE® YL A L, 6 > BB 4 23 ] £ i 600, 548, 479
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400, 260, 0 mL fY % A 0, 90, 200, 330, #1 FARMSTRENEHE
570. 600 mL [ 15 PEVE R, 5 %) H#E hn w2 . Table 1 Biomass of inoculated sludge and

algae added in each group

10:1, 4:1, 2:1. 0.75:1 (w:w) F HE 5 Ve 1)

@ﬁ I 5 %?}ﬁ’{gj‘ 035 L f)ﬁﬁ }E}ﬁ E,:J 9; Iﬁi/;'li?ﬁﬁfz 45 Lk m/e  BOnERME/e  Bme B

i, R WULRE) AR A L o6 33 R/ #
BE, BREHMBME RN SRR £ 2 8 20 o N
LR AR BN 095 R AR e 1, R 0 & oo 01
RIE, N RIS h TRk 4 o 7 fog 101
WEUTHE, 4 RBASRIMB B, gk 0 o7 oo 0751
100 rmin', ERMNF 8 SFFEPEHE 120, 5 6 10.0 0 10.0 1:0

12 h, B TR R TR SRR

R 1 yg—
PYA

2) Pt s A7 S o AR HE L S
1 5 P S TR HEFR L . B A K P P U = woun
2 1.5 LA LI5S ) 8y sl 1 O6 2R Wy B B A%
e, RN RS TR, W RS RS BEHRS
PRI £ Y RS R B 230, B |
(225+20) rmin”', AR IR EEDIVE, JE##E Th, 1 SHREEREE
)G F SR A & Vs K e b VS . 58 1~30 K, Fig. 1 Schematic diagram of experimental device

B R#IK 400 mL, RAWSARAET N VL, KWL, 7K Ji45 8 &) 6 (hydraulic retention time, HRT)
3 2.5d; 55 30~55 K, FERHK 500mL, HRT M 2d, [RIAFI K BH G 11 R N b 26 i A i 845
MR, — RO IRER EEAE Th 28 13 fiZ8 4738 3R KAE, MG 2 65 500~25 000 1x. 55 56 1 H] 25 4
R AR 30 C, BRARIESN 14 C, SEHARIR R 22 °C A3 d B N ECH 200 mL B TR A
T - 2 A R A Wi, 5 R 1Y (sludge retention time, SRT) & 15d. %K 4 10:00~11:00 1] 52
N 5 pH Al DOMH , A JFHE & 1 h)5 L IE W4 0.45 um B 1 38 /5 910 TOC. NH;-N. PO, #il
NO;-N %,
1.3 SWAEE

TOC F1 TIC K TOC 1% 47 4% (TOC-L CPH, %¥); pH %M & XM B (PHS-3E, H#);
DO e J 2R FH 485 1 S0 (YST 550A-12, 4E5%) Ml ; 6 MR B R IR BE 31 (TES-1330A, Z81) #E47
D4t 5 TSSeR A EE & M2 5 COD SR I H 5% B8 B0 i I a2 5 TN >R FH 0 Pk ok 4 1R 0 4 Ak 76 T 7
TP >R FH PR 2o R B 40 A T I 5 NHG-N SR FH 90 FC Rk 2 5 nl s PR B iR £k (PO) SR A AH B bt
A3 6 BRI RE 5 NO3-N SR FH N-(1-2538)- 2 e B Ul e
1.4 DNA 251 PCR ¥ 1%

WU Wi iz AT 25 42 RINBIR & Y21 5 R BRGS0 mL, F 0.22 pm 55 R 21 4 0 58 5 Uk
I, T B RE S A B T IS DR R 2 B DNA, DNA 1Y 42 B3R ] FastDNA®SPIN Kit for Soil
(Qiagen, CA, USA)it#|& . J]338F (5-~ACTCCTACGGGAGGCAGCAG-3') 1 806R (5'-GGACTACHV
GGGTWTCTAAT-3") 5% 4 16S rRNA V3~V4 [X #E47 PCR §" 14, ¥ FLFE . 95 °C FA2 1 3 min,
27 MEH (95 °C A 30s, 55 °C Bk 30s, 72 °C #E{H 30s), fixJ5 72 °C ZEMH 10 min, F ITSIF (5'-
CTTGGTCATTTAGAGGAAGTAA-3") Fil ITS2R (5'-GCTGCGTTCTTCATCGATGC-3") 5| ¥ X} B B ITS
K47 PCR U1, P HFF N 95 °C WZA8H: 3 min, 35 MEFF (95 °C 481 30s, 55°C 1B A 30s, 72°C
FEAH 30s), fxfm 72 °C FEH 10 min, PCR 1%} GeneAmp® 9700 % (3£ [F ABI A H]), " #4AZ Jy 20 uL.
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4 uL 5xFastPfu 2% i, 2 uL 2.5 mmol-L™' dNTPs, 0.8 uL 5[4 (5 umol-L™"), 0.4 pL FastPfu B4 ffF; 10
ng DNA A .
1.5 Illumina Miseq ;U 5 0 £ & &b 38

i FH 2% B3B8 0 B8 B 148 PCR F= %), #) F DNA #E firt $2 B 55 £ (Axygen Biosciences, Union
City, CA, USA) #174lift, Tris-HCIPEME, 2% ZEHEHE s Uk & 0 . A QuantiFluor™-ST (Promega,
USA) #HA7H:I5E & . FIFH Ilumina 237 HY Miseq PE300 V-5 #4707, {fiH] Uparse %04 (MiA<5- 7.0.1090,
http.://drive5.com/uparse/), R ¥& 97% 1 A0 6L EE X} /5 %1 #E 47 OTU 22 . Fl H RDP classifier (b2 4 5
2.11, hitp.://rdp.cme.msu.edu/) XJ & 55 )7 S FEAT W R 43 H T RE, LU XS 16S_bacteria Silva £UHE FE (A5
132, http.://www. arb-silva.de), & & HXTHR{EH K 70%.

2 FER518
2.1 BECREEAEE 3 E KK B RSS20

FE AR HEFP LG (R 1) B % & 2 1Y 7k oK Hor
Bran 2 s o W B 2 AP, FESE VR A LR S0 EEE kTP

HKTN R

0.75: 1/ 5 % tH 7K /1 COD, TN 1 TP () i it ¢ N 2z ikcop N

BERAR T LV R TR 0 3 Bk . 3 2% Z

F 75 8 RV FE L 5 B, SR VAR = %

B K 1 D A 2 R H 05 R S5 e % o %

o ah Ak B R R 2w B . B B %

2 54K COD % 5 51, 4005 8 60 3 0 i o %

. RSB EW, R A £ COD. S
SERENA 4140 Sy, /INER % 32 Fl P COD 25 bk 4

KA B E . GARC 205 3 18 7 2K 8 B2 AEERMLLE KR COD. TN TP
SRS ] S B I R S A% e Ak b A L ok REREM T

Fig. 2  Effluent concentrations of COD, TN and TP in the

g 4 % O
WA BB TR AR RERFRAHLY reactors with different inoculation ratios of algae to
e, ALY 2 B 32 BN 0 0 A0 e AR T B 4 activated sludge

Wo HEIMGRERZM 35 HK COD 55
o XATRBIE P N dils e RGETE R FE SO, WM AR, I A I 0 2 bR AR 1 R
55 o WA 0 — 2 e e, E 28 AR 1 O, W e fof 40 PR IR AR A ML . X SRRV R R B R 101 () 4 5
a2 6 ok i, HLEER Y s it b 4 32 2, FLH K COD. TN Al TP [t f Wk i 3
Fb A 21 A5 22 0 D B A v ) 9 I A VR B T BB SR TR SR R Bk . X TRE RN, R
TE RN N AP 58 T OR BHOGER, S AR N FROG BRBR BEN R, BERAOR A E R 2 Bl
B, B THEEED, AN Co, AR, RN RS CO, fERNA R, MMisZm 1 %2
FEPIE A BT WL, AR R N AR, RIS e A BRR, MR B ZA — A etk
BCbb o FEZBECLL T, WIS e b i) S 3R A B RE 08 R MR AT ML, 7R AR CO, RE L4, B IO G 1
i M ISEAERAERR S, =409 O, AR fb4h T IR AN ba, DN P 2 D[R] BUAS 8 4 i A3 WL RN
TR LR, AR, TERTR R 0.75: L(w:w) BRIV 28 (55) H, B 3 P 84 FH 20 8 4
X} COD., TN Fl TP A ZBRECE N B T 87.5% . 81.1% H139.4%,
22 FMAEBITIENERRETHNEERST®

Fi2 0.75:1 B4 AN L, FEFP 0.48 g BRI AT 0.64 g 15 IR 2 1.5 L G IV #H, TSS Jit & ik
F 112 gL, 12 T RIB AT A T M ] 55 d Y Pt sUOE RE 3R . 7E WA R AT E M AR L
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ARSI IR, 15U KRB B, BB R R (B 3(a)), AN B 2R (M
B RGO PO SRR BT ). AT R B, /DN BR S A i T e 2L R
ik, ViBERE 2. B, Jiﬁ%%thﬂﬁf‘fmﬁoﬁ@%(ﬂniéﬂﬂﬁ@@“ﬁtﬁ)%tﬂmé—;i@ﬁ%%}iﬂj%ﬁ,
AT — MR B TE G R Ty, AR T EEEHOE AW AR, JHE R EREYNIEAL .

30d YRR, IO B BT ZEEK (B 3(b)), HIE 3(b) BRI, ééﬂtﬂﬁfﬁé‘k%?%{%%wﬂﬁﬂﬁ”
WY ER | T v AR O A A GARC%“5]H&ﬁEiTEVE*KL}EEP%%EE%@M??E—%EEIE’J%E@%
T 4B A 3R A 0 S I e A T RE R R EEIE A R R Y e SR 30 d R, RN N AR I T RE
PR, K TSS Btk AR, 297 0.1~0.2 mgL™',

40f7 200f%
(a) HFEEIR

(b) Hi7230 dji
B3 FHRETHEME T OEERSTL
Fig. 3 Evolution of the algal-bacteria consortia form during co-culture sequential batch experiment
23 FitREBITZREITHSRYERBR

5 0.75: 1G5 ) HEFMBOE A W ROV A (TSS BTl E N 112 gL, % 1.2 Wiy R AFis Tty
HEH 7K TOC I TIC it i ¥ B2 UL 151 4(a), 17K NH-N, PO; 5 ik & DL K Z2BR 3 ULIAT 4(b), i et
NO;-N ik i AR 4 10:00—11:00 (9 pH Al DO JF 4k i WL I 4(c).

TEE] 4(a) Fr, B 17 K, K TIC Bt v B IR T2k o B2t & M T AR TIC, Y
WP BB OGS ME Ao, AR KBGO 0 #F 3 DO Y BT i vk BE IR PR o (B R
10:00-—11:00 B [ IR E] 9~10 mg- L™, Kl 4(c))o RGAEH 23 KJm i TR MIER, Hk TOC B
W PR T 20 mg- L™, MUK TIC i i BEWGAT b 71, d B 200 087 3 A AT DLW AT M e b o, 7 2R T 38
ZWTIC, 1E55 35 KA, #E/K TOC i 4 59.06 mg-L™', Hi/K TOC i & ¥ 0 19.13 mg-L',
RGN TOC B LBRF N 67.6%. WEANBORE , HIK TIC B e )R 6.5 mg L', B
P — E R

A 4(0) FTRUAE Y, BB LA R TESS 20 K5, XFNH-N (9 25 BR AT 5 3K 96%~99.7%, H. i
JKNO;-N 1 57 Vi — BLEUIR (0~0.2 mg- L™, 18] 4(c))e TESILAS T, % N JE 25 B 1 (1] £ 7 728 7 3
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. SEKTOC ;5 HRT=25d HRT=2d HRT=2.5d HRT=2d
[ —=— 12t . —— 41100 141 . ——pH 114
~ 60} —#KTIC ~ 3.0} o M ~ 12} E -.-pDo b
= st T 2s 0 ¢TI0 N A RO
g 40 g 20 60§+ 2 o 1'°
E —— |'_|_'|/J(TOC ?’ : ﬁﬂ\:(‘ ? 6:; A/\/ ' "\‘\A/\A_‘ 18 %_
230r ~-ipkTic 215 40 §0.4- ¥ s
= 20t 15 10 i 1 83: ! 14
& 10} = Eo1t J/V\\k
S S S S —' 0 Y~y 0 0 b= P B i - e O 2
15 20 25 30 35 40 45 50 55 10 15 20 25 30 35 40 45 50 55 10 15 2025 30.35 40 45 50 55
iZf7H R/ B Thf)/d BTl
(a) TOCHITIC (b) NH;HIPO- (¢) pH,NO;-NHIDO

B4 HokokREEESITRE MK
Fig.4 Nutrients removal in the co-culture reactor with time

F3AM B R s B o m AR E R, B RO A R SR AR AL R B IR BIRAS A SE i1k
YERIM B SERAEE AT S AL AS A 40 3 e i A0S (FREIETE DO Jit it ik B AT K 8~10 mg L,
Kl 3(b). TEABIHT B, M TR ny A LR 7 — 34 NH=N - 4 B8 i 16 T R 43 18— > e 2 17,
Bl , A0 RS A VE B s . & 4(b). 18 4(c) T AEH fE 40 d S5, K NHI-N FINO;-N £
Jo R BEARAR, U TE RN AR SR T SE Ak . 7RSS 30K, MR #E K & (HRT Hy 2.5 d 48 A%
2d), HETETMIENZAGEA 12 ), BV a0 pHEA BB #%, i 50 88 % NH;-N
() 25 B3 R AR AL AN K (29 90%~100%), T X PO, 1 25 B3R A5 T F [% (FH 70% [ & 50%), X i R G
P il it . CHEVALIER 45U py 52 45 R, P 2L IR 5% 5% i % NOF P A% e AL 4910 3001, T
ARSI B B SEBR AR T V5K B N:P Ry (13~17):1, B, 7E8A KB FDTE RS LT (pH>9 i}
P& RAEMZEDITE), NIERGIEFZF, P aidiE. pH PSS EEBRBEE L, R, AR
HRT J&, RSNARE R 2T 2 0P, KATAM 40 % B, 7 HRT K 10 d i, B ¥ 2% R 5%
W bR R A = (80%). HH UL W] Iy HRT 23520 R GE X B i K BR 2, B4 0 HRT R mprwszco), M
T A TR N &, 40 dJ5 N 25X PO Y 22 Bk iz i ETH, i 50% T3 75% &2 h, X
N %2 B TR A R B B IR pH T R A 8 LU I, 4 BRI S X B SR B L B R i 45 R .
HR A 1 U0 (B oE 45 5, BRBE R 10 e il pH Ry 7~8. RIS, I pH o 2 08 2 o 1) % A 1 20

H & 4(c) ATLAE i, FIK 10:00—11:00 B 52 i #% N pH JEA 4EREFE 7.5~8.9, 3 X 4k 47 il £k 4
BB 3 P R ) T A P (R AR B Y pH N 7.5~9.0 B, EBFST 4 R K0, 78 TR K Ab FR
M) 5 2 B2 IE (HRAP) Y, I Tl Xy CO, my il i e i 5 3 pH L FH 2] 10~11, HRAP N ™= AE A W)
O A IO (609%0~80% , XL . AT (209%~30%, JF 220 FUHAB A HLY) (5%~10%, 5
A HOPSU B I s 25 R ESE, H T AR BE AR TR R OK A A2 R G pH IR 5 YE R 1E 9 LU
b BAEARSE R pH K Z G0 N AEREE 9 LA, 33X o] REZL A T T H: A 40 i 09 4E F DL SR K B9 A
MWL G A RS A AL ALY, 774 CO,, Ml pH 2248 T RE. A4 KT 1) CO, Fl4H 1# ™
A CO, B EF-ATY, RAENM pH WA FFREE — N AR T EAKWE, NN REri
FEME . fE HRAP BOGAE W I N 88, — B A CO, AR FRHCAR K pH. 1M 5 F % K 8% 5% 1 3 1 0%
AR N A, Gl PE ) HRT FHERD L, AT LRI 40 B8 R A7 LA 77 A= 9 CO, SR 4538 B Y pHL.
24 WMEDEEEMTI

XPRE i OTUs AR T HNHEAT WA ik B, IR0 FF & 18 A3 380F 51 R 43 A 7] 7 43 2K 7 (AT 2]
J&)o K AT FEE> 0.5% BANEE AT E B T T A0 5(a) FE S(c) i, A BE>1% 09 240 1 & Al
FLTA J& W R 5(b) F1IEL 5(d) ez o BRI 5(a) AT AT, AEJE 1R[] (Proteobacteria) . JERETE ] (Firmicutes) Fl
W H] (Cyanobacteria) NN 28 WHIPL M ], L85 W ] (Chloroflexi). KT '] (Bacteroidetes)
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Planctomycetes: 0.53% norank_f~ Rhodanobacteraceae: 1.03%

¢ . 9
Deinococcus-Thermus: 0.88% | others: 1.57% o ) . .
— 1 norank_f_Rhizobiales_Incertae_Sedis: 1.09%, . others: 18.95%

Nitrospira: 1.19%

Nitrospirae: 1.19% — <
Patescibacteria: 2.05%
Acidobacteria: 3.21% "/'
Bacteroidetes: 3.44%',-"'

Actinobacteria: 4.05%

Chloroflexi: 5.94%

Proteobacteria:
31.74% Planktothrix_NIVA-CYA_15:1.31%

Phreatobacter: 1.44%
Ancylothrix_8PC: 1.5% /-

norank_fBlastocatellaceae: 1.53%

norank_f Caldilineaeea: 1.69%

norank_o_Saccharimonadales: 1.82% [
norank_f A0839: 3.48% |
unclassified_o_Rhizobiales: 4.36%

-
Exiguobacterium:

Cyanobacteria: 21.84% 23.32%

\ unclassified_f Sphingomonadaceae: 4.39%

* Firmicutes: 23.56% Rhodobacter: 5.77% ©)

(a) 4HETRF (b) 4iEJE K

bium_PCC-6307:15.23%

Ochrophyta: 1219~ Others: 2:32%

unclassified_k_Fungi: 2.14% - ! unclassified_f norank_o_Eustigmatales: 1.05% + , others: 4.08%
. 0 f
Ascomycota: 7.11% unclassified_f_Hypocreaceae: 1.10% _—— |

unclassified JFungi- 2.14% =

Aspergillus: 4.18% .+

Ichthyosporea: 8.30% ™

norank_o_Pseudoperkinsidae: 8.30%

norank_d_

Eukaryota:

44.98%
_Pamphelidium:
44.86%

Choanoflagellida: .~

33.73% Fi reshw;aterfchoanoﬂagellatesJ o

33.69%

(c) EEI KT (d) HEJEKF
5 WEYIREHE
Fig. 5° Community analysis pieplot
AR TE TR 1] (Nitrospira) AR FGET ] B R Ge b AL W] 0225 R 11 R Ak € 0 11 2 AR O 1Y
PRI, BRI RS A TR AL R S R A b B AR, AR ] Y
W E R FE AR Eh AT o A S(o) T, JEBETE T AT INFT TR 8 (Exiguobacterium) 2 I 4%
NSRS 1 RICHA AR, WA BT )093 T8 R (Cyanobium) J2& 7 066 M, A4 2 RILHHIRE .

i & 5(b) AT T, WS A0 Exiguobacterium F1 W A& Cyanobium F.AG H H A B & o B &5 /9 =F &
F, B, EATZRAR AT REcs4H BAE#F . PhlE e, HOATRE s M HAL T B i A= o M OCHIESE
iR MR, Exiguobacterium W] 33 43 fE AT ML) 77 A CO, Mo WA IRACH =4, A2 i Cyanobium 1
AR FE R H AR E W, i Cyanobium W38 516 AEH ™A O,, $RMEYS Exiguobacterium 55 4 S i A=
Y. DUCAT %5 ke B, FEIR W HE 55 5500 T B 2 T30 5 A0 I A 2 R B AR N I 2~3 %, i
W] L 20 S FR A pR 25 A i BE AN T 1Y 2R S, (B DX R AR 1 VR T A BAR AL BRI AL TR 98 M Be . i 4l TR
AT A E 2 P A e, A R g b K AR S 4 il i 40 e 9 2R . LD A8 PO YE 0 90 i 40 A
S.elongatus PCC7942 FIZE 41 We+: 41 B8 Rhodotorula glutinis 20 i) N T IR AR R L, R.glutinis BAT
TE LA B0 BR AR R P9 R 3 M SN T B R A PR Y AR KA i . BERNSTEIN 45 P A 1 i 41 1A
Thermosynechococcus elongatus BP-1 5 21 VAT B Meiothermus ruber A Z RIAH BAEHICER , AN
T.elongatus BP-1 7] LN Moruber A $2 LA HLER . HAMRIRA, I HH TRFERNAE, BHEE
Yy pg AR B s [R] s E AH TR T 3 A R T OGS N CE AR L BRI . 4EAR R A ORI 1 A
W oI R 8 A2 0 B PR ) 194 3 308 DR 3 7 S 5% TR I AP T o

J& T o2 I T 99 09 LL A B (Rhodobacter) h 55 3 RALHHJE , b A 7 200 & 4 0 5 77 [ A
WL, ELUAPLY i IE AN N Oy BRI AR K R AF, HOGE BRI N BATEE F7 W) 58 G i fe 4t 1A 3
PR, B 5w B T2 B . il AR E 781 1T A9 il AL MR T5E 78T &8 (Nitrospira) W 480 AK IV it iR 6 B A R 5
AR FEE R 1.19%, HAFTEEES T AR ER LR o v IE B N 1Y Acinetobacter T )& B A bR 1)
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e, HAHXTFEEE R 0.58%. o-Z8 T8 T 40 0 4 S80S A Ak 7 -RI BR B & (Paracoccus) B AT 358 R 0.35%

B & 5(d) /T8, Paraphelidium 555 1 KICHEH R, J&8 TN EEE S LAY, BAT
PIR BT 3 S A 738 R e 27 A2 P8, 450 B 1 1 IR /K S0 Bt Freshwater  Choanoflagellates & 55 2 KA
HE, fERpaiigie ety , RAMmWMEEMEE™. B8 GE4m) 240, W (Ochrophyta)
A 2 KR I (K] 5(c)), b i R 9% H 3B (unclassified Eustigmatales) #1159} 8 k¥ )8
(Pinnularia) MR/, “FHWMXTFEEZ R 1.21%.
3 %Hig

1) X4 HRT iy 2.d I}, 4% 1:0.75(Ue /3 7 5 bb) 42 55 5% 00 B BOGAE W) I g (W1 1R TSS izt v B
F1.12 g LY #E K FHYE AU $E B9 454 T, X A2 1 75 7K I NH;-N Y 25 BR R 0T 5E 99.7%, X PO, Y
KBREBLHN 70%, HEH KENOMER,

2) SN A% PN AT TR R LA 220K ' B 20 B e S0k 45 48 Hh o 32 S 7 LI PR RE R G 1 R R A

3) Ak 352 BR AR I T KR TR OG AR W I N A% A B TR R TR BE T 1) Y B AR R SR N AT R
(Exiguobacterium) . Wi T 1197 F 6 A & (Cyanobium) . Z2IE 1] -8 T B 40 A 72 200G A 34
S5 B A LLFF IR (Rhodobacter), FAAXT 3= 4301 4 23.32% . 15.23% F15.77%.
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Co-culture of activated sludge and algae in a photobioreactor and analysis of
microbial community

CAI Liyun’, XUE Xingtao, YUAN Yang, WANG Jingwen, XIA Jingdan, SUN Renyue, LAI Minghai,
SIMA Jin, CHEN Hongrun

Fujian Key University Laboratory of Estuarine Ecological Security and Environmental Health, School of Environmental Science
and Engineering of Xiamen University TanKah Kee College, Zhangzhou 363105, China
*Corresponding author, E-mail: 576759695@qq.com

Abstract Biotreatment of real domestic sewage by algae-and bacteria in a sequencing batch mode using a
photobioreactor was investigated. The algae from the wall of the secondary sedimentation tank, and the activated
sludge from the aeration tank of the same municipal ‘wastewater treatment plant, were inoculated into the
photobioreactor as the algae-bacteria inoculum. The effect -of sludge and algae inoculation ratios on sewage
treatment was discussed and the composition of microbial community during the stable operation was analyzed.
The intermittent experiments showed that, when the mass ratio of sludge to algae was 1:0.75, the highest
removal efficiencies of COD, TN and TP occurred. In the photobioreactor inoculated with sludge-algae mass
ratio of 1:0.75, under the conditions of the-initial TSS of 1.12 g-L™" and the hydraulic retention time of 2 days,
as well as sunlight irradiation and stirring, the removal efficiencies of NH;-N and PO;" could reach 99.7% and
70%, respectively. Using high-throughput sequencing technologies to analyze the bacterial and fungal
community composition in the photobioreactor with a SRT of 15 days after 42-day running, it was found that the
predominant bacterial genus were Exiguobacterium in the Phylum Firmicutes, Cyanobium in the Phylum
Cyanobacteria, and Rhodobacter in the Class Alphaproteobacteria, their relative abundances were 23.32%,
15.23% and 5.77%, respectively. At the same time, Nitrospira for nitrite oxidization, Acinetobacter for
phosphorus removal and Paracoccus for aerobic denitrification, were also observed in the reactor, with the
relative abundances of 1.19%, 0.58% and 0.35%, respectively.

Keywords  sludge-algae photobioreactor; mass inoculation ratio of sludge to algae; domestic sewage;

bacterial community
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