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Research progress of wastewater treatment and resource recovery

based on microalgae—bacteria consortia
LU Lei" *, MA Jiaying" *, CHU Huaqiang' >, ZHOU Xuefei" >, ZHANG Yalei' *
(1. School of Environmental Science and Engineering, Tongji University, Shanghai 200092, China;
2. State KeyLaboratory of Pollution Control and Resource Reuse, Tongji University, Shanghai 200092, China)
Abstract ; Based on microalgae biological treatment technology, the microalgae—bacteria symbiosis sys-
tem can not only efficiently realize sewage recycling, but also utilize the interactions between
microalgae and bacteria to enhance the pollutant removal capacity of the treatment system and recover
synthetic biomass. Bacterial —algal symbiotic systems can also be coupled with CO, fixation, and the
combination of high CO, concentration in industrial flue gas for microalgae cultivation can
simultaneously achieve carbon reduction and reduce the energy consumption of additional aeration of
microalgae to supplement CO,, which is in line with the development needs of " carbon neutral" . This
article presents a systematic introduction of the mechanism, interaction forms and influencing factors of
bacterial —algal symbiotic system in wastewater treatment and resource recovery process, and a summary
of the potential of bacterial—algal engineering in pollutant degradation, CO, fixation and recovery of mi-
croalgal biomass products. The study of nutrient exchange, information transfer and genetic adaptation

between bacteria and algae reveales that the selection of suitable symbiotic bacteria and algae combina-
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tion culture can effectively enhance the pollutant removal and CO, fixation efficiency in wastewater. The
effect of symbiosis on the accumulation of biological components ( protein, lipid, carbohydrate, etc.)
of algae is enhanced and selective. The selection of algae species and corresponding symbiotic bacteria,
the adjustment of inoculation ratio and culture conditions can improve the efficiency of industrial scale
harvesting of microalgae and further processing of biofuel and medical health food products. Bacterial -
algal symbiosis is coupled with wastewater treatment, CO, fixation and biomass energy recovery in one.
This article presents a critical review of development and progress of wastewater treatment and resource
recovery surrounding microalgae—bacteria consortia. The development of the synthetic multi—functional
system based on the consortium facilitates building an integrated sewage treatment and resource recovery
processing mode featuring in low—carbon, economical and sustainable.

Keywords: Microalgae—bacteria consortia; Wastewater renovation; Pollutant degradation; Microalgae

carbon sequestration; Biomass recovery
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Table 1 Examples of microalgae—bacteria interactions having positive effects on algal growth

and accumulation of valuable compounds

[4]

B il A B YA R A T BOR 27 3k
E.huxleyi P. gallaeciensis R L I P R R PESEFR T AE R [12]
B. braunii Rhizobium sp. / g W75 P 5 vy 2 2 R P i [13]
L. rostrate M. loti / “4ir & B12 [14]
T. pseudonana R. pomeroyi N X fe sl e K SR
P pomeroy 2.3 R |~ YR % BI2 [DE LR SUESISH (157
CCMP1335 DSS-3 A P AR Y/
S. trochoidea Marinobacter m
HHLGrF IR R [16]
S. trochoidea Roseobacter
N. oleoabundans A. vinelandii
/ ekt [17)]
Scenedesmus sp. A. vinelandii
C. vulgaris A. brasilense / BB T 1 B A N 5 N8 B R [18]
C. vulgaris A. brasilense TER KA A Y
/ BREAA T 1 B 19
C. sorokiniana A. brasilense ! SRR [19]
C. vulgaris A. brasilense TER FIRR KAL)
“ ' Y PeRif A SO e [20]
C. sorokiniana A. brasilense JEHFRR




1.3 EEHEERNEEESE
1.3.1 $MEEE

(1) EFRY

R A I 2 2R G0 B K B 3 2 A o D R
BB TRHE A 22 0 i (i 12 30 i 16 | 0 il R 3 i il
S VEF R SR R AL SO T A iR
1 1L R A R P K TP TEHLE ( 2B
H,PO, Fl HPO? )4kl ADP #I ATP Fil T2 K Jir
7 , MM mT i S WSO 5 LM P 22 1R £ 2
P05 A TR T 5 R G L ) SR W TR R B
FA T HORTF | BGE J Bad i ) R B 2
HldE R AR DR S AT, A A LB RS A
TRA R R A EY ) B SRR B AR I
X E IR R FRTE 3RS [ DT 5%
BT AR BRI K AL A A5 400 B

C/N 2500 B 2R 90117, 761K C/N & AF R,
AL 20 KR 20 C/N 5%, 5 /N &40 F,
WA M S IR AR RS, S B0 A E I Z IR, =
S AN R AT S e 40 B i B A B TR o~ A
E0

(2) JeH AT
JCRRAE I Blol e & VR TR e (1 e ok 25

T 14) A e 3R I 2 ' L, B8 P B84 T 4 o, %)
KB BE, BIEHR . S 0 RBCh s B 32 1Y
ME—BR ) PN 2R B s 1 ™ i 5 O AR ROE
LT SEHEE ] s B JE 30 ok v 3 AR R 4
(B TR I 25 B A K AR R B Y
M, SR AR e AR K Pt AR,
A B O S 4 BB ) 200 B A S, B BRI e
HRRAAN % i 4 R a IR SR, M
A L) A R AN SZ S R R 52 ) | 3 32 065
BER R T K 2 B R TR O
FREPS B /)N R g RRDE 95 1) 6 N S R B Ol 200
pmol » m™ - &7 WEHREEEEJE HAT AR R Y s N
A PATE 36.9~246.1 wmol - m™> - s” HOGIRIRE T
AR IEFE 200 pmol + m™ - 8T AOEEREE TN AR K
R,

AN GRS e AR K, s, 2
JERNEE AT 2 AR RMA /N BRI AR K H
T IA WAL TR ALREIE A 2 500 7 R e g
a2 2 I3 T 6k 45 5 T AT SR A7 A Bl g ) 40
TR i A TOE 174) 1 YA TR R S e 5 A P 38 A7 A
PRIXE

H 35 TR (B A7 76 2 2 A0 B VR R ML, s 2 A K

SRS R B 3 L A B 2 A R R R A
U FH T S 4 D) 4 s o AR T R, (R
R A E A F R RTER TR 4 S N AL A BIF Y
s ik — 5T

(3) A

T 5 50 W) 45 T 3 A A T 7 6 LA B 38 TR (1]
FIFRACHe A7 B A% 3 P I 1 AT 5% e % 43
W E IR R TSR A 43 24 SR 0 % o e
T AE P TR B A 2 R 5k e A BTG By | B 5 g B
PR AEAT RIS EOIRBE A R TR AT LN
wE R IR R SR R A Y

AN Tr] B 98 1A 2R T R R R X TR AS [ Y — gt
LT, SRR A0S BB AR 15~30 CHEMIM,
MREEART 15 CHE, AR K S MR E ST
35 CHY, s S A RGBT EIET, HX T2
TS e L 7 2K B A A A 35 3 H R /NER B8 Chlorella
ZY —1 feifi, IR BT I BRSCR R RN K, #F5E KR,
MUELEE R 20~25 °C I, Chlorella ZY -1 By AE 4 3
it 7 3 ) I v T I 5 AR K R AE 25~ 30 C iR
B B EAA A K AE 40 °C I SZFBME] (BT BE 1R
AN

(4)pH

e A RE AR 2 S8 pH F R, AR F L4
AL A0TSR pH A5 TR RS
Xf NO;-N POY =P Hl COD ERRHLL I # R 5
AP BRI 25 SRRk SR N N EREEAE
Yy REURK, Bk AR 2% 1 X/ Nek e A K5
WA, ASF TR e Ak K, pH TR S BOR R NH) -N
FEAE R NH, #5% , Wi S8R R R E AR, B
A pH 38 ‘B 1Bl R B e R 5

(5) AL

PSR 20 TR AR B v T A K R [
SE CO, B B CO, F O, iIsg e, R SR AL Tt
SR RE IR ) — - A R 3, CO, Fl O, 1%
R RBCRBR RIS E R EE N R, A, Y
CO, VR PRS2 &, 6 A e i A KR 25 52 3|
PO, AR O R I DX, TR e A
14 22 B0 3 3R IR TR 45 3038 T v 108 e 4
S/ IEAGER I T 4 15 B0k A7 R R T 1 I A e 2
S (ELE R A it O R B DI RGN, 2 461 5 S e 40 i 5
i AR
1.3.2 A3EE

(1) TR

FEARFIA LS55 T, AR DR B Fh 2



B G Y | H 95 Y R e B 4 2k
Yy RE WA [6] 5 /8, X N 8 38 Fh A A2 A B AR
AT,

(2) B A3 H)

F T R TE 5 TR S A B E TG &R, 1 3 =2 (]
(R0 I3 - A7 06 R T B =22 R B H A A — L
FEST A N B T L A I RV L, 40 A
BERTE CO, M O, s ek B, W REAS7E A 1F T
T4 L 2 B R T SR O RAIE 40 T A E AR KA,
TR g A A O BRI A R G R
22 R A F Tl 2R A 2 R i 20 T AR 7 4 W A QR A
AT 5 M 5 238 A B, S 500 R A A BB AN [
DA e e R 22 20 B S T AN
ANERE S 20 BRC EL A B A R R TR R 3
B K IE TR 3% S SRR S T B 5 ¢ 1,
BRI R R R a e E T35 753.18 pe/L,
COD, .TDP . TDN , & & FINO; - N 2 Bk R 435 N
68.90% .90.83% .87.18% .99.97% F1 98.11% , {H %}
T 5N AN ) R R B AL A AN ]
20 TR RN R T b 2o I et v BN R P 4 I 2R T
R

2 HEEHERFHNA

T 5 T RS 7 | TR A R G A ) 18
CO, W] LA 55 K Ak 345 Hofh T 2 A4S & O E =
B SR TR K P IR S I AR A K T
T B SR, A A= ) o al hn LA Wy RARL | Rl
B4 CREE T b I, TR IR R SRR
CO,F4E JE KA BN AE ) TR NSRS, & $ L T
— I BR 22 B HoT RS & R A SR (IR A 3
J7R) o
2.1 BERHEEMEKRAT COME

CONE MR RN () FZE TR E 2 — L T 3K
ERAUREAS R A 3K AR W [n) R K fe DU Y A5 fk
2 0 R T R iR F ) A s R AR, S LB
THGRAE W 2R R R AL 1 LA B K B I
o e ) R B 2 TR, [R]85 R R (A
SRRE SN RAETE BEAOC, H 36 H E KV
RS 4 PR 5 ( National Oceanic and Atmospheric
Administration, NOAA ) 2022 4E 5 A 483154, €O,
W FE E5 5 419 ppm, & 450 JTAESK B 5 7K F

T AE R FROG 0 B T B CO, 564kl 1k
SERERIRE T, SR AEAR YRR LE, T B G A TR 8K
R 10~50 £, SRl A A YA E, R R K

RAFEE. Tk
IKBEASCO, A E

-

CO,
|

'

F Sk

W —{— &
W o g T
\ o e®
EFRMFERL
V5 AR AR
N PR
T57KAb B E 50T

B3 ETHEREHEFSKLESHFREUEARF LA
Fig. 3 Development and application of wastewater treatment and

resource recovery based on microalgae—bacteria consortia
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Table 2 Analysis of some major microalgae species about their composition, products and applications'®’ ( Adapted from'*®!)
BLA/ (% T
HEh 7 N7 FH 4538
BT fig o ok &Y
Arthrospira ( Spirulina) platensis 46~63 4~9 8~14 HEEN AW PR At
Arthrospira ( Spirulinamaima) 60~71 6~7 13~16 HA 44 B12 LA el T
Aphanizomenon flos—aquae 62 3 23 BT AR B-#% bR (RS B AT
Chlorella vulgaris 51~58 14~22 12~17 VIR, KA G PR B A TR A
Dunaliella salina 57 6 32 B-HAM MR JEWIH bER (M AT R
Haematococcus pluvialis 48 15 27 KW MR IFEFR PR 24505 Tk
Odontella aurita 39~61 22~38 14~18 TR . DHA B2y At TE A 2
Porphyridium cruentum 28~39 9~14 40~57 EZ2 BE 24 i ALt
Phaedactylum tricomutum 38~42 18~20 20~25 RE BT AEWT R IR kA
Lyngbya majuscule 25~33 11~13 28~37 o BEH 15 7 2y B R
Scennedesmas spp. 47 1~9 21~52 B K= SR ARRL B 375
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) WA/ (% T4
B 7 b o7 FH 45U,
HHT g5 eI At
Schizochytrium sp. 40~46 22~24 10~14 DHA il EPA 0 ORI b T3
Crypthecodinium cohnit 28~45 22~38 25~33 DHA EIRANIE
Nannochloropsis oculata 63 11 15 Y IR FEBH R
Nannochloropsis sp 42~50 12~16 28~30 EPA FE TR i R

4 : DHA ( Docosahexaenoic Acid) /& . 7SB7SIRMR , EPA ( Eicosapentaenoic Acid) J& . HER FIGMR I AR, —Fl 0 — 3 2N WAIRNIR . —
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