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Effect of Light Intensity on Performance of Bacteria-Algae Symbiosis System for Mariculture

Wastewater Treatment and Variation of Microflora
LI Yingying, ZHOU Lu, RONG Hongwei " , LU Mengye, WANG Jingyin, CUI Baihui, GUO Dabin
(School of Civil Engineering, Guangzhou University, Guangzhou 510006, China)

Abstract In this study, the effect of light intensity on the performance of mariculture wastewater treatment by a suspended-state
bacterial-algal symbiosis system was investigated. The experimental results showed that the best treatment effect was achieved when the
light intensity was 4 500 lux, with the removal efficiency of COD, of 96.87%, TN of 95.70%, PO. -P of 94.34% and SMX of
95.67%. All pollutants were removed mainly in the presence of light, and the removal rate was lower during darkness. Both too high
and too low light intensities inhibited the growth and metabolism of microalgae and bacteria, reducing the activity of both, thus
decreasing the exchange of substances and signals and affecting the amount of extracellular polymeric substances ( EPS) secretion.
Light intensity caused significant variation in microflora of the bacterial-algal symbiotic system. Excessive light intensity would reduce
and change the abundance and diversity of microflora, leading to gradual conversion of bacteria in the system to more light-tolerant
bacteria. In addition, the abundance of denitrifying bacteria and SMX-degrading bacteria was significantly reduced, but the abundance
of algal bloom-inhibiting genera was increased.
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Tab.1 TOC Content in EPS before and after Experiments in Bacterial-Algal Symbiosis Systems under Different Light Intensities
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Tab.2 Microbial a-Diversity Indices of Bacterial-Algal Symbiosis Systems under Different Light Intensities
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Fig. 11 PCA of Bacterial-Algal Symbiosis Systems

under Different Light Intensities
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Fig. 12 Relative Distribution of Dominant Bacteria in Bacterial-Algal Symbiosis Systems under Different Light Intensities

— 126 —



weook HoR
WATER PURIFICATION TECHNOLOGY

Vol. 42 ,No. 8,2023
August 25th, 2023

MEER TR 4 500 lux RS, Norank _f_Microscilla-
ceae W FEFE T, N 8. 7%, M 1E 9 500 lux F RE
H, U 0.18%., FH LT UL, Sl JE 58 B X il A= 4 1
TR SE P BRI, 3 5 A G R 5 £ A AR Ak B VA
PEFRFE IR K IRLEE .
2.9 HESMH

MR AT i 6 45 SR A3 A, Ot R i B2 o) R vk A
A R G A PR P SRR KA BTG e A TR
ZRIHEAT R Xt O P4 A K AR Ir R 1) 0, CO, A
VB, BIEMAEE T, 3R R = = AR e
i) EPS, I Fff /K H 5 PO NO; AT NO, 45 A
BRI AT, A0 BRI RGE S 2 B B R AR
KB R E, I H i T EPS A9 3h  wi 2h 45 78 —
H, EPS AYR 3 bt ] LU 47 41 o A0 ke 40 i
gz SMX WREFAE M, X ALk 7 = Z A B AH B
VER 3BT RAEDE IR, S8 T XI5 e i m a2
R FEMOGHRBREN e IR rbReR 2, Tkl
MR PLAL R AEM O, , AN TG PE R T 0, AN 2
11132 2 BRI, Jo AL 45 e R 1 CO, A7 Bk
/IR P Al 22 B B R T — OB IE IR
PRt RO REGREE T 15 Yo S BRACRBAR, iRt
MRS, R Z BDE R HIMEH , CO, F=A: s fE
I, T /INER A KN 32 BRI B0, 3 A T A S e
%, FEUNREERCRE L RE ) FIE R AR T B
N G S [ s 3Z B T M RAAIG, EPS 1194300k i
BEATR, XPi5 e RBR A TR . Ak, e B 5 4]
PEAETA B 1) 8 S I A G R A O R
o, A 0 T i T B I, AR A S R R 2
PRURIVICBE W L2 RSB 25 2 e T . AR b, 2
FCHRSE BE N 4 500 Tux B, BR  00% M O 5, EPS 433
SRR T Y S R B e TR R
R
3 g

(1) IRE A GIAGR B R 4 500 lux, JLAT COD,
LBRFN 96. 87% , TN PR3 HK 95.70% , PO -P 1Y
ZBRFR N 94. 34% ,SMX [ ZBRFEN 95.67% ., 515
Yol FBAE ISR T Al A B AR

(2) A GR BE 1R 25 BR i L e AT B
TR AR O R R Ao v S A R e, G
PR AL LB CO, PEAT G SR, WO TG 1 A2
FFMm,

(3) 2 T 0 88 355 P B, EPS i R 2
SMX Xf & By At F BN, PN [R5 43 W AT LA
fle Bk SMX HH%i2 , $ i SMX 9 R4

(4) G HRER B X TR I A R GE A MR VR 46
A BB SO 3 v A G IR B S PR AR A B 2 4
PR B RE A5 R 8 08 200 TR U P A8 Sy it Y 2
W YCHReR Y Muricauda . Marivita F1 Halomonas
SER S AR Y R R R SR AR G, 5 R AL A T
Marinicella B2 ARG, & 1& B9OG IR R B AT BY
T4 7 SMX [ f# 8 Norank _f _ Microscillaceae 1Y
FH,

S 3k

[ 1] WANG Q, HUI L, SUI J. Mariculture: Developments, present
status and prospects: Success stories and modern trends[ M ]//
GUILJF, TANGQS, LIZ], et al. Aquaculture in China. New
Jersey: Wiley-Blackwell, 2018 38-54.

(2] WE@BAFHE. 2021 B EHVGHEEM]. Joat:
ol it , 2021.

China Fisheries Administration. China fishery statistical yearbook
2021[ M]. Beijing: China Agriculture Press, 2021.

[ 3] NIE X, MUBASHAR M, ZHANG S, et al. Current progress,
challenges and perspectives in microalgae-based nutrient removal
for aquaculture waste; A comprehensive review [ J]. Journal of
Cleaner Production, 2020, 277. 124209. DOI. 10.1016/j.
jelepro. 2020. 124209.

[4] MO W Y, CHEN Z, LEUNG H M, et al. Application of
veterinary antibiotics in China’s aquaculture industry and their
potential human health risks [ J]. Environmental Science and
Pollution Research, 2017, 24(10) . 8978-8989.

[ 5] LIUX, STEELE J C, MENG X Z. Usage, residue, and human
health risk of antibiotics in Chinese aquaculture; A review|[ J].
Environmental Pollution, 2017, 223, 161-169. DOI. 10. 1016/
j. envpol. 2017. 01. 003.

[ 6] MUNOZ R, GUIEYSSE B. Algal-bacterial processes for the
treatment of hazardous contaminants: A review [ J]. Water
Research, 2006, 40(15) : 2799-2815.

[7] LISN, CHUY H, XIE P, et al. Insights into the microalgae-
bacteria consortia treating swine wastewater;  Symbiotic
mechanism and resistance genes analysis [ J |. Bioresource
Technology, 2022, 349. 126892. DOI. 10. 1016/j. biortech.
2022. 126892.

[8] MATOS A P, CAVANHOLI M G, MOECKE E H S, et al.
Effects of different photoperiod and trophic conditions on
biomass, protein and lipid production by the marine alga
Nannochloropsis gaditana at optimal concentration of desalination

concentrate[ J]. Bioresource Technology, 2017, 224 490-497.

— 127 —



TR W REAE
D' 5 0 TR R e A R G A B 7 IR BRI K B TR fE

S S E M RETE A8 4E Vol. 42, No. 8,2023

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

DOIL: 10. 1016/]. biortech. 2016. 11. 004.

YAN C, LUO X Z, ZHENG Z. Effects of various LED light
qualities and light intensity supply strategies on purification of
slurry from anaerobic digestion process by Chlorella vulgaris[J].
International Biodeterioration & Biodegradation, 2013, 79, 81—
87. DOI: 10. 1016/j. ibiod. 2013. 01. 016.

ZHANG R T, KONG Z Y, CHEN S H, et al. The comparative
study for physiological and biochemical mechanisms of
Thalassiosira pseudonana and Chaetoceros calcitrans in response to
different light intensities[ J]. Algal Research, 2017, 27. 89 -
98. DOI: 10. 1016/j. algal. 2017. 08. 026.
MARCILHAC C, SIALVE B, POURCHER A M, et al
Digestate color and light intensity affect nutrient removal and
competition phenomena in a microalgal-bacterial ecosystem[ J].
Water Research, 2014, 64, 278-287. DOI. 10. 1016/]j. watres.
2014. 07. 012.

MENG F S, XILM, LIUD F, et al. Effects of light intensity on
oxygen distribution, lipid production and biological community of
algal-bacterial granules in photo-sequencing batch reactors[ J].
Bioresource Technology, 2019, 272, 473-481. DOI. 10. 1016/
j. biortech. 2018. 10. 059.

GAO Y D, GUO L, LIAO Q R, et al. Mariculture wastewater
treatment with bacterial-algal coupling system ( BACS) : Effect of
light intensity on microalgal biomass production and nutrient
removal[ J ]. Environmental Research, 2021, 201. 111578.
DOI: 10. 1016/j. envres. 2021. 111578.

Il SR B LR SRS R RBE K S0 3 A7 5 125 ) i 22 2. KR
PR WEM ATk [ M]. 4 R, dbat. PR EERLE A,
2002.

Editorial Board of Water and Wastewater Monitoring and Analysis
Methods, State Environmental Protection Administration. Water
and wastewater monitoring and analysis method [ M ]. 4th ed.
Beijing: China Environmental Science Press, 2002.

HEZ Q, QU Y T, JIN W B, et al. Effect of microwave on
biomass growth and oxygen production of microalgae Chlorella
pyrenoidosa cultured in real wastewater[ J]. Process Safety and
Environmental Protection, 2022, 161: 22-33. DOI: 10. 1016/
j. psep. 2022. 03. 015.

HUANG W L, LI B, ZHANG C, et al. Effect of algae growth on
aerobic granulation and nutrients removal from synthetic
waslewater by using sequencing batch reactors[ J]. Bioresource
Technology, 2015, 179 187-192. DOI. 10. 1016/j. biortech.
2014. 12. 024.

WANG H, DENG L W, QI Z Y, et al. Constructed microalgal-
bacterial symbiotic (MBS) system: Classification, performance,
partnerships and perspectives [ J ]. Total
Environment, 2022, 803: 150082. DOI. 10. 1016/j. scitotenv.
2021. 150082.

LI X Y, YANG S F. Influence of loosely bound extracellular

Science of the

— 128 —

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

polymeric substances ( EPS) on the flocculation, sedimentation
and dewaterability of activated sludge [ J]. Water Research,
2007, 41(5) : 1022-1030.

FRCLUND B, GRIEBE T, NIELSEN P H. Enzymatic activity in
the activated-sludge floc matrix[ J]. Applied Microbiology and
Biotechnology, 1995, 43(4) . 755-761.

GERHARDT P, MURRAY R G E, WOOD W A, et al. Methods
for general and molecular bacteriology[ M]. Washington D. C. .
American Society for Microbiology, 1994.

LUY Z, DING Z W, DING J, et al. Design and evaluation of
universal 16S rRNA gene primers for high-throughput sequencing
to simultaneously detect DAMO microbes and anammox bacteria
[J]. Water Research, 2015, 87 385-394. DOI. 10. 1016/j.
watres. 2015. 09. 042.

FEEE, R, R, S JESRXT/NEREEA R KA P
MEIBESET]. RHBESR, 2020, 41(8) : 370-374.
TANG J, XU Z A, HUANG B, et al. Effect of light intensity on
growth and algal organic matter content of Chlorella sp.
cultivation[ J]. Acta Energiae Solaris Sinica, 2020, 41(8) .
370-374.

SUN XY, LI X P, TANG S, et al. A review on algal-bacterial
symbiosis system for aquaculture tail water treatment[ ] ]. Science
of the Total Environment, 2022, 847. 157620. DOI: 10. 1016/
j. scitotenv. 2022. 157620.

BROWN N, SHILTON A. Luxury uptake of phosphorus by
microalgae in waste stabilisation ponds: Current understanding
and future direction[ J]. Reviews in Environmental Science and
Bio/Technology, 2014, 13(3): 321-328.

ZAMBRANO J, GARCIA-ENCINA P A, HERNANDEZ F, et
al. Removal of a mixture of veterinary medicinal products by
adsorption onto a Scenedesmus almeriensis microalgae-bacteria
consortium[ J ]. Journal of Water Process Engineering, 2021,
43 102226. DOI:; 10.1016/j. jwpe. 2021. 102226.

CHEN S, ZHANG W, LI J Y, et al. Ecotoxicological effects of
sulfonamides and fluoroquinolones and their removal by a green
alga ( Chlorella vulgaris) and a cyanobacterium ( Chrysosporum
ovalisporum ) [ J]. Environmental Pollution, 2020, 263
114554. DOI:; 10. 1016/j. envpol. 2020. 114554.

RODRIGUES D AD S, CUNHA C CR F D, FREITAS M G, et
al. Biodegradation of sulfamethoxazole by microalgae-bacteria
consortium in wastewater treatment plant effluents[ J]. Science of
the Total Environment, 2020, 749. 141441. DOI. 10. 1016/j.
scitotenv. 2020. 141441.

BAI X L, ACHARYA K. Removal of trimethoprim, sulfame-
thoxazole, and triclosan by the green alga Nannochloris sp. [ J].
Journal of Hazardous Materials, 2016, 315. 70 = 75. DOI.
10. 1016/j. jhazmat. 2016. 04. 067.

XIONG J Q, KIM S J, KURADE M B, et al. Combined effects

of sulfamethazine and sulfamethoxazole on a freshwater microalga,



weook HoR
WATER PURIFICATION TECHNOLOGY

Vol. 42 ,No. 8,2023
August 25th, 2023

[30]

[31]

[32]

[33]

[34]

[37]

[40]

[41]

Scenedesmus obliquus: Toxicity, biodegradation, and metabolic
fate[ J]. Journal of Hazardous Materials, 2019, 370 138-146.
DOI; 10. 1016/]. jhazmat. 2018. 07. 049.

TIAN Y J, ZOU J R, FENG L, et al. Chlorella vulgaris enhance
the photodegradation of chlortetracycline in aqueous solution via
extracellular organic matters (EOMs) ; Role of triplet state EOMs
[J]. Water Research, 2019, 149. 35-41. DOI. 10. 1016/j.
watres. 2018. 10. 076.

SHI X Q, YEAP T S, HUANG S ], et al. Pretreatment of saline
antibiotic wastewater using marine microalga [ J]. Bioresource
Technology, 2018, 258 240-246. DOI: 10. 1016/j. biortech.
2018. 02. 110.

WANG Y, HE Y Y, LI X Q, et al. Enhanced biodegradation of
chlortetracycline via a microalgae-bacteria consortium [ J J.
Bioresource Technology, 2022, 343 126149. DOI; 10. 1016/].
biortech. 2021. 126149.

YU C, LI C, ZHANG Y, et al. Effects of environment-relevant
concentrations of antibiotics on seawater Chlorella sp. biofilm in
artificial mariculture effluent[ J]. Algal Research, 2023, 70.
103008. DOI:; 10. 1016/]. algal. 2023. 103008.

HU G S, FAN S Q, WANG HY, et al. Adaptation responses of
microalgal-bacterial granular sludge to sulfamethoxazole [ ] ].
Bioresource Technology, 2022, 364 128090. DOI: 10. 1016/j.
biortech. 2022. 128090.

WARD B. Nitrification: An introduction and overview of the state
of the field[M]. New York: John Wiley & Sons, Ltd. , 2014.
LIUL, FAN HY, LIU Y H, et al. Development of algae-
bacteria granular consortia in photo-sequencing batch reactor[ J].
Bioresource Technology, 2017, 232. 64-71. DOI. 10. 1016/]j.
biortech. 2017. 02. 025.

RAMANAN R, KIM B H, CHO D H, et al. Algae-bacteria
interactions; Evolution, ecology and emerging applications|[ J].
Biotechnology Advances, 2016, 34(1) : 14-29.

ZRfh. TR AR L S UBORE 5 U8 (YT UMLK FE B AL )
FELD]. MR WRRIETALRA:, 2020.

LI W. Researchon the formation mechanisms and resource
utilization of algal bacterial granular sludge[ D]. Harbin: Harbin
Institute of Technology, 2020.

WANG Z Y, CHU Y H, CHANG H X, et al. Advanced insights
on removal of antibiotics by microalgae-bacteria consortia; A
[J1
Chemosphere, 2022, 307. 136117. DOI. 10. 1016/]. chemos-
phere. 2022.136117.

WANG Y, LIJ H, LEI'Y, et al. Bioremediation of sulfonamides

state-of-the-art  review and  emerging  prospects

by a microalgae-bacteria consortium-Analysis of pollutants

removal efficiency, cellular and  bacterial
community[ J]. Bioresource Technology, 2022, 351; 126964.
DOI:; 10. 1016/]. biortech. 2022. 126964.

TANG C C, ZHANG X Y, HE Z W, et al. Role of extracellular

composition,,

[43]

[44]

[45]

[47]

[48]

[49]

[50]

[51]

polymeric substances on nutrients storage and transfer in algal-
bacteria symbiosis sludge system treating wastewater [ J .
Bioresource Technology, 2021, 331. 125010. DOL. 10. 1016/].
biortech. 2021. 125010.

SUN L, ZUO W, TIAN Y, et al. Performance and microbial
community analysis of an algal-activated sludge symbiotic system
Journal  of
Environmental Sciences, 2019, 76. 121-132. DOI. 10. 1016/
j- jes. 2018. 04. 010.

Effect of activated sludge concentration [ J ].

CHEN Z J, MENG Y B, SHENG B B, et al. Linking
exoproteome function and structure to anammox biofilm
development[ J]. Environmental Science & Technology, 2019,

53(3) : 1490-1500.

MEVEL G, PRIEUR D. Heterotrophic nitrification by a
thermophilic Bacillus species as influenced by different culture
conditions[ J ]. Canadian Journal of Microbiology, 2000, 46.
465-473.

ZHOU D, ZHANG C, FU L, et al. Responses of the microalga
Chlorophyta sp. to bacterial quorum sensing molecules ( N-

acylhomoserine lactones ) ; Aromatic protein-induced  self-
aggregation[ J |. Environmental Science and Technology, 2017,
51(6) : 3490-3498.

JANSE 1, ZWART G, MAAREL M V D, et al. Composition of
the bacterial community degrading Phaeocystis mucopolysac-
charides in enrichment cultures[ J]. Aquatic Microbial Ecology,
2000, 22: 119-133. DOI: 10. 3354/ame022119.
BRUMMER I H M, FELSKE A D M, WAGNER-DOBLER 1.
Diversity and seasonal changes of uncultured planctomycetales in
river biofilms [ J]. Applied and Environmental Microbiology,
2004, 70(9) : 5094-5101.

EILER A, BERTILSSON S J E M. Composition of freshwater
bacterial communities associated with cyanobacterial blooms in
four Swedish lakes[ J]. Environmental Microbiology, 2004, 6
(12): 1228-1243.

WARD N, STALEY ]J T, FUERST J A, et al. The order
Planctomycetales, including the genera Planctomyces, Pirellula,
Gemmata and Isosphaera and the Candidatus Genera Brocadia,
Kuenenia and Scalindua [ M ]//DWORKIN M, FALKOW S,
ROSENBERG E, et al. The Prokaryotes; Volume 7.
Proteobacteria: Delta, epsilon subclass.
New York, 2006; 757-793.
TADONLEKE R D J F M E. Strong coupling between natural

New York: Springer

Planctomycetes and changes in the quality of dissolved organic
matter in freshwater samples[ J]. FEMS Microbiology Ecology,
2007, 59(3) . 543-555.

PIZZETTI 1, FUCHS B M, GERDTS G, et al. Temporal
variability of coastal Planctomycetes clades at Kabeltonne Station,

North Sea[ J].
77(14) ; 5009-5017.

Applied and Environmental Microbiology, 2011,

— 129 —



TR W REAE
D' 5 0 TR R e A R G A B 7 IR BRI K B TR fE

S N e RIS 28 4k Vol. 42, No. 8,2023

[52] XU W J, XU Y, HUANG X S, et al. Addition of algicidal 2017, 11(6) ; 1483-1499.
bacterium CZBC1 and molasses to inhibit cyanobacteria and [56] WEBER C F, KING G M. Physiological, ecological, and
improve microbial communities, water quality and shrimp phylogenetic characterization of Stappia, a marine CO-oxidizing
performance in culture systems[ J]. Aquaculture, 2019, 502. bacterial genus[ J]. Applied and Environmental Microbiology,
303-311. DOI: 10. 1016/j. aquaculture. 2018. 12. 063. 2007, 73(4) : 1266-1276.

[53] BRUHN J B, NIELSEN K F, HJELM M, et al. Ecology, [57] SUNL, GAO P, LI Y, et al. Microbial community coexisting
inhibitory activity, and morphogenesis of a marine antagonistic with harmful alga Karenia mikimotoi and microbial control of algal
bacterium belonging to the Roseobacter clade[ J]. Applied and bloom in laboratory[ J]. Journal of Oceanology and Limnology,
Environmental Microbiology, 2005, 71(11) : 7263-7270. 2022, 40(3): 1027-1038.

[54] KVIATKOVSKI I, MINZ D. A member of the Rhodobacteraceae [58] MCILROY S J, NIELSEN P H. The family Saprospiraceae
promotes initial biofilm formation via the secretion of extracellular [M]//ROSENBERG E, DELONG E F, LORY S, et al. The
factor(s) [J]. Aquatic Microbial Ecology, 2015, 75(2) . 155- prokaryotes. Berlin: Springer-Verlag, 2014. 863-889.

167. [59] CUI D, CHEN Z Y, CHENG X M, et al. Efficiency of

[55] SIMON M, SCHEUNER C, MEIER-KOLTHOFF J P, et al. sulfamethoxazole removal from wastewater using aerobic granular
Phylogenomics  of  Rhodobacteraceae  reveals  evolutionary sludge: Influence of environmental factors[ J]. Biodegradation,
adaptation to marine and non-marine habitats[ J]. ISME Journal 2021, 32(6) ; 663-676.

e am |
| FARFEN
) VSRR

REENA ! ( LEHTREENLAAEMFTIRLFALETT R

20346 A 25 8, LTRSS AkE FREHF SHRNBESFE(LET
TR ENLE I Fa RMA N KT R, F ERRLE) 2025 F, 5 R EHLLEAL
B RFEIAEF] 100% , FRACH AP —F 3G, KRB RIEETE BTLE,
Gk BERLNFREENTRALIEIRA, HRR B0 E I F
LM TR E 7 RSk 5 R T AR B A 2, AR AR i 05 R £ M A
RSB RT R A FARR R RRERHREA R, FEies

LS mN AL,

P4 RES X

CRFIAKSEPERIITHRAIEEY T 7 A 1 HELE

AR AR BIRIERY E) (P EARERE ARG £ EE)F ik
B GERSLE R KELSTRRE BT T LRG EHERREY HITA
AR, (BF TRKGEGETHEAREH)AFERB T &F TRRFTEEET
ATHR, RAAFEITI) B R FT R B is TTATH AR, AT I b F T KT
AR IBATHE ARG KT R B B HA AT A R RAFGRF

— 130 —

P HBREES X



