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ABSTRACT

Due to the excessive use of nanoparticles in various fields since last decade, the concentration
of nanoparticles has been increasing rapidly in the aquatic environment. In the aquatic
ecosystem symbiotic relation of algae-bacteria consortia can be seen and they are responsible
for maintaining the basic functioning of the aquatic ecosystem. Due to the presence of
nanoparticles, therefore the possibility of interaction of algae-bacteria consortia with
nanoparticles would be increased. Therefore, this research was carried out to understand the
effect of metal oxide nanoparticles on algae/algae-bacteria consortia and the impact of
nanoparticles on the functioning of algae-bacteria consortia.

The effect of single and mixture of nanoparticles on the algae-bacteria consortia was studied
theoretically to understand the interaction mechanism. Algal Species, Scenedesmus obliquus
and bacterial species Escherichia coli were used in the study as test organisms. The metal
oxide nanoparticles, ZnO and CuO, were used in single and mixture form at various
concentrations (0.1, 1, 10 and 100 mg/L) to understand the effect of the nanoparticles on the
consortia. To understand the toxicity mechanism of nanoparticles, the long-term effect of
mixture of nanoparticles on algae/algae-bacteria consortia was also evaluated in this study.
The effect of time on the stability of media, nanoparticles, and their relation to toxicity to
algae was also studied. It was observed that the inhibition time for biomass was observed
between 14 days and 21 days at 10 mg/L NPs. At 1 mg/L, the order of toxicity of NPs to
algae was found to be: CuO NPs (highest toxicity)>ZnO NPs>ZnO + CuO NPs (least
toxicity). During exposure of algae cells to a mixture of NPs at 10 mg/L NP concentration, a
smaller value of metal deposition was observed than that during exposure to individual NPs.
Antagonistic toxic effects of two NPs on dry cell weight of algae were observed at both
concentration levels. The usage of ZnO and CuO NPs is increasing tremendously, and 0.1
mg/L would be more realistic concentration of NPs in the realistic aquatic environment or
wastewater. To understand the toxicity of mixture of nanoparticles on the algae in the
realistic scenario, the wastewater and the pond water was collected and used in the present
study. It was observed that at 0.1 mg/L concentration of the mixture of NPs, the reduction in
the chlorophyll a content was 13.61 + 1.34% (OECD media), 28.83 + 1.85% (wastewater),
and 31.81+2.23% (pond water). Values of reduction in biomass were observed to be
42.13+1.38, 39.96+1.03, and 33.10+1.29% for OECD media, wastewater, and pond

water, respectively. The overall toxicity trend observed was Wastewater>OECD

Vi



media>Pond water in single and mixture of nanoparticles. For the consortia studies, 3 algae-

bacteria ratios were considered (1:100, 100:1, and 1:1) and effect of observed in single as

well as in mixture by analyzing various growth parameters such as Chl a, biomass, lipid, etc.

and functioning was observed by observing the nutrient uptake efficiency. It was observed

that at environmentally relevant NP concentration (0.1 mg/L), the order of toxicity of NPs to

algae-bacteria consortia was found to be: CuO NPs (highest toxicity)>ZnO+CuO NPs>ZnO

NPs (least toxicity).

Overall, this study helps in understanding the interaction between algae-bacteria consortia

with single and mixture of nanoparticles. This study would help in understanding the effect

of NPs on functioning and removal efficiency of algae-bacteria consortia for wastewater

treatment and biomass production.

Keywords: Mixture of nanoparticles, algae-bacteria consortia; long-term effect; toxicity
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fUed <wre 3 faftr &= el & siafiies SUTNT & HRUN ST aTaTaRul & A-Ib Ul St igdT
ot ¥ ¢ T 81 STelg uiRfRufa®t dF & Aara-shar] TU &1 Ggoiid! Gae @1 off el § 3R 3
e aifRufaet 3 @t gfard! srfuomedt & §91 R & fore Smier §1 3 e ot Iufufa
P HRUL, G & 1Y YaTd-aaeIRar AT Bt IRER T o FHTET §¢ STEn | 33fer,
AT/ RIATA-SF T Haifedl W YT ATRTSS AHIDHUN & THIT SR ad-aaeiRar bafedr &
BHIHBTS UR AAIHUN & UHTd DI GH & fore a8 <y fasam mar i

3fa:forar 33 &1 THgM & T QAara-SaiiRar AT R Ted 3R A-1B0T & fHL0r & THa &1
Jgifde U I 3iegg foar T Ul sremge § i Sial & F0 § Qare Ui, Te1egny
Sfifedtaa 3R Star] Ui TEIfRferan Sie &1 SUdT far a1 o1l SHaiféar R A-Idbul & guTa
DI TAFH & T 41 TS S A-IH I, Zno 3R Cuo HT ITANT Tahd SR fisor = o fafirs aigar
(0.1, 1, 10 3R 100 mg/L) TR foar 71 UT| AU Bt fasTedar &5 &1 THeH & fog, 39 g |
IIT/RIaTd-SaCTRT HENfEar IR AT o fH9/07 3 Greaiicre YuTa o1 1 Jeaics fasar mar |
Tifgar, A BN ot FRR AT IR THT & GHTd 3R AdTd Bt fauTaaar I 3% I o7 4 sieqa fasar
7| g8 <@ 741 fob ATy & o Srerty &1 99 10 fiefim/ma Tt )R 14 feAi 921 feAi &
ot 31 | 1 Frem/ed W, QaTd & i T &Y fasTaddT &7 $5H U TR cuo NPs (SEAH
fAWTERAdT) > ZnO NPs>ZnO + CuO NPs (RIAH TawTardan) | 10 FTUTH/T@ TG Aigdl WR U0 &
forsior B Qarq HIRIH1IST & Tuh & GRM, TG TG & U B 3 BI a1 & YT ST1a P
B T 7N T | AT & b DIRIbT YR TR & TAUT & foRielt fawred wara S Tobrirar wRl iR
EECEIY

gyrfard} uftewg § Yared W 3BT & Yo ot fasTadar o gHga & fag, iy sia ik drene
& U D1 Uh forar T 3R U srergs § IuanT fhan | g <ar i Tt & fHrsior o6t
0.1 FeumH/Td Tigdl R, FaRITha Il H B3 13.61 + 1.34% (S TS! HifSaN), 28.83 +1.85%
(3P Sa), 3R 31.81 + 2.23% (ATATE BT T 1 . 3isSt Hifsan, rafdy oie ik aree & o=t
& forT ST & ) T A HHLT: 42.13 +1.38, 39.96 + 1.03 37X 33.10 + 1.29% T 7T W 718
Y fawTarrar ughy Safky Sas>sigdie difsan-uad & arame &7 urt $iR Ao o1 firsor o
Haifear st & fog, 3 ara-dadiiar sl &R faaR fdar T (1:100, 100:1, 3R 1:1) 3R
Hrogud, s, fafts ok fafie faera Audet o fazawor e Tehd SR fHsor & uuyra g
71, 31fe 3R YN dcd UGUT AT Bl SWDHR HRIVUTS! <1 15 | T8 @ 7141 fob rafarufta =g
Y Ui TG Aigd (0.1 el /ae) W, Yard-dediiar saiféar & fore Tt @ fauraddr &1
S U1 TRT: CuO NPs (Y faNTeRIdT)>Zn0+Cu0 NPs>Zn0O NPs (-aH fasTera) .

S AT, TG LT THA 3R AHIHUI B HH0] & 1Y AdTd- a1 e & o Sradid
D G H AGE BT | T8 T MUY Td SUAR 3R SRTHN SdTe o o Adrd-gadian
HOEGT & HTHDS 3R g I S&idl IR TTU & YHTT Bl JHSH H AGE |
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List of Abbreviations

NP Nanoparticle

NPs Nanoparticles

HDD Hydrodynamic diameter(nm)

CuO NP Copper Oxide Nanoparticles

ZnO NP Zinc Oxide Nanoparticles

S. obliquus Scendesmus obliquus

E. coli Escherichia coli

OECD Organization for Economic Cooperation and
Development

BG-11 Blue Green-11

EPS Extracellular polymeric substances

ROS Reacting oxygen species

NT Nanotubes

Chl a Chlorophyll a

Chl b Chlorophyll b

TEM Transmission Electron Microscopy

EC50 Half Maximal Effective Concentration

COD Chemical Oxygen Demand

BOD Biological Oxygen Demand

TDS Total Dissolved Solids

DOC Dissolved Oxygen Carbon

CAT Catalase

FTIR Fourier Transform Infrared

%GR Growth Reduction

DLS Dynamic Light Scattering

EPA Environmental Protection Agency

AWWA American Water Work Association

APHA American Public Health Association

POC Aromatic Phosphates

NCIM National Collection of Industrial
Microorganisms

MTCC Microbial Type Culture Collection
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