Current Trendsin Natural Sciences Vol. 8, Issue 15, pp. 42-2019

Current Trends in Natural Sciences (on-line) Current Trends in Naturaiébces (CD-Rom)
ISSN:2284-953X ISSI9284-9521
ISSN-L:2284-9521 SIS-L: 2284-9521

THE POTENTIAL OF PHOTOSYNTHETIC BIOMASSRESULTED
FROM SYNTHETIC WASTEWATER TREATMENT ASRENEWABLE
SOURCE OF VALUABLE COMPOUNDS

Ana Valentina Ardelean 2, CristinaMoisescu *”, loan |. Ardelean *

Ynstitute of Biology Bucharest, Romanian Acaden86 Splaiul Independentei, Bucharest 060031, Romania
2University of Agronomic Sciences and Veterinary libine of Bucharest, 59 Marasti Blvd, Bucharest, Roia

Abstract

The new trend in using photosynthetic microorganisms for the epuration of wastewater in recirculating aquaculture
systems (RAS) opens a new question concerning the economic significance of this newly synthesized biomass. In this
paper, we present our original results concerning the production of photosynthetic biomass (both prokaryotes and
eukaryotes) and associated non- photosynthetic microbiota during the purification process of artificial wastewater. The
results present the wet and dry weight quantities of weekly synthesized photosynthetic biomass (with 3 harvesting
processes per week). The obtained biomass is analysed with respect to the lipid content, total proteins, as well as
carotenes. As our main task is to use this microbial biomass as valuable substrate for fish growth and not for the trivial
usage as material for biogas production or fertilizer in agriculture, these results could make a big impact for a better
utilization of natural resources, including in the rather new context of circular economy.

Keywords: immobilization, lipid, photosynthetic microorganisms, protein and pigment concentrations, wastewater

1. INTRODUCTION

The ability of photosynthetic microorganisms to usarganic nitrogen and orthophosphate as well
as some organic substances as nutrients to stiséirgrowth has retained attention in the last six
decades for the use of these cells as biocatalystastewater treatment and for the synthesis of
useful chemicals (Oswald, 1988; Benemann, 2013pBibzka, 2013; Ardelean and Manea, 2016;
Tiron et al., 2017; Velea et al., 2017; Vuppalaglath et al., 2018). Much attention was focused on
the raw materials from wastewater treatment (butdiectly RAS) to be further used toward a
circular economy. Firstly, specialized methods aechniques have been developed to obtain
biomethane, biodiesel, and biofertilizer from fisiomass. Also, using physical, biochemical, and
thermochemical processes, relevant substances é&sufibh protein hydrolysate, natural pigments,
chitosan, and collagen) can be obtained (Ward aaeb2011; Ehime et al., 2013; Krishna et al.,
2013; Koszel and Lorencowicz, 2015).

There is the new trend to use the microbial bionfiassaed during the process of water cleaning as
a source of nutrient for fish or a source of valaathemical elements. For example, Tapa et al.
(2015) used a fine powder of dried ald&®zoclonium spp. (a green seaweed obtained as a waste
product from a local algal-based wastewater treatrsgstem) as improver to millédiscanthus sp.

(a perennial C4 grass). They found thNascanthus discs mixed with algae had significantly greater
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compressive strength at blends at or above 20% algatent compared to pellets made from 100%
Miscanthus (39N). In conclusion, they argue for the use @aal as a binding agent for biomass
destined for bioenergy and bioproduct processes, haghlight an additional end use for algal
biomass (Tapa et al., 2015). Ometto et al. (20hdved thatScenedesmus obliquus andChlorella

sp. take up nitrogen and phosphorus at rates hitjiaer 90%, the biomass being converted to
biogas after thermal hydrolysis (used as a prdsireat to improve biogas production during
anaerobic digestion) by a threefold increase inhare yield. Interestingly, compared to a
traditional activated sludge process, the additiceatiary microalgal treatment generates an
integrated process potentially able to achieveouf€o energy efficiency (Ometto et al., 2014).

It is well known that microalgae species can bedusebio-fertilizer as an alternative to the use of
synthetic fertilizers, thus diminishing for examplee aggressive synthetic fertilizer use in the
paddy field (Dineshkumar et al., 2018). Microalgae a cheap source of nitrogen, ensuring eco-
friendly environment by avoiding chemical pollutiespecially when wastewaters can be used for
their growth (Dineshkumar et al., 2018). Furtherepowastewaters derived from municipal,
agricultural, and industrial activities could prdei cost-effective and sustainable means of algal
growth for biofuels, especially by combining wast¢er treatment by algae (including pollutants or
nutrient removal) with biofuel production (Pittmai al., 2011) or special compounds production
(i.e. lipids) for biodiesel or for fish foods suppients.

There are also pioneering papers showing theiidteesancerning the use of green algae both for
nutrient removal and lipid synthesis (Xin et aD1R; Feng et al., 2011)

In agreement with the tasks of Institute of Biologithin the ABAWARE Project and with our
previous work (Ardelean, 2015; Ardelean and Mar2€4,6; Ardelean et al., 2017; 2018; Moisescu
et al., 2018) the aims of this paper are: i) thengh of previously selected mixed populations of
photosynthetic microorganisms (both cyanobactanth green microalgae) able to take up organic
and inorganic pollutants from synthetic wastewatémicking outlet water from RAS, in order to
obtain newly synthesized biomass; ii) the use @fipsynthesized biomass as a source of valuable
compounds such as lipids, proteins and pigmentsr@bhyll a and carotenes); iii) the development
of valuable methods to harvest the immobilized pbgtthetic biomass, able to be used at large
scale and long term applications in real life.

2. MATERIALSAND METHODS

Photosynthetic microorganisms. The cells were selected as previously shown (&ateland
Manea, 2016; Ardelean et al., 2017; 2018; Moisestwal., 2018), grown immobilized on a
hydrophobic support and harvested weekly by twofedht methods. The immobilized
photosynthetic microorganisms were immersed in t@gsels containing 500 mL of synthetic
wastewater. Every two days the water was removediltogtion and the dry weight biomass
production was determined gravimetrically afteruibation at 60C until constant weight between
two consecutive drying periods.

Synthetic wastewater composition was according to Takaya et al. (2@biBfed 4 times.

Lipid content was estimated by the phosphor vanillin methodi(feaml., 2016). Microalgal paste
was resuspended in 2:1 parts of chloroform: methgww) by manually shaking the tube
vigorously for a few seconds or until the biomassswlispersed in the solvent system. Finally, a
0.73% NaCl water solution was added to producel@® 8 system of chloroform: methanol: water
(v/viv). The phospho-vanillin reagent was prepdrgdlissolving 0.75 g vanillin in 0.125 L distilled
water and mixed with 500 mL of 85% phosphoric awtution. The final concentration of reagent
was 1.2 mg vanillin per mL of 68% phosphoric a8dnflower oil was dissolved in chloroform (10
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mg in 10 mL for a final concentration of 1 mg Ml and different concentrations (10-1p6) of
standard lipid samples were prepared in clean gl@ts. The vials were incubated at 90°C for 10
min to evaporate the chloroform. Concentrated suiphacid (0.1 mL) was added to each vial, and
then heated at 90°C for 10-20 min. After cooling@anfor about 5 min, 2.4 mL of phospho-vanillin
reagent was added and allowed to develop for 1Q uamtil the colour of the sample turned pink
(Park et al., 2016)

Chlorophyll a was extracted in 90 % methanol and the conceotratlculated using the following
equations: [Chl a] = 16.29 E665.2 — 8.54 E652.04P2002).

Carotenoids were measured spectrophotometrically using theifreddmethod of Mackinney
(1941) as presented by (Boyer, 2006). Briefly, @vn volume of culture was centrifuged at
4000xg for 10 min. The supernatant was decantedredame volume of methanol was added to
the pellet. The mixture was incubated in a watéh lza 55°C for 15 min and then centrifuged at
4000xg for 10 min. The absorbance of the extragtfAs measured against blank of free methanol
at 650, 665, and 452 nm. Carotenoids were estimageohg/mL of culture suspension using the
following equation: Carotenoids (ug/ mL) = 4.2 A4520.0246 (10.3 A665 — 0.918 A650)].

Total soluble proteins were estimated using the method of Boyer (200@jerAcarotenoids
extraction, residual cells were extracted using MaOH in a boiling water bath for 2 h. The ratio
of absorbances at 280 nm vs. 260 nm was used itoa¢stthe protein concentration using the
following formula: mg protein/mL = A280 x correctidactor (Boyer, 2006).

3. RESULTS AND DISCUSSIONS

In Table 1 there are presented the results comggrthie production of wet and dry biomass by
photosynthetic microorganisms grown in synthetgideal wastewater. The excess of wet biomass
was harvested and collected by centrifugation etw@oydays (or three days over the weekend) and
the overall dry biomass collected during 7 days.

Table 1. Biomass weekly collected by centrifugation from 3L of artificial wastewater

: . Wet biomass () Total wet Total dry
Harvesting Time 2 days 2 days 3 days biomass (g) biomass (g)
7 days 10.426 3.974 3.471 17.871 0.843
Centrifugation 7 days 4.27 2.744 3.297 10.311 0.735
7 days 3.546 3.293 5.995 12.834 0.736

In Table 2 there are presented the results comgprtine production of dry biomass by
photosynthetic microorganisms grown in synthetsideal wastewater. The excess of wet biomass
was harvested and collected by filtration each tags (or three days over the weekend) and the
overall dry biomass collected during 7 days.

Table 2. Biomass weekly collected by filtration from 3L of artificial wastewater

Harvesting Time 2 days Dry 2'3':;55 (@) 3 days Total (7 days) dry biomass (g)
7 days 0.093 0.073 0.117 0.283
Filtration 7 days 0.099 0.072 0.107 0.278
7 days 0.074 0.069 0.08 0.223
7 days 0.053 0.103 0.108 0.264
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One can see that by using two different methodsaofesting, the quantity of the collected biomass
is different. One should take into account thatgreving medium is limited in inorganic nitrogen,
the growth being far away from optimum. This lintida@ in nitrogen source could nevertheless be
an advantage for lipid synthesis (Li et al., 2008).

This dry biomass has been analysed with respelipith carotenes, proteins, and chlorophyll a
content. In Figure 1 there are presented the caratems of these compounds.
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Figure 1. Some chemical components within the dry biomass produced during artificial wastewater treatment by
previoudy selected photosynthetic microorganisms

In this paper, there were evaluate only the comémiomass with respect to total lipids, proteins,
carotenes and chlorophyll a but the list of potdntaluable compounds is not restricted to the ones
mentioned above.

However, our reported results with previously skddcphotosynthetic microorganisms (both
prokaryotes and eukaryotes) are modest as compatiedesults reported in literature using green
microalgae with more complex growing conditions. dnpioneering paper, Xin et al. (2010)
investigated the freshwater microal§eenedesmus sp. LX1 for its ability to both remove the
nutrients and to accumulate lipids during its gfowh the secondary effluent. During this
experiment, the dry weight reached 0.11°§dnd, after a trigger of nitrogen deficiency on day

the lipid content reached 31-33% of dry weight,uacglating at a rate of 8 mg lipid/L/day.
Interestingly, all these events occurred while ¢bure was removing inorganic nutrients by over
98% in 10 days (Xin et al., 2010Ehlorella wulgaris was also used for simultaneous artificial
wastewater treatment and lipid biosynthesis in oo aeration photobioreactor (CAP), under
batch and semi-continuous cultivation, with varialasly culture replacements (Feng et al., 2011).
Their results are very promising, the highest lipashtent was 42% (average value of the phase) and
the lipid productivity was of 147 mg/L/day. Furth@sre, in these conditions the nutrient removal
efficiency was 86% (COD), 97% (NB, and 96% (TP), respectively. The authors conadutiat,
according to their results, this will lead to ameoemical technology of algal lipid production.

45

http://www.natsci.upit.ro
*Corresponding author, E-mail addressstina.moisescu@ibiol.ro




Current Trendsin Natural Sciences Vol. 8, Issue 15, pp. 42-2019

Current Trends in Natural Sciences (on-line) Current Trends in Naturaiébces (CD-Rom)
ISSN:2284-953X ISSI9284-9521
ISSN-L:2284-9521 SIS-L: 2284-9521

Our reported results with respect to lipid conteret much lower that the above data from literature.
Trying to understand these large differences, ptssvays to overcome them in the future, one

possible explanation is based on the fact thaetpéstosynthetic microorganisms were previously
selected mainly for their capacity to use nitrai®monium, phosphorous, and organic compounds
as nutrients, thus assimilating them in the cedhiass. However, other analysed components (i.e.
total protein content) open the possibility to ube obtained biomass as potential food for

herbivorous fish, for example.

4. CONCLUSIONS

The growth of previously selected consortia of pkghthetic microorganisms (both prokaryotes
and eukaryotes) in artificial wastewater mimickitige composition of outlet water from RAS
allowed a weekly harvest of around 0.27 and 0.®ygbiomass by filtration and centrifugation,
respectively from 3L of wastewater

Chemical analysis of the harvested biomass showddlfowing concentrations: lipids — 58.15,
proteins — 301.0, chlorophyll a — 3.32 and caraen20 mg substance/g dry weight biomass.
These results argue the potential of using the assmof selected consortia of photosynthetic
microorganisms (both prokaryotes and eukaryotesy eenewable source of lipids, proteins, and
pigments and, potentially, for other compounds.

5.ACKNOWLEDGEMENTS

This work is funded by ABAWARE Project, financeddam the ERA-NET Co-Fund Water Works 2015
Call. This ERA-NET is an integral part of the 2Q1dint Activities developed by the Water Challenfygsa
Changing World Joint Program Initiative (Water JPThanks are due to Mrs. Marinela CIRNU for very
skilled technical assistance.

6. REFERENCES

Ardelean, I. I. (2015). Selection of oil-containipgpulations of phototrophic microorganisms fortlier biodiesel
production. International Conference of the RSBMBjcharest, 17-18 September 2015, AGIR Publishing
House, 53.

Ardelean, A. V., Ardelean, I. I., Sicuia-Boiu, O..,ACornea, P. (2018). Random mutagenesis in photiostiic
microorganisms further selected with respect toeiased lipid contengciendo, 1, 501-507. DOI: 10.2478/alife-
2018-0079

Ardelean, A. V., Cirnu, M., Ardelean, I. I. (2018election of microalgal strains with low starcmtamt as potential
high lipid - containing isolatescientific Bulletin. Series F. Biotechnologies, XXI, 210-215.

Ardelean, I. I, Manea, M. (2016). Indoor cultivati of selected oil — containing consortia of phgitketic

microorganisms for further biodiesel productionelpninary financial evaluationScientific Bulletin. Series F.
Biotechnologies, XX, 237-242.

Benemann, J., (2013). Microalgae for biofuels amichal feedsEnergies 6, 5869-5886.

Borowitzka, M. A., (2013). High-value products fromicroalgae-their development and commercialisatidn
Appl.Phycol. 25, 743—-756.

Boyer, R. (2006). Biochemistry Laboratory: Moddaimeory and Techniques, Benjamin Cummings, New York

Dineshkumar, R., Kumaravel, R., Gopalsamy, J., §iKd.N.A, Sampathkumar P. (2018). Waste MicroalgaeBio-
fertilizers for Rice Growth and Seed Yield ProdutyBiomass Valor, 9, 793. ttps://doi.org/10.100A2649-
017-9873-5

Ehime, E.A., Holm-Nielsen, J.B., Poulsen, M., Bosdsid, J.E. (2013). Influence of different pre-tneamt routes on
the anaerobic digestion of a filamentous aldreaew. Energy, 50, 476—-480.

Feng, Y.J., Li, C., Zhang, D.W. (2011). Lipid pration of Chlorella vulgaris cultured in artificialastewater medium.
Bioresource Technology; 102, 101-105.

Koszel, M., and Lorencowicz E. (2015). Agriculturade of biogas digestate as a replacement fersli2griculture
and Agricultural Science Procedia, 7, 119-124.

46

http://www.natsci.upit.ro
*Corresponding author, E-mail addressstina.moisescu@ibiol.ro




Current Trendsin Natural Sciences Vol. 8, Issue 15, pp. 42-2019

Current Trends in Natural Sciences (on-line) Current Trends in Naturaiébces (CD-Rom)
ISSN:2284-953X ISSI9284-9521
ISSN-L:2284-9521 SIS-L: 2284-9521

Krishna G., Kim S.H.and Sung K.I. (2013). Ensilioigfish industry waste for biogas production: a ¢afale evaluation
of biochemical methane potential (BMP) and kinetiisresour ce technology, 127, 326-336.

Li, Y., Horsman, M., Wang, B., Wu, N., Lan, C.Q2008). Effects of nitrogen sources on cell growtid dipid
accumulation of green alga Neochlorisoleo abund@pg. Microbiol. Biotechnol. 81(4), 629-636.

Moisescu, C., Ardelean, A.V., Ardelean, I. I. (2p18election of photosynthetic microorganisms cotisable to
remove nitrate and phosphorus, to be further useRAS. WATER AND FISH 8th INTERNATIONAL
CONFERENCE June, 13 - 15 2018 Faculty of AgricdfuBelgrade, Serbia, Proceedings Conference, 349-38
ISBN 978-86-7834-308-7

Ometto, F.,Whitton, R., Coulon, F. , Jefferson, B/illa R. (2014). Improving the Energy Balance af Integrated
Microalgal Wastewater Treatment ProcessWaste Bisnvador, 5: 245. https://doi.org/10.1007/s12649-013
9230-2Waste Biomass Valor 5, 245. https://doi.dddl007/s12649-013-9230-2

Oswald, W.J. (1988). Micro-algae and wastewatetinent. Cambridge Univ. Press., 305.

Park, J., Jeong, H. J., Young Yoon, E., Joo Moor{2816). Easy and rapid quantification of lipichtents of marine
dinoflagellates using the sulpho-phospho-vanillietihhod.Algae 31, 391-401.

https://doi.org/10.4490/algae.2016.2171

Pittman, J.K., Dean, A.P., Osundeko, O. (2011). pdiential of sustainable algal biofuel productiming wastewater
resourcesBioresour. Technol. 102, 17-25.

Porra, R. J., (2002). The chequered history ofdéeelopment and use of simultaneous equationshratcurate
determination of chlorophylls a andPhotosynthesis Research. 73, 149 - 156.

Takaya, N., Catalan-Sakairi, M. A. B., Sakagudhj Kato, I., Zhou, Z., Shoun, H., Aerobiemtrifying Bacteria
That Produce Low Levels of Nitrous Oxid¥&ppl Environ Microbiol. 69, 3152-3157.

Thapa, S., Johnson, D.B., Liu, P.P. Canam T. (20ABal Biomass as a Binding Agent for the Densifion of
Miscanthus Waste Biomass Valor, 6, 91https://dgi11.1007/s12649-014-9326-3

Tiron, O., Bumbac, C., Manea, E., Stefanescu, Mta,NV. (2017). Overcoming Microalgae harvestingriga by
activated algae granuleXientific Reports, 7, 4646.

Velea, S., Oancea, F., Fischer, F., (2017). Hetgpbic and mixotrophic microalgae cultivation, indwalgae Based
Biofuels and Bioproducts from Feedstock Cultivatimn End-Products, (Eds. C. GonzalezFernandez and R.
Munoz ) Elsevier, 45-66.

Vuppaladadiyam, A. K., Prinsen, P., Raheem, A.,ugyR., Zhao, M., (2018). Microalgae cultivatiordanetabolites
production: a comprehensive revigsiofuels, Bioprod. Bioref.. doi:10.1002/bbb.1864

Ward, A.J., Lges, A.K. (2011). The potential ohfiand fish oil waste for bioenergy generation: Nayvand beyond.
Biofuels 2 (4), 375-387.

Xin, L., Hong-Ying, H., Jia, Y. (2010). Lipid accudation and nutrient removal properties of a nevdglated
freshwater microalga, Scenedesmus sp. LX1, growirsgcondary effluentNew Biotechnol. 27, 59—-63.

a7

http://www.natsci.upit.ro
*Corresponding author, E-mail addressstina.moisescu@ibiol.ro




