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A B S T R A C T

The ability of microalgae to grow in nutrient-rich environments and to accumulate nutrients from wastewaters
(WW) makes them attractive for the sustainable and low-cost treatment of WW. The valuable biomass produced
can be further used for the generation of bioenergy, animal feed, fertilizers, and biopolymers, among others. In
this study, Scenedesmus obliquus was able to remove nutrients from different wastewaters (poultry, swine and
cattle breeding, brewery and dairy industries, and urban) with removal ranges of 95–100% for nitrogen, 63–99%
for phosphorus and 48–70% for chemical oxygen demand. The biomass productivity using wastewaters was
higher (except for poultry) than in synthetic medium (Bristol), the highest value being obtained in brewery
wastewater (1025mg/(L.day) of freeze-dried biomass). The produced biomass contained 31–53% of proteins,
12–36% of sugars and 8–23% of lipids, regardless of the type of wastewater.

The potential of the produced Scenedesmus obliquus biomass for the generation of BioH2 through batch dark
fermentation processes with Enterobacter aerogenes was evaluated. The obtained yields ranged, in mL H2/g
Volatile Solids (VS), from 50.1 for biomass from anaerobically digested cattle WW to 390 for swine WW, whereas
the yield with biomass cultivated in Bristol medium was 57.6 mL H2/gVS.

1. Introduction

Wastewater management is an increasing concern worldwide due to
the growing population and industrialization. The uncontrolled dis-
charge of domestic and industrial wastewaters into the environment
results in serious pollution problems, making wastewater treatment a
mandatory process (Posadas et al., 2015).

Many industries produce a huge amount of wastewater in their
processes, namely the food processing industry. In particular, the ef-
fluents derived from the dairy and brewery sectors are rich in organic
compounds, such as proteins, as well as in phosphates, ammonia and/or
nitrate (Raposo et al., 2010). Slaughterhouses generate large volumes of
wastewaters, which are characterized by high organic (e.g. residual
blood, skin, fat, manure, etc.) and nutrient loads. These industries are
intense water consumption activities, generating large volumes of

wastewaters (Table 1), containing high loads of organics and nutrients
that need to be removed before they can be discharged into the en-
vironment. Due to their characteristics, these industrial wastes are a
suitable cultivation medium for mixotrophic microalgae, with carbon/
nitrogen (C/N) and nitrogen/phosphorus (N/P) ratios favorable for
microalgae growth (Maroneze et al., 2014).

Microalgal-bacterial processes have been widely studied for nu-
trients removal and constitute a cost-effective and sustainable alter-
native to conventional wastewater treatment technologies due to their
potential for cost-free oxygenation and efficient nutrient removal (Su
et al., 2012, 2011). Microalgae provide, through photosynthesis, the O2

needed by bacteria for the oxidation of organic matter and NH4
+. They

also consume NH4
+ in a must faster process than oxidation by bacteria.

Simultaneously, the nutrients are assimilated into the algal-bacterial
biomass, as a result of their combined auto- and heterotrophic growth.

https://doi.org/10.1016/j.envres.2018.02.007
Received 22 December 2017; Received in revised form 6 February 2018; Accepted 7 February 2018

⁎ Corresponding author.
E-mail address: luisa.gouveia@lneg.pt (L. Gouveia).

Abbreviations: bioH2, Biohydrogen; COD, Chemical Oxygen Demand; FAME, Fatty Acids Methyl Ester; FM, Fermentation Medium; GC, Gas Chromatography; HRT, Hydraulic Retention
Time; TKN, Total Kjehldahl Nitrogen; VS, Volatile Solids; WW, Wastewater

Environmental Research 164 (2018) 32–38

Available online 22 February 2018
0013-9351/ © 2018 Elsevier Inc. All rights reserved.

T

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Repositório do LNEG

https://core.ac.uk/display/161376571?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://www.sciencedirect.com/science/journal/00139351
https://www.elsevier.com/locate/envres
https://doi.org/10.1016/j.envres.2018.02.007
https://doi.org/10.1016/j.envres.2018.02.007
mailto:luisa.gouveia@lneg.pt
https://doi.org/10.1016/j.envres.2018.02.007
http://crossmark.crossref.org/dialog/?doi=10.1016/j.envres.2018.02.007&domain=pdf

	Ferreira_Biotechnology_Circular Bioeconomy_WWs_Sc_H2_2018
	Combining biotechnology with circular bioeconomy: From poultry, swine, cattle, brewery, dairy and urban wastewaters to biohydrogen
	Introduction
	Material and methods
	Wastewater treatment
	Wastewater sources and characterization
	Microalga cultivation and biomass characterization

	Biohydrogen production from the microalga biomass
	Fermentative bacterium culture conditions
	Substrate
	Dark fermentation assays
	Analysis of the gas phase (headspace) composition


	Results and discussion
	Pollutant removal by Scenedesmus obliquus in different wastewaters
	Scenedesmus obliquus biomass characterization
	Scenedesmus obliquus as feedstock for biohydrogen production by Enterobacter aerogenes

	Conclusions
	Acknowledgments
	References





