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A B S T R A C T

Microalgae cultivation appears to be a promising technology for treating nutrient-rich effluents from anaerobic
membrane bioreactors, as microalgae are able to consume nutrients from sewage without an organic carbon
source, although the sulphide formed during the anaerobic treatment does have negative effects on microalgae
growth. Short and long-term experiments were carried out on the effects of sulphide on a mixed microalgae
culture. The short-term experiments showed that the oxygen production rate (OPR) dropped as sulphide con-
centration increased: a concentration of 5 mg S L−1 reduced OPR by 43%, while a concentration of 50 mg S L−1

came close to completely inhibiting microalgae growth.
The long-term experiments revealed that the presence of sulphide in the influent had inhibitory effects at

sulphide concentrations above 20 mg S L−1 in the culture, but not at concentrations below 5 mg S L−1. These
conditions favoured Chlorella growth over that of Scenedesmus.

1. Introduction

Anaerobic membrane bioreactors (AnMBRs) have been reported as a
more promising technology for wastewater treatment than conven-
tional aerobic treatments for their several advantages: i) higher energy
recovery from organic matter as biogas, ii) reduced power consump-
tion, and iii) up to 90% reduction in sludge production (Giménez et al.,
2011). However, AnMBRs are not able to remove nutrients from was-
tewater (Aiyuk et al., 2006), which means some post-treatment is re-
quired before discharging wastewater in sensitive areas (European
Directive 91/271/CEE). In this respect, microalgae cultivation appears
to be a sustainable technology for treating AnMBR effluent, allowing
not only nutrient removal but also the possibility of moving towards
water resource recovery in the sewage treatment field (Ruiz-Martínez
et al., 2012; Viruela et al., 2016).

Autotrophic microalgae are photosynthetic microorganisms which
use light energy and inorganic carbon (CO2 and HCO3

−) to grow. They
also require high amounts of inorganic compounds, such as ammonium
( +NH4 ) and phosphate ( −PO4

3 ), which can be obtained from a nutrient-
rich wastewater stream (Tan et al., 2016). The microalgae biomass
generated can be used as an energy source, since it can be converted
into biogas, biodiesel, biohydrogen, fertilizers and high-value products

(Maroneze et al., 2016). The combination of an AnMBR and a micro-
algae cultivation system is therefore a win-win strategy, since it would
be feasible to recover both nutrients and other resources such as energy
and water from the wastewater. However, among other issues, it must
be taken into account that sulphate is reduced to sulphide in an AnMBR
by means of sulphate reducing bacteria (SBR). In acid sulphate soils,
such as those typically found in the Mediterranean Basin, water (and
therefore wastewater) contains high concentrations of sulphate. AnMBR
effluent is thus expected to have high sulphide concentrations but low
sulphate concentrations (Giménez, 2014).

Sulphide has been reported to inhibit the photosynthesis process of
microalgae, as it reduces the electron flow between the photosystem II
(PSII) and photosystem I (PSI) (Pearson et al., 1987; Miller et al., 2004).
By way of example, Küster et al. (2005) studied the toxicity of the
Scenedesmus microalgae through the inhibition of cellular reproduction
during a one-generation cycle lasting 24 h. Their results showed 50%
inhibition when the sulphide concentration was around 2 mg S L−1.
González-Sánchez and Posten (2017) studied the deployment of a
Chlorella sp. culture for biogas upgrading and found that these micro-
algae were inhibited at sulphide concentrations higher than
16 mg S L−1. However, as sulphur acts as macronutrient for microalgae
growth, the absence of sulphide or sulphate in the medium can also
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limit microalgae growth (González-Sánchez and Posten, 2017). This
means that before setting up a microalgae culture to treat sewage on an
industrial scale, it will be necessary to analyse the effects of introducing
sulphide into the system, such us inhibition, nutrient limitation, species
distribution in the culture, etc.

The aim of this work was thus to study the effect of sulphide on
mixed microalgae culture in tertiary sewage treatment. Short-term ex-
periments were carried out on a bench-scale and long-term pilot-scale
experiments in an outdoor membrane photobioreactor (MPBR) using as
growth medium the nutrient-loaded effluent from an AnMBR plant at
the Carraixet full-scale WWTP (Giménez et al., 2011).

2. Material and methods

2.1. Microalgae substrate

The microalgae substrate used for both the short and long-term
experiments was the nutrient-rich effluent from an AnMBR plant, which
is described in detail in Giménez et al. (2011) and Robles et al. (2013).
The AnMBR influent was from the pre-treatment of the Carraixet WWTP
(Valencia, Spain): screening, degritter and grease removal. The average
nutrient concentrations of the microalgae substrate during the experi-
mental period were: ammonium 58.4 ± 4.8 mg N L−1 and phosphate
7.5 ± 0.5 mg P L−1, with an N:P molar ratio of 17.3 ± 1.3. Nitrite
and nitrate concentrations were negligible. The substrate also had a
total COD concentration of 57 ± 8 mg COD L−1, alkalinity of
810 ± 47 mg CaCO3 L−1, VFA of 1.5 ± 0.6 mg HAc L−1, and sul-
phide of 112.7 ± 13.8 mg S L−1. Sulphate was detected in negligible

concentrations. This microalgae substrate was expected to favour mi-
croalgae growth over other organisms as it contained low amounts of
COD and TSS but high concentrations of nutrients.

The variability of the nutrient load during the experimental period
was associated with variations in both WWTP and AnMBR perfor-
mance.

2.2. Microalgae inoculum

The microalgae used in this study were originally collected from the
walls of the secondary clarifier in the Carraixet WWTP (Alboraya,
Spain). The inoculum consisted of a culture dominated by Scenedesmus
(> 99% eukaryotic cells), but it also contained other genera such as
Chlorella, Monoraphidium, as well as diatoms, bacteria and cyano-
bacteria in negligible concentrations. This inoculum was used because
these microalgae had already been adapted to the outdoor conditions
(light, temperature, etc.) of the location.

Prior to the inoculation of the photobioreactors (PBRs) in the MPBR
plant, the culture was adapted to the microalgae substrate (see Section
2.1) under laboratory conditions as described in González-Camejo et al.
(2017). After this pre-cultivation step, a start-up phase was carried out
in the MPBR pilot plant, which consisted of the following: i) inoculation
of the PBR with the microalgae culture from the laboratory (pre-culti-
vation: 10% of the total working volume with a biomass concentration
between 300 and 500 mg VSS L−1 and 90% of the total working volume
with microalgae substrate: AnMBR effluent); ii) conditioning stage in
batch mode until reaching pseudo-steady state conditions (i.e. reaching
stable microalgae biomass concentration); and iii) semi-batch mode

Fig. 1. General view: a) Front view; b) Top view;
c) Experimental set-up. Nomenclature: 1:
Magnetic stirrer; 2: Erlenmeyer flask; 3: Oxygen
and temperature probe; 4: Oximeter; 5: Biocalibra
software; 6: Led lamp on.
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