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A B S T R A C T

The capability of the microalgae Chlorella vulgaris (Cv) for biomass production and nutrients removal under
different wastewater quality has been studied. Cv was cultivated in a standard medium (Marine labs American
society of microbiology-derived medium, MLA) blended with primary wastewater (PWW), secondary wastewater
(SWW) and petroleum effluent (PE) in different volume ratios. Macro and micro nutrients were characterized in
each solution, and the impact on the rate of biomass growth (specific growth rate, μ) and removal efficiency (RE)
determined for the bulk nutrients (total nitrogen TN and total phosphorus TP) along with a range of macro- and
micro-nutrients.

PWW, SWW and PE media were found to provide an appropriate quantity and balance of nutrients to promote
significantly more rapid algal growth than the standard medium MLA, with high nutrient RE achieved at the end
of cultivation period. Over a 13-day period the highest biomass concentration Xmax of 1.6 g L−1 was attained for
PWW with corresponding values of 1.2 d−1, 80% and 100% for μ, and TN and TP RE respectively. μ decreased to
0.75 d−1 for a 75%:25% blend of PWW with MLA and to 0.54 d−1 on further decreasing the blend ratio to
25:75 PWW: MLA, with corresponding TN removal efficiencies of 85% and 76% respectively; 100% removal of TP
was obtained throughout. There was a slight increase in Xmax, μ and TN removal of 1.16 g L−1, 0.62 d−1 and
83% respectively for SWW. The lowest Xmax of 0.64 g L−1 in PE was recorded was associated with values of 0.31
d−1, 79% and 100% for μ, and removal efficiencies of TN and TP respectively.

1. Introduction

Municipal and industrial wastewaters require treatment for removal
of organic carbon and nutrients (nitrogen, N and phosphorus, P) prior
to discharge. Photobioreactors (PBRs) using microalgae present a po-
tentially economically viable alternative to conventional aerobic bio-
logical methods for wastewater treatment (Rawat et al., 2011) since
they offer the potential of resource recovery and recycling (Christenson
and Sims, 2011). Microalgae have attracted considerable attention for
this duty, with reference to their capability for bulk nutrient (N and P)
removal (Table 1), combined with simultaneous CO2 capture (Levine
et al., 2010). As well as these bulk nutrients, other macro nutrients and
micro nutrients, the latter commonly regarded as micropollutants, are
also assimilated during algal growth (Table 2). Some micro-nutrients
may be added to commercial algal cultures together with a chelating
agents such as EDTA (Fogg and Thake, 1987; Whitton, 2012) to sustain
algal growth.

Chlorella vulgaris (CV) is unicellular green algae, its photo-
autotrophic growth is generally limited by depletion of nutrients

(especially nitrogen), light attenuation, change in pH, carbon limita-
tion, and accumulation of photosynthetic oxygen (Yuvraj and Singh,
2016). C. vulgaris has great potentials as future industrial bioenergy
producers and for bioremediation of different wastewater qualities due
to its robustness, high oil content, mixotrophic culturing condition, and
high growth rate under various harsh conditions and tolerant to high
levels of heavy metals (Zhigang et al., 2013).

Table 1 Whilst bulk nutrient removal capability of PBRs has re-
ceived attention (Table 1), attaining consistent removal efficiency va-
lues so as to meet the increasingly stringent wastewater standards re-
mains a challenge. Moreover, the capability of PBRs for micro-nutrient
removal has received little attention (Table 2), despite the increasing
focus on the fate of micro-nutrient and their abatement in wastewater
treatment processes. This study aims to address this knowledge gap
with reference to one of the most commonly studied algal species
(Chlorella vulgaris, Cv) along with the N and P in combination with a
range of macro and micro-nutrients. Specifically, the influence of dif-
ferent wastewater quality on the growth rate and nutrient (macro and
micro) removal capability of Chlorella vulgaris will be investigated.
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