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Microalgae biotechnology is a recently technic used successfully in the
treatment of real-scale wastewater treatment plants to obtain bioenergy, an
example of this is the All-gas Project. This project (All-gas, 2016)
has been developed and is currently operating in the wastewater treatment
plant (WWTP) of El Torno, situated in Chiclana de la Frontera (Spain). It is the
first worldwide installation that operates a conventional WWTP of active
sludge, with an installation of microalgae for dewatering and energy purposes
at same time.

On the other hand, the problems associated with emerging pollutants in
wastewater, especially those associated with pharmaceuticals, are a matter of
great concern to the scientific community and governments themselves. Proof
of this is the large number of scientific articles being produced (Daughton,
2016), as well as the preparation and analysis of a regulatory framework at EU
level.

The aim of this study is to analyze the treatment and removal capacity of these
pharmaceutically active compounds (PhACs) in a wastewater treatment plant
that allows the comparison of two completely different technologies, one
based on biological active sludge processes (eutrophic aerobic processes) and
the other on treatment processes using microalgae cultures (autotrophic
processes) based on open systems (raceways). In the second case, two
treatment options were analyzed; one with a previous pretreatment (before
high rate algae pond, HRAP) using an anaerobic process such as upflow
anaerobic slugde blanket (UASB), and the other without pretreatment of UASB,
but with a subsequent dissolved air flotation (DAF) separation system.
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Sample preparation and analytical method
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The conventional Municipal WWTP, El Torno, is
located in Chiclana de la Frontera (Spain)
(36°25'38"N 6° 9'21"W), serves a population of
45000 equivalent inhabitants and actually treats
an average flow rate of 8500 m³· dˉ¹ .

The non conventional WWTP, was a pilot scale
installation located in the WWTP El Torno. This
experimental treatment process (ALL-GAS Project)
consist of three UASB operated at ambient
temperature followed by six HRAP that treat an
average flow rate of 9 m³·dˉ¹.
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APHA, AWWA, WPCF (2008) – Gravimetric analysis

Köthe & Bitsch (1992) – Colorimetric analysis

Baena-Nogueras et al. (2016) –
Solid Phase Extraction  & UPLC-MS/MS

1. Both processes (conventional and non
conventional) have a similar PhACs removal
percentage (>90%). Nevertheless, there are
significant differences in the removal of
specific PhACs. Some analgesics &
antiinflammatories presented removal
percentages as high as 95% while some
psychiatric drugs show removal percentages as
low as 10%.

2. Depending on the chemical, the removal
capacity using conventional wastewater
treatment can be equal (Salicilic Acid), higher
(Naproxen) or lower (Diclofenac) than using
UASB and microalgae biotechnologies.
However the efficiency of microalgae was also
higher than of the conventional line for some
of the most important therapeutic classes such
as antibiotics (63%) and other drugs (77%).

3. Further in-depth studies on the
pharmaceutical removal using microalgae
technology must be performed to determine
the specific removal mechanisms for selected
target compound (sorption, photolysis,
biodegradation, bioaccumulation…).
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  COD±SD TSS±SD TDN±SD TDP±SD 

Influent (mg Lˉ¹) 697 ±176 230 ±86 44 ±5 5 ±0.5 

Conventional effluent (mg Lˉ¹) 50 ±5 19 ±7 33 ±6 1.2 ±0.4 

Non-conventional effluent (mg Lˉ¹) 121 ±60 109 ±132 12 ±7 0.4 ±0.1 

Average chemical oxygen demand (COD), total suspended solids (TSS), total
dissolved nitrogen (TDN) and total dissolved phosphorous (TDP) in the WWTP
influent and effluents of wastewater treatment technologies studied.

The average removal efficiency for
therapeutic class measure was 98% in the
conventional line. This high efficiency is
illustrated in the graphic, where analgesics
and anti-inflammatories were no longer the
compounds having the highest concentrations
in treated wastewater and compounds such
as salicylic acid were then excluded from the
list of the top-ten most abundant
pharmaceuticals.

The rest of therapeutic classes were removed with
poor (<30%) or moderate efficiency (40-70%) from
the wastewater independently of the technology
used. Many of the compounds belonging to these
classes were within the top-ten most abundant
PhACs in the effluent of the conventional line and
also detected after HRAP and DAF treatments.


