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platensis Using Inorganic Filtration
Membranes

N. Rossi, L. Petit, P. Jaouen, P. Legentilhomme,
and M. Derouiniot

Laboratoire de Génie des Procédés Environnement-Agroalimentaire,
GEPEA UMR CNRS, Nantes, France

Abstract: The present work deals with the concentration and the separation of
Arthrospira platensis from a diluted culture medium. Among the different ways to
operate this liquid/solid separation, this paper is focused on the membrane alternative.
The general framework of this experimental study is the MELISSA project from the
European Space Agency (ESA) for the development of life support systems in
Space. The performances of fourteen inorganic membranes (microfiltration and ultra-
filtration) were evaluated. According to the results, the operating conditions and the
influence of phycocyanin and exopolysaccharides on the fouling phenomenon were
investigated on the best membrane. A critical aspect to monitor along the process is
the quality of the product in terms of composition of the main cell macro-components,
such as proteins and exopolysaccharides. The ultrafiltration membrane ATZ-50kD
exhibited the best permeation flux and cleanability. An increase of fluid velocity and
transmembrane pressure is energy-consuming. A good compromise between this
consideration and the gain in terms of permeation flux is close to 3m-s ' and
2-10° Pa with the selected membrane and with a cyanobacteria suspension concen-
tration ranging from 50mg-L ™ 'to 1g-L™".
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INTRODUCTION

If natural populations of photosynthetic microorganisms have been exploited
for centuries (Nostoc in Asia, Spirulina in Africa and North America for
sustenance), the potential of microalgae biotechnology has only been
recently investigated. Among commercially used species, the cyanobacterium
Arthrospira platensis (formerly Spirulina) is one of the most widely employed
and well-studied. Applications have been found in many fields: food (owing to
high nutritional quality), cosmetics, environmental uses (pollutants removal),
aquaculture and maybe, in the future, therapeutic interest. Because of its
nutritional qualities, A. platensis has been selected by the European Space
Agency (ESA) in another application: the development of auto-regenerative
biological life support systems for future manned missions in space, such as
Moon or Mars exploration. In fact, the realization of long term space
missions requires a number of critical technologies to be developed in order
to supply the most important needs. One of them is, obviously, life support
for the crew. Basically, the term “life support” comprises four main
functions (1): atmosphere regeneration for respiration, water recycling,
waste treatment, and generation of food. For these kinds of interplanetary
missions, involving several crew members and long distances, resupply of
water, food, and oxygen from earth is not feasible, in both technical and econ-
omical terms. For this reason, any life support system be as regenerative as
possible. Such a system will be based on photosynthetic organisms, such as
higher plants and algae, providing edible material. This model system,
called MELISSA (Micro Ecological Life Support System alternative),
consists of a loop of interconnected photobioreactors and a higher plant
chamber (Fig. 1) (2). Compartment I ensures the degradation of the waste
material, Compartment II allows the fatty acids treatment before Compart-
ment III, where the transformation of the nitrogen source from ammonium
ions to nitrate (more easily assimilable by higher plants and A. platensis in
the last compartment) is achieved. Finally, Compartment IV is devoted to
the production of food and oxygen (3, 4).

The present work is dedicated to the study of Compartment [Va, in charge
of the culture of A. platensis, and more precisely the harvesting step of this
edible biomass. It is relevant to the LSSS (Liquid Solid Separation System),
a part of the MELISSA project which aims to concentrate and separate micro-
organisms from a diluted culture medium. Usually, this liquid-solid separation
is processed using sieving, centrifugation, and filtration (5, 6). The present
paper is focused on the performance of different inorganic membranes (micro-
filtration and ultrafiltration) which represent a valuable alternative to the use of
the previous conventional techniques. According to the results, the operating
conditions and the fouling phenomenon were investigated on the best
membrane. A critical aspect to monitor along the process from the photo-
bioreactor to edible material is the quality of the product in terms of composition
of the main cell macro-components, such as proteins or exopolysaccharides.
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Figure 1. MELiISSA Advanced Loop Concept (2).

MATERIALS AND METHODS
Biological Material

The cultures of A. platensis, grown in a modified Zarrouk-medium have
been, for a large part, provided by Alpha Biotech company (Assérac, Loire
Atlantique, France). The production mode in Alpha Biotech is semi-continu-
ous; the processed culture was taken in the middle of the exponential growth
phase. The pH of the culture was equal to 9.5 + 0.5. In order to compare the
performance of the tested membranes, all comparative experiments have been
carried out with the same cell concentration level in dry weight. The strain
of A. platensis is PCC 8005 (Institut Pasteur, Paris, France). Another part of
A. platensis was cultivated in our laboratory, GEPEA-UMR CNRS-6144 of
the University of Nantes, with the same strain PCC 8005, pH = 9.5 + 0.5,
30°C. The photobioreactor employed in this case was the Luxfors
model (from Infors, Massy, France), having a total volume of 3.6 litres
(Fig. 2). Instrumentation includes pH, temperature, and dissolved
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Figure 2. Photovioreactor INFORS used for A. platensis cultivation (GEPEA-
CNRS). a—fluorescent tube, b-sparger, c—condenser, d—inlet, e—O, sensor,
f—harvesting tube, g—temperature sensor, h—CO, sensor, i—rotor, j—harvesting tube,
k—external cooling jacket.

oxygen measurements. Illumination was provided through 16 external
fluorescent tubes (Gro-lux F8W /TS5, France) distributed all around the bio-
reactor. Illumination was measured with a LI-Cor 1400 quantum sensor
(Lincoln, NE, USA).

Analytical Methods

Cell concentration was determined by suspended solids measurements carried
out at 105°C until a constant weight was obtained (Whatman glass microfiber
filters GF/F, Maidstone, UK) and by measuring the absorbance of the medium
at 750 nm (Spectrophotometer Lambda 10, Perkin-Elmer, Wellesley, USA)
which allows, using a calibration curve, the determination of the concentration
of the suspended materials.

Phycocyanin concentration in the culture medium was estimated by the
method of Siegelman and Kycia (7). The amount of phycocyanin was calcu-
lated from optical densities (OD) of permeate measurements at 615 nm and
652 nm: [phycocyanin] (g‘L_l) = (ODg;5 — 0.474 ODgs,)/5.34.

The determination of exopolysaccharide content in the culture medium is
carried out using a phenol-sulphuric acid method (8, 9).

Cells viability tests consisted of doing a coloration test, MTS, and a
reviviscence test. The MTS [3-(4,5-dimethylthiazol-2-yl)-5-(3-
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carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium] allows to detect
living cells. The method is based on the reduction of the MTS in vivo by
the cells having an active metabolism, and the reaction produces formazan
released in the culture. This red compound has a maximum absorbance at
490 nm. Then it is possible to estimate the quantity of living cells by means
of absorbance measurements and comparisons with a model sample (10).
Samples of Arthrospira platensis, which are taken before, during and after fil-
tration experiments, are used to re-inoculate a medium culture (Zarrouk
modified). Then the cells growth is observed and quantified during a 10-day
period at T = 30°C (incubator).

Experimental Set-up and Operating Parameters

The experimental set-up (Fig. 3) is identical for all experiments. Operating
pressure is adjusted with a throttling valve and controlled by a pump. This
pump is a monoscrew one, Moineau type (PCM Pump, Vanves, France), the
main feature of which is to generate low shear stress (11, 12). The
instantaneous measurements of the permeation flux are carried out using a
Mettler PM 4600 balance, linked to a personal computer fitted with a data
acquisition software.

Pout
Throttling valve ?
{>T<} Retentate i I
! Ultrafiltration
IZI Permeate : Microfi/Itration
: module
v pin

Arthrospira suspension Flowmeter

p;, pressure before MF/UF module
P, pressure after MF/UF module

T temperature

Figure 3. Microfiltration /ultrafiltration experimental set-up.
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Membranes were of the inorganic tubular three-channel type from
Tami-industries (Nyons, France) with a 93.75 cm? effective permeation
area. Two materials have been tested:

i. ATZ (Zr-O,-TiO;, filtering layer on a Al,O3 support, commercial desig-
nation: Céram inside) and

ii. Titanium (TiO, filtering layer on a Al,O3 support, commercial desig-
nation: Pure Titanium) with various cut-off/pore size (Table 1).
Titanium membranes exhibit hydrophobic behavior, whereas ATZ
membranes are less hydrophobic.

After each experiment, the membrane is rinsed using demineralized water
at 20°C, then with warm water at 70°C before the set-up of a chemical
cleaning procedure. This chemical sequence includes two steps:

i. first Alkaline solution of soda (NaOH) 70°C, 20 g - L', 30 min;

ii. second acid solution of nitric acid (HNO3) 50°C,4.5¢- Lfl, 15 min, with
a demineralized water rinsing at 20°C between each step (13). The
sequence is repeated until the regeneration of the membrane, i.e. the
recovery of the initial water flux (+5%). The pure water flux (J,) of a
membrane after cleaning denotes its cleanness.

Characterization of the Membrane State

During the filtration process, permeation flux declines owing to the accumu-
lation of solutes and particles at the membrane surface and/or to pore
clogging. Darcy’s law reports the solvent passage through the membrane
(Jo expressed in m?-s”~'-m™?) as a function of the applied pressure. This
equation involves the hydraulic resistance as follows:

Prm
Jo=—— (1)
o - Rm
where m denotes the solvent dynamic viscosity (Pa-s) and R, (m™
the intrinsic membrane resistance, Pty (Pa) is the transmembrane pressure.

Table 1. Cut-off and pore diameters of ATZ and titanium inorganic tubular
membranes

Ultrafiltration Microfiltration

ATZ 15kD, 50kD, 150kD 0.14 um
TITANIUM  1kD, 10kD, 50kD, 100kD,  0.14 wm, 0.2 wm, 0.45 pm, 0.8 pum,
300kD 1.4 um
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R, is determined by the resistance-to-flow obtained with ultrapure water and
should be a constant value for a given membrane operating at a given temp-
erature. During the filtration of a fluid containing both soluble molecules
and suspended solids, additional resistances appear in association with
different kinds of fouling phenomena (14, 15):

au @)

J=
n: (Rm + Rirr + Rrev)

Ry, (m~") denotes the adsorption resistance due to strong chemical
interactions between the membrane, the solutes and the fluid, the removing
of this part requires a chemical cleaning.

R, (m— 1) represents the total fouling resistance due to the combination
of two phenomena:

i. concentration polarization and

ii. cake formation which induce substantial resistance to permeation; this
part is eliminated by means of rinsing steps. Hydrodynamical conditions
can also influence R, (16).

RESULTS AND DISCUSSION
Material and Cut-off/Pore Size Selection

Different commercial membranes from Tami-industries were experimented
in isoconcentration mode (with both permeate and retentate recycling) in
order to establish a discrimination. Performances can be estimated
according to the permeation flux and cells retention. According to our speci-
fications, the membrane must stop all the solid fractions, and this condition is
satisfied in all cases: laser granulometric measurements and microscopic
observation did not reveal any cell in the permeate. Consequently, the per-
formance of the best membranes can only be assessed from their permeation
fluxes.

Whatever the membrane considered in the present study, the flux declines
rapidly during the first 30 minutes. After this time, the flux declines slowly to
reach an apparent steady state value. Performances of the different membranes
are estimated according to the evaluation of this steady state permeation flux at
120 minutes, J»1, (m3 s 'm2orL-h'-m?.

A strong difference can be observed between ATZ and TITANIUM
membranes (Fig. 4). Permeation flux with ATZ is systematically greater,
with a difference of 23% between the ATZ 50kD and the TITANIUM
50kD and equal to 33% between the ATZ 0.14 pm and the TITANIUM
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Figure 4. Steady state permeation flux, J,,, with inorganic membranes (isoconcen-
tration: Co=450mg-L ~'; Ppy =10 Pa; T=20°C; Re=1000). UF=
ultrafiltration membranes and MF = microfiltration membranes.

0.14 p.m. The most suitable cut-off is around 40—50 kD, whatever the material
tested.

Concerning the comparison between ultrafiltration and microfiltration,
the best ultrafiltration membranes seem more efficient in terms of permeation
flux, even if the difference is not really pronounced, than the best microfiltra-
tion membranes after 2 hours of A. platensis treatment. Figure 5 illustrates the
comparison between ultrafiltration and microfiltration in terms of long time
permeation flux.

However, whatever the material constituting the membranes, signifi-
cant differences of ultrapure water permeation fluxes are observed between
ultra and microfiltration membranes. For example, J, is respectively
330L - h™' - m™? for the ATZ 50kD and of 2240L - h™' - m™> for the
ATZ 0.14 pm. Microfiltration membranes with large pore diameters appear
more sensitive to fouling, which is probably increased by the presence of
cells fragments and debris.

Consequently, this fouling layer seems to act as a second membrane in
series with the real one, and thus quickly masks the intrinsic membrane’s
characteristics. Consequently, the cleaning of ultrafiltration membranes is
easier than for microfiltration ones and therefore requires less chemical
products (Table 2).

According to the high fouling potential of microfiltration membranes and
the advantage of ATZ comparing to Titanium in terms of permeation fluxes,
the most suitable choice is ATZ-50kD.
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Figure 5. Variations in fluxes with time for ultrafiltration (ATZ-50kD) and micro-
filtration membranes (ATZ—-0.14 wm). (Isoconcentration: C,=1g- L L Py =10°
Pa; T =20°C; v= 1m-s '; Re = 1000).

Operating Parameters

A notable aim of this study is dedicated to the setup of a reliable separation
system in order to harvest the edible biomass of Arthrospira platensis. After
a first step consisting of hardware selection, operating parameters have to
be precised and fouling phenomena have to be well-known. The tangential
fluid velocity (linked to Reynolds number and shear stress) and the trans-
membrane pressure are the main parameters which allow the control of the
separation efficiency. Biomass concentration in the suspension is also

Table 2. Different regeneration steps after ultrafiltration or microfiltration runs in the
same hydrodynamical conditions

Microfiltration Ultrafiltration

ATZ-0.14 pm ATZ-50kD
Jo(L-h™'-m™?) 2240 330
Jun(L-h™'m™? 24 29
Number of chemical cycles 12 7
NaOH consumption (g) 480 280
NOsH consumption (mL) 120 70

-1,

s

(Isoconcentration: C, = lg-Lfl; Pri=10° Pa; T=20°C; v=1Im-s
Re = 1000).
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another parameter which has an influence on the ultrafiltration performance.
Actually, membrane separation can suit different process configurations: a
direct concentration of biomass from the photobioreactor (in this case, the cya-
nobacteria suspension is concentrated around 1000 mg - L™ ") or membranes
can be used after a first separation step (centrifugation or ultrasonic process
(17)) as a finishing technique. In the latter case, the treated cyanobacteria sus-
pension is more diluted (around 50 mg - Lfl).

In all cases, an increase of fluid velocity leads to an increase of the steady
state permeation flux whatever the pressure (Fig. 6). A high fluid velocity
reduces membrane fouling thanks to the increase of deposit removal. On the
other hand, a higher fluid velocity increases shear stress sustained by cyano-
bacteria cells. For each fluid velocity, there is an optimal pressure, after
which a further increase in transmembrane pressure will not improve perform-
ance and even induces a flux decrease (see Fig. 6¢c at 1 and 2m - s 1. Such a
phenomenon has already been observed with other biological suspensions
(microalgae, bacteria, apple juice, etc.), which characterize a polysaccharides
presence in the medium. Extra-secretion of exopolysaccharides (EPS) can
explain such flux drop with pressure. Indeed, these EPS released in the
culture medium can induce the formation of a gel layer (by aggregation)
which is further compressed and generates an additive resistance to
permeation. The EPS excretion by several species is linked to the growing
conditions and also to shear stress (18).

The influence of hydrodynamical parameters is shown in Fig. 7 in terms
of membrane resistances. The reversible resistance, R,.,, and irreversible one,
Rj;, increase with transmembrane pressure, and decrease with fluid velocity.
R,ev always represents the major contribution to the overall fouling resistance.
The intrinsic resistance, R, is constant whatever the experiments. For a given
pressure, when the fluid velocity increases, R;,, decreases but represents a
more important part of the total resistance because R,, becomes less
important. We notice that simple water rinsing allows the membrane to
recover more than 50% of its initial performance (R,.is eliminated by
means of water rinsing steps), which appears satisfactory, considering that
no chemical product is needed.

Increasing fluid velocity and transmembrane pressure is energy-
consuming, a good compromise solution between this consideration and the
gain in terms of permeation flux is close to 3m-s ' concerning the fluid
velocity and 2-10° Pa for transmembrane pressure with the ATZ
membrane S50kD and with a cyanobacteria suspension concentration
ranging from 50mg - L™' to 1000mg - L ~".

During a 2-hour ultrafiltration run, an average loss of 13% of Arthrospira
platensis biomass is observed no matter what the hydrodynamical parameters.
The deposit of A. platensis cells, which are not in circulation at the end of the
run, is due to dead zone retention and deposit in low shear stress areas (piping,
pumps, and valves). The dead volume of our set-up has been minimized, a
very large part (around 90%) of this lost biomass is easily removed and
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Figure 6. Influence of fluid velocity and transmembrane pressure on the steady state
permeation flux for three biomass concentrations, isoconcentration: Cy = 50mg - L™
(62), 450mg - L' (6b) and 1000mg - L ~' (6¢), (ATZ-50kD; T = 20°C).

goes back in circulation after a very short rinsing step (twice the dead volume
of the installation).

This temporary retention is not an important drawback, since some
reviviscence tests have shown that, after the ultrafiltration run, cells are still
alive and can grow again.
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Throughout ultrafiltration, one can observe the formation of fragments of
Arthrospira platensis filaments without major cellular degradation. The
fragmentation of the filaments is not very traumatizing because very few
cells are locally necrosed. According to the coloration tests with MTS (10),
whatever the hydrodynamical experimental conditions, the quantity of cells
keeping their metabolic activity after a several-hour ultrafiltration run
remains around 90-95% compared with that observed before membrane
processing.

Membrane Fouling

Membrane fouling is due to the presence, in the suspension to be filtered, of
foulant substances released by Arthrospira platensis: exopolysaccharides
(EPS) and some proteins, particularly the phycocyanin (19). Exopolysacchar-
ides are naturally excreted by the cyanobacteria (20). This excretion can be
intensified considering the shear stress sustained by the microalgae in the
pilot unit.

Intensive shear stress can also induce a rupture of the cell membrane,
thereby releasing its content, especially phycocyanin (21).

Influence of the Culture Conditions on Membrane Fouling

Arthrospira platensis has been cultivated in the Infors photobioreactor (30°C,
Zarrouk-medium modified by Alpha Biotech, pH = 9.5) with different culture
conditions as follows:

Test 1: light level = 80 W - m~ 2 during 24 hours, maximum irradiance of the
PBR during 24h00,

Test 2: light level = 80W - m~? during 12 hours and darkness during 12
hours, maximum irradiance during 12 hours and darkness during 12 h,

Test 3: light level = 40W - m~ 2 during 12 hours and darkness during 12
hours, half of the maximum irradiance during 12 hours and darkness
during 12 h.

Part of the culture was extracted from the photobioreactor in the middle of the
exponential growth phase. Light variations can induce EPS quantity variations
because EPS production is closely linked to salinity change and strongly
depends on light intensity (22, 23).

Table 3 shows a decrease of the steady permeation flux, J,;, with an
increase of EPS quantity in the medium culture, for the same hydrodynamical
ultrafiltration conditions. Between each test, the membrane is cleaned and the
initial water flux, Jo =312 L - h™!.m? (+5%), is recovered. We observe a
sharp and systematic effect between a first filtration and a subsequent filtration
of the same suspension cultivated in the same conditions (light, mixing, pH,
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Table 3. Steady permeation flux and EPS and phycocyanin contents

16/09 04/09  11/09  01/09  08/09

Test 1 Test 2-a  Test 2-b  Test 3-a  Test 3-b
80W -m Zduring  40W -m 2 during

8OW - m > 12 hours and 12 hours and
Conditions during 24 h darkness 12 h darkness 12h
Ly@L-h™'-m™? 38.3 44.7 38.3 42,0 32,0
EPS (mg/g A. platensis) 450 43 484 40 179
before ultrafiltration
EPS deposit (%) 12.6 - 15.7 - 352
Phycocyanin 10 14 63 38 43
(mg/g A. platensis)
before ultrafiltration
Phycocyanin deposit (%) 91 35 46 78 29

(Biomass concentration = 1000 mg - L% Ppq=15 10° Pa; T=20°C;
Re = 3800; ATZ membrane 50 kD).

and temperature) but not during the same time. The semi-batch culture mode
results in an EPS accumulation which explains the difference between 2a and
2b (id. 3a/3b). One notices a decrease of the J = f(t) profile between the first
and the second filtration, of 30% for tests 3 and 17% for tests 2. Operating con-
ditions are yet exactly the same and the initial water fluxes of membranes are
identical; the only factors having changed are the quantities of exopolysac-
charides and phycocyanin released by the microalgae, which have increased
inside the photobioreactor. The results allow to suspect a strong implication
of EPS and/or of phycocyanin on membrane fouling.

Chronologically, the quantity of EPS in the culture medium increases, the
quantity of phycocyanin also increases at the beginning and then decreases
after a given value of secreted EPS is reached. It is well known that a
moderate cell density (around 2g-L~"), with high irradiance, results in
relatively low cell contents of chlorophyll-a and phycocyanin, whereas high
irradiance enhances EPS production (19) (Table 3).

Does Phycocyanin Contribute to Membrane Fouling ?

When Arthrospira platensis cells are disrupted, after cycles of freezing,
thawing and sonification or crushing with mortar, maximum values of phyco-
cyanin released are around 150 mg - g~ '. Whatever the adopted hydrodynamic
experimental conditions, phycocyanin rates measured during all our ultrafil-
tration experiments have always been rather low (between 15 and
30mg- g~ "). We have never observed a blue coloration, characteristic of
the presence of phycocyanin, during our ultrafiltration experiments. In
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conclusion, cyanobacteria release a very small amount of phycocyanin. That
fits with the previous conclusion: “The fragmentation of the filaments is not
very traumatizing, with limited cellular degradation.” Therefore, the contri-
bution of phycocyanin in the membrane fouling mechanism is probably
minor compared to that of EPS.

Influence of Exopolysaccharides on Membrane Fouling

To measure the impact of exopolysaccharides on membrane fouling we have
tried to separate the culture medium from the cells. So, we have settled
Arthrospira platensiscoming from the photobioreactor. Each time, high
biomass concentration suspensions have been chosen (more than 2 g - LY
in order to ensure a quick and almost complete settling. The floating liquid
obtained through settling was limpid and contained very little biomass.

A floating liquid (containing only 115mg-L~" of biomass) has been
filtered under the same operating conditions as a cyanobacteria suspension
with 1000mg-L~' of biomass. The two suspensions contained
515mg-L~"' of exopolysaccharides and no phycocyanin, and we found
very similar J = f(t) curves (Fig. 8).

Figure 9 shows the ultrafiltration of two floating liquids (containing only
45mg - L™ of biomass) with different EPS concentrations (65mg - L™" and
130 mg - L~ "). These two algal suspensions were cultivated in our photobior-
eactor in same conditions (light, mixing, pH, and temperature) but not during
the same time. These algal suspensions have been settled in order to get the
floating liquids. Ultrafiltration runs were realised under the same operating

180

160 —=— A. platensis suspension, 1000 mg/L of biomass, EPS= 515 mg/L
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—e— Floating liquid, 115 mg/L of biomass, EPS 515 mg/L
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Figure 8. Variation of the permeation flux during ultrafiltration (isoconcentration,
Prv = 1.5 10° Pa; T = 20°C; Re = 3800; ATZ membrane 50kD).
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Figure 9. Variation of the permeation flux and transmembrane pressure during
ultrafiltration of EPS suspensions (isoconcentration, Py =2 - 10° Pa; T = 20°C;
Re = 11400; ATZ membrane 50kD).

conditions and with the same initial water flux. With a transmembrane
pressure of 2 - 10° Pa, the permeation flux declines more quickly with a
high EPS concentration (130 mg - L_l) and J,y, is 15% lower in this case
than the one obtained with the 65mg - L~"' EPS concentration. This obser-
vation in terms of permeation flux may be explained by the formation of a
gel layer of exopolysaccharides which is compressed at the membrane
surface and thus generates an additive resistance.

These results clearly show that the quantity of EPS is crucial for the build-
up of the fouling layer, much more than the number and the size of the cells
and fragments in the suspension.

CONCLUSION

In order to concentrate and to separate Arthrospira platensis from a diluted
culture medium, the performance of inorganic membranes was evaluated.
The ultrafiltration membrane ATZ-50kD exhibited the best permeation flux
and cleanability. It could be underlined that a similar study made on
organic membranes has pointed out an ultrafiltration membrane with cut-off
of 40kD among a large panel of ultrafiltration and microfiltration
membranes (24).

The operating conditions were investigated. With the selected membrane
and a cyanobacteria suspension concentration ranging from 50mg-L ™" to
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1000mg - L ~ ', a fluid velocity of 3m - s~ ' and a transmembrane pressure of
2.10° Pa is a good compromise between energy consumption and membrane
performance.

Whatever the hydrodynamical ultrafiltration conditions, one can observe
the formation of fragments of Arthrospira platensis filaments without major
cellular degradation. The foulant substances released by the cyanobacteria
in the filtered suspension generate the membrane fouling phenomena. The
contribution of phycocyanin is minor compared to that of exopolysaccharides.
EPS form a gel layer which is compressed at the membrane surface and
generates an additive resistance increasing with transmembrane pressure.
These results have clearly shown that the quantity of EPS is crucial for the
build-up of the fouling layer, much more than the number and size of the
cells and fragments in the suspension.
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