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A method for producing biomass from a microalgae includes
I ultullng lhc uucroalgae hl Iln I:ill ocul glinted ul scaw Iltek; A
method likr blorcmedlating;m clllumlt includes culturing a
nucroalgae ul thc ellluent diluted ul seawater. The nucroal-
gae is at least one of a strain of the genus igodukk rim a strain
of the genus ('//lysi/rein/ukrdiu, a strain of the genus Ho/-
or/I)ore/ha or combinations thereof. At the beginning of
culturing, the diiuted elguent exhibits concentrations of total
nitrogen (N) in thc range of 30-150 mg/I and concentrations
of total phosphorus (P) ul the rmlgc ol'-15 mg/1. The N,'P
quotient is in the rmlge ol'-40
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METHOD FOR PRODUCLNG BIOMASS
FROM A MICROALGAE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is the United States national phase
of International Application No. PCT/ES2021/070017 filed
Jdn. 15, 2021, and clauns prionty to Spamsh Patent Appli-
cduon No. P202030030 (i)cd Jan. 17. 2020, Ihe disclosures
ol'hich are hereby uicorporated by rcfi:rcncc ui their
entiretv

1)A('K()R(R&N) )

)iield

[0002] The uivmition rclatcs io Ihe usc ol'cfiluenis from
wasteivater treatinent as a source of nutrients tiir culturiiig
niicroal ae

Description of Background Art

[0003J xyater contaniiiiation is one of the most serious
problems for our planet. which. together with the limimtions
in the avaiLability of water in large areas of the planet. can
result in a danger to the health of thc populauon. Currmilly,
dfi wastewater in dcvcloped cmuitncs is treated ui mmn
treatment plants and, subsequently, the discharge thereof
into the sea or rivers is afiow:ed, after a series of complex
purification treatments In a wastewater purification prncess,
the sludge accumulated in an initial liltration phase is treated
in anaerobic digesters„ to reduce the volume and toxicity
thcrcof. This process mainly produces medianc, dry sludge
and reject water (cfilumit). Methane is reused as a source of
cncrgy in many trcatmcnt plants, dry sludge is gmierafiy
reused as peat, but the fmction of reject v ater (eAiuent)
returns to the treatment plant to be treated 'Ibis type ofwater
is a big problem. since this efiluent exhibits a very signifi-
cant contaminant load, v ith high concentrations of nitmte,
dnunomum and phosphate, BOD mid COD, as well as
bactcnd. Tlm incorporation Of this type of water in thc Aow
of d wastewater Ircatmcnt plant causes a severe problmn
since the efiluent alters all the chemical parameters nf the
treated water Iior this reason, in some treatinent plants it is
stored until favoumsble conditions are found for the pun(i-
cation thereof. The composition of the eifiuent varies con-
siderably from onc region to anodier mid is always a
luilC(ion of IAC Oilgiil Of tllC sliidgC bCiilg IiinitCA. Its high
contamurdnt load, high concentrations of iunmonia and
bacteria. as well as nunierous infectious agents harniful to
the population, animals and plants are also evident. Cur-
rently, the removal of contaminants from this water is very
costly and tune consuming. However. this reject water
(cfilucnt) can be used as a source of nuIricnts for cultuwng
inicrodlgiic, since it coil(sins iiiilrltlonal rex)utreiucnm of
dlgac 111 dil iidcquatc proportion, in addition Io a illiich iov 1'1

bacterial concentration since the eAiuent is typically
obtained under anaerobic cimditions. In additinn to being
usehd in the purification of this wastewater. the use of an
efiluent as a source of nutrients for culturing microalgae
leads to thc production ol'iomass with cconomm benclit.
This biomass cau bc used as a source fiir a fi:rtiliscr,
pesticide, fctx), fi:cd Rir lish, biofuel, lct luei. biodicscl,
pignient, surfactant, cosmetic, pharmaceutical agent. health
supplement. or the manufacture of bioplastic The use of

v astewater treatment efiluent as a source of nutrients for the
production of nucroalgdl bionuiss has bixu shown Io be
elfcctivc in many riwent a(udice Thc eukaryotic micron)gee
nxist frequently used in ivastewater treatment are of the
genus C/i(nre//a, Srenedcsnins, 4/ar)e//Opsis, Bid/r&sicimnar
and Nannoch/Craps/1 and also the cyanobacterium Pbnr-
inidiam bahneri. However, the optimal eifiuent concentra-
tion that can be used as a source of nutrients in the
production ol'micros)gee hds to be inihwduafiy studied in
each case. It must bc Iakmi into account that thc cfiluent
concentratinn varies widely fmm one treatnient plant to
aiaither 1 herefore, the grov th rate and robustness of
microalgal cuitures are not in afi cases sufiicient to be
efficient in water purification.
[0004] Therefore, detecting, bioprospecting, identifyin
and characterisuig strains contuiues to bc onc ol'he fundd-
meuIal objectives in Ibis i)pe of study, Io search I'or Ihe
highest pmduction rates, the ability to remove nutrients,
resistance to pathngens and bacteria, and the optimisation of
the bioniass nbtained.

SUMMARY

[0005J )he inventors Iiave found that the strains ofeukary-
otic micros(gee C&rrvsaret)drardia girandn BE 1 IDA
0071B nnd Jfa/ac/dare//a rabescens BE.A IDA 0072B, and
stmins of cyanobacteria Ãadalaria rpiningena BE 1 IDA
0069B (according Io a previous taxonomic study. thc strain
BEA IDA 0069B had bema idcnulicd with 0 species of
Anahacna sp ) and Nrrdn(aria barvcvana l3I',A IDA 0070i3
(according to a previous taxononiic study, the strain l3I(A
IDA 0070B had been identified ivith a species of Dalicbos-
Pcrmain sp.) exhibit significant rates of biomass production
and removal of contaminants when cultured in a culture
medium prepares) by diluting mi cfiluent from thc Salto dei
Negro treatment phmt (Gran Canana, Spaui) ui seawater at
0 5%, m such a way that. in the diluted effiuent. concentra-
tions of N total nitmgen (amnioniuni and nitrate)~f )06
m /I and concentrations of P total phosphonis (orthophos-
phate) of 3.75 ntg/I are achieved. These concentrations
result in an N/P quotient of 31.3.
[0006] Tluis. a lirst aspect of thc invention rclatcs to a
method for producing biomass I'rom a microalgac, wherein
the method comprises culturing the micros)gee m an eAiuent
diluted m seaivater, ivherein the micros)gee is selected from
the group cnnsisting of a strain of //ada/aria, a strain of
C/ir& rarem/&ardia, a strain of ffa/oc/1/arc//a, and coiubina-
tions thereof, tvherein the diluted effiuent exhibits, at the
bcgumuig of thc culture.

[0007J concentrations of total nitrogen (N) of 90 610

mg/I (i.e., in the 30-150 mg/I mnge), preferably in the
60-100 mg/I range and more prefemsb)y in the 70-90
mg/I range;

[00(OJ concentrations of total phosphonis (P) of g 7

mg/I (i e., in the 1-15 mgii range), preferably in the
2-10 mg/I range and niore prefemsb)y in the 3-6 mg/I
range;

[0009] provided ihai thc N/P quoucnt is in thc 5-40
mange, preferably in the 15-3g mange and more prefer-
ably in the 25-35 range

[0010] A second aspcci the uivention rclatcs to a method
fiir thc bioremcdiauon of an efiluent, wherein the method
comprises culturing a micros)gee in thc CIAucnt diluted in
seawater, wherein the microai ae is selected fmm the gmup
cmisisting of a stmsin of the genus Ã~rda/aria. a strain of the
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enus C'hrvsoreuihurdiu, a strain ofthe genus HTT!Orh/orc//0,
and combulatiom thcreol; wherein thc diluted efllucut
exhibits. al the beginning ol thc culture.

[00) IJ concentrations of total nitrogen (N) of 90 60
mgil (i e., in the 30-150 mg/I range). preferably in the
60-100 mg/I range and more preferably in the 70-90
ntgui range„

[0012] concentrations of total phosphonis (P) of 8 7
mg/I (1 c., ul the 1-15 mg/I ran c), prelbrably in thc
2-10 mg/I range and morc preli:rably ul lhe 3-6 mg/I
ran e;

[0013] provided that the N/P quotient is in the 5-40
range. prefemsbly in the 15-38 range and more prefer-
ably in the 25-35 range.

[0014] An additional aspect of the invention relates to a
method for producing a biomass cxlracl ol a nucroalgae,
w hei i:ul Ihi: nil:lhod i:omprlscs cullunng lhc nucroiilgac ul
an efiluent diluted in semvater, wherein the micros)gee is
selected from the group consisting of a stnsin of the genus
/vrrdu/uriu, a stcdin of the genus ( hrl Turriuhurdiu.:1 strain
of the genus Huiorhiurciiu, and combinations thereof,
lvherein the diluted effluent exhibits, at the be innin of the
c ulnae.

[0015] concentrations of total nitrogen (N) Of 90 60
nlg/I (i.e., in the 30-150 mg/I osnge)„preferably in the
60-100 m /I range and more preferably in the 70-')0
nlg/I range,

[0016[ concentrations of total phosphonis (P) of 8 7
mg/I (i.e.. in the 1-15 mg/I mange). preferably in the
2-10 mg/I range and morc prcfi:rably ul tlm 3-6 mg'I
idngiu

[0017] provided that the N/P quotient i ~ in the 5-40
range. preferably in the 15-38 nsnge and more prefer-
ably in the 25-35 range,

harvestin the biomass from the microalgae by filtratio,
subjecting the micmalgal biomass to a cellular breakage
method, and obtainulg thc extraci resullmg from cellular
brcdl age.
[0018] Another aspect of the invention relates to a met)aid
filr producing a processed material fmin microalgal bio-
mass, wherein the nlethod comprises (a) producing nucroal-

al bionlass accordin to a method according, to the Iirst
aspect of the invention. and (b) producing a processed
maleual from micros)gal biomass.
[0019] Alasl aspccl of the ulvcnllon relates to a nucroalgdl
bionlass obtainable by nleans of the method for producing
bionlass from a micmalgae of the first aspect of the inven-
tloi'1

[0020] In addition, the ulvcnlion rclatcs to thc usc Of a
nucrodlgal biomass according to lhe present ulvenlion 10

pmduce a processed material. wherein the processed mate-
rial is selected from the group consisting of a fertlliser,
pesticide, feed, feed for fish, bionic), jet fuel, biodiesel,
pigment, surfactant, cosmetic, pharmaceutical agent. health
supplement. or bloplastics

BRIEF DESCRIPTION OF THE DRAWINCTS

[OOZ)J I'l(i. I Principal components analysis anxmg the
nlain parmneters (nutrient composition, N/P quotient, bac-
terial activity, sahnity. pH, conductivity, dry w:eight and
('DOM) in f/2 medium and in the difierent dilution percent-
ages of the e)fiuent.
[OOZ2J I'l(i. 2 Production (mean Sl)) of the strains cul-
tured in a clean f/2 mediunl and in 0 5'!! of effluent

[OOZ3] FICI. 3. Bacterial growth rate (chl/ml d)
(mean SD) for lhc ddlcrcnl slrauls cultured in f/2 medium
and in 0.5% elllucnl.
[0024] FIG. 4. CDOM (PPB) (mcun SD) Ibr thc ihifcrenl
strains cultured in fi2 medium and in 0 5%i of effluent.

[IR)25J FI(i 5. ('hemical composition of the micros)gee
strains tested in a cleml f,'2 nledium and in 0 5% of effluent
The results are expressed as a percentage of the biomass in
dry weight.

f)E'I'AII.EI) D)1SCRIPI'ION

[OOZ6] As explained above. the inventors have found that
stmins of eukaryotic micros)Sue Chrvsoreiii/iurdiu giruudii
BEA IDA 0071 B and ifu/orh/orc//0 ruhesrcus BE.%
IDA 0072B. mid strains ol'yunobdclcriu rs/Odu/uriu spumi-
geuii BEA IDA 0069B (according to a previous taxonomic
study, the strain 13EA IDA 0061))3 had been identified ivith
a species of.4uuhueuu sp.) and iVriduiuriu hurvei uuu 13EA
IDA 0070)3 (according 10 a previous taxonomic study. the
strain BEA IDA 0070B had been identified with a species
of Du/irhuspcriuimi sp.) exhibit efflcient rates 01 biomass
ploducllon and rcnloi al 0f conuinunanls whi:0 ciiltulixl ln a
culture mcs)ium prcparcd by diluting un cfllucnt fmm a
treatment plant in (irml ('anaria in seawater at 0 5%v, in such
a way tlmt, in the diluted efiluent, concentrations of N total
nitrogen (ainmonium and nitrate)~)f 106 mg/I and conceu-
tratlons of P total phosphorus (orthophosphate) of 3.75
m /I are aciueved. These concentrations result in an N/P
quotient of 31.3.

Methods of the Invention

[0027] Thus. a hrst aspect of the invention relates to a
method for producing biomass from a microalgae, wherein
thc method composes culturing the micros)gee in an cflluenl
diluted ul seawater, wherein lhe micros)gee m selcclcd from
the group consisting of a strain of the genus /Ouduiuriu, a
strain of the genus (710vrrrri uhurdiu, a strain of the genus
/fu/urhiureiiu, and combinations thereof, wherein the
diluted effluent exhibits. at the beginning of the culture:

[0028] concentrations of total nitrogen (N) of 90 60
mg/I (1.0., in lhc 30-150 mg/I rungc), preferably in lhe
60-100 mg/I rmlgc and morc preli:rably ln the 70-90
nlg/I i doge,

[0029J concentrations of total phosphonis (P) of 8 7

mg/I (i e., in the 1-15 mgil range), preferably in the
2-10 mg/I range and more preferably m the 3-(i mg/I
range;

[0030] provided ihai thc N/P quoucnt is in thc 5-40
range. preferably in the 15-38 range and more prefi:r-
ably in the 25-35 range

[0031] In a second aspect. the invention is related to a
method for bioremediating an e)fiuent. wherein the method
comprises culturing a micros)gee in thc cfflucnt diluted in
seawater, whcrcul lhc nncrodlgae is ac)cetus) from lhe gmup
cmlsisting of a stosin of the genus Ãrrduiuriu. a strain of the
genus ('/TD surei ahurdi u. a strain of the genus Huiuciiir irciiu,
and combinations thereof. Tvherein the diluted efilueot
exhibits. at the beginning of the culture

[0032] concentrations ol'otal rutrogcn (N) of 90 60
mg/I (1.0., in lhc 30-150 mg/I rungc), preferably in lhe
60-100 ing/I range and more preferably in the 70-90
frig/I 1"ulge;
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[0033] concentrations of total phosphonis (P) of 8 7
mg/I (i.c., u& thc 1-15 mg/1 range), prelerably in the
2-10 mg/I range and morc prcfi:rably ul tiw. 3-6 mg'J
range;

[UIB4] provided that the N/P quotient i ~ in the 5-40
range. preferably in the 15-38 mlnge and more prefer-
ably in the 25-35 range

[0035] In a general manner. biomass is understood as the
material produced by the growth and/or propa ation ofcells,
of nucloolgiinbnls, pit&a&s ol Bnunals. 11u: blonldss can
con&dul cells itnd/ol a&Ilia:clltllal con&ca&, Bs well Bs cxtla-
cellular material Jixtracellular material includes, but is not
linlited to, compounds secreted by a cell. Jn the context of
the present invention, bionlass is material produced by the

rowth and/or propagation of a microal ae.
[0036] According to the present invention. the tern&
'*nncroalgac" generally rclatcs to a nucroorg&mism selcctcd
from eul dryot&c microalgac imd cyanobacteria. Eukaryotic
nucrodlgac are un&cellular spccics thai ex&st uldw &dually, or
in chains or @Cups and that are typically found in freshwater
and marine systems l)epending on the species. they can be
anytvhere from a few microns (um) to a few hundred
microns in size. Eukaryot&c microalgae are capable of pho-
tosynthesis. They produce about half the atmospheric oxy-
gen and simultaneously use thc carbon dioxide from thc
grccnJ&ouse gas to grow photoautotroplucally. Cyanobactc-
ria are a group of photosynthet&c bacteria, some ofwinch fix
nitmgen. that hve in a wide variety of wet soils and water,
either freely or in a symbiotic relationship w:ith licben-
fonning pLlnts or fiingi. They range from unicellular to
fiLamentous and include colomal species. Colonies can foml
lilamcn&s. sheets or even hollow spheres.
[0037] In the methods of thc present mvcnt&on, the
nucrodlgac is sclcctcd from Ilm group consislulg of a slrmn
of the Benus Hudiiluriu, a strain of the genus ChO:Iureis-
liurdiu, a strain of the genus Huluchliirellu, and combma-
tions thereof. In a prev&ous taxonomic study, the strain of the
genus iVoduluria had been identified with a suain of the
gt

nits .4

ud but'iiu. Bnd/ol w1 lb a slid nl of thc gent& s Dolichus-
yi'puiiiipl..Vuihild pitl ls a genus ol cvdllobsclctld of Iiu: older
Nos&ocalcs. of Ihc lalnlly Aphalllzonlenonace&tc. Pf Bubueiiu
is a Benus of cyanobacteria of the order Nostocales, of the
Nostocaceae family /)ulichuspermimi is a genus of cyano-
bacteria of the order Nostocales, of the family Aphanizom-
enonaceae. Chrysoreiuhurdiu is a genus of the order Sarci-
nochrysnlales and of thc fanuly Cluysocystaccae.
//alochlorella &s a genus ol'hc Cldamydomonadales family.
In a particular embod&mcn& of the ulvcntion, Ihe slrain of the
enus Hudiiluria is a strain of the species &Vudiduriu spti-

uiigeuu. In a particular embodiment of the imention, the
strain of the genus iVodulupiu is a stmlin Of the species
Vothilumu hurveyuua. In a particular embodiment of the
invmli&on, Ihc stra&n of Ihc genus Chpysupe/Shard/u is a
strain ol'hc spec&cs Chnsurc/&&hurd/ti g/Su&id/i. In a par-
ucular embod&ment ol'hc u&vent&on. Ihe strain of thc gmnis
Hului hlure/lu is a stram of the species Huluch/urellu ruhe-
sceus In a preferred enlbodiment, the strain of the species
&Vodulunu sgimtigeuu is the stmlin BE.4 IDA 0069B (ac-
cording to a previous taxonomic study. the strain BEA
ID A 0069B had bccn &dcntilicd w &th a species ofpf uubaep&a

sp.). In a prcli:rred cmbodnuenl. Ihe slram ol Ihe spec&cs
¹dulupia luipvei uuu w thc s&raul BEA-IDA-0070B (ac-
cordin to a previous taxonomic study. the strain 131&A

ii)A 007013 had been identified with a species of Dulichrps-

per»Birn sp.). In a preferred embodiment, the strain of the
spccics Chn sure/Shard/u giruudi/ is thc stra&n BEA-IDA-
0071B. In a prcfi:rrcd embodunent, thc stra&n ol'hc spccics
Huluchlupellu rubcscepps is the strain 131&A-Il)A-007213 'I'be

strains were deposited on 25 Oct. 2019 at the )pan&sh 13ank
ofAlgae (University of Las Pahnas de Cimln Canaria, Muelle
de Taliarte. s/n. 35214 Teide. (fran Canaria. Spain) accord-
ing to the terms of the Budapest Treaty on the international
rccogn&&ion ol Ihe dcpos&1 of microorgan&sms lor Ihe pur-
poses of thc patent procedure w&th Ihe dcpos&1 numbers
13I&A-Il)A-00/&9I3, 131!A-II)A-0070I3, 131JA-IDA007113 and
13I&A-Il)A-0072I3 indicated respect&vely for each strain.

[11038J 1 he terms "culntring a nucroalgae" or "microalgal
culture*'eLate to a method or system for multiplying,
m&croalgae by means of reproduction in a predetermined
culture medium. even under controlled labomltory condi-
t&ons. Thc term "culture". and the vanants thereof; rclatc Io
iulmltionally promoling ~owlh (&ncrcasc &n cell size, cell
em&tent and/or cell activity) and&or the propagatiim (increase
in the number of cells by mitosis) of one or more cells by
usiag the planned culture conditions 'the conlbination of
growth and propagation can be called proliferat&on. The one
or more celis can be those of a microorganism, hke microal-
gac. Examples ofplmulcd cond&lions include using a delincd
medium (with known clmracterisucs such as phk &o&uc

strength and carbon source), spec&fied temperature, oxygen
tension, carbon dioxide levels and growth in a bioreactor
Microalgal cultures can be used to multiply the or anism, to
determine the type of organism or the abundance of the
organism in the sample bein analysed. In liquid culture
mednim, Ihe term "m&croalgal culture" gcncrally rcla&cs Io
the cnl&rc liquid mcihum dnd Io thc m&croorgan&sms ul Ihe
liquid medium, regardless of the container in which the
culture resides. A liquid medium is often called a '*medimu*'r

"culture &nedium" I'he tenn "inoculate*'elates to
implanting or intnlducing microorganisms into a culture
medium. Inoculatin a microorganism culture under the
culture conditions dcscnbixl Iluoughou& Ihc spec&ficat&on
rcla&cs to &nitiatulg d culture of nucroorga&usms under thc
culture conditions, as commonly used in the art of micro-
organisnl cultures. Microorganisuis that are introduced into
a culture medium can be called a seed or an &noculum ln a
particular embodiment of the present invention, the inocu-
Lltion of the live microaigae in the culture medium is carried
out, ul tcnus ofdry b&omass. w &th at le&st 50 mg/I, prclbrably
w&th 50-90 mg,'I of dry b&omass. Iu thc prcsm&t ulvcnt&on,
nucroalgae can bc cultured as a monocul&urc, or as co-
culture In an embodiment the culture is a monoculture. In
another embodiment the culture is a co-culture of two. of
three or of the four microalgae of the invention. The tenn
"coculture" and the variants thereof relate to the presence of
two or morc types of cells (i.c., two or morc types of
m&croalgac) &n thc same biorcactor. The culture condi&iona
can be those that promo&c the growth and/or propagation of
the two or more types of cells or those that facilitate the
gmwth and/or proliferation of one. or a subset, of the nvo or
more cells v:bile ceil growth for the rest is maintained.

[0039] The tenn 'effiuent'* or "leachate" in the context of
the present invention relates to itater dischar es or runofi's
used in uldustnal, urbml or agncultural proccsscs. Thus, Ihe
iuven&&on can bc implcmenicd with wastcwatcr. Was&ewaler
is any type ofwater the qudli&y of wh&ch has bccn negat&vely
affected by anthropogenic influence. Wastewater includes
used, household, urban waters and the removed liquid
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industrial or mining v aste. or the waters that were mixed
willi lhC folcgoiilg (rdiil Ol ilBliiidl WBICrS). 111 a pilltlCidar
ciilbodiitii:ilt ol thi: iilvcillion. lhc i:fllucilt ol lcBcluitc colucs
fmm an anaerobic digester of a biomethanisation plant fiir
the treatment of purification plant sludge, wherein the con-
taminant load exhibits approximately 4500 mg N NHB'/I,
approximatelv 550 mg N POB'k approximately 150 rng
N NO, /I and appmxunately 40000 cfu/ml.
[0040] In llu: context of the present uivenlion. lhc efllumil
is used diluted ui sctm ster. In a parucular embodunent, thc
ddulion is ol'O/w of 30%, ol'20/w of 10'!w ol'5%. of 4%,
of 3'/, of 2%, of 1%, of 0 5/s, of 04%. of 0.3%, of 0 2%,
or of 0.1%. 'I'he diluted effluent exhibits, at the beginning of
the culture„concentrations oi total nitrogen (N) of 90 60
mgi (i.e.„ in the 30-150 mg/I mange). preferably in the
60-100 mg/I range aud more prcli:rably m the 70-90 mg'I
range, conccntrauons ol'otal phosphorus (P) ol' 7 mg/I
(i.e.. in the 1-15 mg/I range), preferably ui lhc 2-10 mg'I
ran e and more preferably in the 3-/1 mgii mange. In the
present invention, the N/P quotient is in the 5-40. 10-39,
15-38, 16-37„20-36, 25-35 msnge. In a particuLar embodi-
ment of the invention. the N/P quotient ic preferably in the
15-38 range and morc prefi:rably in lhe 2S-35 mn e In a
paruculdr embodnuenl, thc diluted clllucni mednun docs nol
niwd the addition ol'n external amount ul'phosphorus (i.c.,
phosphate) n1 correct the N/P quotient ln an embodiment,
the dilmed effluent medium does not need any external
additives.

[0041] In the context of the invention. total nitrogen (N)
relates to the sum of the concentration of ammonium
(N NHB ) mid thc concentration of iulratcs (N NO, )

preseni in lhc diluted clflucnn while lolal phosphorus relalcs
to the concentration of orthophosphate (N POB' present
in the diluted effluent In the context of the imention. the
Nip quotient relates to the ratio of the suin of the concen-
tration of atmnonium and nitmtes present in the diluted
effhient divided by the concentration of orthophosphate
prcscnl ui lhe diluted efllucul. In a prcfcrred emboduueul,
the unit of concentrations is cxprcsscd in mg/l. In a particu-
lar embodiment. the concentnstii111 of aiiliili111111iu

(N NI Id ) with respect to the concentration of total nitro-
gen (N) in the diluted effluent is of at least 50%, of at least
60/'v, of at least 70%, of at least 80'!w of at least 90%. of at
least 95'/s. In a particular embodiment. the concenuation of
anunonium (N-NR4 ) with respect to thc concentration of
total nitrogen (N) in thc diluted ellluent is prefi:rably of at
least 60% and more prefi:rably of at least 70%.

[0042J In the cot)text of the present invention, the ternl
"bioremediation" relates to a process used to treat contami-
nated media„ in particular an effluent or wastewater. by
altering environmental conditions in such a way that the
growth of microor arusms is stinndated and the target
conlannnanls are dcgradcd. Thc present mvcntion describes
lhc nsc of Iliicrodlgac Bs ti biolo ical svslcni for llic Ircdl-
ment of ivastewater or effluent due to the ability thereof to
remove si nificant amounts of nitrates, phosphates and
organic matter. In many cases, bioremediation is less expen-
sive and more sustainable than other remediation alterna-
tives.
[0043] In a parucular embodiment. flie method further
comprises thc step of harvesting the biomass from the
nncrodlgac by liltration. In pauiculdr cmboduuents. the
filtration is carried out through a 10 iun. 20 pm. 30 pm. 40
iun, 50 )un, 60 uni. 70 pm, 80 pm. 90 piu, or 100 iun mesh.

In a preferred embodiment, the Iiltratlon is carried out
tluough a 50 pm mesh. In a particular embodiment, lhe
biomass harvested by the method ol'he invention is washcdi
with an adequate solution. for example with distilled water
or MtliiQ water, and dried or lyophihsed for later use.

[lff)44J For inocula of 50-90 mg/I of dry biomass, the
methods of the invention achieve production yields of 5-200
mg/I d. In particular embodiments. the production yield is of
al least S mg/I 4, 10 mg/I d. 20 mg/I d, 30 mg/I d. 40 mgil
d, 50 mg,'I d, 60 mg/I d. 70 mg/I d, 80 mg/I d. 90 mgi1 d, 100
mg/I d, 110 mg/I d, 120 mg/I d. 130 mg/I d, 140 mg/I d. I SO

mg/I d, 160 ntgl d, 170 mg,'I d, 180 mg/I d, 190 mg/I d, 2()t)

mg/I d For inocula of 50-90 ntg/I of dry biomass, the
methods of the invention reach nutrient consumption mstes of
4-30 nig/I d for total nitrogen (N) and 0.5-3.0 m /I d for total
phosphorus (P). In particular embodunmils, lhc total nitro-
gen (N) consumpuon rulc is of at least 4 mg/I d, 6 m /I d,
8 mg/I d, 10 mg,'I d. 12 mg/I d. 15 mg/I d, 20 mg/I d, 25 mg/I
d, 30 mg/I d In particular embodiments, the total phospho-
ms consuinption rate is of at least 0.5 mg/I d, 0 6 mg/I d, 0 7

mg/I d. 0.8 mg/I d. 0.9 mg/I d, 1.0 mg'I d„1.2 mg/I d. 1.4 ntg/I
d. 1.6 m /I d. 1.8 mg/I d, 2.0 mg/I d, 2.2 mg/I d, 24 mg/I d,
2.6 mg,'I d, 2.S mg/I iL 3.0 mg/I d.

[0045] In a parucular embodunent, the culture is camel
out under outdoor cnvironmcnlal conditiom. Iu a particular
embodiment, the culture is carried out in photobioreactors
In patticular enibodiments. the photobioreactor is of at least
100 I, of at least 200 I, of at least 300 I, of at least 400 I, of
at least 500 I. of at least 600 l. of at least 700 I. of at leact
800 I. of at least 900 l. of at least 1000 I. In come
embodiments, the biorcaclor can bc cvcn larger, ol'20000
I or morc. for large-scale industnal applications. In a pre-
ferred embodiment, the culture is carried out in photobiore-
actors under outdoor environntental conditions, preferably
in photobioreactors of at least 400 I

[0046] In a particular embodiment„ irradiation was from 0
pmoles photons/m' (night-time) to 3000 )uuoles photons/
m' (daytime). v,ith an average of 1500 iuuoles photons/
m s In a particular mubodiment. daytime irradiation can
reach 3500 iumilcs photons/m s dunng peak light hours.
'I'hus, in embodiments. the culnire is cerned out under a
maxinnim irradiation of at least 1000 )unoles of photons/
mss. of at least 1500 iunoles photons/m'. of at least 2000
)unoles photons/m" s. of at least 2500 )uuoiles photons/m',
of at least 3000 )unoles photons/m', of at least 3500 )unole
pholons/m s. In embodiments. lhc culture is cerned oul
under a mean irradiation ol't least I SOO )unoles photons,'s

s, of at least 1750 umoles photons/ms s. of at least 20(LO

)unoles photons,'m s, of at least 2250 lunule photons/m s

ln a particular embodiment. the culture is carried out under
a mean irradiation of at least 1750 pmoles photons/m s.

[0047] In particuLsr embodiments„ the mode of operation
of lhc biorcactor is discontinuous, semi-continuous or con-
tinuous. In discontinuous (batch) mode. lhc culture is camcd
oui in lola or batches, without fi:eding (F), lhe total load of
each culture or fermentation process (batch or lot) is placed
inside the bioreactor and the production or fermentation
process is allowed to take pLsce for as long as necescary;
v hich is referred to as the retention time. In semi-continuous
mode (fcd-batch), the culture is earned out by fcd batches,
with input lbcding (F I );;m uiput or li:cding linc (F I) is fcdi

so that thc culture system has a product (biomass) wifli
maximum growth (exponential) and productivity increases
In continuous niode. the culture is carried out by chemostat,
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an input or feed line Fl is fed and an output line F2 or wash
is &tran&est; so that thc tlows or liow rates ol'both lulcs are
equal m&d product&on &s continuous. In a prefi:rrcd mnbud&-
n&ent, the mode of operation of the bioreactor is continumis
culture
[0048] The gas conicnt of the b&oreaclor Ii&r culturmg thc
microalaae of the invent&on can be manipulated Part of the
volume of the bioreactor may contain gas instead of liquid.
(Jas inlet ports can be used to pump gases into the bioreactor.
Any gas can be pumped into a bioreactor. including air, CO&,
noble gases such as argon and others. The gas mlet rale u&lo

a b&ores ctor cdn also bc marupu latish Incrcasmg fl&e gas tlow
in a b&oreactor increases thc turbidity of a nncroalgal culture.
'I'he gas inlet mto a bioreactor can be modulated to genemste
optimal amounts of. for exan&pie ('Os, for maxinnun growth
of the microalgae. Thus. in particular embodiments of the
invention, the culture is carried out under a contribution of
('Os by pulses of one m&nute every hour durin dayhght
hours and/or acrauon by means of a blov,er pump In
paruculdr mnboduncnts oi thc invention, lhc conlnbul&on of
(02 is 3% (0,/97'Io air, 99 75% of air 0.25% ('0: 99 5%
of air 0.5% ('O&t 99.0% of air I.OOo/o ( O&t 98 5% of air
1.5;o CO,: 98.0% of air: 2 0!o CO; 97.0% air: 3.0% CO„
96.0/o air: 4.0% CO„and 95.00'!o air: 5.0'io CO. can be
infused into a bioreactor or bioreactor. In a particuLar
cmbodimcnt, thc culture &s carried out under a conlnbul&on
oi'CO& by Pulses of onc mu&utc every hour durulg daylight
hours (')8 &o/o air I 5% ('Os) and/or aeration bv means of a
blower pump
[0049] In a part&cuter cmbod&men&, ihe method accord&ng
to the first aspect of the invention further comprises pro-
ducing a processed n&aterial from microalgal biomass.
Therefore, an aspect of the Invention relates to a method for
producing a pmcessed matenal from microalgal biomass,
who&ca& lhc nlclhixl conlpnscs. (a) plixluch&g nucrodlgal
b&omass accord&ng to a method accordul to lhc tirst aspect
oi'hc invention, and (b) producu&g a processed matcnal
fmm microalgal b&omass. 'I'he processed material is selected
fmm the group consisting of a fertiliser, pesticide. feed. feed
for fish, biofuel„ let fuel, biodiesel, pigment. surfactant,
cosmetic, pharmaceut&cal agent. health supplement. or bio-
plasucs. Thc processed matcnal cm& bc obtmncd by thc
dppropnaie steps to recover or cxlracl lhe ma&anal trom thc
m&croalgal b&omass and to process ihe matcnal.
[0050] Thus. an addi&&onal aspcci oi'he ulvcnnon relates
to a method for produc&ng a b&omass extract ot'a nucroalgae,
who&ca& Ihc nu:lhod comprises cullunng lhc nucroldgac ul
an efiluent d&luted in semvater, wherein the microalgae is
selected from the group consisting of a stmsin of the genus
S/od&ziar&a, a strain of the genus Chrisareiahardia a strain
of the genus Ha/orb/are/la, and combinations thereof,
w barmn the diluted ctflucnt cxlubiis, at thc beginning of thc
c ulnae.

[0051] concentrations ot total nitrogen (N) of 90 60
mg/I (i.c., &n thc 30-150 mg&1 rmlgc), prefi:rably &n the
60-100 mg/I range and more prcfi:rably in thc 70-90
mg.il mn e;

[0052] concentrat&ons oi total phosphorus (P) ot 8 7

mg/I (& c., u& the 1-15 mg/I ran c), prelhrably in thc
2-10 mg/I range and more prefemsbly in the 3-6 nlg/I
ran e;

[0053] prov&ded &hat the N/P quot&enl &s ul the S-40
range. preferably in the 15-38 msnge and more prefer-
ably in the 25-35 range,

harvesting the biomass from the m&croalgae by tiltration;
sub)ecting thc microalgal b&omass to a ccflular breakage
melhod, and oblaimng lhc extract resulting Irom cellular
breakage.
[tfl)54] (:eflular breakage methods are genemsfly known to
those skilled in the art (see
[0055] E P247808961. or Jean-Maxime Roux, Hadrien
Lamotte. Jean-Luc Achard, "An Overvie~ of Microal ae
L&pid Extract&on u& d B&orelincry Framework", Energy Pro-
ccdia 112 (2017) 680-6SS). In a part&cuter embod&ment, thc
cellular breakage n&ethod is selected fmm the group con-
sist&ng of ball mill, high-speed homogenisation, high-pres-
sure homogenisation, ultrasonication. microwaves. pulsed
electnc field. chemical metlu&ds, enzymatic hydrolysis, and
subcritical-water extraction.
[0056] All lamia and embodunm&ts dcscribcd clscwhere in
tlus document are cquafly applmdblc to these aspects of lhe
invention. methods of the im ention

Macroalgal 13ionmss

[0057] A last aspect of the invent&on reLates to a microalgal
b&omass obis&nable by means of thc method Ihr producu&g
b&omass fiom a microalgac of the lirst aspect of the inven-
non.
[0058] In embodiments of the present invention, the bio-
mass content is 40-60i'o (dry weight. DW) of carbohvdrates,
13-40% (dry wmghl. DW) of prote&n, and 2.7-20% (dry
wc&ght, DW) of hpids. In an embodimenl, thc protein
content is 1%, 2o/o, 3o/o, 4o/o 5% 6o/o, 7ozo, 8% 9%, 10%,
12%, 15oi, 20%, 30o/o. 4(P/o, 50'%, 70%, 80%. 90'%, or 100%
greater in 0 5'i effluent mediun& than in f/2 n&edium In a
particular embodiment. the protein content &s 20% 'ester in
0.5% efiluent mediunl than in f/2 medium for eul aryotic
m&croalgac Chrysoreiahardia gilead&i BEA IDA 0071B.
In a particular embodunm&t, the prote&n content is 26%
greater in 0.5% eillucni medium lhan in U2 mcdnun Ihr
eul'aryotic microalgae Halzzi hlz&rel/a zahcsccas 1311A IDA
007213. In a particular embodiment, the protein content is
60% @eater in 0.5; o efiiuent medium than in f/2 medium for
cyanobacterium &Vada/iiria sp&zzzz&geaa BEA IDA 0069B
(according to a previous taxonom&c study, thc strain BEA
IDA 0069B had been iden&iliad w&th a spec&es ofd&zabacaa
sp.). In a part&cular cmbodmlenl, thc protc&n content &s 60%
greater in 0 5'i efilnent mediun& than in f/2 medium thr
cyanobacterium &Vzzda/aria harverazza 13IIA IDA 007013
(according to a previous taxonomic study, the stmsin BEA
IDA 0070B had been identified &vith a species of Dalichos-
permaw sp.). In a partmular embod&ment, &he prole&n conlcnl
is, on avcragc, 30% 20 grcdtcr in O.S% cfllucnt med&um
than &n E2 mixhum.
[0059] The biomass of a microalgae of the present inven-
tion complies lvith the European legislation for food prod-
ucts (Conun&ssion Regula&&on (EC) No. 2073/2005 of IS
Nov 200S on thc nncrobiological cntcna applmable to li&od

prodtlcls) or for nldxunun& conuunulanl lhrcshokls ul fhod
pmducts (Co&nmission Regulation (Ii(') No 1881/2006 of
19 Dec. 2006. which establishes the maximum content of
certain contaminants in food products). which determine
that the number of aerobic microorganisms at 30" C must be
bclovv 50,000 ci'u/ga and that thc prcsencc of faecal
cohfi&m&s must bc undmcciablc in microb&ology tests. The
b&omass of a nucroalgde of the prcscnl &nvenuon cxhib&ls a
heavy metal content that complies w&th the I iuropean stan-
dards on the maximum permissible content of heavy metals
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in seaweed and derived products (Conunission Regulation
(CE) No. 1881/2006 of 19 Dcc. 2006, winch sets the
nuIxlnillni content of ccrtBBI conulnunants in loof ploduc la).
'I'hese niaximum concentnstions are x3 mg/kg„ for Pb and
/n, &05 mg/kg„ for I lg
[0060] In an aspect of the invention. the biomass of the
invention can bc used for Ihc preparation of a phannaccu-
ucal. Butraceuuc«l, prcbiouc, probiouc product or functioiml
food. Particularly, thc microalgae ol Ihc present invention
are sources of FIJI'A (polyunsaturated fatty acids) In an
BddltlonBI aspect of thc ulvcflti oil. ttlc bionIBss of thc inven-
tion can be used for the preparation of pesticides. feed,
con)pound feed. fish feed and biofertilisers. In another
«speci of thc invention, thc biomass of the invmition can bc
used Ibr the production ofbioihescl, bioluel or jet Ihel. Thus,
the present invention fuithcr rclatcs to the usc ol'a nucroal-
gal biomass according to claim 16 to produce a processed
material, wherein the processed material is selected front the

roup coimistin of a fertiliser. pesticide, feed, feed for tish,
biofuel, jet fuel. biodiesel. pigment, surfactant, cosmetic,
phannaccuucal agent, nutraccuticsl product, prcbiotic prod-
uct. probiotic product. funcuonal food, health supplmncnt,
or bioplastics.
[0061] All terms and embodiments described elsewhere in
this document are equally applicable to this aspect of the
invention„ the biomass of the invention.

[0062J It should be noted that, as used in the specitication
and appended claims„ the singular fomis "a". "Bn.". "the",
include its plural referents unless the context clearly indi-
cates othcs Bise Simdarly, Ihc term "composes" also
includes as a parucular embodiment that no additional
elements or coniponents are present, in other words,
includes the term "consists of's an embodiment.

EXAMPLES

[0063] 1 he invention will be described by means of the
folloiving examples which are to be considered nierely
illustrative and not limiting of the scope of the invention

1. Materials and Methods

1.1 Cultures of Strains imd Media

[0064] The micmalgal strams tested in this study are
shown in Table 1. Tius table spccilics whcrc thc strmns were
isolated. the type. class and morphology (filmnentous or
non-fihuncntous Bgglcgatc) Ihcicof. Thc nucroBI Bc werc
obtained from the Spanish 13ank of Algae (13IIA for the
acronyni in Spanish) and belong to the group of species
selected by the SABANA project (EU H2020, Clrant
, 727874) with bioactive compound activity Bnd significant
productivity (sec document '*Dchverablc 6.1. Ckararrerir«-
/ian a/ wire«algae strains far iigric«/rural «ad aqua«Sf/«rc
applications at large seri/e". hups.",cordis.europe.au/prot-
ect,'iig727874/results) 'I'he inocula of the strains ivere cul-
tured in semi-contmuous mode (0.1 I/day) under the same
laboratory conditions hght irradiation range between 220-
280 Iunol/ni s (L 0 12:12), continuous supply of CO2
(1.5%), tempcraturc (25 2 C.), pH (8.0 03) and f/2 manna
mcdnun (Ciuillard RRL, '*Culture of Phytoplmdston for
Feeding Mamnc Invcrtebratcs". In Snuth W. L. Bixl Clmnlcy
M. II. (Iids ), "('ulture of Marine invertebrate Animals",
1975 Plemuu Press, New York, USA). 1'he unit I/day

indicates that 10;v of the volume is harvested and renewed
(i c., SO ml, 2SO ml, I 1. 20 I, 400 I, ctc.) pcr day.

I 2 (:ulture ('onditions

10065] The experimcnis Ccrc cerned out outdoors in tubu-
lar packed bed reactors (PI3R) of 400 I volunie for the strain
13IIA Il)A 007113 and 100 I volume for the rest of the
stmlns
[0066J Units in triplicate were tested usmg f/2 mediuin as
clean and control mediant. and an additional set in triplicate
using diluted effiuent as a nutritional culture medium. These
PBRs v,ere inoculated with a different inoculum size (iPS)
for each strain. ranging benveen 50 and 90 mgt (PS. dry
weight) (Table S). Thc bubble PBR colunuis were kept
outdoors w Ithout temperature and hght control and constant
aeration with pulse of ('Os supply every hour (I 5viv) The
mean irradiance ives 1750 pmol/m s and was measured
every hour at different positions„using a spherical light
sensor (LICOR. USA. SPQA 2770„LI-4000 mod.). The
mean temperature, pH, salinity and conductivity range for
each strain tested Is shown in Table 2. Thcsc paramciers
were mcasurcd with pres tously cafibratcxt CRISON Insiru-
ments (p1125 and ( M25) portable sensors. 'lite PI)Ra were
open«ted in senti-contimious mode (with a dilution rate of
0.2 I/day) and replacing this volume daily with a new
dilution of filtered seawater and medium (f/2 for controls
and for the 0.5% effiuent niedium)

13 Culture Monitoring

10067] 20% of the volume of each PBR was Imrvcstcxt
daily, usuig a 50 )un Nitcx nylon mesh for iihuncntous and
non-filamentous sggregate strains I'he biomass was washed
with doubly distilled sterile water, then frozen for 24 hours
at — 18'2 and subsequently lyophihsed In a lyophiliser
(Labconco. Freezone 6) for at least 48 hours and weighed to
determine the biomass at steady state (g/I) The rejected
water from thc harvest was collcctcd fiir thc dctcnniimtion
of fllc Bnidvsis (scc bclov').

[0068] Production (P) was calculated as thc daily biomass
increase rate (g/I d) 'I'he optical density (OD) of the cultures
v as calcuhsted as the differences between the values verified
at wavelengths of 680 and 750 mn in a Bectonan C'cutter DY
730 tpv spectrophotonieter against a reference seawater
medium. The photosynthetic pamsmeters were tested to
dclcrnunc thc physiology ol thc straiim in dilfi:rent media. A
pulse wxlth modulated chlorophyll tluorometcr (AquaPen
APIOO, Photo-systenis instnunents, ('Sech Republic) was
used to control the physiological state of the cultures by
measuring chlorophyll fluorescence as FO and the Fv/Fm
quotient as a measure of algal stress. An analysis of the
chlorophyll a (Chl a) concentration was also carried out, by
filtcmng S ml volume through GF/F fibre litters and subsc-
qucntly extracting chlorophyll from the leachate in 90%
acetone for 24 hours in the dark at 4" ('I'he fluorescence of
the extract ives measured on a 'I'urner l)esigns 'I'rilogy
fluorometer complemented with a chlomphyll module with-
out acidification (Turner Designs 07200-046) and previously
cahbmted vvith pure chlorophyll (Sign)a Chem Co.) (Wel-
scluucver, N. A.. 1994).

[0069] Chromophoric dissotvixt organic maucr (CDOM)
was measured by fluorcsccnce in situ using a Turner Design
fluormneter with an ultraviolet module ('turner l)esigns
87200-069) calibrated with a known concentration of qui-
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nine sulphate diluted in 0.05 molar H,SOT at different levels,
to deicrminc thc lu&ear regress&on between fiuorescence
(RF(I) and quu»ne concentrations (PPB). 11&e removal of
mitrients was calculated as the amount of nitn&gen (anuno-
niunl and n&trate) and phosphorus eliminated by time and
volume (mg Nutrient/1 d). The nutrient yield was calcuLated
as the removal of nutrients by biomass production (mg
Nutrient/gn). The bacterial grinvth mote was calculated as the
increase in thc number of Scrub&c nucroorg&uusms (as 9

colony-fom&ing un&1, cfii) by volume and time (cfu/ml d).

1.4 Analytical Methods

1.4.1 Water Armlvsis

]0070] A sample of the rejected water from the harvest and
the volun&e of water replaced with the new nutrient med&um
was ldkm& for d&fli:rani analyses. All proccdurcs lo a&a&lyse

thc compos&t&on of tlus water inlet and outlet from the PBR
loilov'cd thc standard &laid)')ical nlclhods lol w&ilcr dail
wasteivater from API LA (2017) and also fn&m the Span&sh
Minist&y ofAgriculture (1902) 'I he concentration of anuno-
nium was determ&ned by the Nessler method in which
potassium. mercury Bnd iodine react lvith mnmonium to
create a yellow-brownish compound proportional to the
dnuniinluni. Thc orihophosphaIc was nlca9uled phoionlctn-
cally tluough molybdm&um blue reaction. The mtraies werc
deternlined by the cadmiunl reduction method 'I'he bactenal
col&centratiol& was nleasured by the horizontal nlethod for
enumeration of the colony of aerobic microorganisms
counted at 30 degrees and 30" C. by the pour plate teclmique
for food microbiology (ISO standard method~. 2010).

1.4.2 Efiluent Analysis

]0071] Sequential thermometric titrations quantified car-
bonates and bicarbonates. Calcium, magnesium. pomss&um,
sod&um. boron, copper, &ron, phosphorus, manganese and
zu&c Ccrc determined by induct&vely coupled plasma mass
spectrophotometry (I('P-MS) and mercury by atomic sp&x-
tromeiry I'he chemical oxygen demand (('OD) was estab-
lished by closed retlux photometry and the biochen&ical
oxygen demand (5 days-BOD) by the manometric method.

1.4.3 Biomass Analys&s

]0072] Once the biomass was lyophilised. biochemical,
nucrobiologicdl and hcavy metals iumlyscs werc pcrformcs).
Thc b&ochemical content of the b&omass was studwd with the
aruilysis of carbohydrates. Iip&ds, proteins and fiiity ac&ds.
('arbohydrates were determined using the phenol-sulphuric
n&ethod 'I'he lipids were extracted with chlorofi&nn n&etha-
nol (2: I, v/v) with B BHT content of 0.01%. Once extracted,
the lipids &&ere dried and yavimetrically determined. Fatty
acid methyl eaters (FAME) werc obtau&ed from iouil lipids
by means of ac&d-cdtalyscd transesienlicdt&on and identified
by mc ms of gas chromatography. 11&e protein was quantified
by the Kjeldahl method, consisting of digestion with sul-
pln&ric acid in the presence of a copper catalyst at 4(X)" (:.,
followed by distillation and assessment of the libemted
ammonia. The pmtein value v as obtained by multiplying the
mtrogcn (N) valucx6 25 Thc nucrobiolog&cai analysis of the
bionitiss wa9 stud&cd vv&th Ihc Bnalvsis of thc prcscnce of
scrub&c nucroorga&usms ai 30'., E. Cali ]I-D-glucuro&u-
dase, l is&aria nim&T&ev)r&genes, faecal coliforms and Salmv-
nella spp as cfi&/ga, following the ISO standard methods fi&r

Food Products. microbiology and feed (ISO standard meth-
ods, 201S). The b&omdss con&cut ol'heavy metals (mercury,
arsenic, cadm&um Bnd lead) was analyscd fi&r strmn BEA
IDA 0071I3 as mg/kg„by atomic absorption spectrometry
and plasma mass spectrometry (I('P-MS)

1.5 Statistical Analysis

]IN)73J All statistical analyses were performed ivith
XLSTAT Addinsofi 2019.1 for Microsoft Excel. All experi-
ments were performed in triplicate and variance studies
(ANO&EA) werc earned oui io detcnnu&e thc statist&cal
sigrulica&mc of the vanauon in size observed bctwccn treat-
ments I,evene's test ives evaluated to evaluate homosce-
dasticity and the resulting p-values, and for results ivith
sign&ficant ditference (p value .0.05). the Kn&skal Wallis test
v as carried out as a post-hoc analysis. To evaluate the
difi'erences between the mean values of the different pamsm-
eicrs analysed for both a&rdlysed medui (clean I/2 medium
and cilium&1), Student's I-iesi was carncx) oui w&ih a 95%
cm&fidence level for nornlally distributed variables and Wil-
coxon's paired pairs test for non-normally distributed vari-
ables A Kolmogoiov-Smirnov prior test was cm ried out to
analyse the normal distribution The null hypothesis estab-
lished that the means are equal with a value of p&0.05. The
pone&pal components B&mlys&s (PCA) was cerned out to
analysc the Pearson correlauon matnx between thc main
parmneters analysed in f,'2 medium and the different efiluent
dilutions analysed.

2. Results

2 I Characterisation of the I iffluent

]IN)74J 11&e effiuent used in these expenments is the
re)ected ivater from the anaerobically digested wastewater
sludge from the biomethanisation pLmt of Salto del Negro
(CTI"nl

]0075] Canaria. Canary Islands, Spa&n). Tlus plant con-
ccniralcs afl ihe sludge material lbom thc morc than 40
trcaimcni plants on Ihc island of Cirm& Cdnana (Ciovernmcnl
of the ('anary Islands. 2019) for this anaembic treatment
'I'he composition ran e of this etlluent (cations. anions,
metals and other parameters) is shov n in Table 3. The main
compounds in this efiluent were bicarbonates (17,531 m /I),
anunonium (4.200 mg/I), chins&de (1.100 mg/I), potassium
(604 mg'I), sodium (553 mg/I) and orihophosphatc (525
mg/I). The amounts ol'metals (boron, copper, &ronT manga-
nese, mercury and zinc) were signihcant and also necessary
for algal growth ln relation to the activity of microorgan-
isms, Table 3 sholvs the BOD5 of the effiuent, with mean
values of 2.270 mg/I and COD values of 6.745 mg/I, wlfich
results in a BODS/COD quotient of 0.33. wluch indicates
h&gh amounts ol'biodegradable orga&uc mauer (rclaicd to 9

h&gh CDOM value. 431 PPB) and highly contanunatod
v ster 1'his fact is also reflected in the high concentration of
aerobic microorganisn&s at 30':., 42.500 cfi&/ml.

]0076J lhese results of ihe contaminated load of the
efiluent demonstrate the difficuity of finding an optimal
dilution rate to use it as a nutrient medium to maximise the
prod&&el&on ol nlicroalgdc, 9dnlc d9 f/2 a&anne nlcdli&in. In
tlus sense, ihe analysis ol'hc mau& paramcicrs ol'mmo-
n&um, phosphate, niudtc. N/P quotmnt, bactcnal concentra-
tion, dry weight, COOM and the physico-chemical param-
eters (salinity, pl I and conductivity) was obta&ned fi&r filtered
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seawater„ for the f/2 medium. for the difl'erent diiutions of
cflluent ui scawalcr (0.5%, 5%, 10%, 30%o anil 50%) and for
thc unililuted eflluenl (Table 4). Afl thc above parameters
(except ('DOM. nitrate, bacterial concentration and N/P
quotient) foflow a similar pattern of linear proportionality
for afl percentages of effluent diluted in seawater (Rs&0.900,
p&0.05). The table above shows the greatest similarity
between the pammeters analysed in a clean I'/2 medinm and
05% of diluted efll uenl (R &0 800, p. 0 100) than in the rest
ofthe cflluent percentage ihluuons (R &0.600, p&0.05). This
closer link between the main parameters of the clean f/2
medium and 0 5% of the effluent can be verified by nieans
of principal component analysis (PCA), wherein both nutri-
ent media share the same quadrant (FJG. I). The salinity of
the undiluted eflluent v as 13%o slid that of the filtered
scan aicr 3S%o. While lhc salinily of lhc O.S% diluted
cflluent was 36.8 oo, sunilar lo that of thc f/2 medium. The
conductivity of the diluted effluent (0.5%) v as 57 mS/cni,
which does not ditfer from the f/2 medium 'I'he pll in
niedium diluted to 0 5%o and f/2 medium ranged between 8 2
and 9, with a constant value of 7.9 for filtered seawater The
average amount of N (ammonium and nitrate) in the f/2
medium was SS mg/I and 105 mg/I in 0.5% of diluted
cfllucnl. Tlm orthophosphatc in 02 medium was 6 mg/I and
3 75 mg,'I in 0.5% of etfluent 'lite N/P quotient for these
media was 14.7 for the control media and 31 3 tiir the diluted
effluent. 1'here was no bacterial activity in the filtered
seawater„518 cftt/mJ in f/2 medium and 2.460 cfu/mi in
0.5;o eifluent. The CDOM in 0,5%o of effluent was also
greater tluui in thc f/2 mcdnun, 73.2 PPB and 30.4 PPB
respectively (Table 4).

2 2 Outdoor I lxperiments

[0077] All cxpcruncnts were cerned oul ui tnplmate in
control nuxlium (U2) and O.S% cfllucnl al an cxtenor pilot
scale in 100 I PBR I'or the strains BE A ID A 0069B. BE A

IDA 007213. 13I(A IDA 007013 and in 400 1 for the strain
13iiA Il)A 007113 All the parameters studied (P, lrfl,

Fv/Fni. OD, Chl a, BCi, CDOM, removal of nutrients and
yield) (Table 5) and (temperature, PIJ, salinity nnd conduc-
ui ity) (Table 2) werc validated for each medium with thc
analysis of vanancc (AND%A) (for nonnafly rlistributed
i ariablcs) and Kruskal-Waflw (for non-normafly rlistributed
variables). No significant difFerences were shown for afl
variables and treatments (p&007) during the incubation
period (15 days). The paired t-test did not shoiv significant
difl'erences (p&0.05) between the previous parameters ana-
ly sad in lhc f/2 and 0. S% cifluent control medium (Table 2),
Fi/Fm and CDOM ratio oi'thc strain BEA IDA 0071B. FO

and CJtJ a oi'thc strmn BEA IDA 0070B (p&O.OS) (Table 5).

[0078] The production was yester in 0.5% of effluent than
in I'/2 medium for all thc cxpcnments camcd out for ail thc
strains. except for llm microalgae BEA IDA 0071B thc
production values of wluch werc sunilar, 0.073 and 0.075
8/I d (lil(i. 2) 1he highest amount of production corre-
sponded to the eukaryotic microalgae 131'.A l1)A 007213 in
05;o of eflluent (0.131 g/I d), and BEA ID A 0071B. It was
observed how the lowest production values were related to
thc cxpcnmcnls carried oui for lhe slrams of cyanobacteria
BEA IDA 0069B and BEA IDA 0070B, below 0.05 g/Id
in both media (Table 5). The paired production t-test mialy-
sis betv een Ii'2 medium and 0 5%o etlluent did liiit allow
significant diiFerences (p&0 110)

[0079] The stress level of the microalgae during the entire
incubation penod was measure&I tluough thc fluorcsccnce
Fv/Fm ratio. Thc lowest Fv/Fm ratio rcgistcrcd lbr lhe
expenments carried out ives fiir the microalgae 1311A IDA
(fl)71I3 cultured in an t)2 medium, with a niean value of
0.530, v:hich contrasts ivith the value of 0 610 in 0.5% of
eflluent (p&0.05). This mean value for the rest of the
expenments carried out was approximately 0.700 and SD
below O.l fiir both media (p&0.400) (Table 5). Tlus maxi-
mum ratio value meant stress-free microalgal cultures. Fluo-
rescence in vive ives measured as liO and showed a fairly
significant positive linear correlation with the concentration
of chlorophyll a (('hl a) (RW.990). The lowest values
(mean SD) of fluorescence (FO and Chl a) were registered
for the eukaryotic strains BEA IDA 0071B and BE.%
ID A 0072B for boih nutncnl media camcd oui. Thc highesl
values corresponded lo both strains oi'yanobaclena. The
optical density (Ol)) shelved a higher level for 0.5'r'ir of the
eflluent experiments 1'his variable folloived a similar pni-
cedural pattern to that of I'0, with a significant Pearson
correlation (RW.855) (Table 5).
[0080] A gmwlh oi'icroorganisms was observe&I
throughout the incubation period both in control medium
(f/2) and in 0.5"rb effhient It should also be taken into
account that even bacterial grrowth was pester in f/2
medium cultures than in 0,5%o eflluent for strains BE.4
IDA 0071B. BEA ID'072B and BEA IDA 0070B
(FIG. 3). The lov'cst bacterial growth rale occurred in
cyanobactcria BEA IDA 0069B in clean mcdnun (66 cfu/
ml) and cyanobacteria 13I:A fl)A 0070I3 in 0 5% eflluent
(100 cfu/ml). Jlie enkaryotic stmsin 1311A JDA 007213
showed the highest values of bacterial mwth rate in f/2
medium (2GG cfu/ml) and 0.5%o elfluent (200 cfu/ml). There
v ere no significant difl'erences between tlfis pammeter tested
in boih media (P&0.200). Thc cxpcclcd CDOM was grcaier
in 0.5% cflhient than ui f/2 medium (FIG. 4), with a mean
value of 7(i PPJJ for all strains except for cyanobacteria
13I iA Il)A 007013, the value of v hich was 90 PPI3. ('1)OM
values in the control niedium ranged front 19 to 4(i PP13

There were no si~ouficant difl'erences for the paired t-test
analysis betiveen the CDOM variable tested in both nutrient
media (pi O.OS), cxccpi I'or thc microalgae BEA IDA
0071B (p&0.05) (Table 5).
[0081] There were no significant differences between N
removal, N yield, P removal and P yield for afl the experi-
ments carried out in clean niedium and diluted effluent
(p&0 08). It is worth notuig lhc lugh mean value oi'N yield
and N removal I'or thc sumo oi'icroalgac BEA IDA
007113 in both nutrient niedia: 78 mgs/ga and 23.8 mgs/I d
in f/2 medium, and 93 ill or s arid 24 9 mgs/I d in 0.5'r'ir

eflluent. For the rest of the strains. N yield varied between
20 mid 55 mgs/ga and N renioval bent een 5 and 17 mgs/I d
for both media carried out. P yield showed a narrower mange
of venation for all thc strains mid nutmeat media uscxl,
between 2.3 mid 5.4 mg&'ga, tuel hkc P removal, belwemi
0 8 and 2 mgPJ d (I'able 5)

2 3 1liomass Analysis

23 I Illicmbiology

[0082] The nucrobiologmal aiialysis oi'he Jyoplultscxi
biomass lor all the microalgal strauss mialyscd in llm method
and diluted slmived that the study comphed with the legis-
lation m force for food pmducts 'ibis biomass exhibited
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values lower than the threshold established by legislation for
thc number of aerobic microorgiuusms al 30'. (&50o000
cih/gB) and faccal cohform bacteria (Absence) (Table 6).

2&k2 Hcavy Metals

[0083] The results of the main concentrations of heavy
metals (Cd, Pb, Hg and As) in the biomass of microalgal
strain BEA IDA 0071B cultured m a cligui medium and
with 0.5'!o eilluenl, showed below die lunits established In
thc currmil legislation for the contml of heavy metals In
algae and by-products (1'able 7)

2 33 13iochemical ('onlposition

[0084] There were no significant difihrences between the
biochcmicdl composiuon (carbohydrateg hpids. protean
and ashes) fiir all microalgal slrauis tcstcd in a clean I'/2

nledium and 0.5% efiluent, showing a significant deternu-
nation rate (R2&03)(X), p&0 05)
[0085] The carbohydmte content was sfitrdttly l»gher in the
f/2 mixlium than In lhe dtlulcxt cfilucnt Bird cdngcsI between
40 and 65'!o (dry wmght, DW). Thc strain of cyanobacteria
13iiA Il)A 007013 showed the greatest carbohydrate content
both in the ii'2 nledium and in 0 5 io of the eAluent (&60'%SV).

For eukaryotic stmins, the mean carbohydrate content
ives approximately 50% DW. The protein content ranged
between 13 and 38% of DW, considerably hi her in the
cfflucnl Ilrdn In the I'/2 medium Ibr lhe suduis BEA IDA
0071B, BEA IDA 0069B and BEA IDA 0072B (with Ihc
hig)test values registered, 30-38% of IXV, and similar for the
strain i3iiA IDA 007013 (with the lowest values registered,
13-24'!o (DW)). The lipid content was related between the
nvo analysed media and ranged between 2.7 and 20.3% of
DW. The cyanobacterium BEA IDA 0070B showed the
lowest values. &3% DW I'or both nulnenl media. The ash
content ranged bctwccn 7 and 14% of DW, except for the
strain of cyanobacteria 1311A Il)A 007013. v hich showed
values higher than 18%V of I )W (I 'I(i 5). fhere were also no
significant ditTerences between the fatty acid profile for all
the strains tested in clean and efi)uent medium (p&0.800)
(Table 8).

3. Discussion

3.1 Charactensation of thc Efilucnt

[0086] The nccd fiir nutrwnts (nitrogen mid phosphorus)
for optimal growth rcsuhs In microalgal cullure comes al
great cost. Today, thc 172 nutrient mcxhum Is expensive, but
widely used in marine microalgal cultures 'Iherefore. the
potential alternative use of wastewater as a source of nutri-
ents for microalgal cultures appears to be a ~oeat challenge
and is gmwing in stren th, while working to reduce ne ative
mivironmcntal impact. In this work, wc have studied thc usc
of diluted eilluenl as a source oi nulrienls I'Ur marine
microalgac (cyanobactcna and cul aryotcs). Tlus eillumn is
the rejected water front anaerobically digested wastewater
sludge tron) a bioinethanisation plant in (iran (.anaria (( a-
nary Islands, Spain). The sludge ibom more than 40 treat-
ment plants in Ciran Canaria is treated in this facility. Tlus
nnxlurc of waslcwatcr sludge fmm urban, industnal and
agriculiural areas gcncrates a lugh conldmmalion load Tlus
aspect is relkcled In lhc composition rimgc Uf lhc eillumn,
which shows high amounts of biodegradable organic matter,
aerobic micmorganisms (42,500 cfu/ml)„D1305 (2,270

m /I) Bnd DQO (6.700 ntg/I). The concentmtlons of anuno-
nium mid phosphate ivere at relatively high concentrations
(4.200 m /I and 525 mg'I respectively), v hich are dan erous
cnvironnlcnldl coulannuiulm with II vcrv toxic poli:andi
(Tablc3). These fairly high concentrations cxcind thc iox-
icily Ihreshold Ihr oplundl algal growth Thc composinon of
the efiluent used in this study is ten times greater than that
used in other research works in Spain 1'he dilution percent-
a e of the efihient used in tins work was 0 5%, well below
the optimai 20% dilution used by previous authors. The
nutritional compounds and ihe physico-chemical parmnelcrs
Uf dilfcrcnt pcrccntagcs of ctfiucnt diluuons werc correlaied
with thc 172 medium (Table 4, FIG. I) as shown in Ihe
results 1'herefore. Ive consider the 0 5% eAluent as a starting
point to consolidate the eAluent as a mitrient mediuin thr
mlcroalgal production and compare/evaluate lt with the
consohdated f/2 mediunt. In light of the results. it was shown
that the concentration ofaerobic bacteria rew exponentially
along thc pcrccntage of cfilucnl dilution (R =0.980, p&0.05).
producing dcgrddanon of Ihc mtrogcn present In Ihe eilluenl.
'I'his fact implied a signiticant degradation of ammonia
through dilutions in seaivater, due to the ammonification
process. When dilutions were carried out in the eifiuent, the
aerobic bacteria present in the etfiuent (anaemblc environ-
ment) found a favourable enviroiunent for optimal rowth,
by brcakuig down Urgiuuc mtrogmi uito arrunonia. that in
this scdwinci nlcihuui bcconlcs ianulonIUBL This olgBnic
nitrogen from the eftluent, under anaerobic conditions,
remains stable but diluted in seaivater precipitates as ammo-
nium due to bacterial activity. Tins atmnonium under aero-
bic conditions stimulates the oxidation of anunonium into
nitrates (nitrification process tluough the action of
Nitrosomonas imd Nilrobaclcr bactcna). Thc resuhs of
dnunonnan Bnd phosphinc slxiwixl B hncdr piopoi1ionahlv
pattern through the ditTerent dilutions of effluent (R &0 9(X),

p&005), but a logarithmic pattern on the concentration of
nitrate (RIM.890. pc0.05). due to tlfis nitrification process.
This fact is fundamental, the concentmtlons of inorganic
nitrogen (nitrate and ammonium) in the efi)uent with respect
to Ihc concentrations ofphosplialc produced an N/P quotient
Uf 31 3 fiir a dilution oi'0.5'!o of Ihc cfflumin an N/P quotient
of 11.1 2 3 for a dilution of 5% and a quotient of approxi-
mately 6 fiir eAluent dilutions between 10 and 50% (1'able
4).

[0087] In this sense, the CDOM showed, as explained in
the rcsuhs. that there is no sigmlicdnl thill:rcncc with Ihe
bacterial and ruudic concenuauon (p&O.OS). Dissolved
Organic nla tlei Is Bn hnporl itul ili tcml1 naut of lhc i inilcrw alt I

light field in natural waters 'I'he (:I)OM absorbs hght in both
the ultraviolet and visible ivavelengths. reducing mdiation
for photosynthesis. The organic matter produced and
released by plnxoplankton during growth ls produced by
hclcrolropluc baclcnal conununitics Ihal trimsfonn dis-
solvcil organic niaucr hiki bionlass iulil rccvcli: ulolganic
nutncnts. Tlus fact could explmn thc dirix1 relationship
between ('DOM and the microbial concentmtion in the
mage of effhient dilution (1able 4). in the fiirmation of
CDOM by bacterial transformation. As with a bacterial
concentration that increases signihcantly throu h the effiu-
enl percentage. CDOM showed a hncar evolution, closely
related lo that conccntranon percmitagc (RI&0.780o p&O.OS).
This relationship suggests that the clllucnt diluted in sea-
water increased microbial activity, which led to further
degradation of the olganic matter in the effluent 1 his aspect
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is reflected as a si~ificant increase in CDOM. dissolved
orga&uc matter &hat serves as a subs&ra&c for the hc&erotropluc
nncrobial rmn&nerahsat&on of other elcmen&s. Mwrobes use
extracellular enzymes to catalyse a high &nolecular weight of
organic matter into smaller compounds that can be trans-
ported across bactenal cell membranes. There is an impor-
tant link between CDOM fluorescence production and the
microbial processing of organic matter.
[0088] It &vas observed that this eflluent dilution of 0 5%
nmintained nitrogen and pbosphonts levels in an acceptable
proportion for al al grov th (N/P quotient of 31.3). higher
than this proportion obta&ned by other authors in the entire
range of eflh&ent dilution percentages (13.5). This dilution of
0.5% of cfllucnt chosen to carry ou& thc production expcn-
ments showed an acccptablc level ol'otal phosphorus (3 75
mgil) and total nitmgen (106 mg/I), without the need to add
an additional an&ount of P to correct the N/P quotient. as was
done in other works w&th effluent (Sepfilveda. C'., Acien, F.

(3., (36&mez. C.. Jimenez-Ruiz, N., Riquelme. C.. Moiina-
(Jrin&a, E.. 2015. (i/dieu&iun ofrenrruicfor iize pruduciiuiz of
the azurine wicrouigue Nu&znuchi«rupsis gudimnu. Algal
Res. 9: 107-116, Romcro-& ilicgas, G. I.. F&amen o. M.,
Acien lzernhndez, I'i., Moline(irima, 11„2018. (&/iiicuiimz

«f i en/ra/e /izr tire «ziidzzzzr prudue/i un «f mari ne in/Or««igue
at pilot-scale m /iui-pune/ p/&urubiureuciurs. Ioumal of
Bioteciuu&logy 284: 102-114).
[0089] From this d&lut&on, the concentration ol'ammonn&m
increased significantly throughout the eflh&ent dilution per-
centage, reachin toxic levels ('I'able 4) 'I he concentration
of anunonium for the 0 5% of eifluent was 72 ntg/I and far
exceeded the toxicity limit values of 1.8 mal for more than
200 species of marine phytoplankton, 16.22 mg/I for Nun-
nuchiurupii i sp, 9 mg/I for Spi r«deiu pu/prrhizu, 27 mg/I for
(/rug/enupsii umericunu, S)suira perersezzii and Dinubn un
i) /i ndriz uzn. '3.14 mg/I for /Vephruse/n&is pi rifnnn&..&. Previ-
ous studies on the effect of high concentrations of an&nx&-

nium on the optimal growth of the different classes of
microalgae have established threshold values at 137 mg/I for
Chlorophyceae. 45 &upi for C:yanophyceae, 25 mg/I for
Prymncs&ophyccae, 6 mg/I for Diatomophyceae, 4.6 mg/I for
Oxymdea and 1.8 mg/I for Dynoplyceae. In the same
review, the tox&c level for (1&lorophyceae was established at
703 n&e&1 and 234 n&g/I for ('yanophyceae In this sense,
other &vorks with Ch/urc//u vn/guns established an anuno-
nium toxicity level of 360 mbdI. All these previous refer-
ences sho&ved that the tox&c anunonium limit for the eflluent
used v:as ava&labia up &o 5% ol fl&e d&h&t&on ol fl&e cifiucnt,
tak&ng into account that thc strains m&alyscd u& this work
belong to the class of the ('yanophyceae (13EA IDA 006')B
and 131!A Il)A 007013). the ( hlorophyceae (13EA IDA
0072B) and the Pelagophyceae (BEA IDA 0071B) The
concentration of anm&onium can substantially increase to
toxic levels when the pH exceeds the value of 9. producing
an inhib&uon in algal growth. In &his work, thc pH rema&ncd
constant m&d below th&s value dunng thc culture period
(Table 2).

3 2 Omdoor iixperiments

[0090] The production results showed the best results for
thc opera&iona cerned ou»n a medium wi&h eflluent &fluted
to 0.5% than &n a clean 02 medium for all the strauw
arudyscd (FIG. 2, Table 5). Thc lughest values corresponded
to the eukaryotic strams 131 IA IDA 007213 (131 mg/I d) and
13i&A Il)A 007113 (73 mg/I d) It is observed that these

production rates are rehstively low in relation to those
obtau&cd by other authors in media w&th &flu&cd eflluents.
320 mg/I.d Ibr ¹nnurhiurupsii gudiiimu, 1130 mg/I d for
hfnrie&hip&is sp and 1020 mg.'I d for Pseud«iiruhnerie/iu
.rube«pi/urn, 920 n&g/I d for C'hiureiiu sp, 900 mg/I d tbr
Scenedesnuzs sp, zl uxenuchiurei/u pruiu&hue«ides in waste-
water. 200 mg/i d for C'hi«re/in sur«U&riuzzu, but higher than
those reported by other authors. Diflerences &n production
ense according &o the s&rmn. &he culture med&um, &he cstab-
1&shed opera&u&g conditions, the dry we&ght &noculum, thc
type of waste&vater or eflh&ent and the dilut&on rate I&or this
study, we have operated &vithin a dilution mate of 0 2 I/day
v hen other authors found the best productivity between 03
I/day and 0.6 I/day. Ciiven the best results obtained in
productivity by the previous authors. we could increase the
d&lut&on ra&c &o 0.6 I/day &o improve thc yield of uur
produc&ion cxpcruncn&s.

[0091] The Fv/Fm rauo was measured u& all flm experi-
ments carried out, sho&ving a mean value of 0 680 and a lo&v

Sl) (0 05) for all strains and media studied 'I h&s pn&portion
was estimated to control the stress level of the cultures and
showed healthy and stress-free cultures that were perfectly
suitable for the established outdoor conditions and the
nutncnt mcd&a. Low values of thc Fv/Fm rauo wmdd bc
cxpcctcd duc &o thc physico-clu:mical cond&tions of thc
culture in outdoor conditions and in an effluent medium
I lowever, the difference (lzv) between the n&aximum (Izm)
and minimum (l&0) fh&orescence showed h&gher values
related to these significantly high Fv/Fm mtios. The greater
the stress of the microalgae, the fev, er open reaction centres
avtulablc and Fv/Fm. An Fv/Fm mtio close to 0 800 can be
cons&dc&cxi op&anil h& phvs&clog&i al tern&s, shown&g an
increase in active VSII (photosystem II) reactiim centres,
which indicates a stress-free situation It &s accepted that
these values physiolo ically acclimat&se to environmental
conditions. The Fv/Fm ratio lms been related to the maxi-
mum quantumyield of PSH plmtochemistry and a decrease
in this rat&o rctlec&s dtunage to PSII, symptoms&ic of an
unbalanced accumulauon ol'educing power, which in u&m

pmmotes the synthesis of lipids. 'I hat means that a drastic
decrease in normal cell fi&nction induced the formation and
accumulation of intracellular lipids ('hanges in I'v/Izm
provide essential information on the effects of microalgal
phys&ology due to nutrients. stationary phase. density, col-
lcc&ion, pH. For all &hcsc reasons, wc can ensure &hat uur
expenmcn&s were carried ou& under opt&mal conditions lor
the umuba&ion pcnod in bo&h tested nutnm&t mcd&a.

[0092] It &s also important to study bacterial growth in
nucroalgal production using eflluent or &vastewater as a
source of &u&trients. since the bacterial loads in the eflluent
could be considerable (in tifis case. 42,500 ch&/ml). It is also
relevant to contrast the results with those obtained with a
clean or control medium, in our case 02 mcdnm&. Our resu1&s

have shown that thcrc is no s&gmlicant ddlbrencc bctwccn
thc bac&crial grow&h rale unalyscd in cxpcnmen&s cerned out
in a clean medium and 0 5%a of diluted effluent (p&0 200,
'I'able 5) 'I'he mem& differences between the bacterial growth
rates measured in both nutrient media for all the microalgae
analysed were only 60 15 cfu/ml. Therefore. we mav not
consulcr microb&al growth in these cultures w&th 0.5%
elfiuent as a 1&miung famor. which also shows a pos&t&ve

rela&ionship w &th algal production (R=0.700, p&0 05). How-
ever, it is reasonable to expect interact&ons between algae
and bacteria from the waste&vater. son&e authors found that
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50i'h of the total rutrogen in such cultures could be assimi-
lated by nucroorganisms. It woukl bc a m&stake to consider
that all thc nutncnts removed u& thcsc culuires w&th waste-
water or eflluent as a nutrient medium are exclusively due to
algal mwth It &s ev&dent that the Nitrosonx&nas bactenun&
dissolves a process of transformation of anunonium d&s-

solved in water to nitrite, right after the Nitrobacter bacte-
rium oxidises nitrite turrung &t into nitmste. It is also impor-
tant to note that, ingle& thc Bnuuiinificat&on p&occss,
ilccoulpimulg orgiln&c nulttcr nlnls u&IC gasix&ils ilnunou11
and then into amn&oniun& 1'here are not many studies
characterising this microbial consortium in &vastewater or
eflluent culturin . Bacteria associated with effiuents can
interact directly or indirectly with the microalgal strain
through conuuensalism. mutualism and parasitism.

]0093] Little is know n about the interaction~. Bnd this fact
could limit our ab&1&ty to dcvclop a cohcrn&t hvpothcsis to be
tcstcd &n such cultures. There are morc quest&ons than
ans&vers on bacterial algal mteractions and it has not been
exploited &n algal-based technologies More research &s

needed to hnd the optin&al conditions for the simultaneous
ren&oval of atmnonia and nitrate thorn microalgae and bac-
teria.

]0094] Micmalgae can assimilate nitrogen from a variety
of sources silch IIB Bnunon&unl, n&tratc Bud &11'i a, p&elbrnng to
Bss&nnlatc anuuon&um to glutanunc and relcasc the hydrogen
ion. 'I'his assimilation does not require the redox reaction
and uses less energy than other sources of inorganic n&tro-

gen. In the experiments carried out in this work. nitn&gen and
phospiu&rus were efficiently removed for all microal ae
anaiysed. No significant difl'erences were observed between
thc removals of nutnn&ts analysed u& thc control 172 medn&m
and thc 0.5% efllucnt mcd&um (p&0.05). N rnnoval six&wed

thc lowest values for thc strains of cyanobacteria, 5 8

n&g v&1 d for 131:A Il)A 007013 and 10.1 mgs/I d tbr 131&A

IDA 006913 for clean f/2 n&edium and C& ') mg,/I d and 11 2
mg v/I d for 0. 5% effluent (Table 5). These results are h&gher
than 4 mu,/I d. obtained ford uubueuu sp in built we&Lsnds,
or 3.5 u&gs/I d for PhomuiC&um boh&zeri u& water Ircatment.
N remoiel fi&r tlm eukaryot&c strains showed sumlar or
lnghcr values fi&r thcsc strmns cultured in d&e efllun&t
medium than in the algae medium, ivith values between 12
and 25 mgu/I d. This range of values was also in line v ith
those obtained for Srezzcdcszniis sp. in eflluent at a dilution
rate of 0.2-0.6 I/day. PseuCohirrhucrieilu sub&upuoru in
cfiluent. Xuuuorhioropsis guiii/uuu at 0.3 I/day d&lut&on

rate. Ch/ore//u sp. u& cfllucnt and u& pig slurry for some
nucroalgal nil&urea. Our N removal results appear to be

rester than those obtained in wastewater for Sreuedesmus
sp. (8 8 mgv/I d), but lower than those obtained &n the
efihient for: Muriellopsis sp (47.5 mgw/I D). iVB&uzocizlorop-

sis guC&n&uu at a dilution rate of 0.2 I/day. P removal in the
cxpcnmn&ts cerned out u& tlus work rm&gcd betv,een 0.8-2
u&gu/I d without stgruiicant d&lfcrences bc&ween Ihc Iwo
nutrient mnha tested (p&0.05). Thcsc results werc in agrn:-
ment with those obtained in a microbial consortium ninhuin
with (:hirzrellu vulguris (0 576 n&ggi d. in waste&vater v ith
PseuCohirchuemellu subrupuuru and See&&edeszuus sp. It was
observed that these values were lower than those obtained in
cfiluent with SceueCesmus sp, Xumiochloropsis guCiiuuu,
with Murelliops&s sp Bnd Ibr fresl&water algae cultured &n

was&cwater. 11&ere werc no s&g&ulicant d&flercnces beIwecn
the N yield values between the experiment ~ carried out in
both nutrient media (p&0.05) with a range value between

20.1-93 mgx/ga. The highest value corresponded to the
eukaryot&c strau& BEA IDA 0071B (Table 5). These dais
werc in linc w&th those obtained in eflluent w&th SCCBCCes-

mus sp (23.3-37 6 m s/gs). Nuuuizi hlurupsis gadiiuuu (50
mgu/gu), &I'lurellizzpsis sp (50 m s/gu). (7&lrzrellu vidguris
(51 mg&/ „) and for fiksn&entous green algae in v astewater
treatment. In relation to our P y&eld results. there were no
sig&uficant differences either between the nutrient media
used (p&0.05) with a range value between 2.2 and 54
mgpga, with thc highest value corresponding to thc culturod
cyanobacteria 13EA Il)A N)6913 in clean n&ediiun These
results were similar to those obtained in efiluents at the same
dilution rate for Sce»cdesizzus sp, at a dilut&on mote of OB
I/day for Nuuuochioropsis gaCiruua and in wasteivater for
Mu&eiliopsis sp and higher than Murelliopsis sp &n effluent
(3.2 mgr/ga).
10095] These results obtained arc &n linc w&ih others
obtained in different research &vorks as shown above Once
again, these results show the etfectiveness of the use of
nucroaigae to remove nutrients fron& eflluents and waste-
water. We also highlight the N yield of the eukaryotic stmsin
BEA IDA 0071B in an effiuent with a value of 93 m,/ a.
Thm value was much greater than those obta&ned by other
ciflun&t rcscarch works u& the usc ol'fllun&t or was&cwater
as a nutrient mediun& for the pmduction of microalgae
](3096] It is obsened in our results that the average (;l)OM
in the cultures carried out in diluted eflluent was at least t&vo

times greater than in the control f/2 medium (FIG 4). This
fact confirms a greater microbiological activity in 0,5% of
the cfllucnt, duc to thc role &n thc fi&nnat&on ol'DOM by
bacIcrial transformation. Unfortunately, th&s m a cnt&cal
aspect and has not been &videly stud&ed

3 3 I iarvest

]0097] The cost to harvest microalgal biomass could be a
barrier to its potential applications. Centrifugation methods
arc energy intcnsivc and flocculauon &s also cxpcns&vc and
could &ncrcasc the sal&ruty of thc harvested b&omass. On ilus
matter, all the strains tested in this work &vere collected by
filterin biomass thmugh a 50 iuu mesh 1'he strains of
cyanobacteria 131&A ll)A OOC&913 and 13EA IDA 007013
v ere filamentous and tend to foun aggre ates, the eukary-
otes BEA IDA 0071B and BEA IDA 0072B form a gre-
gatcs and all of thcsc sirains tend to s&nk m&d lorn& a thin
la)'cr of scxhnlcnt when Bci'ilt&iul was discontulucd. All this
enables the biomass to be collected in an eflicient, fast and
cmnfortable &nmu&er 13efore proceeding w&th the lyophili-
sation of the biomass. it can be washed thon&ughly &vith

distilled water. Tins form ofcollection enables the dissolved
sold matter, bacteria and toxic compounds to be removed
from thc biomass as well as unpuntics to be greatly reduced.
Thm Ihct rcprcscnts a total advantage over most of thc
nucroalgae cultured in other studies, wherein the microalgae
exhibit a small cell morphology below 5 Iuu in diameter,
they do not sink and do not foun aggregates Due to these
features. these microalgae in other studies nuist be harvested
by centrifugation. This methodolo y and morpholo y of the
nucroalgae &n other studies do not enable thc b&omass to be
washed.

3.4 B&omass

3 4 I M&cmb&olo y
]IH198] 11&is study is the result of the microbiology results
of the lyophilised bion&ass analysed for the experiments
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carried out in a clean f/2 medium and diluted efliuent. All the
b&omass oi'lu: stra&ns colhmted Iluou h Ihc mesh six&wcd
comphancc of thc analys&s w&th current European lc &slat&on

for food products (I:('egulation, 2005) and with the maxi-
nnin& contamination threshold in food (I I('enulation, 2(X)6)
(Table (I). These results confirm the viability. potential and
benefits of these strains that exhibit the advantage of being
harvested by mesh„as described in the previous section.
Howcvcr, the water rcjcctcd Ihom Q&e process has concen-
trauons OI'nm&on&um, nitrate m&d phosplmtc, d&ssolved
organic matter and mien&organisms belov; the tlueshold of
the admissible values established in the Spanish regulations
for the reuse of treated water (Ministry of the Presidency of
Spain. 2007) as explained in the results and reflected in the
respective previous sections. The water bioremedintion pro-
cess of lcdchdtc i&su&g uuc&oalgac fii»liltucnt &can&vill Is
h&ghlv cflhcnvc.

3.4.2 Hcavy Metals

[0099] 1 he heavy metal content of the harvested biomass
for the microalgae strain BE A IDA 0071B meets the cri-
teria of European recommendations on the limit content of
heavy metals &n scawcixl and by-products (EC Regulation,
2006). This max&mum concentration was established at &3

mg/kga for Pb m&d Zu, &0.3 m /k a li&r mercury. The
eAluent showed concentrations of mercury of 0 075 n&g/I,

and was d&luted in seawater at 5% I'his concentration
decreased to 0075 p /I This concentration could be con-
sidered not significant Therefore, the concentration of mer-
cury in the biomass analysed for both nutrient media tested
showed Io be below the threshold value..0.09 m /kg„
(Table 7). In Ibis aspect. i& has been taken into accoun& Iha&

the bion&ass of this strain could be washed since it was
possible to harvest it through the mesh

3 4 3 13iochemical ('on&position

[0100] The results revealed that carbohydrates were the
dommm&i biomass Iraction for afl sIra&ns and Ilmt both
nutrient media werc &n thc value range obuiined for thc
m&croalgal b&omass cultured u& PBR (&43%o DW) (FIG 5).
'I'he carbohydrate values of the green &nicroalgae 13I&A

ll)A 007213 were in line with those obtained fi&r (7ilvrelbr
sp, Sce»edest&t&ts sp in effluent at a dilution rate of 0.2 I/day
and .Vc mcrlilorcpsis gdditana in effiuent medium at a
d&lution rate ol' 3 I/dny dcscnbcd by other authors Tlus
&Slue was slightly greater u& the golden algae strain BE A

IDA 0071B (505ro DW) than u& Ihe golden nucroaigae
lb) arne&i nm purvum (40'%)W) 1'he carbohydrate cnntent
of the cyanobactena 13IIA IDA 007013 and l3EIA A)A
0069B was more siognificant (&40% DW) than the values
registered in other studies for Annbaena vila&dried (30%
DW), but s&miler to those values rcgisierixi by other mithors
in Spi rogi:ra sp. The concentration ol'1&p&ds m most spec&es
is bctwccn 2 aud 19%o DW (FIG. 5). These d&stance values
v ere obtained &n Wanizncblnropsit gdditand in eA)uent
medium by other m&thor), but loiver than thnse reported in
Srendesnms obliqnns &n pig wastewater (31% D)V). The
Fv/Fm ratio during the Incubation period carried out for all
strains m&d nutrim&t mcd&a (Table 5) did not mducc the
accumulation of 1&p&d con&cut as i& occurred under s&rcssful
cond&&ious. It should bc Liken u&to account tim& Ihc ddier-
ences in concentrations of lipids are a functinn of ditferent
factors (medium and concentration of nutrients. dilution

rate. outdoor conditions). Our results showed that proteins
werc thc other main compounds w&th concentrations varyu&g
bctwimn 13 and 40% DW. with lughcr values for thc biomass
cultured in 5"rh of eAluent 'I'his beneht range was simihsr tbr
various microalgal strains cultured in PI3R by other authors
with values 45% D)V for Cltlorelln sp and Ietrcsebnis
cbmi and that obtained for tgannocbloropsis gaditana, Chlo-
relln v&t/Saris and Cbicrcl/u sp. but h&gher than those of
Scenedesmus sp cultured in efllum&t mcd&um. Thc nucroal-
gac Pn &nnesium/&dr&&tn& showed a prote&n content sun&lar to
the strain 13EA Il)A 007113 tested in both m&trient media in
th&s v'ol'k

[0101] The ash content range registered (7-20%o DW)
(FIG. 5) is cons&a&cut for maruu: m&croalgae with low ash
content (&10% DW) Ihr thc cukaryot&c microalgac BEA
IDA 0071B and moderate ash levels (10-20% DW) Ihr thc
nucroalgal stmsin 131 IA IDA 007213 'I'his range value is
related tn the greater ash content registered for different
green and golden microalgae. as well as for cyanobacteria.
The microalgal strains tested in tlus v, ork show ed a diflhrent
b&ochcnucal composiuon. w &Ih a prcxlo&uu&ance of carbohy-
drate contcnh Ihfiowcd by proteins and. to a lesser de rec,
by 1&pals and ashes. The best source of carbohydrate conten&
seemed to be in micmalgae cultured in a clean n&edium. and
on the contrary, micmalgae cultured in diluted eAluent
showed a high protein content. The lipid content is trans-
parent to the nutrient n&edia used. Table g show s the fatty
acid prolile data. Currently. their in&crest &s mmnly in thc
producnon ol'FA, such as eicosapcntam&o&c ac&d (EPA.
20.5) and docosahcxacnoic ac&d (DHA. 22.6). In this sense.
the strain 13EA A)A 007113 showed the lughest i&PA values
(20 5) and mnre significant than those obtained by other
authors for microalgae of the Pelagophyceae class, Chloro-
phyceae and II trnsemis sp. class. The DHA content (22:6)
was greater in Ihc cyanobactenal stra&ns aud the cukaryot&c
BEA IDA 0072B. Thcsc ialucs appeared Io bc h&ghcr in
thc cfll&lent nlcdmu1 Ihdn u& Ihc control mcd&un&, aud dlso
higher than thnse obtained for cyanobacterial strains by
other authnrs Alpha-linolenic acid (AI.A, I g:3) showed the
lowest values for the microalgae BE,% IDA 0071B, ranging
between 13% and 19.3; o for the rest of the stra&ns analysed.
Thcsc data werc lnghcr tlmn those obtau&cd by other mnhors
(&13%) li&r Scenvdesrn&ts sp cultured scm&-conunumisly in
uutrcatcd was&cwater at diflhrcnt ihluuou rates, but lower
than those nbtained for the san&e species hy other authors
(39 3%) Oleic acid (lg:I) was greater for the microalgal
stmin BE.% IDA 0072B. &vith a mange between 25% and
29%, sho&ving higher values than for Cblorella sp and for
Scenedesnivs sp. Thc pnlmitic acnl data (16 0) showcvI a
value s&miler to that obtained for d&lfi:rmu spimies and
nucroalgal studies.

[0 H)21 All strains tested shnwed a PUI&A% to )l&A ogo ratio
greater than I. except for cyanobacteria BEA IDA 0070B
in f/2 medium. In addition. in cyanobacterial strains and
nucroalgae BEA ID A 0072B. most of these PUFAs arc n-3
PUFAs, with m& n-3/n-6 ratio grcatcr than 1. Thcsc strains
showed good snurces &vith l)I IA levels between I'r'ir and 2%
(1'able 0) lhese results are far from the adequate l)IIA
levels reported by other authors fnr Rlz&alrrmnizas sp (4 6'ri)
and Isocbrvsis galbatio (12.7%o).

[0103] The prcv&ous rcsul&s address thc po&ential of Ihe
nucroalgae tea&cd in this work as sources of PUFA m&d cm&

be applied as sources of fiu&ctional foods. nutmsceuticals and
plmrmaceuticals The relatively hi h content of )I'A % and
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MIJFA % (&60%a) for all strains except microalgue BEA
IDA 0071B (&40%) oili:rs the possibility of acluevuig the
protiuciion of biodmsel with superior oxrdative siabihty.

4. Conclusions

[0104] The usc oi 0.5% eillueni dilutixl ui ac mater cdn
dclucvc sigmiicant production rates at 4 dilution rate of 0 2
I/day, and production could be impn&ved by increasing tlus
dilution rate to 06 I/day This aspect must be studied in
considerable depth.
[0105] The strain BEA IDA 0071B showed the maxi-
mum N removal (24.9 mgN/I d) and N yield (93 mgN/ n).
P removal vened bciwixn 0.8 and 1.2 mgP/I.d and P ymld
1 nricd bet» cen 2.2 and 4.8 mgP(gn. Tlic cxpcrunents carried
out did not show signihcant difference in bacterial growth
in both nutmeat niedta throughout the incubation period,
despite the greater microbiological activity in the effluent
medium as shov,n in the CDOM results.
[0106] The microbiological analysis of the biomass con-
Iinns thc liability. potential and benelits of thc strains
luiry cairn! iluough a mesh and washvxi wilh distillcxI water

because these results slu&wed compliance with current le-
islalton for ff&od products. Biochemical annlysis showed Ihai
carbohydrates were the dominant frucuon 40-60% DW,
followed by proteins 13-40%o I)W. then lipids 2.7-20% I)W
for all strains and nutrient media BEA II)A 0070I3 sliov:ed
the maxunlun carbohydrate contetit (64% DW). BEA IDA
0072B the maxinuuu protein content (38% DW). Following
the above. each one of the marine strains studied m this work
oilers coot!nous pc!Oil!till Iol wits!cunt(1 iicdilllcllL cdsv
collection, bacterial growth control and clean biomass with
a wide range of possibilities (pestictdes, aquaculture feed,
compound feed, biofertilisers, btodtesel, nutraceuticals and
phannaceuticals).

[0107] The usc oi'ffluent as an ulicrnativesourcc of
nutrients for microaleal cultures appears to be attractive
while reducing the serious and dangerous problem of envi-
ronmental impact due to treatment and discharges. These
preliminary results support the possibihty of producing
valuable microalgal bioniass that puriiies wastewater or
cigumit, prevents bacicndl growth and provides a water
stipple.

TABLE I

hlfmoaleai strauis used (or the piodu tfon o( biomass ui cniuent

Code St'l(fili Isolated Type Mnrpholoey Class

ID.( ()069)3,'y ( ( )p )( p m.di (.'Tanb. I » ro biluo t o.

BFA IDA t)f17()B Modalcoi lfu»e oirrf (eau itef C,snobs(enum F lamenrous Cyinobt terum
ID( tlo flu ('/ Jm h Mm eu ( S: .S»

BFA IDA 0072BB (/o/c lf/orr//rfrubeiceirs (eiii.itef Euharvote Vmi hlamentous T Sre .ite Chlomphc eae

TABLE 2

Results (Mcui SD)o(thc main ph sicn-chen)in)! pnenctcrs ( onducti ty
Ous'it) 1'ctilpcl'store (' I, pH a)id s.'dfitft ') incest)lcd fit ('2 ftlcdfiiitl

mm ti "''X if m di m fi, I o(i!» Cal: I a(r; ns I sled 0 Id

m;math.t lhm ..: Cipn tin a) IilT . 8 t i! I »I I (p r t)r)&l

ftl( Cftl ' pH

)11CGI)inl BEA IDA 0(171B
BEA IDA DD69B
BEA IDA 0(17"B

ID ( Oil Jflil

626 28 ':1 ()4 77 v3 184 11
,8 Vll 213"I 78 (ls 368 Vi

01 2! I I 84 v9 168 f)1
&77 i)1 216*12 78*06 169*01

St. in mS)m 'C pll

0 " huluent
Med um

BEA IDA (1071B G ( G i 0 ( 76 02 38 11
BEA IDA f)06&B (7 ( — fl I ! I — (f 9 84 — fl 3 '16 8 — t) I

BEA IDA f)07 B 57 ( — fl! I I (I 9 89 — (I 'I 36 7 — ff!
BEA IDA f)07(B (7 ( — fl I ! — (f 9 8 6 — fl 3 '16 7 — t) I

TABLE 3

C nipos t on ranee o( the euluent u ed to pmpaie (1 e nut) ent med nun by muuie
sca atm Mean SD n = G

CfItin(i Anions Otiicl'liitlictcrs

ni i id me'I mpo nl rupl

Calcnim
Ma nes uni
Pntassfum
SCC(fiiitl

84 ( I ( B cnbonates
I u( fl 2 Cnbonat s

604 lf! I Citloude
5&' I Hi)rate

17 ('ll 41 Boron i)475 t)! ( BOD
I u( 09( Copper 0 I( ot) COD

110(i 60D Ir n 4 64 1.3& pH
133 " Muieuicsc u 15 uo& Conduct»io

2 70 7')0 (me)I)
6.745 2(( (rn I)

83( ul
7 45

i)T)S ')T) I



US 2023/0061001 A1
14

Mar. 2, 2023

TABLE 3-couguuud
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concentrations of total nitrogen (P) in the range of 1-15
mg/I,

A'hcrcin thc N/P quotii:nt Is 10 ihc range iif 5-40.
Z A method filr bioremediating an efiluent. comprising:
culturing a nucroalgae in the efiluent diluted in seav ster,
wherein the microalgae is at least one of B strain of the

genus Nodal»riu, a stmlin of the genus Chri sorel xhur-
diu, a stmin of the genu~ Bul»chlorellu, or combina-
tions thcrcof,

wherein. at thc begulnuig of culniring, thc diluted efilumlt
exhibits.
concentrations of total nitmgen (N) in the range of

30-150 m /I, and
concentrations of total nitrogen (P) in the range of 1-15

mg/L
A'hcrcin thc N/P quotii:nt Is 10 ihc range iif 5-40.

3. The method accorduig to clauu 1, whcrcui thc strain of
the genus Nodular/ 0 is at least one of a strain of the species
Iyudiiluri» s/ru»zigerzu or a strain of the species N'»d»lurid
/rune) uuu. v herein the stmmn of the genus Clirys»reiuhrrr-
diu is a strain of the species Chri s»reiuhurdiu giruurhi and
Iyherein the strain of the enus Bulorlriorellu is B stmin of
the spccics Bulochl»rellii rubesceizs.

4. The method accorihng to claim 3, Ahercui thc strain of
the species iV»du/»rid spiiiaigeuu is 1311A Ii)A 006913,
wherein the strain of the species N»du/uzi» hrrrveiuuu is
131IA IDA 007013, wherein the strain of the species
Clzr) soreluhurdiu giruudii is BEN IDA 0071B, and
wherein the stmlin of the species Hulochlurellu rubescei&s Is
BEA IDA 0072B.

5. Thc method according to claim 1, wherein tiw. concmi-
tration of ammonium (N Niid ) with respect to the con-
centration Of total nitrogen (N) in the diluted effiuent is at
least 50%.

6. The metlxld according to claim 1, wherein inoculation
of the microalgae in a culture medium is carried out with at
lcdst 50 nig/I of dnr'ioniass.

'7. The method according to claim I, further compnsulg
harvesting the biomass from the microalgae by filtration

8 (canceled)
9 I'he method according to claim l. wherein the culturing

is carried out in photobioreactors under outdoor environ-
mental conditions.

10. 'I he nlethod according to cLlim I. wherein the cul-
turing is carried out under a mean irradiation of at least 1750
umoles phoions/ms s

11. (canceled)
IZ. A nlethod for producing a processed material front

microalgal biomass. comprising: (a) producin microalgal
biomass according to the method of cLlim 1. Bnd (b)
producing a pmcessed material from the micronlgal bio-
nld ss.

13. 'I'he method according to claim 12. wherein the
processed matenal is selected from the group consistin of
a fertiliser, pesticide, feed. feed for fish. biofuei. jet hiel,
biodiesel, pi~»tent, surfactant, cosmetic, pharmaceutical
agent, nutraceutical product. probiotic productr probiotic
product, functional food, health supplement, mid bioplastics.

14. A method for producing a biomass extract from a
microalgae. comprising:

i) culturing the microalgae in an efiluent diluted in sea-
v ster,

whcrcin the microalgae Is dt least onc of a stmui of thc
genus N»d»lurid. a strain Of the genus

Chrys»re/»hurd-

/»u, a strain of the genus Hulurhlrrrelhr, or combina-
tions thereof.

wherein. at the beginning of culturin . the diluted effiuent
cxlubits:
concentrations oi'otal niuogen (N) in the range of

30-150 mg''l. and
concentrations of total nitrogen (P) in the range of 1-15

nlg/I,
v herein the N/P quotient is in the range of 5-40:

ii) harvesting the bionlass from the micmalgae by filtr-
atio;

ni) subiioting the microalgal biomass to B cellular brcak-
agc method Bnd

iv) obtaining the extract resulting front cellular breakage
15 'I'he inethod ofclaim 14. Ivherein the cellular breakage

method is selected from the group consisting of ball mill,
hi h-speed homogenisation. high-pressure homo enisation,
illtrasonicatlon, nucroA'dyes, pulsed i:lci:tnc fickl, chcnucal
methods, cnrymauc hydrolysis, aud subcritical-Aaier
ex/i dCtion.

16. (canceled)
17. (canceled)
18. The method, according to claim 2, wherein the stmlin

of the genus Norhiluriii is at least one of a strain of the
species iV»dulurizi spumige i» or a stmin of the species
¹dulurlii hurveyuuu, whcrcul thc strain of the genus
Chry s»rein luirdl u is a strain of the spccics Chri sore/»hurd/u
lruiidii, and ivberein the strain of the genus Hul»clzl«rvllu

is a strain of the species Huluihlr&re/la rubescent
19. The method according to claim 18, wherein the stmlin

of the species Nodular/0 spumigeuu is BEA ID 1 0069B,
v herein the strain of the species Nod»/aria hurveyuuu is
BEA IDA 0070B, whcrcin thc strain of the spccics
Chnsureiuluirdl» glrriiidli Is BEA IDA 007IB. and
wherein the strain of the species Hul»ilzlrrrellu ruhvzceus is
13IIA Il)A 007213

20. The method according to claun 2. wherein the con-
centration of ammonium (N Niqd ) with respect to the
concentration of total nitrogen (N) in the diluted effluent is
at least 50%.

21. Thc method according to clmm 2, A hcrcin uioculation
of the nlicroalgae in a culture medium is carried out with at
least 50 mg/I of dry biomass

2Z. The method according to claun 2„ further comprising:
harvesting the biomass from the microalgae by filtration.

23. The method according to claim 2, wherein the cul-
turiug Is carncxI out in photobiorcactors under outduor
environmental conditions.

24. I he method accordina io claim 2, ivherein the cul-
turing is carried out under a nlean Irradiation of at least 1750
moles photons/ms s.

i t t t
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