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Abstract: Problem statement: This study discussed the problem of accumulatiodAroénd Cu in the
topsoil as a result of application of mineral festtitives that possess low bioavailability in arlima
diet. The review considered the production proaefssnineral feed additives in which a product
supplies microelements in highly bioavailable forfnrichment of natural biomass of edible
microalgae with microelement metal ions, which dypmicroelements of feeding significance in
livestock diet, is considered in term of sustaieaitoduction Approach: Production of microalgae-
derived products as mineral feed additives requataBoration of the processes for cultivation gfal
enrichment process and afterwards recovery of thieteed biomass from the solution to obtain liquid
free of cells that could be reused in the next @ssclin this study membrane bioreactor was coresider
as a method for separation, both in photobioreafdooswth of microorganism) as well as in the
enrichment procesfesults: Effort involved in thermal and chemical separatieahniques is higher
than that in mechanical techniques. Membrane bitoes which are usually applied to treat
wastewater, both industrial and domestic. Thisytlidcussed method to separate a valuable biomass
of enriched microalgae and reuse the solution vaidual metal ions that can be used once again in
the subsequent biosorption proceSenclusion/Recommendation: Taking into consideration care
about the environment it is better to apply memerarodules in the production process in terms of
sustainable production. The proposed solution asduthe application of membrane modules as a
separation step after enrichment process and bomeasvery.

Key words: Microalgae, mineral feed additives, biosorption,odmcumulation, microelements,
membrane bioreactors

INTRODUCTION Among the majority of new technologies that have
appeared since the 1970s, biotechnology perhaps
Each process in food and agriculture industry hasttracted the most attention. Biotechnology campblup
an impact on the environment and there is muchuseful products that can replace conventional
concern  about environmental  pollutBiThe  agrochemicals or enhance their effectiveness sb tha
intensification of agricultural production in Pothris  their overall consumption is redu¢&d. Increase of
expected to increase dramatically in the next feary  environmental awareness is a fact, many businesses
as a result of entry of Poland to the EU. This dapi have responded to this awareness by providing
economical and technological push can lead tdgreener” products and using “greener” processes. |
increased soil pollution with heavy metals (Zn &w)  addition, biotechnology can provide animal feedthwi
caused by application of organic fertilizers as in the  enhanced nutritional composition and keep quatiy,
case of Western Europe. The high content of thos@nprove the sustainability of animal productrhn
metals in manure is caused by an elevated content i  Designing new product and its production methods
animal feed. It is very important to reduce heawtats  we should have the best interests of the globeimim
load in manure by lowering the in-flux through aalm Industrial sustainability aims to achieve sustaieab
feed. It is necessary to utilize Western Europeproduction and processing within the context of
experience to avoid this danger ecological and social sustainabifit§. Many natural
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processes are in a dynamic equilibrium in whichmargins are applied as a result of low bioavaiighil
negative feedback loops, remaining in a relativelyConsequently, manure is highly concentrated inehes
steady state in which fluctuations in the prospesibf  elements, which may concentrate in top soil andgeau
the environment are absorbed or leveled off by taun toxicity to plant and microorganisfils We may feed
reactions by the systéfh Additionally, sustainable an animal 5.51 kg of protein per day, if the digskty
development concepts have resulted in increasingf that protein is only 65% though it is actuallgly
environmental pressure to improve the efficiency ofreceiving about 3.58 kg. The same is true with maitse
resources utilization and significantly reduce wast Absorption rates may range from 0-99.5% depending
generation and emissidfls on the source as well as a host of other factors.
The aim of the present study was to show theApplication of highly bioavailable, bio-metallic dd
possibility of reduction of the risk of increasiaghount  additives based on microalgal biomass is one of the
of heavy metals in soil against of intensificatioh  means to limit this environmental risk.
agriculture industry by implementation of minerag&dl Because zinc and copper play so many important
additives in form of bioplex of microelements amét roles in the body, they are required by all livektand
microalgal biomass, instead of inorganic saltsywaf ~ poultry. Absorption of zinc ranges from 5-40%.
as application of membrane bioreactors in produactio Estimated copper availability for grazed foragéage

process of such a product. and hay were 1.4, 4.9 and 7.3%, respectively. Commo
sources of supplemental zinc include zinc sulfateg
MATERIALSAND METHODS oxide, zinc chloride, zinc carbonate and zinc desla

There are the traditional inorganic sources of eopp
copper sulfate, copper chloride, copper carbonate,

In order to assess the possibility of applicatidn i d then th _ defired b
microalgae in animal feeding and membrane bioreacto COPPEr OXIde an €n the organic sources define
the organic molecule to which they were bound. Rece

to make the production process more sustainabée, th ; ; S .
. . - comparisons of bioavailability in chicks suggesatth
peer-reviewed literature and official reports were

) . : feed grade zinc oxide has only 44-78% the avaitgbil
examined. To compile available data on membran%f zinc sulfat@o Many researchers have been

blor_e_actors related to production of mineral feeOIstudying relevant bioavailability of organic sousocef
additives, over hundred reports, abstracts and rpapecqnner and zinc. Marked differences in bioavailapil
were studied which document the microelement inyetween organic and inorganic formulations havenbee
animal nutrition, biosorption and bioaccumulation gocumented. Relative availability estimates foramig
process in enrichment of microalgae and membrangources of copper ranged up to 147% of the response
bioreactors application in terms of sustainabilithe  cupric sulphaIEJl'lS].

information are summarized in the following chapter Repeated land-applied animal manure causes
Cu and Zn in animal feeding: environmental effects,accumulation of Zn and Cu (added to animal feed as
Biomass  enrichment  via  biosorption  andfeed supplements) in soils and may become toxic to
bioaccumulation, Microalgae in Terms of Sustainableplants (Table 1). These elements are also of cancer

Production, MBR Technology, MBR in microalgal pecause they can have an impact on human and
technology and MBR in Production Process where thenvironmert®!”. Production of manure (solid and

proposition of production process was given. liquid) in 2002 reached 173.3 40in Poland. Annual
heavy metal input into the environment via animal
RESULTS manure is not high but with the development that is

expected, problems related with heavy metals
Cu and Zn in animal feeding: environmental effects:  contamination of soils fertilized by organic manure
The ecological view of sustainability focuses onmight become similar to those observed in Western
preserving the resilience and dynamic ability ofagriculture (Table 15.
biological and physical systems to adapt to chnge According to Institute of Soil Science in Pulawy,
The environmental performance of agriculture hassix levels of soil contamination with heavy metate
become a key issue in Poland. This study invegtigat considered. First two categories are perceivedaés s
the ways to minimize its effects on the environmentfor human and environment (Table 1). The qualiy th
Intensive animal breeding is considered to be @ser soil in Polish agriculture is very good in termshefavy
obstacle to sustainable development. Cu and Zn angetals concentration, (97% “0” and “1” categéﬁly)
often oversupplied in animal diets because they are When manure is applied at high rates or composted
used as growth promoters or because large safethd then applied at lower rates, all of the tracgenals
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Table 1: Six levels of soil contamination with hgawetals input of heavy metals though land-appliedzardous concentration affecting 50%

of the species at their Egdevel

Heavy metal input g hayear™®

Indices of pollution of surface layers Poland Denmark
of soil mg kg®
Animal Mineral Animal Mineral Log terrestrial HE

Element  Soil 0 I I-v manure fertilizers manure tiizers  mg kg* soif*®
Cu L 10 30 >50 21.4 411 218 17.9 2.54

M 20 50 >80

H 25 70 >100
Zn L 50 100 >200 91.6 28.3 641 25.7 2.58

M 70 150 >300

H 100 250 >500

& Hazardous concentration affecting 50% of the igseat their EG; level

Table 2: Differences between biosorption and bioeudation

processe&>30:3l
Bioaccumulation Biosorption
Cells type Living cells Dead cells
Technology Easier technologically Complicated
technologically
Desorption Not possible Possible
Rate Low High
Place Intra and extracellular Extracellular
space Space
Activation
energy 63 kJ mot 21 kJ mot*
Sensitivity Nutrient dependent Independent of
specific
nutrients

excreted are incorporated into the soil. Agronosnistamino and

discussed as techniques of binding metal ions ¢o th
biomass of microalgae which are important in angmal
feeding.

Process of binding of microelements to the biomass
(biosorption or bioaccumulation) is based on thiitab
of biological materials to accumulate metal ions by
either metabolically mediated or purely physico-
chemical pathways of uptdik® Because of negative
surface charge and membrane composition, organisms
are natural adsorbents of metal 6fis Cell wall of
microorganisms, consisting mainly of polysacchasjde
proteins and lipids, offers many functional groggsch
as carboxylate, hydroxyl, thiol, sulphonate, phagph
imidazole groups) that can form

have begun to study the availability of the tracecoordination complexes with metal cati6h&! and

minerals in soil and their impact on the concerdret
in plants. Initial research suggests that the amofin
copper and zinc in soil will influence the amouzlten
up by some cropd. Consequently, feeding trace
mineral sources with high bioavailability is goad the
animal and good for the environment. Bio-metaléed

these functional groups are able to react with hiete

in aqueous solutid?f. Generally, the binding of metal
ions by the biomass could be described as a twmo-ste
process where the metal was initially taken up dhéo
surface of the cell (biosorption) followed by the
bioaccumulation inside the cell due to the metabkg

additives from microalgae with designed compositionmetabolism€”. Fist stage can be performed by both,
are proposed to be a solution to problems Wwithjying and dead organisf, biosorption is either

increasing accumulated quantities of trace elenment
the environment. Application of this kind of new
generation of bio-metallic feed additives would [slyp
microelements in highly bioavailable to animalsnfor

and would reduce amount of microelements of transi

character used as supplements in animal fodders.

Biomass enrichment via biosorption and
bioaccumulation: The biomass of microalgae is going
to be enriched with microelements via biosorption a

metabolism independent, such as physical or chémica
sorption onto the microbial cell walls, or metaboii
associated, such as transport, internal
compartmentalization and extracellular precipitatixy
hetabolite€®!. Bioaccumulation occurs in two stages,
biosorption where metal ions bind to the cell wadl an

ion exchange mechanism and metal ion transportation
into the cellular interidf”. The main differences
between biosorption and bioaccumulation are shawn i

bioaccumulation processes. In this case microalgarable 2.

biomass acts as a carrier of trace minerals irstoek
diet. Biosorption and bioaccumulation are knownaas
selective and effective methods of pollutants reahov

Biosorption is a term describing the property of
biomass to retain ions, mainly heavy metals and
radionuclides. The biosorption mechanism depends on

from waste watél’2!. In this study the processes are whether the organisms are living or deadtype of
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microorganism and conditions of performed process: Elaboration of the production technology of such
temperature, pH, biomass concentration and metal io feed additives with microelements for livestocknfro
concentration. The main differences in mechanisfns ocalgae is an important issue to consider. Thus,obtiee
binding metals ions are the t¥pe of the biomasén@i  technological problems that need to be solved fintb
or dead) are shown in Fig®3*! the efficient way of elimination of alkali and alkee
The bioaccumulation of heavy metals is closelyearth metal ions, to make the process a closee eyu
connected with their toxicity, i.e. restraining Waste-less technology. Proposed technological gsoce
microorganism’s metabolism and growth. Low assumed recycling of biosorption solution to reduce

concentrations of heavy metal ions are necessatpéo  nvironmental impact, but the question is how many
vitality of all microbial cells and certain low times the remaining solution can be reused.

concentrations of Cu and Zn even stimulate the trow ad dig\\;\:eos ;)rcgssgt;:; d\évraeés ('c:>if ozt;ta_:_rﬁ:ggbi[)nslgergln dfeed
and the activity of the metabolic processes. Athhig 9. <) P
heavy metals concentration the growth may be sgvere
restrained which can be observed as a prolonged lag — Adsorption
phas&*?7]

Both, biosorption and bioaccumulation can be
described by isotherm equati6iig®. Mechanism of , iolosical

P . . . — Adsorption 1ologica

proposed method of binding metal ions to cell aefes * Droccesses
mainly ion exchange, in which microelements are

exchanged to microelement cations. As a resulhisf t | ' ,

phenomenon, the concentration of alkali and alkalin Biosorption
earth metal ions is higher as it was before bidsmmpor — ’ ]
bioaccumulation process. As a result of taking up Bioaccumulation
microelement i]ons by microalgal biomass, other ions
45 . . : . .
are releasdtf*”, Fig. 1: Biosorption and bioaccumulation
------------ > WATER
Multi-metal system — » BIOMASS
o Cu(ll)
. i Enriched ) cee—->  Mndl
Enrichment S_epar_atlon BI?)':\:ASS Drying > Z::((“))
Miosorption | Filation | ) e —m > Co(ll)
Single-metal system
wtneted Enrichrment Separaﬁon Enriched Drying )
......3 /biosorption Filtration BIOMASS-Cu I_:eedlnglo
.Packaging livestock ;
-----> Enrichment  Separation Enriched Drying k
-3 /biosorption Filtration BIOMASS-Mn
Mixing in the
proper proportions

) Dryin
I > Enrichment Separation Enriched P

-3 /biosorption Filtration BIOMASS-Zn

————— > Enrichment = Separation Enriched
T=—--% /biosorption Filtration BIOMASS-Co  Drying

Fig. 2: Flowchart of bisorption in single and muttetal system
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bioaccumulation processes can be performed in tweeuse the solution with residual metal ions that ba
configurations, single-metal system and multi-metalused once again in the next biosorption process.
system. In single-metal system biomass is enriched Membrane Bioreactors (MBRs) were first
each ions individually at a time. The process igeno developed 40 years ago and have been used
complicated, but on the other hand easier to cbatrd  commercially in Japan for almost 30 years. Sincg019
predict. However, in the case of multi-metal sysiem MBR technology has been brought to North America
would be easier technologically, since the biomassnd Europe and is now exPeriencing rapid growth in
would be enriched with all the microelements wide variety of applicatiois’.
simultaneously, in a single process. Membrane bioreactor technologies are, as the name
suggests, those technologies that provide biolbgica
Microalgae in terms of sustainable production: In processes with membrane separation. Currently,ofwo
September 1999, Chad Holliday (DuPont's CEO)the most significant components of MBR operation
announced: ‘We will take important steps toward thecosts are membrane replacement and energy
use of renewable resources and energy. The gdal is consumption and both relate with foulfty From
source 10% of our energy needs in the year 2018 fro extensive research of scientific literature, thevas
renewable energy sources and to derive 25% of owstrong evidence that membrane bioreactor posses hug
revenues in 2010 from areas other than those iaguir potential of application and not only in the indigdt
finite raw materialé®. Most of utilized mineral feed wastewater treatment.
additives nowadays are used from non renewable MBR technology is becoming more common due
sources. Utilization of microalgae as a base talgce to its advantages of superior effluent quality, clite
such a feed additives cause less mineral miningg as control of solids and hydraulic retention times and
result of better bioavailability of minerals sumggliin  smaller volume and footprifit. Membrane-coupled
biological form. The concept of using biological bioreactors (MBRs) are an attractive design for the
pathways to produce a wide variety of valuabletreatment of municipal and industrial wastewat@itse
compounds offers many opportunities for innovativeMBR design is analogous to that of the activatedg
products in the areas of nutrition in agriculture. process, except that more efficient biomass retanti
(up to 100%) is achieved through the use of a
MBR technology: The aim of this review is to assess membrane with a small pore size. MBR offer
the potential applications of membrane technolagy i substantially improved treatment performance bexaus
the agriculture and to find out if membrane bioteats  the effluent is virtually cell-frée?.
a suitable method to separate the enriched biofrass The global Membrane Bioreactors (MBR) market
the reaction mixture and to propose the most dkitab is rising at an Average Annual Growth Rate (AAGR) o
process flowchart. Choosing the efficient sepamatio 10.9% and is expected to approach US$ 363 millon i
methods is important for a broad range of these€010. Experts believe that Membrane Bioreactor
research areas. Key factors that have an impathen (MBR) technology offers the ultimate opportunity to
choice of separation strategy include processmprove filtration and separation efficiendfés MBR
throughput, particle size of the product and imjiesi technology is considered as a way of achieving zero
and the desired end-product concentrdtibn The untreated liquid discharfe The membranes may be
development of efficient, economical and selectivemade of different kinds of materials depending ba t
separation methods will be required for successfusystem that is being used to separate the fluid
commercialization of bioproces&6s Separation of mixture*®,
biologically based products often needs entirelw ne Membrane technology has been extensively
processes to handle unusual material properties, &8 applied to various industrial fields and has a nemnddf
the compressibility of a biomass. Effort involved i advantagd¥"®
thermal and chemical separation techniques is highe
than that in mechanical techniques (filtration,» There is no need to add other chemical substances
centrifugation, clarification, membranes, classifion, « |t can generally operate at ambient temperatures
purification, agglomeration, WaShlﬁﬁ} Membrane . It requires 0n|y Simp|e equipment and small

bioreactors which are usually applied to treat gidal volumes
separate a valuable biomass of enriched microagede maintenance
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External membrane maintain high biomass concentrations, reduce solids
Infuent {ilration production and minimize reactor volume. As a result
Bioreactor Permeate biomass (mixed liquor) concentrations in MBRs range
T from 10,000 up to 50,000 mg~i, often with no
Alr Concentrate Excess biomass Wastir{if].
(remmsludge)  Shudge It was found that biomass composition and
@) structure in MBR is considerably different from a
Conventional Activated Sludge (CAS). In activated
Internal, submerged sludge, non flocculating microorganisms are not
membrane filtration retained in the system while in an MBR both floc-
Influent Permente forming and dispersed microorganisms are retained.
Bioreactor — Thus, detailed knowledge regarding the sludge
characteristics and microbial community, as well as
Ah-J membrane properties, is necessary to the better
Excess understand system failure and membrane foliffng
Sludge Due to the high organic matter and salt removal
(b) efficiencies of the NF (nanofiltration) membranke t

i NF MBR is expected to result in a microbial
Fig. 3: The submerged (a): %}ystem and the externalommunity diversity that would be different to thait
(b): Membrane filtratiofi the MF (microfiltration) and UF MBRs. The NF MBR
S ) ] will expose the microorganisms to conditions in ethi
Membrane filtration is a strictly physical, abstelu  he concentrations of organic matter, particularly

separative technique whose qua!ity performancgefractory organic compounds and salt were relbtive
depends only on the membrane pore[®z&wo main higher.

MBR designs exist with the mem_brane modgle (Fig-3) ~ The examples of removal efficiency of MBR are
either located externally to the bioreactor (sittean)  resented in Table 3.The researchers demonstiaded t
or immersed directly into it (submerg€d) MBRs can be effectively designed to remove both

_As with any new technology, unforeseen problemsarponaceous and nitrog?enous pollutants with high
arise in long-term operation. Among a lot of efficiency, more than 9083,

technological problems of MBR systems, like lower Because it is highly efficient, energy saving and

membrane permeability that anticipated, bioreactor i bli ; b technol q
temperature impacting performance, the membran&'€at€S NO public nuisance, memorane technology an

fouling and need for rigorous membrane cleaning pla 'S €quipment have become one of industry’s most

A serious problem for membrane processes in annd technical values and is therefore developing
application is fouling. In MBR systems, membranequickly and can be effectively applied in the
fouling is due to the complex interactions betwdie®n  development and utilization of biomass resources.
membrane material and the numerous components ®fiembrane technology gained acceptance in the food-

the activated sludge mixed liquor. Controlling fieg,  processing industry and has many potential apjuicat
by backwashing, aeration or cleaning is thereforeaf agriculturé®.

the key operating considerations for MBR systefhs The productivity of dry wine in the double-vessel

Membrane fouling has been widely considered (Qnemprane bioreactor was 28 times higher than that i

be one of the major limitations to faster \he patch fermentatidf. In comparison with batch
commercialization of MBR, due to the fact that fogl o mentation membrane bioreactors  achieve

reduces membrane filtration procéds remarkably elevated cell concentrations and
productivity. In this type of bioreactor, a membedras

*  Productivity been installed to prevent washout of yeast whethhiso
» Shortens membrane lifespan withdrawn from the reactor. The high-performance
* Increase operational cost membrane bioreactor has been studied in fields asch

ethanol fermentation, organic acid fermentation,
Currently, MBRs tend to be operated with longincluding lactic acid fermentation and waste water
Solids Retention Times (SRT) (from 25-3500 d) totreatmertt®"]
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Table 3: Examples of removal efficiency of MBR

Membrane Removal efficiency (%) Effluent References
Lab scale submerged MBR TCOD-97.3-98 Synthetic eveater (total COD 400 mg1) [61]
Pilot-scale MBR (MF) submerged Clofibric acid-86 dhimaceutically active compounds PhACs [62]

Ibuprofen-98
Mefenamic acid-70
Fetoprofen-97
Naproxen -86
Lab-scale MBR TCOD-94.2 Pet food wastewater [63]
TBOD-99.7
Submerged MBR COD-94 Original food processing waater [64]
TN-74
NH;*-N-91
MBR with MIA (Modified COD-95.2 Sewage from sadown, Chungbuk. Korea [65]
Intermittent aeration) BO§98.2
TN-72.7
TP-71.4
E. coli-99.9
MBR (UF) BODs-53 Laundry wastewater [66]
COD-56
TN-99
MBR (UF) pilot scale BOR21 Wastewater after textile printing [67]
COD-42
NH;*-N-66

MBR in microalgal technology: Production of usually considered first to clarify the dilute dlga
microalgae-derived products as mineral feed adzhtiv suspension, but on the other hand poor removal
requires processes for cultivation of alga, enriehtm efficiency is obtained.

process and afterwards recovery of the enriched A further consideration in selecting a suitable
biomass from the solution to obtain free-cell Idjtihat  harvest method is the acceptable level of moisiare
could be reused in the next process. As with manyhe product. Gravity sediment sludge is generalbram
microbial processes for producing bioactive, thedilute than centrifugally recovered biomass. Toocchmu
downstream recovery of algal products can bemoisture in the harvested biomass can substantially
substantially more expensive than the culturinghe#f influence the economics of product recovery
alga. Recovery of the biomass from the broth ha&nbe downstream, if dehydration of the biomass is reslir
claimed to contribute 20-30% to the total cost ofafter harvest. Because thermal drying is more esigen
producing the biomass. Biomass can be separated ltigan mechanical dewatering, thermal drying showdd b
centrifugation, filtration or in some cases, gnavit proceeded by a mechanical dewatering step such as
sedimentation. These processes may be preceded byfiliration or centrifugatiod®.

flocculation step. Recovery of biomass can be a Membrane technology is suitable for that
significant problem because of the small size (3+80 application and becomes now attractive in
diameters) of the algal cells. Reaction broths aréiotechnology for industrial exploitation. Crossl
generally relatively diluted (<0.5 kg thdry biomass in  microfiltration and ultrafiltration techniques have
some commercial production systems) and hence larggecome a suitable process for the separation afomic
volumes need to be handled to recover the bidfiass organisms in a variety of biotechnical applicatiGhs
The preference of the algae separation methodsidepe Both Microfiltration (MF) and Ultrafiltration (UFhave

on the species of algae, chemistry of growth mediumbeen used to remove microorganisms also microalgae
ultimate use of algal biomass and most economicalljrom drinking water with very good results. Membgan
available separation technology. The size of abgdls filtration is strictly physical, absolute separativ
is an important factor to consider while selectthg  technique whose quality Performance depends only on
technique of separation. Colonial algae and filaimes the membrane pore si%e’®.

algae &oirulina) could be harvested by low-cost

separation technology such as sedimentation, ibotat DISSCUSION
and filtration. Smaller microalgae, like most sizgell _ _ _
(Chlorella) and motile algaeHuglena, Chlorognium), The project of process of production of mineral

have to be flocculated before their gravity sepanat feed additives based on microalgal biomass with
Gravity sedimentation as a low-cost technology &nd traditional methods of separation is shown in Big.
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1 2 Water 1 3 Water
x|~ 3| Salts 1 2 ! ) .
P _5 Biomass, X .
- Mixing — — Inucelum, I

= Valve
Pomp ‘

8| 5) 4

Ml NaOH e e - X

Fig. 4. Flowchart of the production of mineral feed Fig. 6: Proposition of harvesting of microalgae fwit

additives based on algal biomass. (1): Solution application of membrane module as separation
of inorganic salts MnSgbH,O, CuSQ-5H,0, method. (1): Solution of culture medium (2):
Co(NGy)6H,0, ZnSQ-7H,O, all in one Photobioreactor ~ with illumination, (3):
container (multi-metal system), or each in Membrane module (here separation of the
separated containers (single metal system), (2): biomass from medium take place)

Reactor/biosorbers (here biosorption process . o . _ -
take place), (3): Sedimentation tank (herefor efficient cult|yat|0n of mlcroalgae. In th!SlEiy it is
separation of the biomass from permeate také\ssumed that biomass will be produced in a semhrate

place), (4): Dryer, (5): Mineral feed additives, Process. And as a natural biomass with inactive
enriched biomass (X-Me) (6):’ metabolism will be added in to the main production
Transport/selling’ ' process, which is marked as X in the Fig. 4 and 5.
The whole enrichment process consists of several
main steps. In first a reaction mixture of a giveatal
) . /1 /3 s or metal ions, (using inorganic salts that are comimn
| oy used in agriculture as the source of micronutriénts
Valve animal feeding), with adjusted pH is pumped to a

Pomp

biosorber where metal ions are bound to the biomass

- (nr 2 in Fig. 4). Then suspension with algal cedls
. pumped to sedimentation tank where separation takes
/ place. The biomass is collected as sludge from the

i bottom and moved to a dryer.
The membrane module applied in production

Fig. 5: Flowchart of proposition of the productiofi ~ Process is going to be used as a separation methed.

mineral feeds additives based on algal biomas§i9- 5. presents new configuration of the proceih w
with membrane as a method of separation. (1)_ut|llzat|on of membrane as a method of separatibn o

Soluion of norganc_sats WISGH, | PO WED s s case 2 bomass erichat i
CuSQ5H0, Co(NQ),6H20, ZnSQ7HO, production process makes it possible to reuse the
iosorption solution with high efficiency. Natural
i : iomass is pumped to the 2odntainer (no. 2, Fig. 5),
system),. (2):  Reactor/biosorbers (herewhere only biomass, water and salts solution adedd
biosorption process ta!<e place), (3): MembraneAfter given retained time enriched biomass is sajear
module (here separation of the biomass fromyom the solution of inorganic salt and directedthie
permeate take place), (4): Dryer, 5-mineral feedyryer.  That proposal implies that the external
additives, enriched biomass (X-Me), (6): configuration of membrane module is better in teahs
Transport/selling quality of broth, although the energy cost will be
significantly higher. External configuration is tetin
For better understanding the whole idea, onlyterms of process control. For better efficiency of
biosorption process was taken into consideratiorthé  enrichment process, it is necessary to separate the
case of bioaccumulation additional bioreactorpjoreactor from the membrane module.
(photobioreactor should be used), where the ctitina The membrane module could be used in
of the biomass would take place. That tank shoeld bpreparation of natural biomass that will be used in
illuminated and appropriate ratio of inorganic saltenrichment process which is shown in Fig. 4 and 5.
should be used as a culture medium which is negessa MBR can be used to separate the natural biomass fro

1100

all in one container (multi-metal system), or
each in separated containers (single met
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preliminary step where photobioreactor is used.(6)g
In this case the membrane serves as a separdtesbf
biomass from the growth medium (Fig. 6).

with inactive metabolism, whereas bioaccumulatien i
performed with cells with active metabolism.
Mechanism of proposed method of binding metal ions

Vessel 1 in Fig. 6 contains medium (inorganicto cell surface is mainly ion exchange, in whichcnoa

salts). In the next step, solution is pumped toséeond
container which is illuminated and where inoculurhs
microalgal strains is added. Here growth of micgaal

elements are exchanged to microelement cdtfo#é®
Taking into consideration care about the
environment it is better to applied membrane maslule

takes place. Cultivated biomass is pumped to thg, the production process in terms of sustainable
membrane module where separation takes placgyqoqyction. Although higher costs are required bt t

Permeate is pumped to the first container. Lind th
connects the membrane module (3, Fig. 6) and th

container with culture medium (1, Fig. 6) describes
possibility of returning of
supplementation of substrate. However,
cultivation of algae cells released metabolites civhi
can inhibit growth of microalgae. For this reasofisi

necessary to examine the possible number of rexycli

steps.

CONCLUSION

Agriculture profoundly affects many ecological

systems. Negative effects of current practicesuitel

used medium after
during

dsame time lower volumes of effluents are genefae.

Better understanding the problem it is necessary to
perform detailed economical analysis of the possibl
configuration. But at the same time with no dotliain
be said that the application of membrane modules
creates less direct inputs to the environment.
Considering the higher costs of drying the sludgthe
case of traditional technology of separation it nieey
economically beneficial to take into consideratialh
membrane modules which require less costs than the
sedimentation taff!.

The proposed solution assumed the application of
membrane modules as a separation step after

the accumulation of microelements in topsoil as theenrichment process. As a result cells-free permisate

effect of low availability of nutrients in foddedditives
applied in dief.

obtained which can be used once again as a solotion
salt of microelements in subsequent biosorption

The modern genetic improvement by selectiveprocess. Another solution uses membrane module in

breeding has resulted in today’s highly fruitfubeds’

production of natural biomass of microalgae as a

of domestic animals and birds. But they demand highmethod that allows to obtain natural biomass arld ce

bioavailable nutrients in fodder to ensure thefemsive
growth and reproductive potential. Their
nutrition is especially important in this respetaday

mineral

free permeate of medium solution.
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