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Abstract

A study on the possibility of using optical dengitgasurement by UV-Vis
spectrophotometry to control the intensity of nnplitiation of freshwater
microalgae Chlorella sp cells under phosphorus deficiency conditions.
A properly equipped laboratory included a reactled with an aqueous
solution of synthetic culture medium containingrodien and phosphorus
compounds as well as other macro- and microelenmausssary for the growth
of algae. The growth of algae biomass under therxgntal conditions also
required to provide appropriate parameters, suchelasated temperature,
availability of light, water, and carbon dioxidehd efficiency of algae biomass
growth was measured due to optical density, defasethe absorption of visible
radiation at 686 nm. At the same time, changes werasured in the content of
nutrients in the culture medium, which were theulieef metabolic processes.
Based on the results of the experiments, it wasddhat the factor limiting the
growth of microalgae is phosphorus. Once it is efgul, nitrogen is no longer
assimilated by algae cells. Additionally, opticahgity is also decreased.
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Introduction

A global growth in energy demand led to the explooin of
nonconventional renewable energy sources. One ekethexamples of
a renewable energy source is a biomass of algad].[1ts cells live in aquatic
environments or in humid spaces, either in saftesh water. Since they are an
autotrophic organism, they function as producer®rglanic matter. They are
able to efficiently use less fertile areas morentleergetic plants such as
rapeseed or soya [3]. They are also capable ofiggoim wastewater. Algae can
assimilate carbon dioxide as well as phosphorodsn#nogen derived from air
pollutants, and municipal and industrial sewageé[4—

For the proper growth of algae, not only is honargaarbon required but
also nitrogen and phosphorous [7, 8]. Nitrogennis of the elements of amino
acids as well as nucleic acids (building blockspafteins), chlorophylls, and
plant hormones. The presence of phosphorous playsgrificant role in
metabolic processes of living organisms throughetiergetic balance regulation
and other intracellular processes. Phosphorougieedfly contributes to the
decline in the efficiency of marine ecosystemsstewen a small amount of
phosphorous in aquatic ecosystem is the cause wfcaeased growth of algae
[9]. Algae biomass is produced in the process tfophication in water tanks.
In order to avoid an oxygen deficiency, the biomasgds to be constantly
removed. Algae can be used in the bio-sorption Biodccumulation, in the
process of toxic metal ions concentration and istexsater treatment [10-12].

The growth of an algal population can be divideh several major phases
that follow one after the other (Fig. 1):

— Adaptation to environmental conditions,

— Intensive growth of algal biomass,

— Declining growth,

— Stationary phase, and

— Algal cell death.

These phases are characterized by a specific ntistaband the course of
the photosynthesis process. From the viewpointhef afficiency of culture,
a particularly important role is played by the mg®e growth phase. Total
growth of algae biomass depends on its duration.

The estimated investment and operating costs adedciwith the
implementation of technology and the productiomlgbe biomass in Poland has
maintained at a very high level. This is mainly doeunfavourable climatic
conditions. Therefore, the most important factordgtermining the scale of
algae biomass use is the economic viability ofrtpesduction. Much of the cost
is associated with heating, exposure, and dehydrati biomass, as well as the
control of production (including the cost of labmng analysis). The sources of
savings in this area include the use of fast anlsi methods for monitoring
metabolic processes [15-17].
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Fig. 1. Growth curve of an algal population undatch culture conditions (N — dry weight,
1 — adaptation, 2 — intensive growth, 3 — statipptiase, 4 — cell death), based on [13-15]

The aim of the study was to investigate the polisilaf the use of optical
density measurements to control the efficiency afroalgae biomass growth
under a phosphorus deficiency. Due to the high agp#o adapt to changing
environmental conditions and culture conditionssfiwater algae Chlorella sp.
(single-cell green algae) were selected to cartyttmese experiments. Achieving
this objective required the following: the prepamatof a suitable laboratory
stand, the determination of the chemical compasitibthe culture medium and
other conditions of the experiment (temperatureximgi and light intensity,
photo-period), as well as investigation of the msigy of multiplication of
microalgae cells based on spectrophotometric meamnts.

Research objectives and methods

A laboratory culture was inoculated with microaldaklorella sp from the
Culture Collection of Baltic Algae (Institute of @anography of the University
of Gdaisk). During initiation of the culture, 20 éninoculum (BA0025) was
introduced into the reactor containing culture medi Figure 2 presents
a microscopic image of algal cells before the it@imon.
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Fig. 2. Microscope image of algal cells (magnificat40x)
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The culture medium was an aqueous solution of BGyitthetic medium
(Table. 1) containing nitrogen (sodium nitrate) gpitlosphorus compounds
(potassium hydrogen phosphate) easily assimilatedhb algae as well as
macro- and microelements essential for their growtie medium was prepared
with p.a. chemicals.

Table 1. Composition of the culture medium [18]

N©° Component Content
1 NaNG 1.5 g/dm

2 KHPO, 0.04 g/dmi
3 MgSQ.- 7H,0 75 mg/dm
4 CaC}-2H,0 36 mg/dm
5 CeHgO7- 1H,0 6 mg/dri
6 CizHa,FeN;O4 6 mg/dni
7 Na,CO, 20 mg/dm
8 Na-EDTA 1 mg/drh
9 H;BO4 2.86 mg/dm
10 MnCb- 4H,0 1.81 mg/dm
11 ZnSQ-7H,0 0.22 mg/dm
12 NaMoO,- 2H,0 0.39 mg/dm
13 CuSQ-5H,0 79 pg/dn?
14 Co(NQ), 6H,0 49 4pg/dnt

Experiments were carried out in a cylindrical glasactor equipped with
a water jacket, a circulating thermostat, and meicla& stirrer with a PTFE
anchor-shaped propeller blade (Fig. 3). Adequatemarculation facilitates the
assimilation of C@ and nutrients by algae. Table 2 summarizes pasmet
the experiment.

Fig. 3. Laboratory stand for the algae cultivation
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Table 2. Parameters of the algae cultivation

N° Parameter Value

1 working volume 2 drh

2 temperature 28+0.5°C

3 mixing intensity 160 rpm

4 light intensity 780-800 lux

5 photoperiod 16h/8h (light/dark)
6 time 42 days

Free gas exchange between the content of the reaetd surroundings was
provided due to two outlets in the top of the couerwhich were placed
cellulose plugs. Two fluorescent lamps with chramiectors (power 2x18 W)
in the vertical position, approximately 20 cm fréhe reactor, were the source
of light. Throughout the culture process, obseordtiof the cells were made
using optical microscope Opta-Tech MK 358 (magatfian 40x).

The efficiency of biomass growth was controlledrbgasuring the optical
density (OD), which is defined as the absorptiowisible radiation (adsorption
peak of chlorophyll is at about 680 nm). The optimavelength (686 nm) was
determined based on the UV spectrum. The reseaszh carried out using
a UV-VIS 6000 HACH DR 6000.

Assimilation of biogenic substances was analysestdan the content of
phosphorous and nitrogen in the culture medium. Semple was taken from the
reactor and subjected to filtration using filteppaMN 619 @ 150 mm, thickness
0.17 mm, weight 75 g/mfnin order to obtain a clear, colourless solution.
Subsequently, total nitrogen bound TNb (accordimg EN-ISO 11905-1
Determination of nitrogen. Method using oxidativgestion with peroxodisulfate)
and phosphorous (according to EN ISO 6878 Detetinmaof phosphorus.
Ammonium molybdate spectrometric method) in thetural medium was
determined using cuvette tests HACH LANGE at thealeagth of 345 and 880 nm.

Samples for analysis were taken at regular timenials (every few days).
All results presented in the work are the arithmetiean of results from three
parallel measurements. The standard deviation alaslated.

Results and discussion

Figure 4 shows the effect of algae biomass grow#essed based on the
optical density OD686. At the same time, the changehe content of nitrogen
and phosphorous in the culture medium, which was résult of metabolic
processes, were monitored (Fig. 5 and Fig. 6).imitial value of D686 and the
contents of nitrogen and phosphorous were detednafier 1 hour from the
initiation of microalgae culture (data in Figs. 4rdfer to the solution of the
culture medium and inoculum).
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Fig. 4. Growth of an algae biomass during the erpamt (results of OD686 measurement)
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Fig. 5. Content of nitrogen in the filtrate of ault medium
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Fig. 6. Content of nitrogen in the filtrate of cukumedium
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Based on the data presented in Figs. 4—6 and mmpasobservations, it
was found that at the initial stage of the cultaigae cells were being adapted to
the new environmental conditions, although thejierastayed at anabiosis state.
This led to inhibition of the cell division, whictvas associated with photo-
inhibition, particularly during the first three dayAt the time, the optical density
as well as nitrogen and phosphorous contents vaggdslightly. The next step
involved the acceleration of metabolic processée. ificrease in optical density
until the 8th day of the culture was relatively I¢®ig. 4), but the microalgae
assimilated the highest amount of phosphorous (alBdB% of the initial
phosphorus content in the culture medium). This ulted in
a significant change in optical density on thedwaiing days (8-13 days). Its
value increased three-fold (from 0.11 to 0.34) dhd nitrogen content of
295 mg/dm decreased to 288 mg/dnChanges in optical density and nutrient
contents were statistically significant.

The subsequent stage involved the limitation arabiktation of the
biomass growth. Most likely, together with the gafipulation densities while
the content of phosphorus in the substrate deaedsewas followed by
a deterioration of the oxygen supply and a reduaatiothe access to light [14].
The process of new cell formation was increasiraggociated with old cell
death and autolysis. After 22 days of algae culttire depletion in the content
of phosphorous was observed (Fig. 6). It causednhibition of nitrogen
assimilation within the cells (Fig. 5) and decremseptical density (Fig. 4).

Previous works regarding the growth of microalgammass and wastewater
treatment using algae has resulted in various, time® contradicting, conclusions.
Some authors found that algal growth was dependéldeoinitial nutrient content in
the culture medium and others that high conceatratf the nutrients in wastewater
inhibited algal growth [11, 19]. Wang C. et al. [Eaiggest that phosphorus might
be not limiting factor to algal growth, because dgélla sp. grew well when this
element’s concentration was very low. Beuckels Al §20] showed the positive
effect of nitrogen availability on the accumulatioh phosphorus in microalgae
cells. Our work was conducted under laboratory ttimmd using standard synthetic
medium. These experiment results show that thepblooss deficiency inhibits the
growth of Chlorella sp. These results are condistgdth the work [21]. The
influence of phosphorus on the growth of algae bssrcertainly depends on the
species, culture conditions, and other environnhgraeameters, which should be
considered when comparing the test results.

Summary

Spectrophotometric analyses enabled the assessiména biomass growth
efficiency of microalgae Chlorella sp. in laborgtaronditions based on the
optical density measurements as measured by alosorpavelength at 686 nm.
Control of the OD686, conducted simultaneously wtitle determination of
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nitrogen and phosphorus content in the culture umdenables the assessment
of metabolic processes. Based on the obtainedtsesohclusions can be drawn
on various stages of the growth of the algae pdipulaBased on the results of
the investigations, it was found that a the grolnthting factor for microalgae
was phosphorus, which caused the reduction of ¢eemdation of nitrogen by
cells and a decrease in the optical density whérauested, the consequence of
which was to achieve phase dying.

Further research is required for the optimizatidnnocroalgae culture
conditions, including the development of the coniims of the synthetic
medium, with the proper ratio of nitrogen and pHasps. This is hecessary to
adapt these conditions to the expected resultsshaini perspective will allow
for the intensification of metabolic processes armueasing the productivity of
algae biomass.
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Monitorowanie przyrostu biomasy mikroalg Chlorella sp. na podstawie
pomiaru gestosci optycznej
Stowa kluczowe

Chlorella sp, mikroalgi, gstas¢ optyczna, biomasa, substancje biogenne,
niedobér fosforu.
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Streszczenie

Zbadano maiwos¢ zastosowania spektrofotometrycznego pomiaru
gestasci optycznej do kontroli intensywdoi namnaania komoérek mikroalg
stodkowodnychChlorella sp.w warunkach niedoboru fosforu. Przygotowano
odpowiednie stanowisko laboratoryjne zasilone wtwor wodny paywki
syntetycznej zawieragej zwigzki azotu i fosforu oraz inne makro-

I mikroelementy niezizine do wzrostu alg. Przyrost biomasy alg w waruhkac
prowadzenia eksperymentu wymagat z@k zapewnienia odpowiednich
parametréw, w tym podwgzonej temperatury swietlenia oraz dogpu wody

| dwutlenku wegla. Efektywnd¢ przyrostu biomasy w trakcie hodowli oceniano
na podstawie pomiaru egtasci optycznej, definiowanej jako absorpcja
promieniowania w zakresie widzialnym (686 nm). Réazgnie kontrolowano
zmiany zawartéci substancji biogennych w podio hodowlanym, &dace
wynikiem zachodgcych proceséw metabolicznych. Na podstawie wynikow
przeprowadzonych badlastwierdzono, ze skladnikiem limitujcym wzrost
mikroalg byt fosfor, po wyczerpaniu ktérego ngolo zahamowanie
przyswajania azotu przez komorki oraz spadgtagci optycznej.





