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Absorption of chromium by mono- and mixed cultures of microalgae

Abstract: In the article the sorption ability of microalgae cultures to chromium are discussed. The objects
of the study were microalgae from the collection of the Department of Biotechnology of Al-Farabi Kazakh
National University, related to cyanoprokaryotes (Cyanoprocaryota/ Cyanobacteria): Anabaena flos-
aquae, Anabaena arnoldii, Nostoc linckia, Calothrix pariethina as well as their two-species mixtures 4.
flos-aquae x C. pariethina, N. linckia x C. pariethina, A. flos- aquae x N. Linckia, A. flos-aquae x A.
arnoldii and Scenedesmus quadricauda. Also two green (Scenedesmus quadricauda and Chlorhormidium
sp.) and one diatomaceous (Nitzshia sp.) algae were studied. The duration of cultivation was 20 days.
Potassium bichromate was added to the nutrient medium at concentrations 0.01-0.2 mg/ml calculated per
unit of chromium. The concentration of chromium in the filtrates of the studied cultures in some cases
significantly decreased by the end of the cultivation period, which indicates the biosorption of this element
by the microalgae cells. The investigated strains of microalgae absorb chromium from the medium in
varying degrees. The most active biosorbents among the explored cultures were 4. flos-aquae, N. linckia
and C. pariethina. A microalgae A. arnoldii extracts chromium from the medium in smaller quantities. The
listed strains refer to cyanoprokaryotes (cyanobacteria), from other cultures, the Scenedesmus quadricauda
absorbs chromium quite actively. The highest intensity of chromium biosorption is characteristic of Nostoc
(N. linckia), which extracts from the medium 60.8-74.6% chromium at initial concentrations 0.05-0.1 mg/
ml respectively. The most active biosorbents of chromium were four species of Cyanobacteria. In this
regard, these strains have been selected by us for future study of the processes of sorption and metabolic
activity in mono- and mixed cultures of microalgae.
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Introduction cause death or inhibit the growth of plants, and when

precipitated from the air, they are sucked from the

The growth of cities and industrial production
leads to environmental pollution by chemical ele-
ments. The consequence of this is the increasing
spread of ecosystems, disturbed as a result of human
technical activities. Pollution of the environment by
potentially dangerous chemicals, especially various
metal compounds, creates extreme conditions for liv-
ing organisms, including humans [1].

The main sources of air, soil and water contami-
nation with metals are fossil fuel combustion prod-
ucts and industrial emissions, especially mining,
metallurgical and chemical. In the zones of influence
of metallurgical and some other enterprises in water,
soils and plants, a large number of metals can accu-
mulate (Ag, Al, Be, Cd, Co, Cr, Cu, Fe, Mn, Mo, Ni,
Pb, Sb, Sn, Ti, V, Zn and etc.) [2; 3]. Some of them
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surface of the soil by the roots of plants, impair the
quality of vegetables and fruits, have harmful effects,
plant animal feed resources and microorganisms in-
volved in soil self-cleaning, with surface runoff in
water and have a disastrous effect on fish and their
food resources. They are filtered through the soil and
at a low level of water in the reservoirs in winter with
the groundwater enter rivers and lakes and have a
harmful effect on aquatic organisms [4]. Heavy met-
als coming from anthropogenic sources of pollution
have a great impact on aquatic ecosystems. In reser-
voirs that are testing the constantly increasing level
of ecotoxicants in the water, they accumulate in the
tissues and organs of plants and animals, a steady
decrease in the number of individual components of
the biocenosis, which can lead to a violation of the
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balance of biological processes and the death of the
ecosystem [5-9].

Recently, the ability of microorganisms, includ-
ing microalgae, to biosorbate heavy metals has been
proven. The intensity of the process of metal sorp-
tion depends, first of all, on the physiological state of
the culture. The actively metabolizing populations of
microalgae store and macrophytes more intensively
heavy metals than inactive cultures [1; 8].

Algae are an exceptionally convenient model ob-
ject for studying the general patterns of the influence
of toxicants on the cellular and population levels si-
multaneously [10-13].

Among the test objects of different trophic levels
studied in the comparative toxicological experiment
(seaweed Phaeodactylum tricornutum and Coscino-
discus janishii A.S., the fusiform Infissoria Euplotes
patella lemani Dragesco, the early nauplial stages of
the trophic lobster crustaceans Artemia salina L., the
fertilized eggs of the bivalve mollusks Mytilus gallo-
provincialis L.) unicellular algae in general — the most
sensitive to potassium dichromate group of organisms
[14]. In this regard, algae, as one of the main test ob-
jects, are included in the methodological documents
for the assessment of the toxicity of the polluted aquat-
ic environment [11; 12]. In studies on the effects of
harmful substances on aquatic organisms, potassium
dichromate is used as a reference toxicant [13; 14].

Growth and development of microalgae in a cer-
tain range of concentrations of TM, due to genetic
characteristics, can be characterized as tolerance. Re-
sistance of microalgae populations to TM concentra-
tions outside the tolerant zone is characterized as re-
sistance. The concept of resistance is closely related
to adaptation — the ability to experience unfavorable
conditions that caused the death of a given organism.

It has been established that laboratory cultures of
green microalgae (Scenedesmus sp., Chlorella sp.)
are more resistant to chromium than diatomaceous
algae cultures (Fragillaria crotonensis) [12; 15].
In natural populations of phytoplankton at elevated
Cr*" concentrations, dominance in some algal flora
of some water bodies also changed from diatom and
blue-green to green algae [16]. At the same time, the
exceptional resistance of blue-green algae with gel-
like mucous membranes on the surface of cells is also
emphasized, and among others it performs the func-
tion of chelating many elements [17; 18].

Materials and methods

The microalgae species from the collection of the
Department of Biotechnology of Al-Farabi Kazakh

National University, related to Cyanoprokaryotes
A. flos-aquae, A. arnoldii, N. linckia, C. pariethina
as well as their two-species mixtures, two green
(Scenedesmus quadricauda and Chlorhormidium
sp.) and one diatomaceous (Nitzshia sp.) algae were
used as the objects of investigation.

Microalgae in the form of monocultures and two-
species mixtures were grown on Fitzgerald medium
at 24-hour illumination. The duration of cultivation
was 20 days. Potassium dichromate was added to the
nutrient medium at concentrations of 0.01-0.2 mg/ml
in terms of chromium.

The chromium content in the medium and the
biomass of plant objects was determined on an AAS-
IN atomic absorption spectrophotometer, Carl Zeiss,
using a flame atomizer. The plant samples were kept
in an oven for 1 hour at 130 °C. The samples were
mineralized in a muffle furnace at 450 °C. The dish
with the ash was cooled to room temperature and
1 ml of nitric acid solution was wetted with sulfur
ashes. Then, the acid was evaporated to dryness on
an electric cooker with a mild heating, and again a
cup with a sample was placed in an electric oven at a
temperature of 250 °C. The temperature was gradu-
ally brought to 450 °C and held for 1 hour. The min-
eralization was considered complete when the ash
became white or slightly colored, without charred
particles. In the presence of charred particles, the
treatment of the ash was repeated with a solution of
nitric acid or water. The metal concentration was de-
termined by the following formula:

(o, — VK100
0 P ,

where 7 is the determined concentration of metal in
solution (pg/ml), is determined from the calibration
curve; V is the volume of the solution (ml); P is the
weight of the sample (g); k& is the dilution factor [14].

The amount of metal in the medium was
calculated by the formula:

where 7 is the concentration of the element found
in the solution (ug / ml), is determined from the
calibration curve; V, — initial volume (ml); V, is the
final volume (ml) [17]. To determine the dry mass of
algae, several samples with 10 ml of medium were
taken at the beginning and end of the experiment
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and passed through a membrane filter. The weight of
filters with algae and without algae was determined
after repeated drying in bucks at 130 ° C. By the
difference, a dry mass of algae was determined in
each variant of the experiment at the beginning and
end of the experiment.

The data were processed statistically and
reliably at P> 0.95. The experimental data show the
arithmetic mean values of the three experiments and
their standard deviations.

Results and discussion

In this study were tested strains of microalgae
from the collection of the Department of Biotech-
nology of Al-Farabi Kazakh National University. 9
strains of microalgae, belonging to the majority of
Cyanoprokaryotes (6 strains), 2 green (Scenedesmus
quadricauda and Chlorhormidium sp.) and 1 diato-
maceous (Nitzshia sp.) were used in this investiga-
tion. The microalgae were cultured for 25 days on a
Fitzgerald medium with a chromium content of 0,05
and 0.1 mg/ml. The concentration of chromium in the
filtrates of the studied cultures in some cases signifi-
cantly decreased by the end of the cultivation period,
which indicates the biosorption of this element by the
microalgae cells. In accordance with Figure 1, the in-
vestigated microalgae strains absorb chromium from
the medium to some extent.

The most active biosorbents among the studied
cultures were A. flos-aquae, N. linckia and C. pary-
ethina. A little in smaller quantities extracts chromi-
um from the environment of A. arnoldii. The listed
strains refer to cyanoprokaryotes (cyanobacteria).
Other cultures like Scenedesmus quadricauda is
quite actively absorbed chromium and had the high-
est intensity of biosorption

Further follows A. flos-aquae (53.6-55.6%). It
is interesting to note that the degree of extraction of
chromium from the medium is not always directly
proportional to its concentration in the medium. In
Calothrix pariethina, the amount of absorbed chro-
mium decreases slightly (from 53 to 51%) with an
increase in its initial concentration in the medium. A
decrease in the biosorption of chromium is also ob-
served in the case of A. arnoldii, Scenedesmus quad-
ricauda, Anabaena variabilis, Chlorhormidium sp.,
Phormidium uncinatum. The decrease in the intensity
of metal absorption from the medium with increasing
its concentration may be due to inhibition of growth
processes and a decrease in the metabolic activity of
the algae.

As noted above, the most active chromosome
biosorbents have been shown to be 4 species of blue-
green algae. In connection with this, these strains
were chosen by us for the subsequent study of the
processes of sorption and metabolic activity in mono-
and mixed cultures of microalgae.

Some works indicate that mixed cultures of
certain species of microalgae show higher growth
activity than monocultures [3; 4]. This fact should
be taken into account when selecting species that
actively absorb heavy metals in mixed popula-
tions. To clarify the activity of chromium absorp-
tion, we studied not only the monocultures of
the above four microalgae strains, but also their
mixed two-species cultures. In cultures of 20 days
of age, a growth curve appears on the plateau,
which is the beginning of the stationary phase,
when the metabolic processes are still quite ac-
tive. It is known that there is some rhythm in the
sorption-desorption-reabsorption processes. Ac-
cording to J. Fogg [4; 5], through the isolation of
exometabolites, algae perform dissolution, com-
plexation, reduction of various elements, as well
as obtaining specific exogenous complexes ready
for absorption.

In subsequent experiments, we studied the inten-
sity of the processes of chromium sorption in correla-
tion with the intensity of metabolic processes.

According to the Figure 2, where the results of
the determination of chromium extraction from the
medium at a greater concentration change (0.01-0.2
mg/ml) are presented, among the monocultures of the
studied microalgae species, the most sorptive activity
with respect to chromium was Nostoc, in the filtrate
of which even at a very high initial concentration (0.2
mg / ml), only 19.5% of the initial amount of the el-
ement was found, which corresponds to an extrac-
tion of 80.6% (Figure 2). The value of the 4. flos-
aquae sorption activity at the maximum chromium
concentration in the medium approaches the values
determined for Nostoc, although at chromium con-
centrations from 0.01 to 0.05 mg/ml, the intensity of
chromate absorption by anabenium was significantly
lower than for Nostoc. Significantly less sorption ac-
tivity was shown by C. pariethina. With an increase
in the concentration of chromium from 0.05 to 0.2
mg/ml, the rate of its extraction from the medium de-
creases.

According to the intensity of biosorption of
chromium, A4. arnoldii showed the lowest activity
in these experiments in comparison with the above
species.
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Figure 1 — Screening of microalgae on the biosorption of chromium from the chromium environment is typical for nostoc,
which extracts from the medium 60.8 — 74.6 % chromium at initial concentrations of 0.05 — 0.1 mg/ml, respectively
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Figure 2 — Absorption of chromium by microalgae
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In mixed cultures with negative allelopathy, the
intensity of chromium uptake from the medium is,
for the most part, comparable to the intensity of
biosorption of one of the partners of the mixture
or represents a certain average value between the
extraction values in monocultures of both partners.
At the same time, in mixtures with positive alle-
lopathy, there is an increase in sorption activity in
comparison with monocultures. In a mixture of A.
flos-aquae x N. linckia as well as in a mixture of A.
flos-aquae x A. arnoldii. a linear dependence of the
extraction of chromium on its concentration in the
medium is observed. The greatest amount of chro-
mium was extracted at a concentration of 0.2 mg/ml
of microalgae in the first 5 days of cultivation. The
change in the intensity of sorption processes in the
cultures of microalgae studied confirms this regu-
larity. As an example, we give the results of analyz-
es carried out on the culture of C. pariethina. Table
1 shows the determination of chromium content in
various fractions: 1) culture liquid, i.e. dissolved,
residual chromium; 2) microalgae cells = absorbed
chromium and 3) washings with a 5% solution of
NH,OH sediment of algal cells on the membrane
filters (Table 1). The amount of chromium found in

the wash solution was evaluated as adsorbed on the
cell surface.

Data given in Table 1 show that at the first day of
cultivation (24 hours) only 22% of the initial chro-
mium content remains in the medium. 64% is ab-
sorbed by the cells, while a certain amount (14%) is
adsorbed on the cell surface.

With the increase in the period of cultivation,
gradual desorption of chromium from the cells into
the medium is observed, which leads to an increase in
the amount of dissolved metal to 66% by the 5th day
of cultivation (120 hours). The amount of chromium
adsorbed on the cell surface to 26% also increases.
By this time of cultivation the chromium content in
cells is reduced to 8%.

In accordance with Figure 3, where the accumu-
lation of chromium is shown by the cells of the blue-
green algae studied, a gradual increase in chromium
content in the cells is observed in monocultures as
the concentration of this element in the medium in-
creases. The largest quantities were found in variants
with a starting content of 0.2 mg/ml of chromium.
Monocultures of blue-green algae in this variant of
the experiment accumulate in the cells 15.0-25.0 mg
of chromium per gram of dry mass.

Table 1 — Dynamics of chromium content in culture of C. pariethina in the initial period of cultivation (at an initial concentration 0.05

mg/ml)
Day Dissolved chr((r):;iiglrlr;li)n the medium Adsorbed chromium Absorbed cells chromium
mg/ml % to the original mg/ml % to the original mg/ml % to the original
1 0.011+0.003 22 0.007+0.001 14 0.032+0.002 64
2 0.016+0.002 32 0.007+0.001 14 0.027+0.003 54
4 0.019+0.002 38 0.008+0.002 16 0.023+0.004 46
5 0.026+0.001 52 0.014+0.003 28 0.010+0.003 20
6 0.033+0.003 66 0.013+0.003 26 0.004+0.001 8

In mixed cultures with negative allelopathy, the
tendency to increase the chromium content in cells
with an increase in its concentration in the medium
does not persist. Thus, in a mixture of 4. flos-aquae
x C. pariethina, the maximum chromium content in
cells was found in the variant 0.05 mg/ml, which is
17.2 mg/g. A further increase in the initial concentra-

tion of chromium in the medium leads to a decrease
in the concentration of chromium in the cells, which
is obviously explained by a decrease in the cell vi-
ability level in this mixture, as shown above. Cell
death in another mixture with negative allelopathy
(N. linckia x C. pariethina) leads to rather low values
of chromium absorbed by the cells.
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Figure 3 — Chromium content in cells of mono- and mixed cultures of microalgae

With an increase in the chromium concentration
in the medium, the chromium content in the cells is
further reduced. In the other two-species cultures,
much higher amounts of chromium were detected in
the cells. Allelopathy with positive interference of
species, leading to active growth and division of cells
of both partners, promotes intensive absorption of
chromium from the environment. It can only be noted
that at low chromium concentrations (0.01-0.025 mg/
ml), the cells absorb rather small amounts of chro-
mium. However, a further increase in chromium con-
centration in the medium leads to its accumulation
in cells at sufficiently high concentrations. The high-
est chromium content in 4. flos-aquae x N. linckia
cells was found in variants with a starting content of
0.05 and 0.2 mg/ml. At a concentration of 0.1 mg/I
decrease in the chromium content of the cells is ob-
served, which is rather difficult to explain. According
to some authors, the concentration absorption curves
of metals can have several peaks, very often no linear
dependence is observed. This character of metal ab-
sorption is explained by the biological specificity of
the given object and the physicochemical features of
the behavior of metal ions in solutions [1, p.84].

It is interesting to consider how the chromium
extracted from the medium is distributed: whether it
is absorbed by the cells. To do this, we used as an
example to determine the chromium content in a 20-

day mixed culture of N. linckia x C. pariethina. In
Table 2 (similarly to Table 1), the determination of
chromium content in different fractions is given: 1)
culture liquid, i.e. dissolved, residual chromium; 2)
microalgae cells = absorbed chromium and 3) wash-
ings with a 5% solution of NH,OH sediment of algal
cells on membrane filters (Table 2). The amount of
chromium found in the wash solution was evaluated
as adsorbed on the surface of the cells.

As can be seen from the data presented in Table
2, after a 20-day cultivation of chrome microalgae,
the medium remains between 28 and 66%, depend-
ing on the initial concentration of chromium in the
medium. The lowest degree of sorption is character-
istic for both the minimum concentration (0.01 mg/
ml) and its maximum concentration (0.02 mg/ml).
Much more intensively, the cells absorb chromium
in the 0.025 mg/] variant, reducing the amount of re-
sidual chromium in the medium to 28%. An increase
in the chromium concentration to 0.05 and 0.1 mg/
ml resulted in an increase in chromium content in the
medium. The adsorption of chromium on the surface
of cells increases in an abrupt way with increasing
concentration. The greatest number was found in the
variants with 0.025 mg/ml and 0.2 mg/ml of chro-
mium. The chromium content in the cells decreased
with increasing initial concentration in the medium,
reaching a minimum of 9% at 0.2 mg/ml.
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Table 2 — Distribution of chromium by fractions in a 20-day mixed culture N. linckia x C. pariethina
The initial ; ; ; ;
concentration of Chromium élr:sriilifﬂl)rglssolved mn Adsorbed chromium Cell absorbed chrome
chromium in the
medium o . o . % to
(mg/ 1) mg/l % to the original mg/l % to the original mg/l the original
0.010 0.0062+0.0009 66.0 0.0010+0.0007 14.0 0.0042+0.0008 30
0.025 0.007140.0011 28.0 0.0081+0.0005 32.0 0.0120+0.0006 40
0.050 0.0210+0.0006 42.0 0.0141+0.0008 28.0 0.0153+0.0004 30
0.100 0.0520+0.0004 52.0 0.0192+0.0006 19.0 0.0291+0.0003 29
0.200 0.1270+0.0010 63.5 0.0552+0.0007 27.5 0.0182+0.0010 9
If we compare these data with those shown in References

Figure 1, the change in the intensity of chromium
sorption from the medium by the cells of the studied
mixed culture can be explained by the intensification
and retardation of cell division. With the activation
of growth processes at a concentration of 0.025 mg/
ml, the uptake of chromium was increased to 72% (in
total), with almost 45% of this amount adsorbed on
the cell surface.

Inside the cells only 55% of the sorbed chromium
penetrates. With increasing chromium concentration
in the medium, the intensity of chromium uptake
from the medium drops to 36.5%.

Conclusion

Most of this quantity (75.3%) remains ad-
sorbed on the surface, and only 9% of sorbed chro-
mium permeates the cells, which confirms the data
of the researchers [6], who found that active me-
tabolizing cells actively activate the biosorption of
metals.

The obtained results indicate that the intensity of
sorption is directly proportional to its concentration
in the medium. Thus, as the results of studying of
phytotoxicity tests, it has been established that cul-
tivation in media with high concentrations of chro-
mium, microalgae extract chromate ions from the
medium from 25 to 80% of its original quantity. Up
to 50 percent or more of the extracted chromium is
adsorbed on the surface of the cells, while in chro-
mium biomass chromium is detected in an amount
not exceeding 30 mg/g dry weight. In the processes
of intracellular absorption of chromium, mixtures
with positive allelopathy are again leading. Perhaps,
chromium binds to intracellular complexes such as
polyphosphate bodies, designed to store substances
and, thus, is rendered harmless.
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