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THE USE OF ALGAE’S PHOTOSYNTHETIC ACTIVITY IN TOXICITY ASSESSMENT
WITH THE PURPOSE OF CREATING PORTABLE DEVICES

The choice of test organisms and test reactions to be used in biotesting devices for wastewater toxicity,
including portable ones, is caused by such factors as ease of cultivation and keeping test organisms in the labora-
tory, relatively high sensitivity to toxic substances, possibility of instrumental recording of physiological indica-
tors used as test reactions on toxicity, a short time from the beginning of the toxicant action to the appearance of
changes in the test reaction. Based on these criteria, we can assume that algae are a fairly convenient test organ-
ism for instrumental methods of biotesting since they have the a great deal advantages.

Purpose. To find the best options for assessing the photosynthetic activity of algae.

Methods. The polarography method.

Results. The authors have analyzed dependence of the main characteristics of the sensor on the structure
of the diffusion layer and temperature and have found out that the optimal choice of the structure can be made
depending on the biological object and experimental conditions. The research has shown that test reactions char-
acterizing physiological state of algae are very diverse. This facilitates their choice for the purposes of instru-
mental toxicity biotesting, including biotesting toxicity of wastewater with portable instruments. Analysis of the
experimental data has shown that it is possible to achieve the difference between concentrations of dissolved
oxygen in a liquid culture before and after the exposure of the algae of 1-8 mg / | in a sufficiently short period of
time by adjusting the density of algal cultures and light intensity. This indicates the fact that in principle it is
possible to quantify photosynthetic activity of algae at short time intervals when exposed to light.

Conclusions. The most promising method for assessing the photosynthetic activity of algae is the polar-
ography method, which makes it possible to develop a portable instrument for wastewater toxicity biotesting.

KEYWORDS: algae, photosynthetic activity, biotesting, wastewater, portable device
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BUKOPUCTAHHSI ®OTOCUHTETHYHOI AKTUBHOCTI BOJOPOCTEM 3AJJIA
OLIHKU TOKCUYHOCTI 3 METOIO CTBOPEHHSA NIOPTATUBHOI'O ITPUCTPOIO

CtBOpeHHs e(DeKTHBHHX CTalliOHAPHUX MPHUCTPOIB Uil GiOTECTYBaHHS TOKCHYHOCTI € 3HAYHHM JOCSAT-
HEHHSM B 00J1aCTi KOHTPOJIIO SIKOCTI CTiYHUX BoaA. OAHAK, MO i3 CTAI[iOHAPHUMHE MPUCTPOSMHU, BUHUKAE Hara-
JbHA TTOTpeba y CTBOPEHHI MEPEHOCHNX ab0 MOJIbOBUX BapiaHTIB MPHUCTPOIB (TIPHIIAAIB) A IHCTPYMEHTAIBHOTO
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KOHTPOJIIO TOKCH4HOCTI. [TepeHOCHI TpHCTPOT TAKOTO THUILY MOIJIM O 3HAMTH MIMPOKE 3aCTOCYBaHHS Ha THX ITiJII-
pPHEMCTBAX, [e YCTAaHOBKA CTalliOHApPHUX HPUCTPOIB HEJOIIIBHA 3 TEXHIYHUX, EKCIUTyaTalliiHUX abo eKOHOMId-
HUX MTPHYHH.

Merta. 3HaiiTH ONTHMaNIBHI BapiaHTH /It OLIHKH (DOTOCHHTETHYHOI aKTHBHOCTI BOIOPOCTEH.

Metomn. Meton nomsiporpadii.

PesyabTaTn. [IpoananizoBaHo 3a1eXHICTh OCHOBHUX XapaKTEPHUCTHK MaTduKa Bix OymoBu audyziiHOTO
mrapy Ta TeMIepaTypH i 3’sICOBaHO, IO ONTHMAaJbHUN BHOIp CTPYKTYypH MOXe OyTH 3pOOJICHH 3aJIe)KHO Bif
OiooriyHOTO 00'€KTa Ta YMOB eKCHEpUMEHTY. JlOCTiIKeHHS TT0Ka3ao, MO TECTOBI peakxilii, I0 XapaKTepu3y-
10Th (Di310JIOTIYHHI CTaH BOJOPOCTEH, qTy*e pisHOMaHITHI. Lle momermrye ix BuOip A mineit iHCTpyMeHTaIbHO-
ro 0ioTecTyBaHHS TOKCHYHOCTI, BKIIIOYalOUH 0i0TECTyBaHHS TOKCHYHOCTI CTIYHUX BOJ 3a JOIMOMOTOO TIEPEHOC-
HUX TPUIAAiB. AHAJI3 eKCIIEPIMEHTATBHIX JaHUX TOKa3aB, 10 MOXKHA JOCATTH PI3HUI MiX KOHIIEHTpAI[isIMU
PO3YMHEHOr0 KHCHIO B PiIKIH KyJIbTYpi J0 Ta Iicis BIUIMBY BOAOpPOCTeH y KoHueHTpauii 1-8 mr/m 3a nocuth
KOPOTKHH ITPOMIXKOK 4acy, PEryJIolouH IUIBHICTh KyJIbTYyp BOJOPOCTEH Ta IHTEHCHBHOCTI cBiTiia. L{e Bkasye Ha
TOMU (haKT, 10 B MPUHIMII MOXKJIMBO KIIbKICHO OIIHUTH ()OTOCHHTETHYHY aKTUBHICTH BOJOPOCTEH depe3 KOpoT-
Ki IPOMDKKH Yacy MpH BIUTKBI CBIiTIA.

BucnoBku. Haii0inbn nepcrieKTUBHUM METOJIOM OIIHKH (POTOCHHTETHYHOI aKTHBHOCTI BOJOPOCTEH €
MmeTton nossiporpadii, SKUi Jae MOKIMBICTH PO3POOUTH MOPTATUBHUI MU Ul 010TECTYBaHHS TOKCHYHOCTI
CTIYHHX BOJI.

KJIFOYOBI CJIOBA: BomopocTi, (OTOCHHTETHYHA aKTUBHICTH, 010TECTyBaHHS, CTIYHI BOJIH, IIOPTATH-
BHUI MIPHUCTPIi

Kpaiiniokosa A. H.!, Kpaiinioxos A. H.2, Kpusuuxas 1. A.’

1H,Z] YV «Yxpaunckuii nayuno-uccredosamenbCckuii UHCHUMYmM 9KOI02UYeCKUX NPoOeMm»

zXapbkoeckuﬁ Hayuonanvuwlll yHusepcumem umenu B. H. Kapaszuna

UCHOJIb30BAHUE ®OTOCHUHTETUYECKOM AKTHUBHOCTH BOI[OPOCJIEI71
JJIsI OHEHKHW TOKCUYHOCTHU C OEJBIO CO3JAHUSA ITIOPTATUBHOI'O YCTPOW-
CTBA

Co3nanne 3(h()eKTHBHBIX CTAMOHAPHBIX YCTPOICTB I OMOTECTHPOBAHUS TOKCUYHOCTH SIBIISETCS 3HA-
YUTEIbHBIM JOCTHKEHHEM B OOJIACTH KOHTPOJIA KauecTBa CTOUHBIX BoJ. OJHAKO, Hapsly CO CTallHOHAPHBIMU
YCTPOHCTBaMH, BO3HUKAET HACYIIHas HEOOXOAUMOCTb B CO3JaHUM IEPEHOCHBIX WM IIOJEBBIX BapUAHTOB
yCTPOHCTB (IpHOOPOB) 11 HHCTPYMEHTAIBHOTO KOHTPOJISI TOKCUYHOCTHU. IlepeHOCHBIE yCTpOHCTBa TAKOTO THIIA
MorJi Obl HAWTH MIMPOKOE MPUMEHEHHE Ha TeX HPENNPUATHIX, TJIe YCTAaHOBKA CTAIIMOHAPHBIX YCTPOMCTB Helle-
1ecooOpasHa 0 TeXHUYECKHM, SKCIUTYaTallMOHHBIM MJIM SKOHOMHYECKUM IIPUYUHAM.

Heanb. HaiiTi onTiManbHble BapUaHTBI JIJI OLEHKH (POTOCHHTETUYECKON aKTUBHOCTH BOJIOPOCIICH.

Metoasl. MeTon monsiporpaduu.

Pe3yabTaThl. ABTOPHI NPOAHATM3UPOBAIHM 3aBUCUMOCTh OCHOBHBIX XapaKTEPHCTHK JaT4MKa OT CTpoe-
HUA TUQPY3UOHHOTO CIIOS M TEMIEpaTypbl W BBIICHHIHM, YTO ONTUMAIBHBIH BBIOOD CTPYKTYPHI MOXET OBITH
C/leNaH B 3aBUCHMOCTH OT OMOJIOTMYECKOro OOBEKTa M YCIIOBHMH SKCHEpHMEHTa. VccienoBanne 1mokasaio, 4To
TECTOBbIE PEAKIMH, XapaKTepU3YIOIIne (U3NOJIOIHIECKOe COCTOSHHE BOJOpPOCIEH, O4eHb pa3HOOOpa3Hbl. DTO
obJier4aeT ux BHIOOP AJIS 1eNel HHCTPYMEHTAILHOTO OMOTECTHPOBAHMSI TOKCHYHOCTH, BKJIIOYAsi OMOTECTHPOBa-
HHE TOKCHYHOCTH CTOYHBIX BOJ| C IOMOINBIO NMEPEHOCHBIX MPUOOPOB. AHAINU3 SKCIEPHUMEHTAIBHBIX JITAHHBIX
MOKa3aJl, YTO MOKHO JJOCTUYb PAa3HUIIbI MEX/y KOHIEHTPAIUIMH PACTBOPEHHOTO KUCIOPO/a B KUIKOH KyIbTY-
pe 10 ¥ TOCIIe BO3CHCTBUS BOAOPOCICH B KOHIICHTpAIMK 1-8 MI/IT 32 TOCTATOYHO KOPOTKHI MTPOMEKYTOK Bpe-
MEHH, PETyJIHpys INIOTHOCTb KYJIBTYpP BOZOPOCIIEH 1 MHTEHCUBHOCTH CBETA. JTO yKa3bIBaeT Ha TOT (DAKT, YTO B
MPUHLUIE BO3MOKHO KOJIMYECTBEHHO OIEHUTH ()OTOCHHTETUYECKYIO aKTUBHOCTb BOJOPOCIEH uepe3 KOPOTKHE
MPOMEXYTKU BPEMEHH IIPU BO3JCHCTBHUH CBETA.

BeiBoabl. Hanbonee mepcrieKTUBHBIM METOAOM OLEHKH (DPOTOCHHTETHUECKOH aKTHBHOCTH BOJOpOCIEH
ABJISIETCS METOA ToJsiporpaduu, KOTOPbIA aeT BO3MOXKHOCTh pa3paboTaTh MOPTAaTHBHBIN MpHOOp it Ouote-
CTHPOBaHUS TOKCHYHOCTH CTOYHBIX BOJI.

KJIIOYEBBIE CJIOBA: Boopociu, poTocnHTETHYECKAs! aKTHBHOCTh, OMOTECTUPOBAaHKE, CTOYHbIE BO-
b1, IEPEHOCHOE YCTPOMCTBO

Introduction

Today the number of substances poten- fully solve the problem of water quality with
tially polluting water bodies reaches 10 thou- the help of analytical tools, since in most cases
sand and may increase in the future. It can be analytical controls are designed to measure one
assumed with certainty that it is impossible to or, at best, several parameters, characterizing

83



Visnyk of V. N. Karazin Kharkiv National University series «ECologyy , 2020, Issue 22

water quality. However, it is basically possible
to control the presence of many substances in
water quite accurately with the help of analyti-
cal tools. In practice, such control faces a
number of difficulties, primarily of an econom-
ic nature.

In this regard, it is necessary to develop
new approaches to the selection of water quali-
ty indicators and creation of fundamentally
new technical means to monitor these indica-
tors. One of the ways to improve the efficiency
of natural and wastewater control is the devel-
opment and use in practice of biological con-
trol methods and technical means to implement
these methods. In contrast to the physical-
chemical parameters, biological indicators
generally characterize biological properties of
water and in this case are integral indicators of
biological effect of the substances in
wastewater [1].

At present intensive studies are being
conducted to develop effective methods for
biological control of water quality, primarily
industrial wastewater, as well as technical
means to introduce these methods, suitable not
only for research in laboratory practice, but
also at industrial plants. As a rule, these devic-
es are stationary and are designed for continu-
ous monitoring of acute toxicity of wastewater.
However, along with stationary devices, there
is an urgent need to create portable or field
versions of devices for instrumental monitor-
ing of toxicity. Portable devices of this type
could be widely used at the enterprises where
the installation of stationary devices is imprac-
tical for technical, operational or economic
reasons. In addition, these devices could be
used by the authorities regulating utilization
and protection of water resources for periodical
monitoring of industrial wastewater toxicity.

Analysis of Recent Studies Results

The choice of test organisms and test re-
actions to be used in biotesting devices for
wastewater toxicity, including portable ones, is
caused by such factors as ease of cultivation
and keeping test organisms in the laboratory,
relatively high sensitivity to toxic substances,
possibility of instrumental recording of physio-
logical indicators used as test reactions on
toxicity, a short time from the beginning of the
toxicant action to the appearance of changes in
the test reaction. Based on these criteria, we
can assume that algae are a fairly convenient
test organism for instrumental methods of bio-
indication since they have the following ad-
vantages:

- numerous types of unicellular algae are
easily cultivated in laboratory conditions on
liquid mineral environment;

- physiological state of algae can be
characterized by a fairly wide range of indica-
tors, many of which are easily controlled by
instrumental methods;

- single-celled algae have a short devel-
opment cycle, which makes it possible to pre-
dict not only the short-term effects of the toxi-
cants’ action but also their action in subsequent
generations of algae.

These factors allow to extensively use
algae in toxicological studies in assessing the
chronic and acute toxicity of wastewater and
some chemicals. The authors [2] used the blue-
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green algae Anabaena spiroides to assess the
toxicity of a number of heavy metals. The
growth rate, intensity of photosynthesis and
ion exchange between algae cells and the me-
dium were chosen as test reactions. It was
found that the most sensitive indicator of tox-
icity was the intensity of ion exchange. The
threshold concentrations of metals causing
metabolic imbalances of potassium and sodium
were about 2 times lower than the accepted
MPC. Such test reactions as the growth rate
and photosynthesis of algae were less sensitive
to the action of heavy metals. In the work [3],
the effect of mercury and lead on the division
of Chlorella vulgaris cells was investigated. It
has been found out that concentration of met-
als, suppressing algae cell division by 50%, is
0.06 for cadmium, 0.18 for copper, 1.03 for
mercury, 5.1 for zinc, and 1.0 mg / | for lead.
The authors of the work [4] used blue-green
algae to assess the toxicity of oil and oil prod-
ucts. As a result of the study it has been deter-
mined that photosynthesis of algae is com-
pletely inhibited when the concentration of
petroleum products in the medium is from 0.1
to1.0g/L

A number of researchers [5-7] used al-
gae of various systematic groups to determine
the toxicity of substances from the class of
herbicides and insecticides, and heavy metals.
In particular, [5] investigated the effect of
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many herbicide-related substances on the
Chlorella proto-coca alga. It was determined
that all the substances they studied had a toxic
effect on algae in a concentration of from
1*10® to 2*107 M. The fact, that propanide
causes a decrease in photosynthesis in the An-
abaena variabilis in a concentration of 0.0025
mg / | has been defined in the work [6].

From the literature data we can draw the
following conclusions:

- algae are widely used as test organisms
in assessing the toxicity of chemicals and
wastewater;

- algae are most sensitive to chemical
compounds belonging to the class of herbicides
and insecticides, as well as to heavy metals.
This determines the possible scope of algae as
test organisms in assessing the toxicity of
wastewater categories containing these sub-
stances.

Methods for assessing the physiological
condition of algae mainly used in the physiol-

ogy and biochemistry of plants, and which are
not yet widely used in aquatic toxicology, are
of considerable interest to scientists.

A number of researchers have claimed
that the electrophysiological properties of plant
cell membrane structures, including the outer
membrane, the cell membrane, can serve as a
very sensitive indicator of the functional state
of the plant organism. Studies in this area have
shown that in the presence of substances from
the class of herbicides, heavy metals and a
number of other compounds in incubation me-
dia, electrophysiological characteristics of
membranes, such as electrical potential, con-
ductivity, capacity, etc., change [8-11].

These examples show that test reactions
characterizing the physiological condition of
algae are very diverse, which facilitates their
selection for the purposes of instrumental tox-
icity biotesting, including biotesting of sewage
toxicity, using portable instruments.

Methodology Description

From the analysis of the literature data
given in the previous section, we can conclude
that when assessing the toxicity of wastewater,
the following indicators of the physiological
state of algae are most often used as test reac-
tions:

- growth intensity (reproduction);

- electrophysiological characteristics of
plant cell membranes;

- intensity of the photoinduced afterglow
(delayed fluorescence);

- intensity of photosynthesis (photosyn-
thetic activity);

- ion exchange.

Tests on changing pH of the incubation
medium and the nature of algae movement are
much less frequently used. It should be noted
that the test reaction or toxicity test used in
instrumental biotesting, must meet a number of
specific requirements, which may be optional
in classical aquatic toxicology. The main ones
are as follows:

- possibility of instrumental registration
of the reaction in continuous or discrete
modes;

- possibility of quantitative registration;

- rather high sensitivity to toxicants;

- unambiguity, that is, the selected test
reaction must unambiguously characterize the
physiological states of the test object;

- low inertia, that is, the time from the
beginning of the toxicant action to the appear-

85

ance of changes in the tested reaction should
be minimal.

The test reaction used in portable bi-
otesting devices, apart from the listed features,
should be rather simple in terms of its meas-
urement technique under production and field
conditions.

All devices used to register a particular
algal test reaction are intended for scientific, not
industrial, purposes. We consider the registra-
tion methods of one or another test reaction of
algae only from the point of view of its possible
use in portable devices, as well as creating port-
able devices for measuring these reactions.

The growth intensity (reproduction).
This test reaction, as noted above, is used in
assessing chronic toxicity of wastewater. In
classical aquatic toxicology the growth rate is
determined by method of direct counting of
cells under a microscope. However, this indi-
cator can be measured using existing instru-
ments, for example, a photocolorimeter. Porta-
ble models of photocolorimeters are mastered
by industry and are produced both in our coun-
try and abroad. However, given the fact that
algae have a relatively long generative cycle,
this indicator cannot be used as a test for rapid
toxicity analysis.

Electrophysiological characteristics of
plant cell membranes. Technical aspects of
measuring the electrophysiological characteris-
tics of plant cell membranes, especially chara
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algae, are now quite well developed for the
practice of scientific research. They can be
measured by contact methods introducing mi-
croelectrodes into the cell, as well as by con-
tactless ones. Measuring tools required for
these purposes are general-purpose electrical
measuring instruments, that is, micro- and
milliammeters and voltmeters. Such devices
are manufactured by our industry, including
those in portable versions. Despite this, crea-
tion of a portable instrument for assessing
wastewater toxicity by measuring the electro-
physiological characteristics of algae cells is
currently impractical because of complex
methodological process of measuring these
characteristics in production practice.

Intensity of photoinduced afterglow (de-
layed fluorescence). This test reaction is highly
sensitive to the action of many toxicants. Af-
terglow is registered with the help of detectors
of weak light fluxes. Since the spectral compo-
sition of the photoinduced afterglow lies main-
ly in the red part of the spectrum, it is most
appropriate to use spectrofluorimeters to regis-
ter it. Based on the technical characteristics of
spectrofluorometers produced by the industry,
as well as on the analysis of the structural dia-
grams of these devices, it can be assumed that
development of a portable instrument for as-
sessing wastewater toxicity by measuring the
long afterglow of algae is a difficult technical
problem.

lon exchange. This test reaction is not
used in classical aquatic toxicology but a num-
ber of studies suggest that a disruption of ion
exchange, especially exchange of potassium
and sodium ions between cells and the envi-
ronment is a sensitive indicator of the physio-
logical state of the cell [2]. At present, simple
and fairly sensitive methods for determining
ion exchange using ion-selective electrodes
have been developed. We can measure ion
activity using electrical measuring tools for
general use (milliammeters, millivoltmeters) or
special instruments, such as ionomers. Given
the simplicity of the instrumental measurement
of ion exchange and high sensitivity of this
test, it can be assumed that this method of tox-
icity bioindication can be used both in station-
ary and in portable devices. However, more in-
depth studies are needed for the final decision
on the application of this test in instrumental
biotesting, such as the relationship between ion
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exchange and other indicators of the physio-
logical state of algae, specificity of various
substances and influence of side factors on ion
exchange.

pH of the medium. A number of re-
searchers [12,13] used a change in pH in an
algae culture under the action of toxicants as a
test reaction. Change in pH indirectly charac-
terizes the intensity of algae photosynthesis.
The use of pH as test reactions in portable
devices is impractical because the pH of the
medium can change not only due to the photo-
synthesis of algae, but also due to bacteria
respiration, always present in wastewater. At a
certain ratio of algae and bacteria the process
of emission and absorption of CO, can be in
equilibrium, and pH of the medium will not
change. In this case, pH will not reflect the
actual physiological state of the test object, that
is, the algae. Thus, we cannot obtain reliable
data on the toxicity of the investigated
wastewater.

Movement of algae. The use of this in-
dicator as a test reaction is reported in the work
[14]. As a test object a blue-green alga Phor-
midium was taken. This work describes an
automated device for determining the nature of
algae movement by photocolorimetric method.

Methods used in cytophotometry are of
special interest for instrumental biotesting of
toxicity. Using cytometric methods of analysis,
it is possible to determine such indicators of
the physiological state of microorganisms as
the ratio of living and dead cells, growth inten-
sity, concentration of individual biochemical
compounds, enzyme activity [15,16]. Howev-
er, modern cytophotometers and cytofluorime-
ters are very complex and expensive devices
and their use is limited mainly to the field of
scientific research in physiology, biochemistry,
microbiology and cytology. The use of such
devices to assess the toxicity of wastewater in
production conditions is not advisable for eco-
nomic and technical reasons.

Intensity of photosynthesis (photosyn-
thetic activity). The intensity of photosynthesis
is the most common test for toxicity when
using algae as test objects. Instrumental re-
cording and automating the measurement pro-
cess, rapidity, ease of measurement are im-
portant for instrumental methods in assessing
wastewater toxicity. The refore, it is necessary
to consider in more detail the currently used
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methods for determining the intensity of algae
photosynthesis, to briefly assess each of them
in terms of possible use in portable devices for
biotesting wastewater . All methods for deter-
mining photosynthesis are based on measuring
the rate of oxygen evolution or carbon dioxide
absorption in an incubation medium before and
after a certain exposure of an algae culture to
light. Concentration of these gases is deter-
mined by manometric, chemical, radiocarbon
and polarography methods.

In manometric determination of photo-
synthesis, a certain volume of algae culture is
placed in an airtight vessel connected with
pressure gauges. Since in the process of photo-
synthesis, algae emit oxygen, the pressure of
gases in a confined space increases. From the
difference in pressure recorded by pressure
gauges before and after algae exposure to light,
we can calculate the intensity of photosynthe-
sis. There are many types of devices for as-
sessing the rate of gas exchange of algae by the
manometric method, however, all of them are
cumbersome and it is not advisable to create a
portable device for bioindication of wastewater
toxicity on their basis.

The main standardized method for de-
termining the rate of photosynthesis is the io-
dometric method. This method refers to chem-
ical determination methods and is based on the
reaction of dissolved oxygen in liquids with
manganese hydroxide and the subsequent io-
dometric determination of oxidized manganese
compounds. This method cannot be used in
portable devices as it includes a large number
of manual operations, is laborious and time-
consuming in execution.

The radiocarbon method for determining
the rate of photosynthesis is mainly used in the
laboratory practice of physiological research. It
is based on the use of C*O, as a carbon
source. Since algae use C**O, in the process of
photosynthesis, by measuring their biomass
radioactivity before and after the introduction
of this compound into the medium, a specific
rate of photosynthesis can be calculated. The
method is not suitable for use in portable de-
vices, due to the difficulties associated with
obtaining a radioactive carbon isotope.

The most promising method for deter-
mining the intensity of algae photosynthesis
from the point of view of its use in portable
toxicity bioindication devices can be consid-
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ered the polarography method. The main ad-
vantages of this method are simplicity of tech-
nical implementation, high sensitivity, low
inertia, insensitivity to adverse chemical envi-
ronmental factors, ability to quantify and rec-
ord, ease of performing the measurement pro-
cess, can be used in analyzing small volume
samples. All this have led to the fact that the
polarography method for the oxygen determi-
nation in biological fluids almost supplanted
all other methods.

To study physiological and biochemical
aspects of photosynthesis of plants, including
algae, a number of laboratory installations
have been designed, including flow-type instal-
lations. Although structurally these installa-
tions are different from each other, their dia-
grams are almost identical. As a rule, they
include incubation chambers, dissolved oxygen
sensors, measuring and recording systems,
thermal and lighting systems control. We can
draw the following conclusions from the above
analysis:

1. algae can be used as test objects in
wastewater biotesting devices;

2. the most appropriate of the test reac-
tions characterizing the physiological state of
algae to be used in biotesting devices are the
following - the intensity of the long afterglow,
ion exchange and photosynthetic activity of
algae;

3. there are technical prerequisites for
the creation of portable bioindication devices
for wastewater toxicity, using various test reac-
tions of algae on phytotoxic substances;

4. the most acceptable test reactions
from the point of view of the available tech-
nical capabilities to create portable instruments
for instrumental measurement of these reac-
tions are algae photosynthetic activity and ion
exchange.

To test the method of algae photosyn-
thetic activity measuring by the printing meth-
od, a laboratory device layout was developed
and manufactured. The device includes a ther-
moluminostat, a PL-700ALS oximeter with a
culture chamber. A distinctive feature of this
setup is the fact that it can work with dense
cultures of algae and small sample volumes.
Samples of Scenedesmus quadricauda u Chlo-
rella vulgaris were used as test organisms.
These types of algae are easily cultivated under
laboratory conditions; they are rather sensitive
to toxicants and are widely used as test objects
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in classical aquatic toxicology. Algae were
grown in Tamiya and Uspensky No. 1 envi-
ronments in 5-liter glass containers at illumina-
tion of 2500-3000 Ix, temperature 21-26 ° C
and constant stirring. For the experiments, 7—
10-day cultures in the exponential phase of

development were used. Immediately before
carrying out the analysis, the cultures were
compacted by condensing them on membrane
filters. Assessment of the cultures density was
carried out by direct counting of cells in the
Goryaev chamber.

Results of the Research

One of the goals of our work was to find
the best options for assessing the photosynthet-
ic activity of algae, using the polarography
method. In general, the definition of photosyn-
thesis is reduced to measuring the concentra-
tion of dissolved oxygen in a liquid culture of
algae before and after exposing samples to
light. The value of this difference should al-
ways be much greater than the maximum sen-
sitivity of the used method, in this case polar-
ography. In the event the specified difference
is less than the sensitivity of the method used,
the results of the determination will be unrelia-
ble. As our task was not to determine sensitivi-
ty of the polarography method, in order to
obtain reliable results it was important to study
under what conditions the algae emit maxi-
mum amount of oxygen during the selected
time of their exposure to light. There are sev-
eral ways to ensure that the difference between
the concentrations of dissolved oxygen in the
samples before and after their exposure is large
enough. The first way is to use a high density
culture. As is well known, ceteris paribus, the
amount of oxygen released during photosyn-
thesis depends on the number of algae cells per
unit volume of the liquid medium, and on den-
sity of the culture. In classical aquatic toxicol-

ogy cultures with density 1*10° - 5 * 10° cells /
cm?® are used. At the same time, it is desirable
to minimize the contact time. Such density of
cultures may not be sufficient to obtain reliable
results while assessing concentrations differ-
ences of dissolved oxygen in the control and
experimental samples. Experiments were con-
ducted to study the rate of increase in dissolved
oxygen concentration in liquid culture of algae
Sc. quadricauda and Chl. Vulgaris of varying
density. The results of these experiments are
presented in figures 1; 2; 3.

As can be seen from figures 1 and 2, the
rate of concentration increase of dissolved
oxygen in cultures is proportional to their den-
sity in a wide range. For Sc. quadricauda this
interval is in the range of 2.5 - 15 * 10° cells /
cm®, for Chl. Vulgaris — about 30 - 120 * 10°
cells / cm®. With increasing density of above-
specified limits, the rate of oxygen increase in
the medium slows down. Slowing down of
oxygen evolution rate at a culture density of 20
* 10° cells / cm® for Sc. quadricauda and 120 *
10° cells / cm® for Chl. Vulgaris can be ex-
plained by influence of factors limiting photo-
synthesis; first of all, by the exhaustion of dis-
solved carbon dioxide in the medium.
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Liquid culture, mil. cell/cm3

Light intensity — 8000 Ix. Algae exposure time in the light — 7 min

Fig. 1 — The rate of concentration increase of dissolved oxygen in liquid culture
Sc. quadricauda of varying density
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Fig. 2 — The rate of concentration increase of dissolved oxygen in the liquid culture
Chl. Vulgaris of varying density

Photosynthesis intensity, mg/l 02

Time, min

1 — Sc. quadricauda, culture density - 15 * 10° cells / cm®;
2 — Sc. quadricauda, culture density - 10 * 10° cells / cm®;
3 — Chl. Vulgaris, culture density - 15 * 10° cells / cm?;

4 — Chl. Vulgaris, culture density -10*10° cells/cm?.

Fig. 3 — Comparative characteristic of photosynthesis intensity of cultures Sc. quadricauda and Chl. Vulgaris
with the same density. Light intensity - 8000 Ix

Analyzing the results given in Figure 3,
we can conclude that the specific photosynthet-
ic activity of Sc. quadricauda is several times
higher than that of Chl. Vulgaris. Based on the
fact that the photosynthesis activity of these
algae was determined under identical condi-
tions, it can be concluded that the differences
are explained only by species peculiarities of
these algae.

Analysis of oxygen release rate by algae
cultures of varying density indicates that the
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increase in oxygen concentration in the culture
Sc. quadricauda, depending on its density is 1—
4 mg/1in 7 minutes of algae exposure to light
8000 lux (Fig. 1). For Chl. Vulgaris this in-
crease is 0.4 - 8.4 mg / | (Fig. 2). It can be as-
sumed that with an increase in exposure time
to light, the increase in dissolved oxygen con-
centration will be higher. Such a significant
increase in cultures during the exposure of
algae to light suggests that the sensitivity limits
of the polarography method for determining
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oxygen in a liquid will be sufficient to obtain
reliable results when measuring the photosyn-
thesis rate of algae of these species with a cul-
ture density of 5 to 150 million cells / cm3.

As can be seen from this figure, the intensity of
photosynthesis is proportional to the intensity
of illumination in the range of 4-8 thousand
lux. An increase in illumination intensity up to
10 thousand lux sharply worsens measure-
ments. llumination intensity of is less than 4
thousand lux leads to a significant decrease in
algae photosynthesis intensity. Increase in
dissolved oxygen concentration in 6

minutes of exposure of cultures to light in this
caseis1mg/I.

Experiments on the study of photosyn-
thesis and respiration of high-density algae
cultures were conducted on a test device, and
some dynamic characteristics of the installa-
tion itself were also investigated.

We have also conducted experiments to
study the relationship between the intensity of
algae photosynthesis and the illumination in-
tensity of the measuring cuvettes. The results
of the experiments are presented in Fig.4.

Dynamic characteristics of the installa-
tion are largely determined by the “inherent”
dynamic characteristics of the dissolved oxy-
gen sensor.

A

O =B N W & U1 OO N

Intensity photosynthesis 02, mg/|

/ ——1
-2
"

1 2 3 4 5 6 7 8

Intensity illumination, thousand lux

1 — Chl. Vulgaris, culture density — 60*10° cells / cm?®;
2 — Sc. quadricauda, culture density — 8,1*10° cells / cm?®.

Algae exposure time in the light — 7 min.

Fig. 4 —The dependence of the photosynthesis intensity of algae on the illumination of the measuring cuvettes

Fig. 5 shows a general view of the char-
acteristic kinetic curve of photosynthesis and
respiration of algae for these measurements. In
their form, the curves coincide with those pre-
viously described in the literature. After turn-
ing on the light, rapid emission of oxygen be-
gins, reaches a maximum, slightly decreases
and then stabilizes. When you turn off the
light, there is a sharp decrease in oxygen con-
centration down to zero. This is due to the
absorption of oxygen by algae during their
dark respiration. Experimental studies have
shown that the shape of the kinetic curve de-
pends on both external factors, such as illumi-
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nation intensity and the spectral composition of
the light, and on the physiological state of the
test object.

Thus, summarizing the results of exper-
imental data, it can be concluded that, by ad-
justing the density of algal cultures and light
intensity, it is possible to achieve the condition
when difference between the dissolved oxygen
concentrations in the liquid culture before and
after the algae exposure to light will be 1-8
ml/l for a sufficiently short period of time. It
means that it is possible in principle to quantify
photosynthetic activity of algae at short time
intervals when exposed to light.
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Fig. 5 — Dependence of the release or absorption of oxygen in the illuminated and dark culture

Conclusions

A review of current methods and devic-
es for wastewater biotesting indicates that at
present there are technical prerequisites for
creation of portable devices for bioindication
of toxicity, using unicellular algae as test ob-
jects and an indicator of their photosynthetic
activity as a test reaction.

The most promising method for as-
sessing the photosynthetic activity of algae is
the polarography method, which allows devel-
oping a portable device for bioindication of
wastewater toxicity.

Having analyzed construction of struc-
tural diagrams of portable devices for assessing
the toxicity of liquids, we have found out that
its main specificity is the combination of bio-
logical systems with technical ones.

The main element of the biological sys-
tem is a primary biological transducer, perceiv-
ing the effects of toxic substances and convert-
ing biological signals into a form that is ac-
ceptable for registration with technical devices.
The task of creating a primary biological
transducer and the choice of an informative
biological signal can be solved by using single-
celled algae placed in a sealed chamber and
measuring gas exchange in the chamber. The
authors have analyzed dependence of the main
characteristics of the sensor on the structure of
the diffusion layer and temperature and have
found out that the optimal choice of the struc-
ture can be made depending on the biological
object and experimental conditions.
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