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Abstract
In most cases pollutants are unknown, so chemical analysis of the water (and soil as a water
extraction) is difficult and expensive. On the other hand biological testing is the only method
of integral determination of the water quality, as different environmental factors affect various
physiological processes. Thus, the biological testing, as a first stage in ecological monitoring
system, enables reduce expenditures. In addition it makes it possible to detect the combined
effect of a several pollutants, present in water at the same time, even if each of them sepa-
rately has not essential biological effect. In Plant Physiology Dept. of Belarussian State Uni-
versity the laboratory variant of device was created and tested. It consist of the bioblock, in-
cluding as a main part the biosensor – giant freshwater algae cell Nitella flexilis, whose bio-
electrical reaction in response to application of tested water is registered and analysed. The
conducted tests shown, that the cells of freshwater algae Nitella flexilis are excellent test-
objects for all monitoring and screening. The main characteristics of the method proposed:
- simplicity of test-object cultivation, preparation, assays and registration of information;
- quickness of obtaining the results (examination of one sample takes 10-20 min);
- information about the pollutant effect is obtained as the electric signal, that gives possibil-

ity to use computer processing of the data and to manage the biotest setup by computer;
- high sensitivity (in same cases 10-8 – 10-7 M of pollutant in the medium is enough to be

detected by biotest).

Introduction
Now in biosphere there are more than 6 million of chemical compounds, which are mainly of
anthropogenic origin and the quantity of them permanently increases. The emission points
are the wastes of industrial release, of transportation, domestic waste, widely applicable in
an agriculture pesticides. Only by chemico-analytical methods of monitoring is difficult, and
frequently it is impossible to receive an enough complete picture of biological hazard of an
environmental contamination because of the following reasons.
• High costs and extensive labour needed to carry out chemical and other analyses (for in-

stance, remote probing).
• The limited number of maximum permissible concentrations (MPC) established for sub-

stances present in the air and water environments and the practical absence of such con-
centrations for soils.

• The synergism in combined action of individual pollutants and the difference in their bio-
logical effects on the background of other substances (at present, the biosphere includes 6
.million individual chemical compounds, not to mention combinations of them).

• The increased toxicity of substances in the process or their metabolic transformation by
living systems (biotransformation) and biological accumulation.

• The absence of evaluations of the biological soundness of the habitat in view of the phe-
nomena mentioned above.
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Thus, depending on a concrete situation, the biological testing with necessity must either
precede chemico-analytical one, or supplement it, but not change it completely. The purpose
of presented work is to show an opportunity of biotesting of a water environment and soil on
an example of one concrete biotest.

The interaction of any substance with living system can be schematically represented ac-
cording to the levels of structural organization as the following stages: a cellular membrane -
cell - tissue - organism. It is clear, that the most complete information can be received, using
a test-object of a organism level. However long-run observation in this case is required, the
registered parameters will have mainly qualitative character, the occurred changes, as a
rule, will be irreversible (1, 2). However, in a number of cases a rapid diagnosis of situation,
specially in systems of monitoring of quality surface and sewage waters, is indispensable.
On the other hand, it is important to find out initial stages of pollution, that is the moment,
when concentration of toxic substances yet does not produce irreversible changes in an or-
ganism. In this case most appropriate level of the test-object is the membranous - cellular
level. It is known, that all living cells are surrounded on the outside with a plasma membrane,
which is a primary target affected by external physicochemical factors. The membranes are
easily modified either directly being affected by many chemical compounds, or indirectly
through disturbance of intracellular processes, which are responsible for maintenance of
normal functioning of their structures, and thus, they are very sensitive to action of the
chemical agents. The presence at an environment of chemical substances first of all causes
the following changes in cell membranes characteristics:
- Ionic flows through a membrane;
- Membrane electrical potential;
- Electrical conductance (resistance) of a membrane.

The outer cellular membranes include lipids, proteins, enzymatic complexes with rather vari-
ous and very important functions, as a cell membrane is simultaneously both "a organ of
sense " perceiving the information on changes of an environment and transmitting it to intra-
cellular structures, and "a execution unit", which ensures adaptation of a cell to changes in
environment. To the greatest extent these features inhere free living alga, for example,
freshwater Characeae alga. To obtain more information and increase assessment accuracy
two approaches can be developed: either to select the correspondent test-objects, or try to
make as high as possible the number of independent parameters determined through the
test procedures using a single test-object. The second approach would be more effective,
reducing the labour costs and simplifying the procedures of biological testing, although the
first approach is not eliminated. Thus, it is necessary to use the tests, which allow charac-
terising the effect of pollutants by several independent parameters, which are determined
simultaneously. At the same time, the realisation of conditions of independence parameters
can be achieved with the greater probability when the used model representations are not
empirical, but based on the established mechanisms, on which the observed changes are
founded. Therefore it is expedient to elaborate scientific-founded methods of biotesting and
to realise their in practice.

Method of biotesting
In our laboratory within many years with usage of electrophysiological methods the mecha-
nisms of a ion transport through membranes of plant cells were studied (3, 4, 5). The gained
experience has allowed to offer as a test-object for biotesting giant cells of freshwater
Characeae alga Nitella flexilis. Two electrophysiological parameters are proposed for using
in biotesting as independent ones. First - thermodynamic – is a difference of electric poten-
tials on a membrane, second - kinetic - electrical conductance (resistance) of a membrane.
Both parameters are highly sensitive to a very great numbers of interactions, modifying a
membrane.



Procedure of biotesting: Let us consider one of our methods of biological testing, namely the
method of electroalgological control. As a sensing element (biosensor) the cells of alga
Nitella flexilis are used. The procedure of algae growing in laboratory conditions is very sim-
ple. Ports of algae thallus, having 3-5 internodes, and apical cells are planted out in glass
vessels filled with a solution of artificial pond water with a rather simple composition:
(KH2PO4, Mg (NO3)2, NaHCO3, CaCl2). The temperature of the nutrient solution is main-
tained within 20 to 250C, illumination is realized by luminescence lamp with a cycle of 16
hours light/8 - darkness. A bioelectrical response has been selected as a test reaction since
the presence of chemical-compounds in the environment causes modifications of such pa-
rameters as the difference of electrical potentials and the resistance of the cell.

The experimental procedure used to measure these characteristics is implemented by
means of the method of extra-cellular technique, which has been developed in our laboratory
(Fig. 1). The 2nd or 3rd cell from the top are selected for the experiment. The cell is placed
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Fig. 1 (a-b)

1, 2, 3, 4 - compartments of the experimental box (5); 6 - the algae cell; 7 - fun-
nels with solution 8 - current electrodes (platinum wires); 9 - recording elec-
trodes; 10 - interface to the computer or X-Y-recorder; 11 - electrometric ampli-
fier; 12 - hoses for solution removing 13 - stimulator; 14 - Vaseline-filled gaps
(Figure 1a).
Diagram for determining the electrophysiological  parameters (∆E and (∆R) of
the cell. ∆E(∆R) = E(R) – E0(R0). E0(R0).and E(R) are recorded stationary values
of the electric potential difference and the electrical resistance (continuous line)
and  E01(R01), E02(R02). – for the subsequent washing with a control solution
(dotted line). The later could be used as a parameters of reversibility– irreversi-
bility of pollutant effect. Arrows indicate the moments of change the solutions
(Figure 1b).

into one of the chambers of the biounit which consist of the four sections. Section 1 is filled
with the control solution (artificial pond water or the background sample). Section 4 is filled
with the KCl solution (10-1 M), which simulates the intracellular content. The experimental
solution and the artificial pond water are passed through sections 2 and 3, respectively. The
difference of the electrical potential (E) of the cell membrane is measured using ordinary
calomel or silver chloride electrodes built into sections 2 and 4 and are connected with the
eiectrometric amplifier. To measure the resistance (R), a current pulse is passed through the
electrodes built into sections 1 and 2.



The cells those are washed by the flowing solution are affected by ever increasing concen-
tration of individual chemical compounds or tested samples. Periods of the cell being in the
tested solutions are determined by the time for which the recorded parameters reach the
steady state values. These stationary values of the measured parameters E and R are used
to define their shift (AE and AR) from the initial control or reference level (E0, RO) under the
influence of the tested samples as well as the magnitudes (qE, qR), which characterise the
extent of irreversibility of the bioelectrical reaction after the removal of the agent, i.e., after
the tested solution is substituted by the reference or control solution (Fig. 1b). The shift of
the measured parameters is recorded in a continuous mode or is put into the computer for
digital processing. The biounit comprises six chambers which permits to immediately obtain
averaged data and perform their statistical verification.

Results of testing
 The pollutants belong to four groups of matters are most spread today in biosphere. It is
aromatic compounds, surface-active substance (SAS), pesticides, and heavy metals. Some
samples from these groups of pollutants were tested.

Aromatic compounds: The results of testing, presented in the table 1, have shown, that the
parameters of a test-object are enough responsive to compounds of this class: the maximum
sensitivity reaches 10-7М (for a n-nitrotoluene). Knowledge of membrane mechanisms, the
reaction of which the makes test-response, allow us to sensitize the test. In this case from
the table 1 we can see, that the removal of calcium ions from solutions increases sensitivity
in some cases on the order (for example, for 2,4 DNP, phenol). The sensitivity of the test to
synergistic effects is well demonstrated. So, at joint application of phenol and 2,4 DNP to a
solution APW, the effective concentration of each of the agents decrease on the order, up to
a level achievable at a sensitization of a cell. In the other case, the adding 5*10-8М n-
nitrotoluene on the order increases sensitivity to phenol in a solution APW.

Surface-active substances: The data of the table 1 show, that in the whole sensitivity of a

Table 1
Sensitivity of bioelectric reaction of Nitell flexilis cells to some pollutants.

Concentration threshold, M
Compounds APW APW - Са

Aromatic compounds
Phenol 10-3 10-4

2,4-DNP 10-4 10-5

N- nitrotoluene 10-7 10-6

Dinitrotoluene 10-6 -
Imidazole - 10-4

Phenol +
2,4-DNP

10-4

10-5
10-4

10-5

Phenol +
n-nitrotoluene

10-4

10-8
10-3

10-7

Surface-active substances
Anionic

C11H22 – CH3
-

|
O(CH2CH2O)4SO3Na

10-5 10-5

Ampholytic
CH3(CH2)10N+H2CH2SO3

-
10-7 10-7

Nonionic
C11H22 – CH3

-

|
O(CH2CH2O)13

10-7 10-8 - 10-7



test-object to SAS is rather higher, than to the tested phenolic compounds. So, the nonionic
compounds gives reliable reaction of a test-object at 10-8 M. It should be marked that the
removal of calcium ions from solutions in this case also has sensitizing activity, but only for
nonionic compounds.

Pesticides: The major group of pollutants of environment is pesticides, which now are very
widely applied in agricultural crop production. The results of testing some of them, conducted
by using our test-object, are shown in the table 2.

Table 2
Sensitivity of bioelectric reaction of Nitell flexilis cells to some pesticides.

Compounds
Concentration limit in APW,
mg/litre

Herbicides
Monuron 1
Lynuron 1Derivative ureas
Titus 5
Prometryn 3
Atrazin 1-3Sym-triazine
Simazin 1-3

Displaced acetamide Butyzan 5
Reglon 5

Phosphomethylglycin Roundup 5
Derivative of pyrrolydone Raiser 2
Phenoxyasids 2,4 D 0,1

Fungicides
Tilt 1
Follicour 5

Derivative of triazole

Alto 10
Group of oxatyine Vitavax 3
Derivative of morpholine Korbel 5

It is visible, that practically all tested matters, are detected by the biotest in a rather low con-
centration. The greatest sensitivity the test-object has revealed in relation to derivatives of a
urea: the reaction occurred already at 1мг/l.  Then - the herbicides of sym-triazine group,
derivative pyrrolidone (substituted acetamine) follow. Let's mark, that for more than ten
tested matters possessing the different herbicidal effects, the concentration limits of detec-
tion them by biotest are within the limits of one order, from 1 up to 5 mg/l. It speaks about
considerable versatility of the used biotest. In the same range of concentration the sensitivity
of the test to fungicides (Table 2) lays. Taking into account, that the norms of application of
these drugs are a little bit lower, than herbicides, in this case sensitivity of the biotest ap-
pears is lower.
Heavy metals: The data of the Table 3 demonstrate, that the parameters of bioelectric reac

Table 3
Threshold concentration of metals causing reliable shifts of bioelectric parameters of cells.

Concentration threshold, M
APW APW-СаCompounds

Electric poten-
tial difference

Electrical con-
ductance

Electric potential
difference

Electrical con-
ductance

CuSO4 10-7 10-7

Pb(CH3COO)2 10-4 10-3

ZnSO4 10-4 10-5 10-4 10-5

Cd(CH3COO)2 10-4 10-6 10-4 10-6

BaCl2 10-4 10-6 10-5 10-6

CsNO3 10-3 10-3 10-4 10-4



tion of a cell start reliablly to change at enough low concentration of the tested metals: from
10-7М for Сu, up to 10-4М for Cs. As a whole, the conductance has appeared more sensing,
than potential, but potential is sensitized for the greater numbers of metals (Ва and Сs), than
conductance.

Discussion
The total characteristic of the biotest is given by comparison of a concentration threshold of
bioelectric reaction with the government standards - maximum permissible concentrations,
presented with the help of a Fig. 2. The points corresponding to different compounds on the
diagram TC - MPC (TC - threshold concentration, causes bioelectric reactions) are about
uniformly distributed relatively of direct relation 45о, i.e. the cases of the greater or smaller
sensitivity, than MPC, meet equally frequently. The presence in water of such compounds,
as nonionic SAS,  Сu, Ва can be revealed at concentration, significantly lower, than MPC.
                                     a                                                                b
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Comparison of the threshold concentration (CT) of bioelectr
Nitella flexilis with the maximum permissible concentration
(Figure 2a). Two-dimensional diagram of the shifts of ele
cell membrane under impact of heavy metal ions.  Ni – 0,1 m
0,06 mg/l (3); 0,6 mg/l (4). Cd – 0,001 mg/l (5); 0,01 mg/l (6)
(Figure 2b).

The generalized comparison of sensitivity of a cell bioelectric
bioobjects, used as the tests in a water toxicology, demonstrate
nolic compounds our method has not advantage on sensitivity. 
sensitivity to SAS and some heavy metals (for example, Сu)
crustacea, fishes, mollusca. The comparison of the characteristi
plete analysis, but testifies to possibility of using of the electroph
environment of many dangerous pollutants.

Usage of two parameters allows us to create the two dimension
cases help to distinguish some types of pollutants. The Fig. 2b  
Apparently, that computer construction of such diagrams, the
comparison with available ones open up additional possibilities
environment pollution. In this connection, it is possible to ment
versibility - irreversibility of bioelectrical reaction (Fig. 1b), analy
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of both bioelectric parameters etc. Thus, there are considerable potentials to further devel-
opment of the biotest. It should be noted that, in principle, there is not any biological test,
which would be equally sensitive to anyone pollutant, getting in an environment. The results
presented above, suggest, that electroalgological analysis does not yield in the sensitivity to
many nowadays methods of biological testing. At the same time, on a simplicity, expressivity
and convenience for usage in the automated computer systems of the checking our method
much more exceeds them.
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