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Application of Biotests in Environmental Research

Agnieszka Kuczyńska, Lidia Wolska, and Jacek Namieśnik
Department of Analytical Chemistry, Gdańsk University of Technology, Gdańsk, Poland

The possible applications of tests based on the use of biological materials in the field of en-
vironmental research are presented. The known biotests, used for assessing the accumulative
pollution level in particular environmental compartments, have been classified. In addition, in-
formation collected on the sensitivity of some fauna and flora species to toxic substances present
in the environment are presented.

Keywords environmental pollution, pollution assessment, biomonitoring, risk assessment,
biotests, bacterial tests, phytotests

INTRODUCTION
Intensive developments of new technologies, the encroach-

ing urbanization and constantly increasing human consumerism
lead to detrimental and often irreversible changes in the en-
vironment. The continually expanding spectrum of pollutants,
mainly originating from anthropogenic sources, gets introduced
into the air, surface waters, and soil. At the same time, due to
processes such as transport and chemical, photochemical and
biochemical pathways, the differentiation of levels of certain
pollutants in particular abiotic compartments takes place. From
there chemical compounds get into plants, animal organisms
and, finally, into human bodies. Such pollutants may cause a
variety of adverse effects immediately after the exposure as
well as later; the delayed exposure effects are called “long-term
toxic effects.” Because of the aforementioned reasons analytical
chemists are obligated to determine very thoroughly the levels of
particular ecotoxins in the biotic and abiotic compartments of the
environment.

A comprehensive analytical profiling of the environment,
i.e., determining the concentration levels of all (identified and
unidentified) pollutants in each compartment would be a sought
after solution to many problems. However, a question arises
whether such task can be possibly conducted at present, and
whether it is purposeful, considering the following:

• number of components that would have to be deter-
mined;

• different concentration levels, mainly for the trace and
ultra-trace constituents;
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lytical Chemistry, Gdańsk University of Technology, 11/12 Narutow-
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• fluctuations in the concentrations of pollutants in time
and space;

• complex composition of matrix and the associated with
it possibility of interferences;

• complicated, meaning time- and labor-intensive, sam-
ple pretreatment procedures;

• additional pollution load to the environment resulting
from the reagents used during analysis, and in particular
from organic solvents used in the sample pretreatment
stage; and

• additional costs in connection to the necessity of buying
the high purity reagents, and the utilization or other use
of their surplus (leftovers).

To avoid these inconveniences and limitations, it is neces-
sary to introduce into the analytical practice a new approach
for estimating the environmental pollution level that employs
estimation of the indicators of accumulative pollution level in a
given compartment. Such parameters as COD and BOD or total
carbon and organic carbon content, that assess the total carbon
content in the pollutants present in a studied sample, can be
successfully used in environmental analytics (1).

The measure of accumulative load from different types of
pollutants, in particular environmental compartments, may be
also expressed as the sample toxicity, evaluated with the use of
the appropriate biotest.

ASSESSMENT OF TOXIC EFFECTS
Toxicity measurements conducted in environmental samples

may form a foundation on which solution to the three basic
problems can be based, as follows:

• risk assessment, i.e., estimating the probability of an
adverse effect occurrence due to the impact of a given
factor on a live organism;
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136 A. KUCZYŃSKA ET AL.

• assessment of the toxicity level by determining a toxic
effect dose; and

• attempt to detect long-term effects caused by the expo-
sure of a live organism to toxic elements such as, mu-
tagens, carcinogens or teratogenic and/or embryotoxic
factors.

Ecotoxicological studies can be conducted in two ways by
means of (2):

• epidemiological studies consisting of the observations
of a given human population being exposed to the par-
ticular environmental pollution; that allows for a direct
estimation of the exposure risk; and

• application of laboratory methods with the use of dif-
ferent experimental models, and further on, an attempt
to apply the obtained results to evaluate the risk of ex-
posure.

Depending on the model used, laboratory methods may refer
to the toxocity measurements as

• the whole organism
• a chosen organ

}
in vivo methods

• tissue culture
• enzymatic reactions

}
in vitro methods

In case of research conducted with the use of simple experi-
mental in vitro models as well as animal studies, a relationship
between a dose (concentration) of the toxic factor and biologi-
cal response, i.e., biological reaction of an organism (or a model
used) to the dose. In ecotoxicological studies, the biological
response is determined by measuring such parameters as the
inhibition of cellular growth, activity of a certain enzyme, ac-
celerated breathing rate of an individual, survival or mortality,
etc.

Based on the dose–response relationship, the values of param-
eters can be calculated that are quantitative estimates of toxicity
for the substance in question. The strength of toxic impact on live
organisms is expressed by such parameters as EC25 and EC50

(Effective Concentration), or ED25 and ED50 (Effective Dose),
which describe the concentration or dose of a toxin in the en-
vironment that causes 25% or 50% of the maximal biological
response. Another used indicator is IC50 (Inhibition Concentra-
tion), which describes the concentration of a toxic factor in the
environment causing 50% inhibition of a given process, e.g.,
growth.

In case of acute toxicity, the impact of a given substance dis-
rupting biological processes is such that it results in death. The
measure of the effect is LD50 (Lethal Dose), i.e., a dose caus-
ing death of 50% of individuals in the studied population in a
given time. Often a parameter describing lethal concentration
of a given substance in water, soil, or air is used, namely LC50

(Lethal Concentration). A determination of acute toxicity is usu-
ally a preliminary step in assessing the impact of the substance
on the organism; it allows us to set a direction for the further
toxicity investigations.

A dose-biological response relationship may also be used
when predicting risk, i.e., determining dose and exposure time
for which the probability of the toxic effects occurrence is prop-
erly low. To this end, threshold concentrations or doses are esti-
mated as follows:

• NOEL or NOEC (No Observed Effect Level/ Concen-
tration), i.e., the highest dose or concentrations of a
toxic substance for which no detrimental effect has
been observed;

• LOEL or LOEC (Lowest Observed Effect Level/ Con-
centration), i.e., the lowest dose or concentration for
which the first detrimental changes have been observed;

• NOAEL (No Observed Adverse Effect Level), i.e., the
highest dose or concentration for which no adverse ef-
fect has been detected during the conducted research;
and

• LOAEL (Lowest Observed Adverse Effect Level),
i.e., the lowest dose or concentration for which the
adverse effect has been noted during the conducted
research.

The observed toxicity effects may regard changes in mor-
phology, life activities, growth, development, or a life stage of
the investigated organisms. The aforementioned parameters are
expressed in mg or µg of a given substance per 1 kg of body
weight per 24 hours; LOAEL is used when the value of NOEL
remains undetermined (under assumption of appropriately larger
uncertainty coefficient).

The determination of a minimal exposure level by measuring
the above parameters is not reciprocal to the fact that the toxic
effect cannot occur; that is due to the fact that the threshold val-
ues are estimated with a certain probability. Moreover, in case
of some chemical compounds, no dose (concentration) is per-
missible, therefore the threshold values cannot be established.
In order to assess risk, effective threshold concentrations, EC10

or EC15, are used that cause a given biological effect at 10% and
15%, respectively, of its maximal value (3).

A toxic effect of the chemical substance can also be influ-
enced, in a decisive way, by its low propensity to be metab-
olized that, in connection to lipophilic properties, significantly
obstructs its excretion form the organism that results in accumu-
lation. A propensity of the toxic to accumulate in the organism
can be evaluated by comparing the values of, for example, CLD50

(Cumulative Lethal Dose) and LD50.
A longer observation period and descriptive character of the

results are typical for the methodology of sublethal and chronic
toxicity research. Such studies concern the organism as a whole,
and consist of the observations of cellular and biochemical pro-
cesses, physiological functions, and individual behavior. In turn,
after the death of the animals, macro- and microscopic obser-
vations of changes that had occurred in organs due to toxic
exposure are conducted. In addition, chronic toxicity research
encompasses so-called specialized studies as the investigated
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BIOTESTS IN ENVIRONMENTAL RESEARCH 137

substance may have carcenogenic properties causing abnormal-
ities in tissue growth; mutagenic properties that result in the
alteration of inherited traits due to the DNA damage; or embry-
otoxic and/or teratogenic properties resulting in the embyonic
or fetal death.

HEALTH AND ECOLOGICAL RISK ASSESSMENT
The process of conducting risk assessment has been initiated

by the U.S. Environmental Protection Agency. EPA published an
initial set of five risk assessment guidelines (relating to cancer,
mutagenic effects, developmental effects, exposure assessment,
and chemical mixtures) in 1986 as recommended by the National
Academy of Sciences. EPA continues to revise its risk assess-
ment guidelines and to develop new guidelines as experience
and scientific understanding evolve (see Table 1).

The Way to Conduct Risk Assessment of Exposure
to Toxic Substances in Humans

According to the ordinance of Minister of Health, dated 18
February 2003 (Dz. U. No. 52, position 467, appendix 1), in the

TABLE 1
U.S. EPA guidelines for risk assessment

No. Risk assessment guideline Source

1. Guidelines for Carcinogen
Risk Assessment

Federal Register 51 (185)
33992-34003, 24 September
1986

1A. Proposed Guidelines for
Carcinogen Risk
Assessment

Federal Register 61 (79)
17960-18011, 23 April 1996

2. Guidelines for Chemical
Mixtures Risk
Assessment

Federal Register 51 (185)
34014-34025, 24 September
1986

2A. Supplementary Guidance
for Conducting Health
Risk Assessment of
Chemical Mixtures

Risk Assessment Forum,
Washington, DC,
EPA/630/R-00/002, 2000.

3. Guidelines for Ecological
Risk Assessment

Federal Register 63 (93)
26846-26924, 14 May 1998

4. Guidelines for
Neurotoxicity Risk
Assessment

Federal Register 63 (93)
26926-26954, 14 May 1998

5. Guidelines for
Reproductive Toxicity
Risk Assessment

Federal Register 61 (212)
56274-56322, 31 October
1996

6. Guidelines for Exposure
Assessment

Federal Register 57 (104)
22888-22938, 29 May 1992

7. Guidelines for
Developmental Toxicity
Risk Assessment

Federal Register 56 (234)
63798-63826, 5 December
1991

8. Guidelines for
Mutagenicity Risk
Assessment

Federal Register 51 (185)
34006-34012, 24 September
1986

process of assessing the risk to humans due to the exposure to
toxic substances, the following types of harmful impact should
be considered (4):

1. acute toxic effect; LD50 or LC50 should be determined, or
when the determined dose methodology has been used, a
differentiating dose should be estimated (differentiating dose
is a dose that causes visible toxic effect, but not death, at one
of four dose levels which were determined using the proper
toxicity methodology, i.e., 5, 50, 500, or 2,000 mg/kg body
weight (5)),

2. irritating action
3. caustic action
4. allergenic action




It should be established whether the
substance has such properties.

5. chronic toxic effect; a dose-response and NOAEL should be
determined; in case when NOEAL value cannot be estab-
lished then LOAEL should be determined.

6. mutagenic action

7. carcinogenic action




It should be established whether the
substance has such properties; in
case of the substance identified as
carcenogenic but not genotoxic,
it is purposeful to determine

NOAEL or LOAEL.

8. harmful effect on reproduction; a dose-response relationship
and NOAEL values should be established; in case NOAEL
cannot be determined, the value of LOAEL should be mea-
sured.

Next, values of the above mentioned parameters, i.e., NOAEL
or LOAEL, should be compared to the estimated doses or con-
centrations to which the populations are going to be exposed
(the ratio of exposure level to NOAEL or LOAEL values is cal-
culated).

The Way to Conduct Environmental Risk Assessment
According to the ordinance of Minister of Health, dated 18

February 2003 (Dz. U. No 52, position 467, appendix 3), re-
garding conducting environmental risk assessment, the purpose
of determining the relationship between the dose (concentra-
tion) and biological response is to estimate the concentration of
a substance present in particular components or compartments
of the environment below which the harmful effects should not
be expected (4). Such concentration is defined as Predicted No
Effect Concentration (PNEC). The value of PNEC is calculated
by using the appropriate Uncertainty Factor (UF), and the results
from the studies on live organisms such as parameters LD50,
LC50, EC50, IC50, NOEL, or NOEC, LOEL or LOEC, or other
compatible parameters. Next, the PNEC, i.e., Predicted Effect
Concentration, value is compared to the value of PEC. Based
on the PEC/PNEC ratio, conclusions can be drawn whether,
among others, the undertaken remedial actions to diminish risk
have been sufficient.
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138 A. KUCZYŃSKA ET AL.

CLASSIFICATION OF BIOLOGICAL METHODS APPLIED
IN ENVIRONMENTAL RESEARCH

Analytical methods employing biological material are be-
coming increasingly competitive in relation to the classical ones,
mainly because of their specificity, quickness, and the possibility
of using them in situ and in an on-line mode. Their application
allows the measurement of the cumulative pollution load in the
samples containing different pollutants and complex matrices
without labor- and time-consuming pretreatment of the collected
environmental material (6). In general, there are two groups of
biological methods (7):

• biomonitoring that can be realized as follows;

• by performing analytical studies of biologi-
cal samples (biota) that are treated as passive
samplers accumulating the pollutants; and

• by observing bioindicators that are properly
chosen faunal and floral organisms;

• bioanalytics that employ biologically active substances
acting as receptors of certain pollutants. Considering
the particular use of a biological substance, one can
distinguish

• biosensors; biologically active element such
as, bacteria, viruses, enzymes, antibodies,
etc., is the active part of an appropriate sensor;
and

• biotests; biological material constitutes the
“original” measuring device.

The abrupt development of biological methods was observed in
both methodological and practical aspects. The classification of
these methods has already been attempted; however, thus far, it
only introduced confusion that has led to many misunderstand-
ings in the field of terminology.

Biotest (Greek bios − life + Latin testari − testify) can be
defined as an experimental biological sample used to prove the
presence of toxic substances in the environment or to check for
its toxicity by quantitative evaluation of the sample’s impact on a
live organism (based on a comparison with the control sample).
Toxicity measurement is yet another example of a relative mea-
sure that is so commonly used in classical chemical analytics.

METHODS OF CONDUCTING STUDIES WITH THE
APPLICATION OF BIOTESTS

In literature, information is found on three main ways of
conducting research using biotests to obtain data on pollution in
a given environmental compartment, as follows:

1. Toxicity tests realized in the laboratory during which the toxic
substance is introduced into pure water or sediment. Such
tests are a source of information on the toxicity of a given
substance under controlled conditions; they are conducted in
order to obtain the standard biotest that will be later used to
evaluate toxicity in real samples (8–10).

2. Toxicity tests conducted in the laboratory on the basis of real
samples (water, soil, and sediment). Toxicity of real samples
is compared to that of the standard samples (11–14).

3. in situ tests with the use of animal populations living under
natural conditions (15–18).

Basic information about the degree of contamination in a
given environmental element is obtained from the biotests per-
formed on one plant or animal species (single species tests) that
is representative of a particular trophic level. Tests are conducted
according to standard procedures under specific laboratory con-
ditions that are optimal for a given test organism (11, 19–24).
To more thoroughly investigate the complex interactions be-
tween potentially toxic chemical compounds and the organisms
inhabiting certain ecosystems, experimental work is conducted
in microcosms. In such case, the communities of organisms are
introduced into large containers of a volume of a few hundred
liters (25–27). During the experiments, the natural conditions—
predominant for a given environmental compartment—are be-
ing simulated. Microcosms can be a source of information about
the impact of toxic substances on different species and trophic
levels as well as the entire communities of organisms. Much
less frequently the influence of toxins on plant and/or animal
populations, and their structure and functioning is researched in
costly mesocosms to which chemical compounds have been in-
troduced under controlled conditions. Mesocosms are subjected
to the natural variability of the environment, i.e., winds, temper-
ature, and insolation (27–31).

According to other classification (32), biotests can be con-
ducted under the following conditions:

• static state; the same water or sediment are used
throughout the duration of the test (8, 10, 33–35).

• semistatic; the exchange of medium takes place at par-
ticular time intervals, e.g., every 24 hrs or once a week.
Tests on a crustacean Daphnia magna are conducted
this way (11–13, 14, 36).

• dynamic state; tests are conducted with the constant ex-
change of water during mesocosm experiments and in
situ, mainly with the use of fish as a biological element
(29, 30).

Biotests used in analytics can be, obviously, classified in ref-
erence to the type of organism that constitutes the active part of
the test. The most frequently used organisms are

• plants
• bacteria
• animal organisms.

BACTERIAL TESTS
Biotests are an important element of bioanalytics and

biomonitoring, i.e., these fields of chemical analysis that
presently undergo the abrupt development. Bioluminescence in
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BIOTESTS IN ENVIRONMENTAL RESEARCH 139

marine bacteria Vibrio fischeri (formally Photobacterium phos-
phoreum) has found broad application in toxicity testing. Tests
based on this phenomenon are a useful tool applied to evaluate
the pollution level in water (22, 37–42), benthic sediments (21,
43), and soil (44). Toxicity in each of the compartments is eval-
uated based on the bioluminescence measurements in bacteria
that emit light during their life activities (45). Luminescence
measurements are performed before and after the bacterial sus-
pension’s exposure to the sample in question.

Mechanisms behind the toxic action of particular chemical
compounds are variable and extremely complex. According to
the available information, toxicity may result from (46)

• interaction between the toxin and cellular receptors;
• disruption of the plasmalemma functioning;
• chemical reactions within the cellular elements; and
• inhibition/competition of the enzymatic cycles.

In addition, the interactions (antagonistic or synergistic) oc-
curring among chemical substances may significantly influence
the test results (47, 48). Also, the use of reagents that increase
the solubility of some compounds can change the real toxic-
ity of the sample (49). Some substances may indirectly cause
damage to the bacterial cells due to their dissociation and de-
composition in aqueous environment into more toxic products.
Through ionization, highly acidic or alkaline solutions may form
whose pH becomes the main toxicity factor. On the other hand,
after adding buffer to the solution, the same substance may turn
nontoxic (50).

At present, the most frequently used commercially available
devices that make use of the bioluminescence phenomenon in
Vibrio fischeri are:

• ToxAlert 10 (Merck);
• ToxAlert 100 (Merck);
• Microtox (Azur Environmental); and
• LUMIStox (Dr. Bruno Lange).

Conclusions from the research indicate that toxicity data ob-
tained from the same compounds with the use of different com-
mercially available tests show some discrepancies (51). This can
result from the differences in analytical procedures used in par-
ticular tests, composition of the reagents, and the preparation
mode of the bacteria, employed by a manufacturer, i.e., liquid-
dried or freeze-dried. Therefore, it is critical to perform a control
test on a blank sample, consisting of zinc vitriol [Zn++]. As rec-
ommended by the manufacturer, a ca. 50% decrease in the bacte-
rial bioluminescence after a 30-minute incubation should occur
at the [Zn++] concentrations ranging from 2.11 to 25.0 mgL−1,
depending on the test type.

TESTS WITH THE USE OF PLANTS
In the case of toxicity tests based on the use of plants (phy-

totests) as the reactive elements, algae (green algae, cyanobac-
teria, and diatoms), duckweed, and rooted terrestrial and aquatic

macrophytes (the plant and its seeds) are used. These plant or-
ganisms are representative for their natural habitats; they pro-
duce oxygen, promote the cycling of organic matter, control
water quality, and the equilibrium of soil and benthic sediments.
They also become food, shelter, and habitat for other organisms
such as, insects, invertebrates, fishes, amphibians, birds, and
mammals (52, 53). Changes undergoing in the plant may directly
influence the structure and functioning of the entire ecosystem.

The adverse effect of pesticides on plants, herbicides in par-
ticular, raises a pronounced interest because of their common
and increasing use that results in a widespread pollution of sur-
facewaters and groundwaters.

Throughout the years, in situ biomonitoring has been em-
ployed as popular means to use plants for testing the quality of
aqueous environment. Aquatic plants were also used to elim-
inate suspended matter, heavy metals, nutrients (nitrogen and
phosphorus), and toxic organic compounds as well as bacteria
present in the runoff waters from mines, landfills, agricultural
land, and storm water systems (52). Only recently the aquatic
plants have been applied, in the form of phytotests, to evaluat-
ing the risk resulting from the aquatic environment pollution;
this issue has been discussed further on in the ensuing chapter.
In literature, there is a wealth of information on bioaccumu-
lation of chemical pollutants in algae and macrophytes. These
plant organisms have been used as in situ bioindicators in water
quality control due to their propensity for accumulating chem-
ical compounds as well as because their biomass constitutes a
significant immobile part of the aquatic environment. A com-
prehensive study, dealing with the use of algae in biotests for
determining the content of copper in the environment, has been
published (3). Also, studies on algal uptake of metals such as,
Mn6+, Mo6+, Ni2+, and V5+, were conducted (54).

The Use of Algae as an Active Element of Phytotests
The choice of an alga for a given test depends on the algal

availability, culturing requirements, and the ease of its applica-
tion. Based on these criteria, it has been recommended to use
microalgae (in the form of a microscale biotest) from among
which the two most frequently tested species belong to the
family Chlorophyta, namely, Selenastrum capricornutum (55),
Scenedesmus quadricauda, and S. subspicatus (56). Blue-green
algae and diatoms are used less frequently because of their slow
growth and demanding conditions for culturing.

The application of flow cytometry in testing based on microal-
gae use has been described in literature (57). Flow cytometry is
a rapid method for the quantitative measurement of individual
cells in a moving fluid. Thousands of individual cells are passed
through a light source (lamp or laser) and measurements of light
scatter and fluorescence properties are collected simultaneously.
Although it is widely used in medical and oceanographic ap-
plications, flow cytometry has only recently been applied to
ecotoxicological studies. This technique can be used to help
overcome the limitations of the standard algal-growth inhibition
tests. These limitations include:
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140 A. KUCZYŃSKA ET AL.

• high density of cells, unattainable under natural condi-
tions, which leads to aging of the species;

• lack of the techniques that allow performing cell counts
with concomitant identification of live and dead cells,
and suspended matter;

• impossibility to measure, at the same time, more than
one parameter for a given species; and

• impossibility to obtain information about the toxicity
mechanism resulting from pollution.

Microalgae are used successfully in flow cytometry because
of their single-cell structure and the presence of a photosynthetic
pigment, chlorophyll a, that is excitable by blue light. In the nat-
ural aquatic environment, an algal population rarely consists of
one species (with an exception of algal blooms); therefore, the
application of flow cytometry allows us to distinguish specific
species, based on the received fluorescent signal, and in this way,
the realization of biotests with the use of couple algal species
is possible. In literature, many studies have been conducted, at-
tempting to compare the results obtained from tests on single and
multiple species, that were exposed to the same toxic substance
(54, 55, 58, 59).

Another technique of conducting tests using microalgae in-
volves immobilizing the cells on a special support. Such cultures
retain stable respiration and photosynthetic processes, and after
12 months of storage at 4◦C in the dark, they are capable of
normal growth. Until now, immobilized algal cells were used
mainly for removing heavy metals, and phosphorus and nitro-
gen compounds from wastewater. Recently, research has been
undertaken to apply such cultures to water quality control in fish
farming (56). In this respect, immobilization prevents washing
out of algal cells and their subsequent consumption by herbivo-
rous animals.

The application of chosen algal species in tests used for eval-
uating the toxicity of environmental samples is presented in
Table 2.

The Use of Higher Plants as an Active Element
of Phytotests

Toxicity studies using tests employing higher plants are con-
ducted mainly in regard to pesticides, polycyclic aromatic hy-
drocarbons (PAHs), and heavy metals. Publications regarding
the application of chosen plant species as an active element of
appropriate biotets have been presented in Table 3.

Duckweed. Only extremely rarely do the macrophytes find
an application in toxicity testing. However, if this plant group is
mentioned in the published literature, then the presented stud-
ies most frequently deal with duckweed (Lemna minor and L.
gibba), which is a species representative of all higher plants.
Duckweed is free-floating, not rooted in the substratum. Its small
dimensions, simple culturing requirements, and short genera-
tion time (doubling time of 1–4 days) had become decisive fac-
tors for the species’ application as biological material. Relative
sensitivity of different duckweed species (as well as duckweed

sensitivity) in comparison to that of algae and other aquatic
plants has not been established explicitly. In the literature, none
of the described species, i.e., duckweed Lemna minor, and an
alga Selenastrum capricornutum, showed significant sensitivity
(33, 70). The investigations conducted on a numerous group of
algae and microphytes with regard to herbicides indicate that the
sensitivity of these plants is comparable (34). Upon the exposure
to PAHs during the comparative tests, duckweed (Lemna gibba)
displayed a sensitivity level similar to that of Myriophyllum spi-
catum (71).

Rooted Plants. Submerged and immersed rooted plants are
used very rarely in toxicity tests. Large size, slow growth, and
the lack of established rules for testing procedures have been in-
fluencing the sporadic use of these plants as biological material.
In the literature, information on the use of Myriophyllum spica-
tum and M. hydrophyllum can be found. The plants are cultured
in the laboratory or obtained from their natural environment. A
description of culturing requirements for the chosen submersed
microphyte species on natural substratum is presented in (72).

TESTS BASED ON THE USE OF ANIMAL ORGANISMS
Based on the literature data, it can be stated that acute toxic-

ity tests using animal organisms are conducted much more fre-
quently than phytotests. Only 10% of all the information that has
been obtained on the subject of toxicity, until now, comes from
phytotests. According to Aquatic Toxicity Information Retrieval
(AQUIRE), from among the 20 most frequently described tests
organisms, a green alga has placed only 13th. Thus far, plant
species were considered less sensitive to chemical substances
compared to animal organisms. Such a point of view has not yet
been supported by the explicit research results. On the contrary,
it has been established that the relative sensitivity of plants and
animals greatly depends on environmental conditions such as
organic matter, pH, temperature, water hardness, the presence
of ligands, and the interactions among toxic substances. Studies
conducted to compare the sensitivity of plants and animals are
numerous (78–81).

The application of chosen animal species in toxicity testing
of environmental samples has been presented in Table 4. The or-
ganisms were assigned according to the classification proposed
in [82].

NEW TRENDS IN THE USE OF BIOTESTS IN
ENVIRONMENTAL ANALYTICS

In literature, more information has appeared that deals with

• the development of new types of biotests;
• the implementation of commercially available biotests

to the practice of analytics; and
• new uses of the known types of biotests.

Also, from information on new directions in biotest develop-
ment has been published, the most important issues are discussed
further here.
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Battery of Biotests
The choice of a proper biotest for toxicity testing depends on

the type of information required, condition and physicochemi-
cal properties of the analyzed sample, type of toxic substance,
as well as sensitivity of the test organism. In the case of single-
species biotests, the estimated toxicity reflects the sensitivity
of individuals belonging to one species only. Such testing pro-
cedure bears a risk of underestimating the toxicity of a given
substance in regard to the entire environment. The risk can be
diminished by employing a battery of biotests (sometimes called
also “test battery”) that use organisms of varying sensitivity and
representative of different trophic levels. This approach is often
applied when complex mixes of substances of unknown prop-
erties are being investigated. The comparisons of relative sensi-
tivity among the species used in a test battery can be performed
based on the values of the parameter “w”, calculated from the
following equation [78]:

w = NOECx

NOECmean
[1]

where

NOECx—the concentration of toxic substance for which there
is no observed adverse effect (No Observed Effect Concen-
tration), obtained from the test used,

NOECmean—arithmetic mean value of NOEC, calculated from
all tests used in the test battery.

Conclusions about the biotest sensitivity are drawn based on the
value of the parameter “w.” For values w < 1, the test organisms
are characterized as having high relative sensitivity to the toxic
substance in question.

Microbiotests
The need to analyze a large number of environmental samples

in a relatively short period of time resulted in the increased sig-
nificance of miniaturized toxicity tests, known as microbiotests,
alternative tests, or the second-generation tests (94). Micro-
biotests are based on the use of single-cell or small metazoan
organisms that react in a specific way to the contact with a liq-
uid sample. Because of numerous advantages, alternative tests
are most frequently used in a form of aforementioned battery of
biotests that have been based on the application of the organisms
from different trophic levels. Due to the fact that microorganisms
constitute a basic trophic level in the food chain, any adverse
changes taking place within them may, directly or indirectly,
influence the organisms at higher trophic levels, and further on,
at the ecosystem level. Because of high specific surface and a
direct contact of plasmalemma with the analyzed medium, mi-
croorganisms display higher sensitivity to toxic substances than
invertebrates or fishes. In general, toxicity is the function of
exposure time, therefore, the long-term testing plays a partic-
ularly significant role in ecotoxicology. However, conducting
the long-term testing on long-lived species is troublesome. The
microorganisms characterized by a short generation time are a

convenient solution that helps to elucidate the impact of long-
term exposure to a toxic substance. Moreover, the parameters
such as elimination of culturing; low cost of analysis per sample;
possibility to analyze multiple samples in parallel; fast genera-
tion of results; small individual sample volume; low laboratory
space demand for the proper equipment; and possibility of field-
testing have been definitely causing the increased interest with
this method of evaluating the environmental pollution.

In Table 5, the information on commercially available micro-
biotests, the so-called “toxkits,” has been presented (95). The
scientific team from the University of Ghent, Belgium is the
pioneering group that has originated and developed the method-
ology for the tests employing microorganisms without requiring
their culturing. The organisms are delivered to the laboratory in
the cryptobiotic form, i.e., rotifers as cysts, crustaceans as rest-
ing eggs, and algae as cells immobilized on a proper medium
and covered with special liquid that prevents their growth; such
preparations can be stored in a refrigerator for up to a couple
months. Before starting the test, cysts are placed in water where,
under the strong light conditions, a development of resting stages
occurs. After 18–96 hours (this time is species-dependent), the
hatching of young individuals that are ready for testing takes
place. The elimination of culturing permits lowering the costs
of analysis. The use of standard organisms allows researchers
to standardize a given test and to obtain repeatable results by
different laboratories.

CONCLUSION
The results of chemical analysis are the source of qualitative

and quantitative data about different forms of pollution that oc-
cur in the analyzed environmental samples. Also, a comparative
analysis of the determined values and the appropriate standard
values allows research to obtain a general information about the
toxicity level of the material in question. However, these results
cannot be treated as a direct data source about the toxic effect,
both acute and chronic, on a live organism. Such direct data can
be obtained from appropriate biotests.

At present, the majority of tests is based on the use of ani-
mal organisms as an active element. However, it seems that the
importance of phytotests will be on the increase in connection
to:

• the sensitivity of plant organisms to the changing con-
ditions; and

• an increasing number of legal regulations that recom-
mend the use of phytotests.

Numerous publications dealing with biotests contain infor-
mation about the experiments conducted in micro- and meso-
cosms. In turn, the quick generation of data on the pollution level
in a given environmental compartment can be facilitated with the
use of microbiotests. To avoid the underestimation of toxicity in
the analyzed sample, a battery of biotests is widely used. Very
detailed information on bioindicators and biomonitors, used in
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152 A. KUCZYŃSKA ET AL.

environmental studies, is contained in recently published funda-
mental monography (96).

Without a doubt, the area of application of biotests will be
expanding, and the resulting data might become the basis for un-
dertaking the investigations with the use of “classical” analytical
methods.
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nego zwia̧zkami organicznymi (in Polish). Chem. Inż. Ekol. 7
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