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Organic substances that are persistent, bioaccumulative and posses toxic characteristics
likely to cause adverse human health or environmental effects are called PBTs (Persistent,
Bioaccumulative, Toxic substances) or more generally persistent toxic substance (PTS). 
In this context, "substance" means a single chemical species, or a number of chemical
species which form a specific group by virtue of (a) having similar properties and being emitted
together into the environment or (b) forming a mixture normally marketed as a single product.
Depending on their mobility in the environment, PTS could be of local, regional 
or global concern.

Basic objective of the long-term research project INCHEMBIOL and approaches of the
Centre RECETOX is complex approach to study of interactions among chemical 
compounds present in environmental compartments and their biological effects, study 
of the fate of mainly persistent chemical compounds in the environment, their effects on the
environment and living organisms including human.

Fate in this concept consists of a summary of transport (from their input in the 
environment, transport within the environmental compartment, where they are discharged,
transport among compartments and long-range transport in the environment) and transfor-
mation processes (abiotic and biotic transformations). It also includes study of distribution
equilibriums, properties conditioning their environmental behaviour, study of the transfor-
mation processes and their products.  

This complex approach is a part of long-term research activities of the centre
RECETOX. It is based on exploration of the causality among chemical (presence of chemi-
cal compounds in the environment) and biological (mechanisms of effects on the living
organisms) part of the problem of chemical contamination of the environment. 

This complex approach requires interdisciplinary, team collaboration of specialists
from number of natural sciences and is very demanding on equipment and financial sources. 

Next to currently progressive specialized natural science disciplines studying basic
chemical and biological processes on atomic and molecular level (such as structural 
chemistry, molecular biology etc.), the more complicated naturally existing components
(such as atmosphere, geosphere, biosphere, real ecosystems etc.) are still studied very little
and understanding of their structure and function is not sufficient.  

Contamination of all environmental components produced from different human
activities belongs among very topical problems of current society and the whole planet. This
contamination has not only global consequences, such as global warming or increased 
levels of UV radiation in atmosphere, but direct negative and/or long-lasting (chronic) 
negative effects of contaminants on living organisms were also shown. It is often unclear to
which extension are the processes in atmosphere consequences of anthropogenic activities
and to which extension they are results of natural processes of the systems development. 

The research plan concentrates on acquirement of new scientific information and
experimental data concerned with problem of chemical contamination of the environment
with persistent, toxic compounds (persistent, organic pollutants, heavy metals,
organometallic compounds). It is necessary to distinguish this contamination from natural
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migration of the compounds in atmosphere, biosphere and geosphere, and also study 
its interactions within these environmental spheres. 

The basic objective of the research plan is characterization of fate and negative effects
of chemical compounds in real ecosystems by interconnection of a few scientific disciplines
studying: 

(i) chemical compounds in the environment - fate - transport and transformation, 
distribution in and among compartments; their determination in different abiotic 
and biotic environmental components, 

(ii) abiotic processes in the environment - differentiation and migration of the 
compounds in the atmosphere and geosphere - geology, geochemistry, paleontology
and climatology

(iii) effects of chemical compounds on living organisms - biochemical toxicology, 
genotoxicology,  ecotoxicology, ecological epidemiology; 

(iv) ecologic and human risks combining knowledge of more disciplines for quantifica-
tion of existing risks 

Basic Directions of the Project Solution

• Studying properties of chemical compounds found in biotic and abiotic compart-
ments of the environment, their transport and interactions with the environment,
transformations and effects of these compounds and their transformation products
on living organisms - defining of properties responsible for increased or modified
mobility of the compounds in different matrixes 

• Study of the significance of bioavailibility of chemical compounds in different
matrixes, model processes affecting bioavailability and consequences for exposure
models in different types of real ecosystems.

• Development and applications of methods for determination and chemical specia-
tion of elements in environmental samples using separation techniques along with
atomic spectroscopy detection and further speciation of spatial distribution of the
elements in solid, namely geologic matter using modern unique methodologies
"laser assisted spectroscopy".

• Study of interactions among individual components of the ecosystem with empha-
sis on little-studied processes of interchange between snow and atmosphere and 
possibilities of chemical and photochemical changes in ice. 

• Development of biosensors based on available biocatalyzators and their use for 
monitoring of contamination of environmental components and for decontamina-
tion technologies (bioremediations).

• Experimental and theoretic study of redox and adsorption properties of low- and
medium molecular biologically and environmentally important compounds
to obtain new scientific information on the phenomenological and molecular level
about behavior, reactivity and transformation processes connected with electron
transport, with the possibility to be used in optimization of degradation and analy-
tical processes.  

• Development, modification and validation of analytical approaches for studying
presence, concentration and changes of studied chemical compounds in the environ-
ment. 

• Differentiation and migration of chemical compounds in different geotectonic
regimes, influence of seat rock on chemical compounds migration and ecosystem
development.

• Model study of geochemical properties of compounds concentrated on long-term
predictions of their development and potential risk changes, identification and
determination of importance of geochemical and geological processes controlling
distribution of chemical compounds in the environment. 

• Bioindication of stress factors in ecosystems of younger Tertiary and Quaternary
period, their interactions in transition to recent antropogenically modified eco-
systems. 
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• Role of climatic conditions during transport of chemical compounds in natural 
environment and in evaluation of current and potential environmental risks in real
ecosystems. 

• Study of biological effects of model chemical compounds at different levels of the
biological systems from different types of environment (aquatic, soil..) and applica-
tion of new knowledge for development of new tests, study of mechanisms of the
toxic effects. 

• Genotoxicity of model chemical pollutants and study of possibilities of its character-
ization in real environmental pollutant mixtures.  

• Study of contaminant ecotoxicology in aquatic and terrestrial ecosystems - relation-
ships among different types of anthropogenic contamination (eutrofization, organic
and organometallic compounds) and complex biological effects on different hierar-
chical levels (individuals, populations, model communities and ecosystems) -
bioindication of the chemical stress in real ecosystems.

• Retrospective and prospective bioindication of stress changes on the level of real
ecosystems, study of effects of multiple stress factors, study of adaptation capacity
and resistance of the real systems, development and optimalization of the bioindica-
tion methodologies, above all so called "early risk indicators".

• Model evaluation of effects of chemical mixtures in different-focused testing 
systems, study of potential synergistic and/or antagonistic interactions. 

• Typology of model recent ecosystems from the point of view of definition natural
conditions (geological, geochemical, geobotanical, climatic, evolutional etc. factors)
and determination of the sensitivity to potential  impact of anthropogenic influ-
ences, comparative case studies based on real data from contamination of such 
systems. 

• Evaluation of the ecological risks in real ecosystems focused on investigating 
the impact of multicomponental exposure, development of model exposure 
scenarios and their evaluation, model evaluation of primary and secondary risks and
uncertainty analysis. 

• Analytical research focused on multivariate analysis of environmental data and 
population human data with the use of environmental pollutants fate modeling,
influence of the rock background, evaluation of stress changes on the ecosystem
level, biodiversity analysis, definition of the reference states and analysis of human
risks related to chemical stressors influence.

• Modeling in the area of ecological and human risks and development of information
systems, algoritmization of stochastic and deterministic approaches, development
of analytical SW tools.

Research plan

Project INCHEMBIOL proposes to contribute to following research directions:
• Fate of chemical compounds in the environment (sources, physical chemical 

and environmental-chemical properties, distribution in abiotic and biotic environ-
mental compartments, levels of contamination of environmental components 
and living organisms, abiotic and biotic transformations) as the basic source of infor-
mation for evaluation of possible exposure of humans and living organisms;

• Study of the impacts of chemical compounds on the living organisms (on all levels
of organization - cell, organism, population and ecosystem);

• Evaluation of ecological and human risks in relation to different types of stressors
under real ecosystem conditions.

Experimental design

This long-term project which will be realised during the period 2005-2011 in the 
following basic parts:
1. Experimental (laboratory) study:

1A. Chemical compounds properties 
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1B. Biological effects of chemical compounds, the mechanisms of action 

Partial principal studies will be realized in compliance with the research plan: 
- Effects of defined priority compounds 
- Toxic effects of chiral compounds 
- Ecotoxicology of mixtures and effects of different environmental matrices
- Ecotoxicology of environmental processes (transformation, photochemistry 

as sources of new types of pollutants...)

With the aim to integrate information about ecotoxicology at different levels of bio-
logical matter methodologies of the following directions will be interconnected: 

- Biochemical ecotoxicology and genotoxicology
- Terrestrial and soil ecotoxicology

1C.  Development of new test systems for xenobiotics in the environment 

2. Study of the processes under real ecosystem conditions 
• Case study 1: Fate and impacts of PTS in model systems - use of model ecosystems

from the view of the origin of current conditions, impact of principal abiotic factors
including rock background and climatic conditions, effects on risk evaluation;

• Case study 2: Bioindication of the stress factors effects under real soil conditions -
study of soil biological potential in relation to risk evaluation;

• Case study 3: Bioindication of the stress factors impact under conditions of real
aquatic ecosystems on the model of water basins Kníničky (Brno reservoir) and water
reservoir Nové Mlýny;

• Case study 4: Natural development of basic parameters of natural environment 
and their modification by human activity in the area of crystallic rocks - Dolní
Rožínka area;

• Case study 5: Natural development of basic parameters of natural environment 
and their modification by human activity in the area of sedimentary rocks - 
rosicko-oslavanska coal basin area.

3. Risk analysis, critical analysis of information sources and development of information
tools 

Risk assessment studies and their methodology

Ecological and human risk assessment can be characterized from the viewpoint 
of informatics as complicated processing of heterogeneous data (mostly retrospectively 
collected from various sources) leading to probabilistic estimation of some uncertain
(prospective approach) or on the other hand relatively certain (retrospective approach) risk
event. Key methodical steps of the whole process can be simply defined as follows:
1. Problem formulation and hazard identification. Introduction to any reasonably designed

study. It includes recognition of the area of interest, collection and aggregation 
of required information and preliminary focus on identified principal pollutants 
(stressors), source of contamination and most vulnerable environmental components
and biological receptors. 

2. Multi-component exposure assessment. Exploration, identification and quantification
of important exposure pathways. It includes modeling and summaries of accessible data
as well as empirical estimates of environmental concentrations of proposed key 
pollutants.

3. Biological effect evaluation. Empirical phase focused on concentration-related or dose-
related reactions of biological systems. Principal aim is to get parametric measures that
identify biologically dangerous concentration levels. The process should not be limited
only to laboratory testing, it works with ecosystem monitoring as well. Whenever 
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we have access to regional or national bio-monitoring network we should use this data 
as very powerful information background. 

4. Risk characterization is completely computational process that leads to the probabilistic
estimate of the risk. In fact it is stochastic aggregation of data from all the preceding
methodical blocks. 

In other words, there are many inputs required and only limited number of outputs
provided, however always with serious impact. The whole process can be also visualized 
as a circle that takes very different data and aggregates them according to given rules. 
The circle is constrained to rotate due to never-ending chain of problems entering the system.
The image of "circle process" is functional because not all phases must be necessarily
employed in any type of problems. Different situations give to different phases very different
weights. For example, the situation is thoroughly different if someone needs retrospective 
or prospective assessment than if it is sudden catastrophic situation like industrial accident
or flood where we must in first line mitigate the immediate effects.

Informatics in ecological and human risk assessment 

Informatics is incorporated in each methodical step of formal risk assessment, 
from data gathering and analyses, through risk estimation to final validation of results 
and minimization of uncertainties. ICTs assist in building of assessment scenario and are
indispensable in optimizing of experimental design. To summarize, information technolo-
gies and data analysis give the assessment process all its desirable properties:

- evidence-based background
- sufficient information power 
- credibility and confidence
- effectiveness and presentation skills 

Writing about informatics in the EcoRA methodology, we should never forget commu-
nication of the results. Risk estimate itself is complicated end-point, conditioned by many
items and circumstances. Risk should be communicated as probability of some hazard
event, that however can reach different levels for different biological systems. Without 
adequate presentation, there is a danger of incorrect interpretation and the examined situa-
tion can be unacceptably underestimated or omitted. ICTs have the power to emphasise 
the right findings to the right people. We can make the results accessible even for general
public or to provide interactive tools for the evaluation of different scenarios. 

Gained information must be processed and the  sources must be prioritized, filtered
and then aggregated in order to get really usable input into assessment scenario. The infor-
mation processing is typically projected into the area of interest and so most recommended
tool for this phase is some type of geographical information system (GIS).

Here we must strongly emphasize very important dimension of any practically 
targeted risk assessment scenario, it means effectiveness and pragmatic simplicity. EcoRa 
is very laborious work and so there is only limited space for research activities. We cannot
rely on scientific and progressive data trying or even hoping that it improves our understanding
common ecological data. Instead of that, the simplest and already verified set 
of methods should be applied in first line and additional analyses should be applied only 
in the case of remarkable uncertainties.  

The selection of proper biological end-points is the last important step that should 
be prescribed in the scenario. This step is extremely important because the risk estimate
cannot rely only on chemical data:

- biological tests can reveal some new effects that cannot be predicted from 
chemical data (this holds namely for heterogeneous environmental mixtures 
of chemicals) 

- bioindication or monitoring survey can indicate the effects in past, that cannot 
be detected by chemical analyses 

There are basically two strategies in biological effects assessment: (1) model testing
under defined conditions (mostly laboratory tests and bioassays) and (2) monitoring of real
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ecosystems that is often referred to as bioindication. Typically we employ different tests 
or tests using different biological models (receptors) to cover the heterogeneity and various
food strategies of biological systems in the field. 

Multiple biological tests of course require a wide spectrum of analytical methods as it
will be explained in next paragraphs. At this point we should only emphasize, that outcomes
of both chemical measurements (mostly applied during area recognition and exposure
assessment - see Fig. 1, 2) and biological tests provide principally the same numerical 
output, concentration measure:

- environmental concentration (mostly obtained on the basis of chemical monitoring)
as estimate of the real (or predicted) contamination of target matrices 

- biologically safe concentration (obtained from laboratory tests, biomonitoring
and/or in situ assays) as the estimate of the concentration that does not cause 
biologically harmful effect or on the other hand, the concentration that causes
some degree of the effect. 

Both types of concentration estimates are then mutually related in probabilistic 
models or ratios to estimate the probability of risk event. We typically mutually relate two 
or more probabilistic distributional models and try to find concentration cut-off point that
determines the highest acceptable environmental concentration that is still biologically safe. 

Most important aspects of analysis of environmental data and related research topics

Data analysis plays strategic role namely in the following fields: 
• Data models, auditing and validation of information sources. Relevant arrangement

of input information, description of the situation, hazard identification.
• Regionally specific aggregation of accessible data, quality control and GIS models 

of the area of interest, mapping of exposure pathways and levels.
• Hierarchical structure and prioritization of biological indicators according to eco-

logical criteria, susceptibility to stress factors and accessibility for measurements.
Application of data from large-scale biomonitoring networks. Searching for biologi-
cal "hot spots" and reference standards for biological systems in the area of interest.
Selection of proper biological receptors. Currently, more and more sophisticated
techniques are being applied in this field, namely data mining technology. 

• Standardization of laboratory tests and their outputs (i.e. concentration measures
that are related to some level of biological effects: NOEC, LOEC, NOAEL, LOAEL,
IDx, LDx, EDx, ICx, LCx, ECx). Practical implementation of these outputs in decision
making includes following topics:

- standardized and reliably estimated concentration measures
- estimation and formal mathematical description of different types of dose-

response curves (because the shape of the relationship is important as well) 
- typology of dose-response curves for different situations and stressors 
- mathematical processing of complicated, but real dose-response patterns. 

• Benchmarking of ecosystem abiotic and biotis characteristics, risk characterization
and regionally specific interpretation. This approach generates more complicated
data structure than laboratory biostests with the following specifics: 

- It is impractical to measure these complex parameters in predictive design,
where the conclusion must be made before any large-scale release and effects can
occur, the evaluation is then retrospective not prospective.

- In fact it is virtual reconstruction of the state of the injured environment prior 
to the pollution release so that it can be compared to the injured state.

- In the case of such complex parameters, standard statistical methodology fails 
or we have no time to verify hypotheses in repeated experiments.
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- An alternative methodology to common statistical scoring must be used and it is
multivariate statistical modeling: a) processing of so called calibration data set
that is representative for the ecosystem or b) work with environmental gradient
data. We rank hazardous and clean sites using a linear discrimination with 
the support of training set of well characterized sites that are assigned to cate-
gories on a scale hazard. The site attributes are used to establish a discriminant
function. If the function separates the categories sufficiently, new sites are 
classified on the hazard scale by applying the discriminant function. 

Conclusion 
Integrated approaches for determination of environmental and human risks of persistent

toxic substances will be presented on the examples of integrated approach which use 
the integrated long-term monitoring as a basic tool for the study of environmental processes
and effects, laboratory and field methods of environmental chemistry and ecotoxicology
with approaches of environmental modelling and informatics and human and ecological
risk assessment.
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