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Il sut-[Asu- fish and other aquatic life therein. Use of water
containing fluoride can causes mental disorders
and stomach ailments and can also reduces
agricultural production. Therefore, in recent years,
considerable attention has been paid to industrial
wastes dischged to land and surface water

o ) . Early detection of toxic chemical
Applicationsof microbesin compounds in the environment, particularly in
environmental monitoring water and their biological écts on oganisms

has therefore become increasingly important. The
Yogesh Patel traditional approach to environmental pollution
assessment is based on chemical analytical
. . . methods which only provide information about
Environmental pollution is an emerging . )
. the absolute concentrations of known chemicals
threat and great concern in todayontext . . .

- . in the environmental sample without an adequate

pertaining to its effect on the ecosystem. The. . . . S
. . . . interpretation of its toxicity to biota in the context

worldwide rise in population and the . - X . .
of bioavailability which means it only provides

industrialization during the last few decades haveinformation about their potential, not actual

resulted in ecological unbalance and degradation__. . .
. toxicity. Moreoveycompounds that are toxic below
of the natural resources. One of the most essenti L . .
e detection limit of chemical analytical method

natural resources which have been the worst victim B
. . ) or new compounds that are not yet deposited in

of population explosion and growing :

) A . the databases, can not be detected this way

industrialization is wateThe water dischged as . . .

. . . . . Another disadvantage of chemical methods is the

industrial effluent often contains various toxic

) ack of information about the combined toxicity of
metals, harmful dissolved gases, and several,. - I
. . ) .~ “different compounds such as additive, synergistic
organic and inorganic compounds, which is

. . or antagonistic effects. In order to get more
harmful both to human being and the aquatic flora go . 049
. ) relevant information about environmental
and fauna. Due to discharge of toxic effluents, : . o : .
ollution risk, it is therefore inevitable to
long-term consequence of exposure can caus : . .
.~~~ ~supplement the chemical analytical data with the
cancerdelayed nervous damage, malformation in ST ,
: : ._results of methods providing information on
urban children, mutagenic changes, neurological, . s . , .
: . . biological impacts. The negative biological effects
disorders etc. For example, various acid

L . : - of pollutants present in all kinds of environmental
manufacturing industries discharge acidic effluent, samples can be assessed using different livin
which not only make the land infertile but make P g 9

. e . .. organisms or cells as 'analytical devices'. The
the water of the river acidic also. The high ac'd'ty.biglogical response foIIowini; the exposure of

causes stomach diseases and skin ailments ip . . '
. oo . iving organisms or cells to environmental sample
human beings. The textile industry is one of the . . . .
usually gives an information on toxicity

largest water consumers in the world and e .
. . . genotoxicity estrogenicity etc. of the whole
discharge large volumes of dye containing . . .
. : . mixture of chemical compounds present in that
wastewaterlt is estimated that approximately . . . o
. . . articular sample. Besides being sensitive only to
280,000 tons of textile dyes are discharged in th . . . .
; : : he bioavailable fraction of pollutants, biotests
industrial efluents every year worldwiddmong .
. also have the power to assess the integrated effect
them, some azo dyes have been linked to human

) of interacting chemical compounds and to detect
bladder cancesplenic sarcomas, hepatosarcomas . .
the compounds, which are toxic only due to

and nuclear anomalis. Contaminated water bybioactivationAccording to the technical principle,

pesticides, such as DDTldrin, dieldrin, . . L e
. . methods of biological monitoring can be classified
heptachlor etc is harm full for aquatic life and human . : .
to bioassays, biosensors, immunoassays,

beings as well. Discharge of cyanide-contained - .
strogenicity tests and ecological methods.
wastewater to water mass may lead to death oF
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1. Bioassay Scenedesmus supspicatus following 72 hours
) _ o exposure. Non pathogenic protozoa like

_ This test for enwron_mental momtonng_ Tetrahymena pyriformis andetrahymena

is based on the use of multi-cellular eukaryotic rmophila are ideal early-warning indicators of

organisms, particularly fish and mammals. In this aquatic ecosystem deterioration. Growth

test, the animals are directly exposed to diﬁere”timpairment bioassays are traditionally based on

concentrations of the environmental sample. Themicroscopic observations of morphological

effect of the sample is determined in terms of LD50, changes (cell shape and motility), what makes them

which is the concentration of the compound thatsimple and inexpensive techniques.

kills 50% of test animals after specific time period.

This test is relatively expensive, time-consuming, 3. Genotoxicity test

difficult to standardise and ethically questionable.

Therefore, it is applicable to monitor the effect of Genotoxicity assays are used to measure
limited environmental pollutants. the potential of environmental sample to induce

changes in genetic material of test organisms.
2. Microbial toxicity test Types of DNAdamage that may be assessed using
) ) o ) these tests include mutagenicitfastogenicity
Inthis experiment, living test organisms 44 aneuploidyMutagenicity results in changes
(bacterla/protozoa/unlcel_lular algaelyeasts) arésf one or a small number of DNA base-pairs (point
exposed directly to an environmental sample (Soil, ytations), comprising substitutions, additions
sediment, surface wafground watewaste water)  gnd deletions of base pairs. Clastogenicity
or extract of an environmental sample to measurg,olves structural changes in larger areas of
a potential biological effect of the contaminants. chromosome. while changes in number of whole
Regard_ing th_e exposure time of the _teSt'SPe_Cie%hromosomes lead to aneuploi®ome widely
to the investigated sample, microbial toxicity ysed microbial genotoxicity assays are based on
assays can be subdivided into acute and chronigy;cterium Salmonella typhimurium. The most
In acute assays the exposure time does not excegflidespread is thames test, which has also been
96 hours, while the chronic assay subgroupestaplished as a routine method of environmental
includes tests with longer exposure times. Most ater monitoring. It is based on a hystidine
common parameters me_asured by microbial tOXiCitydependent strain of Salmonell typhimurium
assays are population growth, substrate(tags). Mutagenicity of the sample is determined
consumption, respiratioATPluminescence and  y, frequency of back mutations, which enable the
bioluminescence inhibitionVibrio fischeri growth of revertants on the medium without
bioluminescence inhibition assay has been MOShystidine. Fusion of SOS-response genes with -
frgquently used and is_the most sensitive across dalactosidase encoding reporter gene enables
wide range of chemicals compared to other cq|orimetric detection of genotoxic compounds.
bacterial assays. Other commonly used bacterialrhe same principle is applied in SOS-chromotest,
bioassays are based on assessing the inhibitoryich applies E. coli as test-species and is
effect of a sample on 3-galactosidase activity in E-frequently used, too, because of its high
coli. Commgrmally available variations of th|s sensitivity to certain groups of pollutants, such
assay use different chromogenic 8-galactosidasgs choride pesticides and chlorophenols. The
substrates for colorimetric determination of yeast Saccharomyces cerevisiae strains (D7, D61)
enzymatic activity producté.similar principleis  3re also model organisms in monitoring of
applied with Bacillus spp. dehydrogenase activity yastewater genotoxicity reduction by biological
assaywhere redox-potential induced changes inyastewater treatment plants. Genotoxicity
tetrazolium salt colour indicate inhibition of jngjicator assawvhich has recently attracted much
_bacterlal respiration. The detectlon_ of _p_efst'c'desattention, is Comet assay (also called the Single-
is based on measuring the growth |nh!b|t|on andce|l Gel Electrophoresisssay), which primarily
chlorophyll content of green microalga measyres single and double-DNA strand-breaks
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in single cells. The protocol has originally been alkaline phosphatase(phoA). Recenthy.coli
developed for detection of DNA damage in blood biosensor capable of detecting both genotoxic and
cells, but it has later been adapted for eukaryoticoxidative damage has been developed. Besides
microomganisms, tooTetrahymena termophila genetically modified microorganisms (also named
have already been used for the purposes obioreporters), some other types of cellular
environmental and drinking water genotoxicity biosensors have also been constructial.
monitoring by comet assay example is an algal biosensobbased on
amperometric monitoring of photosynthetic O2
evolution - the process affected by toxic
A biosensor is defined as a self compounds, which has been developed by
coupling Clark electrode to cyanobacterium
Spirulina subsalsa. Biosensors for specific
determination of chemical compounds frequently
contain molecules like enzymes, receptors and

4. Microbial biosensors

contained, integrated device, consisting of a
biological recognition element interfaced to a
physical signal transducéhat together reversibly

respond to a chemical species in a concentration - . "
dependant manneh wide range of biological metal-binding proteins as recognition elemefuts.

recognition elements have already been used irpumper of enzymes have bep_n shown to be
biosensors constructed for potential inhibited by toxic metals, pesticides and some

environmental applications. Whole microbial cells, o.ther Important contaminants, like endocrine
cellular organelles and molecules such as enzymeg'srummg compoundss\p etylchollnesterase. anq
antibodies, different kinds of receptors or DNA Ur€3se€ po-entrapped in the sol-gel matrix with
are the most common biorecognition elements ofthe sensing probe, FITC-dextran, have succesfully

microbial origin. Regarding the type of transdyicer been used for Cu, Cd apd Hg detection. Beside
biosensors could roughly be classified to molecular biosensors, bioreporter cells may also

electrochemical, optical, thermometric and be used for detection of specific target compounds.

piezoelectric. Regarding the target detection Recently for example, a biosensor for nitrate

specificity they may fall in one of two groups momtormg has b.ee-n cons_tructed. _by
transformation of E. coli with plasmide containing

A. Biosensors, which measure general hitrate reductase operon fused to gfp reporter gene.

biological effects/parameters or
5.Immunoassays

B. Biosensors for specific detection of target

compounds Immunochemical methods are based on

specific and reversible binding of immunoglobulin
The first group of biosensors is aimed to Molecules (antibodies) to their target antigenes.
measure an integral toxicitygenotoxicity The most popular immunochemical technique in
estrogenicity or other general parameters of theenvironmental analyses today is immunoassay
sample, which affect living organisms. They which has been shown to detect and quantify
essentially include whole microorganisms as many compounds of environmental interest such
biorecognition elements. The most often reportedas pesticides, industrial chemicals, and products
cell-based biosensors include genetically modified of xenobiotic metabolism. Basic immunoassays are
bacteria with artificially constructed fusions of performed by detection of a specific marker
particular regulatory system (native promoter) with molecule immobilized either to antibody (Ab) or
reporter genes. Frequently used reporter genethe antigene(Ag). Marker molecules may be in the
are lux (coding for luciferase) and gfp(coding for form of fluorescent or chemiluminescent
green fluorescence protein), expression of whichcompounds, radioisotopes or enzymes. Enzyme-
correlates with luminescence or fluorescence base®ased immunoassay offer many advantages over
light emission. Colorimetric determination of target other immunotechniques, because of the great
gene expression is possible by fusing it to reporter@mount of product molecules, which results in
genes coding for B-galalactosidase (lacz) orsignal amplification. The main enzymes used are

20 | wdz0iu | R-Reanor ure



horseradish peroxidase, alkaline phosphatise antheen developed to assess substances with
3-galactosidasé widely used immunoassay for estrogenic activityMost of the 'in vivo' assays
environmental purposes is enzyme-linked are based on a variety of endpoints and are
immunosorbent assay (ELISA), which can be therefore time-consuming, expensive and require
carried out according to different formats — direct sacrification of numerous animals. Consequently
competitive, indirect competitive or sandwich- 'in vitro' assays applying microorganisms have
type. Competitive assays are most common andeen developed for the purpose of large-scale
can be performed in dédrent waysAnalyte and  screening. Most of them are based on simple cell
the tracer (direct competitive ELISA) or analyte models that express hormone receptor coding
and the immobilised ligand (indirect ELISA) may genes coupled to reporter genes, such as R-
compete for a limited number of binding sites. galactosidase or luciferase, when induced by
Sandwich-type ELISAs non-competitive assay estrogene-like compound. The estrogene induced
in which the analyte is recognised by two different signaling pathways are highly conserved in yeast
antibodies immobilizedb and markeAb. Flow- and mammalian cells, which makes yeast cells a
injection immunoassay (FIIA) is a technique, suitable system for modeling cellular response of
based on the introduction of the sample into carriermammalian cells when exposed to endocrine
stream, which enters the reaction chamber wheralisrupters. Besides being less expensive and easier
the immune reaction takes place. FIIA has beento culture, it is resistant to different contaminants,
successfully used for detection of different usually present in environmental samples.
pollutants, e.g. triazines. The microorganisms like Numerous tests, using genetically modified yeasts
E. coli are used as artificial factories (expressionfor the detection of estrogenic and androgenic
systems) for recombinant antibody (rAbs) compounds have been developed. Commercially
production in immunoassays. Different yeast available assay for estrogene screening (YES/
species Saccharomyces cerevisiae and PichiXeast Estrogen Screen by Glaxo) is based on
pastoris are also been used for recombinangenetically engineered Saccharomyces cerevisiae
antibody (rAbs) production. Besides being usedwith human estrogene receptor (hER) fused to lacZ
as antibody-production systems, microorganismsreporter gene.

may also represent a source of marker enzymes

(alkaline phosphatase, R-galactosidase) used irf- Ecotoxicogenomic approaches in
certain type of immunoassays. environmental monitoring
6. Endocrinedis uptor (EDC) assays A new scientific discipline, which

integrates genomics (transcriptomics, proteomics
Endocrine disrupting compounds are a and metabolomics) into ecotoxicology is named
newly defined category of environmental ecotoxicogenomics. It is defined as the study of
contaminants, which interfere with the endocrine the response of the genome to environmental
system function, which results in alterating the toxicant exposure. The application of gene and
reproductive systems in wildlife and humans. protein expression analysis holds potential in
Compounds, acting as agonists or antagonists oécotoxicological risk assessment. The most
hormone (estrogene, androgene) receptors includanportant advantage in using a gene expression
a wide range of molecules, such as organochloringrofiling approach is the power of an insight into
pesticides, pthalates, alkylphenols, phyto- andthe precise mode of action (MOA) of toxicants.
mycoestrogenes, pharmaceutical estrogenes ant@ihis may potentially be useful for prioritization of
many others. Estrogens are hormons that playsubstances for extensive testing regarding their
crucial functions in growth, differentiation and MOA and may therefore allow optimization of
homeostasis of male and female reproductiveresources and limit the use of animals for testing
organs. Besides, they also influence non-purposes. Comparison of gene expression profiles
reproductive tissues, such as bone, liver and thef different test microorganisms and higher
cardiovascular system. Several bioassays haverganisms may provide useful information about
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the possibility of extrapolation of the effects of
toxic chemicals across species. Determining
similarities and dissimilarities in toxicity
mechanisms across species would give the answe
where the extrapolation of chemical hazards from
one species to another is technically valid. The
knowledge about conservation of toxicity
mechanisms in organisms will therefore enable to
choose appropriate model organisms at lower
levels of biological organization (e. g.
microorganisms) for relevant monitoring of specific
environmental toxicantd.he use of microarray
proteomic and metabolomic techniques may also
provide the possibility to predict toxic potential
of unknown chemicals by comparing specific
patterns of gene expression (fingerprints),
reflecting mode of action of unknown chemical,
with expression profiles of known toxicani®
conclude, by providing both, mechanism of action
and predictive tools, ecotoxicogenomic approach
seems especially promising for studying the effect
of pollutants at lowenvironmentally relevant
concentrations, improvement of toxic mixture
analysis and long term exposure assessment @
organisms.

Harmful effects of contaminants on the
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