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PART ONE

1. INTRODUCTION

1.1. ASSESSING THE INFLUENCE OF BIOLOGICAL AND CHEMICA L
FACTORS ON THE TOXICITY OF SUBSTANCES

The toxicity of a substance is a result of its gibgl and chemical
properties, structure as well as the biologicaivagt of the living organism.
Physical and chemical factorsare dependent on solubility, dissociation ability
and the chemical structure of the substaBielogical factors are closely related
to the cells, tissues and organ structure and eperdient on the age, sex and the
general condition of the organism.

1.1.1. PHYSICAL AND CHEMICAL FACTORS

1. Chemical structure. Compoundswith a highchemical activity such as acids,
alkalis, aldehydes and unsaturated compounds very easibeirde physiological
processes. Organic compounds are different inthwt toxicity depends on their
three dimensional atomic structure in additionhe type of radical and functional
groups: — isomers optically active, levorotatomg eore harmful

— toxicity increases with the influence of followigroups: (-NH), (NG,),

(-N=0), (=N-N=0), (-CN), (-CH=CH), (CeHs)

— toxicity decreases with the influence of follogigroups: (-SH), (-SgM),
(-COOH), (CH —CO-), CHO-), (-N=N-), (GHs)

— toxic properties of aromatic compounds increagh the number of substituted
groups (-CH) and (-OH) and isomers in the couple position #re most
harmful

— an association of aromatic and aliphatic hyditogas with z chlorine gives more
solid and more harmful compounds; their toxicitgremses with the number of
groups substituted with chlorine.

2. Solubility. The solubility of substances in water and lipidsvery important.

Water is the main substance in most organisms;, tbels membranes are the

barrier limiting the spread of compounds. The rdakdt is posed only by

compounds soluble in water and lipids.

3. Dissociation.Toxicants in non-ionized form could dissolve in ih@ds of cell

membranes and penetrate through them into celldtiresin a toxic effect.



4. Boiling and evaporation point. Low boiling point, thereby high gas pressure
and its saturation ability in the environment aeFyvimportant physicochemical
factors accelerating intoxication.
5. Particles size.Dangerof intoxication increases with the decreasing size of
aerosol and liquid particles (diameter less tham.
The mentioned physical and chemical properties utfsgnces influence their
susceptibility to —biotransformation (metabolic transformations inside living
organisms). A limited number of xenobiotics do fr@insform at all, e.g. highly
polar organic compounds (oxalic acid, sulphonicdsciquaternary ammonium
bases), fast-removing volatile substances (ethhdretcyclo-propane, short —chain
alkanes) and highly lipophilic substances (some $CB

The biotransformation of xenobiotics takes plaéththe participation of
enzymes with microsomal enzymes being the mostitapb These enzymes carry
out oxidation, reduction and coupling reactions.tibelites are a result of these
reactions which may exhibit different biologicaliaiies, i.e. sometimes advanced
compared to the initial substance. If the prodeotisibit a lower toxicity than the
initial reactants, such a phenomenon is calledxitedtion. Procancerogens pose a
separate problem and become carncerogenic, aslagemetabolic changes.

Biotransformation also refers to the metabolicivityt of microbes in
nature. As a result of their enzymatic activityghly toxic metabolites may be
produced. One example of this is the production highly cancerogenic
nitrosamines from nitrites and secondary and tgri@amines by bacteria from the
genusMicrococcusandAchromobacter

1.1.2 . BIOLOGICAL FACTORS

1. Age. Sensitivity of an organism to intoxication incressghen its enzymatic
detoxicant system is not fully formulated or activehe period of embryonic
development is of great importance because enzgragsitem of the foetus is not
fully developed; thus, fast dividing cells are Highsusceptible to potential
damages. In the initial period of postembryonice lifafter birth), defence
mechanisms of young organism are still imperfectis Ttondition is usually
maintained until maturity is reached when defence segulatory abilities are at
maximum. In aged organisms, the sensitivity to Halfactors increases due to a
decrease in the biological activity of tissues arghns.

2. Sex.Differences in the rate of metabolism of alien $abses between females
and males exist during their entire mature lifee Thajor differences are related to
compounds metabolized by microsomal enzymes unber dontrol of sex
hormones.

3. Individual factors, diseasesDuring pregnancy, the reaction of organisms to
intoxication could change because many enzymesdsertheir activity. Liver and
kidney failure directly influence xenobiotic metdibm; thus, heart diseases have
an indirect influence. Malnutrition, deficit of ®itnins and general bad condition of
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the organism lead to a decrease in the activitjafy enzymatic systems and an
increase in the susceptibility to intoxication.

4. External environmental factors. Factors such as atmospheric pressure and
temperature also influence blood hemodynamic angeatress. Daylight also
affects the biological rhythm of the organism.

1.2. DEPENDENCE OF DOSE AND EXPOSURE TIME ON TOXICITY

Poison —a substance, after entering into an organism atall dose,
causes some disturbance in the functioning of ithegl organism or even death
due to its toxic and dynamic properties. Up to ygda poison still has the same
meaning as described by Paracelsus in 1525: “Eviagyth a poison and nothing is
a poison at the same time. The dose is importagt onl

Toxicity depends mainly on tremount and concentrationof toxicant in
the living organism. The concentration of a toxicsnvery important, particularly
for acids and alkalis. These substances
can cause severe damage and intoxication at higheatrations; however, the
same amount, but diluted is not toxic. Heavy metaldfonamides and others are
neutralized in the urinary tract; although if presen small amounts, they could
damage the kidneys.

The factor otime plays an important role for substances chemicailyniol
to proteins and accumulated inside an organismirgughronic toxicity. Such a
situation usually occurs at the final links of thip chains (for example DDT or
PCB). An amount of a substance which is introduited living a organism in
relation to its weight is defined dese

The following are dose types in relation to thedfects:

1. threshold, minimum dose (dosis minima,DM) — an amount of a substance
causing the first observable biological consequgnce

2. curative dose(dosis curativaDC) causes pharma-therapeutical effect and does
not disturb physiological processes in the organism

3. toxic dose (dosis toxica DT) — causes reversible toxic effects or revéesib
physiological disturbances in the functioning o thrganism.

4. lethal dose @losis letalis DL) causes irreversible physiological disturbanae

the functioning of the organism and its death

Quantity doses ofenobiotics (chemical substances alien for an organism
causing a toxic effect(s)) are dependent on thieilitya to be absorbed into the
blood. A certain amount of xenobiotics is chemigdlound to the proteins of
plasma; the rest is transported by blood circutaiod absorbed into tissues and
organs causing intoxication.

The most dangerous path of toxicant penetratidir@igh theespiratory
system Resorption takes place mainly in pulmonary alusets where toxicants
directly enter the arterial blood. Toxicants emigrithe organism through the
alimentary path are usually resorbed in the small intestine. Ftoene they enter
into liver where they undergo complete or partigtioication. The least significant
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path is through the skin. If the skin is undamagedbstances only soluble in lipids
are able to penetrate.

The influence of xenobiotics on unicellular or neétlular organisms is
varied. Microorganisms are sensitive to all cheinbtanpounds because they can
easily penetrate intercellular structures throughecing layers. At the same time,
however, they exhibit great a great ability to adagicroorganisms can adjust
their metabolism to environmental changes.

Multicellular organisms, despite having well-deyetd structures that isolate them
from the environment, exhibit a surprisingly higénsitivity to certain toxicants.
Some cells and tissues of multicellular organisrossps specific receptors for
defined toxicants which enable particle adsorptind diffusion inside. These parts
of multicellular organisms are calleénsitive cells or tissues

The transport mechanisms of xenobiotics through biological
membranes areidentical for all organisms and include:

1. Passive transport (passive diffusion) — the majority of alien substances
penetrates into membranes in this way. Passivepgmahoccurs without the use of
cell energy in accordance with the concentraticedigmtor electric potential on
both membrane surfaces.

2. Transport through pores of membranes (convective aorption) —enables the
penetration of ions and hygrophilous substancels witnolecular mass up to 200
without the use of energy.

3. Facilitated transport — occurs through the creation of protein carrienplexes
existing inside membranes with compounds or iorecilfated transport takes
place without energy use in accordance with theceoimation gradients on both
sides of the membrane.

4. Active transport —occurs against the concentration gradients orngiate.
During active transport, energy is required andnede available through ATP
disintegration.

5. Transport by ions pairs —strongly ionized substances have a tendency tpleou
with ions from the environment or membranes. The gleres of electrically
neutral molecules penetrate through membranes $sivgadiffusion

6. Endocytosis andexocytosis— macromolecules are absorbed and removed from
these processes; the cell membrane creates sgcveticles (endosomes) which
transport macromolecules.

Every living organism tries to remove toxicantsnfrdts interior using
biochemical and physiological mechanisms. Unicatlubrganisms use active
transport, convector absorption and exocytosis. Emlary advanced organisms
remove xenobiotics through excretions, excrementsxbaled air. In terrestrial
mammals, the kidneys play a major role in excret®umbstances easily soluble in
water and with low molecular mass are excretedrineu Macromolecules and
compounds that are soluble in lipids are capturethé liver and excreted with
bile. Volatile toxicants are released through tivggk by passive diffusion. Thus, in
a non-contaminated environment very fast excretim occur with the exception
of substances easily soluble in blood or those tresdily couple with
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haemoglobin. Less important excretion pathwaysuthelthrough the skin, hair,
nails, saliva, sweat and milk.

Biotransformation is another method of eliminating toxicants from an
organism. Biotransformation leads to the creatiban intoxicant product or the
accumulation (gathering) of xenobiotics inside tissues andigans where their
intoxication status can be changed from acute torgt.

The basic mechanism of toxicant activity relateshie tendency of joining
a reactive cell element, i.& receptor. Receptors can be the active centre of
enzymes, proteins regulating the outer surfaceslbinwembranes as well as nucleic
acids. These three structures play a key rolelis aetivity. For this reason, when
toxicants penetrate cells negative biochemical phgsiological processes can
occur:

— disturbance of cell metabolism
— haemoglobin blockage

— induction of mutation

— induction of cancer

1.3. BIOLOGICAL MONITORING
1.3.1. MONITORING

In order to protect the environment, it is impottém have or to obtain
current data. Such data enables the forecastingposkible changes in the
environment and ecosysteMonitoring is a measurement system that gathers this
kind of data involving observation, assessment and the prognosisf
environmental conditions

A public monitoring program exists in Poland andswereated in 1991 by
the Chief Inspectorate for Environmental Protec(iGfowny Inspektorat Ochrony
Srodowiska). The program includes the monitoring iof groundwater, surface
water, soil, biocenosis, transformation of the laudface (focused on the mining
industry), waste disposal, noise and radiation.

Monitoring is conducted through network of measurement pointsthat
takes into consideration local natural conditiorgy( the presence of protected
areas), geographical conditions, distances fronupmh sources and population
densityamong others

1.3.2. PHYSICAL AND CHEMICAL MONITORING

Abiotic elements of environment can be analyzghlysically and
chemically. Such analyses are realized in fully automatic tinonusly operating
measurement stations. The highly developed mongodf air pollutants is an
example of this. One such monitoring station isiegitd near a large, declining
spruce forest in the lzerskie Mountains (Goéry lkiexs between Czerniawa and
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Swieradéw and is integrated into the European eaegning network. This station
is equipped with modern measurement equipment ithable to continuously
register the concentrations of the air pollutaresponsible for the ecological
degradation in the Sudetes region {SRO,, O, dust including PAHs and heavy
metals). Pollution data is passed on to the Bil#moinstitute in the Netherlands
and to other institutions in Poland.

1.3.3. BIOLOGICAL MONITORING

Data gathered during the monitoring of air, soildawater is very
important, but it does not provide information abthe influence of pollutants on
living organisms. Information concerning the infhee of pollutants on living
organisms is obtained through tlieect study of the actual condition of living
organismswhich involvesbiomonitoring or biological/ecological monitoring.
Biomonitoring is conducted based on the assumjghiahenvironmental conditions
and organisms are bound together in a causal-cotiseovay. Living systems
(organisms, populations and biocenosis) reprebentanditions of where they are
located. The condition of organisms does not oefiect the present active factors
(e.g. present pollution), but also the factors Wwhiwere active in the past.
Additionally, organisms react simultaneously toaddtive factors.

Biomonitoring enables theomplex assessmendf ecosystem conditions
while physical and chemical monitoring controls yordelected indicators of
pollution. Moreover, physical and chemical monigriis only able to register the
condition of the studied environmental elementha time when the sample is
collected. Since biomonitoring is not able to detivery precise information about
the types and concentrations of pollutabtsth systems are used complementary
to each other

Three basic scientific techniques are used in biataring: biotests (also
called toxicity tests), bioindication and studieistioe structure and function of
ecosystems.

1.3.4. BIOTESTS

Biotests are conducted on environmental samples such a aatd soil.
Test organisms are exposed to these samples ataixibiéy on these organisms is
evaluated. This kind of study allows the assessrotttie level of environmental
contamination based on the toxic effect. One paldictype of biotests includes
genotoxic tests as described in the last laborabtosyruction. Biotests do not
directly indicate the level of risk for living orgems inhabiting a studied
ecosystem because they provide only the reactiaeletted test organisms under
artificial laboratory conditions. However, they dmvide an indirect evaluation of
the potential influence of pollutants on biocenoSise reliability of this evaluation
depends on the representativeness of certain @rmanifor the studied site
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(laboratory 4). In order to replicate natural caiwis as much as possible and be
able to observe a chronic toxicity, the durationtlé experiment should be
extended. Studies should include at least 3 geoesatof plant and animal
representatives.

In our experiment (laboratory 1, exercise 1), dew&cosystem model is
influenced by contaminated water. Based on the murabhd biomass changes of
test organisms, we can determine if the pollutaxg &n influence on the natural
ecosystem. Species used in this experimenLamena minorandDaphnia magna
Both of these species are very sensitive to toxicaare very fertile, have a short
life-cycle and are good representatives of watesgstems.

1.3.5. BIOINDICATION

Bioindication (from Latinindicare — indicate) is a very direct way of
obtaining information about the condition of thevieonment. This method is
based on studying changes in the physiology an@vietr of living organisms
caused by environmental contamination. In thiseegpmprganisms are indicators of
contamination and are called bioindicators. Biodatlbrs can be divided into
2 groups
a. organisms that accumulate contaminants in th&sues and organs
(bioaccumulation)

b. organisms showing sensitivity to contaminantsalestrated by physiological or
biochemical disorder(s)

Species able to accumulate toxicants are partigulaseful in biomonitoring
because they allow tracing the fate of toxicant #nter into the food chain of
biocenosis.

1.3.6. MONITORING OF ECOSYSTEMS

Bioindication and biotests are mainly based on tisservation of
individuals; thus, it is not possible to assessdtedition of the entire ecosystem.
In nature, an individual never exists in isolatian individual organisms are
always a part of biocenosis. Even conducting expamtsion species assemblages
and creating an ecosystem model, it is not possibteconstruct the sophisticated
network of connections exist in the natural ecamystDue to this fact, field studies
are most reliable because they provide informatioout the structure and function
of the ecosystem. Such monitoring includesrtreasurement of basic processes
taking place in the ecosystem:

a. production of organic matter
b. decay and accumulation of organic matter
c. decomposition

Processes are measured with special indicat@rsdering the monitoring

of forest ecosystems the indicator of plant producis the rate of organic fallout
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(mainly leaves) and decomposition — a loss of fdoesl weight, which is placed in

nylon bags and left for one year. In addition tthgaing data about the controlling
factors and functioning of ecosystems, informai®igathered about the structure
of biocenosis. Changes in species structure arelynstudied with one method, the
index of species richness:d=S/N, being based on the analysis of biodiwersit
Where, S — number of individuals of a particulaea@ps, N — total number of

organisms of all species found.

A biocenosis equilibrant consists of a few commpecses (which are nhumerous),
but of many rare species (which are not abundé#éntfie biocenosis is influenced

by strong contamination, the species structure ghihnge characteristically: the
number of rare species decreases whilethe numbeorofnon species increases
(which were not numerous before) as they are thestnsmlapted to new

environment. As a rule, the number of species @se® but the number of
specimens increases resulting in a lower valugHerindex of species richness.
Fig. 1 shows the dependence of the total numbespeties on the number of
specimens.

) AL

@
A \‘w‘q
G 5 B

Fig. 1. Species structure of diatom assemblagesiar after its contamination (1)
and before (2). In the contaminated environmeny waty tolerant species can
survive (low number of species), but they are numer

A special technique callgdledetectionis used for assessing the condition
of ecosystems, especially forest ecosystems. Thithad is based on satellite
measurements of electromagnetic radiation reflastiddoth damaged/dead and
healthy conifer needles reflect light in the visilsind infrared range, but they have
different chlorophyll and water content inside th&sues. The chlorophyll and
water content inside tissues are directly connetdettie level of damage and can
serve as a basis for creating detailed maps ofatheal condition of the forest
ecosystem.
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While ecosystem monitoring provides important infation about the real
condition of an ecosystem, it also has certain titrons. Many indicators
describing the condition of an ecosystem have aoiyparative, relative value.
Tools do not yet exist that allow the assessmelbaders of tolerance to harmful
factors of ecosystems. Thus, in order to deternfipgoductivity or the species
structure is affected by pollution, it is necesstryconduct reference studies in
unpolluted areas. Furthermore, ecosystem monitatogg not provide information
very quickly. For this reason, biomonitoring is enft restricted to biotests and
bioindication procedures.

2. METHODS OF ASSESSING WATER TOXICITY

2.1. ASSESSING THE TOXIC EFFECTS OF POLLUTANTS ON
AQUATIC ORGANISMS USING LETHAL PHYSIOLOGICAL TESTS

Biomonitoring is conducted through biological studies in whibb toxic
effects of pollutants on ecosystems are evaluaomonitoring includes
toxicological tests conducted under laboratory ddmus, model ecosystem studies
and field experiments. Biomonitoring covelsoindication: the application of
selected indicator species in assessing envirorahenbntamination and
documenting natural conditions.

Bioindication includes toxicological tests condutten the laboratory, model
studies of micro- and macro — assemblages anddtaldies. Toxicological studies
are the first step in gaining knowledge about thecity of different chemicals and
their mixtures. From toxicological tests it is pis to assess the potential threat to
certain populations, their mortality, growth ratigproducibility and functional
disturbance disorders.

Toxicological monitoring should be conducted using indicator species
(bioindicators) representing all trophic levels @hhiare characteristic of the studied
ecosystem. The selection of test methods is oft gmgaortance in toxicity studies.
A great number of indicator species is used frohoeér the world. Organisms
differ from each other in terms of their sensigivib certain groups of toxicants;
thus, it is recommended to use a battery of testhiding different groups of
bioindicators.

2.1.1. TEST ORGANISMS

Organisms used in tests should be of the same agehave the same
physiological activity; in general, juveniles arentmonly used. Some important
traits of test organisms are as follows:

Sensitivity to toxicants,
Breeding simplicity.
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Representativeness for the studied environmenta@eatic bacteria for the aquatic
environment, soil bacteria for the soil environn)ent

Because of various sensitivities, toxicologicaldsts should be conducted using
representatives of all trophic levelsdecomposers, producers and consumers.
The following are commonly used

Among bacteriaPseudomona®acillus Sphaerotilus natans

Algae: Chlorella sp.,Scenedesmusp.,Ancistrodesmusp.,Rhizodoriunsp.
Plants:Elodea canadensitemna mino(Fig. 2)

ProtozoansParamaeciunsp., Tetrahymenap.
OligochaetaTubifexsp.,Lumbricussp.

Crustaceandaphniasp. (Fig. 3)Cyclopssp.,Asellussp. (Fig. 4)Gammarussp.
Insects: mayflies, dipterans, caddisflies

Mollusks: Physasp.,Planobariussp.

Fish: approximately 150 species

Fig. 2.Lemna minor one of the species commonly used in toxicityings
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Fig. 3.Dapnia magna- one of the species commonly used in toxicityirigs

Fig. 4.Asellus aquaticus ene of the Crustaceans commonly used in toxicity
testing.
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Performing laboratory biotests requires taking imtmcount many factors and
choosing those of greatest importance. Ambiguosslt® are always an effect of
differences between natural and laboratory cornustio

2.1.2. BIOTEST TYPES

Biotoxicological studies are conducted under camstastandardized
conditions (pH, temperature, humidity etc.). Intbidcological studies, a change
of toxicity is studied as it depends on the conegitn and time of toxicant
activity.

There are various methods of assessing the tox€igpntaminants in aquatic and
soil organisms. These methods can be divided into groups according to the
experiment duration:

short-term, assessing acute toxicity ,

long-term, assessing chronic toxicity,

Toxicity tests can also be divided according toitfieience of the toxicant:

lethal tests based on the observation of orgadisath (LG, concentration is the
dose of a toxic substance or radiation that isiired to kill half the members of a
tested population after a specified test duration),

physiological tests based on observations of noditabhanges in photosynthesis,
respiration, enzymatic activity (Eg€-half the maximal effective concentration
referring to the concentration of a drug, antibamytoxicant which induces a
response halfway between the baseline and maximfiex aome specified
exposure time. The Egrepresents the concentration of a compound wHi¥e &
its maximal effect is observed.

Biotests do not directly show the level of expostoetoxicants for organisms
inhabiting certain ecosystem because they condissetected test organisms
observed under artificial laboratory conditions. yh#o, however, provide an
indirect potential assessment (NOE(Ne Observable Concentration Dos@o
observed effect concentration being the highesteatnation of a substance that
does not produce a significant ecotoxic effect inoaganism or in an organism
population; NOEL -No Observable Adverse Effect Leveho observable effects
limit which is the highest dose at which no effecés be observed. It is used as a
measure of chronic toxicity).

The reliability of biotests depends on the levespécies representativeness for the
particular environment. In order to make laboratoopditions more natural and to
determine, if possible, chronic toxicity, the diwatof the experiment should be
extended so that it lasts at least three subsecgenrations of test plants or
animals.
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2.1.3. TOXICOLOGICAL MONITORING OF WATER

Toxicological monitoring of water has been recentlgveloped. Test
methods are based on assessing the influence dcienoic the survival, growth,
reproduction and enzymatic activity of water orgams. Aquatic organisms, being
a part of water biocenosis, are used as bioindisatotoxicity testing in which the
accumulation of chemicals in their tissues and &mdire tested (Table 1). Testing
should be conducted for all biocenosis levels: poeds, consumers and
decomposers.

In Poland, certain standards are applied in towigichl monitoring. For
example, commonly used organisms include the foligwalgae —Chlorella sp
crustaceans -Daphnia magna, Gammarus varsoviensiad fish —Lebistes
reticulatus D. magna specimens are used in most cases because they are
multicellular, fresh water, aquatic invertebratbatthave a well defined digestive
system. Similar organisms are commonly used in rotbeuntries and are
recommended by international organizations (IS@Qdseds).

Evaluating the level of water toxicity with the dipption of biotests is
based on selected organisms which are placed instindied water or water
solution containing the studied toxicant. The death/or functional disturbances
or disorders in the selected organisms is observed.

Table 1. Bioindicators commonly used in assessirngmaxicity.

Trophic level Test organism
Decomposer Pseudomonas fluorescens
Vibrio fischeri
Candida boidin
Consumers Paramecium caudatum

Brachionus calyciflorus
Artemia salina
Thamnocephalus platyurus
Daphnia magna
Ceriodaphnia dubia
Gammarus varsoviensis
Dugesia tigrina
Lebistes reticulates
Chironomids
Producers Chlorella vulgaris
Scenedesmus quadricauda
Selenastrum capricornutum
Lemna minor

Today, ready-to-use tests are sold as packagey. ddre assess the potential
toxicity in a very short period of time. Such pag&a include eggs or larvae, static
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forms of invertebrates which can be stored forrgylome. The main advantage of
these tests is their simplicity of use, high séwigjit of test organisms and
reliability of obtained results. Studies with Toxkiinclude zooplankton
representativeBrachionus calyciflorugRotoxkit F),Brachionus plicatilisfRotoxk

it M.), larvae ofArtemia (Artoxkit M.), crustacean®aphnia magnaDaphtoxkit
F), Ceriodaphnia dubia (Ceriodaphtoxkit F), Thamnocephalus platyurus
(Thamnotoxkit F),Heterocypris incongruengOstracodtoxkit F) and protozoans
Tetrahymena thermophiléProtoxkit F) and producer representatives aselg
Selenastrum capricornutu(Algaltoxkit F).

ThelQ Tox-Test is a new method also used to conduct ecotoxiccdbgesearch.
The 1Q-Tox Test technology can provide early detectf contaminants that enter
the water environment. This technology has detecteeimical and biological
agents below the HLDC (human lethal dose conceatratMany animals depend
on sugar as a basic source of energy. If theiitalbil digest sugar is incapacitated
due to the effects of chemical or biological coritaation, they will die.Daphnia
magnais used as a test organism for exposure to this$ &frtoxicants that reduce
the ability to ingest and enzymatically cleave aofbmetrically tagged sugar
substrate. The enzymatic response technology altbesuser to characterize a
sample for toxicity by measuring contaminants datee to the suppressions Df
magnaenzyme activity. The bioassay is detected throlgbréscent stimulation
(Fig. 5) of a metabolized marker on galactose itege$y Daphnia magnathat
have been exposed to varying concentrations oeaidal that may be a possible
environmental contaminant. After exposure to theictahemical, theDaphnia
enzyme system will be rendered nonfunctional. Gudiy, death would follow in a
few hours or several days. This method is rapidsisge and simple to perform.
The IQ-Tox Test is extremely effective due to thenptexity of the test organism.
The tests are scored by eyesight, i.e. simply bwiig the tests under long wave
ultraviolet light and counting the number of glogior non-glowingD. magnain
each exposure chamber cell. The greater the numbearganisms adversely
affected translates to a greater toxicity. 1Q-ToxstTes normally used to study
contaminants present in water.

The test system Microtox is also worth mentioniMgicrotox® is a
standardized toxicity test system that is rapidsiiave, reproducible, ecologically
relevant and cost effective. It is recognized asdduthroughout the world as a
standard test for aquatic toxicity testing.

The procedure uses the bioluminescent marine bawtgl/ibrio fischer) as the
test organism. The bacteria are exposed to a rafgeorentrations of the
substance being tested. The reduction in intel$itight emitted from the bacteria
is measured along with standard solutions and cbsémples. The change in light
output and concentration of the toxicant producgose / response relationship.
The results are normalized and thesg(€oncentration producing a 50% reduction
in light) is calculated.
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Fig. 5. GlowingDahnia magnaused in the 1Q-Tox Test

2.1.4. WATER BIOINDICATION W ITH THE USE OF BIOTIC INDICES

The search for improved methods of monitoring wapeality has led to
the development of techniques for rapid bioassessofeaivers and the evaluation
of water quality using benthic macroinvertebratébe purpose of biological
assessment is to characterize the status of ther wandition associated with
anthropogenic perturbation. The Polish BMWP-PL sys(Eig. 6, 7, 8, 9, 10, 11),
a modified version of the method used by the Brifidonitoring Working Party
(BMWP) is recommended, but rarely used for meagunvater quality. All
sampling and data processing are done accorditfietstipulations of BMWP-PL
(http://www.eu-star.at/pdf/PolishMacroinvertebratefpéingProtocol.pdf from the
date 24.03.2009 Representative sampling sites are chosen witén studied
water body. At each site, macroinvertebrate samatesobtained using the kick
sampling technigue. A handnet (160 um mesh sizejsédl in sampling usually
0.25 nf of the substratum at sampling points. Collected roiauertebrates are
preserved with 96% ethanol. All specimens are ifledtto family level or higher
taxon in the case of non-insects according to BMMP-The percentage of
macroinvertebrate taxa are calculated from eaehfgitthe total sampling period.
The Average Score per Taxon (ASPT) is usually detexchiby dividing the
macroinvertebrate score (obtained from BMWP-PL wakions) by the number of
taxa at each site. At each site, the minimum playstate of the water should also
be examined using the multi-probe method for phiperature and conductivity.
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&7k |
Fig. 6. One of the methods applied in the biomaiitpof water
(method of biotic indices).

Fig. 7. A hand net used in the biomonitoring of evat
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Fig. 8. A mayfly larva from the Baetidae family taxon indicating
moderate water conditions.

Fig. 9.Erpobdella octoculata; a leech species indicating poor
water conditions.

Fig. 10. A caddisfly larva from the Sericostomagdamily -a taxon
indicating good water conditions.
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Fig. 11. A dipterans larva from the Chironomidamily — a taxon indicating
very poor water conditions used in both bioindicativith biotic indices and
toxicity tests.

2.1.5. TYPES OF TOXICITY

The death of organisms used for lethal tests andtifunal disturbances
disorders for physiological tests are criteria floe level of toxicity of chemical
compounds. Special terms are used when defining Iélgal or sublethal
concentrations of toxicantdAcute toxicity describes the adverse effects of a
substance which result either from a single exposurfrom multiple exposures in
a short space of time (usually less than 24 hotitspe described acutetoxicity,
the adverse effects should occur within 14 daysthef administration of the
substance.Sublethal toxicity, occurring under the influence of sublethal
concentration, causes functional disturbance disorders andithe of exposure
must be at least 1/10 of the life span of one gdiwar for the studied organism.
Chronic toxicity occurs when an organism has continuous or repeatgusure to
a toxicant that causes toxic effects. Chronic ftibics often correlated with the
accumulation of toxicants in the studied organism.

2.1.6. CHEMICAL CLASSIFICATION OF TOXICANTS

The followingaretoxicants:

1. oxidants — Cl, @ KMnQO,, H,O»

2. gases — N H;S SQ, CO,

3. salts of heavy metals — Pb, Cr, Cd, Cu, Ni, By,As
4. cyanides

23



5. aliphatic compounds — chloroform, ether

6. aromatic compounds — phenol, hydrocarbons
7. alkaloids

8. tannins

9. dyes

10. detergents

11. pesticides

2.1.7. TOXIC EFFECTS OF POISON ACTIVITY

Toxic effects of poison activitydepend on
a. chemical structure and properties of the poison,
b. conditions of testing: compound concentratioqposure time, pH, temperature,
humidity,
c. presence of organic matter in the environmerd passibility of complex
creation which can act antagonistically or syneicady.

Biotoxic studies are conducted under constantdstalized conditions
(pH, temperature, humidity and without the influeraf organic matter). Changes
in toxicity are studied depending on exposure timé concentration.

Thetoxic effect of a poisordepends on the sensitivity of the test organism
which is a function of sex, age, weight and thedition of the organism.

2.1.8 BIOTEST RESULTS

In lethal tests, the final result is the concetidracausing 50% population

mortality after a certain exposure time, t = 24, ABhours. +C sy 0r TL 5.

LCso (Lethal Concentrationis the concentration causing 50% mortality whilesg

is called the mean tolerance limit, i.e. the toriceoncentration at which 50% of
organisms can survive. The maximum tolerated cdaraéon MATC can be
calculated in evaluating the influence of toxicaots organism physiology. In
chronic tests, the chronic val@hV is the geometric mean of two concentrations:
the highest concentration that does not cause hapges in organism function
(NOEC) and the lowest concentration causing dama@EC). The LG, and
MATC concentrations allow the safe concentrations ocafmpounds to be
determined.

The safe concentrationcan also be determined based on acute toxicity
tests, assumingoefficients of safetyand multiplying them obtained in our studies
by LCs. The value of the coefficient of safety rangesrfre.05 to 0.3 (outside of
Poland). In Poland, the coefficient of safety i$ for degradable compounds and
0.01 for accumulative compounds (in the environtent

There is not a real classification system of cloaisiin terms of their acute
toxicity. Thus, chemicals are classified based air tiireshold values. A threshold
value is the concentration that does not causdhalleffect when testing acute
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toxicity. Table 2 and 3 shows chemical toxicity édon concentration and kL
values. When assessing water toxicity we commosby invertebrates and plants
(Fig. 12 and 13).

Table 2. Chemical toxicity based on concentration.

Threshold Toxicity
concentration (mg/di
<1 Very highly toxic
1-9 highly toxic
10-99 Medium toxic
100-500 Little toxic
>500 Very little toxic

Table 3. Chemical toxicity based kfvalues.

LCsc (mg/dn?) Toxicity
<1 Enormously toxic
0.1-1 Very highly toxic
1-10 Highly toxic
10-10C Medium toxic
100-1000 Little toxic
1000-10000 Very little toxic
>10000 Non-toxic

Fig. 12. Toxicity test with Chironomid larvae.
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Fig. 13. Toxicity test with.emna minor

3. METHODS OF ANALYZING SOIL TOXICITY
3.1. ECOTOXICOLOGICAL ASSESSMENT OF CONTAMINATED SOIL

Soil is an active component of each land ecosysRrotesses such as the
decomposition of organic matter, part of primargdarction, take place in the soil.
Processes above the ground level take water andratndirectly from the soil.
Moreover, soil functions as a filter, buffer andofgcts the ecosystem against
unwanted elements. These soil properties remairhanged as long as the
biogeochemical equilibrium, responsible for theldgical activity of soil, is not
disturbed.

3.1.1. SOIL DEFINITION

Soil is the surface layer of the earth’s crust orignmfrom maternal rock
under the influence giedogenic factorssuch as climate, water and the activity of
living organisms. It is comprised of mineral pgfftegments of maternal rock) and
organics (living organisms — edaphon and their petg). The space between
particles is filled with air and/or water.

The pH is a very important factor influencing spitocesses such as
weathering of rocks; mineralization and humificatiaf organic remains as well as
the growth and development of edaphon and plants.

Soil pH can be
- strongly acidic (pH 4.5),
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- acidic (pH 4.6 — 5.5),

- slightly acidic (pH 5.6 — 6.5),
- neutral (pH 6.6 — 7.2),

- alkaline (pH >7.2).

Soil is characterized by horizonsdil levels Soil level structure from the
surface downward is known as tleil profile. Soil has the following levels:
bedding, humus level (accumulation), eluvial lep@hshing out), illuvial level
(washing out, consisting from mineral particles asubstrate level (maternal
rock). Substances derived from higher levels arghed out by water and are often
detained at the illuvial level.

3.1.2. SOURCES OF SOIL CONTAMINATION

The development of civilization has been and stithains a cause of soll
degradation which diminishes the activity and pility of soil. Aggressive
factors causing soil degradation include dust aaskgus air contaminants, sludge,
industrial and communal waste and chemicals usegjiiculture. These pollutants
mainly stem from industry, mining, agriculture, risport and households. Some
toxic substances are derived directly from the asih result of natural processes:
chemical transformations and from the metabolistivofg organisms.

Motor transport is a source of soil contamination bgetroleum
derivates lubricants, hydrocarbons (often carcinogenic) atab lead. Nitrogen
oxides emitted by cars are precursors of carcinieggtrosamines arising in soil.
Detergents and factories play a major role in gaysoil contamination. Industrial
activities also emit dust containing a large amafriteavy metals that accumulate
in the soil over many years. Acid rain plays a @lmle in soil contamination and
stems from the emission of sulphur and nitrogenlexi(SQ, SG;, Ny, G)) into the
atmosphere from fossil fuel combustion. Sulphoxidee created from the
oxidation of sulphur contained in fuel while niterg oxides are created mainly
from the oxidation of atmospheric nitrogen durirgnbustion, although they can
also from nitrogen present in fuel. §@nd reduced nitrogen oxides undergo
further oxidation in the atmosphere in both theegas and liquid phases. In the
atmosphere a mixture of sulphuric and nitric addcieated after reacting with
water and finally the mixture falls in precipitatias acid rain (pH < 4.5).
pH reduction of soil can also be a result of natural processes:

a. hydrolysis of salts, e.g. AlCI

AICI; + 3 HO= Al(OH); + 3H" + 3 Cr
b. inorganic and organic acids are natural prodoétsliving plants, e.g. root
excretions
c. nitrification
d. decomposition of organic matter
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e. oxidation of elementary sulphur and sulphidesbbgteria (e.gThiobacillus
thiooxidan3g

3.1.3. SENSITIVITY OF SOIL TO CONTAMINATION

Various types of soil differ in their sensitivity contamination which
depends on soil sorption properties, thickness @ramical composition layers,
environmental conditions (humidity, temperature gotd) and the biocenosis
composition.

The process of contamination begins from the tagiayer and progresses
towards the bottom of the soil profile in the diten of water infiltration. Thus,
greater soil permeability leads to deeper contamination in the soil. Humus,
particularly chelat complexes of colloid humic agiforms thesorption complex
of soil. The presence of aluminium and silicon hydroxideso @hfluences soil
sorption and hydration properties. The sorption demmives the appropriate
trophic properties of soil and provides for soildngtion. The sorption complex
also offers natural protection against contamimatly retaining metal ions and
macromolecular toxicants such as root excretioastigides, detergents and dust.
Heavy metals are bound to humus reducing theircityxi although humus
associated with organic compounds can result in ighen resistance to
decomposition by soil enzymes.

The level of acidification depends on the preseotenetal carbonates
mono and dihydroxides. The presence of calciumaraate makes the soil resistant
to acidification, e.g. as in the reaction with $ulpc acid:

CaCQ + H,SO, = CaSQ + H,CO;
From this reaction the products are nearly inseludalcium sulphate and unstable
carbonic acid which disintegrates into £&hd HO. Thus, the Hion is bound to
water particles.

Another factor influencing a soil's resistance agidification is the
sorption capacity. The sorption capacity depends on the presence inérab
colloids and humus. The sorption capacity of sodnal is not sufficient for
preventing environmental degradation from acidifma because part of the
sorption capacity can already be filled withieins.

The level of acidification is also related to ttype of vegetation(it is
commonly known that spruce forests increase thel lef’ soil acidification) and
climate (temperature, humidity).

3.1.4. SOIL CONTAMINATED BY HEAVY METALS

The mechanisms influencing the toxicity of heavytatgein soil are well
known (Fig. 14). The toxic effects of heavy metals microorganisms are
governed bythe concentration of soluble forms not by general their content.
The level of free, washed out ions is dependenthensorption properties of soil.
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Metals bound to soil colloids do not easily entécroprganisms making them less
toxic.

Anions accompanying cationscan be factors increasing the toxicity of
metals. It has been found that lead uptake is @edcwith the presence of the

following anions: acetate > NO> Br'.

Toxic properties of some metals are dependenthensblubility of the
particular salt(the higher solubility, the more toxic the metdjowever, even
metals which are present in soluble compounds cagigtate in the soil as
carbonates.

The pH of the environment determines thddation level of cations
which is directly related to their toxicity. For axple, lead in the acidic

environment is mainly present as%hnd is strongly toxic, whereas the hydroxide
Pb(OH)4'2 appears when soil acidification decreases makiadead lose its toxic
effect. Chromium ions having the oxidation state (ncero4)'2 and (C50,)°, are

more toxic in the neutral environment thari Gons; however, in acidic soil €
ions are more toxic and are commonly derived frotakde chloride and sulfate.

PLANTS

' PRODUCE MERCURY TINY PARTICLES

OF MERCURY
TRAVEL
THROUGH
SMOKESTACKS
INTO AIR. THEN

" FALL ONTO SOIL
OR WATER

f
\
| tT COAL BURNING POWER

IN AQUATIC ENVIROMENTS BACTERIA CAN
CONVERT INORGANIC MERCURY INTO
METHYLMERCURY- UP TO 10 TIMES MORE
TOXIC, IT MOVES INTO FOOD CHAIN FROM
MICROBES TO FISH

Fig. 14. How one of heavy metal (mercury) contartigmaspreads.
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3.1.5. SOIL ACIDIFICATION

Very acidic soil is inhabited bfauna of low activity. Earthworms play a
crucial role in soil genesis and are particulagpstive to acidic condition®lants
have various tolerancdevels foracidic soil.Fabaceaewhich cooperate with the
bacteriumRhizobiumsp. in assimilating nitrogen from atmosphere, eteemely
sensitive to soil acidification.

The acidification of the environment is highly damagingto many soll
microbe groups. il contaminated by sulfate having a pH value lotamn 3 does
not contain heterotrophic bacteria and ActinomylestaNotably, fungi are more
tolerant to low pH values. GenefTaichoderma Fusarium Penicillium, Spicarig
Humicola and the specieMlycelia sterillaare present in soil having a pH less
than 2.5.

The genusBacillus is quite tolerant of acidification since it prodsc
endospores, although the geruthrobacteris more sensitive.

In the environment, the activity of bacteria askiting free nitrogen
decreases with increasing acidity. The active aksion of free nitrogen is
determined by the pH value which should be aboveub,t should be noted that
bacteria assimilating nitrogen (e.g. gedusotobacter in soil with a pH less than
5 have been observed. For the majority of the geRmizobium bacteria
(symbiotic) the pH values enabling the assimilatidmitrogen vary between 6.5 —
7.5. Nitrifying bacteria are very sensitive to acidoil while ammonifying bacteria
are less sensitive.

As the soil increases in acidity, cellulose degrgd bacteria are
increasingly replaced by fungi.

3.1.6. THE EFFECTS OF SOIL CONTAMINATION

The introduction of chemical contamination intoe tlsoil negatively
influences those organisms inhabiting soil (Fig). 16 this respect, the chemical
contamination causes sensitive species to die bffewpromoting the excessive
development of resistant organisms. This situatieed$ to the disturbance of
matter and energy circulation in soil and thusugp$s normal soil processes.

Soil microorganismsmay be able to utilize soil contamination as a dog or
energetic substrate. If this is the case, they hidnee ability to partially or
completely degrade many toxic compounds. When e@ts pollutants, sensitive
strains are eliminated leaving only those straitgctv are not as affected. One
unique aspect of microbes is that they are abéal&pt to increasing concentrations
of toxic substances with their adaptability varyfngm species to species. Because
of this phenomenon, an overall drop in the numifenigroorganisms is observed
when contamination is first introduced into theteys. After some time growth
reoccurs, but the population composition changés. So0il organism assemblages
are simplified in terms of their diversity makindhetm less resistant to
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destabilization. The reduction or elimination ofteé groups of microbes because
of contamination is caused by the circulation ehednts.
Some methods of evaluating the influence of a patition soil microorganisms
are based on estimating the ability of microorgasisto mineralize organic
compounds of nitrogen and carbon into inorganicnfrThe inhibition of organic
mineralization causes soil to lose its fertility. eThinhibition of organic
mineralization also causes a reduction in the amotimineral salts in the soil,
which are essential for plant development. As altethe remaining elements in
the food chain are influenced by the negative ocpmseces of microorganism
intoxication.
Both aquatic and terrestriablants are sensitive to chemical contamination.
Contamination halts growth, photosynthesis andiratpn. These changes are not
only the result of direct intoxication, but alsofleet physical and chemical
alterations in the environment inhabited by sofasrisms. The change in physical
soil properties leads to the destruction of thel stiucture causing particle
dispersion. This translates into a decrease infiffoéltion resulting in the retention
of water in depressions. Disturbances in the fldwvater through the soil take
place in the root zone of plants which can leadutsient deficiency. More serious
nutrient deficiency symptoms in plants mean thatewaconsumption is less
effective.
Microorganisms utilizing certain organic soil comiaants, for example
hydrocarbons, causes anaerobic conditions to pre@vdhe root zone of plants.
Oxygen deficiency and the associated formationyafrgen sulfide destroy the
majority of plant roots including tree roots withry developed root systems.

Changes in the physical, chemical and biologicapprties of soil limit plant
development in contaminated areas. Alterationdénanatomy of roots, shoots and
leaves can be attributed to pollution. For examgégormation and plasmolysis of
roots commonly occur in contaminated areas andylem in transport tissue can
become plugged inhibiting the development of newt raair. Inhibition in the
growth of roots is a major problem for plants ditimg the transport of water and
minerals. Disruptions in water transport are chiard@ed by the accumulation of
petroleum compounds around cell walls, primarilgusrd the parenchyma. Leaves
and shoots exhibit symptoms of chlorosis in whicllyoleaves of small sizes
having a very narrow assimilation surface appeboo% of such plants are short,
tiny and poorly developed. Dehydration of tissueduding the local destruction of
dermal tissue and the last layer of the parenchyma typical disorders in
occurring in plants affected by contamination. éfllithese negative consequences
caused by pollution limit cell division and thusetlyrowth of the entire plant
causing die offs. The effects of contamination lemd worsening in the chemical,
physical and biological properties of soil resudtim a decrease in the quality and
quantity of plant biomass. The complete loss of goality parameters is defined
as devastation.

Soil contamination can have a direct or indirect inpact on animals and
humans. Soil contamination can enter the body through otai pathways
including through the skin, by inhalation and wittod (Fig. 14). The air that
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people and animals breathe can contain gassestsvapd dust particles derived
from contaminated soil and transported by the wiSdme contaminants are
incorporated inside the human body though direataxi with human skin or by
the settlement of soil particles on the skin swefdtis kind of contamination finds
its way together with food into the alimentary trat animals and humans. Soil is
often directly consumed by small children (dirtynda or the consumption of
contaminated food).

T B
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\ (' i UNDERGROUND WATER
\ -
\

% R e

Fig. 15. Pathways of contaminated soil penetratitmthe human body.

3.1.7. BIOINDICATION OF SOIL

Bioindication is commonly used method in evaluatitite level of
contamination in soil.
Biological tests should be conducted for soil when
— there is a risk for harmful effects from contaméethtsoil on living
organisms,
— there is a risk of contaminants leaking from thiéisto groundwater,
- if the soil has low level contamination,
— if the soil is intended for agricultural or gardese, when it is necessary to
evaluate biologically the effectiveness of soil ification on previously
contaminated soil.

The selection of bioindication tests depends onittended use and function of

soil (tab. 4). The analysis should be done for amihated soil or water soll
extract.
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Direct soil analysis enables the assessment of adlity as a habitat for
microorganisms. The analysis of water extract adlothe measurement of
contaminants that wash out from soil. In the enwinent, these contaminants can
infiltrate into the soil and reach the groundwadsr well as enter water bodies
through surface runoff. The tendency of soil contents to enter surface water or
groundwater is a function of their retention in theil. Once in water, the
contaminants can affect the biocenosis of the &meavironment.

In conducting a direct toxicity assessment at thedpcer level, the best
representatives are plants whose growth, repraslucéind yield are strongly
influenced by the presence of xenobiotics

(alien compounds)Avena sativa, Brassica rapa, Lepidium sativum | $&mdus
aureus, Secale ceralffig. 16, 17 and 18)Lepidium sativunis commonly used as
a standard assessment of toxicity for differentnaals in soil. This test is based
on the direct observation of the influence of camteants on its germinated seeds
Cytotoxic substances cause the inhibition of meryst cell division leading to the
inhibition of plant organ function.

Fig. 16. Toxicity test witlfecale ceraléshoot and root length—inhibition
growth test).
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Fig. 18.Lepidum sativum a species commonly used in soil toxicity testing
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The reaction of consumersto contamination is studied using the following
species in standardized tesBmllembola-springtails (Fig. 19) Folsomia candida
Crustacealsopoda -OniscideaOniscus asellusand bees. The very characteristic
and commonly tested animal is the earthwdgisenia fetida(Fig. 20, 21 and 22)
Its mortality is the basis for assessing the atanieity of many compounds. Such
tests mainly measure the results of toxicant agtiwhich penetrates the skin. The
springtail test measures the influence on repréolictmainly through the
intoxication of adult specimens, their eggs anceples. The test on Oniscidea
measures the influence of chemicals on the methoinainly by intoxication
through food. Isopods are very important due to fthet that they are very
common, widespread and play a crucial role in thgsgal decomposition of
leaves making them more easily degradable by migesosms. Isopods are also
very resistant to starvation.

The test on bees is intended to assess toxic semuliseful species.

In addition, Enchytraeus albiduand Panagrellus redivivusare also used as
bioindicators. Table 4. shows some important datéor biotests in tems of the
planned soil use.
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Fig. 20. An earthworm — a very sensitive group ugesbil monitoring.

EXPERIMENT |
CONTAMINATED
SOIL

Fig. 21. Earthworms — assessing their mass daritoxicity test.
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Fig. 22. Toxicity test for soil usingisenia fetida

Table 4. Selection criteria for biotests in temshef planned soil use.

Soil function

Intended soil use

Retaining
function

Habitat function

Place of plant

Microhabitat of

growth soil biocenosis
Type of conducted| Tests on water Tests on soil organisms
biotests organisms
Soil below sealed yes No No
areas
Industrial unsealed yes No No
areas
Soil used for surfact yes (yes) No
covering and fill
Parks and yes (yes) (yes)
recreational are
Agricultural and yes Yes Yes

horticultural areas

Bioindicator types

Luminescent
bacteria,
Alga,
Crustaceans

Vascular plants

Luminescent
bacteria,
Nitrification and
respiration
processes,
Earthworms
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Destruents (decomposersgan be used to estimate the influence of contaimma
on soil microflora. During testing, this is done &yalyzing the number of bacteria
belonging to certain physiological groups. Also,e thenzymatic activity
(dehydrogenase, catalase, esterase) and the ragspifation in the soil can be
measured with soil respiration taking into accoomygen uptake and carbon
dioxide emissions.

It is essential for ecotoxicological studies togahkto account the retaining function
of soil. Soil has a solid structure, although pdilsd with air and/or water are
situated between soil particles and can take um 80 to 60 % of soil volume.
Particularly during heavy rainfall contaminants camgrate from the soil and
become dissolved in water. Once in solution, tosigbstances can enter
groundwater and surface water where they poseeattto water biocenosis and the
people who use this water, e.g. for drinking watnindicators inhabiting the
water environment are also used to evaluate theityf soil extracts. Common
bioindicator organisms were described in the previchapter.

Microbiotests, such as the system Microtox, ar® aised in toxicological soil
studies. Direct contact tests (TBK) enable directtact between the bioindicators
and the studied sample. This allows the toxicitycofnpounds poorly soluble in
water and of substances that create complexeslinrsia bottom sediments to be
measured.

4. METHODS FOR ASSESSING THE TOXICITY OF DUST
AND GASES

4.1. ANALYZING THE INFLUENCES OF GASES AND DUST ON THE
DEVELOPMENT AND FUNCTION OF PLANTS AND ANIMALS

4.1.1. INTRODUCTION

Industry emits a large amount of gases and dustaimosphere. These
emissions are by-products of different technologedthough they mainly stem
from fuel consumption. The most commonly emittedssgs include carbon
dioxide, carbon monoxide, sulphur dioxide and g oxides. Anhydrides of
very strong acids are among the most harmful tatpleand animals. The
commonly emitted gasses sulphur dioxide, nitrogedes and hydrogen fluoride
(emitted by the glass industry) react with watezsgnt in the atmosphere, soil,
hydrosphere and within organisms. From such reagtairong acids are formed.
Carbon monoxideis able to bind with haemoglobin and this toxim cause death
in animals including humans since animal organisres haemoglobin for the
transport of oxygen and carbon dioxide. The toyxiaif carbon monoxide is
significantly lower for plants than the anhydrid#sstrong acids, although carbon
monoxide does act toxically in greater concentrei€arbon disulfide is highly
toxic to animals because it affects their centrvaus systemindustrial dust
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mainly includes substances insoluble in water drey tcan have a mechanical
impact on tissues and toxicants such as aromatimbgrbons and heavy metals.

4.1.2. BIOLOGICAL CONSEQUENCES OF SOIL ACIDIFICATIO N

When acid rain reaches soil, gases bind with dpélary water in soil. The
presence of acids in soil, mainly sulphuric acah cause the following effects: an
increase in soil acidification, washout of alkalimgrients such as Ca, Mg, K, and
Na, creation of an ion balance disorder, limiting influence of edaphon causing
changes in species composition and a transformaticioxins into forms more
assimilable for plants. For the latter, a highetaldp of toxins can lead to
intoxication.

4.1.3. INDUSTRIAL DISEASE OF FORESTS

Industrial forest disease (Fig. 23) is a compédatand long-term
phenomenon usually consisting of four stagétsgel is when industrial gases,
mainly sulphur dioxide and nitrogen oxides penetriato stomata and enter the
parenchyma cells. Dust creates an isolation lapahe surface of the leaf making
respiration and cuticle transpiration impossibldlgvialso limiting photosynthesis
due to the lack of light. This disruption leadsatdower production of substances
that protect the plant and this can make the plaeaker making it more
susceptible to, infection by different pathogenshsas insects and fungi. At this
stage of the disease the assimilation apparatdessoyed which influences the
gradation and succession of pest assemblages.dstagell these pests attack
treetops with insects feeding on leaves. The peaséeking spruce forests use
monosaccharides in needles for their growth. Latests which attack lower parts
of the trunk appear. The gradation of cambium ahtbgm pests, which are
secondary pests, suggests tsi@ige |1l of the disease is occurringPests attack
trees already affected with these trees unabledres sufficient resin to flood the
pest microhabitat. Pine, which is quite resistanphysiological disorders, has a
large number of characteristic pests. Spruce tresmct very quickly to
physiological disorders and thus pest assemblagesa that varied. Unlike some
conifers, deciduous species do not have varied pestmblagesStage IV of
industrial disease takes place after the forestttiaged out. In this stage, weeds
cover the undergrowth or the area changes into wfceievetland.

Effects of forest industrial disease

1. Treetops become thinned out; conifer trees diber needles.

2. The tops of trees dry at an advanced stage.

3. Treetops change colors from green into yellowrey. They fade away.
4. Deciduous species and larches lose their |ezandisr.
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5. Needles of pines and firs become yellow fromeéhd; the border between the
yellow and green part of needle is very sharp asithle.

6. Needles of larch become brownish or reddishr twor changes gradually into
yellow and finally into green at the base of thedie.

7. Needles of spruce become spotted irregularlgsahspots are yellow at the
beginning, concave, and then turn red and browa]l§i they fall down.

8. Leaves of oak become spotted, mainly among Betkiese spots are light green
at the beginning; then they turn yellow and reddigth their edges lighter.

9. Leaves of beech also become spotted, but theyywliow and white at the
surface; spots on clone leaves become darker.

10. Reddish and brownish spots appear on the leaf/dmden, alder, birch,
hornbeam and ash; older trees have white spots.

11. If the concentration of gases is high, leavesumdeveloped with the surface
lower and the needles shorter.

Fig. 23. Industrial forest disease in the Karkomosad |zerskie Mountains.

4.1.4. THE DIRECT EFFECTS OF INDUSTRIAL ACID EMISSION S ON
PLANTS

Acids in gas form and acids which originate froesegous acid, mainly
sulphur dioxide and its derivatives, influence péaim three forms: gases (react
with water of the cell plasma creating acids), aetwf acids, acid solutions in
form of acid rain and capillary water in soil. Thatural pH of rain is usually in the
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acidic range, from 5-6. Rain with a pH <4.5 is ¢desed acid rain while rain with
a pH less than 3.6 is very harmful to the environine

The gaseous acids and the other acid forms influéine following physiological
processes of plants:

— transpiration

— photosynthesis

— respiration

— metabolism of free aminoacids

— conversion of monosaccharides into polisaccharide

— permeability of cell membranes

Acid emissions destroy leaves, specifically nedleuticle (wax) and
stomata which leads to an increase in transpiratgplicating what is naturally
caused by heat. Destruction of the root system rdginés water and nutrient
uptake and this damage extends to the water supiem of the plant above
ground. This leads to the following effects: needial off, growth is limited and
there is a decrease in the frost and pest resetdiie assimilation apparatus is
reduced and as a consequence the plant sufferssteowation.

Toxic factors in nature usuallyact synergistically during continuous
changes of meteorological conditions. This is thainrmreason why separate
analyses of toxic factors under laboratory condgiofrequently produce
completely different results compared to analységdhe synergistic influence
regarding these factors on environment.

The manifestations a@fanspiration disorder depend on the time when the
gaseous acid affects the plant. Blocked stomathénopen position increase the
amount of transpiration (stomata transpiration),ilevihe dehydration of cell
plasma causes resistance to transpiration: deldlistomata cells collapse and
close the stomata reducing the amount of waterldgsthe plant. If the osmotic
potential (the sucking power of the plant) breaks/d, the plant becomes unable
to take in a sufficient amount of water and diesrfrdehydration.

The gaseous acids and other acids cause a raveénsihe transpiration
process. Usually the upper parts of the treetapspie much more than the lower
parts. Trees under the influence of acidic toxaect in the opposite way meaning
they transpire more in the lower parts of treeRipe and fir under the influence of
sulphur dioxide decrease their intensity of trarejon by a factor of 1.5 to 2.0.
In general, trees subject to these toxins varytiin®s more in their transpiration
intensity compared to trees in good condition.

Soil acidification destroys the rhyzosphere lingtiroot growth causing
dwarfing. This destruction diminishegater and nutrient uptake by plants.lons
of metalsare washed out from the soil by the acidic capillater and such ions
can also have a toxic effect on the roots.

Long term exposure to sulphur dioxide with a comedion of 130-—
230 pg/m causes aecrease of photosynthesis intensity coniferous treesFirs
exposed to sulphur dioxide for 10 weeks exhibit0&06drop in photosynthesis
intensity. Other gaseous acids such as hydrogemidiel have a similar influence
on photosynthesis.
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Plant damage by gaseous acids inclUidesitin — a pathological product
of chlorophyll disintegration. Damage to this causke chlorophyll content to
decrease in the plant changing the proportion dérophyll a:b. During this
process, sulphur dioxide binds to iron compoundshiloroplasts, the cell content
dies and the chlorophyll creates lumps becomingvbrtmsing its color. Changes
in theultrastructure of the chloroplast also occur.

The threshold value for sulphur dioxide influergchespiration is greater
than the threshold value for influencing photosesth. For example, a fir
specimen without light under the influence of sulptioxide exhibits a growth in
respiration intensity on the first day of the expemnt; after four days the intensity
drops to a normal level and later decreases further

Plants damaged by sulphur dioxide also show
— an increase in the concentration of low molecalecharides and a decrease in

the starch concentration
— disorder in the metabolism of free aminoacids @adécrease in protein content
— growth in the permeability of cell membranes Hasg in losses of various
valuable compounds, i.e. sugars, proteins and rimer

Different species exhibit aaried sensitivity to acids and industrial
emissions. Symptoms of chronic intoxication areyveften observed in trees and
shrubs. Coniferous trees, changing their needlesydew years, are usually more
sensitive to toxic emissions than deciduous treliglwchange their leaves every
year.

4.2. THE INDIRECT EFFECTS OF INDUSTRIAL ACID EMISSIONS ON
PLANTS

Industrial emissionsare not the direct causeof intoxicated forests.
Disturbances in physiological processes leadweakening of treesnaking them
more sensitive taatural limiting factors such as frost, wind, snow, drought,
reduction of assimilating apparatus by pests, @rthveakness caused by
microorganisms, fungi and secondary pests. The gigtier influence of these
factors very often leads starvation and deathof the tree.

4.2.1. THE EFFECTS OF DUST ON PLANTS

Industrial dust includes carbon, volatile ash, silicates, oxidémgphates
and fluorides. Dust containing lead is particulatbkic to plants.The direct
influence of dustis purely mechanical with dust covering the surfaéelants
leaves and other parts. The blocking of stomatassadssruptions in the exchange
of gases, transpiration, photosynthesis (due &l df basic substrate — @Qcell
respiration and energy exchange. The dust covehagstirface of leaves makes
cuticle transpiration difficult (cuticle transpiran proceeds through the cuticle
layer, not through the stomata). Also, the avdiligbof light to the parenchyma
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cells becomes limited influencing the intensity piotosynthesis. When the

humidity of air is high, all soluble constituents dust are dissolved in water and
enter the plants. If they happen to be toxic, thlelde constituents can cause the
intoxication of the organism. One common industdabt, cement dust, can even
burn through the epidermis. In addition, the disgmation of chlorophyll and the

loss of immunity to parasites can occur.

Indirect effects also take place and concern a change in the chemica
properties of soil. Such a situation can be favioler#o some organisms such as for
the calciphilous species growing near a cementtpl@hanges in the chemical
properties of soil (as with other environmentaltéas) alter the composition of
species in natural or nearly natural biocenosisis Tdtcurs through the over
reproduction of some species which out competer gifamts thereby changing the
biodiversity and homeostasis of the biocenosis.

Industrial dust includes ions of lead which caockl enzymes and change
the electrolytic homeostasis. The presence of leades cell divisions to become
limited, the amount of acetylo- Coenzyme A to daseeand the content of organic
acids to diminish in roots. The dark phase of pytthesis is also repressed. Lead
negatively influences the germination process efiseand their growth probably
by affecting the uptake of microelements. Leaddsumulated in plants organs,
particularly in the roots and leaves. Differenta@pe of plants readily accumulate
lead or other heavy metals. This ability can beotaable for people and
environmental protection. For example, plants ablaccumulate a large amount
of lead can be planted along motorways under tineliion that they are not used
later as food for animals or people (grazing catdar motorways or planting with
fruit trees). A contaminated area should be plamtithl vegetation that can later be
used for decoration or in non-food industries. ©ftirse it is possible to plant
edible species that are not able to accumulateyhmatals at high level. Examples
of theeffects on plants of selected metatontained in industrial dust are showed
in tab. 5.

4.2.2. THE INDIRECT EFFECTS OF DUST ON ANIMALS AND PEOPLE

The long term inhalation of dust including insdkilmineral particles can
leadto pneumoconiosisn animals and people. Two formsmfieumoconiosisare
known: carbon and silicone. This disease is comnmominers, grinders and
stonemasons as an occupational disease. In teigsgisnhaled dust is deposited on
lung tissue causing irritation and inducing thergvewth ofconnective tissuehat
forms the scaffolding for the lungs. This overgrowg a direct cause of respiratory
failure. The excess dust is transferred by the lyatip system as is the case for all
alien substances. That is why the dust also acatesilin the lymph nodes
inducing changes similar to those occurring in hinegs, i.e. fibrosis and dust
incrustation.
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Table 5. The influence of selected metals on sontleeophysiological processes

of plants.
Metal The influence on metabolism

Mercury | Disturbance of the proportion between abyryll a and b

Copper Decrease of respiration intensity, synthekishlorophyll, activity
of some enzymes

Zinc Chlorosis and a drop in photosynthesis intgnsit

Cadmium | Drop of chlorophyll content and necrosis

Arsenic Inhibition of germination and growth of pta

Chrome |Plant fading, underdevelopment of the root systkaw, biomas:
growth

ManganeseChlorosis

Iron Disturbance of the metabolism of other elements gnalwth
inhibition

5. USING BIOINDICATORS IN EVALUATING AIR
POLLUTION

5. 1. INTRODUCTION

Important features of bioindicators. The definition of bioindicator and
the criteria for using different organisms as bilidators in environmental
assessment are ambiguous. Bioindicators becomeilusen it is possible to
assess the exact amount of toxicants in time baselde presence of a bioindicator
or its reaction. Also important is that from thecton of the organism or merely
from its presence, it is possible to assess noy ¢mé contamination of the
environment, but also to detect the changes irfuhetioning of living organisms
caused by toxicants. This is because living orgasiare the subject of studies by
ecologists and should be the only important coteriwhen considering
environmental protection actions. A reliable biogador or biondicative reaction
should register changes of toxicant factor intgnisitime. In the past, priority was
given to features of bioindicators such as rapattien, visual changes and low
cost of their use. However, improved laboratory ods and equipment coupled
with the high cost of physical and chemical anady$ed to a change in the
important criteria of bioindicators. The applicatiof bioindicators is usually much
cheaper than chemical and physical labor intensie¢hods. The new laboratory
methods enable the detection of changes which tdrenperceived by our senses.
For indicator species it is crucial that they asenmon.

44



Organisms and indicative reactions, bioindication ad
bioaccumulation. In the biological research of environmental caodi it is
important to distinguish between bioindicators,.l&lgens, mosses and fish, from
indicative bioreactions, e.g. photosynthesis, rasipin, and chlorophyll content.
Although not typically biological, it is common #xamine humus and the activity
of humus enzymes as well as to conduct an acitificanalysis and determine the
buffering capacity of bark. Bark and humus are ablaccumulate some toxicants
and thus they can be applied as biotests. It & @dssible to use bioaccumulators
which differ significantly from bioindicators. Bindicators are the organisms
which exhibit physiological changes caused by tamis. Bioaccumulators are able
to accumulate toxicants inside their bodies. Bioamglation is an organism’s
defensive mechanism against a disturbance of plogéial processes. The same
organism could accumulate toxicants while alsoisgras a bioindicator.

Laboratory conditions versus natural conditions It is commonly known
that acute and chronic intoxication symptoms vagpehding on the dose of the
toxicant. Usually under laboratory conditions, amell-known factor in constant
atmospheric conditions or a stable group of factacting with well known
proportions is investigated. In nature, toxicantually act synergistically, in
groups which are not stable in terms of quality ajpntity under changeable
atmospheric conditions and under the influence tbeiofactors connected with
natural selection that are absent from laboratonditions. In nature, toxicants can
enter the organism in many possible ways. It iy vare that only one part of the
environment is contaminated, e.g. only air or fawdsoil. In contrast, such a
situation is likely or even required under laborgtoconditions.

Classification. Bioindicators and bioaccumulators exhibit a greatiety
and thus they can be divided into a few groupsbiéfdicators, wild animals can
be also used if they are living within the studyarSuch organisms exhibit a
natural genetic variability. Organisms transplant#d a study area or organisms
used in laboratory experiments are selected aguprdld their utility in the
experiment, e.g. hereditary attributes are takém consideration such as race or
the variant particularly sensitive to the studiexi¢ant. Trees growing in the study
area can play the role of bioindicators indicatihg results of long-term toxicant
influence on organisms. The majority of bioindiaatoexhibit physiological
disorders as a reaction to even low toxicant comagans while at the same time
they are resistant enough to physiological distacka that they can tolerate high
concentrations of toxicants. This capability enalligsndication for a wide range
of toxicant concentrations. There are also somenbiocators which die or migrate
in response to a certain concentration of toxicant an influence of an
environmental factor, e.g. the appearance or dedinthe hygrophilous species
which indicates changes in water quality for a gtadea. The segregation of
different species according to threshold valueghef lethal concentration of a
toxicant enables the creation of a scale for assgslke toxicant concentration in
the environment. Knowledge concerning the speai@sposition in the study area
is sufficient for such studies. A threshold valwr the most sensitive species
inhabiting the study area is a barrier below whwd concentration of a toxicant is
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maintained. The lichen scale used for evaluatiegstiifur dioxide concentration in
the atmosphere can serve as an example.

5.2. LICHENS AS BIOINDICATORS OF SULFUR DIOXIDE IN TH E
ATMOSPHERE

Lichens (Fig. 24) are organisms consistingtafo components alga and
fungus. The alga most often belongs to Chloropbyt@yanophyta and the fungus
to Basidiomycota or Ascimycota. The systematics iofidns is based on the
systematic membership of the fungus component. Bothponents in lichen are
living in symbiosis which means they agponeering organisms Because of this
they are able to inhabit places inaccessible teratihganisms where there is a lack
of existing water and nutrients: rocks, sand, bafrkrees, walls of houses and
fences. The fungus delivers bases to the alga wéiiieg the shape of a thallus.
The fungus also creates cortical protective layrette thallus of lichen which are
built from joined hyphae. The fungus plays an int@or role protecting the alga
from drying and delivering water with mineral salts exchange, the fungi obtain
organic compounds produced by the alga during thetgsynthesis process.
Lichens can uptake nutrients not only from the,dmit also from the atmosphere.
With such uptake abilities lichens also pick upitarts which are transmitted to
the atmosphere in the form of gasses and dust. ateegarticularly sensitive to the
effects from sulphur dioxide and sulphuric acide&ted from sulphur dioxide in
the atmosphere). Other toxicants such as fluokaasl and cadmium do not exhibit
such visible effects on lichens.

The sensitivity of lichensto environmental pollution was first observed 89@ in
Paris. Coal replaced firewood heating in flats wgirihis year. In 1866, 33 species
of arboreal lichens were observed in Parisian pdrksontrast in 1896 there was
not even a single species present. A similar effext observed in other cities in
Europe and the United States when wood was replagembal containing a high
concentration of sulphur. The return of lichens #&ri$tan parks was observed
again in 1990.

The British scientists Hawksworth and Rose orddictens growing on the bark
of deciduous trees based on their sensitivity éocibntent of the sulphur dioxide in
air. They created thechen scalein 1972 which is commonly used for determining
the concentration of atmospheric sulphur dioxide. téam from Wroctaw
University coordinated by Ewa Byikka simplified the initial lichen scale
developed by British scientists for applicationlbgs skilled users. This scale will
also be used during these laboratory exercises.
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Fig. 24.Hypogymnia physodeene of the bioindicators for sulphur dioxide.

5.3. PLANTS AS BIOINDICATORS OF GASEOUS POLLUTION

Some plants are good bioindicators of gaseoustpolist Asbioindicators
of sulfur dioxide, the Fabaceaeplant family is widely applied, i.e. clover,
lucerne lupine, broad bean tulips, swordtails, igrbegonias and seedlings of the
grapevine. In addition, the plovers Binus strobugine are good indicators of air
pollution from hydrogen fluoride. A vase experimeuth the use of different grass
species is commonly applied to conduct the biomtiimn of permanent and
gaseous fluorine compound. For thieindication of ozoneyoung tobacco plants
(Bel 3 variant) are commonly used.
With gaseous pollution a blotchiness in leaves agry often and this kind of
symptom is easily observable even for the inexpegd researcher. Blotchiness is
a clear symptom of plant intoxication and is usedibindication. This blotchiness
can have the character of chlorosis and of necr@iforosis (Fig. 25) means in
practice a reduced amount of chlorophyll and tteeefthe lack of green pigment.
Chlorosis often takes place only in the parenchyma of tlaé between its nerves
or edges of the leaNecrosis(Fig. 26) simply means the dying out of some parts
of plants. Fragments of leaves die out most oftenming characteristic stains.
Also, entire leaves may dry out starting from tliges or a central part; another
possibility is that the growing tops of shoots nthg out. Chlorosis and necrosis
could also result from a deficiency of some nutisenThe indicators of
atmospheric air pollution are also symptoms of sidal forest illness described in
the previous chapter.
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Fig. 25. Chlorosis caused by pollution.

Fig. 26. Necrosis caused by pollution.
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5.4. BIOACCUMULATION AND ITS APPLICATION IN EVALUATING
ENVIRONMENTAL POLLUTION

Bacteria accumulate harmful substances in the mucus suliogrtheir
cells, in their cell walls and cell membranes. Peaetration of poison into the cell
causes intoxication and can result in the deatiniofobes. An exception to this is
when microorganisms are able to include a poisothé@ir metabolic processes.
The accumulated toxicant then returns to the enwient after the death of the
organism causing secondary pollution of the envirent.

Plant and fungus cellsstore their reserve materials and harmful substanc
vacuoles. Higher plants accumulate the most harsuvbbtances in garner organs,
most often the edible parts of vegetables. Harmsifibistances can also be found at
higher concentrations in roots (due to the uptakefsoil with water and mineral
salts) and in leaves (from the uptake of air in pinecess of gas exchange and
permeating through the cuticle). The uptake andiddomulation of metals by
plants depend on the following factors: type andnaical form of the metal, its
concentration, plant species and age as well dsrfaconnected with the abiotic
environment, i.e. the soil composition, pH moistamntent, oxidation-reduction
potential and to some extent temperature and iigbhsity. Oxygen conditions in
water are very important in the case of bioaccutiarieby aquatic plants. The pH,
hardness and type of substances dissolved in wegetlso very significant.
Vertebrates accumulate harmful substances in the liver, adigzsue and also in
their milk and eggs. Considerable research has teeducted regarding the ability
of some lichens and mosses to accumulate heavysastavell as the tendency of
pine and spruce needles to accumulate sulfur congsou

5.5. BIOREACTIONS AS AN INDICATOR OF ENVIRONMENTAL
CONTAMINATION

Apart from easily visible symptomdjsorders of physiological processes
are used as indicators of environmental pollutibhe following processes are
studied: intensity of photosynthesis, respiratiod aeed germination. It is possible
to measure the intensity of respiration and phattt®sis by applying of direct
methods (the rate of respiration and photosynthesimdirect methods (content of
chlorophyll, feofitin).

The inhibition of germination is one of the bioreactions used for investigathey
toxicity of chimney dusts and soil. This examinatimonsists of determining the
ability of seeds to germinate when placed in a lduchiamber and subjected to the
influence of an extract of dust or soil. Seeds arfious species of plants exhibit a
diversified sensitivity to examined toxicants. Thetracts of low concentrated
water-soluble toxicants could even stimulate thenjigation process. As a rule, the
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inhibiting effect of dust or contaminated soil pugds a delay in germination and
does not completely block this process. Contaméhaézdlings in the initial phase
of their growth develop more slowly than referersamples. Germination is a
physiological process dependant also on naturair@mmental factors such as
humidity of the soil and temperature among othEws. example, the presence of
light delays germination. Certain species have umigequirements with some
requiring over-cooling or drying for a few months arder to gain the ability to

germinate.

6. BIODEGRADATION OF XENOBIOTICS AND ITS
INFLUENCE ON NATURAL DECOMPOSITION PROCESSES

6.1. INTRODUCTION

Many xenobiotics enter the environment with the arigj of them being
very harmful to living organisms due to their toxind mutagenic properties. The
biodegradation of organic compounds is already wmetiwn as this constitutes an
important part of carbon circulation in the biosghén comparison, little is known
about synthetic organic compounds. Microbiologictdansformations of
xenobiotics often occur with great difficulty andus pollution caused by these
compounds can be permanent. Permanent pollutamtsusuwally taken and
accumulated in living organisms. The spreading oflupants long distances
through particular links in a food chain is a danogis feature of this type of
toxicants. However, many synthetic organic compasunthdergo biological
decomposition thanks to bacteria being able to tattaptilize a new substrate.
Bacteria do this by producing appropriate adaptineymes. This bacterial ability
plays a major role in the process of detoxifying ecosystem. Products of
metabolic transformations, in contrast with maniahsubstrates, do not generally
exhibit harmful effects on living organisms. Howevthere are exceptions to this
and it is commonly known that dangerous producte areated from the
metabolism of precursors which do not show suclpgmies. For example, nitrates
are precursors of carcinogenic nitro-amines forrmedhe soil. The ability of
microorganisms to degrade xenobiotics depends en ctincentration of the
xenobiotic in the environment. This concentrationwdt be low enough so that it
does not cause lethal effects or disorders of phggical functions in living
organisms. When there is an increase in the tokiamcentration, changes in the
microorganism population structure may take placel @s a consequence,
decomposition processes of organic matter candtarted.

The susceptibility of organic substances to biaabidecomposition is also
dependant on their chemical structure. Even slighdifications in the structure of
molecules can make them available as a substratemforoorganisms. For
example, microorganisms do not attack the branamadh of alkyl since it does
not match the active centres of their enzymes. Wewewhen the alkyl chain is
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straightened, it becomes susceptible to immediateotriological disintegration.
The susceptibility of aromatics to biodegradatisndependent on their amount,
type and mutual arrangement of substituents. Grdted hydrocarbons are more
resistant to biological degradation if they contaiore halogen substituents, but
this resistance decreases from fluorine to chloamel it is the lowest when
bromine and iodine are present in the ring. Thegmes of the chlorine atom in the
aromatic ring in the meta position makes this rogmpletely unavailable to
microorganisms. This effect is smaller when theogah atom is placed in the
position ortho or para.

It is apparent that the process of biodegradatEpedds on the presence of other
easily available nutritional substrates in the emwvinent. For example, it was
observed that fertilizing the soil in a contamimhtecation increases the adaptive
ability of microorganisms to use the xenobioticsaasource of carbon. The most
toxic and mutagenic xenobiotics are polycyclic aatimhydrocarbons (e.g. 3,4 —
benzopyrene or 1,2 - benzanthracene Fig. 27) adsasehany phenol derivatives
(chlorine derivatives of phenols). These substaacesreated from the incomplete
combustion of organic substances. They can infdtiato the water from asphalt
roads, combustion gases, petroleum and coal treatplents (coking plants,
gasworks). Aromatic amines are also very dangereaug, benzidine (4,4'-
aminobiphenyl) or B - naphtylamine (Fig. 28). Theg aearly insoluble, toxic and
carcinogenic; thus, their removal from water regsiispecial treatment technology.
They enter into the environment from dye factoriggthetic rubber and other
plastic factories as well as from pharmaceutican{d. Chlorinated biphenyl
derivatives are compounds that are nearly insolubleater, permanent or very
long-lasting and are usually not biodegradable. dddition, the thermal
decomposition of these compounds is possible onleraperatures greater than
1573K. These compounds are used as dielectric liquidcdndensers and
transformers, as hydraulic fluids, insulating miatsrin electronics or as additions
to paints and varnishes. Thus, they can migrateutfir food chain stages in the
entire biosphere. These substances have been foundry food products, in the
adipose tissue of mammals and also in people,reipe breast milk of women.
Some pesticides, especially polichlorine hydrocasbsuch as DDT (Fig. 29),
readily accumulate in some tissues and in linkheffood chain.

DDT is toxic even after a period of 14 years anckalily accumulated in the fatty
tissue of birds and mammals. Detergents are equaalhgerous. The ecological
aspects of detergent use are in general poorly retodel. Some of them are
carcinogenic; others are easily degradable, budecautrophication; and yet others
cause normally insoluble, frequently carcinogenibssances to dissolve in water.
The most dangerous are detergents containing aqaaytecarbon and along
hydrocarbon chain. The possibilities for biodegteataconsequently diminish as
the hydrocarbon chain becomes longer. Also, a lormhain leads to a greater
toxicity(e.g. alkylbenzene sulphonate Fig. 30).

Petroleum spills pose a very serious threat toetiveronment. Soil contaminated
with oil is biologically and chemically degradeddapetroleum creates a danger for
the secondary contamination of water. Petroleunveér compounds consist
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mainly of aliphatic hydrocarbons and a small numbéraromatic and cyclic
hydrocarbons. Their toxicity and mutagenic charaiserommonly known. Self —
purification of soil and water from petroleum-dexily products under natural
conditions is a multistage process which can laahynyears. A long time is
required mainly due to the presence of brancheanal& which are less vulnerable
to attack of microbes.

Heavy metals are an example of long-lasting patiigaThey are accumulated in
sediments and soil, enter the food chain and trigg@ngerous effects for
biocenosis and human health. Metals in the forml@ients are not toxic to living
organisms since they are practically insoluble.yQudirs can penetrate into the
human body through the respiratory tract and thie. Skherefore, mercury, which
evaporates easily, is a poison. The strongest fudperties occur in the inorganic
compounds of metals. They are easily soluble arahgly dissociating and thus
they enter easily through cell membranes. In génleeavy metals are found in the
soil in an insoluble form. However, they may undedjfferent transformations
from inactive forms into soluble active forms firsegatively influencing plants
and soil microorganisms and later animals and hsm&och transformations are
associated with the physicochemical propertiehefsoil, especially with pH. For
example, lead in an acidic environment occurs rgaimlthe PB? form which is
strongly toxic, while with lowering acidificatiort hydroxides to (Pbg)?, a form
which is less toxic because of its low solubility.
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Fig. 27. Policyclic aromatic hydrocarbons, typicahtaminants of water.
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Fig. 28. Aromatic amines.
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Fig. 29. DDT (dichlorodiphenyltrichloroethane).
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Fig. 30. Detergent with quarternary carbon andg lalkyl chain.

Microorganisms exhibit the ability to accumulatealty metals from the
surrounding environment. Microbiological accumuwatiprocesses of metals can
be divided into three groups: the sorption of méals on the surface of cells,
intracellular uptake of metals and a chemical fiamsation as a result from the
activity of biological factors. The transport of takions into cells is often
accompanied by the secretion of microbial metabsliand the formation of
complexes with the metabolites and the metal. Swmlitralized metals may be
transported to the inside of the cell. Next, iofisr@tals can undergo metabolic
transformations leading to their precipitation inetform of hardly soluble
compounds, the creation of chelat or a transfownatito volatile compounds. The
accumulation of heavy metals in the cell leads logher concentration compared
to the concentration in water. After the death bé tcell, the accumulated
compounds are again released into the water.

6.2. BIODEGRADATION OF SELECTED COMPOUNDS
6.2.1. BIODEGRADATION OF AROMATIC HYDROCARBONS

The degradation of aromatics in aerobic conditioosurs in two stages.
The first stage is when the transformation of dtupmtts, side chains or entire
aromatic rings takes place. The second stage inwdhe transformation of single
aromatic rings. The transformation of phenols cetssbf incorporating an oxygen
atom into the C-H bond of the ring and buildingirgke hydroxylic group in the
substrate. Another atom of atmospheric oxygendsiged to the water molecule.
This process is conducted by enzymes belonging daowxygenases from the
group of hydrolases. This is how many aromaticstamesformed to the indirect
crucial metabolite - pyrocatechin (Fig. 31). Thimmpound can undergo further
biochemical transformations with the participatmioxidases or oxygenases. The
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oxidation of pyrocatechin by oxidases leads to firenation of quinines which
undergo polymerization or condensation creatingihemompounds or melanins.

Q@H
OH

Fig. 31. Pyrocatechin — a crucial metabolite indbgradation of many aromatic
compounds.

The oxidation of pyrocatechin by dioxygenase triggbe incorporation of
two atoms of oxygen directly into the ring of pyabechin followed by its
disruption. Pyrocatechin undergoes a further t@nstion depending on the
produced enzyme. The ring cleavage is catalyzed ibxygenases and the
disjunction takes place between two neighboringtwyd groups ¢rtho cleavage)
or between a hydroxylated and non-hydroxylated aaratom fneta cleveage).
The breakdown of the aromatic ring in the orthoitims causes the creation of
acetyl-CoA which is involved in the citric acid dgc The meta fission of the
aromatic ring leads to semialdehyde 2- hydroksymat® or its analogues to
acetaldehyde and pyruvic acid which are includetthéncitric acid cycle.

6.2.2. BIODEGRADATION OF CHLORINATED PHENOLS

The biodegradation of chlorinated aromatics reti@sthe possibility of
transforming a coal skeleton into indirect metaesli with the simultaneous
transformation of an organic halogen into a mindaam. The removal of the
haloid substituent in the metabolic pathway is mit@l importance. This removal
may occur differently with different microorganisms could take place in the
early stage of biodegradation. The fission of thematic ring at the beginning
followed by the detachment of the haloid substituém an alternative.
Dechlorination in the early stage, which reliestloa replacement of the halogen in
the aromatic ring by hydrogen, has been observbdimmanaerobic conditions.

The other mechanism of dechlorination relies onrdéacement of halogen by a
hydroxyl group. In this reaction, water is a domdiar the hydroxyl group, not
molecular oxygen. Dioxygenases participate in ieastin which the cleavage of
the aromatic ring occurs first. If a halogen is lbunto the aromatic ring,
biodegradation takes place via the ortho pathwa.ofthe meta pathway is used
when the removal of the halogen from the ring tablese first. This is because
meta detachment produces a product which is arbitohiof this metabolic
pathway.
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6.2.3. BIODEGRADATION OF ALIPHATIC HYDROCARBONS

The degradation of aliphatic hydrocarbons in aerafmnditions usually
occurs with the production of an appropriate al¢phlniehyde or fatty acid which
then undergoes the processGabxidization.

6.2.4. THE BIODEGRADATION OF DETERGENTS

Surfactants belong to the group of detergent chalsiiand thus they have
the ability to reduce the surface tension appeaoinghe border of two phases.
A molecule of surface-active compound consists &drey chain (aliphatic chain
straight or branched or alkylacrylic chain whichans condensed with an aromatic
core) and a polar hydrophilic group (e.g. OH, COOHH,, SO,). It is possible to
divide the biological degradation of detergents iwto stages. In the first stage of
biodegradation, the detergent is decomposed tmbktes elements. As a result of
this process, detergents lose their surface-agioperties. In the next stage of
degradation, the compound disintegrates intg, GO, mineral salts and other
products from the metabolism of the bacterium. HEusorption of detergent
molecules on the surface of bacteria cells is dimpirary stage of detergent
removal. The adsorbed molecule through diffusiomeprates into the cell where it
undergoes biodegradation allowing space for theratisn of the next molecule
on the surface.

7. TOXIC COMPOUNDS OF NATURAL ORIGIN
7.1. INTRODUCTION

Eight hundred plant species are commonly knownlastg which possess
prussic acid. Prussic acid mainly occurs in sekxdsjes or bark of the following
plant families: Rosaceag Linaceae Juncaginaceaeand Caprifoliaceae Plants
from the genus figlochin belonging to the familyJuncaginaceaeontain a large
amount of HCN. It is possible to come across th#aats in meadows, bogs and
peat bogs. A well-known cyanogenic glicoside, amaligg occurs in the pits of
plants from theRosaceaefamily (e.g. cherry, plum, bitter almond or apple).
Inimmature flax seeds Lihum usitatissimujn linamarin can be found
(in concentrations of about 0.3 %) and immaturédraf Sambucus nigraontain
sambunigrin. Compounds such as amygdalin and pirusae found in the leaves
and seeds of stone fruits (almonds, peaches, &priplums and cherries). The
content of amygdalin in 1 g of pits is as followscherries — 1.7 mg, in almonds —
4.5 mg. Consuming a large amount of bitter almorats cause lethal poisoning.
A single bitter almond contains about 1 mg of H@4¥ses of fatal poisonings have
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been well documented after consuming 50-60 bitberoads, whereas a child

could even die after just eating 10 bitter almomdsource of hydrocyanic acid is
cyanohydrins which are formed from saccharides amdno acid derivatives

(e.g. phenylalanine and tyrosine). Glicoside commaisu produce poisonous
hydrocyanic acid during their enzymatic disinteignat The mechanism of toxic

effect occurs through the inhibition of the oxidatiand fermentation processes,
the blocking of oxygen transfer (with haemoglobamd as a result the paralysis of
the respiratory system and suffocation occurs.

7.2. DETECTION OF CYANOGENIC GLICOSIDES

Cyanogenic glicosides

Cyanogenesis is a set of processes for the syatlésiyanogenic compounds,
compounds containing the CN group. As a resulinalymatic or acidic hydrolysis,
these compounds produce hydrocyanic acid (prussig) —HCN. The majority of
cyanogenic compounds exhibit a character of gldmst nitrylozoid. Among 50
cyanogenic compounds produced by plants are ampg@aimonds), prunazin
(blackthorn bush, bird cherry, cherry), sambunidgter, elder herb, elder coral),
linamarin (flax) and lotaustralin (clover). Durirgnzymatic hydrolysis (enzyme
emulsine) nitrile (cyanohydrins) and free glucose secreted at the beginning.
After this stage, HCN is freed and finally ketone aldehyde are produced.
Cyanogenic glicosides are synthesized from amimdsae.g. linamarin is derived
from valine and amygdaline — from phenylalanine &ndsine. As is commonly
known, hydrocyanic acid and its salts (cyanides) amnong the strongest toxins.
They demonstrate a strong affinity to the iron-fgmine system of respiratory
enzymes. Thus, they block the function of respmsatnzymes. Hydrocyanic acid
joins hemoglobin creating cyanohaemoglobin, whigmot able to dissociate to
hemoglobin. Some farm animals exposed to hydrocyadid from plants
(e.g. clover, numerous grasses) exhibit an inteigshechanism of detoxification:
the rhodanse enzyme converts the cyanide ion hitzyanate with the help of
sulfur which is disconnected from acid beta-merggptogronic acid
HSCHCOO,H. This detoxicating reaction is also used durihg £mergency
treatment of people poisoned with cyanide. Thesiemia are intravenously given
50 ml of 30 % sodium thiosulfate. This compound%2&odium thiosulfate) is also
used for gastric rinsing in case of nutritionalguriing. A lethal dose of HCN for a
man is about 1 mg/kg of body weight. Therefore, dimgle consumption of 70 or
more almonds, apple stones or fruits of the manda&ee where cyanogenic
glicosides are present in the amount of 0.5-1 mgdasgerous and risky.
Cyanogenic glicosides present in herbs togethdr wiiher elements demonstrate
synergism and have a calming effect. They are akxing, cholagogic, distolic,
anti-inflammatory, cough relieving and antisepfihiey stimulate the respiratory
center, although only in healing doses. Water ftomseeds of the bitter almond
tree Aqua Amygdalae amarawere first applied in healthcare many years ago.
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It contains about 0.1% of HCN. It was taken in tlese of 2 g, 3 times a day
against cough, sleeplessness, nervous excitemeémasarrh of the lungs.

7.3. DETECTION OF CAFFEINE

Caffeine (Fig. 32) is a main alkaloid from the seed the coffee bush
Coffea arabica It also occurs in other plants from tfibeaceand Sterculiaceae
families. Caffeine is a substance which exhibitdtigivectional activity. It has a
stimulating effect on the central nervous systeng an analeptic of the respiratory
center and is commonly used in curing some poigmilt can also act as a
psychoanaleptic improving association processedrain as well as reducing
fatigue and sleepiness. Caffeine also widens thebecal and coronary vessels, and
increases diuresis. It intensifies the secretiostofmach acids; thus, people with
the gastrointestinal ulcers should strictly avoidffeine. The mechanism of
caffeine activity in the central brain is still pto known. It is believed that
caffeine blocks receptors which are sensitive tenadine. Caffeine is applied in
healthcare as an analeptic for strengthening haaitn, in migraines, states of
tiredness and in drug and alcohol poisonings. igeladoses(above 0.5 g) caffeine
causes excitement, an increased heartbeat and reusole spasms. Poisoning
causes the inhibition of respiratory center actitmys, injections containing
caffeine in doses of 100 — 250 mg are applied.

Caffeine is found in the following materials:

Semen Coffeae- seed of coffee (0.3 — 2.5 % calffeine
Folium Theae — tea leaf (1.2 — 4.5 % caffeine)
Embrio Colae — embryo cola (0.6 — 3.0 % caffeine)
Semen Cacao — Seed of cacao tree (0.3 % caffeine)

0 CH,

Fig. 32. Caffeine (1.3 trimethyl 2 . 6 dioxypurin).
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8. INDUCTION OF MUTANTS WITH UV RAYS
8.1. INTRODUCTION

The damaging effects of some contaminants aredbaseheir interaction
with the genetic material of organisms causing geanin the genetic structure
called mutations. Mutations in well developed oigars, including people, may
cause the initiation of cancerous processes, disslid pregnancy development or
inherited genetic diseases often connected withtahenpairment. There are many
factors causing mutations and these factors atedcatutagens. Generally, they
are divided into physical and chemical categori&semical mutagens and their
detection are discussed in the next chapter. Udttietwadiation (UV) is considered
here as being a physical mutagen. Ultraviolet taulids electromagnetic radiation
at wavelengths from 180 to 380 nm. Because othitggaxcter it does not exhibit any
interaction with matter and is defined as a nonziog in contrast taa,, and x
rays which cause ionization (also mutagenic).

The effects of UV rays form the basis of many int@ot biological phenomena
such as the synthesis of vitamin D (against raghitihhe synthesis of melanin — skin
pigment (sunbathing), the triggering of differeppés of skin cancer and finally
the mutagenic character of UV which can be fatahitcro and macroorganisms.
Ultraviolet radiation was one of the main factangtiating the chemical reactions
necessary for the emergence of life on Earth 3-Homhilyears ago. Many
potentially harmful phenomena caused by Ultraviakediation are minimized
thanks to its absorption by the ozone layer indfnatosphere (mainly at 25 km in
altitude) and dispersion in the atmosphere. Theeefrays reaching the Earth’s
surface are mainly rays at wavelengths from 380+88((called UVA) which act
milder. Rays with shorter wavelengths (below 320 ceifled UVB) carry more
energy and thus act more strongly on the organidrase higher energy rays are
readily absorbed by ozone. Air pollution by nitogides and freons destroys the
ozone layer causing an increase in the intensitylwfviolet radiation in the
dangerous wavelength range. It has been calcullagecn ozone loss of about 1%
increases the intensity of radiation by about 2%.

8.2. REACTION OF ORGANISMS

Organisms react differently to UV radiation depewgdi on their
organizational level. Microorganisms are the moshsg#ive (bacteria, algae,
protozoans) along with viruses. Higher organismasigting of many cells are
more immune because of the relatively low penéditalof this radiation through
tissues.
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The selective absorption by DNA at the wavelendifi @m is the basis of
the mutagenic character of ultraviolet radiatiom @éffect of this activity is the
creation of characteristic changes in the nucle@d astructure. Covalent
connections are formed among pirimidine basesigodatly among thymines, and
they are called dimers (from Greek: di-two, mera)pdf a cell does not remove
these changes, it will die because of DNA repl@atlisorders. This occurs when a
large dose of rays causes too great of changdeiDNA structure and the cell is
unable to repair all the damages. Based on itbactérial properties, ultraviolet
radiation is used for the sterilization of air, datory equipment and water. It is
also possible that the enzymatic repair systemateid by the cell alone will
remove all existing damage; thus, the original D8tAicture can be reconstructed
or it may be reconstructed with mistakes in whielsec a mutation takes place.
Cells can exhibit different repairing systems agtimith various precisions. As a
rule, the system called photoreactivation actsgudlif. It starts only when light is
present and is based on the disintegration of bbnkisig dimmers by the special
enzyme photolyase. Therefore, in practice to triggartational changes the
bacterium should be protected from light after esqge to ultraviolet radiation.
However, there are also other repairing mechanishiish can remove changes,
but they are not able to precisely reconstructitlitéal structure. In this respect
they cause mutations, especidhgnsition or transversion types.

In summary, UV radiation influencing genetic maaériloes not usually
cause mutagenesis directly (the formation of thysidimmers it is not a mutation
because the sequence of nucleotides in DNA doeshaotge). Mutations appear
only during the process of repairing damage caumsetlV radiation since only
then changes in the sequence of nucleotides occur.

It is not possible to predict the effect of a mistat The mutation effect depends on
the place in the genome (gene) where the mutatioars. From experience, the
bacteriumE. coli Bis sensitive to streptomycin (§ts = sensitive). The sensitivity
of the bacterium to this antibiotic is determineg the gene coding ribosomal
proteins. Streptomycin unites with them disturbitige process of protein
biosynthesis (the antibacterial effect of this hiotic is based on it). As bacteria
multiply in gigantic numbers, there is a large atethat the mutation of exactly
this gene will happen in some of them. This mutatioth cause a change in the
structure of the coded ribosomal protein and asrsequence it will prevent the
streptomycin  from connecting and disrupting the cpss of translation.
The mutagenic bacterium will become immune to thepsomycin and this feature
will be transferred to cells which appear later aagesult of division. From
this, a strain of mutagenic bacteria will appeaattls immune to streptomycin
(strf, r = resistance).

59



9. APPLYING THE AMES TEST AND "REC ASSAY" IN
ASSESSING THE POTENTIAL MUTAGENIC AND
CANCEROGENIC PROPERTIES OF ENVIRONMENTAL
CONTAMINATION

9.1. INTRODUCTION

Currently there are over four million chemicalsndng them about 60000
compounds are in common use. New substances #réeitig produced with
many of them exhibiting mutagenic properties. Sarhéhese compounds have a
chemical structure with unusual properties caush@gn to interact directly with
the genetic material of cells. This interaction Ekad changes in the genetic
structure of cells. Such substances are definadlrast mutagens Among them
are mainly alkylating compounds (they join - £6t — GHs groups to nucleotide
bases). An example is mustard gas (battle stingient) or epoxy compounds
included in many varnishes and glues.

Other compounds are inactive biologically and thmgnvert into mutagenic
compounds only after entering an organism. Thesepoands are defined as
indirect mutagens or promutagens Many tissues and organs (placenta, kidney,
lung, epithelium of digestive tract) have the apitio activate promutagens which
enter the organism exhibit, although the liver e tmost important organ
participating in the metabolism of these compouridgs organ, with the help of
enzymes from the group of oxidases, is able to bboditee almost every alien
substance causing itketoxification, i.e. the deprival of its toxic properties. In the
course of this process, inactive promutagens chaimge highly reactive
metabolites which connect with neutral elements. (@ith bile acids or glucoronic
acid). Then, such complexes are excreted with wirfaeces. However, during the
process of detoxification, a certain part of reactnetabolites can deviate from the
natural path of transformation and interact withejé&c material causing mutations.
The most well-known promutagens include polycydimmatic hydrocarbons
(e.g. benzo (a) piren), aflotoxin (a strong poigooduced by the yellow mold
Aspergillus flavuy CCl, and vinyl chloride among others.

Some mutagens can act both directly as well as aftivation. Examples of this
are ions of metals, e.g. Cr. A distinct relatiopshetween the ability to provoke a
mutation and the carcinogenic potential of the trm® exists. It should be
assumed that substances or factors which exhibtagenic properties are also
potential carcinogenic substances (factors). Often, both definitions @ygans,
carcinogens) are used interchangeably. The idearderogenic transformation
(healthy cells into cancerogenic ones) is a changde genetic apparatus of a
normal cell, especially within so-callethcogeneswhich allows the possibility of
uncontrolled divisions of cells. As the number @fellse substances entering the
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environment rises, studies of their mutagenic/caxgenic properties become
increasingly justified. Biological tests play thae.

Studies on live animals are expensive and timewoirgy. One sample requires
the use of at least 600 animals (mainly mice arns) rand lasts about 2 years.
Because of this, monitoring ajenotoxic contamination is carried out using

bacterial tests which are simple, fast and inexpenshe findings obtained by
bacterial models may not be applied to people witlsignificant error; however,

in general a high correlation exists between cagmnicity in direct studies on
animals and mutagenicity obtained in bacteriaktest

9.2. AMES TEST

The Ames testis the most widely applied test. It was inventedhie USA
in the 1970s and is continually being improvedides specially altered strains of
Salmonella typhimurium. This bacterium triggers infectious diseases imais
and food intoxication in people. It also causesxitation after egg consumption
(especially duck eggs).

The test (Fig. 33) uses several strains of theehbiach that carry mutations in genes
involved in histidine synthesis i.e. it is an aueghic mutant, so that they require
histidine for growth. The variable being testedhie mutagen's ability to cause a
reversion to growth on a histidine-free medium.aB used in the test are
mutagenic in a few places of the genome and aseviesglent (an ability to trigger
illness). Since non—mutagenic strains still exhibis ability, they are considered
wild. Therefore, wild strains cannot grow on mediwnlture without histidine
(his-). However, under the influence of the mutagéactor, bacteria can undergo
the return mutation (reversion) which will bring back their initial ability to
synthesize the amino acid (his+) and enable themrdav on a medium culture
devoid of this compound (bacteria synthesize imfrthe glucose present in the
medium culture). Therefore, the growth of test sgan the presence of the studied
compound on medium culture without histidine suggyése mutagenic character
of this compound.

The mutation usually appears during the replicatibBNA accompanying
cell divisions. Thus, if a tested sample is goingdase a mutation, a trace amount
of histidine in the culture medium is needed. Tnables the bacteria to perform a
few divisions. The formation of a colony barelyille with the naked eye is an
effect of this limited growth. Because of histidinsage further growth is limited
only to cells where the reversion occurred (histtants). They create clearly
visible, countable colonies. The more strongly metag the studied compound is,
the morerevertant colonies will grow

In order to properly assess the mutagenicity tdsted sample, a control
sample should be prepared where bacteria grow uthgesame conditions, but
without contact to the studied toxic compound. Thresmall amount of mutagenic
cells will also appear because there are alwaysesomliscernible mutagenic
factors (e.g. UV rays, culture medium components @thers) in the environment.
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They induce so-callespontaneous mutationsvhich could also restore the ability
of bacteria to synthesize histidine and enable tramm the test culture medium.
The number of reverse colonies occurring spontasigas a point of reference
taken into account when reading test results. ¢dbimmon practice that in order to
classify a studied sample as mutagenic (carcinoyeainumber of revertants on
the studied plates should be at least twice as nwochparing with test plates
without the tested compound.

In order to increase the sensitivity of bacteriantatagens, test strains

posses destroyed cell walls making them more pdstadar large particles, e.g.
benzo (a) piren (is not able to go through an uredged wall). Moreover, strains
themselves have a limited capacity for repairingADlamage which increases
significantly their sensitivity to mutagens. As rtiened in the introduction of this
chapter, bacteria (and other organisms) possesugriepairing systems which
differ from each other in their ability to precigaleconstruct the initial structure.
The function of the repairing system of strainsduisethe Ames test is reduced and
does not act correctly or precisely (repair of dgethfragments cutting out and
inserting correct fragments). Although the strdiase a repairing system, it makes
mistakes (SOS). In order to check whether appliesirs exhibit an appropriate
sensitivity, they undergo the so-callpdsitive control. It relies on examining the
size of the provoked reversion by mutagens witmawkn activity. In the practical
laboratory exercise the mutagen daunomycin is wsbith acts a anti-cancer
antibiotic produced by th&ctinomycetaledt is a direct mutagen.
Many compounds reveal their mutagenic (carcinogemioperties only after their
transformations inside the body, mainly in the fiven order to create similar
conditions inside the human body, a studied samspdeibjected to activation with
the help of an enzymatic fraction; this fractioigained from the liver of a rat.

The Ames test is suitable for studying a broad tspectof compounds and
also for examining environmental samples such asrmwaoil, air, plant mass and
urine among others. Materials taken from the emwvirent before testing are
extracted using appropriate solvents or absorbedpatial resins. Extracts or
eluents are then evaporated, filled with appropristlvent and entered into the
test. This test is not very sensitive towards pikdic and metal compounds with
the exception of CF.
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Fig 33. Scheme of the Ames test.
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9.3. “REC ASSAY” TEST

Another test often applied is the bacterial testassay" (from English:
recombination assay test). This method is based»a@mining theincreased
lethality (fatality) of mutagenic compounds on cells of mutants of Baeillus
subtilis bacterium. These mutants do not exhibit the gbilit repair damages in
DNA with the help ofrecombination (rec-) in contrast to wild strains (rec+).
Recombination repairing is still the second method (apart from photoreatitn,
repairing by cutting out and SOS which are alre&tpwn mechanisms) of
repairing damage to cells without this mechanisnilesmaving a remaining repair
systems weakened. Therefore, even relatively diiéf damage could cause their
growth inhibition. Thus, in contrast with the Amest, in the rec-assay the studied
substance with mutagenic properties does not cidngsenutation in test cells, but
evokes DNA degradation inhibiting further growthetcell is not able to repair
damage). However, the wild strain is able to growiluhe potency of the mutagen
does not exceed the repairing abilities of cellse Thutagenic properties of the
sample are assessed by comparing the length gitineh line of both strains. The
“rec-assay” is a sensitive test particularly usefien examining metal compounds
for which the Ames test is less sensitive.
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PART TWO
LABORATORY PRACTICE

1. LABORATORY 1

AIM: Evaluating the dependence of toxicity on theype of tested organism
Exercise 1.

Materials:

This exercise should be done with the use of adpecies of tested organisms:
producers and consumers inhabiting the water emwviemt. The influence of
selected disinfectant (commonly used in househobasthe mortality of tested
organisms will be studied. The aim of this exerdss¢éo assess the sensitivity of
tested organisms to studied/ selected disinfectants

Procedure:

» Prepare the following solutions of disinfectaniflx, 100x and 1000x.

» Select 10 specimens from each tested organismupeosl and consumers)
and introduce them into 5 plates with a diametes of.

» Remove excess water from the plates with a Pagigette and add
prepared solutions of disinfectants; the sampleh witater is only the
control

» After 10 minutes count the number of dead and afipecimens in all
samples.

Results:

Place obtained results in table form. Asses thei@ggnce of sensitivity of selected
organisms on selected disinfectants on the basibtained results.
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2. LABORATORY 2

AIM: Evaluating toxicity dependence on type, concentratn and time of
disinfectant activity.

Exercise 1.

Materials:

Four different types of disinfectants which areallsuused in households.

The experiment should be conducted with the testgenism chosen on the basis
of results from previous experiments. The most $sigasorganism to disinfectant
activity should be chosen.

Procedure:

» Prepare half- solutions of disinfectants which derfrom their original
solution. It is necessary to prepare at least Gtigols from each of the
selected disinfectants.

» Chose 10 specimens from each tested organism (@eosland consumers)
and introduce them into 6 plates with a diametes ofn.

» Remove excess water from the plates with a Pagimette and add
prepared solutions of disinfectants (5 ml); thengke with water is for the
control

» Count the number of dead and alive specimens Afte20, 30, 40 minutes
in all samples.

Results:

Place obtained results in table form. Draw a cloérinortality dependency on
concentration and time exposure for each disinféctindicate the most toxic
disinfectant on the basis of the results.
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3. LABORATORY 3

AIM: Evaluating the influence of contaminants on river jpankton biocenosis
with the use of the species biodiversity assessmenéthod.

Exercise 1.

Materials:
Microscopes, slides, samples of river biosestoriaindd above and below sludge
discharge.

Procedure:

Mix the sample. Prepare microscope slides from lsgs. Using a lens with the
magnitude 10 x define the number of species (withdentifying them) and the
number of specimens per 30 randomly chosen figidedch sample.

Results:

On the basis of obtained data create a chart &od#épendence of species number
on the number of specimens for each sample. Axiange 1-2 specimens, 2—4,
4-8, 8-16 , etc. in geographic progress; axis g gpecies. Calculate the index of
species richness for both samples. Compare chadtdraw conclusions.
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4. LABORATORIES 4,5, 6

GENERAL AIM: During these three classes we are going to focubetoxicity
of selected disinfectants on water biocenosis. Tmitudes the performance of
lethal and physiological tests with the use of ¢adlbr species at different food
chain levels.

Exercise 1

Lethal test for the acute toxicity assessment of lusehold chemicals based on
consumers.

Aim: To be familiar with the common use of lethal testsl with the method of
calculating LGo.

Materials:

Results of exercise 1 from laboratory 1 (this is tasis for the calculation of k&
-according to the Reed method). Lethal tests agenthin tool which allows for
assessing the influence of toxicity on water spechethods of calculating the
toxicity are various: Reed method, probit methodthod of graphic interpolation.

All observations should be placed in a table ineord calculate the Lgg by the
Reed method. This method is based on the presumtitat the studied species
survived the exposure of a certain concentratioay wwould also survive in lower
concentrations. If they died at a certain concémathey would also die at higher
concentrations. Thus, by cumulating the number ofiged, alive and studied we
can calculate the “cumulative death-rate perceritgit)e

Table 1. The example of results for the calculatibbh@s, by the Reed method.

Concentratior] Number of Number of animals after | Percentage of
animals cumulation mortality
mg/dn? dead | alive dead alive studied P=m+10Q/b
1.0 2 8 2 10 12 16.6
2.0 8 2 10 2 12 83.33
4.0 10 0 20 0 20 100

Calculation of LG : log LCsg =log X + kelog i
k=(50-P1)/(P2—P1)
X — concentration causing the nearest 50% of mytal
i — quotient of geometric progression (1.1 ... 2.0)
k — deviation of coefficient
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P1 —cumulative % of mortality lower than 50%
P2 — cumulative % of mortality higher than 50%

Results
The results should be compared for all tested asgas (compare all results of
LCsp); then conclusions should be drawn.

Exercise 2

Test the growth inhibition assessing the influencef household chemicals on
destruents: Pseudomonas fluorescens and Escherichia coli (rapid test on
bacteria). The aim is to become familiar with the eommonly used physiological
tests on bacteria

Materials:

Distilled water, sterile physiological salt, cheals suspension of bacteria:
Pseudomonas fluorescernsscherichia coli sterile filter paper, agar, automatic
pipettes, methylated spirits, pincers, millimetaper, bent glass rod

Procedure

Prepare 4 of the half-concentrations (10%, 5%, 2,395%) and do a carpet
inoculation of 100ul of homogenic bacteria suspension with extinctitr0.1 on
agar. Put 5 sterile rollers on the inoculated bBsg.10ul of the study compound
(4 concentrations), prepare a control by addingulghysiological salt. Numerate
and label rollers on the bottom of the plates. bata for 24 or 48 hours with a
temperature of 2.

Results

After incubation, measure the width of inhibitioones around the rollers and
compare with the control sample. The results shbaldlustrated in the table using
“+" or “ —“ signs when assessing bacterial growth.

Exercise 3
Growth test assessing the influence of various hoeisold chemicals on the
producer representativeL emna minor

Lemna minotis a plant. Because of its small size and easy thjraws commonly
used in toxicology. The influence of a toxicant loemnasp. is assessed on the
basis of its physiological condition (biomass, cbfghyll amount), its morphology,
size, leaf shape, their color (chlorosis), roogkn

Materials:

Water for dilution, chemicals (1%, 0.5%, 0.25%,25h%), Lemna minor nutrient
for Lemna pipettes, loops, measuring cylinder, jars
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Procedure:

A maternal culture should be prepared in Erlenmdlgsks (200 crf) and filled
with up to 100 cr of nutrient for Lemnaunder the light of 2500 lux and a
temperature of 2. After 8-10 days 2—4 plants (consisting of 3 gashould be
transplanted into a new Erlenmayer flask filled witssh culture medium.

Prepare half-concentrations of the study compouwrgisg water for dilution in
order to obtain final concentrations after introdgcculture medium. The test
should be done in 5 concentrations and in 3 repesitfor each concentration
(including the control sample). Introduce five gkafrom the maternal culture into
the nutrient. Such prepared samples should be kagier the same conditions as
the maternal culture. Incubate them for 7 days; timxculture once a day.

Results

After 7 days: observe the morphological changeglants, determine their weight
and measure the length of their roots. The restlbsild be put in a table with
conclusions drawn.

Exercise 4
Growth test assessing the influence of various hoeisold chemicals on algae
representatives:Chlorella sp. or Scenedesmus.

Materials:

Ligquid maternal culture of alga€hlorella or Scenedesmushemicals (1%, 0.5%,
0.25%, 0.125%), nutrient for algae, pipettes, meagucylinders, slides, filter
paper Fuchs-Rosenthal counting chamber.

Procedure:

Prepare the half-concentrations of studied compswsing water for dilution in
order to obtain final concentrations after introidgcthe culture medium. The test
should be done in 5 concentrations and with 3 répes$ for each concentration
(including the control sample).

Introduce prepared concentrations into test tuBesnf) add 1 cm of algae from
the maternal culture. The prepared samples shaalkdept under the lighting of
2500 lux and a temperature of °20 Incubate them for 7 days. After 7 days,
determine the number of algae in cultures. Thelt®should be put in a table with
conclusions drawn.

Calculating the number of algae in the Fuschs-Rosemil counting chamber

The chambers are ruled with the Fuchs-Rosenth#&trpafThis consists of 16 one
square millimeter areas orientated by triple linaed each area is sub-divided into
16 squares. It is generally recommended to countdamly 16 one square

millimeter areas preferably 8 in each chamber. Earhple should be diluted and
transferred with the use of a pipette into a chamiiéch has a 3.2 mhvolume.
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Results:
The number of algae in 1ml of suspension shouldabeulated using the following

formula;

X =(a*2)*1000 /3.2*R
where
X — number of cells/ ml,
a — the number of cells counted in 8 squares,
1000 — conversion factor which enables a valuztim¢ volume of
1 cnt (1 ml),
3.2 mni — internal volume of the counting chamber,
R — dilution.

Exercise 5
Physiological test assessing the influence of van® household chemicals on

the photosynthesis rate in algaeChlorella sp. or Scenedesmus sp.
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Materials:

Liquid nutrient of algaeChlorella or Scenedesmushemicals (1%, 0.5%, 0.25%,
0.125%), culture medium for algae, pipettes, meagucylinders, slides, filter
paper Fuchs-Rosenthal counting chamber.

Procedure:

Prepare the half-concentrations of studied compswsing water for dilution in
order to obtain final concentrations after introdigcthe culture medium. The test
should be done in 5 concentrations and with 3 répes$ for each concentration
(including the control sample).

Introduce prepared concentrations into bottlesq@®), add 5 cr of algae from
maternal culture and close the bottles tightly. prepared samples should be kept
under the lighting of 2500 lux and a temperatur@@C. Incubate them for 7 days.
After 7 days, determine the amount of oxygen usérg oxygen electrode.
Determine the amount of chlorophyll also by asseg¢ihe extinction of acetone
extracts which should be obtained by the filtratiminthe culture, wave length
A =652 nm (chlorophyll a) and 645 nm (chlorophyll b

Results
The chlorophyll a and b levels should be obtaimethfthe standard curve.
Results should be placed in a table with conclisnawn.

0,175 ~

0,125

0,1

E 645

0,075

0,05

0,025 |— g

0,2 0,4 0,6 0,8 1 1,2 1,4 1,6 1,8

chlorofil a mg

Fig. 1. Standard curve for chlorophyll a.

72



0,6
- /
0,4
D
© 0,3 -
L
0,2 1
0,11
0
0L 02 04 06 08 1 12 14 16 18
chlorofil b mg
Fig. 2. Standard curve for chlorophyll b.
Exercise 6

Physiological test assessing the influence of van® household chemicals on
the enzymatic activity of bacteria. The aim is to bcome familiar with the
influence of selected chemicals on the dehydrogemaactivity of bacteria.

Materials:

Sterile physiological salt, chemicals, suspensidn bacteria: Pseudomonas
fluorescens Escherichia coli sterile filter paper, agar, automatic pipettes,
methylated spirits, pincers, millimeter paper,

Procedure:
Add 9 cn? of bacteria suspension or activated sludge. Addsthdy compound so
that its concentration will be 10%, 5%, 2.5% an25%. The cultures should be
incubated in the dark with a temperature of@G7or 10 minutes; then determine
the dehydrogenase activity by the TTC test method.
The determination of dehydrogenase activity
Triphenyltetrazolium chloride (TTC), as an acceppbrhydrogen and electrons,
changes into water-insoluble red triformozan (TF)aasesult of its reduction.
The color intensity relates to the dehydrogenasgitycof the studied material.

¢ Add 2 ml of homogenic suspension of bacteria owvattd sludge into

a flask
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« Add also: 2 ml of buffer TRIS ( pH 8.4) and 0.4 ofiglucose solution
(1.5%) and TTC (0.2%)

¢ Incubate at 37TC (no light) for 35 minutes until a distinct redl@o
develops,

e At the same time prepare a control sample (blankjch is the same
mixture as the study samples, but without any bectinstead of the
bacteria suspension add 2 ml of distilled wateo iatflask. Incubate
also at the same temperaturé@ybut for only 5 minutes.

e After incubation, decant and add a drop of 96%®B® in order to
inhibit the reaction,

e Take 4 ml with the pipette from the content of tleskks and put this to
separate plates; then add 5 ml of buthanole (aegton

¢ Putin a water bath (temperature@)for 6 minutes,

e Correct the volume of buthanole and rotate 6 O@&ian per minute,

*« Read the extinction of the buthanole fraction fbe twavelength
485 nm.

Results:
On the basis of extinction read the amount of Tknop from the standard curve
below.

2,5 1
2,25

1,75
15

w 1,25 -

0,75
0,5

0,25 ~

10 20 30 40 50 60 70 80 90 100
TF pg/ml

Fig. 3. Standard curve for TF.
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5. LABORATORIES 7, 8

GENERAL AIM: During these three classes we are going to focushen
ecotoxicological assessment of contaminated shik ihcludes the performance of
lethal and physiological tests with the use of ¢adlbr species at different food
chain levels.

Exercise 1

Inhibition test for the following plants: barley (Horodeum vulgare), rye (Secale
cereale), oats Avena sativa), corn (Zea mays L. V. saccharata), white charlock
(Sinapsis alba), black charlock (Brassica nigra), lupin (Lupinus angustifolius).

Materials:

Germinated seeds (36—48 h in temperature of 2@3€ubation in darkness), vases
or jars, soil (contaminated by heavy metals, PQi) bil and petroleum) and the
control.

Procedure
Prepare 5 half-concentrations of contaminated usiiig the control. Fill up vases
with prepared samples (50 g of soil per sample).1Pugerminated seeds per one
vase filled with contaminated soil, 1.5 cm benestil surface level. Incubate
samples in a phytotron for 7 days. The level of boihidity should be kept at 80%
WHC (the whole water capacity). Apply both artificiand natural light (16 h/d),
dividing into day and night. The experiment shobé&lconducted at a temperature
of 20+2C.
At the end of the experiment the plants should deert out and washed; the
following parameters should be measured:

= count the number of plants
weigh the mass of the plants
measure the shoot length
measure the root length
determine the longest root and shoot

Results:

Determine the average for all parameters separfitelyach soil type and compare
with the results obtained for the control. The mepshould include charts
illustrating the dependence of the number of plaptants mass, shoot and root
length on the concentration of toxicant. Calcuthe |G, for each parameter.
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Exercise 2
Inhibition test of root length for Lepidium sativum

Materials:

Germinated seeds (36—48 h in temperature of 2GfCubation in darkness), Petri
dishes, soil (contaminated by heavy metals, PC#8, dil and petroleum), control.
Seeds of cresd ¢pidium sativumare used for the exercise. At the beginning, the
seeds should be sieved and moistened by distilk@dntissue paper, then placed
inside plates. The incubation should last from 124chours at a temperature of
25°C. Seeds whose roots are about 1mm length showdtddsen for further study.

Procedure:

Prepare 5 half-concentrations of contaminatedwsiilg the control. Fill up plates
(of diameter 9 cm) with prepared samples (60 gailf ger sample). Prepare the
control. Put 25 germinated seeds per one platedfilvith contaminated soil.
Incubate samples in darkness for 24 hours. Coenhtimber of germinated seeds
(%) and measure the length of roots. Growth inlubishould be assessed with the
following formula:

1% = Lk — Lt
Lk *100%

Lk — the average length of roots in control samples
Lt — the average length of roots in studied samples

Results:

The report should include charts illustrating thepehdence of the
percentage of germinated seeds N [%] on the coratert of toxicant
C [%)], the dependence of the growth inhibition [][&f the concentration
of toxicant C[%].

Exercise 3
The acute toxicity test on the earthwornEisenia fetida

Materials:
Animals for experiments — earthworrkisenia fetida vases or jars, soil
(contaminated by heavy metals, PCB, fuel oil antdgbeum) and the control.

Procedure:

Each soil sample should be sieved with the help sibve with a mesh diameter of
0.5 mm in order to obtain a homogenous granulafitven, fill up jars of 1.5 dh
volume with prepared samples (800 g of soil permamSelect animals according
to their weight and size. All specimens should hav@milar weight. The average
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mass of animals should be between 250-350 mg. Himaals should be washed,
dried and weighed before the beginning of the arpant. Put the animals into jars
filled with contaminated soil (5 concentrations acwhtrol). The level of soil
humidity should be kept at 60% WHC (the whole watapacity). Apply natural
light only (800 Ix), dividing into day (8 h) andgtit (16 h). The experiment should
be conducted at a temperature of 20+2°C. The etposf animals on different
concentrations of studied soil should last 14 days.

Results:
After 7 and 14 days count the number of all animalgrs, weigh and measure
them. Calculate L&

Exercise 4.
The assessment of contaminant influence on the defrpgenase activity in soil

Method description:

Triphenyltetrazolium chloride (TTC), which is trgg@sent in water extract, as an
acceptor of hydrogen and electrons changes interviagoluble red triformozan

(TF) as a result of its reduction (it takes over fogen and electrons from TTC
dehydogenases. The color intensity reflects delgairase activity of the studied
material.

Materials:
Solutions of contaminated soil (contaminated byviieaetals, PCB, fuel oil and
petroleum) and control test tubes, corks, CaCO

Procedure:

Mix 6 g of soil with CaC@, put in test tubes, add 1 ml of 3% TTC water sofut
and 2.5 ml of HO. Incubate samples 24 h at a temperature W€ 37 the darkness.
After incubation add 56 ml of acetone and filtrate using filter paper.aBehe
extinction. The content of TF in samples should éadrfrom a standard curve.
Draw a chart illustrating the dependence of theydetgenase activity of soil on
the concentration of the toxicant. CalculatesgC
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6. LABORATORIES 9, 10

GENERAL AIM: During these two classes we are going to focus han t
ecotoxicological assessment of contamination cabigedr pollution.

Exercise 1.

The acute intoxication of plants caused by acidicages: sulfur dioxide and
nitrogen oxides

Cases of acute intoxication of plants caused byaitamination from industrial
emissions do not happen very often; it usually oe@s a result of an ecological
catastrophe caused by accidents. The intoxication aso be the result of acid
rain.

Materials:
Eccsicators, crystallizators with hydroponic cuitwf cress, weighing dish, metal
spoon for combustion, concentrated nitric acid peogilings, sulfur

Procedure:
Prepare three eccsicators. Put the crystallizatotis the hydroponic culture of
cress inside the eccsicators. Close the first eattsi with the control culture.
Introduce a spoonful of burning sulfur into the @@t eccsicator. Close it
immediately after burning the sulfur and remove speon. Put the weighing dish
with concentrated nitric acid into the third ecestar. Pour copper filings into the
weighing dish and close the third eccsicator.
As a result of combustion, sulfur dioxide appe&mspper reacts with concentrated
nitric acid and as a result transparent nitrogeideoxs produced. Nitrogen oxide
reacts with atmospheric oxygen; thus, brownistogign dioxide appears:
3 Cu+8HNQ@= 3 Cu(NQ), + 4 HO + 2 NO
2NO+Q = 2 NG,

Results:
Observe and note the reaction of plants (includime).

Exercise 2.
The influence of acidic gases on transpiration intesity.

Materials:

Young tomatoes, flasks, corks with pores, black vean device for pH
measurement, chemicals for the preparation of Knappture medium,
concentrations of sulfuric acid and sodium basg@fmeasurement
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Procedure:

Place ten young tomato plants in flasks and cowuén works (with pores). The
flasks should be filled with culture medium for ydhoponic culture (the recipe is
described below). Half of the culture medium shobédfilled with sulfuric acid
with a pH up to 3.5; the rest should be filled wittsodium base with a pH up to
6.6. Five tomatoes should be planted in the culttedium with the acidic pH and
the next five with the culture medium with the maupH. Mark the level of culture
medium in all flasks. Refill evaporated water wihpipette after two days of
starting the experiment; note the amount of wasedufor refilling. Repeat this
step weekly and as needed.

Results:
Draw a chart illustrating the obtained results (ttependence of the amount of
transpired water on time).

The preparation and procedure of hydroponic culture

Knopp culture medium: Ca(NQ) 4 H,O — 1.5 g; KNQ - 0.25 g; MgSQ7 H,O
—0.25 g; KCI — 0.12 g; KHPO, — 0.25 g; FeGI5% — 5 drops; microelements —
1 cnt; distilled water 1 dr)

A modified concentration of microelements accordingto Arnon: H;BO; —
2.86 g; MnC} « 4 H,O — 1.81 g; ZnSQe 7 H,O — 0.222 g; CuS£ 5 H,O — 0.079
g; H,MoO, — 0.084 g; distilled water — 1 dm

Preparation of seedlings for the water culture:put seeds into sterilized, clear
quartz sand 10-14 days before the laboratory. Ctheepot with glass. Fill the
coaster with water and later refill it as oftenreeded (the sand should be moist
enough). When the seedlings grow up to 2-3 cm haditst leaves appear, the
plants should be removed from the sand and platced beaker with the culture
medium: sand should be removed with seedlings amdnfo crystallizators filled
water; shake slightly in order to wash out sandvwiater. If an endosperm is big,
the seeds should be cut without damaging the roots.

The seeds can be put on stretched gauze coveringriistallisator, filled with
water, which is placed in a larger crystallizattsodfilled with water and covered.
The water should be refilled as needed. The seedlgipuld be left in the
crystallizator until the development of the firsta leaves. When the seedlings
develop the first two leaves, they should be puh@apores of corks with the help
of cotton wool.

Water cultures: Jars(flasks), painted outside black or covered by bleakvas,
should be refilled with culture medium up to 0.8-tm from the cork. Seedlings
are placed in the pores of corks and sealed bprtatiool. The roots should be
immersed in culture medium up to the root necksaat to soak the cotton wool.
The water culture should be placed in intense lgyid ventilated every day by
pouring the culture medium into spare dish and ragaiprevious dish. The lost
culture medium should be refilled regularly.
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Exercise 3.
The influence of soil on plant development

The acidification of capillary water in soil caugbe destruction of the rhyzoshere
and the underdevelopment of the root system affgctive overall condition of
plant. The acidification of capillary water in sddads to the washing out of
nutrients from the soil. As a consequence, suchiemts are lacking and toxic ions
of metals (for example Al) are taken up by the planlarge amounts leading to
intoxication. Acidic gases and rain as well as ratlimiting factors have a large
influence on plant growth in acidic soil.

Materials:
Small pots, young tomato plants, distilled wateg 0 solution of sulphuric acid,
scissors, laboratory scale, pH meter.

Procedure:

Plant 10 young tomato plants per pot. Half of thenfs should be watered with
distilled water (similar in composition to rainwgtevhile the rest of the plants
should be watered with sulphuric acid (pH=2.0) blase distilled water. The

plants should be dug out, cut and weighed (shaudsroots separately) after a few
weeks.

Results:
Calculate the decrease of mass growth of rootsptshand whole plants (%) in
relation to the control.

Exercise 4.
Observation of symptoms of industrial forest diseaes

Materials:
Specimens and photos.

Procedure:

Observe specimens and photos depicting the sympibinslustrial forest disease.
Make the following drawings.

1. Thinning out of the treetop of a coniferous tree

2. Drying at the top of the tree

3. Needles becoming yellowish and brownish

4. Spots on leaves

5. Deformations and underdevelopment of leaves
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Exercise 5.
Microscopic observation of slides of alveolus ang/inph nodes of humans with
pneumoconiosis and healthy humans

Dust inhaled by humans accumulates in lung tis¢iespathway of entry), and in
lymph nodes (the way of transport in order to eteciefrom the organism). For a
medical diagnosis a histopathologic examinatiodyofph nodes is applied. It is
much easier to take samples for analysis from lyngues than from lungs.

Materials:
Microscopic slides of alveolus and lymph nodes wilhns with pneumoconiosis
and healthy humans

Procedure:
Conduct microscopic observations and drawings. &8gntion to the overgrowth
of connection tissue and dust incrustation.

Exercise 6
Determining the amount of SQ in air with the lichen scale

Materials:
Lichen scale

Procedure:
Determine the S©Oconcentration in the air of the study area by gighre lichen
scale. Important principles of using the lichenaca
1. Examine photographs of lichens and algae, paxpttkeation to their shape,
size and color;
2. Search for lichens on the bark of deciduousstgrewing in the field of
study;
3. Compare these lichens with those in the phopigra
4. Read out and note the maximum,S©ncentration at which one can still
find lichens, give the number of the pollution zpne
5. Repeat the observations of lichens on othestgeewing nearby — it will
allow the more precise determination of the levielam pollution from
sulfur dioxide in study area.

Exercise 7
Bioindication of sulfur dioxide with red clover (Fabaceae representatives)

This method is applied for determining the concaidn of sulfur dioxide in
atmospheric air. Sulfur dioxide reacts on plantshie form of a gas (it makes the
connection with water in cells creating sulfuriéddcacid rain and acidic capillary
water in the soil. In this exercise, for practicesons, the spraying of a solution of
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sulfuric acid was applied as the equivalent of aaid also causing acidification of
the capillary water in soil.

Materials:
Seeds of a red clover, containers with garden sprigyer, distilled water, sulfuric
acid, pH meter

Procedure:

Plant the clover in 4 containers. Spray the planith distilled water (with
composition similar to rainwater) in one containgpay plants with sulfuric acid
for the pH: 2.5, 3.0, 3.5 in the rest of the

containers. Repeat this activity for a few weekshwirequency to prevent the
drying of the soil. Observe necroses of the lealkdsasure the surface of the
leaves and necrotic stains.

Results:
Calculate % of leaf surface covered with necrofiargyes.

Exercise 8
The reduction of germination capacity of seeds asandicator of the toxicity
of chimney dusts and contaminated soil

Germination is a one of biorections used when erangienvironmental pollution.
Water-soluble toxicants have an inhibiting effesttbis physiological process.

Materials:
Seeds, cellulose tissue, chimney dust or toxi¢ 6ddrge Petri dishes, 6 beakers of
100 cni capacity, laboratory scale.

Procedure:

Prepare the row of soil extracts or chimney dusipeated of toxicity with the
following concentrations: 2%, 4%, 8%, 16%, 32%. Retlulose wadding on
6 large plates. Moisten the cellulose wadding wiitilled water (control) or with
an extract of examined soil or chimney dust. Pud @eds on the cellulose
wadding in every plate (10 rows for 10 seeds). Calre plates. Incubate them in
darkness at room temperature for 1 week. In casedhulose wadding becomes
dry, moisten it again with distilled water (condrar with the extract having the
respective concentration. Count the number of gmated seeds after every
24 hours.

Results:

Depict the number of germinated seeds in the fofra graph as a function of
germinated seeds depending on the germination frag.attention to differences
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in the progress level of seed development cultivatethe presence of extracts
depending on different concentrations.

Exercise 9

Bioaccumulation of lead by bacteria

Material s:

Flasks with LB culture medium without agar, with theetate of lead, containing
0.00, 0.05, 5.00 and 500.00 Pb mg/ls,dﬁseudomonas fluoresceraspension,
rotator, redistilled water, small containers fomals¢ desiccator, small flasks of
50 cnt, 1 n HNG, analytical balance.

Procedure:

Bacterial culture medium. Prepare 4 flasks containing 100 cof LB culture
medium without agar. One flask should contain th&ient for control without the
toxicant. Add the acetate of lead to three remgiffiasks in such amounts that the
concentration of lead is 0.05, 5.00 and 500.00 mg/¢hoculate all flasks with a
homogenic suspension Bseudomonas fluorescebg adding 1 criwith a pipette.
Incubate for 1 week in room temperature undercstatnditions.

Centrifugation of bacteria. Spin bacteria with the speed of 12 000 rpm for
15 minutes. Gently pour off the supernatant. Rittsee times with redistilled

water of 100 crhEvaporate the water at a temperature oP@05

Obtaining the dry mass Dry the clean small scale container at the teatpes of
105°C for 2 hours. After 30 minutes of cooling in thesecator with calcium
chloride or silica gel, weigh it on the analytidahlance with an accuracy of
0.0001 g. Repeat this step in order to get a fixexbs. Pour the suspension of
bacteria obtained by centrifugation. Evaporate watex temperature of 106 for

6 hours. Cover the small container with a lid, weigon the analytical balance
with the accuracy 0.0001 g. After weighing, uncovteteaving the lid leaned
vertically against the small container. Dry at mperature of 10%C for 6 hours.
After drying, move it with pliers to the exsiccatand after cooling (30 minutes),
weigh it again. Drying and weighing should be reépdan order to get a dry mass.
The difference between the two last weights shaoldexceed 0.0003 g.
Mineralization of the bacteria. Mineralize a dry mass of bacteria in the silit ov
at a temperature of 5%0 for 6 hours. Dissolve 1 n HNGOn 10 cni. Filter it into
small flasks of 50 cfhand refill to the line with redistilled water.

The assessment of lead contenAssess the total content of lead in examined
bacteria with the atomic absorption method by udliregatomic spectroscope at the
wavelength 217 nm. In this method the absorptionragfiation by atoms of
radioactive elements with the characteristic wawglle is used. The higher
concentration of examined element is in solutibe, higher absorption of radiation
at the characteristic wavelength occurs.
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Exercise 10
Bioaccumulation of lead by higher plants

Materials:
Plants deriving from the area, grinder, redistillwdter, small scale containers,
exsiccator, small flasks of 50 éni n HNQ, analytical balance.

Procedure:

Sample collecting.When taking plant samples their naturalness irsthdied area
should be considered. When mixed samples are tedesisting of various plant
species which are found in the studied area, th@grtion among these species
should be kept. When various parts from differeliainp species are collected, a
natural proportion among them should be also Képlecting plants e.g. according
to their age, size, etc. should be avoided. Thee tmh sample collection is
dependent on the life cycle (annual) of the exadhjplants.

Preparation for analysis. The gathered plant material should be cleaneddegdn
down and dried off. An initial phase of drying skibtake place at a temperature of
about 30C; later the temperature can rise gradually tdC60rhe dried material
should be crushed into a uniform dust with a gnndguch prepared material
should be kept in a tightly closed container aretifer analysis when needed.
Obtaining the dry mass.Dry the clean small scale container at a temperaii
105°C for 2 hours. After 30 minutes of cooling in thesiecator with calcium
chloride or silica gel, weigh it on the analytidadlance with the accuracy of
0.0001 g. Repeat this activity in order to get»edi mass. Place 2-4 g of well
mixed plant material into the small container watlleaspoon or spatula and cover
with a lid; weigh this on the analytical balancehwihe accuracy of 0.0001 g. After
weighing, uncover it leaving the lid leaned vetlicagainst the small container.
Dry at a temperature of 106 for 6 hours. After drying cover with the lid, noit
with pliers to the exsiccator and, after coolingvdo(30 minutes), again weigh it.
Drying and weighing should be repeated in orderotmtain a dry mass.
The difference between two last weights shouldexaeed 0.0003 g.

Mineralization of the plant material. Mineralize a dry mass of plants in the silit
stove at a temperature of 58Dfor 6 hours. Dissolve 1 n HNGn 10 cni. Filter it
into small flasks of 50 cirand refill to the line with redistilled water.

The assessment of lead contenfssess the total content of lead in the examined
material with the atomic absorption method by usheatomic spectroscope at the
wavelength 217 nm.
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7. LABORATORY 11

GENERAL AIM: During this class we are going to focus on the afimlogical
degradation of xenobiotics in order to understahd selected methods of
determining the decomposition level of these sulzgta and to assess the impact of
chemical contamination by phenol, lead acetate motdssium dichromate on the
ability of microorganisms to degradate saccharitis,and proteins.

Exercise 1
Degradation of phenol byPseudomonas fluorescens (a bacteria strain).

Materials:

Suspension oPseudomonas fluorescerftat-bottomed flasks of 250 ¢mwith the
minimal culture medium of 80 cin0.1 % solution of phenol, small measuring
flasks of capacity 50 and 100 §m N solution of NgCO;, solution of two-phases
p-nitroaniline.

Procedure

Add 1 cn? of 0.1 phenol solution to the flat-bottomed beai®250 cni containing
80 cnt of sterile minimal culture medium and inoculatewiith Pseudomonas
fluorescens Prepare simultaneously a control set containingtegile minimal
culture medium and phenol in the same amount akensample with bacteria.
Place the beakers on a shaker and incubate theooiw temperature for 72 h.
After this time, take 80 ciof culture and spin it for 10 minutes at a speéd o
10000 rpm and then asses the phenol contentvid cn? of supernatant.
Simultaneously estimate the phenol content in trdrol sample.

Phenol identification: Introducel cn? of sample into the measuring small flask of
50 cnicapacity, add 20 cfnof 1 N solution of NgCO; and 10 crm of p-
nitroaniline. Fill it up to 50 crhvolume with distilled water, mix and read the
absorbance for the wavelength 460 nm after 5 min@a the basis of absorbance,
read the content of the phenol in 1°%af the examined sample. Estimate the
phenol loss in the examined sample and comparithittive the control.

Preparation of the standard curve: Transfer 1, 2, 5 and 10 énof phenol
solution containing 0.01 mg phenol in 1 *rfl00x diluted of 0.1% phenol
solution) into four small flasks of 50 émvolume, add 20 cfhof 1 N NaCO;,
solution and 10 cfhof p-nitroaniline solution, fill it up with distiéd water to the
line and read the absorbance for the wavelengthnd@@fter 5 minutes. To zero
the device use a blind sample containing distiNeater instead of the phenol
solution.
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Results:
Draw a graph illustrating the dependence of th@®didasce on the concentration of
phenol in the sample.

Exercise 2
Degradation of a surface-active compound (organoplsphates)

Materials:

Solution of surface-active compound containing 5 Rgint, sodium salt of
monononylophenylphosphorane, suspensionPeéudomonas fluorescenflat-
bottomed beakers of 250 &mith the minimal culture medium of 80 énordinary
and measuring test tubes, funnels and filterspsablution, distilled water, 10%
trichlorineacetic acid TCA, 10n #30,, ammonium molybdenum, sodium salt of
acid 1,2,6-amine-napht-sulfonic, solution of thetggsium phosphate (KROy)
80 g P/end.

Procedure

Add 10 cni of surface-active compound to the flat-bottomedKee of 250 crh
containing 80 crh of sterile minimal culture medium and inoculate with
Pseudomonas fluorescer@repare simultaneously control sets containistesele
minimal culture medium and a surface-active compoand a sterile minimal
culture medium inoculated witAseudomonas fluoresceri®ace the beakers on a
shaker and incubate them at room temperature fdr. Zfter this time, add 10%
TCA solution in order to stop the reaction and reate the amount of freed
phosphorus in samples which means that the hydsolgk the surface-active
compound took place. In order to assess the phosplontent, spin the samples
for 5 minutes at the speed of 10000 rpm and theasathe phosphorus content in
supernatant.

Identification of phosphorus according to Fiske-Subbrow method: Introduce
2.5 cnt of examined sample into the test tube and add én#5of 10 n HSO,,
0.4 of ammonium molybdenurand 0.2 cr of sodium salt of acid 1,2,6-amine-
napht-sulfonic Fill the samples with distilled water up to 5trmcubate them at a
temperature of 3 for 10 minutes. Read the absorbance for the wag#ien
660 nm, zeroing with a blind sample containing @3 of distilled water instead
of 2.5 cni of the tested sample. From the standard curve teadcontent of
phosphorus in every sample. Take into account theegaobtained for the control
samples. Calculate the amount of freed phosphorus.

This method is based on the fact that in an a@didgronment orthophosphate and
ammonium  molybdenum  create ammonium  phosphoreometylm.
Phosphoreomolybdenic acid under the influence dficang factors is reduced to
mixed molybdenum oxides, called molybdenum blue AD4d MoOs). Sodium salt
of acid 1,2,6-amine-napht-sulfonic is used as acid) factor.
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Preparation of the standard curve: The solution of potassium phosphate (80
g P/cn? should be diluted in order to obtain in 1%, 16, 24, 32 and 4fg of
phosphorus. Then add distilled water, 102%@, 2.5% ammonium molybdenum

and sodium salt of acid 1,2,6-amine-napht-sulfoimcamounts given by the

instructor. Mix the prepared samples and place timona bath at a temperature of
37°C for 10 minutes. After this time measure the vabfi@bsorbance for every

sample at the wavelength 660 nm, zeroing with thel lsample.

Results:
Draw a graph illustrating the dependence of theodiasce value on the
concentration of phosphorus in the sample.

Exercise 3
The influence of chemical contamination on the decoposition of sugars, fats
and proteins.

Procedure

Preparation of bacterial culture: prepare 4 beakers containing 200 °cof
bouillon. Inoculate the bouillon with a dense suspen of the bacteria
(Pseudomonas fluorescénédd 5 cni of saturated solutions of phenol, chloride
nickel and potassium dichromate into the 3 fladRkce the beakers on the
magnetic mixer for 24-48 h. After this time, sphetcontent of the flasks, pour
liquid out from suspension, wash the suspensiorcewvith NaCl solution.
Use such prepared bacterial suspensions for futdls&s (a, b, c).

a. Decomposition of strach

Materials:
1% solution of starch, liquid of Lugol, solution daimylase (5 mg/ci),
physiological salt solution, ordinary and measutiegt tubes, funnels and filters

Procedure:

Method 1

Samples consisting of 2 émof bacterial suspension and 2 taf 1% solution of
starch should be incubated 30 minutes in a bath aviemperature of 38. At the
same time prepare a blind sample containing 2afrwater instead of the bacterial
suspension. After incubation cool the samples afi @4 cmi of Lugol liquid.
Filter it and read out the absorbance at the wagthe 560 nm. Determine the
amylase activity on the basis of the standard curverder to prepare the standard
curve, measure 1.0, 0.9, 0.8,. down to 0.1, 0.daframylase solution (5 mg/cin
and fill it with 0.9% NaCl up to 1 cin Add 1 cni of starch to each of these
solutions. Incubate 30 minutes at a temperatu@8tE, then cool, add 0.2 énof
Lugol liquid and read out the absorbance at theeleagth 560 nm. Draw the
standard curve.
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Method 2

Introduce 1 crh of saline solution into 9 test tubes. Add 1 %of bacterial
suspension to the first test tube after contadt e toxic compound. Next, do the
partial dilutions. Add 1 crhof 0.1% solution of starch into each test tubeubate
them at a temperature of €7 for 30 minutes. After this time, add a drop aliiee
into each test tube. Note the highest dilution adtbrial suspension in the sample
where the tint (coloring) with iodine does not occmylase activity should be
assessed on the basis of the highest concentratibacterial suspension which
could decompose 1 mg of starch to products noingid tint with iodine after
30 minutes of incubation at a temperature 637

b. Decomposition of fats

Materials:

The culture medium with tributrine (5 g of peptoBg, of yeast extract, 10 érof
tributrine, 25g of agar-agar, 1dwf distilled water with pH 7.5), bent glass rods,
physiological salt solution.

Realization: Carry out a carpet inoculation on the basis oftitihs 107 7 Pof
examined bacterial suspension on the culture medliitmtributrine. Incubate the
inoculated plates in a thermostat at a temperau25°C. Look for colonies with
light zones after 72 h; this suggests the usageéboitrine.

Results:
Count these colonies and refer the results tootdinies per plate.

c. Decomposition of proteins

Materials:
Casein culture medium (10 g of peptone, 0.3 g #iRO,, 0.5 g of NaCl, 3 g of
CaCQ, 1g of MgSQ @ HZO, 10 g of casein, 25g of agar, 1 tof distilled water,

pH —7.5), TCA, physiological salt solution, beragg rods.

Procedure:

Carry out carpet inoculations on the basis of dihg 10~ " * of examined
bacterial suspension on the casein culture medincubate the inoculated plates
in a thermostat at a temperature of@8After 48 h, pour 6% of TCA on plates.
Look for colonies with clear zones called proteislyfThese zones are devoid of
proteins which were digested by TCA.

Results:
Count these colonies and refer the results tooddinies per plate.
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8. LABORATORY 12

GENERAL AIM: During this class we are going to focus on the aite of toxic
compounds of natural origin.

Exercise 1.
The detection of cyanogenic glicosides

Materials:

Nutcracker, grater, hammer, kitchen board, mosawall slops, funnel, filter, stand
for test tubes water bath for 4 workplaces, 5% FeS@ NaOH, 10% HCI, kD,
following fruits:

a) shelled almonds —origin California, USA (resfltest -, or poorly positive)

b) almonds flakes — country of origin Spain (residltest — definitely negative)

¢) dried plum stones — country of origin Polandgteof test + positive)

d) cherry stones — country of origin Poland (restitest + positive)

Procedure:

After peeling the nutshells, grind the grains arateythem with a porcelain mortar
and add 3 ml of distilled water. Put the homogeriate a thermostat at 30 or
into a water bath for 30 minutes. Next, filter @ntent with filter paper. Add a
few drops of 5% solution of FeQCthen 1-2 drops of 5% NaOH. Dissolve the
formed sludge by adding a few drops of 10 % HCkhE solution becomes blue
(Prussian blue) it means that the CN- group iseques

Results:
Draw conclusions.
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Exercise 2.
The detection of caffeine

Materials:

Cafe, mortar, ethanol, small vaporizers, funnéferfi stand for test tubes, water
bath for 4 workplaces and the following items:

a) “Nescafe” instant coffee

b) blended ground “Tchibo” coffee

C) tea

d) instant coffee from “Biedronka ”

As discussed in the presentation, it is possibleshow colorful reactions of
caffeine by preparing two portions of instant ceffeowdered in the mortar and
combined with 5 ml of ethanol (caffeine is well wole in ethanol and poorly in
water), heat up to 5Q for 10 minutes in a water-bath. Next, filter iitawith a
filter, place the filtrate into the water bath,darttvo small vaporizers and conduct
the characteristic reactions described below.

Procedure:

We can detect caffeine by the two following methods

1. Murexid reaction

A tested sample in the following amount (instarffes® and ground coffee: 1/2 of
teaspoon, tea: 1/2 of teabag) should be grindechdeith the mortar and divided
in two equal parts. Place the first part in the orgger and add 10 drops of 3%
H,O, solution; add also 1-2 drops of 10% HCI. Evaporagecontent to dryness in
the water bath and moisten it cautiously with a felmops of ammonia.

A characteristic purple coloring may appear.

2. Reaction with Nessler reagent

Pour a few milliliters of water over the tea anduwrd coffee in the vaporizer,
cover with a watch glass and warm it for a few nesuevaporating part of the
water; next, add 2 ml of Nessler reagent. Wheneaadfis present, a dark brown
sediment will appear. Pour 2 ml of Nessler reagaudr the instant coffee and
warm it in a water bath. When caffeine is presantark brown sediment will

appear.

Results:
Draw conclusions.
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9. LABORATORY 13

GENERAL AIM: During this class we are going to focus on the genéc
influence of ultraviolet radiation on organisms.

Materials:

Strain of E. coli B sensitive to streptomycin (8fr 30 cni of MgSQ, solution
(00.1 mol/dni), 30 cni of bouillon, test tubes with physiological liquiti) plates
with nutritious agar, 10 plates with nutritious rga50 pg/cnt of streptomycin,
4 small Petri dishes, ice bath, UV lamp, centrifugat tubes, pipettes.

Procedure:

Spin 30 cr of all-night culture of thé&. coli B st strain. Pour the supernatant off.
Suspend sediments into 30 twf MgSQ, and put it in an ice bath. Dilute the
suspension 1If) 10° and inoculate 0.1 chper every agar plate. Pour out 5%

bacterium suspension to 4 small Petri dishes. iltadhe open plates with a UV
lamp for 30, 60, 90 and 120 seconds. Gently mixdiwetent of the plates while
irradiating. After the given exposure time, remdkie plates one by one from the
UV radiation. Protect them from the light. Estiméte titer of every suspension by
sieving of 0.1 crifrom appropriate dilutions on nutritious agar pfatin order to

determine the number of mutants resistant to streytin (stf) from every
irradiated suspension, sieve 0.1%com two agar plates with streptomycin. Sieve
the initial (not irradiated) suspension also to tgar plates with the streptomycin.
All cultures should be conducted with the carpethod. Incubate the plates for
24-48 h/37C.

Results:

Calculate the titer of the bacterium (on plateshwititritious agar) before and after
UV irradiating. Calculate the N/Nog, in which the N is the titer of bacterium

before irradiating, N — titer of bacterium afteradiating (time t). Draw a curve of
the relation N/N log for the time t. Calculate the titer of mutamésistant to

streptomycin in all samples. Calculate the freqyesfcthe mutation (h) s¥r- stf,
for every exposure time: h = M/N

M — titer of mutants in sample

N — titer of all mutants in sample

Draw the curve and estimate the relation h frometkgosure time t.

91



10. LABORATORY 14

GENERAL AIM:
Purpose During this class we are going to focus on therabiological methods
of estimating the mutagenicity of substances.

Exercise 1
Assessment of the mutagenic effect of chromium witthe Ames test

Materials:

Strain of Salmonella typhimuriuniTA 98, Petri dishes with minimal culture
medium, small flasks with top-agar containing tram®ounts of histidine and
biotin, Oxoid bouillon, phosphate buffer, solutiasf daunomycin, KCr,0O;
(50 mg/cm) solution, sterile test tubes, pipettes.

Procedure:

Prepare the following concentrations of ,G6,0; 50 mg/ci, 5 mg/cr,
0.5 mg/cn. Fill 0.5 cn? of phosphate buffer in a sterile test tube. Wité tise of
the automatic micropipette enter 0.1%af all-night culture of TA 98 strain into
the test tube. Add 0.1 énof the study compound (one of three concentrafions
Place the test tube in a thermostat at a temperaatir37C for 20 minutes
(preincubation). After the incubation, add 2°caf top-agar, mix it quickly and
then pour it out on a plate with minimal culturedinem and distribute it regularly.
Repeat the previous steps when preparing the pesintrol; add 0.1 cfnof
daunomycin solution instead of the examined comgdiattention! It is a strongly
mutagenic compound). Prepare the control of thetsm@ous mutation repeating
the steps again, but without adding the examinedponnd. Prepare all samples in
three replicates. The plates should be incubatedt@tperature of 3T for 48 h.
After the incubation period, count the emerged wige for all the plates taking the
average of the replicates.

Results:
Assess whether chromium Cexhibits mutagenic properties.

Exercise 2
Assessment of the mutagenic effect of chromium witthe “Rec-assay” test

92



Materials:

Strain ofBacillus H17 (Rec) i M 45 (Red), test tubes with bouillon, petri dishes
with nutritious agar, sterile filtration discs (6m of the diameter), tweezers,
methylated spirit, KGO (5 mg/cni) solution.

Procedure: With the help of sterile tweezers put the dis¢haf filter paper on the
surface of the plate with nutritious agar at aatise of 1cm from the edge of the
plate. Take the inoculum from the all-night cultafethe H 17 strain and spread it
in the form of the strip from the edge of the dismculate in a similar way the M
45 strain at the same plate at & 86gle in relation to the previous culture. Put two
drops of KCpO- solution into the disc. Incubate for 24 hours demperature of
37°C. After the incubation, measure the length of gh@wth inhibition zones for
both strains (from the edge of the disc to the ingigg of the growth).

Results:

Compare the studied growth of both strains andsassehether the examined
compound exhibits mutagenic properties. The exathswbstance could be toxic
and mutagenic, toxic but non-mutagenic, non-toxit mmutagenic, nontoxic and
non-mutagenic.
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