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TOXICOLOGY AND HUMAN HEALTH

Victims of environmental pollution. Patients from the methyl-mercury poisoning disaster in Minamata Japan,
revealed in the 1950s, are today in their forties, after a life in hospital, severely handicapped. More than 100 people
died and thousands harmed before the emissions were finally stopped. The Minimata disaster was a turning point in
the history
of environmental
protection and
boostedTOXICOLOGY
interest in environmental toxicology. (Photo: Lars Hylander.)
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What is there that is not a poison? All things are poison and nothing
without poison. Solely the dose determines that a thing is not a
poison.
Paracelsus, 1493-1541.

The chemical industry has produced and disseminated
an enormous range of chemical substances in the
environment, either on purpose such as pesticides, for
technical reasons, or by accident. How are living
organisms, plants, animals, and people, able to handle
that?
Let us first note that the presence of complex chemical
mixtures in the environment is not new to life. The living
cell is a fantastic laboratory for the production of an endless
variety of molecules. It is not a surprise that we are in
general well equipped to handle foreign chemicals.
But still, xenobiotics, foreign chemicals, can be a
disadvantage to animals. In some cases the pollutants
are very destructive. They damage sensitive parts of
the physiology, such as the reproductive system, the
nervous system, and the genetic material. Also very
minute amounts may be enough to damage an
individual, and small damage to a species may be
enough to disturb the balance in an entire ecosystem.
The study of how a chemical affects living organisms
is the science of toxicology which we will examine in
this chapter. Many of the facts gathered in this science
have been achieved through animal laboratory
experiments. It is however difficult to draw conclusions
from data in the laboratory about the effect of a chemical
in the environment. Different species react differently
and combinations of chemicals interact to potentiate or
inhibit each other.
Even if only small amounts of a chemical is found in
the environment it may concentrate in animals. Manmade chemicals are often, for technical and economic
reasons, more stable than those used in nature, they
are persistent, and they are lipophilic, soluble in fat.

Persistent lipophilic molecules are difficult to get rid of
for the cells, they accumulate in organs and tissues, they
stay in the food chains, they are transferred from prey
to predator, and even from mother to child.
Hardest hit are thus predators, such as the seals in
the Baltic Sea or the birds of prey. Some of these
species were almost extinct before it was understood
that the reason was toxic chemicals, and measures
were taken to stop them. Today we know more about
this problem after having studied the havoc that
chlorinated organic chemicals make in cellular
mechanisms for oxidation, hormone production, and
immune defence.
Generally speaking, one may say that man is not
seriously threatened by environmental pollutants.
Exceptions exist however. The influence from air
pollutants especially in cities with much traffic is a health
risk in particular for children. We may also point to fish
with a high level of mercury or fish with high level of
PCB in the Baltic Sea.
However, chemicals in the work place may be quite
dangerous. Thus, occupational medicine is important
and has strict rules for many chemicals in the
environment. Public health takes a wider approach to
see what factors are decisive for human health. It is clear
that the largest “pollution” factor for health by far is
cigarette smoking, which may lead to both respiratory
problems, heart disease, and cancer.
It is possible to avoid many of the chemicals that are
known to be very dangerous, and there will be more
and more restrictions on the chemical industry and
consumers. In May 2001 a convention to globally outlaw
the 12 most toxic chemicals was reached.
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CHEMICALS AS POISONS
Chemicals in the environment
The widespread presence of chemicals in the environment has been a concern
since the 1950s. The possibility that serious functional disturbances in animals
and plants may be caused by chemicals has been suspected from that time. In
the 1960s evidence started to accumulate. Aquatic environments in general have
clearly been more exposed than others, and the Baltic Sea is particularly
endangered. Well known is the dramatic history of decreasing populations of
the grey seal and ringed seal later shown to be connected to PCB, and the threat
towards predatory birds, such as the white-tailed eagle, from chlorinated organic
compounds, mostly DDT derivatives. Also many fish stocks suffered from
exposure to pollutants. Malformations were more frequently observed in exposed
fish, as for example in the pike with deformed jaws pictured in Figure 14.1.
Also man is at risk. Persistent pollutants have been found in breast milk
since the 1960s. Air pollutants are a concern for everyone living in a city and
exposed to car exhausts.
Since the 1970s the levels of some pollutants in the environment has
decreased, but many problems, old and new, remain to be dealt with. These
include the presence of cadmium and mercury, polycyclic aromatic
hydrocarbons, remaining levels of PCBs, residues of DDT and dioxins, as well
as new categories of pollutants such as the brominated hydrocarbons.
In the environment we find a complex mixture of various compounds. The
final effects depends on the nature of their interactions and sensitivity of a given
organism. To understand that, we need to describe the relationships between
increased exposure to man-made pollutants and physiological effects in single
species. This is studied in the laboratory by toxicologists where the potential
hazard of each toxic compound to a species is determined.

Figure 14.1. Deformed jaws of a Nordic pike caught
in the recipient of the effluent from the Norrsundet pulp
and paper industry on the Swedish coast of the Bothnian
Sea during a period when emissions of chlorinated
hydrocarbons was large. (Courtesy of Jan Thulin.)

The chemicals
The most hazardous chemicals in the environment are those which combine
persistence with biological availability and reactivity. The majority of such
chemicals belong to three main groups of chemical compounds:
•
•
•

Polyaromatic hydrocarbons (PAHs) i.e. molecules composed of a number
of aromatic rings (Chapter 11).
Metals, especially heavy metals, and their organic compounds (Chapter 12).
Halogenated hydrocarbons, organic substances with one or more hydrogen
atoms substituted by chlorine (or bromine or fluorine, i.e. by halogens)
(Chapter 13).

Some of these compounds are present or produced naturally in the
environment. Pollutants, such as metals and some of their compounds, are found
in ores and enter the environment from natural processes, mainly from the
weathering of rocks. The chlorinated hydrocarbons may also be of natural
origin. For example dioxins and related substances are produced during
natural forest fires. Polyaromatic hydrocarbons are formed during
incomplete combustion, so they may also originate from natural sources
such as fires. But there is no doubt that the main source of dangerous
pollutants is man-induced activities. Even early in the history of mankind,
human activities added to the natural pollution. Thus, even the most primitive
forms of metal work, several thousand years ago, increased the release of metals
and metal compounds to the environment. Today the largest amounts of
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Figure 14.2. Distribution and fate of toxic pollutants
in an aquatic (left) and a terrestrial (right)
environment. (Source: Rombke and Moltman, 1995.)

deleterious substances by far come from industry, households, agriculture, and
forestry, as well as the medical and military sectors.
The pollutants, classified according to their origins, belong to one of four
main types of sources, including the vast majority of the relevant compounds:
•
•
•
•

Energy-related sources: sulphur, and nitrogen oxides, hydrocarbons, etc.
(Chapter 10).
Industrial sources releasing a very large number of pollutants (Chapter 13).
Pesticides used in agriculture and forestry (Chapter 13).
Household chemicals e.g. medicines, detergents, solvents, and paints.

The emission of toxic pollutants is not only a local problem but also a global
one. The pollutants are normally distributed amongst several media (water,
sediments, biota, and air), and the relative concentration levels in the different
media can differ a great deal depending on the physical-chemical characteristics
of the chemicals involved and on the prevailing conditions of the environment.

Toxicology

LC50 =

lethal concentration for 50% of
the individuals exposed
LD50 = lethal dose for 50% of the
individuals exposed
NOEC = no observed effect concentration
NOED = no observed effect dose

Figure 14.3. The dose-response relationship. The
curve shows how the effect (here mortality) is related
to the dose or concentration of a toxic substance. The
dose or concentration which kills half of the tested
individuals (50% mortality) is called LD50 (lethal dose)
or LC50 (lethal concentration).

Toxicology deals with the effects of chemical compounds on living organisms.
They might be natural. Animals and man are affected by numerous natural toxic
substances such as mushroom toxins, or elements in soil and water. Even natural
environments may be toxic to man or animals, e.g. in places where there are
high levels of heavy metals.
But more relevant to us here are the toxic effects that are caused by manmade, synthetic, environmental pollutants, especially POPs and heavy metals.
These are the xenobiotics (xeno = foreign). Most data on toxicology on such
substances have been obtained through studies in animals, and sometimes from
studies in cell cultures.
Toxicology is complemented by epidemiology, which studies the relationship
between environmental factors and health effects in human beings. There are few
of these studies and they are difficult to carry out. However, they are of course the
most relevant.

The toxic effects of chemicals: dose-response relationships
The term exposure means that an organism is in contact with a chemical
compound. It also stands for the degree of contact expressed as the amount
or concentration during a certain time. The relationship between exposure
and the effect, which may differ with the dose for an individual, is referred
to as a dose-effect relationship. The relationship between exposure and the
frequency of response, that is the percentage of individuals which are
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affected is referred to as a dose-response relationship, or dose-frequency
relationship (Figure 14.3). The understanding of this relationship is
essential for picturing the toxic effects. The effects caused by a compound
are often referred to as the toxicity of this particular chemical. Acute toxicity
includes effects occurring within a short time (24 hours) after usually a
single exposure. These effects can vary from a simple flush to the death of
the individual. In the latter case, the effect is said to be lethal.
A common way to quantify acute toxicity is to give the LD50 (lethal dose
50 percent) value which means the dose causing the death of 50% of the animals
receiving this dose. NOED is the highest dose that causes no death at all. A
high LD50 value means low toxicity and vice versa. Sometimes ED and TD is
used in the same way. ED stands for effect dose and TD for toxic dose, which
can mean anything from a slight irritation of the skin to death. When the
exposure is expressed as concentration instead of amount (e.g. when dealing
with animals living in water) LD, ED and TD are replaced by LC, EC and TC,
which mean lethal, effect and toxic concentration, respectively, of the chemical
in the surrounding environment, e.g. water or air.
Lethal time (LT) is another measure used in toxicity characteristics. LT50
means the time of exposure of organisms enough to cause the death of 50% of
the individuals. Many toxins accumulates with time (T) and the effect (E) appears
only when a certain amount in the body has been reached. This is for example
typical for fish when there is a certain concentration (C) of a toxin in the water.
In these cases the effect is proportional to time and concentration (E α Τ • C).
The dominating effect in nature is chronic toxic action or toxicity after
repeated administration. Chronic toxicity is manifested as effects occurring after
a longer period of continuous administration of doses usually lower than those
causing acute effects.
Principally, all toxic chemicals execute their primary biological effects on the
cells and their functions. These effects may be e.g. disturbed transport of ions
through the cell membranes, altered enzyme activities, decreased or increased
secretion of hormones, etc. Depending on the type of cells attacked, the effects
observed on the individuals vary widely. They can be either (i) direct and immediate,
measured in seconds or minutes, (ii) compensatory, prolonged to hours, days or
weeks, or (iii) persisting for many generations (Prosser, 1986). Pollutants may
damage various biomolecules but also elicit defensive strategies. All defence
strategies need extra energetic expenditures, which may affect growth or
reproduction, cause developmental or mental abnormalities, and shorten life.
Today acute lethal effects of pollutants in the environment are not very common.
However, during the late 1950s and the early 1960s dead animals, mainly birds,
were frequently found on the Baltic Sea shores. Nowadays, owing to the lower
levels of toxicants, most effects are sublethal, and such effects are often very hard
to detect. Even if these non-lethal effects influence the single individuals only very
slightly, they often evoke disturbances which in the long run threaten their survival.
Under natural conditions, organisms are exposed chronically to a wide
spectrum of various harmful compounds, which results in a combined effect.
However, the effects of mixtures of chemicals are dependant on among other
things different types of interactions. Thus an antagonistic effect of the mixture
is less than the sum of the effects of the individual components. An additive
effect occurs when the effect of the mixture is equal to the sum of the effects of
the individual components. Finally a synergistic effect is when the effect of the
mixture is stronger than the sum of the effects of the individual components
(Figure 14.4). Or simply expressed:
Antagonism:
Additive effect:
Synergism:

Commonly used
abbreviations in toxicology
NOEC – the highest concentration
tested with no observable effect
LOEC – the lowest concentration tested
with observable effect
NOED – the highest dose tested with
no observable effect
LOED – the lowest dose tested with
observable effect

Toxicity
Acute toxicity – effect of a chemical
compound shortly (24 hours) after
exposure
Chronic toxicity – effect of a
chemical compound after repeated or
long-term administration
Sublethal dose – below the level
which causes death of the exposed
organism
Lethal dose – the level which causes
death of the exposed organism
The easiest measurable end-point of
toxicity in vivo is death. In vitro it is
inhibition of growth of laboratory cell
cultures.
We use the terms lethal dose (LD) or
lethal concentration (LC). For example 48
hour LC50 is the concentration of a given
toxic compound which may kill 50% of
tested organisms in 48 hours.

ABTOX < ATOX + BTOX
ABTOX = ATOX + BTOX
ABTOX > ATOX + BTOX
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Methods

Ethics of animal experimentation

Box 14.1

Refine, reduce, and replace animal experimentation
Animal experimentation has been questioned on ethical grounds.
Today in many countries all proposals for animal experiments are
reviewed by ethics committees. As a result there are fewer
experiments, and they are made on so-called destiny reared
animals. Rodents, mice, and rats in particular, which make up the
largest animal group by far, are today delivered to the laboratories
as specially purebred, genetically homogenous, strains. These
animals are in fact very sophisticated instruments to study
physiological effects. In addition the experiments themselves are
very carefully monitored.
The work done is thus of higher quality and fewer experiments
are needed. In summary, one attempts to refine, reduce, and
replace animal experimentation.

In vivo or In vitro
Studies in laboratory animals are called, in vivo (in life) studies.
Sometimes it is possible to study the effect of toxic substances
on tissues or in cell cultures, so-called in vitro (in glass). For
example in tissue cultures the induction (increased production) of
the protein called cytochrome P450 is studied as a parameter that
expresses the efforts of the tissue to biotransform the new
substance. The induction of the oxidising system may, as we shall
see, have effects on normal physiological functions.
The Ames test was designed by the American biologist Bruce
Ames. Here a bacterial strain with a specific mutation (synthesis
of an amino acid) is cultivated with and without the chemical. If
mutations are more common after exposure to the chemical than
without the chemical this means that the added chemical has a
mutagenic effect. The Ames test can be made in presence of e.g.
a liver cell homogenate to study also the effects of the metabolites
of the substance, that would be produced by cells.

Ethical committees
In Sweden the use of laboratory animals is today strictly surveyed
by committees, established on a regional level but under the
Ministry of Agriculture. The relevant legal document for the

Figure 14.4. Antagonism and synergism in toxicity.
When the effect of a mixture of two substances A and
B, administered together in proportion x, is the sum of
the effect of each of them, the effect is additive. If the
combined effect is larger than the sum, they reinforce
each other, and the effect is synergistic. If the combined
effect is smaller than the sum, they counteract each
other, and the effect is antagonistic.

committee is the animal welfare act, but the ethical committees
also use ethical judgements. These committees have members
both from the scientific community, the authorities and the animal
welfare organisations. Since the beginning of the 1990s about
350,000 animals have been used every year for animal
experiments. Around 85% are mice and rats, but a total of some
70 species are involved. More than half is used in basic research
at universities, about 40% in pharmaceutical research. About 1.5%
of the animals are used for studies of toxic effects of persistent
pollutants.

Animal ethics
Very few experiments are today what could be called painful to
the animal. But even if most experiments are trivial, e.g.
immunisation for the production of antibodies, or lead to the death
of the animal after anaesthesia e.g. to prepare tissues or cells,
toxicity tests are often not without suffering for the animal. This
situation and the fact that the animals are exploited and kept in
captivity is ground for ethical concerns and no experiments should
be done unless the results are important enough to motivate the
sacrifice of the animal and its integrity. The fact that the present
restrictions makes animal experimentation quite expensive helps
to uphold this balance.
It is constructive to discuss the ethics of animal
experimentation in the context of a general view of the ethics of
man and the animal world. The largest part of this by far is meat
production. Much of “animal production” does not meet ethical
standards in an acceptable way. Still it should be considered
that we are able to survive without eating meat to the extent that
is now the case. It is not, however, possible to develop the
knowledge in toxicology discussed here without animal
experimentation. Also the way we treat wildlife is part of the whole
picture. Here man is intruding into the domain of animals to the
extent that some species are threatened and even extinct.
Although, certainly, a larger crime does not excuse a smaller
one, a view that includes all relationships between people and
animals leads to a deeper understanding of our own ethics.

This complex situation makes it difficult to determine cause-effect
relationships in natural conditions between a given chemical and altered
biological functions.

Animal experimentation
The current understanding of how chemical compounds act on living organisms
comes to a very large extent from experimental studies on living animals. The
knowledge is basic for our efforts to avoid adverse impacts by chemicals in the
environment both on ourselves and other life forms.
Animal experimentation is restricted on ethical grounds (see Box 14.1) but
for good reasons it is still made on a large scale. Animal experimentation has
both advantages and disadvantages.
Firstly, most of the results now achieved from animal experiments are not
possible to obtain in other ways. It is necessary to study the effect of a substance
on a complete organism to understand the mechanisms of the toxic effects. The
effect of a substance is often the result of events on several levels – uptake,
distribution, metabolism in different organs, effects on cells, etc. This is only
possible with a complete organism.
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Secondly, there are serious limitations. Each individual species has its own
way of reacting to a substance. It is not certain that the effect on one species
will be the same on a different one. This is particularly true for so-called
teratogenic effects, that is effects early in life on differentiation of the foetus,
where one species might be extremely sensitive and others quite insensitive.
Teratogenic effects are often first studied in mice or rats and in a few cases the
effects are also studied on primates to judge as well as possible what might
happen in humans.
Sometimes very special species are used to study special mechanisms. Studies
on PCBs in minks are described below. Minks were chosen because of their
very special reproductive cycle which resembles that of seals. When effects on
bird eggs are studied, which was crucial for understanding the effects of DDT,
of course birds are used. Sometimes species offer special possibilities that are
of interest. For example, salamanders have unusually large eggs, while other
species have unusually large nerve cells, etc.

ACTION OF TOXIC CHEMICALS
Pollutants affect muscular and nerve function
It is well known that several chemical pollutants can cause muscular
dysfunction, e.g. organic mercury compounds, DDT and others. Disturbances
of digestion, metabolism and/or a reduction of the feed intake may also impair
muscular functions by decreasing the energy available. Such effects have been
observed as a consequence of mercury, PCB and pentachlorophenol in the
feed. In animals even slight disturbances of the muscle function may threaten
the survival, at least in critical situations. A diminished muscle function means
a decreased working capacity. A couple of birds with disturbed muscle functions
may thus fail when performing the major task of collecting enough food for
their nestlings. This being the case, the survival of the young is threatened,
while the parents have a relative good chance of surviving.
The muscles must receive correct nervous signals in order to carry out their
functions optimally. However, high levels of DDT and similar substances depress
the nerve functions with a risk for impaired muscular work capacity.
In order to feed themselves during the winter, herbivorous animals have to
accomplish hard muscular work, sometimes in a deep snow cover. Therefore,
many factors cooperate in increasing the risk of lethal starvation of deer and
other herbivorous species. Some birds avoid this feed deficiency by migrating

Effects of toxic
substances
Toxic substances may be classified
according to their mode of action (Walker et al., 1996) as:
Genotoxic - causing DNA damage.
Genotoxic effects are detrimental for
reproduction, they may damage the new
individual as well as causing carcinogenic
transformation of somatic cells.
Neurotoxic - effecting the nervous
system. Neurotoxic agents are generally
more detrimental to young individuals.
They may affect directly neural transmission between neurones or between
neurones and muscles by acting with their
postsynaptic receptors (e.g. pyrethroids,
chlorinated cyclodienes), inhibiting the
enzyme AChE or damaging the neurons.
Immunotoxic – interfering with the
immune system.
Metabolic disruptors – e.g. uncouplers
of oxidative phosphorylation or inhibitors
of the electron transport chain.
Osmotic disruptors – disturbing
osmoregulation.
Hormon disruptors – disturbing
hormone regulation. Hormone disruptors
include certain PCB congeners, compete
with hormones, e.g. thyroxine, a hormone
produced by the thyroid gland controlling
growth, or sexual hormones leading to
changed sexual differentiation.

Figure 14.5. Migrating birds, such as these swallows,
carry out many bodily functions which are sensitive
to toxic substances. Even small disturbances make the
journey to Africa and back even more dangerous.
(Photo: Pawel Migula.)
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Review

Mechanisms of toxicity

Box 14.2

A variety of mechanisms
Mechanism of action of various pollutants in organisms depends
on their chemical nature. Toxic effects in cells are mostly due to
inhibition of various enzyme groups which in turn are active in
processes of neuronal transmission, synthesis of important
biomolecules or in detoxification processes. Among all different
pollutants present in the environment the mechanisms of action
are known only for a few. The inhibition of cytosolic enzyme
δ-aminolevulinic acid dehydratase ALAD by lead is one case
and the inhibition of acetylcholinesterase (ACHE) by organophosphate or carbamate pesticides another. Other pollutants affect
various known metabolic pathways but we cannot easily say how
they lead to the adverse effects in exposed organisms.

Lead
Lead is known as a direct inhibitor of heme synthesis acting on a
series of cytosolic enzymes such as δ-aminolevulinic acid
dehydratase (ALAD). The catalytic activity of this very sensitive
enzyme is correlated with the blood lead concentration and has
become a standard of lead exposure in humans (WHO, 1977),
fish, and wildlife. For example, in mallard ALAD is partly inhibited
when blood lead concentration is even below 5 µg/100 ml. For
birds, such as starlings or swallows foraging on verges along the
motorways such biochemical dysfunction are later reflected in
reduced reproductive success and population decline.

Acetylcholine esterase as a target for pesticides
Acetylcholine (ACh) is one of the most important neurotransmitters
responsible for triggering the flow of Na+/K+ across cell membranes.
Acetylcholine esterase (AChE) is the enzyme responsible for the
hydrolytic breakdown of ACh, needed to finish nerve transmission.
Inhibition of AChE by organophosphate insecticide lead to a
continuous discharge of action potential in nerves and muscles
and a lack of relaxation of the contracted muscles.
These pesticides, used to eliminate pest insects in agriculture,
may seriously affect warm-blooded animals such as birds or
mammals. Even a slight disturbance of their muscular function may
reduce their chances of survival, for example, by reducing the speed
of escape from the predators or, reversibly by diminishing the
chance of catching the prey. Even if a sensitive carnivorous bird
exposed to the pesticides may survive immediate poisoning, an

Figure 14.6. Inhibition of neuromuscular synapse function by
organophosphates. The neurotransmitter, acetylcholine (ACh), can no
longer be hydrolyzed when the enzyme, acetylcholine esterase (AChE), is
inhibited by an organophosphate pesticide (OP). The large
”transmembrane” receptor protein (white figure) is a so-called ion channel,
which remains open when the esterase is inhibited.

altered neural response may change its behaviour, as in intoxicated
starlings where parents were unable to properly take care of their
nestlings.
The inhibition of AChE is used to diagnose the cause of death
in birds. When the inhibition is equal or lower than 50% of the
normal level and residuals of organophosphorus compounds or
carbamates are present in the carcass, there can only be one
reason - poisoning with pesticides. In fish inhibitions of AChE are
more variable than in warm-blooded vertebrates.

to the south. However, migration also entails tremendous muscular work. Then,
if the muscle capacity is depressed, migration may be unsuccessful and survival
threatened.
Bird migration also means complicated long distance navigation. To
accomplish this task there is a need of a perfect cooperation between sense
organs, nerves, and muscles. Therefore, impaired functions of these organ
systems may imply e.g. that the birds cannot find their breeding ground and
that survival is in danger as, most likely, no breeding could occur.
Are these effects just speculations or are there hard data supporting that
such events occur in nature? The birds prepare themselves for the migration
by building up fat stores, and during migration the fat stores are used as energy
for the flight. This fat contains several fat-soluble pollutants. Experimental
studies have shown that, parallel to the usage of the fat, the pollutants are also
released and accumulated in the muscles and the nervous systems. There they
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may disturb both nervous, muscular, and sensory functions. In at least one bird
species PCB-treated animals started their flights during the whole day, and the
control animals only in the morning, indicating a disturbance of nervous and/
or sensory functions.
By means of special equipment it is possible to study similar disturbances
in fish. The central part of this equipment is a long horizontal transparent tube,
which is rotated around its long axis. By special means the flow of water through
the tube is also brought into rotation. To begin with, a fish placed in the tube
tries to uphold its normal upright position in spite of the rotating water. By
increasing the speed of rotation a velocity will be reached, at which the fish
can not correct its position any more. This velocity is negatively correlated to
the levels of DDT, PCB, and Hg in the tissues of the fish, i.e. a high level of
these pollutants diminishes the ability of the exposed fish to cope with the
situation created by the rotating water. This failure can be due to disturbed
function of the sense organs registering the position of the body, decreased
muscle working capacity, and/or impaired transfer of nerve signals between
the sense organs and the muscles.

Reproduction physiology is very sensitive to pollutants
Unfortunately, reproduction and growth are processes with an extreme
sensitivity to toxicants. In many cases these processes are impaired at
concentrations of pollutants too low to evoke any other symptoms. The newly
developing individual is in a very sensitive life stage. In spite of a large number
of studies the reasons for these effects are still obscure. One possibility is that
the pollutants alter the concentrations of the hormones regulating the sexual
functions. In the presence of foreign chemicals, such as pollutants, the liver
works intensively in order to destroy the chemical intruder. However, the
enzyme activities during these degradation processes are the same or similar
to those which degrade the sexual hormones as well. Therefore, an increased
level of pollutants may cause decreased levels of the hormones.
Some effects of environmental pollutants may be caused by such changes
of hormonal levels. E.g. a successful implantation of a fertilised egg into the
uterine mucous membrane must be preceded by a preparation of the uterus
membrane, induced by sexual hormones. In an animal having too low levels of
the inducing hormones, implantation may fail. In laboratory experiments failing
implantation have been observed in mice given PCB and DDT. The disturbances
of the menstruation cycles observed in women and female monkeys exposed
to PCB may be explained by changed hormonal levels. However, after only a
single dose of PCB the animals are able to compensate for the decreased
hormonal level within a few days. As the usual situation in nature is a continuous
exposure to small doses of pollutants there must be other reasons for
reproductive disturbances as well. Polyhalogenated aromatic hydrocarbons may
show direct oestrogen effects, as observed in western gulls from California
where female-female “pairing” took place. Both “partners” laid abnormally
large clutches but the eggs were, of course, infertile.
It is possible to imitate the real situation in the laboratory by giving the studied
animals small doses continuously for a longer period, e.g. during the whole
pregnancy. Such experiments have shown that during these conditions some of the
implanted foetuses die even within the uterus. However, the sensitivity varies from
one species to another. The mink, which is used as an experimental animal, is a
very sensitive species, perhaps the otter as well. Very little is known about the
causes of this phenomenon. The concentrations of the chemicals in the foetuses
are not lethal, nor is the transport of nutrients to the foetuses via the placenta seriously
depressed. Aulerich and Ringer (1977) however showed that minks exposed to as
little as 0.3 ppm PCBs in the diet failed to reproduce.
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Case

The seal populations of the Baltic Sea

Box 14.3

The number of seals in the Baltic Sea
Under fatal conditions a depressed reproductive capacity can eliminate
total populations of a species. The seals of the Baltic Sea were very
close to being wiped out because of the serious disturbances of their
reproduction, most likely caused by PCB. In the Baltic Sea there are
three different species of seals, the grey seal (Halichaerus grypus),the
ringed seal (Pusa hispida), and the harbour seal (Phoca vitulina). At
least right up to World War I all three species were represented in the
Baltic Sea by vital populations. At that time there were most likely 100,000
grey seals (Chapter 6). From the late 1950s their number declined in
parallel to increased pollution of the Baltic Sea. In the mid-1970s the
number of grey seals were only 1,500-3,000. Losses in the populations
of ringed seals were of the same magnitude. In the end of the 1990s
the numberof grey seals had increased to close to 10,000 individuals,
and since then the danger of extinction is over. The harbour seal population was threatened by an infectious disease caused by the Phocine
distemper Virus (PDV), which only in the year 1988 killed about 60% of
the population, possibly aggravated by reduced immunity.

even the group containing such highly toxic compounds as
dibenzofuranes, which are contaminants in technical PCB preparations.
However, when putting together the groups again or combining two of
them the results were the same as with technical PCB.

Seals are recovering
Today, the seal populations are recovering from the severe chemical
poisoning and from the epizootic disease in 1988. Grey seals are
increasing in numbers in the northern part of the Baltic Sea, and harbour
seals in the southern part. Requests for hunting seals in the Baltic Sea
are again heard. However, survival rates of grey seal pups is still too
small. Despite the ban, both PCBs and other hazardous organohalogens
accumulate in the fat tissues and concentrations of PCB in seals from
the Baltic Sea is still higher than in seals from Swedish west coast.
Some of it is inherited as pups receive it with the mother’s milk. Several
new pollutants, e.g. Tris(4-chlorophenyl)-methane and Tris(4chlorophenyl)-methanol) are today found in the seals (Harding and
Härkönen, 1999). Special care needs to be taken for Kalmar Sound
harbor seals, which has a population still below 300 individuals.

Poor reproduction
Research in the 1980s proved that both ringed seals, then around 6,000
in the northern part of the Baltic Sea, as well as the grey seals,
reproduced very poorly. Only about 30% of the female individuals seem
to be fertile. Those that were fertile had a lower concentrations of PCB
in their body fat than the remaining ones.
Post-mortem examinations of the pathology of dead female seals
from the Baltic Sea have demonstrated the occurrence of lesions of
their uteri of a hitherto unknown type. In about 50% of the animals
studied at least one of the two chambers of the uterus was occluded. In
the 1980s this lesion occurred in more than 60% of the ringed seals. Of
course such an occlusion prevents the fusion between the egg and the
spermatozoon, and thus makes the animal sterile. Moreover, the
frequency of tumours of the uterus was high. Some of the animals had
skin lesions similar to the abscesses, chloracne, found in human beings
poisoned by PCB and related compounds; their claws were often
deformed; and there were inflammatory lesions of the intestine. In addition there were pathological changes in the kidneys and the adrenals,
sometimes also in the skeleton.

Figure 14.7. Grey seal cub on the Bothnian Sea coast. As top predators
the grey seals are sensitive to pollutants in the Baltic Sea. From the
1950s to mid-1990s the reproduction success of the grey seals was very
low due to intoxication by PCB. (Photo: Henrik Lehman.)

Research proved the role of PCB
It is impossible to positively determine the reason or the reasons for all
these disturbances and dysfunction, since the conditions of the Baltic
Sea changed so tremendously during the last few decades. In order to
settle the question, experiments were performed using the mink (Mustela
vison) as a model species. The mink resembles the seals as it is a fish
eater and has the same peculiar form of pregnancy with a delayed
implantation of the fertilised eggs. The results demonstrated a clear cut
relationship between the number of dead fetuses in the uterus and the
level of PCB in the body fat of the mother (Figure 14.8). More refined
experiments showed that the lowest concentration of PCB evoking this
effect (i.e. ED0) was approximately 10 mg technical PCB per kg body
fat of the mother. So far the experiments support the idea of PCB as the
main cause of the depressed fertility of the Baltic Sea seals. However,
the occlusions of the uterus found in the seals could not be demonstrated
in the mink, and have not been found in any other species either.
In fact, technical PCB is a mixture of 60-70 different individual PCB
congeners with somewhat varying characteristics. In order to find out
the relative hazards of these different PCB compounds, technical PCB
has been separated into several groups of chemically closely related
individual compounds, and their effects studied experimentally. None
of these groups had any effects when given alone to the minks, not

Figure 14.8. Effects of PCB on the reproduction success of femal
minks. Fetal death in the pregnant female minks (as percent of dead
foetuses) receiving commercial PCBs. In toxicological research the mink
was used as a model for seals since their reproductive physiology is
quite similar. Such data allowed researchers to conclude that PCB was
the most serious threat to the seals. (Data from Jensen et al., 1977).
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In some fish and bird species it has been shown that the concentration of
environmental pollutants in the eggs is high enough to cause the death of the
embryos. E.g. this has been demonstrated in ospreys (PCB and DDT) and Atlantic
salmon (DDT).
The growth of foetuses and young is also influenced by several environmental
pollutants. Thus the whelps of minks given PCB during pregnancy have lower
weights at parturition than whelps of untreated dams. In rodents, such as rats,
mice and guinea pigs, however the observations are contradictory. At least in
some experiments with these species the youngsters grow faster when they
receive DDT or PCB during suckling. Oil components have also proved to be
toxic as chronic exposure to oil delayed the ovarian development as well as
frequency of fertilisation in mallard ducks. In some cases oil caused salmon
and flounder to have less male hormone, testosterone.

Immune system - recognises and discriminates against any foreign substance cell
or tissue. The response involves immune
cells - T and B-lymphocytes, and the
production of antibodies, immunoglobulins, in the blood stream.
Immunotoxicity - adverse effects of
chemicals to the immune system, such as
autoimmunity, allergy, and immunosuppression.
Immunotoxic chemicals may increase the
susceptibility to viral, bacterial, or parasitic
infections.

Teratogens
Some chemicals, known as teratogens, are specially dangerous for developing
embryos or foetuses and early stages of infant development. The early period
of life is especially sensitive for several reasons, one being that detoxifying
enzymatic systems, used for self-defence, are still poorly developed. Teratogens
include e.g. PAHs, dioxins and mercurials. During the early part of life they disturb
the normal development of an organism leading to more or less serious dysfunctions,
malformations and eventually early death (Figures 14.9 and 14.10).

Immune system and organ formation
Many of the chlorinated organic pollutants e.g. dioxins, some of the PCB
substances, perhaps also DDT, are known to decrease the effectiveness of the
immune system. In fact, one of the effects of PCB first observed was decreased
immune defence in virus-infected birds. Such a depression may imply that even
rather banal infections become lethal. The serious situations of the seal population
in the Baltic Sea during the 1970s and 1980s may partly be caused by such a
depressed immune defence. Facts indicating such depressions are for instance
high frequencies of slow-healing wounds in the skin and the intestine,
hypertrophic adrenals, etc. Such lesions have been observed in more than 50%
of the post-mortem examinations performed. Of course, this situation means
that the state of health of the Baltic Sea seal populations was very bad.
Chlorinated organic compounds have been found to cause malformations
of hard tissues, such as the skeleton and the fins of fish. Such organic compounds
were released from e.g. paper pulp mills as a by-product during the process of
pulp bleaching. In the vicinity of such mills there is a high frequency of
malformation of the jaws in the Nordic pike (Figure 14.1). It is not hard to
realise that these individuals have difficulty in getting enough feed for survival.

Figure 14.9. The worm Tubifex with malformations
due to toxins during development. Worms (Tubifex
sp.) exposed in water and snow containing pollutants
from Silesian coke plants. It is clear that the pollutants
have been teratogenic, that is they have disturbed the
development of the worm. (After Migula, 1993.)
Figure 14.10. Malformations of vertebrae of cod
living in water with toxins. During the 1980s, lesions
of the vertebrae in cod were found to be more common
in fish outside pulp and paper factories where large
amounts of chlorinated hydrocarbons were released
with waste water. (Courtesy of Jan Thulin.)

The bird’s sensitive point is the egg
Ratcliffe was the first who described in 1967 that the shells of the eggs of some
bird species, e.g. birds of prey such as the peregrine falcon and sparrow hawk,
were thinner than earlier (Figure 14.11). In all species studied the decrease of
the thickness was greater than 10%. It may seem rather unimportant if the
thickness of eggshells is 0.5 or 0.45 mm. However, a decrease of the thickness
means more fragile shells, and there is an increased risk that the eggs will be
broken before hatching.
Ratcliffe supposed that DDT could cause such an effect. As eggshells from
earlier periods were preserved in museums of natural history, it was possible to
measure egg shells from different periods. In 1947, when DDT came into use,
the first signs of a thinning were observed. The eggshells of birds are composed
of calcium carbonate, and their production is regulated by the female sexual
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Figure 14.11. Thinning of eggshells in birds.
Museum samples of eggs of white-tailed eagle, osprey,
marsh harrier and razor bill were measured in samples
collected before and after 1947. This is the year when
large amounts of DDT was released in the environment
as an insecticide. It has later been demonstrated that
DDT and its metabolite DDE, reduces egg shell
thickness in birds. (After Johnels and Odsjö, 1972.)

hormones. Therefore, it has been supposed that the decreased hormonal level
of the DDT-poisoned animals could be the reason for the eggshell thinning.
However, it is more complicated than that. The immediate cause seems to be
that the shell-producing gland cannot absorb calcium from the blood, nor emit
it to the eggs, and there are several hormones involved in this process, not only
the sexual hormones. The main cause is in fact a decreased activity of the
important enzyme Ca2+-ATPase and effects on prostaglandins that act as local
chemical regulators of cellular functions.
In addition, it has been demonstrated that it is not DDT, but one of its
degradation products, DDE (see Figure 14.11), which causes the eggshell
thinning. Moreover, different species show a widely varying sensitivity. The
peregrine falcon is extremely sensitive, though the domestic hen, on the other
hand, is practically insensitive. Some fish-eating birds, such as brown pelicans,
reached an extreme percent of thinning, nearly 45% at 59 µg DDE/g and 5 to
10% at only 1 µg/g. Comparisons of several species showed that above
17% eggshell thinning the populations started to decline.
Rather recently another type of shell thinning of bird eggs has been observed.
Parallel to the acidification of soil and water there is an increased solubility of
many metal salts, including aluminium. High doses of this metal influence the
production of mineralised tissues, such as eggshells, snail shells and vertebrate
skeletons. When studying pied flycatchers feeding on water living insects from an
acidified lake, it was found that a relationship existed between the concentration of
aluminium in the female birds and the thickness of their eggshells. However, these
egg shells were not only thinner, but also more porous than unaffected eggs. The
porous shell permits a great deal of evaporation of water from the eggs and the
embryos die from desiccation as well as from broken shells.

Detoxification – a dangerous way to save oneself.
Figure 14.12. Examination of an egg from a whitetailed eagle nest. The foetus is dead and the
concentrations of environmental pollutants in the egg
yolk is very high, which is a result of bioaccmulation.
(Photo: Swedish Museum of Natural History.)

All living organisms, including humans, are provided with biochemical tools
which allow them to eliminate compounds that have entered their body. Many
cells, especially in the liver, kidney, and some areas of the gut, contain enzymes
which are able to transform lipid soluble compounds into water-soluble products
which can be readily excreted. As many pollutants are lipophilic this is
particularly important.
The so-called biotransformation normally consists of two steps. First the
chemical is oxidised. The active components in the cell are a cytochrome, called
P450, and a flavoprotein – NADPH-cytochrome reductase. As a result an
intermediate metabolite with one or several hydroxyl groups is produced. In a
second step this compound is conjugated resulting in a water-soluble metabolite,
which is easily excreted.
This evolutionary old system is effectively used by practically all living
organisms to cope with various man-made xenobiotics. The reactions of the first
phase involve hydrolysis, reduction and oxidation and reactions of the second
phase conjugations with various compounds (sulphate, glutathione, glycine, acetate)
leading to diminished toxicity by increased polarity of a new product.
Some relatively stable xenobiotics will during the first steps change into forms
that are even more toxic than the original compound. This is called bioactivation.
A well-known example is the bioactivation (dehydrohalogenation) of DDT to form
DDE which impairs avian reproduction (Walker et al., 2001). Bioactivated pollutants
may find critical targets in other cells and potentially act as carcinogens, which can
bind to nucleophilic sites, lipids, proteins or DNA.
Another danger in the detoxification process is that some very reactive
forms of oxygen are produced. This is due to the fact that the microsomal
P450 reductase, transfer one electron at a time to the substrate. Several very
reactive oxygen species are formed, which can damage lipids, proteins and
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nucleic acids. In fact the cells have an arsenal of tools to protect themselves
from these very aggressive forms of oxygen, including superoxide dismutase
(SOD), glutathione transferase (GST), peroxidases, glutathione peroxidase
(GPOX) and catalase (CAT).
When exposed to a sufficient amount of pollutants the amounts of oxidising
enzymes increase in the cells, often measured as increased levels of cytochrome
P450. This increase, is due to what is called induction. Induction is one effect on
cells and can be used to trace the presence of pollutants. The increased amounts
of the activated enzyme system seem to influence also the turnover of the natural
steroid hormones in the cell. This indirect influence is believed to be a very
potent mechanism for disturbing the physiology of the animal, and might be a
main mode of action for e.g. PCB toxicity.
Detoxification also has its toll in terms of energy consumption. Organisms
under toxic stress adjust and redistribute the energy normally used for growth
or reproduction to detoxifying processes. Although detoxifying mechanisms
are effective the negative effects of energy consumption can be measured.
Organisms use various strategies to cope with this problem. If they are unable
to migrate from threatened areas they can shorten the developmental period
under stress, although this results in a smaller number of healthy offspring.
Another strategy is to prolong the developmental period. Some insects are in
fact able to excrete the toxicant as they form their shell, the exocuticle.

ENVIRONMENTAL MEDICINE
Environment and human health
Every one of us would certainly like to live in a clean, calm and beautiful
surrounding, but, as other organisms, humans are exposed to various
environmental factors, which may have adverse health effects.
How do we define health? The World Health Organisation states that:
“Health is a state of complete physical, mental and social well-being
and not merely the absence of disease or infirmity.”
Physiological indicators could be used in order to find how the organism
will respond to increased levels of a pollutant (Figure 14.13). However, most
often, we are not able to measure health using positive factors. Instead, we use
such data as prevalence of various diseases, life expectancy and eventually
mortality rates. Some of these parameters are influenced by pollutants and other
environmental factors.
Health effects of the outer environment are quite different in rich and poor
nations. In industrialised countries a major health threat is air pollution, in particular
ozone, indoor air pollution and smoking (Francis, 1994). In Central and Eastern
Europe both air and water pollution caused by industry or agriculture is important.
Despite efforts to reduce levels of pollutants in many countries around the Baltic
Sea respiratory disorders caused by sulphur dioxide and suspended particles are in
first place on the list of environmental health problems. In developing countries
access to safe water is the number one factor for improving health.
We may enumerate the six main groups of factors influencing our health:
•
•

internal, that is the biological or genetic status
external, such as presence of viruses, bacteria or fungi, or toxic chemicals

A list of the most
deleterious substances
to people
The Commission of Environmental
Toxicology of the Committee of Ecology in
the Polish Academy of Science prepared
a list of the most deleterious substances
to people. The list is based on analyses
of such criteria as the emission level,
toxicity, the area of target population,
bioaccumulation, biomagnification, and
effects on the physical and chemical
environment. The higher the number, the
greater the risk of health alterations from
pollutants:
sulphur dioxide (114)
suspended dust matter (108)
polycyclic aromatic hydrocarbons, PAH (88)
nitrogen oxides (83)
fluorides (72)
lead (52)
cadmium (42)
nitrate fertilisers (42)
carbon monoxide (29), and
pesticides (28)
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Figure 14.13. Health status in relation to exposure
of a pollutant. As the concentration of a pollutant
increases, the exposed person goes from health to disease
and eventually to death. (After Walker et al., 2001.)

Routes of uptake
of organic pollutants
Skin
From contaminated surfaces which is
touched.

Gastrointestinal tract
From ingested food and water.

Respiratory tract
From gases, inhaled droplets and
particles in air.

•
•
•
•

physical, such as altitude and climate
social, that is living conditions, population density, access to education, etc.
lifestyle – diet, hygiene, cigarette smoking, alcohol use, physical activity, etc.
health care – intensive and hospital care, obstetrics, nursing, hospitals, etc.

The environment has both positive and negative effects on human health. It is
crucial to differentiate between the outdoor environment, indoor environment and
occupational environment. Exposure to contaminants is in many cases important,
especially when it is constant and in relatively high concentrations. However, as a
general statement, we have to stress that pollutants in the outdoor environment are
not a major concern for human health, with the important exception of air pollution,
especially for children. Instead one may be concerned about occupational exposures
to pollutants, and exposure to certain chemicals in the indoor environment, e.g.
causing allergies. Furthermore, our health is mainly affected by all daily habits
such as diet, smoking, alcohol, and general lifestyle.

The fate and effects of toxic compounds in the human body

Figure 14.14. Detoxification. Insects accumulate
metals in their cuticle and release them during each
molting. Here caterpillars of the peacock butterfly,
Inachis io. (Photo: Pawel Migula.)

Three phases can be distinguished in interaction between a toxic compound and
the body. They are called exposure, toxicokinetic phase, and toxicodynamic phase.
The first phase, exposure, includes the resorption (uptake) and processes
preceeding resorption. The most important routes of uptake of organic pollutants
are the skin, lungs, and alimentary tract. Through the skin pollutants may have
three possibilities: diffusion through the skin (a major route), the sweat pores or
the hair bulbs. Penetration through the skin is time related. Elimination of contact
with a chemical simply by washing or drying the skin is of a great importance.
Many toxic substances are inhaled. Every minute our lungs are inflated with
about 6 litres of air. This means that daily ventilation approaches 9 m3 of air. All
toxic substances in the air (as gases, aerosols or small particles) may reach the
alveolar cells in the lung and damage them or continue across the membrane to
the blood and further to various organs, tissues and cells. The epithelial linings
of the trachea and bronchi have small cilia, which together with the mucus play
an important role in protecting the lungs from particulate matter (down to 2-5 µm
in size). Inhaled particles which get stuck in the mucus in the upper respiratory
tract, mouth, nose, and the upper airways, are slowly moved by the cilia to the
pharynx and then swallowed. Noxious agents may reduce the movements of
the cilia and thus potentiate the toxic effects of the particles. The elimination of
dust particles from the deeper parts of the respiratory tract is very slow. For
example, polycyclic aromatic hydrocarbons are easily dissolved in alveolar fluids
in the lung and as such may reach the blood. Small asbestos particles are also
toxic to the lung and asbestos-related diseases include also lung cancer.
The uptake of toxic compounds depends also on the intensity of work.
Individuals that are physically very active inhale more air-borne pollutants
than those working less intensively. An example of the accumulation of lead in
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Figure 14.15. Accumulation of lead in the
respiratory tract. The accumulation is dependent on
the rate of breathing and the diameter of dust particles
in the air. (Migula, 1993.)

the respiratory tract in relation to the breathing rate and the diameter of dust
particles is shown in Figure 14.15.
All toxic compounds in water and food may reach target organs through
absorption in the gastrointestinal tract.
In the second, toxicokinetic phase a pollutant is absorbed, distributed,
metabolised (biotransformed) and eliminated. Transport across cellular membranes
is usually a simple, passive diffusion, at least for lipophilic compounds. After uptake
the toxic compounds are transported to different parts of the body, by blood or
lymph, according to their solubility. Pollutants may be eliminated in unchanged
form or as polar metabolites, mainly with the urine, bile or expired air. Small
amounts leave the body with the saliva, sweat or milk.
When the rate of elimination or biotransformation of a xenobiotic is slower
than its uptake it starts to accumulate. In a human body, as in other vertebrates,
persistent lipophilic toxins are stored in fat depots, such as various membranes
or blood serum lipoproteins. Compounds absorbed from the intestine are often
transported to the liver via the portal blood system. Some lipophilic compounds
enter the brain as they more easily cross the “blood-brain barrier”, which in
general is not permeable for ionised compounds. Other toxins accumulate by
binding to serum proteins, or various proteins in e.g. kidneys or liver, (e.g.
some heavy metals) or in the bones.
Pollutants stored in fat depots include organochlorine insecticides,
organomercury compounds, benzodioxins or polychlorinated biphenyls. With
the mobilisation of fat, e.g. in starvation or illness, these compounds are released
and may cause a delayed toxicity.
During the third, toxicodynamic phase the toxicant interacts with a cell
component, to exert its toxic effect. The biochemical “target” might be an
enzyme, DNA, a component in a metabolic pathway, or a cell membrane. (Walker
et al., 2001). Toxic effects may hit e.g. on genes, neurosystem, the cellular
metabolism or hormonal regulation. Humans are equipped with similar
biochemical detoxifying mechanisms as other groups of vertebrates, and a
common phenomenon is the induction of detoxifying enzymes, such as
microsomal oxygenases or enzymes of the second phase of detoxification, i.e.
glutathion-S-transferase.

Air pollution and human health
Air pollutants affect human health; it is gaseous compounds and particles that are
responsible for the effects. A large part of mankind now has to breathe noxious air.
The situation is worst in large cities, where innumerable motor vehicles emit fumes
containing thousands of different substances directly into an environment that is
crowded with people. Among the pollutants to which they are exposed are a large
number of hydrocarbons (many of which are carcinogenic), sulphur dioxide, small
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particles, nitrogen oxides, and ozone as well as other oxidants – the last two being
formed from other substances already present in the air.
The effects take many forms – from nothing more than a feeling of discomfort
to rising mortality. Asthmatics, children, the elderly, and persons with heart and
circulation problems are especially likely to suffer, although with considerable
differences from one individual to another. Research has recently produced ever
more evidence of a connection between the increased incidence of asthma and
allergies, and pollutants in the outdoor air. As regards ozone and particles the
connection has been definitely established, even though the exact mechanisms
remain to be determined. There seems to be a connection, too, with sulphur
dioxide and ozone, although it remains to be proven.
In some places the air may be unhealthy even outside the cities, in the open
countryside. This can occur when the air masses have remained stationary over
areas with a great volume of emissions, as in the northern part of the Czech
Republic and southern Poland, where the numerous coal-fired power plants
pour out great quantities of pollutants. In winter high concentrations of sulphur
dioxide are a frequent occurrence there, whereas in western Europe it is often
the exhaust fumes from motor vehicles that cause trouble. During periods of
still air in summer, ozone can often attain noxious concentrations, and in recent
summers the EU threshold level has frequently been exceeded in almost all the
member countries.
Figure 14.16. Air pollution and human health. Air
pollution is today the largest cause of reduced human
health due to environmental pollutants. Children are
most at risk since they are most sensitive, in a relative
sense use more air, and are closer to the pollutants
simply because they are shorter. Jelgava, Latvia, 2001.
(Photo: Lars Rydén.)

Figure 14.17. The OECD procedure for risk
assessment.

Environmental risk assessment and environmental
epidemiology
Methodologies for risk assessment of exposure to chemicals have been developed
in all countries to regulate the large number of chemicals which are potentially harmful
to the humans. OECD (1989) has summarised various models of risk assessment.
The general procedure is shown in Figure 14.17.
The OECD protocol includes the following steps. On the basis of collected
data the effects on human health are identified and quantified. The exposure of
humans resulting from release, transport and fate of a chemical in the
environment is then assessed. The next step is the hazard assessment, i.e.
determination of the probable type of and magnitude of toxic effects from the
released compound. Finally the risk assessment, which includes the estimation
of the probability of the actual effects occurring from the exposure to a chemical
(Van Leeuven, 1990) (see also Chapter 13).
Environmental epidemiology is concerned with patterns of distribution of disease
in relation to environmental factors. Epidemiological investigations evaluate
whether there is an increased incidence among individuals which are exposed to a
pollutant in their working places – occupational exposures – or in general in the
outdoor environment in a given area during a certain time period. Although a simple
dose-response study might seem simple it is often tricky to estimate the exposure,
especially of airborne pollutants and identify the effects. Very often an effect might
be caused by many factors in the environment and it is often difficult to conclusively
show causality between a single pollutant and a health effect. In fact the cause of a
given disease is often multifactorial. Epidemiological studies should ideally provide
information about possible influences of other factors that increase the probability
of disease. Epidemiological studies may identify areas where the risk to health is
significant and which countermeasures are needed. High-risk groups are of a special
interest since they are important for the evaluation of the risk for the general
population (Comba, 1994).
Environmental health policy focuses on prevention of exposure to the
environmental hazards and on the avoidance of the health effects in the population
(EEA, 1995). In Poland, as in other European countries, human safety against
toxic substances is under the control of occupational medical services while the
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National Sanitary Inspectorate co-ordinates activities on a regional level. The
Inspectorate works in divisions for control of industrial diseases, noxious physical
factors (noise, vibration, heat), chemical pollutants, biological “pollutants” (bacteria,
fungi, protozoans, and parasites) and work physiology. Appropriate units of the
National Inspectorate for Environmental Protection monitor the concentration of
and exposure to pollutants in work places as well as outdoors.

Human health and environmental hazards
Although disease caused by a pollutant is not normally a major factor in concern
for our health, there are cases where chemical pollution has caused major disasters.
A well known example of environmental pollution that led to a large-scale disaster,
disease, and death, occurred in the small village of Minamata in Japan in 19531965. Minamata disease was the result of complete ignorance, lack of concern,
and mismanagement of mercury containing compounds.
The origin of the diseases was methylated mercury, used in a factory to
protect rice from rodents, which was washed out in the effluent waste water to
the bay. It was taken up by fish and in this way ended up on the dinner tables of
the people which had fish as their main diet. Effects on cats were first noticed,
since they fed almost exclusively on fish. Already in the mid-1950s they showed
spastic movements, paralysis, and died. People bioaccumulated methylmercury
and were hit later, but with similar symptoms.
In the Minamata Bay area about 10,000 cases were recorded including some
100 deaths (Chapter 12). The consequences can still be seen in the village where
there are crippled and retarded people. More drastic was a later Iraqi incident with
459 deaths out of 6,530 hospitalised patients who had eaten home-made bread

Case

Health of the Polish population

Box 14.4

In Poland environmental factors still play a major role in the health
of the population as is revealed by statistics for life expectancy,
mortality rates, especially infant mortality rates, and the main
causes for death. For males, the second most important cause of
death, after heart disease, is lung cancer. It has been estimated
by the Ministry of Health in Poland that by the year 2000 there will
have been 90,000 deaths from cancer, 15% as a direct result of
pollution (Carter and Turnock, 1993). This is not surprising since
about one-third of the Polish population live in the areas where a
large part of the territory remains industrialised.
Concentrations of carcinogenic substances, such as PAHs, asbestos or cadmium, still exceed permitted levels many times. This
leads to increased disease, especially for children and other groups
at higher risk, e.g. people with asthma or suffering from blood
circulation diseases. In the Upper Silesian industrialised area the
estimated added risk of lung cancer due to accumulated exposure to
benzo(a)pyrene and cadmium within the whole life span, was 150 to
more than 800, for different towns (Poborski, 1993).
The risk of lead-caused diseases is still important in children
living in some threatened areas of southern Poland. A large
monitoring programme for determination of the magnitude of lead
intoxication of children aged 3-5 as the most vulnerable group, has
been carried out in several cities. Altogether nearly 3,000 children
were examined. Lead concentrations in excess of 20 µg/dl were
found in some 30 children, signalling high exposure to environmental
lead. This after all indicates an improvement compared to earlier.
The affected children are under special medical care.

Figure 14.18 . Child mortality at birth. Comparison between Sweden,
with the lowest child mortality in the world, and all of Poland and the
more exposed areas of Zabrze and Bytom. The figures for the Polish
areas reached a maximum in 1990, the time of breakup of the Soviet
Union. The figures have since decreased. (Norska-Borowka, 1999.)
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The blood-brain barrier is a functional
barrier possibly related to the special
structure of endothelial cells characterized
by tight intracellular function between
these cells and the choroid plexus and
capillaries in the central nervous system
(CNS). This barrier restricts movements
of large molecules and highly charged
ions from the blood to the CNS .

Figure 14.19. The work environment. Many work
places have a bad environment, especially with regard
to pollutants in the air. Regulations regarding the work
environment are slowly becoming more strict. (Photo:
Inga-May Lehman-Nådin.)

made from the flour treated previously with a fungicide containing EtHg
(Chang, 1996).
Methylated mercury is almost completely absorbed from the digestive tract
to the bloodstream and transferred practically to all human tissues. About 10%
of the total ingested dose may reach the human brain. Methylmercury is a known
serious toxicant for the central nervous system as it is easily crosses the protective
blood-brain barrier. The developing brain is particularly sensitive and even if
the mother has no symptoms of poisoning the foetal brain can be seriously
damaged causing serious mental retardation, even blindness, and delayed
development of motor skills. The degree of neurological deficiencies in both
humans and animals is related to the dose of MeHg which came from the
placental blood to the foetus (Chang, 1996).
Other serious health hazards are related to heavy metals in the environment,
in particular flue gases from the metallurgic industry. Lead, a metal which is
not normally present in the body, causes damage by altering the synthesis of
heme, a key component in the biochemistry of many tissues. The first effects of
lead poisoning is anaemia, as hemoglobin is depleted of its heme component.
Lead at concentrations of 10-15 µg Pb/dl of blood may also pass the protective
brain-blood barrier, and cause serious dysfunction in the central nervous system
causing behavioural abnormalities including decreased intelligence quotient (IQ).
It has been estimated that 3-4 million of children have lead concentrations
above 15 µg/dl in blood and are thus in the risk group.
The mechanism is well known. In the presence of Pb2+, porphyrin binds
zinc instead of iron, to form a zincprotoporphyrin containing hemoglobin. This
is a good indicator of lead poisoning.
Toxic effects of metals depend on many factors. Many of them act as
antagonists replacing necessary elements in important physiological processes,
affecting metabolism. Aluminium, once reaching the cell remains there in
liposomes or in the nucleus up to its death. It is the main antagonist of
magnesium and as such inhibits some enzymes which need Mg for their normal
activity. In excess this element reacts with DNA, disturbs cross membrane
transport cell divisions and their structure. It manifests itself in microcytic
hypochromatism or osteomalatia. In addition, workers in aluminium smelters
may suffer from lung fibrosis.

OCCUPATIONAL AND PUBLIC HEALTH
Food habits, life style and health
When discussing environmental factors negative for human health we must
not forget good and bad habits of the peoples living around the Baltic Sea. It
might be trivial to point out that well-being depends on the access to healthy
food. However there is an important group which cannot afford to eat properly,
not only lacking enough food but also components such as minerals and
vitamins. But even more unhealthy are badly composed diets, such as with too
much fat and too little vegetables and fruits. It is not only that being overweight
is correlated with poor health. Increased consumption of fat, and meat and of
less vegetables and fruit are correlated with cancer incidence. The mechanisms
seem to be that antioxidants in vegetables and fruits are protective against
carcinogenes while fat and meat on the contrary contain oxidants.

436 HOW POLLUTANTS AFFECT LIFE – TOXICOLOGY

A further problem of most developing countries in the Baltic Sea region is
too high a consumption of alcohol. Despite state regulations on production and
selling of alcohol, alcoholism is a major factor in poor public health, especially
in Russia. Of special concern is that the number of young people and children
that drink too much alcohol is increasing.
In 1984, the World Health Organisation initiated a campaign against cigarette
smoking. The incidence of cancer, especially lung cancer, in smokers is at
least 10 times higher than in non-smokers. Cigarette smoke plays a significant
role in atmospheric pollution, probably larger than pollution from industry and
transport. Cigarette smoke is distributed practically everywhere in Central and
East European countries where it is breathed both by the active smokers themselves,
and others, called passive smokers, including children and even the foetus of
smoking pregnant women. In the West on the other hand smoking is today almost
completely banned in public places, and is not common in private life. Restaurants
were legally required to be free from smoking in Finland in 1999 and in Sweden in
2000. Smoking has recently been in focus politically in many other countries of
the Baltic Sea region. For example, in Poland anti-smoking information and
preventive campaigns resulted in the prohibition of smoking in all public places
except for separated areas isolated from others. Unfortunately, it is difficult to
eliminate this bad habit, and force people to respect the new regulations. Moreover,
non-smoking sections are not well insulated. E.g. when travelling by train, even if
a smoking section exists in nearly each coach, the bad ventilation system leads to
passive smoking for practically all passengers.
Cigarette smoke consists of about 4,000 different compounds, many
extremely toxic, present as particles and gases. We can distinguish such
substances as:
•
•
•
•
•

compounds irritating cells of the mucosal layer – e.g. nitrogen oxides,
formaldehyde, acetoaldehydephenols, quinones, ketones or cyanides
carcinogenes – polycyclic aromatic hydrocarbons, benzo-a-pyrene, nickel,
nitrosamines
nicotine and its derivatives acting on the heart and circulatory system
carbon monoxide affecting oxygen transport
free radicals which are general pathogens of cells

Cigarette smoke may after a long time cause cancer of the lungs, tongue, throat,
pancreas, or urine bladder. In the medium term it leads to chronic bronchitis leading
to emphysema or chronic respiratory insufficiency. Carbon monoxide and nicotine
cause arteriosclerosis, chronic hypoxia of heart and ischemic heart disease.
Pregnant women are in a special situation since the unborn child is very
much affected by cigarette smoking. As the amount of methaemoglobin in the
blood of both mother and foetus increases the growth of the foetus is retarded,
and it may cause premature birth. Nicotine easily passes to the foetus and causes
hypoxia, which damages the developing brain. Babies from smoking mothers
weigh about 200 g less than those of non-smoking mothers, even about 440 g
less if the mothers smoke more than 20 cigarettes daily. Smoking is dangerous
also during breast feeding. Toxic compounds are transferred by the milk to the
baby. Moreover, smoking reduces the excretion of milk.
In the Baltic Sea region, cigarette smoking is still very popular, and strongly
advertised in former communist countries in the mass media. Cigarette smoking
is added to other environmental contaminants, and knowing its danger and risk
for future generations, smoking should be eliminated from our lifestyle.

Human carcinogens
The US Environment Protection Agency
has published guidelines for
classification of potential hazardous
chemicals, grouping them as follows:
Group A
A: Human carcinogen documented relation between exposure
to the chemical and human cancer.
Group B
B: Probable human carcinogen
- limited evidence to humans but
sufficient in animals.
Group C
C: Possible human carcinogen lack of data for humans and limited
evidence for animals.
Group D
D: Not classified as to human
carcinogenicity - no data for humans and
clear evidence for animals.
Group E
E: Evidently not carcinogenic to
humans.

One might believe that to smoke or not
to smoke is a battle between smokers and
non-smokers. In reality it is a fight
between profit and health.

Figure 14.20. Tobacco smoking is still the single
most important reason for bad health in the Baltic
Sea region. A smoker on average reduces their life
span by close to 10 years. Smoking not only is the
major cause of cancer but also reduces fitness during
life, due to its effect on the respiratory tract and
haemoglobin. (Photo: Elzbieta Głowacka.)

DNA and mutagenic substances
Every cell in the body contains DNA, deoxyribonucleic acid, as its genetic
material. DNA is an extremely stable molecule. The cell pays a high price to
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Toxic substances interacting with DNA are
divided in four categories (Shugart, 1990)
which cause:
• formation of DNA adducts, also used
as biomarkers of the exposure,
• secondary modification of DNA, i.e.
changed rate of repair
• chromosomal aberrations, i.e. sister
chromatide exchange, and
• creation of mutant DNA that causes
alterations in gene functions.

Figure 14.21. The mechanisms of carcinogenesis.
Carcinogenic substances damage the hereditary
material, DNA, and cause changes, so-called
mutations. These in turn may have deleterious effects
on cell physiology. If cell growth is uncontrolled it
may lead to cancer.

Carcinogenesis
The process of carcinogenesis has three
main stages:
• initial – when a carcinogenic agent
reaches the genetic material in the
cell, reacts with DNA and causes
DNA changes;
• promotion – the initiated cell is
changing towards a carcinogenic
stage. This process can be
accelerated or inhibited, mostly by
various chemical factors;
• progression – easily recognisable
cancer cells are created. Their main
feature which differentiates them
from other normal cells is their
practically uncontrolled division,
leading eventually to the death of the
organism.

repeatedly proof-read and repair its genetic material with a correctness far
better than the best ever done in human writing and printing. It is not surprising
as the genetic material contains all instructions, the genes, that the cell needs
to carry out its functions.
However, the DNA is not unchangeable. It may be damaged during random
cellular events, by physical influences such as ultraviolet, ionising radiation,
and by chemical compounds. If the cell fails to repair the damage the result
will be a permanent genetic change, a mutation, which is replicated and
transmitted to the daughter cells. Most mutations are neutral and have little
consequences. Some cause damage to the cell and may even cause its death. A
very small number of mutations are beneficial as they allow the organisms to
adapt to a changing environment.
Mutagenic agents are involved in many human diseases (Sasiadek, 1995).
The most important consequence of genetic damage by far is that the control of
cell division is lost. Then the cell might be transformed and develop into a
cancer (Figure 14.21). The effect may manifest itself only many years after
exposure, often some 20 years later, as the development of a cancer is a long
term process. The incidence of cancer increases dramatically with age. Many
different forms of cancer have been described. Many of them, up to 50%, are
today treated with good results, while others are very difficult to cure.
About a third of the mortality in a western society is today caused by cancer. In
Poland, it has been estimated that cancer causes 18-20% of deaths and the risk of
cancer has been continuously increased. Cancer incidence is highly age dependent
and the incidence of cancer increases rapidly with age.
It is estimated that about half of the cancers are caused by external factors in
the general sense, smoking being by far the largest and badly composed diet the
second of these factors. Environmental pollutants do not play a major role in cancer,
while there is convincing evidence that several chemicals in the working place do.
The list of chemical compounds and substances responsible for proven
mutagenicity is long. Among them are arsenic, cadmium, chromium, nickel,
benzene, polychlorinated biphenyls, styrene, chlorinated hydrocarbons, N-nitroso
compounds, free radicals and others. Many carcinogenic compounds are also
genotoxic. They form covalent adducts with DNA and if they are not repaired
mutant cells are produced. Good examples of genotoxic compounds are PAHs,
i.e. polycyclic aromatic hydrocarbons, such as benzo[a] pyrene, aflatoxins or
vinyl chlorides, but most reactive are their intermediate products created during
detoxification processes. Any chemical listed as an inducer of cancer in animals
is treated as a potential carcinogen for humans, even in a small dose.
DNA damage on the reproductive cells, which form eggs or sperm, are
equally serious as they may transmit alterations to subsequent generations.
Offspring with harmful mutations are normally eliminated from the “healthy”
population, simply because the new individual already as a foetus fails to develop
and then is aborted, or it will fail later in life if it is less well adapted. If not, a
genetic damage will stay in the offspring as a damage, most likely as a recessive
trait. Such traits will show only if they are inherited from both parents. About
25% of the human genome contains less functional alleles (gene variants) socalled “sublethal” recessives. This is typical for a cross breeding population
since the damaged genes can hide in the genome.

Measuring mutagenicity
There are several simple tests designed to find out if a substance is mutagenic.
Many of these work on the cell level, simply so that a bacterial strain with a
known mutation is grown together with the chemical to be studied. The number
of back mutations are then counted and used as a measure of mutagenicity (the
Ames test, see above).
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Compounds

Processes

Alifatic hydrocarbons
Tetraaminebiphenyl
Arsene and its compounds
Asbestos
Benzene and Benzidine
Chromium and its compounds
Dinaphtylamine
Mineral oils, and tar
Nickel and its compounds
Vinyl chloride

Production of auramine
Production of dichloromethylesters
Exploitation of hematites
Production of isopropylalcohols
Production of textiles
Tanning of leather
Dye production
Petrochemical industry
Metallurgic processes
Plastics industry

The ability of a chemical to form DNA adducts can be measured in the
laboratory by various chromatographic or spectrophotometric methods. These
can thus be used as biomarkers (see below) of the presence of the chemical in
the environment. Exposure of cells to PAHs can be monitored in this way in
humans, and in e.g. fish and other marine animals (Peakall, 1992).
Breaks and other abnormalities of chromosomes can also be examined, as a
cytogenetic test in the microscope, especially in organisms living in a polluted
environment. As such they are useful in controlling the exposure to various pollutants
to marine, freshwater, or terrestrial organisms. Monitoring of genetic material is
easy in the case of frequent sampling. Fish are available in large samples and used
for monitoring of the incidence of tumours, which can be linked to a specific
chemical compound, mostly to PAHs and PCBs.
Ionising radiation can cause cancers and, by mutations in the germ cells,
heritable effects in future generations. An example from Chernobyl accident on
a forest rodent, bank vole, is shown in chapter 11. Mutation frequency in this
species was measured as micronucleated polychromatic erythrocytes. It is worth
mentioning that the same effect in the laboratory needs much higher doses than
occurred in natural conditions (Figure 14.22).
Population monitoring with the use of molecular epidemiological methods
combined with data on exposure to chemicals is also very important tools in
determining the effects of mutagenic compounds on humans. Analysis of
chromosomal aberrations and specific gene mutation are widely used as
biomarkers of response to a chemical stress (see below).

Pollution and Threshold Limit Values
The working environment is rather well controlled in many countries. Airborne
substances to which one may be exposed every day should not exceed the socalled Threshold Limit Values (TLVs). It is the highest concentration without
significant adverse health effects. In certain situations, for example cigarette
smoking, alcohol abuse and genetic disposition, the effects may be larger and
body’s defence mechanisms reduced. For example asbestos particles are
dangerous in much lower concentration to smokers than non-smokers.
The TVL values are used in occupational hygiene practices as guidelines
and recommendations for controlling health hazards.
The limits are prepared for a single substance, but the organisms are exposed
to a mixture of substances. Their combined effects might be either antagonistic,
sometimes with protecting effects, or synergistic, i.e. increasing toxic effects.
Generally, when the interrelations between hazardous substances are not clear
the threshold limits for mixtures should be considered as additive:
C1/T1 + C2/T2 + …..... Cn/Tn,
where C (1 – n) means the atmospheric concentration and T is the appropriate
threshold limit.
Airborne contaminants might be also derived from living organisms, such
as various micro-organisms (bacteria, fungi), toxins (endotoxins, volatile

Tabell 14.1. The origin of toxic pollutants. Many
industrial process are connected with the emission of
toxic pollutants. Today, however, some of the
traditional processes can be replaced with nonpolluting substitutes.

Mutagen – physical, chemical or
biological factors which affect the cell by
changing its genetic material.
Teratogen – any agent that may cause
birth defects (i.e. dioxins and pesticides).
Carcinogen – any physical, chemical or
biological factor which induces cancer in
living organisms.

Threshold limit values for
airborne substances
The American Conference of Governmental Industrial Hygienists publishes
annual updated information about
important toxic substances in three
categories of threshold limit values, TLVs1 :
1) Time Weighted Average (TLV-TWA) –
continuous daily exposure of workers
to such concentration during 8 hours,
without adverse health effects
2) Short Term Exposure Limit (TLVSTEL) – a concentration during 15
min. which should not be exceeded
during the day. Values between TWA
and STEL should not last longer than
60 min/day.
3) Ceiling (TLV-C) – a concentration to
which workers should not be exposed
at any time
1

Units of toxic compounds: gases and
vapours: ppm - part per million by volume,
or mg/m3 = (ppm).(molecular weight of
compound in grams)/ 24.4 [24.4 - molar
volume in litres].

Table 14.2. Proposed threshold limit values for selected
pollutants in mg/m3. (After ACGH Worldwide, 1996).
Substance
Cadmium
Carbon tetrachloride
Diesel exhaust
(solid particles)
Diesel fuel
Ethyl benzene
Formaldehyde
Hexane
Hydrogen sulphide
Lead
Naphthalene
Nitrogen dioxide
Osmium tetroxide
Ozone
Phenol
Sulphur dioxide
Triethylamine

TWA
0.01
31
0.15
350
439
176
14
0.05
52
5.6
0.0016
0.1-02
19
5.2
4.1

STEL

63

543
0.37
21
79
9.4
0.0047

13.0
12
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Biomarker

Cause

Effect

Inhibition of acetylcholineesterase (AChe)

carbamates or organophosph. compounds

disruption of the nervous system function –
20% inhibition, death – 60% inhibition

Inhibition of deltaamino levulinic acid

lead

affected synthesis of haemoglobin

Induction of mono-oxygenases

organochlorines dioxins, PAHs

diminished reproductiion and other disorders

DNA adducts, immune responses

PAHs, heavy metals
PAHs, metals, carbamates
0rganophosphates, etc.

disturbed protein synthesis, cancer,
disturbances in proper functioning critical to health

Induction of metallothionein

heavy metals

protective mechanism not related to mechanism of toxicity

Table 14.3. Selected biomarkers of human response
to pollutants.

organic compounds) and various particulate waste products, such as decaying
organic matter. All these contaminants may involve toxicity, irritation, allergic
responses and so on.

Biomarkers

Figure 14.22. The mutagenic effect of 137Cs on the
rodent bank vole, Clethrionomys glareolus. Cesium
137 was, after a short period, the dominating radioactive
isotope of concern among those released from the
Chernobyl accident. (After Cristaldi et al., 1991.)

Recently the difficult measurements of concentration of pollutants to judge
health risks have been complemented by use of physiological markers to
follow the presence of toxic compounds in nature or in the working
environment. The new tools are the so-called biomarkers. A rough but
generally accepted definition of a biomarker is “biological response to a
chemical or chemicals that gives a measure of exposure and sometimes
also toxic effect” (Walker et al., 2001). Biomarkers can be identified at
different organisational levels, indicating mostly biochemical responses,
physiological alterations but also effects on individuals. Biomarkers are
often highly specific. For example, inhibition of the enzyme
acetylcholinesterase (AChE) in the neural system is caused by phosphoorganic pesticides. On the other hand they are also general indices, like the
synthesis of specific stress proteins under exposure to various xenobiotics
or induction of detoxifying enzymes, specifically the microsomal
monooxygenases. These are often related to exposure of PAH or
organochlorine compounds. Some important human biomarkers are shown
in the Table 14.3.
Biomarkers have been introduced to substitute for the absence of good data
on dose-effect relationships; these are available only for a few chemical
compounds. In real life the organism is exposed to a complex of compounds in
various concentrations that changing over time. Some of them are not persistent
at all and we are unable to detect them but their effects are visible. Thus, we
may have in the future instead of guidelines of “body burdens” or “time of
permissible exposure” to a pollutant, guidelines for specific pollutants expressed
in “biomarker units.” For example, lead exposure will be expressed as activity
units of aminolevulinic acid dehydratase, the enzyme participating in the
synthesis of heme. The AChE activity can be used as the measure of carbamate
exposure. Such analysis is not only cheaper but also quicker than determinations
of the metal level or chemical analysis of DDT and other similar compounds.
Moreover, the result of the analysis is obtained before the organism may
compensate for the toxic effects.
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REVIEW QUESTIONS
1.

Make a diagram of a typical dose response relationship and note the LD50 in the diagram.

2.

Explain the meaning of the terms acute and chronic toxicity, and give examples of both.

3.

Give one description of an animal experiment and discuss if this is ethically acceptable or not, e.g. a
study on the acute toxicity of saline. Try to formulate your own opinion.

4.

Explain the mechanisms of action of some toxic compounds including lead, polyaromatic hydrocarbons, and PCB.

5.

Give examples of effects of toxic compounds on the functioning of several physiological systems: the
nervous, muscular, sensory, hormone, immunological, and genetic systems

6.

Explain the term environmental medicine and list the most important chemicals in the environment that
affect human health; and in particular describe the role of air pollutants.

7.

Explain the term threshold limit value, TLV, and give examples of some compounds where such values
have been defined.

8.

Discuss the term public health and list the most important factors for reduced public health in your country.

9.

Describe the effect of smoking and what measures are taken to reduce smoking in your city and at your university.

10.

Explain the terms teratogenic and mutagenic and the effects of a mutagenic substance on different cell types;
and briefly describe in particular how cancer develops.

11.

Give several examples of how it is possible to measure the mutagenicity of a chemical.

12.

The level of pollutants might be expressed in “biomarker units”. What does this mean?
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GLOSSARY
acute toxicity

bioactivation

effects occurring shortly after, normally upon a single exposure of a substance,
which can vary from a simple flush to the death of the individual

when a chemical after the first steps of biotransformation change into forms
that are even more toxic than the original compound; an example is the
bioactivation of DDT to form DDE which impairs bird reproduction

administration
administration of a chemical to a subject, animal or man, is to give the
substance either separately, or in the food or drink or in the air

biomarkers
biochemical and physiological measurements, e.g. level of an enzyme, which
allow following the effect of toxic compounds in an individual

Ames test
a test designed by the American biologist Bruce Ames, where a bacterial
strain with a specific mutation (synthesis of an amino acid) is cultivated with
the chemical, and back mutations are counted as a measure of mutagenic
effects

biotransformation
conversion of a chemical in the body consisting first of oxidation and then
conjugation with some water-soluble component that can be easily excreted

blood-brain barrier
antagonistic
when a mixture of two or several chemicals will be less toxic than the sum of
each of the compounds at the same dose given separately

a functional barrier probably related to the special structure of endothelial
cells isolating capillaries in the central nervous system (CNS) from the rest
of the circulation, which restricts movements of large molecules and highly
charged ions from the blood to the CNS
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GLOSSARY
carcinogen

lethal dose

a chemical which induces causes uncontrolled proliferation of cells resulting
in cancer

the dose which causes death of the exposed organism, from lethal = deadly

metabolic disruptors
chloracne
skin lesions or skin abscesses found in humans poisoned by PCB and related
compounds, and corresponding effects in animals

chemicals disturbing the metabolism of the individual, e.g. uncouplers of
oxidative phosphorylation or inhibitors of an electron transport chain

Minamata disease
chronic toxicity
toxic action manifested as effects occurring after a longer period of
continuous or repeated administration of doses lower than those causing
acute effects

disease caused by exposure of methylated mercury, leading to spastic
movements, paralysis, and death in adults and physical and mental disabilities
in children; named after a major disaster in the small village of Minamata in
Japan in 1953-1965

dose-response or dose-effect relationship

mutagens

a basic parameter in toxicology describing how the amount (dose)
administered to an organism relates to the frequency or effect of a substances

chemicals which cause a permanent change, mutation, in the genetic material

neurotoxic
effect dose, ED

toxic effect on the nervous system

the dose that has a certain effect on a living organism

potentiation
environmental medicine
science studying the effect of environmental factors on populations and
individuals

when the response of a toxin is enhanced due to the presence of a second
substance, an effect also called synergistic

sublethal effects
epidemiology

effects, disturbances, which do not lead to the death of an individual

studies concerned with patterns of distribution of disease in relation to
environmental factors, evaluating whether there is an increased risk for
exposed individuals

synergistic
when a mixture of two or several chemicals are more toxic than the sum of
each compound at the same dose given separately

ethical committees
committees which review, on ethical grounds, proposals to conduct studies
that include animals and humans

teratogens
chemicals intervening with the development of the early stages of infant
development, and may lead to malformations and possibly early death

genotoxic
causing DNA damage

threshold limit value, TLV

hormonal disruptors

values used in occupational hygiene practices as guidelines and
recommendations for controlling health hazards; normally the highest
concentration of a substance without significant adverse health effects

chemicals disturbing hormone regulation, e.g. certain PCB congeners which
compete with thyroxine, a hormone regulation growth, or competing with
sexual hormones leading to changed sexual differentiation

toxicity
the capability of a chemical to cause toxic effects in living organisms

immune system
the system in the body that recognises and destroys any foreign substance
cell or tissue, in particular bacteria, parasites and viruses

toxicokinetics
the study of how a chemical (pollutant, toxicant, or toxin) is absorbed,
distributed and metabolised (biotransformed) and eliminated

immunotoxic
adverse effects of chemicals to the immune system

toxicology
science studying the effects of chemicals on living organisms

in vitro, in vivo
in vitro, studies of the effect of toxic substances on tissues or in cell cultures,
in vitro = in glass; in vivo, studies in live laboratory animals, in vivo = in life

toxicodynamics
the study of how a chemical (pollutant, toxicant, or toxin) interacts with cell
components to exert its toxic effects

induction
when pollutants taken up by the cells leads to increased levels of cellular
enzymes, such as cytochrome P450, and the oxidase using this cytochrome as
electron acceptor

xenobiotics
substances, such as synthetic organic compounds, foreign to organisms,
xeno = foreign

lethal dose 50, LD50
the dose causing the death of 50% of the animals receiving this dose
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