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DISTRIBUTION, INTERACTION, AND LONGEVITY OF
ENVIRONMENTAL IMPACTS

How will environmental impacts affect the future? It is clear that some changes in the environment, such as this asphalt road
and other infrastructures, will stay for hundreds of years, while other impacts, such as some chemical pollutants, disappear in a
time scale of days, months or years. Most important is how future generations will protect nature and its capacity to support
human
society and all ofENVIRONMENT
the living world. (Photo: Lars Rydén.)
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"Adaptive capacity in ecological systems is related to genetic diversity,
biological diversity, and the heterogeneity of landscape mosaics. ... Systems
with high adpative capacity are able to re-configure themselves without
decline in crucial functions,... Addressing how society reorganize following
change is the most neglected and the least understood aspect in
conventional resource management and science."
C. Folke et al., 2002
From a report on resilience prepared by the Resilience Alliance for the Johannesburg
Conference. Resilience, the capacity to restore after an enviromental impact, is a key concept
when discussing complex environmental change.

Man has influenced the environment in three very
different ways: first a dramatic reshaping of the
landscape to create efficient agriculture and urban life;
secondly major interference in the biogeochemical cycles
of carbon, nitrogen, phosphorus, and metals, changing
the physics and chemistry of the environment; thirdly
thousands of chemicals, foreign to the planet and its life
forms, have been used extensively in the environment,
some of them deliberately to poison life.
The consequences of the these three kinds of impact
have been discussed in the earlier sections of the book.
Here we will study how these types of pollution and
environmental impact spread into the environment on a
local, regional, and global scale, how they interact with
each other either by counteracting each other or by
reinforcing each other, and finally how long they last,
the longevity of environmental impact.
The pollution chain is the route a pollutant takes from
its production to the environment. Some chemicals are
easily taken up by life forms and may accumulate in
organs and tissues, and stay in food chains as they
migrate from prey to predator, even from mother to child.
Chemicals have special effects on ecosystems. An
ecosystem might be completely disrupted if one key
species is badly damaged, and prey-predator
relationships are changed. Typically, ecosystems hit by
pollution loose diversity and biomass. At the same time
environments that are less diverse, both as landscapes,
and as ecosystems, are more vulnerable to
environmental impacts.
Compared to the 1950s and 1960s, when the threat
from chemical pollution was first grasped seriously, much
has happened. Many chemicals have been banned and
new chemicals have been designed so they do not
accumulate in ecosystems. But old chemicals still leak

from society into the environment, and new threats are
continuously discovered. Lately, pollutants that influence
the sexual differentiation in animals, the so-called
endocrine disruptors, are creating a new situation, a
chemical panorama that seems more threatening and
finally may reach man.
Environmental impacts interact in several ways, either
to reinforce one another or sometimes dampen each other.
Landscape changes make the environment more or less
susceptible. A modernised monotonous production
landscape enhances eutrophication since the factors that
reduce nitrogen and phosphorus flows are absent. At the
same time an ecosystem that has relatively few species
is less able to withstand the impacts of pollution and
changes in general, e.g. the Baltic Sea ecosystems, it is
less robust. An environment that has changed but is able
go back to its original status after an impact has ceased,
is called resilient.
Some of the impacts that man has had on the
environment will last a very long time. Changes in
infrastructure, roads, buildings, etc., will last perhaps to
the next ice age. Also landscape changes, e.g.
deforestation and drainage, may be very long lasting.
Forests will take hundreds of years to be more natural
and a “virgin” forest will probably take a thousand years
to establish itself. A chemical impact will only last as
long as the chemical survives. However, changes in
biogeochemical cycles will take hundreds or thousands
of years for global impacts to adjust, if mechanisms are
available.
Some changes, the extinction of species, are
irreversible. Even if we will in the long run be able to
manage the environment, it is already clear that our
children will live in an environment that is less rich and
less diverse than ours.
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THE DISTRIBUTION OF POLLUTANTS IN
THE ENVIRONMENT
Pollutants in the environment
Pollutants cause smaller or larger changes in ecosystems, from the decrease or
even extinction of individual populations to the complete collapse of entire
ecosystems. To cause this, chemical pollution interacts with a series of other
impacts on the environment. These include landscape changes, acidification,
eutrophication, reduced oxygen levels at large depth in the Baltic Sea, and so
on. Several of these factors may lie behind the fate of a given population in an
ecosystem. In this chapter we will study these interactions and other effects of
multiple environmental changes. These include a distance dimension, that is
how pollutants distribute themselves in the environment and affect smaller and
larger areas, and a time dimension, that is how they change over time and how
long they last, their duration and longevity.
A central process in this panorama is how toxic chemicals influence ecosystems
and its component species. This is the main objective of ecotoxicological studies.
These studies include the properties of the chemicals themselves, their transport
by wind and water, uptake by animals and plants, distribution in the ecosystem,
their metabolization and degradation, and, most important, their effects on
individuals, populations, and whole ecosystems (Figure 15.2).
The last link in this chain of events, the effects on individuals, belongs to
the area of toxicology and was the main concern of Chapter 14. Toxicology is
mostly based on laboratory studies. In the laboratory it is in principle easy to
determine the potential hazard of each toxic compound to a species. In the
environment, however, it is not that simple. In reality we find a complex mixture
of various compounds, and the final effects depends on the nature of their
interactions and sensitivity of a given organism. Despite these difficulties, in
many cases close relationships between increased exposure to man-made
pollutants and physiological effects in single species or ecological disturbances
in the system have been clearly documented. Several such cases, e.g. the effects
of PCB and DDT, have been discussed in the preceding chapters.

Figure 15.1. Distribution of pollutants in the
environment. Pollutants emitted to the air are often
distributed over continental-scale distances and may
even damage the global atmosphere. Most, however,
are precipitated close to the point of emission. (Photo:
Inga-May Lehman Nådin.)

The pollution chain
The effects of a chemical or mixture of chemicals in the environment can be
described in a comprehensive way by means of the so-called pollution chain.
This is a flow diagram in which the fate of a chemical from its origin through
the distribution in the environment, uptake by organisms, and final degradation
is summarised (Figure 15.3).
The first segment of the pollution chain deals with the sources of pollutants.
It includes chemicals of different sources, and the quantities emitted to the
environment. As mentioned (Chapter 13) in the European Union over 70,000
different chemicals are commonly used and every year up to a thousand new
chemicals are added to the list. Thousands of them are discharged into the
environment and are potentially toxic to various biota. Fortunately most of
these substances are rapidly degraded by physical and chemical processes in
air, soil and water and thereby lose their toxicity. On the other hand, as already
underlined, chemically stable, i.e. persistent, substances will remain in the
environment, sometimes for very long periods.
Many of these chemicals are able to penetrate biological membranes. Thus,
they can be taken up by bacteria, plants and animals. Such chemicals are said to

Ecotoxicology is the interdisciplinary
field concerned with the detection,
analysis, prediction, and monitoring of
environmental problems caused by
potentially toxic substances, giving a
scientific basis for management decisions
concerning environmental impact.
Ecotoxicology uses ecological parameters
in the assessment of toxicity by using
methodologies from two disciplines,
toxicology and ecotoxicology.
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Figure 15.2. Ecotoxicology. Ecotoxicology is a
systems study of pollutants in the environment. It starts
(top) with the pollutants in the different media (air,
water, and soil), their origin, transport, transformation
and distribution. It continues (middle) with the effect
of the pollutants on individuals, the organism level
(toxicology), and ends (bottom) with the effects on
the population, community, and ecosystems levels.

be biologically available, or bioavailable. In many cases these bioavailable
substances are biologically degraded, metabolized, to harmless metabolites and/
or rapidly excreted by the organisms. However, still hundreds or thousands of
the products are persistent and hard to excrete and will thus be enriched or
accumulated in various tissues of plants and animals. This is the phenomenon
of bioaccumulation. A main concern of ecotoxicology is to study the various
ways in which these compounds, foreign to biological cells, the so-called
xenobiotics, affect cells and organisms. Practically all of the persistent substances
are toxic to some extent, merely because of the fact that it is difficult for the
organism to get rid of them. In many cases the toxicity is very pronounced
because of the way the substances intervene in biological processes, such as
growth, reproduction and development (Chapter 14).
The final box of the pollution chain is degradation. Organic compounds will
eventually be transformed into carbon dioxide, water and perhaps some other
harmless end product like chloride ions, all substances which are natural components
of the biosphere. This degradation might be caused by physical processes, like the
influence of ultraviolet light, by chemical processes, such as oxidation, but perhaps
more typically it is the result of biological processes, biodegradation. Most often
the active organisms are bacteria and microscopic fungi, which have a large
repertoire of metabolic processes, which often also deal with the xenobiotics. But
it might take a long time before this happens. The half-lives of many harmful

Figure 15.3. The main elements of the pollution
chain. (Kihlström, 1992.)
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substances in the ecosystems are in the order of tens of years in the Baltic Sea
region. In unusual surroundings, like the Arctic, the half-life might be much longer.
Of course heavy metals (Chapter 12) constitute a special case. Since they are
chemical elements, they will never be transformed into something else. Instead
they will finally return to deposits in e.g. the sediments on the accumulation bottoms
of the Baltic Sea and other waters in the region. There they will either stay
forever, i.e. be immobilized, or return to circulation if the bottom is resuspended,
thereby starting a new journey through the pollution chain.

Sedimentation - fallout of high density
particles from air to land or surface water,
usually close to the point of emission.
Dry deposition - a direct uptake of small
particles, gases or vapours from air by soil
or living organisms.
Wet deposition - pollutants dissolved in
water during transport in air deposited with
fog, rain, drizzle, hail, or snow precipitation.

Transport of pollutants in air
All pollutants emitted to the air (Chapter 11) from smokestacks, chimneys, car
exhaust pipes, etc., are transported by the wind. They enter the atmosphere as
gases, droplets or particles. They contain mainly acidifying species – SO2, NOx,
NH3 – heavy metals and many persistent organic compounds as products of
incomplete combustion. In the atmosphere through various chemical reactions,
mainly oxidation, secondary pollutants are also formed.
The height of chimneys and prevailing weather determine if pollutants
are distributed within a few or thousands of kilometres. High density
particles fall down close to the source, while low density particles, gases,
steam and vapour can be transported over long continental-scale distances
and in many directions.
In the Baltic Sea region the prevailing winds come from the south and west.
This direction towards north to east is mirrored in the dispersion of pollutants.
Strong winds mixing large air volumes causing eventual dilution of pollutants.
Atmospheric constituents have different mean residence time in the
atmosphere. However, finally all air pollutants are deposited on the land or
water surfaces. There are three different processes working in the deposition:
sedimentation, i.e. filtration, dry deposition, and wet deposition. Sedimentation
is fallout of foreign particles with high density and occurs mainly within and
around the emission areas. Dry deposition means that small particles, gases
and vapour transported in the air masses are deposited and taken up directly
from the air by soil, plants, and animals. Wet deposition implies that the
pollutants are dissolved in falling precipitation or in droplets from the clouds
and fall down later with snow or rain. Wet deposition is an effective way of
removing such easily water soluble pollutants as sulphuric and nitrogenous
compounds from the atmosphere. The atmosphere is “washed” by precipitation.
The atmospheric residence time of gases varies on the time scale from less
than one hour for volatile organic compounds, through days and weeks (NH3,
SO2, NOx, O3) to many years (N2O, CFCs – freons).
Because of the prevailing wind directions in northern Europe, pollutants
emitted in the central and western parts of Europe are transported by air masses
to the Baltic Sea region. Thus, the pollution of this region is caused, not only by
sources from within the region, but also by emissions far away in Europe. The
speed of air masses, often several metres per second, means that something
between 12 and 36 hours is enough for pollutants to pass from Great Britain to
the Baltic Sea. The effective transport distance (D) depends on the residence
time of a given pollutant (T) and the velocity of the wind (V). The distance
passed before deposition may be expressed as
D=T•V
An important parameter is the height above ground level of the point of
emission. Substances released from a high smokestack are transported much
longer than those discharged from an exhaust pipe of a car (Figure 15.4). Other
factors influencing transport, dispersion and distribution of air pollutants are the
atmospheric pressure, during winter in particular, since the temperature of the air
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Figure 15.4. Distribution of pollutants in air.
A: Vertical distribution. Distribution of pollutants
emitted from a factory chimney. A release from a high
smoke stack will be well mixed by air conventions
and relatively uniformly dispersed vertically. It may
be transported very far.
B: Vertical distribution below an inversion layer.
The warmer inversion layer works as a lid that hinders
the polluted air from vertical mixing.
C and D: Horizontal distribution. The distribution
of polluted air perpendicular to the wind direction
results in a 10o-20o wide plume. At about 100 km
distance from the source the pollution plume is thus
about 1,000 m in height and some 20-30 km wide,
with highest concentrations in its centre. (Data from
Swedish Environmental Protection Agency, 1984.)

Figure 15.5. Distribution of fat soluble pollutants in
a lake. The dots refer to concentration of the pollutant,
and the arrows indicate the transport. The different
compartments are indicated as follows: S = surface film;
O = organisms; P = particles in water ; B = bottom
sediment. (From Kihlström, 1986).

decreases with increasing altitude. From the surface to about 10-11 kilometres,
this lapse rate is approximately 1°C/100 metres. Under these conditions the
pollutants are relatively uniformly dispersed in the vertical direction and well mixed.
Thus a release from a high smokestack will be widely transported.
In areas of high pressure, especially in the afternoon, and in valleys, there is
often a temperature inversion in the atmosphere. This means that the temperature
increases with altitude instead of falling. The cold and thus also heavy air below
the inversion layer suppresses upwards currents and turbulence. In other words,
the warmer air of the inversion layer acts as a lid trapping air pollutants released
at low levels, sometimes for rather long periods.
As an example, let us presume that there is an inversion layer 1,000 metres
above the ground. At a wind speed of about 8 m/sec a discharge from a
smokestack will be evenly distributed vertically below the inversion layer,
and thus reach the ground about 100 km from the point of discharge (Figure
15.4). At 1,000 km from the source 37% of SO2 discharged still remains and
falls down at a speed of 0.8 cm/sec.
On the other hand, discharges above the inversion layer tend to remain at
high levels as vertical mixing is prevented by this lid (Figure 15.4). The higher
the point of releases the longer time the pollutants will stay in the air and the
greater the distance they are transported.
Under clear and warm conditions and in a side wind pollutants are quickly
diluted in the air and carried away. If there is no wind, cold air might be trapped by
the layer of mist or fog in the area of emission, especially in valleys. Strong
temperature inversions occur during the winter in densely populated areas of Central
Europe. It will lead to winter smog where suspended particles containing many
organic compounds and a mixture of gas pollutants is kept in high concentrations
in the lowest atmospheric layers causing serious health effects. Discharges above
the inversion layer tend to remain at high levels.
The discussion above refers to the linear transport along the direction of the
prevailing winds. The smoke plume is also spread horizontally, perpendicular
to the direction of the wind. About 100 kilometres from the source such a plume
occupies 10-20° of a circle with the source as a centre, and the concentrations
of pollutant decrease from the median outward (Figure 15.4).

Transport of pollutants in water and soil
The distribution and transport of chemicals in water is more complex. Most
toxic substances in the environment have a low solubility in water, but are
dissolved in fat and fat solvents, such as oils, ether, etc. Plants and animals are
partly made up of fat and therefore able to pick up many of the environmental
toxicants. Some of these toxicants still remain in the relics of carcasses, faeces,
leaves, etc., in lakes and rivers. Such material may float in the water or be
deposited in the bottom sediments. The largest amounts of fat-soluble substances
are usually found in the sediments, which function as traps for many pollutants.
Toxicants in high concentration are found in the interface between air and
water. In all natural waters there are biologically produced substances with both
water-soluble and fat-soluble parts, e.g. fatty acids (Figure 15.5). Such molecules
are concentrated in the interface between air and water with the water-soluble part
in the water and the lipid-soluble one in the air. Therefore, a thin film of lipids is
formed on the water surface. In this film lipid-soluble substances accumulate and
reach high concentrations. As an example, in some cases the PCB concentration in
this film is more than 1,000 times higher than that in bulk water, even if the total
amount of pollutants in the film is low.
Dissolved contaminants move freely with running water. Particulate
pollutants are also kept in motion but in more static waters they will deposit in
the bottom sediments (if their density is high enough). In the sea, transport and
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transformation processes depend strongly on the water currents. In addition the
salinity and temperature gradients of sea water is important for upward and
downward movements. In an aquatic environment we thus can find four
compartments with different concentrations of pollutants:
•
•
•
•

water (pure water, free from organisms and suspended organic material)
organisms and suspended organic material
sediments
the surface film

These compartments interact in many ways. For instance animals digging in
the sediment cause a transport upwards of pollutants in the sediments, and dead
organisms, containing pollutants, are deposited on the bottom. The high
concentrations in the surface film have important biological consequences, as many
organisms live in close connection with the surface. Mosquito larvae, for instance,
hang for long periods below the surface with the back of their abdomen in the air,
many plants grow through the surface with leaves floating on it, etc.
The dominating part of the pollutants in water is localised in the sediments.
In connection with large movements of water in shallow areas, e.g. during the
spring flood, these pollutants are partly transported into the bulk of the water
together with the sediments. In addition to these movements of pollutants in the
vertical direction there is, of course, a horizontal transport within lakes, rivers and
seas. However, this long-range transport is much slower in water than in air.
Undisturbed soil is immobile, why transport of pollutants in soil is largely
dependent on if the toxicant is dissolved in the groundwater. Transport depends
upon the characteristics of the pollutants themselves, the soil particles and the
capillary water in the soil. Water-soluble substances are transported fast,
following the movements of the capillary water. On the other hand, lipid-soluble
chemicals are adsorbed more or less firmly to the organic particles of the soil.
Therefore, the transport of lipid-soluble substances is slow in a soil rich in
organic material, such as mould, but more rapid in a sandy soil with low levels
of organic material. Moreover, the transport is faster in course-grained soil
than in a finely dispersed material.

Fugacity models
Knowing the environmental distribution of
chemicals is important for predicting their
possible impact on biota. Many kinetic
(time dependent) mathematical models
for this distribution have been proposed.
In these models the environment is
divided into compartments which differ
physically from one another and are
separated by interfaces (e.g. air/water).
The model calculates the tendency of a
given pollutant to move from one phase
to another, e.g. a polar to a non-polar
liquid. These are the so-called fugacity
models (Walker et al., 2001).

The scale of distribution – local, regional, and global
The distribution of pollutants is in most cases rather local. There are however
some substances and circumstances that lead to distribution on a much larger scale
(Figure 15.6).
Air pollutants which remain in the atmosphere will distribute themselves in
the entire atmosphere given enough time, and thus be globally dispersed. To this
category belongs carbon dioxide, and many other greenhouse gases, such as
methane. Carbon dioxide only leaves the atmosphere when it enters geochemical
cycles, e.g. in photosynthesis or through dissolution in the oceans. The CFCs or
freons will be distributed to the higher atmospheric layers, but be concentrated
to the north and south pole because of special temperature phenomena.
In spite of the local distribution of some POPs, they are discovered in people
and animals in polar regions, e.g. analysis of the milk of Inuit women shows
rather high levels of DDT. This is due to transport to the arctic areas from the
areas of use much further south. Small amounts of the pollutants evaporate
and spread globally, and when they come to the colder areas the partial pressure
of the substances decreases and they condense. This form of global transport
has been called “global chromatography”. Global chromatography seems to
explain the rather slow decrease in concentrations of some POPs in the northern
Baltic Sea region although they have not been used for many years.
Substances in water follow water flows. Therefore, all pollutants in the
Baltic Sea drainage basin end up in the Baltic Sea. Thus, major amounts of

Fig 15.6. The three-level scale of distribution of
pollutants.
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substances are distributed regionally. Regional distribution dominates for
nutrients and acidifying substances, as well as many other substances
transported by wind and water streams.

The fate of pollutants
Physical processes, which occur in the atmosphere, water and soil, may affect
chemicals in many ways. Thus, ultraviolet light may change many types of
molecules (photolysis). In an experiment with the fungicide pentachlorophenol
only 12% of the initial amount remained after seven days of ultraviolet irradiation.
In a corresponding experiment with DDT the remaining amount was 66%.
Most organic compounds in the environment undergo chemical changes.
Oxidation and hydrolysis are examples of the many different processes that
chemicals undergo in water or air. In addition, the ongoing acidification of soil
and water influences the solubility of metals, thereby increasing the levels of
e.g. cadmium and aluminium in lakes and rivers. Finally many pollutants are
adsorbed to solid particles. The mixture of compounds reaching plants, animals,
and micro-organisms therefore has another composition than that emitted from
the sources.
Micro-organisms, primarily bacteria, then perform an ultimate degradation
of some chemicals. This is the process of biotransformation. The catalytic
power of biological cells make these changes more rapid than outside cells.
However, as mentioned, a number of pollutants are resistant and remain in the
environment for a long time.

Bioavaliability
Bioavailable compounds or elements can
be taken up by organisms. These
substances are mostly useful in life
processes. Many unwanted chemicals are
bioavailable, using similar mechanisms of
penetration as the biologically valuable
ones. Bioavailability for organic
compounds increases with their lipid
solubility.

Figure 15.7. Bioavailability. A pollutant that can be
taken up by an organism is bioavailable. The diagram
shows the paths for a pollutant taken up in a plant.

UPTAKE OF POLLUTANTS
BY LIVING ORGANISMS
Bioavailability
A chemical usually needs to pass from the abiotic environment into plants and
animals to act as a toxicant. One exception to this is radioactive isotopes which
can exert toxic effects from a position outside organisms. Chemicals which
can be taken up by organisms are called bioavailable. Bioavailability depends
on many factors such as:
•
•
•

physical and chemical characteristics
character of the surrounding environment
structure and physiological state of the target organism.

The total concentration of a given compound in the environment can be
monitored or predicted. It would be very useful for risk assessment (Chapter
13) if it was also possible to predict a compound’s bioavailability.
Organic compounds reach organisms through passive diffusion across natural
biological barriers. Biological availability generally increases with increasing
lipid solubility. In order to estimate this property, one determines the solubility
of a substance in an organic solvent, normally octanol, and compare it to the
solubility in water. It is expressed as a Kow value, where o indicates octanol and
w water. Most often the logarithm of Kow is used as the measure. Generally, log
Kow larger than 3-4 (this means that the substance is 103 – 104 times more soluble
in octanol than in water) indicates a good bioavailability.
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Toxicants access plants via the roots and the leaves. The roots are specialised
to take up water and compounds dissolved in water from the soil. Therefore,
they are effective also in transporting pollutants into the plant. Some
chemicals are stored in the roots; other chemicals are more or less effectively
transported to stems and leaves. Plants also absorb chemicals across the
leaf cuticle and through the roots by diffusion. The plant organs above the
ground are covered by a wax-like layer. Especially fat-soluble pollutants
deposited from the air are trapped in this wax layer. Some of these pollutants
are further transported into the leaves, others remain in the wax layer.
Moreover, gases and vapour can pass directly through the stomata into the
leaves without passing the wax layer.
Terrestrial animals can take up pollutants in many different ways, e.g. via
the intestines, lungs, and the skin. Air-breathing animals get the majority of
environmental toxicants from feed and water, i.e. via the intestine. However,
this does not mean that the mixture of toxicants in the feed will be totally absorbed
in the intestine. A part of the mixture may pass unabsorbed and leave the body
as faeces; other parts are chemically destroyed by the digestive fluids. Of course,
air pollutants in the form of particles can be absorbed in the lungs, but only if
the particle diameter is a few microns. Therefore, in air-breathing animals the
uptake via the intestine is the dominating one.
Fur, feathers and scales reduce the skin surfaces, so in animals with such
protection, pollutants seldom reach a place where absorption can take place. At
the other end of the scale are some animals in moist environments, such as
frogs and earthworms or slugs, which have a skin similar to a mucous membrane,
that adsorbs very efficiently.
The route of uptake in aquatic animals depends strongly on the system of
breathing. Aquatic mammals and birds, especially top predators, may absorb
pollutants principally from the food via the alimentary tract. The skin is normally
not very permeable. In gill-breathing animals, including fish, the majority of
dissolved or suspended xenobiotics comes from external water across the gills.
These are constructed to take up oxygen and ions and other dissolved substances
from the water. They are often lacinated to expose a large surface to the water,
and maximize efficiency of uptake.

Inside the organism – bioaccumulation and biomagnification
Many environmental pollutants are chemically stable. Moreover, most of them
are also only slightly soluble in water and consequently hard to excrete via the
urine, which is a water solution. When animals eat, they break down the food
and use it as building material or as a source of energy. However, the stable
pollutants of the feed cannot be degraded. Consequently, the animal load of
such pollutants will increase a bit with each piece of feed and grow as the
individual becomes older. This increase of pollutants with increasing age is
called accumulation or bioaccumulation.
Most pollutants absorbed in the gut are distributed to different organs via
the blood (vertebrates) or via the haemolymph (body fluids of invertebrates)
and bioaccumulate. Many of them finish their route in lipid rich organs and
tissues, such as liver and adipose tissue. Lipophilic compounds may also cross
the blood-brain barrier causing dramatic changes in neural cells.
Persistent compounds are eliminated very slowly and after reaching the target
organs they accumulate progressively with time. Mercury and cadmium are
good examples of bioaccumulation with age in many aquatic or terrestrial
vertebrates (Figures 15.8 and 15.9). Cadmium, bound to special low molecular
weight proteins – metallothioneins, accumulates with age in the kidneys, or
may be also stored in feathers of birds or antlers in mammals. Up to 95% of
ingested lead is accumulated in teeth, hair, and bones. The brain of infants,

The Kow value
The Kow value is determined by shaking
a given substance in a mixture of octanol
and water. Lipid and water phases are
separated and the content of the
substance is determined in both.
K ow is the quotient between the
concentration in octanol and the
concentration in water of the substance.
The Kow value is often used to predict
the potential toxicity of a chemical. A log
Kow larger than 3-4 (this means that the
substance is 103 - 104 times more soluble
in octanol than in water) indicates good
bioavailability.

Figure 15.8. Bioaccumulation of mercury in pike
according to age. (After Johnnels et al., 1967.)

Figure 15.9. Bioaccumulation of cadmium in the
European bison according to age . (After
Dmowski, 1998.)
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Figure 15.10. Biomagnif ication. When a
pollutant, here PCB, is concentrated along a food web
it is called biomagnification. In a Baltic Sea food web
the white-tailed eagle is at the top of the food chain
and is most at risk from biomagnification. Values
indicate mg PCB/kg fat tissue. (Kilhström, 1992.)

Bioaccumulation
Bioaccumulation = a higher concentration
of a chemical in a tissue or organ, often
fat tissue, compared to the environment.
Bioaccumulation factor (BAF) = the
ratio of the concentration of a chemical
in an organism to the concentration of the
same chemical in its food.
Bioconcentration factor (BCF) = the
ratio of the concentration of a chemical
in an organism to the concentration of the
same chemical in its environment.
Biomagnification = an increase in
concentration of a chemical along the
links in a given food web.

Figure 15.11. Bioconcentration. When the
concentration of a pollutant in an organism is higher
than in the surrounding media it is called
bioconcentration. Here it is exemplified by cadmium
levels in various soil dwelling invertebrates, as
compared to the surrounding soil.

especially from industrially contaminated areas, may show high levels of lead
as in this age the blood-brain barrier is only weakly developed.
Compared to transport by wind and water, biological transport, i.e. with
biological carriers, from one place to another is very slight and restricted to
long-range migrating animals, such as migratory birds, salmon, eels, etc.
However, biological transport has other characteristics. When herbivorous
animals eat plants and grasses, they accumulate the stable toxicants in the feed.
As the herbivores cannot degrade the pollutants effectively, these chemicals are
further transported to the carnivorous animals when these feed on herbivores.
Consequently, there is a transport from one species to another.
Biological transport has therefore quite another dimension than the physical
one. It is a transport from one level to another in the nutrition web, often causing
the concentrations of toxicants to increase from one level to the next one. A
simple example may illustrate this. Let us suppose that a herbivorous animal
during its lifetime consumes feed corresponding to 10 times its own body weight.
The main part of the feed is degraded and another part is removed with the
faeces and the urine. However, the pollutants are hard to degrade, and it is
difficult to excrete them. Consequently, they will accumulate in the body of the
animal, which thus gets a concentration of these toxicants about 10 times greater
than that of the feed. Similarly, the carnivorous animals for their part will arrive
at a still higher concentration, etc. This phenomenon is called biomagnification.
However, the mechanism of biomagnification is only partly understood and is
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certainly often more complex than the example indicates. An example of
biomagnification observed in the Baltic Sea is given in Figure 15.10. As a general
rule one can say that in a terrestrial nutrition web this magnification is about 10
times in each step, in an aquatic one approximately 3-5 times.
Biomagnification of many compounds does not always occur along food chains.
The process is highly species-dependent and different for different chemicals. For
several metals it is well documented that animals can be divided in two groups:
bioaccumulators and regulators. The first group is not able to eliminate metals
from their bodies and thus accumulate a surplus. Animals in the other group are
able to secrete metals and can maintain a more or less constant level in the body,
independent of the concentration in their diet or surrounding milieu.

Inherited poison – from mother to child

Figure 15.12. Bioaccumulation models. Transfer of
a pollutant through a simplified chain of two elements,
here a fish and a fish eating bird, may be described
using a few variables. k1and k2 are the bioaccumulation
rates from fish to bird and from bird to faeces. m1, m2,
and m3 are the bioaccumulation levels. If k1 > k2 then
bioaccumulation in the bird occurs, and after time t
the bioaccumulation level in the bird is m2.

Biological transport also includes transport from one generation to the following
one, which again differentiates the biological transport from the physical one.
In mammals this kind of transport uses two different avenues. The first one is
via the placenta where the mother’s blood is separated from the blood of the
foetus by a few cell layers. By this arrangement the foetus is guaranteed a good
supply of oxygen and nutritive substances. However, a number of polluting
chemicals are also able to penetrate from the mother’s blood to the blood vessel
of the foetus. Therefore, at the end of the pregnancy the foetus often has a level
of pollutants, similar to that of the mother.
Another way of transporting chemicals from the mother to her young is via the
mother’s milk. The milk contains fat, e.g. 3-4% in milk from women, and up to 3050% in milk from seals. The fat-soluble pollutants are easily released from the
mother, dissolved in the milk fat. At least in some species the amounts of pollutants
reaching the youngsters during suckling are bigger than during pregnancy. As they
are more sensitive to toxic compounds than adults this transport of toxicants is
particularly risky. However, the young grow fast during suckling, and the
concentrations of pollutants in the milk decrease during the period of lactation
which means a dilution of the toxicants. Therefore, the concentrations of pollutants
in the young may decrease during suckling in spite of the increasing amounts.
A similar situation occurs in the eggs laid by birds, reptiles, fish, etc. In a bird’s
egg the growing embryo is just a small part at the top of the yolk, the main part of
it just being a stock of feed. Very early during the incubation, blood vessels grow
from the embryo around the yolk. Their function is to absorb the nutrients of the
yolk. However, from the beginning the egg is a part of the mother’s body and has
the same level of environmental pollutants as other similar tissues of the mother.
Therefore, via these vessels the embryo will also absorb the pollutants in the yolk
and transport them directly into the embryo. Consequently, very few, if any, young
animals start their life free from environmental toxicants.
Also, unwanted heavy metals such as mercury or cadmium, mercury
especially in its methylated form, can easily pass the placental blood barrier.
The concentration of Hg in the blood of a foetus may be even higher than in the
blood of the mother.
Figure 15.13. From mother to child. Persistent
organic pollutants which are trasferred in the food
chain may reach considerable concentrations also in
milk. Breast-feeding women thus give their babies
polluted milk. The transfer is most acute for mammals
with high fat content in the milk, such as seals. The
photo is from a Greenpeace demonstration in
Stockholm in 2001 to protest against pollutants in the
environment. In a glass cage in the city centre four
breast-feeding women gave reality to the threat. (Photo:
Sam Stadener/Pressens Bild.)
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The term ecotoxicology was coined
by the French toxicologist René
Trauhaut in an attempt to define this
new field of toxicology. According to
Truhaut, eco-toxicological studies are
comprised of the following three principal sequences, which often overlap,
particularly sequences 1 and 2:
1. The study of the emission and entry
of pollutants into the abiotic
environment, with their distribution
and fate.
2. The study of the entry into and fate of
pollutants in the biosphere, with
t h e very important problem of
contamination of biological chains, in
the first place food chains.
3. The study, qualitatively and
quantitatively, of the toxic effects
of chemical pollutants, on the
ecosystems level, including their
impact on man.

POLLUTED ECOSYSTEMS
Ecosystems – pollutants cause chain effects
Pollutants can evoke extensive and unexpected effects on whole ecosystems. A
partly invented example can serve to illustrate such processes. The buzzard is a
bird which mainly feeds on small rodents. Suppose that in an area with many
buzzards someone has spread a rodenticide, which of course by definition is most
hazardous to rodents, while other species are relatively insensitive to this poisonous
substance. Consequently, after a while the small rodents will decrease in number
dramatically. Then, the buzzards are forced to supplement their diet with snakes,
frogs, worms, snails, etc. These latter species will also decrease in number. In this
situation it is tempting to conclude that the snakes, frogs, etc., had been poisoned,
not primarily the rodents. However, there are also species which compete with the
small rodents for important resources. Some species of bumble bees and wasps
often have a preference for building their nests in abandoned vole holes. Therefore,
these species are favoured by the decreasing rodent populations and will most
likely rapidly increase in number. Without complete knowledge it could thus be
tempting to conclude that an insecticide had been excluded from use in the area.
As a matter of fact the reason is the introduction of another pesticide, the rodenticide.
There are many observations of how environmental pollutants indirectly
changed the living conditions of species without direct contact with the actual
toxicant. There are no well studied cases in the Baltic Sea region but several
from the USA, two of which are described below.
In order to defeat the malaria mosquito the water surfaces of lakes with
mosquito larvae were sprayed with DDT. In addition to the mosquito larvae
the many crustaceans were also killed in the majority of the lakes. Racoons
mainly feed on crustaceans and suffered from starvation due to the decrease in
access to their main food. Eventually, many racoons died, in spite of hardly
being directly exposed to DDT at all. There are several observations illustrating
the modifying influence of competition between species upon the expected
effects of chemicals. In a large plantation of cabbage in the USA the absolutely
dominant pest was an insect. In the same fields one species of mite was a less
important pest and economically insignificant. When DDT was introduced the
farmers hoped to get rid of the insect pest, as DDT is very effective against
insects, and not touch the mites, which are not so sensitive to DDT. After
spraying the fields with DDT the insects disappeared as expected. However,

Figure 15.14. The levels studied in ecotoxicology.
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Methods
Box 15.1

How to assess effects of chemicals
on ecosystem structure and function

In order to analyse ecosystems under pressure of pollution it
is important to clearly understand what an ecosystem is. In
1935, Tansley defined an ecosystem as a system consisting
of all organisms living in a given area (the biota or
biocoenosis), and non-living (abiotic) parts interacting to form
a stable system with two main characteristics: energy flow
through its food webs and biogeochemical cycling of nutrients
(see further Chapter 3).

These two major processes typical for any ecosystem, that is
the energy flows and mineral cycles, may be influenced by pollutants
and change the production and decomposition of organisms
inhabiting the ecosystems.
In terrestrial, freshwater, or marine ecosystems pollutants may
change the species composition, biodiversity, reduction
(simplification) of trophic relations all due to different sensitivity of
various species to pollutants.

What to measure

Ecosystem response

Taxonomic recognition - sentinel species

Alterations in community composition (lists documenting the presence
or absence of various taxonomic groups)

Ecological indices of species diversity

Changes of diversity (richness or poorness of species of various
ecosystem communities)

Number of individuals and their biomass changes

Reduction in number and abundance (rather a screening indicator of
ecosystem changes)

Spatial distribution of organisms

Changes in spatial distribution as compared with similar reference
ecosystems (indication of disappearance or reduced number of species
from a given layer or zone)

Primary productivity

Reduction of primary productivity (important factor for long-term studies)

Trophic chain compositions
and predator-prey relationships

Structural alterations of the food webs (shortening of webs,
elimination of certain species or their replacement by the new ones
better adapted to altered environmental conditions)

Ecosystem energy flow

Reduction of the productivity and increased energy dissipation of a
system (decreased energetic stabilization of an ecosystem with reduced
primary productivity and increased respiratory costs)

Balance of nutrient flow

Reduced pool of nutrients in terrestrial ecosystems; increased pool in
water ecosystems

the harvest did not increase as the mites in the absence of competition with the
insects increased in number and became as harmful as the insects themselves.

Number counts
One may assume that a decreased number of young born, caused by chemicals
disturbing the reproduction, always leads to a decreased number of adult
individuals in the following generation. However, this is not necessarily the
case, which can be illustrated by two examples. Let us assume that 1,000 fish
fry have been born in a small lake with feed enough for all these fry. Further
we assume that 900 (90%) of the fry will be eaten by predators and 100 will
survive. If the reproductive capacity of the adult animals is decreased by 10%,
only 900 fry will be born. If we assume that the predators still eat 900 fries this
small decrease of reproductive outcome will lead to that the whole generation
is wiped out.
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In the second example we once again assume that 1,000 fry will be born.
However, in this case there are no predators and the feed is restricted and is
enough for the survival of 100 fry only. Let us assume that the reproductive
capacity of the adults will be depressed by as much as 90%. Then, only 100 fry
will be born, but all will survive as there are no predator animals and the feed
available is enough for 100 fry.
The two examples given are very extreme and most likely do not exist in reality.
In the first case for example the predators may catch a percentage, that is about
90%, of the fry, rather than an absolute number. Then the decreased number of
surviving fry is proportional to the reproductive capacity. However, the cases
illustrate that a large number of factors cooperate in an ecosystem to determine the
final outcome of changes in reproductive capacity.

Reduced biodiversity, reduced biomass
The effects of a pollutant on an ecosystem can be summarised as a decreasing
number of species, i.e. less diversity, and a reduced amount of biomass. This is
illustrated by an investigation of some soil organisms around a smelter for copper
in Wales (Figure 15.15). The top diagram shows that the number of species decreases
with increasing concentrations of copper in the soil, which means decreased
diversity. The bottom diagram gives different direct or indirect measures of the
biomass as a function of the concentration of copper in the soil. A majority of the
variables decrease linearly with increasing copper concentration.
A similar study on the bottom fauna in Gdansk Bay in Poland gives the
same result (Plinski, 1992). Biodiversity decreased with increasing pollution.
The consequences of acidification of Swedish lakes are also less biodiversity
and decreasing biomass in the ecosystem (see Box 15.3).

Aquatic ecosystems – impact of heavy metals and acid rain
Figure 15.15. The effects of copper on a soil ecosystem. Top: The number of species (biodiversity)
diminishes with increasing copper levels. Bottom: The total
fungal biomass, the fungal enzyme phosphatase and fungaldependent mineralization, diminishes with increased copper
levels. (Based on data from Moriarty, 1983.)

Hormesis
a stimulatory effect at low doses of toxic
substances on various biological
functions, such as metabolic rate,
detoxification abilities, growth or
reproduction. The mechanism of
hormesis is not well recognised, but is
very common in many groups of
organisms.

Fish are for humans the most important link in the aquatic ecosystem food
chain. Very often the potential prey of fish, such as small zooplanctonic
cladocerans, are sensitive to heavy metals, such as cadmium or mercury. For
example, 50% of these crustaceans will die after 48 hours exposure to a
concentration of 70 µg Cd/L. Cadmium is, luckily, only slowly absorbed by
fish, even if highly concentrated in their diet, but chronic exposure may strongly
affect their reproductive abilities. Cadmium concentrations of 10 µg/L of water,
which may occur quite often in polluted lakes or rivers of the Baltic region, is
sufficient to impair reproductive processes. We can assume that metals dissolved
in water are more dangerous to fish than metals accumulated in their prey.
Acid rain in areas with low buffering capacity makes pH drop below 5, with
dire consequences to life in the lake. Fish eggs are very sensitive to acidity and
die at pH values below 4. As a consequence many lakes have lost their fish
populations entirely. It is obvious that the species composition in the lake change
dramatically when the top predators, the fish, disappear (see also Chapter 11).
Acidification also causes increased levels of metals in the water. In many
lakes in the Baltic Sea region, especially in oligotrophic lakes in woodland areas,
the acidification has brought about increasing concentrations of mercury in fish,
thereby making them unsuitable for human consumption. Other consequences of
the increasing levels of heavy metals in lakes and rivers are lesions of fish gills. At
high concentrations of aluminium, aluminium complexes are deposited on the
surfaces of the gills, thereby obstructing the exchange of respiratory gases (oxygen
and carbon dioxide) with the surrounding water. Moreover, aluminium as well as
cadmium, titanium, and copper can be taken up by the gill cells. It is difficult to
correctly estimate the risk caused by metal pollution. It is very important to know
the bioavailability of the different chemical species of the metals. At least several
heavy metals are more available when occurring as organic compounds, e.g.
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Figure 15.16. Experimental ecotoxicology. The
experimental study of isolated well defined ecosystems,
so-called mesocosms, are made to help determine the
effects of pollutants on ecosystems. Shown here are
open-top chambers for studying effects of air pollutants
at an experimental station at the National Environmental
Research Institute (NERI), Risö, Denmark. (Photo:
Pawel Migula.)

dimethyl mercury or tetra-ethylene lead, than when occurring as inorganic metal
salts. A further complication is that fish are mobile and may escape polluted areas.
Thus, the levels of contamination cannot be easily related to the place of their
emission. Organic pollution affects fish in freshwater simply by reducing the
oxygen in water, and in rivers there may be no fish for a long distance downstream
of a discharge. Ammonia from organic effluents may also be toxic to fish.

Plant ecosystems and pollutants
The conditions of plants of course influence the whole ecosystem since they
are primary producers. Pollution has various effects on plants. It is a common
experience that some potted plants don’t grow well in the vicinity of a Christmas
tree. Apparently the tree secretes one or several substances which can influence
other species negatively. In reality, chemicals in the atmosphere influence many
plants. At very low concentrations many of these substances even stimulate
growth, but depress or inhibit growth at high concentrations. The name for this
phenomenon, hormesis, tells us that low concentrations of a substance may
have positive effects. When the concentration of the same substance exceeds a
certain limit the effects will, for sure, be negative.
Even in ancient times people noted that the vegetation around mines often
was disturbed, indicating that some metals are toxic to plants. At high
concentrations metals inhibit plant growth, perhaps owing to the accumulation
of metals in the roots, which influences the uptake of nutrients. The easily
visible symptoms of toxic effects are pale and white-spotted leaves, due to a
decreased synthesis of chlorophyll. This will necessarily result in an impaired
production of sugar and starch. Most likely germinating seeds and young plants
are the most sensitive stages. Especially, the growth of the young roots is
strongly inhibited even at low levels of metals.
Plants in aquatic ecosystems are also adversely affected by metals. Cadmium
at 1 mg/L may inhibit photosynthesis in phytoplancton, and at 20 mg/L cadmium
inhibits CO2 fixation completely. Copper ions inhibit photosynthesis in green
algae by 80% at concentrations as low as 0.1 mg/L (Mason, 1993). Probably it
is caused by copper replacing magnesium from the chlorophyll molecule,
Many tree species live symbiotically with fungi. These mycorrhizal fungi
are often very sensitive to metals. The consequences for the trees are often
very serious. Lichens, fungi and micro-organisms are often remarkably sensitive
to metals. Many micro-organisms are important for the degradation of organic
substances in soil. Thus, increasing metal levels in soil will slow down the
removal of dead plants and animals.

Mesocosm experiments
Mesocosms are small limited patches of
nature that are exposed to better controlled
environmental conditions. Many experimental studies have been done using socalled open top exposition chambers
where air conditions were made to
resemble various combinations of gases,
dust pollutants, and other factors. The data
collected are used to relate impact with
environmental changes.
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A NEW SITUATION – LOW DOSE EFFECTS
AND HORMONO-MIMETIC POLLUTANTS
A new way to handle ecotoxicological problems
As outlined above, and in the previous chapters, the risk management of
hazardous chemicals in the Baltic Sea environment has been in many ways
successful, and the levels of classical pollutants such as PCBs and DDT have
decreased significantly during the last two decades. Along with these measures,
taken by national authorities, several previously affected animal populations
such as grey seal, guillemot, and white-tailed eagle have improved considerably
or completely recovered. Many local sources of emission have been removed
and the diffuse influx of organic pollutants to the Baltic Sea seems to diminish.
It is notable, however, that even if the continuous decline of organohalogens in
the Baltic Sea fauna now seems to level off, they stabilize on a level that is reduced
but still significantly above the natural. At the same time new types of persistent
pollutants are discovered in biota and sediments. Also previously uncharacterized
or neglected degradation products (metabolites) of persistent organic pollutants
(POPs) are coming into focus. The exposure scenario is changing.
Also, the effect scenario seems to have changed. While acute toxic effects are
becoming less common, interest is directed towards subtle changes in reproductive
capacity and immunological functions. As determined from experimental studies
on environmental pollutants present in the Baltic Sea environment, effects on sex
organ and brain development seem possible following exposure during sensitive
early life-stages in mammals, birds, and fish. This is described in more detail below.
For several of the countries around the Baltic Sea, the arena for decision-making
has also dramatically changed during the last years. While e.g. in Sweden the riskreducing decisions discussed above were taken by national authorities, most risk
management in the future will rely on risk assessment protocols adopted within
the European Union. As a consequence, the requirements for scientific toxicological
and ecotoxicological information in the risk assessment process are increasing.
Below, the new exposure and effect scenarios and the new arena for decisionmaking will be briefly discussed. In particular we will look at the new scenario
emerging due to the so-called hormono-mimetic pollutants, that is pollutants acting
like hormones, thereby intervening in e.g. the reproductive cycle of the individual.
Though this is often perceived as a new emerging threat, it is in fact not so new.
Already established ecotoxicological information have clearly shown that the
classical pollutants also interfered with hormone or endocrine functions.

Endocrine disrupting substances

Figure 15.17. PCB and DDT levels in pike in Lake
Bolmen, southwest Sweden 1965-1997. Levels have
dropped 10%/year for DDT and 5%/year for PCB after
the ban on their use around 1970. (Source: Bernes,
1998; based on Bignert et al., 1998.)

Disturbances in hormone regulations has been shown to be the reason for many
of the classical toxic effects of pollutants. In previous chapters it was described
how top predators in ecosystems were hit badly by toxic lipophilic pollutants due
to biomagnification. For example, the fish eating birds of the Great Lakes in North
America – such as the herring gull – had nearly 100 ppm DDT on the average,
while their prey (some small fish species or marine invertebrates) had between 0.5
and 5 ppm DDT (Hicckey et al., 1966). The herring gull failed to breed since their
eggs had too thin shells which in turn caused the eggs to break before hatching.
The breeding failure of the birds was shown to be caused by an altered hormone
regulation. This phenomenon (see Chapter 14) was correlated with DDT
accumulation and the following disturbances in transport of calcium ions in the
oviduct. In the 1970s researchers also observed many birds with defect
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embryonic development and birds with behavioural changes. These effects were
caused by a disturbed endocrine system caused by a mixture of pollutants.
Chemicals which, as these, cause disturbances in hormonal regulation are called
endocrine disruptors, or endocrine disrupting chemicals (EDC). Dawson (2000)
has classified endocrine disruptors according to their mechanism of action:
•
•
•

chemicals that mimic or antagonise the action of the natural ligand of a
hormone receptor (by binding to hormone receptors),
chemicals that alter the synthesis or release of a hormone, and thereby
changing its concentration in the blood, and
chemicals that alter the signals in the hormonal loops (that is the regulation
of hypothalamus and pituitary in the brain, and various endocrine glands).

Endocrine disruptors affect vertebrate physiology in several ways. Most
studied is their effect on functions regulated by sex steroids. They can mimic
oestrogens or androgens which results in a stimulation or inhibition of normal
hormonal response. DDT, PCB or dioxins induce cytochrome P450 which acts in
the metabolism of steroid hormones. This lead to an increased production of
polar derivatives of testosterone and oestradiol.
The thyroid gland is another organ sensitive to PCBs and dioxins. In young
birds they have been shown to cause a serious decrease of thyroxine
(tetraiodothyronine) levels that results in slower growth rates. In mammals
thyroid function seems less sensitive. Some hydroxylated PCB metabolites,
however, interfere by strongly binding to a protein transporting thyroxin in the
blood. This agonistic behaviour results in significantly lowered energy
metabolism and thermoregulatory problems in exposed mammals.
Influence on stress physiology is another effect of many EDCs. In general
acute exposure to a xenobiotic usually evokes a stress reaction in the exposed
animal. The situation of an organism chronically exposed to EDC is quite
different, as they suppress the response to various stressing factors. In contrast
a normal response to a stressor involves increased adrenaline secretion and a
release of adrenocorticotropic hormone (ACTH) which acts on the adrenal cortex
stimulating secretion of corticosteroids to the blood. These hormones mobilise
metabolic reserves (glucose) and increase awareness. Endocrine disruptors,
through suppression of the stress activation of the chronically exposed organism,
would reduce its chance for survival, slowing its growth or suppressing the
immune system (Dawson, 2000).

Case

Figure 15.18. Endocrine disruptors and hormonomimetic pollutants. (A) Hormones work in the body
by bidning to specific so-called receptors which, when
triggered by the hormone, give rise to the
physiological effect. (B) One class of toxic
compound, the hormone disruptors, interferes with
the bidning and blocks the hormonal effect. (C)
Another class are the so-called hormono-mimetic
polllutants. They are able to trigger the receptor just
as the normal hormone. In higher concentration or
bidning much stronger, they increase the hormonal
effect far above the normal physiological level.

Tributyl tin, TBT

Box 15.2

Tributyl tin, TBT, was introduced into marine environments as a
biocide and anti-fouling substance used in paints to protect ships
against molluscs or as a compound used to protect cooling
systems of pulp and paper mills. The world-wide production of
biocides based on TBT in the mid-1980s reached 8,000 tonnes
annually. TBT is slightly soluble in water and its half-life in salt
water is measured in days or months, and depends on
environmental conditions and the presence of micro-organisms.
The ecotoxicological effects of TBT have been widely studied.
TBT inhibits oxidative metabolism and causes effects on
reproduction of the most sensitive species of molluscs in minute

concentrations, measured in ng per liter of water. It causes
accumulation of testosterone which in turn leads to sterilization
and disappearance of molluscs populations (Alzieu, 2000).
The first restrictions of the use of TBT as ship anti-fouling paints
was introduced in 1982, and 10 years later restrictions were adopted
in many countries. TBT is today recognized as a permanent
contaminant of many coastal waters. Because of its toxic properties
it is difficult to establish a safe level for aquatic systems. It is hoped
that a total ban of TBT in paints will be reached in the next few
years. Since the introduction of bans of TBT its negative effects on
marine molluscs have decreased, although at a very slow rate.
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Changing sex – masculinization of females and imposex
According to the OECD an Endocrine
disruption chemical (EDC) is an
exogenous substance that causes
adverse effects on the health of an intact
organism or its progeny, due to changes
in endocrine function.

Endocrine disruptors also interfere with normal sexual development. There are
already many examples which demonstrate this action of endocrine disruptors,
especially from coastal waters. One of the best described concerns the decline
of a population of the dogwhelk snail (Nucella lapillus) along the south coast of
England. Bryan et al. (1986) found that the reason was a decreased reproduction
rate caused by female snails growing male sex characters. Tributyl tin (TBT), a
molluscicide used as an anti-fouling active ingredient in marine paints (see Box
15.2), was identified as the causative agent. TBT induced growth of a small
penis in the female and thereby blocked the oviduct so it could not release the
eggs. As a result the mollusc could not breed.
Such masculinization of females is known as imposex. TBT-induced
imposex has been reported in more than 40 species of marine gastropods.
Tributyltin caused e.g. a decline of oysters through inhibiting growth of
shell and intervention in the reproduction processes. TBT-exposed female
oysters secrete testosterone, the male gonad hormone, instead of the female
oestrogen. The reason is that TBT acts as an inhibitor of an enzyme
(cytochrome P450 aromatase), responsible for converting testosterone into
17β-oestradiol (Lagadic, 1999). Another effect is shell calcif ication
anomalies. The effects described were observed in oysters at a TBT
concentration of 2 ng/L of water. When the concentration reaches a level
10 times higher, 20 ng/L, the reproduction of bivalves and fish is disturbed.
TBT is also dangerous for human health as an irritant of eyes and skin;
however food poisoning has not been reported so far.
A series of other occasions of chemical disruption of the endocrine systems
in animals have been identified. One of the most spectacular was decline of a
local population of alligators in Lake Apopka (Florida). A spill of an
organochlorine compound (dicofol) in 1980 caused a reduction in penis size
and testosterone levels in male alligators. This caused decreased hatching rate
and viability of alligators and a decline of the local population.
Fish are unusually sensitive to endocrine disruptors, although different for
different species and different developmental stages, for example:
•

Potential endocrine
disrupting chemical
is a substance that has properties that
might be expected to lead to endocrine
disruption in an intact organism.
The common feature of such
substances is high lipophilicity and the
long chains of enzymatic transformation
processes necessary for their detoxification. A list of such substances include:
•

•

•
•
•
•
•

organo-halogenated persistent
chemicals (PCBs, dioxins, and
furans)
pesticides (i.e. organochlorines like
DDT) organophosphates,
pyrethroids, TBT
penta and nonyl-phenols
styrenes
benzopyrenes
heavy metals (Hg, Cd, and Pb)
phtalate compounds

•

•

Lindane (γ-hexachlorocyclohexane) blocks secretion of lutenizing hormone
(LH) from the pituitary gland. LH stimulates the testes during the spawning
period.
Arochlor, a commercial PCB-mixture, inhibits the release of hypothalamic
neurotransmitters (dopamine and serotonin), which in turn inhibits the release
of gonadotropin hormones from the pituitary.
Sewage containing several toxic compounds can make a female yolk protein
appear in the blood of male fish.

Endocrine disruptors and insecticides
Many substances that act as endocrine disruptors have been used against
insect pests since the mid-1970s. Some of these compounds can mimic
juvenile hormones, so-called precocenes. They are usually extracts from
certain plants and interfere with the development and metamorphosis of
insects through destroying the hormonal glands (corpora allata and
prothoracic glands) of the insect. Others, such as anti-ecdysteroids, act by
inhibiting the hardening and sclerotization of the cuticle of the insect after
moulting. As a result the insects can not reach the imaginal form or continues
to the imaginal stage too early to be able to breed. Difficulties in hardening
and sclerotization of cuticle lead to a quick death. These insecticides are
not very selective and improper use might also destroy beneficial insects
such as bumble bees or honey bees.
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Figure 15.19. Lake Molnbyggen in mid Sweden.
Extensive damage to fish was discovered in the small
Swedish lake “Molnbyggen” by local people in 1997.
This led to an extensive study were it was found that
up to 30% of the fish in the lake showed signs of
damage, including open wounds and fin deformations.
The most pronounced biological effect was the
underdeveloped ovaries found in female fish, affecting
reproduction. Some male fish also suffered hormonal
damage. It is not yet clear which substance or
substances were involved, but evidence points to a
nearby municipal landfill site. A research project has
been initiated by the Swedish Environmental
Protection Agency (SEPA) and the municipality of
Leksand. The inhabitants at the lake side are provided
with drinking water transported from elsewhere by car.
(Photo: Michael Bengts/Pressens Bild.)

Is man at risk?
All these incidents, together with some reports of decreased reproductive health
in humans, caused alarm not only among researchers but also the general public.
Reports on reduction of sperm production in men and increased incidence of
breast or testicular cancer, possibly caused by EDC xenobiotics, was part of the
picture. The publication of a popular book prepared by Colborn et al. “Our
Stolen Future” (1996), contributed to the discussion with both serious and more
naive proposals for future monitoring and assessment procedures.
As a response a Special Programme on Endocrine Disrupters was established
by the OECD within the Environmental Health and Safety Programme in
November 1996. The main aim of this work was to assure the information
distribution concerning endocrine disruption assessment, validation of existing
and development of new improved methods for testing and harmonisation of risk
assessment programmes for endocrine disrupters. A year later, as a main result, the
OECD established the Task Force on Endocrine Disrupter Testing and Assessment,
and developed a framework for EDC monitoring in three periods: initial assessment,
screening, and testing. A revised OECD test guideline (for human health, birds,
fish, amphibians, and invertebrates) was published and is available on the OECD
Website (see Internet resources at the end of this chapter). Validation and
optimisation methods for the assessment of endocrine disrupters in wildlife are
currently being studied through testing on fish and birds.
Because of the possible interactions of many existing compounds in nature
it is not possible at this moment to apply assessment procedures routinely.
Stronger policy and environmental regulations gave positive results for wildlife.
There is recently a lack of confirmed evidence for disruption of neural endocrine
control other than that associated with acute poisoning of birds in natural
conditions (Dawson, 2000).
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INTERACTION BETWEEN
ENVIRONMENTAL IMPACTS
Multiplicity of environmental impacts
An aspect of environmental impacts that have been discussed at various places
in the preceding chapters are that different environmental impacts reinforce
each other, which is called synergism, or sometimes counteract each other,
called antagonism. These interactions sometimes constitute a very important
dimension for the understanding of environmental impacts.
Here we will touch on this issue again. We will do this by looking at the
eight categories of environmental impacts discussed in Chapters 7-13. That is,
we will look at landscape changes, biological changes, nutrient flows,
atmospheric impacts, air pollution, metal flows, and flows of organic pollutants,
especially POPs (Figure 15.20).
Synergism is often due to very specific mechanisms, such as when two different
pollutants together are much more damaging than each one alone (see the example
in Chapter 14). However, they may also be semi-specific, e.g. when a lower pH
value changes the solubility of certain metal ions (see below) or more general, e.g.
when a changed landscape promotes the distribution of all kinds of pollutants.
The observation of the interaction between different kinds of environmental
impacts also provides some background for understanding which factors are
important to protect the environment and to make the environment more robust.
There are some general rules. We may say that a more diverse environment
has a larger capacity to withstand impacts. The diversity should be both
physically, in the landscape, and biologically, in ecosystems. Several examples
are mentioned below. The “modern” monotonous and biologically poor
environment is thus comparatively sensitive.
A further dimension of multiple environmental impacts is the various
economic sectors that cause these impacts, e.g. agriculture, forestry, fishery,
mining, energy, industry, transport, and habitation (Figure 15.22). It is clear
that most economic activities have multiple, interconnected environmental
impacts that can not be avoided. In other cases the impacts can be avoided,
and are a starting point for improving environmental protection.
Figure 15.20. Environmental impacts interact.
Impacts in the left column either enhance (+) or
dampen (-) the impact on the top row. For instance,
eutrophication enhances biodiversity decrease but
dampens heavy metal flows.
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+

for human purposes. In this sense landscape changes often reinforce other kinds
of environmental impacts.
It is obvious that the “classical” landscape is able to provide room for more
species than the rather monotonous and modernized landscape, and thus have
more biological diversity.
The removal of wetlands and the channelization of rivers and streams
make the landscape much less resistant to eutrophication (Chapter 9). The
difference between the natural landscape and the manipulated one is often
very dramatic. The recently reported result from the Gulf of Riga project
tells us that there is not nearly as much nutrients reaching the Baltic Sea
from Latvia as many researchers expected. The reason is that the Latvian
landscape is much less “modernized” than those of western Europe. The
wetlands contribute to denitrification and removal of phosphorus as
phosphate is stored in sediments.
Some landscapes are more able to handle acid depositions than others. This
has to do with the buffering capacity of the soil, and is thus not related to
“modernization” of the landscape. A so-called modern landscape will however
have a larger runoff and thus gives a higher impact of acid runoff during snowmelt.
This particular annual incidence of comparatively large amounts of acid water is
often the worst consequence of acidification for many lakes and is thus important.
The components of the landscape and the media – air, water and soil –
interact in pollution transport as detailed above. The transfer of pollutants from
one media to another, e.g. from soil to water as in drainage of land; or from air
to land as in precipitation from polluted air is also influenced by the landscape.
We should also note that the kinetics of transport will be very much
influenced by climate change both by the increased temperature and the
modified pattern of precipitation that is predicted. Landscape change also
increases the enhanced greenhouse effect since reduced organic substance
in soil leads to emission of methane due to increased microbial activity.

Figure 15.21. Distribution of pollutants between the
three media air, soil, and water.

Ecosystem changes
Ecosystems and species diversity have a special position when it comes to
environmental impacts. Changes in ecosystems and a decline of individual
species are important indicators of impacts.
The impact of chemicals on ecosystems may be complex. As we do with
landscapes, we may ask if some ecosystems are more robust than others. It
seems clear that ecosystems with less species diversity, such as the ecosystems
in the Baltic Sea region, are more vulnerable to environmental impacts. If an
animal or plant community is reduced, there are few opportunities to substitute
for the functions lost (Chapter 6). Severely manipulated and exploited
environments often have very few species. They are characterised by plant and
animal mono-cultures. These are more vulnerable to impacts.
Impact
Sector

Figure 15.22. Economic sectors and environmental
impacts. Economic sectors have multiple environmental
impacts. Each impact category is marked with an x in
the matrix.

Landscape
change

Biodiversity
decrease

Eutrophication

Climate
change

Ozone
depletion

Acidification

Heavy
metals

POPs

Agriculture

x

x

x

x

x

x

x

x

Forestry

x

x

x

x

x

x

x

x

x

x
x

x

Fishery
Mining

x

x

Energy

x

x

x

x

x

x

x

x

Industry

x

x

x

x

x

x

x

x

Transport

x

x

x

x

x

x

x

x

Habitation

x

x

x

x

x

x

x

x

THE DAMAGED ENVIRONMENT 465

Case
Box 15.3

Damage to ecosystems by the interaction of acidification,
metal flows, and landscape changes

Air pollution, acidification and lake ecosystems
Acidification is caused by a diffuse spreading of sulphur dioxide
and nitrogen oxides over large areas. The present acidification of
inland waters has caused an impoverishment of the fauna and
the flora of the affected lakes. The earliest changes occur at about
pH 5.5 with the disappearance of crustaceans, simultaneous with
a depressed reproductive capacity of salmon and roach, which
are the most sensitive fish species. Snails and some planktonic
species die and the activity of the bacteria decreases between
pH 5.5 and 5.0. Below this latter pH the reproduction of arctic
char, nordic pike, and perch is also depressed and on the bottom
of the lake there is almost only bog moss. When the pH has decreased below 4 some vascular plants decrease in number and
adult fish are also in danger. Their kidneys cannot function properly
at this low pH, and below pH 3.5 adult fish individuals also die,
salmon and its relatives being the most sensitive ones.

Mechanisms of reduced reproduction
The decreased reproductive capacity results mainly from disturbed embryonic development. Below pH 5.0 the eggs cannot
maintain a physiological pH and in the acidified internal milieu the
embryos can not grow properly. Even at a somewhat higher pH
the eggs will not swell in a proper way. As a consequence the

space available for the growing fry within the egg is too small,
which causes bending of the fry within the egg with malformations
as the final result. An additional reason for the depressed
reproductive outcome is a diminished number of eggs hatched.
The enzymatic mechanisms breaking up the membranes of the
eggs at hatching cannot function optimally at too low pH.

Metal flows and diffusion to terrestrial ecosystems
As stated above acidification also increases the concentrations of
metals, especially heavy metals, in the water and thereby also in
the organisms. Therefore, not only the water-dwelling organisms
are effected, but also those which collect their food from the water.
Therefore, the effects of the acidification of a lake will be
propagated to the surrounding ecosystems as well. A small lake,
Tjulträsk, in the Swedish mountains has high levels of aluminium.
On the shores there are plenty of pied flycatchers. Some of them
with nests close to the shoreline, feed on water-dwelling insects,
and produce eggs without shells or with very thin shells. Analyses
show that these birds have high levels of aluminium in their bone
tissues. Thus, the effect of aluminium in the water ecosystem has
spread to the nearest parts of the terrestrial ecosystem. However,
flycatchers with nests at some distance from the water and feeding
mainly on terrestrial insects produce normal eggs.

The particular composition of ecosystems also influence how environmental
impact differs from one environment to another. Many examples have been
cited above how individual species react to envionmental impacts, and it is
clear that an impact may be devastating in one case and less serious in others.

Chemical pollutants interact
There are many examples of how chemical impacts interact with each other. A
well studied case is how acidification of soil causes or increases leakage of metals
(see box 15.3 and also Chapter 12). In the case study the increased level of aluminium
is one consequence of acidification. However, many other metals become more
mobile when the pH decreases. For example, it has been suggested that the intense
algal bloom on the west coast of Sweden, primarily due to eutrophication, was
boosted by leakage of metals, perhaps cobalt, from acidified soil.
Several nitrogenous air pollutants, cause both acidification and
eutrophication at the same time. Eutrophication leads to increased organic
sediments on bottoms. The consequences of this is not only decreased oxygen
and redox values but also the co-precipitation of various chemicals that bind
to the sediments. The amount of organic pollutants in the bottom sediments of
both the Baltic Sea and many lakes is enormous (Chapter 13). This is also true
for many heavy metals which bind to the sediments. Thus, eutrophication
dampens the effect of pollution by heavy metals and POPs (Ambio, No 4-5,
2000). A consequence might be that reduced eutrophication in the future will
increase internal loading, that is release of pollutants from bottoms to the water
mass, as the organic substance in the bottom is reduced.
Greenhouse gases also interact with the other pollutants. Global warming most
likely boosts eutrophication (Chapter 9). Ozone depletion might also increase
eutrophication, if photosynthesis is hampered by UV radiation as has been proposed.
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THE LONG TERM PERSPECTIVE
WHAT WILL HAPPEN TO THE POLLUTED
ENVIRONMENT?

How nature reacts to
environmental impacts
•
•
•
•
•

Robust (withstands)
Resilience (return)
Negative feedback (resist)
Positive feedback (amplify)
Vulnerable (sensitive)

The time dimension of environmental impact
Above we looked at how pollutants spread over geographical distance in air,
water, and soil. But we may also ask how the effects of pollutants are distributed
over time, that is how long damage to the environment will influence coming
generations. This concern, how long damage will last, its duration, should play
a role when judging how serious an environmental impact is. For example,
pollution of ground water could last for many years, while pollution of the
water in a lake or river might disappear in days. Still many consider pollution
of rivers and lakes as more serious, probably because it can be seen, which is
not the case with polluted groundwater.
The time scale of environmental damage varies enormously. Some impacts are
very short, days or less, e.g. when a chemical substance is easily degraded. Others
are very long term, such as intrusion into the landscape, roads and other
infrastructural expansion, or the erection of buildings. These impacts may last up
to the next ice-age, that is several thousand or hundreds of thousands of years.
Environmental impacts may be either reversible, that is the situation will sooner
or later go back to its original state, or be irreversible that is the situation will never
go back to its original state. Man has already created many irreversible changes.
Particularly serious is the extinction of animal and plant species. Depletion of
natural resources such as metal ores and oil wells are also irreversible in “human
time,” though in geological time, millions of years, some of these may partly revert.
Nature has a certain capacity to counteract impacts from changed outer
conditions. Negative feedback mechanisms exist to balance many changes. These
refer to both abiotic and biotic impacts. The capacity of the physical environment
to maintain its state was the basis for the Gaia hypothesis proposed by Lovelock
(Chapter 2). Lovelock discovered several of the mechanisms that caused these
negative feedback mechanisms for temperature, salt concentration, precipitation,
carbon dioxide in atmosphere, etc.
Similar mechanisms exist in biology. The constancy of the number of
individuals in an animal population is also due to negative feedback mechanisms.
Reproductive capacity and outside impacts balance each other to maintain the
number of individuals, as studied in classical ecology (Chapter 3). The capacity
of the physical and biological environment to come back to its original state
after a disturbance is called resilience. Resilience is a much studied phenomenon
especially in connection with climate change (Folke et al, 2002).
However, there is also the situation where an outer impact causes a change
that is amplified in the environment. This may then be due to a positive feedback
mechanism. For example, if global warming leads to melting of glaciers or less
snow and ice during the winter, it will cause less albedo (reflection of light
from the sun) and therefore more warming. This is a positive feedback, and a
small disturbance may have a dramatically large effect.
There are also cases where an impact does not have much effect up to a
certain level, where a threshold is passed and the impact becomes very serious.
This threshold effect is illustrated by soil that buffers acid rain until a certain
point, and then the pH changes dramatically due to a chemical titration. The
population size of an animal can be another example. Under a certain size a
population might loose its reproductive capacity, and eventuallly collaps.

Figure 15.23. Estimation of longevity of selected
environmental impacts, on a logaritmic time-scale
from days (about 0.01 year) to a million years. (See
also Bernes, 2001.)
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From impact to effect – when does it reach humans?
Resilience
Key attributes of resilience in complex,
adaptive systems include (Folke et al
2002):
•

•

•

•

•

ecological resilience can be assessed
by the amount of variability that can
be accepted without patterns changing
and controls shifting
in a resilient ecosystem keystone
processes ineract in an overlapping,
apparently redundant manner.
resilience within a system is generated
through major changes and renewal
of systems at smaller, faster scales.
essential sources of resilience lie in
the variety of functional groups and the
accumulated experience and memory
that provides for reorganization after
disturbances.
resilience also resides in slowly
changing variables such as soils,
biological legacies, and landscape
processes which provide ecological
memory and context for critical life
processes.

Figure 15.24. Mercury in starlings from
Krankesjön, Sweden after the ban of seed dressings
containing alkylated mercury in 1966. The content
of mercury in the birds decreased by a factor of ten in
a few years. (Source: Swedish Environmental
Protection Agency, 1985.)

Healing processes
Physical processes
• Replacement
• Dilution
• Adsorption
• Immobilization
• Degradation
Biological processes
• Reproduction
• Re-colonization
Technical processes
• Remediation

Environmental changes that have immediate effects are easier to deal with for
society and individuals than those that take a long time to appear. Poisoning of
a food or a water resource needs to be stopped immediately or one will starve.
If the resource is emptied or destroyed in a longer time frame, it is more difficult
to enforce a change.
Examples of very long time spans between cause and effects are numerous.
The pollution of the atmosphere by burning fossil fuels for energy production
leading to climate change is one of the best known cases. Increase of the carbon
dioxide concentrations in the atmosphere started in early industrialisation, more
than 200 years ago. The first very clear indications of climate changes occurred
in the 1990s. It is believed that the full effect will come in another 100 years.
The time for response in global physical systems is thus very long.
In biological systems there is also a retarded response. This may be
illustrated by the April 1986 Chernobyl nuclear reactor accident. The accident
had an immediate effect at the site itself. From then on, due to radioactive fallout,
radioactivity was added to the environment of individuals in a widespread area.
The more long-lived radioactive isotope, caesium, started then to move in the food
chain and was added to food for people. In Belarus, an increased incidence of
thyroid cancers, believed to be caused by radioactive iodine, was seen quite early.
A general increase of cancer rates is more difficult to track. About 20 years is a
typical period for a cancer tumour to develop. In Sweden, which was also
badly hit by the accident, it was not until spring 2001 that research showed a
distribution profile of cancer incidences that correlates with radioactivity. The
correlation will most likely be stronger in the years to come.
Combined effects make the chain from cause to effect even more complicated,
as illustrated by depletion of stratospheric ozone. The production of freons, the
most important cause of ozone destruction, started in the 1950s. The release of the
freon became important much later in the 1960s and 1970s. Thereafter it took
several years before freon concentrations mounted in the upper atmospheric layers,
and the destruction of ozone started immediately. Increased UV radiation is a
physical effect that is an immediate consequence of decreased ozone concentration.
It was detected in the southern hemisphere in the 1980s. Since then UV radiation
has increased. In about the year 2000, the first serious increase in skin cancer cases
was reported, mostly from Australia and USA. It will take another 10-20 years
before the maximum cancer incidence takes place, and then it will slowly abate.
The measures to stop freon emissions were taken in the 1980s.
There is thus often several decades between the cause and effects of
environmental impacts and sometimes even hundreds of years. There is likewise
several decades between the measures taken and the effects of these measures.
These long time spans are not easy to grasp, and make environmental
environmental protection difficult both politically and management wise.

Healing the environment
Can the environment be healed ? What are the mechanisms that contribute to
healing? If it is possible to heal the environment, how long will it take?
Some of the healing processes are well known very basic physical processes.
Replacement is important for water. The concentration of a chemical in a water
mass decreases as the water mass is replaced from its drainage area or exchanged
with surrounding water. This time is however long if the drainage area is small
and the water mass large. In the Baltic Sea it takes about 25 years for half the
volume to be replaced. For example, phosphorous in the Baltic Sea decreases
two-fold after one such cycle and decreases four-fold and eight-fold after two and
three cycles, respectively. It will thus take close to 100 years to achieve a ten-fold
dilution, if the addition of phosphorus ceased which is not the case today. Lakes in
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a drainage basin might have much shorter times for water replacement. Less than
a year is not untypical, though very deep lakes with a small drainage basin can
take much longer. Lake Vättern in Sweden is such a lake, where it takes more
than 100 years for half the volume of water to be replaced.
Of course the chemical does not necessarily disappear when it goes downstream.
For the Baltic Sea downstream means the Atlantic Ocean. The enormous volume
of the ocean means that nutrients are diluted to insignificant levels. Dilution is one
healing mechanism that might be important. When the water in a polluted lake is
washed away it may on the other hand mean that a whole river basin gets polluted.
This was the case with the PCB loaded lake Järnsjön in Sweden. Dilution did not
help in there. The lake was later subject to a very extensive remediation project.
The slow turnover of matter in the biogeophysical cycles will also take care
of many environmental pollutants by absorption. Carbon dioxide in the
atmosphere will slowly be absorbed by the oceans. At present the CO2 added to
the atmosphere is too much for these mechanisms to keep up. If, however, the
emission of CO2 decreases, absorption by the oceans will slowly make the
atmosphere go back to a lower CO2 concentration.
All organic chemical substances are finally degraded in nature. The chemical,
physical, or biochemical processes may be either very fast or very slow as for
the persistent chemicals. Chemical elements are never degraded, but may leave
the circulation in the environment and be immobilised when they precipitate
and are added to sediments and soil. Phosphorous is sooner or later added to
sediments, as are heavy metals. Also nitrogen might be immobilised as it is
added to the humus layer of the soil. Nitrogen will also be adsorbed as it is
turned into molecular nitrogen and is added to the atmosphere.
Biological healing processes are possible if the species concerned still exist
in the area. Populations of species will reproduce and expand if the conditions
allow. Reproduction and re-colonisation are key elements in this process.
Man can help many of the healing processes through remediation. In most
cases this means physical projects. Soil remediation (see further Chapter 18)
often requires removal of soil. But there is also chemical remediation, e.g. when
a chemical in soil is degraded by improving the conditions. Biological
remediation refers to the situation when a species is re-introduced or is helped
by feeding or in other ways. Remediation is often possible but very expensive.

Persistent pollutants and heavy metals are long-term problems

Figure 15.25. Remediation of a poisoned lake. Lake
Turingen in mid Sweden contained large amounts of
mercury in the bottom sediments, which constanty
leaked to the water. In 1998 a new technology was
developed to seal the bottom from the water mass and
thus stop the leakage. In fact the lake got a new bottom.
The source of the mercury is a pulp and paper factory in
operation up to the 1960s. 350 kg of mercury is stored
in bottom sedimentes. (See http://www.turingen.com.)
(Photo: Jan E. Carlsson/Pressens Bild.)

Chemical impact may have very long life histories. PCB was first used as an
industrial chemical in the 1920s and 1930s. It was discovered as a serious
environmental pollutant in 1966 when a dead white-tailed eagle in the
Stockholm archipelago was analysed for chlorinated hydrocarbons and was
discovered to contain staggering levels of PCBs in its fat tissue, exceeding
10,000 ppm. A decade later PCB was believed to be the cause of the near
extinction of the seals in the Baltic Sea.
In the following years bans on production, import, and use of PCB was taken
first in Sweden and then several other countries. It was however not until 2001 that
a complete ban on PCB was made in connection with the UN convention of chemical
pollutants in Stockholm. The amounts of PCB in infrastructure in society is still
very large and it will continue to leak into the environment. There are also
considerable amounts of PCB in the environment. It is estimated that many thousand
tonnes of PCB is stored in the sediments of the Baltic Sea. The physical breakdown
of PCB in the environment is very slow. Some remediation projects have been
carried out showing that it is possible to remove PCB from sensitive areas but at
very high costs. We will have to live with PCBs for many generations.
In other cases the efforts to remove a pollutant from circulation in society
and the environment have been more successful. DDT, which was identified

Figure 15.26. Levels of lead in drill cones from the
Greenland ice cover reflects the level of lead in the
environment. (Source: Kihlström, 1992.)

THE DAMAGED ENVIRONMENT 469

Figure 15.27. Lead poisoning is decreasing. The
mean level of lead in blood in adult citizens of
Stockholm decreased in parallel with steps taken by
the authorities to diminish the use of leaded gasoline.
(Source: Kihlström, 1992.)

as an environmental problem at the same time as PCB, has been outlawed
for a longer time and has decreased more quickly. There is no DDT in
infrastructure and old stores of DDT can be destroyed. DDT is also broken
down in nature more quickly. The presence of DDT in the Baltic Sea region
is today mostly due to transfer from other areas in the world through socalled “global chromatography.”
Measures to outlaw chemicals can thus be effective. Another example concerns
lead. The amount of lead in the environment rose drastically when leaded gasoline
was introduced around 1950. Along with development of car society the levels of
lead in the environment increased. It was not until the 1980s, when un-leaded
gasoline became available, that the levels started to decrease (figure 15.27). Today,
restriction on the use of lead is continuously introduced. In Sweden, since the
spring of 2001, bullets with lead were banned for hunting. This largely marked the
end of dissipative use of lead in Sweden. However, since lead is a metal it is never
broken down. It can only be bound to sediments and thus return to the soil it came
from. Levels of lead in the soil are very high in some areas in the region, e.g.
Silesia in Poland, and it is not clear if this will ever be remediated.
When plants and animals die, their tissues are degraded by the activities of
micro-organisms. Thereby, at least some of the pollutants in the tissues will
once again be released into the environment. The dead organisms thus are
additional sources of environmental pollutants. Will this internal loading mean
that the pollutants will return over and over again in a biological cycle as long
as they have not been completely broken down to carbon dioxide and water?
How serious is this problem?
What has happened with threatened species in the past? During the late
1950s and the early 1960s we found dead animals, killed by environmental
pollutants. The pheasant, yellow bunting, peregrine falcon, and white-tailed
eagle were among the most seriously affected species, i.e. seed eaters poisoned
by the alkylmercury-containing seed-dressings and top predators. In 1964, very
few yellow buntings were observed. However, very soon after the ban on mercury
in 1966, the population recovered rapidly (Figure 15.24).

The biological changes
Figure 15.28. Reintroduction of fauna. Moose was
very rare in the Swedish forests 150 years ago and not
found at all in the southern parts of the country. In
connection with the establishment of the large forest
companies, hunting became carefully regulated and
the moose population increased. Today the moose
population is only restricted to keep injuries on growing
pine trees limited. Some 100,000 animals are shot every
year. (Photo: Göran Gustafson/Pressens Bild.)

Extinction of populations of species is a serious consequence of neglected concern
for the environment and nature. When a species is lost in its entire area it is an
irreversible change. However, if individuals survive in some areas, there are several
measures that can help re-establish the species and maintain it into the future.
Re-colonization is important if it is possible. Sweden has today relatively
speaking the largest moose population in the world. Each year more than 100,000
animals are shot in the annual hunt. The total population is about three times or
more than the number killed. In the early 19th century the moose was almost
extinct in the southern part of the country. Other animals did become extinct.
The last beaver was shot in 1871. Roe deer was preserved only in some areas in
Scania. The wild hog became extinct as did the wolf. Several species of birds
were also very decimated as a result of unregulated hunting, such as the whooping
swan, crane, and several species of geese. All these animals are today reestablished with in most cases strong populations. Re-colonization has been
possible since they existed in the rest of the Baltic Sea area. When only few
individuals exist, the re-establishment of a species is difficult or even impossible.
The most spectacular success in saving a species was the work with the European
bison carried out in Poland and Belarus after the First World War.
Other species have been lost because of problems in other parts of its life
cycle. Hunting in southern and eastern Europe is a major concern. The arctic
goose is severely hunted in southeastern Europe where it pass the winter. Today
efforts are made to change the migration patterns of this bird and save the
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species, e.g., establishment of wintering areas in Germany. The stork became
extinct in southern Sweden due to the drainage of wetlands. It has today been
reintroduced as the remedation of wetlands have proceeded. In Denmark the
development is the opposite.
Individual species may be problematic for various reasons. Re-establishment
takes a long time for large species with a low reproduction rate. The arctic fox
was once plentiful in Sweden but decreased due to hunting for its fur. It has
been protected for many years but there is still only less than 100 individuals,
which is close to a non-viable population. The reason that the arctic fox is not
expanding seems to be that there is not enough of its major food, carcasses
from larger animals hunted by wolves and bears. On the other hand, the smaller
populations of predatory animals is an important explanation for the large
populations of herbivores such as roe deer and moose. We have thus changed
the previous balance between the species in the ecosystem, to have more
herbivores, less predators, and even less carcass eaters.
Other species have come back only slowly because of pollution. This is the
case for the grey seal and several birds of prey. This is changing due to the
improved conditions of the Baltic Sea.

Figure 15.29. Restoration. An important restoration
activity is to supply raptorial birds with food that does
not contain pollutants, PCB and methyl-mercury, as
do for example the fish from brackish waters in the
southern part of Finland. Here a cow carcass is left on
an isolated island in the Finnish archipelago for fisheating birds, especially the white-tailed eagle. (Photo:
Pawel Migula.)

The longevity of landscape changes
Landscape changes are the most fundamental impact and one that lasts a very
long time. The built landscape does not change quickly. Roads that were used
several thousand of years ago can still be seen and buildings several thousand
years old can be visited. Roads and railroads and similar infrastructure lasts a very
long time, possibly to the next ice age, when the ice will eliminate all details in the
landscape. Erosion by wind and water are mechanisms that work in a shorter time

Figure 15.30. Pripiat, Ukraine. Pripiat, 30
kilometers from Chernobyl, was evacuated days after
the disaster in the nuclear power plant on April 26,
1986. It is still an empty ghost town. Decrease of
radioactivity that will allow repopulating the city will
take some 100,000 years. (Photo: May 1998, SvenErik Sjöberg/Pressens bild.)
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Figure 15.31. A road from the past into the future.
Traces of earlier generations, which lived close to nature
and travelled reguarely in forests which are today
abandoned, remain. So will our impacts on landscape
and nature remain for generations to come. We hope
that at least some impacts will be as beautiful as this
gentle path. (Photo: Courtesy Södra.)

frame. Roads and paths in forests slowly disappear due to such processes. Biological
invasion or colonisation follows in the trail of the physical changes.
Biological changes in the landscape may in this perspective seem less long
term. Still a cultivated forest will take many generations to change to a more
natural state. Forest that today is marginally manipulated by logging and other
cultivation measures represents a very small percentage of the forests in the
Baltic Sea area. An even smaller part, perhaps nothing at all, could be called
virgin. The restoration of a forest to a “virgin state” has been estimated to take
about 1,000 years. However, the growth of a natural forest, let us call it an “old
growth forest,” requires a much shorter time span. Outside Uppsala the socalled “Fiby virgin forest” is an area that has been protected since the time of
Linneaus. The composition of species seems to be close to what could be
expected in a forest not influenced by humans. This area had almost no trees at
all in 1795 after a tremendous storm. The present forest is thus not more than
200 years. An old growth forest thus takes about 200 years to achieve.
Agricultural land was discussed extensively in Chapter 7. It is argued that
the traditional agricultural landscape with wooded meadows and areas grazed
by cattle is the most diverse and species rich. Today there is not much of this
landscape left. Most likely in the future some investments will be made to
preserve this landscape. Farmers may be paid to manage the landscape rather
than cultivate it. In many areas this will be straightforward to achieve. In other
areas too much of the landscape was rebuilt. The large drainage projects in the
western Baltic Sea region have especially changed the situation. Large restoration
projects to create new wetlands and restore rivers have been undertaken. Such
projects are expensive and will be limited in number.
The waterscape and the Baltic Sea are influenced not only by rebuilding but
also by eutrophication and acidification. The coasts have changed a lot due to
eutrophication. All forecasts points to the fact that eutrophication of the Baltic Sea
will last for generations. The influx of nutrients is only slowly abating. The recovery
time is long. The coasts may however improve faster than the open sea if outlets
close to the coastal area are reduced. In the same way, smaller water bodies and
lakes may improve over the time span of one or two generations if the influx of
nutrients are reduced. Today, almost all areas that 10-15 years ago were not suitable
for beach life and swimming are open for the public and have good water quality.
Acidified lakes recover more slowly than coastal areas and the long term
situation of these lakes is not well understood. Restoration projects, which
amount to addition of large amounts of chalk, that costs millions of Euros, have
been carried out in Sweden and Norway, the countries that have been most hit
by acidification. In general, it seems that it will take a long time after having
added calcium to balance the pH changes in these lakes.

What environment will our children live in?
Much of the environmental impact of the last few generations will be very long
term. If an effort is made, some of these impacts can be reveresed to achieve a
more “natural” situation, but other impacts will last. It is clear that whatever we
do, our children will live in a world that is less diverse and less abundant in
resources than the one we were born into. There will be less biological diversity
and less landscape variety. Some of the diversity can be restored, but this is
dependent on the values, pursued by us and by future generations.
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REVIEW QUESTIONS
1.

Explain the concept of the pollution chain and describe the links in the pollution chain of PCB and lead.

2.

Explain how a temperature inversion is created and its consequences over a city, especially a city situated
in a valley, such as Krakow, and an industrial city not in a valley, such as Göteborg, that both suffer from
inversion events now and then.

3.

Distribution of pollutants occur on the local, regional, and global levels. Describe one case of each, and
in particular explain why biocides never used in the Arctic still are found in polar bears and the milk
(colostrum) of Inuit women.

4.

Describe, using the concepts of bio-availability, bio-accumulation, and bio-magnification, how a pollutant
is taken up and accumulated in ecosystems.

5.

Describe the effects of pollutants on ecosystems that often lead to reduced biodiversity and reduced
biomass.

6.

Describe the effects of endocrine disrupting substances, in particular the masculinisation of females, seen in
for example molluscs and fish species, and discuss what their long term consequencess could be.

7.

Give examples of the two ways in which environmental impacts can interact, i.e. enforcing each other
(synergism), or counteracting each other (antagonism).

8.

Give examples of how landscape changes can influence other environmental impacts, and also how
ecosystem composition is important for the consequences of environmental impact.

9.

Explain the concepts of robustness and resilience and how this is decisive for the longevity of environmental
impact.

10.

Try to describe how you think the environment in your country and area would look like in one year, one
generation (30 years), and 100 years, if environmental pollution would cease today.
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INTERNET RESOURCES
Data on the Baltic Sea
http://www.helcom.fi/ec

IIASA - The International Institute for Applied Systems Analysis
http://www.iiasa.ac.at/

Detailed review paper: Appraisal of test methods for sex-hormone
disrupting chemicals, OECD Environmental Health and Safety
Publication, Series on Testing and Assessment no.
http://www.oecd.org/ehs/ehsmono

OECD’s Chemicals Programme
http://www1.oecd.org/ehs/chem2.htm

Also: Analysis of responses from Member countries to OECD
Questionnaire on ”the National Concern Regulatory Activities and
Priorities for Work on Endocrine Disrupting Substances.
http://interdev.oecd.org/ehs/endocrin/Subpage/Reports.htm
Earth Crash Earth Spirit
http://eces.org/ec/index.shtml
European Center for Ecotoxicology and Toxicology of Chemicals
http://www.ecetoc.org/entry.htm
European Environment Agency
http://www.eea.eu.int
Greenpeace
http://www.greenpeace.org
HELCOM
http://www.helcom.fi
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Lake Turingen remedial project
http://www.turingen.com
Surfers Against Sewage
http://www.sas.org.uk/
Swedish EPA - Heavy metals
http://www.environ.se:8084/index.php3?main=/documents/pollutants/
metall/tungmete.html
The Swedish Society for Nature Conservation
http://www.snf.se/english.cfm
Tributyl Tin Pollution
http://www.greenpeace.org/~toxics/html/content/tbtmap/F0016a.htm
WWF Endocrine Disruptor Information
http://www.pmac.net/theos.htm

GLOSSARY
adsorption

inversion

when a gas, liquid, or solute accumulates on the surface of or within a solid
or liquid; a pollutant can leave circulation in the environment and be taken
up, or adsorbed, into a biogeophysical cycle, e.g. carbon dioxide in the
atmosphere is adsorbed by the oceans

a weather phenomenon preventing vertical mixing, where air temperature
increases with height up to a level where it then decreases thus forming a lid;
discharges in the lowest atmospheric layers below the inversion layer will
lead to a smog, while discharges above the inversion layer tend to remain at
high levels

air-water interface
the lipid-soluble thin film of lipids formed on a water surface, where typically
lipid-soluble pollutants accumulation reaching concentrations 1,000 times
higher than in the bulk water

irreversible impact

antagonistic impacts

negative feedback

impacts that counteract each other

a mechanism that allows the environment to counteract impacts from changed
outer conditions, such as increased carbon dioxide in the atmosphere

an impact that the environment can not return to its original state from, e.g.
the extinction of an animal or plant species

bioaccumulation
the accumulation of stable chemical pollutants, that are hard to degrade or
excrete, in various tissues of animals and plants; the load in an animal of
such pollutants will increase with each piece of feed containing the chemical
and increases as the individual becomes older

pollution chain

bioavailable

positive feedback

also called biologically available; chemicals that are able to penetrate
biological membranes, and thus can be taken up by bacteria, plants, and
animals

a mechanism which causes an impact to be amplified in the environment

biomagnification
the transport of persistent bio-accumulated pollutants in a food web from
one trophic level to the next higher level, causing an accumulation of toxicants
in top predators; in a terrestrial nutrition web the magnification is about 10
times in each step, and in an aquatic nutrition web approximately 3-5 times

the flow scheme in which the fate of a chemical is summarised from its
origin, through distribution in the environment, to its uptake by organisms
and final degradation

re-colonisation
a biological healing process when a damaged population of a species expands
from a neighbouring area where it is still available

remediation
a technical project where an environment is improved, e.g. removal or
replacement of polluted soil, or other interventions of man

ecotoxicology

replacement

the interdisciplinary field concerned with the detection, analysis, prediction,
and monitoring of environmental problems caused by potentially toxic
substances on higher levels of biological organization

a healing process when the damaged element is replaced, e.g. when the water
mass in a lake or river is replaced from its drainage area or exchanged with
surrounding water

endocrine disruptors

resilience

also called endocrine disrupting chemicals (EDC); chemicals which cause
disturbances in hormonal regulation, thereby causing adverse health effects

the capacity of the physical and biological environment to return to its original
state after a disturbance

environmental healing

reversible impact

when the environment returns to its original state after a disturbance

an impact that the environment can return to its natural state from, e.g. some
forms of chemical pollution

global chromatography
when pollutants are transported from areas of use in the south, where the
chemical evaporates, to the colder arctic regions, where they condense,
explaining e.g. that POPs are discovered in people and animals in polar regions

synergisic impacts

hormesis

the phenomenon where an impact does not have much effect up to a certain
level, after which a threshold is passed and the impact becomes serious

the phenomenon where a substance stimulate growth at very low
concentrations but depress or inhibits growth at high concentrations

impacts that reinforce each other

threshold effect

tributyltin, TBT

pollutants acting like hormones, thereby intervening in the reproductive cycle
of an individual

a biocide, acting as a endocrine disruptor, used as an antifouling substance in
paints to protect the hulls of ships and cooling systems of pulp and paper
mills against molluscs

immobilisation

xenobiotics

when a pollutant leaves circulation in the environment and is stabilized as
precipitate and added to sediments or soil

chemicals that are foreign to biological cells, both natural and man-made

hormono-mimetic

imposex
masculinization of females caused by low concentrations of certain pollutants
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