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Industrial mass production of chemicals in is one of the large environmental dilemmas of modern society. Pollution
from the site of production was originally the largest problem. Today, pollution during consumption and waste, the
rest of a product’s
life-cycle, is AND
often much
more problematic.
(Photo: Lars Rydén.)
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"By how much does resource efficiency have to be increased? The
factor of two on the global level, if combined with the equity
considerations ... (a kind of human right to resource use) translates
into a factor ten improvement in resource productivity for industrialized
countries. This goal, to be reached in a 30 to 50 year time span, is
equivalent to an annual increase in resource productivity of 4.5 %,
and considered a pragmatic, feasable and necessary policy target."
F. Schmidt-Bleek
on use of material resources in the Factor 10 Club, 1994.

Industrial society has developed in the Baltic Sea region
for almost 150 years. The smoking chimneys of factories
were first seen as a sign of progress and a promise of
future well-being. In the former socialist countries
development of heavy industry was a main concern up
to the time of Soviet Union breakup. In the West, not
only heavy industry but also production of consumer
items were important, and the affluent society
developed.
It was not until the 1960s that industries were
generally connected with pollution and threats against
the environment and man. Chemicals in emissions to
the air, effluents to water, and substances polluting soil
were shown to cause ecological damage and human
health problems. Initially, the immediate surroundings
of factories were a concern. Later, it was understood
that entire regions and in fact the whole planet had been
affected by toxic chemicals.
In this chapter we will look closer on industrial
production and its environmental effects, and
especially on the major groups of toxic chemicals.
Industrial production is a very complex chemical
activity. It is man’s ability to produce an almost endless
variety of chemicals with novel and wonderful
properties that is the root of the chemical pollution
problem. Today, there are about 70,000 different
chemicals on the market in Europe. Earlier, only the
beneficial properties of these chemicals were
investigated. Their behaviour in the environment was
seldomly understood, nor examined.
Pesticides were invented to fight some of man’s
worst diseases such as malaria, and they were
intentionally made to be toxic. One of the first and most
successful pesticides was DDT, invented during World
War II. DDT was also the first substance to be connected
to far-reaching ecological damages. DDT stays in the
environment for a long time, it is persistent; it
accumulates easily in fat tissues in animals, called
bioaccumulation; and its concentrations in tissues
increased along food chains, a process called

biomagnification. DDT is an early example of a
persistent organic pollutant, POP.
Many technically very useful substances turned out
to be dangerous in the same way. The polychlorinated
biphenyls, PCBs, were used in large amounts in e.g.
electric equipment or building materials just because it
was so stable. But it accumulated in fish, was traced in
mothers milk, and almost made the grey seals in the
Baltic Sea extinct. Use of PCBs has been illegal since
the 1970s or 1980s, but large amounts continue to leak
from the technosphere. Similar compounds, such as
flame retardants, leak from all kinds of electronic
equipment and end up not only in Baltic herring but also
in every day food such as meat and milk.
In addition to these groups of chemicals are a whole
series of contaminants in technical products. Worst
among them are the dioxins and the dibenzofurans,
among the most toxic substances ever made. All these
chemicals are organic compounds containing chlorine,
bromine, or fluorine atoms – so-called halogens.
Use of the substances mentioned was made illegal
in the Baltic Sea region in the 1970s. They can, however,
reach the Baltic Sea region from other parts of the world
and also from deposits in local society.
Emissions from industry are increasingly better
controlled, but leakage from consumer products of all
kinds, from households and other sectors of society, in
particular industry itself, is still very large. In the Baltic
Sea region the annual use of materials, the material
flows, amounts to about 50 tonnes per capita. This large
flow of natural resources, a large part of it originating
from fossil fuels, is not sustainable and has to be
reduced. Most importantly, substances not compatible
with life processes need to be phased out.
Authorities use a systematic approach to risk
assessment for chemical products and risk
management strategies have been developed for good
management of chemicals. New strategies for chemical
industries are developing and the option of sustainable
chemistry is slowly emerging.
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INDUSTRIAL PRODUCTION AND
ENVIRONMENTAL THREATS
Industry as a principle of production
Although the word “industrial” simply refers to being active, an industry is a
very special type of activity characterized by its organization. An industry allows
large scale mass manufacturing of identical or similar products. Industrial
production typically requires a large inflow of raw materials and energy to one
place, and typically many employees.
Some types of industrial production are quite old, such as the iron or metal
production in Sweden and in the Tatra and Carpatian mountains, which have a
history originating from the Middle Ages. Cases of serious environmental
impacts from this “proto-industrial” production may be cited, such as the
emission of copious amounts of sulphur from the copper-mine in Falun in midSweden (see also Chapter 4). However these were local in scope.
The modern way of organizing industrial production, originating in England
in the 18th century, took root and grew rapidly in the Baltic Sea region from the
mid and late 19th century. Important periods of industrial growth in the western
part of the region were the beginning of the 1900s with about 3% yearly and
later around 1950-70 with about 4% yearly. The Soviet system made immense
efforts to boost industrial production, especially heavy industry, although it
should be mentioned that large factories existed many years prior, e.g. in St.
Petersburg at the time of the 1917 revolution.
From around 1870 scientific and technological developments became a
cornerstone for industrial change. The new synthetic organic chemistry led to
production of synthetic organic dyes and pharmaceuticals. Understanding the
nature of electromagnetism allowed the construction of the electric motor and
generator. Using combustion for work, originally in the steam engine, led to
the four stroke car engine. These achievements started the modern phase of
industrialism, with its origin in Germany. But the key role of technological
developments very soon spread to other countries.
Industrial production required concentration of activities in one place, the
factory. Such factories grew at places where one or several of the prerequisites
for production existed. Thus the forests in the northern part of the Baltic Sea
region were the raw material for a series of factories along the Baltic Sea coasts
which produced sawed timber, boards, pulp and paper. The timber was
transported to the factories on rivers, and the products were exported by boat.
The iron mines in northern Sweden became sites for ore production and export,
while the steel industry was located further south in the country. Steel industry
was also typical for southern Poland, and the northern Czech republic where
coal as a raw material and source of energy was available.
Another type of development relied on the availability of the work force in
the cities. Practically all large cities in Europe had their typical industries. ¸odz
in Poland became famous for its textile industry, St. Petersburg for its defence
industry, Gdansk for its shipyard, and Örebro in Sweden for its shoe production.
The city had, at its peak in the 1920-40s, several dozen shoe factories. There are
several other examples.
In western Europe, the share of the economy accounted for by the industrial
sector, and the number of people employed in industry, grew steadily up to the
1970s. The figure for Sweden at the peak in the 1950s was 70% of the workforce.
In the communist economies the peak came much later and declined sharply

Figure 13.1. Many cities are known for a particular
branch of industry. Some of these were or are
polluting. In Uppsala, the pharmaceutical and
biotechnical industry has been the most important
industry since the mid-1950s. (Photo: Inga-May
Lehman Nådin.)
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only after the political changes in 1990. The service sector then took over as the
largest part of the economies. However industrial production did not decline.
A remarkable increase of labour productivity, that still continues, has
characterized industrial production throughout history. Thus, a single worker today
produces on average about 100-200 times more than in the beginning of the
industrial era. The annual increase of productivity is still around 2-4% for the best
factories, due to improved technology, increased automation and organisational
development. Today, computerization is a main factor. Eventually a very small
number of individuals will manufacture the objects needed by society, just as has
been the case for a long time, a small share of the workforce – in western societies
now less than 5% – produces the food we eat.
In spite of the decreasing workforce the output is increasing both in agriculture
and industry, typically, the efficiency of resource use – resource use per GDP – has
not improved much. This means that along the entire development of industrial
society the resource use and environmental impact has been increasing.

The nature of environmental impacts of industry
Industrial production is in many ways the symbol of modern society with all its
advantages and problems. It has allowed access to an enormous richness of massmanufactured goods from personal utensils such as clothing, cars and TV sets, to
the components of industrial infrastructure: buildings, roads, railroads, etc. As a
result the material flows in society have increased enormously, energy has become
available for all kinds of purposes, and the complexity of chemical substances that
we deal with in everyday life is staggering. Many of these are problematic for the
environment. In addition, the way industries use raw materials and the way products
are finally disposed of is very different from how it was managed in traditional
society and causes fundamental problems.
Environmental impact and problems of industrial society are connected with:
•
•
•
•

a linear flow of resources from the raw material to the waste dump,
a large flow of resources, now about 50 tonnes yearly per capita in the region,
a large flow of energy, its use has increased about eight times the last
100 years, and
a large flow of new synthetic, often toxic, products amounting recently to
some 70,000 different kinds.

Each of these is connected with pollution. The classical factory is a point source
of pollutants, in the worst cases a “hot spot.” Factories were the sources of air
pollution, especially from combustion processes, and in addition emitted

Figure 13.2. A society of mass products. In a single
supermarket several thousand products are sold. Most
of them contain chemicals that pollute if not managed
properly. (Photo: Inga-May Lehman Nådin.)
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Figure 13.3. Some major industrial centers and
selected industrial plants along the coast in the Baltic
Sea region. (Backlund, 1992.)

considerable amounts of pollutants in their sewage. The land area of the factory
and its immediate surrounding area also sometimes became heavily polluted as a
result of the activity at the site and thus land, air, and water were all affected. Much
pollution ended up in water, either directly, or from leaking landfills or with
precipitation from polluted air. The water finally drained into the Baltic Sea, which
was polluted by sources along all shores as well as in the drainage basin as a whole. In
the north, pulp and paper industries in particular were very polluting. The Polish rivers
(Wisła and Odra), the St. Petersburg area, and the industrialised centres in northern
Estonia (e.g., Narva, Sillamäe, and Kohtla-Järve) contributed and still contribute
considerably to the total inflow of polluted water to the Baltic proper.
Likewise all large population centres are sources of pollution. Before the systems
change, the city of St. Petersburg with its five million inhabitants, had a total emission
of chemicals into the atmosphere estimated to be as high as 470,000 tonnes/year,
i.e., over 1,000 tonnes each day. Most (approx. 60%) of the emissions originate
from traffic and some 32% from various industrial activities. The sizeable
wastewater discharges from the city constituted another serious problem.
Approximately 4.4 million m3 of wastewater (containing some 2,000 tonnes of
chemicals) was discharged every day (1.6 km3/y). Some 50% of the pollutants was
estimated to be discharged into the Neva River or the Neva Bay without any
purification. More than 10 years later the situation is improved, although still far
from satisfying. Many polluting industries have been closed, mostly for economic

INDUSTRIAL SOCIETY AND CHEMICAL POLLUTION 389

Severely polluted regions – Southern Poland

Case
Box 13.1

Severly polluted regions
In the Baltic Sea drainage area some regions are of special
importance due to their concentrated heavy industry and very
dense population. The Upper Silesian region in Southern Poland,
the heart of Katowice district (voivodship), is one such hot spot.
It is the most highly populated and industrialised region in
Poland. On a surface of 1,500 km2, about 80 x 120 km, 3.97 million
people live with a maximum population density exceeding
6,000 per km2. The industry in this region is dominated by
technologically outdated mining of coal, lead, and zinc. The area is
bordering the Ostrava region in the Czech Republic and drains to
the Baltic Sea via both the Odra and the Wisła systems. A total of
22 out of Poland’s 80 most dangerous polluting companies are
situated in the Katowice district. Their total emission of particulate
dust decreased by a factor of three (from 150,000 tonnes in 1989
to 47,000 tonnes in 1994) and gas emissions by two (from 944,000
to 499,000 tonnes) showing positive trends in pollution prevention
activity even in the most polluted areas.
Measurements from the year 2000 showed increased levels
of benz-a-pyrene (from 9.9 to 51.5 ng/m3/year; permitted in
Poland is 1 ng/m 3/year) and carbon monoxide (from 1.79 to
2.45 mg/m3/year; permitted is 0.12 mg/m3/year) at all measuring
stations. In some regions cadmium and lead fallout still exceedes
allowable levels by three to seven times, and airborne phenolic
compounds or cancerogenic formaldehyde exceedes allowable
Pollutant
Particles (PM10) µg/m3
Benzo-a-pyrene; ng/m3
Phenols; µg/m3
HCHO; µg/m3
NH3; µg/m3
CxHy (as CH4); ng/m3
Tar substances; µg/m3

1990

54-259
19-134
3.8-26.6
3.5-34.1
14-114
5.05-7.39
6.5-33.2

1996

levels by three to 10 times, both produced during coal mining
and burning. In days with high humidity the entire region has a
distinct smell of phenol: in 25 out of 26 measuring stations the
daily permissible levels were exceeded during more than 70%
of the time throughout the year (SANEPID, Katowice 1998).

Health consequences
The exposure to high levels of pollutants, dominated by up to
30% local emission sources, affect human health. Monitoring
the level of lead in blood of children indicated a group of 18,000
children at high risk.
The average mortality in Katowice is 1,900 per 100,000,
highest in Poland and average life expectancy 66 and 74 years
for men and women respectively, the lowest in Poland. In Western
Europe the corresponding figures are 72 and 78 years. The
children suffer the most. Infant mortality in the region fell recently
from 17.6 in 1990 to 13.9 in 1996 per 1,000 new borns. The
comparable figures for all of Poland were 16.1 in 1990 and 13.5
in 1996, and in Sweden less than six. The percentage of children
with congenital anomalies in Katowice is several times higher
than elsewhere, 10%, as compared to 1.5% in many other areas.
Children are frequent hospital patients; the most common
diseases are those of the respiratory system.

PM

Maximum allowed
levels in Poland

58-146, 52-82*; 66**
15.2-50*(1997)
2.3-12.1
1.8-21.5
16-98
2.99-3.96
9.9 -21.5 (1997)

50.0
1.0
2.5
3.8
51.0
0.82
9.9

Table 13.1. Organic air pollutants in the Katowice District. Minimum and maximum yearly mean concentration
of organic air pollutants in the Katowice Administrative
District for the years 1990 and 1996.
* - min. - max. (Regional Monitoring Network);
** - mean values (Regional Monitoring Network). (From:
Jarzebski, 1997.)

reasons, and others are moderately “cleaner”. The waste water treatment plant of
the city is beeing expanded and reconstructed, a work that has only begun.
Today most factories in the West, not yet to the same extent in the East, are
quite clean mostly due to implementation of efficient end-of-pipe methods to
avoid pollution of flue gases and sewage, required by increasingly severe
regulations. Instead pollution has moved to the consumer part of the life-cycle
of the product. The use of a plethora of chemicals in all kinds of everyday
activities are often more of an impact to the environment than the factory where
they were produced. Industrial pollution has today become diffuse rather than
point source and is much more difficult to control. For example, a chemical for
cleaning is emitted to the environment from all households using it.
During the 1990s, in all former communist countries many of the very
polluting and inefficient industries have closed, simply for economic reasons.
This has contributed to a considerable decrease in pollution. Still there are
many obsolete industrial processes in use; the necessary modernisation to meet
environmental demands would require a great deal of investments, which is
slowly coming. In addition, these densely populated countries did not solve
the problems of waste management. Excessive amounts of pollutants are emitted
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from industries and cities to surface waters since waste waters are poorly
purified or even not purified at all. Use of landfill is still the standard way of
handling waste and recycling is slowly being implemented.
The nature of the environmental impact of some industrial sectors of special
importance in the region is described in some detail below.

The chemical industry
In the Baltic Sea region only Norway and the Russian Federation are large oil
producers. All other countries import oil and gas. About 95% of oil is used for
energy purposes and some 5% for production in the petrochemical industry.
Large refineries are built at several localities such as on the Polish coast in
Gdansk and in Płłock further south as well as at the Swedish west coast. The
refineries produce all fractions of oil for energy and other purposes. Bulk amounts
of solvents are also produced. This category of chemicals is also produced both
from black coal in Poland and from the oil shale in Estonia.
Extraction, transport, and use of oil and solvents give rise to a considerable
environmental impact. Some of this is accidental or unintended, including oil spills
at sea and on the ground, leakage of petrol from motors, and emissions from
combustion of oil/petrol in motors and power plants. It is estimated that leakage
from hundreds of thousands of smaller motorboats contributes by far the largest
amount of oil pollution to the Baltic Sea, spills from tankers being much smaller.
A long list of chemicals are used in chemical industries, where e.g. dyes,
pigments, plastics, solvents, and pharmaceuticals are produced. Several of these
industries were from the beginning very polluting, with emissions of
hydrocarbons, oil products, PAH (poly-aromatic hydrocarbons), and chlorinated
organic chemicals. Today this is increasingly better controlled through end-ofpipe techniques. Instead, pollution typically takes place in the phase when these
chemicals are used, that is in the consumption stage.
A different sector of the chemical industry produces inorganic chemicals such
as sulphuric acid, chlorine, alkali, phosphorus compounds, and nitrogen fertilisers
using catalytic reduction of atmospheric nitrogen. Some of these are very noxious
to the environment and strict control is needed to exclude the chemicals from
effluents and emissions to protect the immediate surrounding area.

The industrial aspects of agriculture, forestry, and fisheries
In the southern part of the Baltic Sea region, the agricultural sector is important.
The production chain of farm products includes not only the farms themselves, but
also processes in the food industry, such as mills, slaughter houses, dairies, bakeries,
etc. Also here the production phase on farms has a considerable environmental
impact as discussed elsewhere (Chapters 7, 8, and 9). The food industry typically
emits large amounts of by-products, e.g. when producing cheese (the by-product
is whey), butter (buttermilk), meat (carcasses), etc. These organic residues may
end up in the sewage and contribute to oxygen consumption in the recipient. Instead
it should be passed through special treatment plants or better used in e.g. composting
or fermenting, which is not often the case. The fishing industry is likewise a source
of organic debris and requires a good sewage treatment, which too often is lacking.
Industrial production of woollen cloths from natural material such as wool,
linen and cotton, and leather products, such as shoes, etc. are also included in
this industrial sector. Pollution is very diverse depending on the processes used.
The dying of cloths was traditionally very polluting, but is now better controlled.
Tanning of leather still largely depends on chromium compounds, which find
their way to the environment.
In the northern part of the Baltic Sea region the forestry industry is important.
This area is responsible for about 25% of total paper, board, and pulp production
in the world. Ten out of the 15 Swedish kraft pulp mills are situated along the

Figure 13.4. The petrochemical industry. The oil
refinery in Włłocłławek, Poland, 2001. The raw material,
oil, is distilled to produce the fractions that are used as
fuels. A small part, about 5%, is used for
manufacturing, e.g. plastics, in the chemical industry.
(Photo: Lars Rydén.)

BOD
Biochemical oxygen demand (BOD7 or
BOD5) is the amount of oxygen used for
biological decomposition during a given
period of time (i.e. 5 or 7 days). It is used
as a measure of discharged organic
substances that consume oxygen.

Figure 13.5. BOD and production in the Finnish
pulp and paper industry. Since 1960, production from
the Finnish pulp and paper industry has increased to
become one of the most important in the world. At the
same time the pollution, measured as BOD (biological
oxygen demand, which reflects the volume of organic
waste) has decreased. The most modern factories are
near to the ideal of a closed factory. (Backlund, 1992.)
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Baltic Sea coast and another two mills are located on inland waters, which are
connected to the Baltic Sea. Most of the Finnish kraft mills are located on inland
waters connected to the Gulf of Finland. The Russian factories are found along
the coasts of lakes Onega and Ladoga.
The pulp and paper industry may emit large amounts of fibres which
previously constituted a considerable threat to the environment. Bleaching with
chlorine gave rise to large amounts of toxic chlorinated organic chemicals that
left the factory with the water. All factories in the west have today changed the
process to use different bleaching techniques based on hydrogen peroxide or
ozone or chlorine dioxide. Another polluting activity in this sector is the use of
large amounts of chemicals for the preservation of timber.

Industry and the large material flows

Ecological rucksack
The ecological rucksack of a product is
all materials not belonging to the product,
but which are moved when it is developed
or generated. In nature the term removed
material, refers to material not used by a
consumer but destroyed in various forms.
Examples are leaves which fall down
when a caterpillar is feeding in a bush; or
branches which are broken by elephants
reaching for the most delicious branches
in the upper part of a tree.

Industrial society as a whole, as can be imagined from the description above,
is a large mover of natural resources (Figure 13.6). On a global scale, the amount
of solid material resources used, the material flows, is about 20,000 Mtonnes/year
or four tonnes per capita. (Water use, which is much larger, is not included in
this figure, see below). Added to this is 40,000 Mtonnes of material which is
moved but not used, e.g. the overburden from mining, the so-called ecological
rucksack.
The industrialised countries cause the largest part of the global material flows.
Detailed figures are available for Germany, Sweden, the Netherlands, Japan, and
USA. As an example the German share of the global material flows in 1991
(Bringezau, 1995) was 5,400 Mtonnes, which makes 68 tonnes per capita. About
one-third of this was accounted for by the ecological rucksack. The material flows
after correction for the rucksack is thus around 45 tonnes per capita or 10 times
larger than the world average. Similar figures are found for other western European
countries, while the figures for Poland recently estimated (Sleszynski, 2000) are
smaller, about 50 tonnes per capita, as compared to the German figure of 68 tonnes
per capita and year.
The amount of water used or deviated in industrial society is even larger. In
Germany the available figures are 69 billion tonnes or 2,400 litres daily per capita.
Much of this is industrially used water and some rather trivial, e.g. cooling, but
some water is used more intensively and become very polluted by the use. It should
be added that water use has been decreasing since about 1990 (Chapter 17).
Similarly, the amount of air used is considerable and adds another 800 Mtonnes
to the material flows of the country. Air is mainly used for combustion; to burn one
kg of oil it takes about 3.4 kg of oxygen or 11 m3 of air.

Figure 13.6. Material flows and pollution in
industrial processes. All stages in an industrial process cause pollution: from extraction of raw materials,
transport, production, to distribution, consumption, and
waste management. The diagram illustrates main material flows in society caused by industrial production.
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Outlook

The large material flows

Box 13.2

World-wide, the extraction of mineral raw materials is
dominated by the building materials and the energy minerals
(fossil fuels), which are consumed roughly on the same scale,
around 13,000 and 9,000 Mtonnes/year respectively. The
building materials consist mainly of trivial materials like sand
and gravel used as filling material and in concrete. The fuel
minerals (oil, gas and coal) are used mainly as fuels, but
also to some extent (around 5%) as feed stuff for organic
chemicals and materials, like plastics and asphalt. We can
also notice that metals, except for iron (700 Mtonnes/year),
are used in relatively small amounts: for instance, aluminum
20 Mtonnes/year and copper 10 Mtonnes/year.
Certain specific industrial minerals have also large uses,
especially when used in high volume building materials or as
filling materials: for instance limestone and various clays for
cement production, and gypsum. Raw materials for basic
inorganic chemicals and fertilizers are used in relatively large
amounts, some of them in much larger quantities than the
non-iron metals. It applies to rock salt (Na, Cl), sulphur
containing minerals (S), phosphate minerals (P), as well as
nitrogen (N) from the air.
Globally the harvested terrestrial biomass, about 9,000
Mtonnes/year, is less than the excavated abiotic materials, but of
the same order as the fossil fuels. The biomass is used for three
main purposes: food/animal feed, materials, and energy. Today
these uses amount to 5,000, 2,000, and 2,000 Mtonnes/year
respectively. The harvest of the sea in the form of fish catch
(around 0.1 Mtonnes) is on a weight basis very small (around 2%) compared to the terrestrial harvest. But still it is of
great nutritional importance; it accounts for about 25% of the
human intake of animal protein.

1 4, 000
1 2, 000
1 0, 000

rucksack
used mat erial

8,0 00
6,0 00
4,0 00
2,0 00
0

Figure 13.7. The global extraction of lithospheric materials is
estimated as reported by Schmidt-Bleek & Tischner (1995). The global
harvest of ecospheric materials is in the form of biomass (Mtonnes/year).
(Karlsson et al., 1996.)

The largest flows are sand, gravel, and natural stone for building purposes.
Next come the fossil fuels. As already described (Chapter 10) energy production
in the world largely depends on fossil fuel – coal, oil, and gas. Extraction of hard
coal and lignite contribute to both the used material and a large share of the
unused flows, the rucksack. Crude oil extraction is large but has a smaller
rucksack, and even more so gas. The third category of material flow is metal
extraction (Chapter 12). Iron production is by far largest but especially copper is
more destructive since it is often extracted from low grade ore, with about 0.3%
copper, and the rucksack is about 800 times the metal itself. Finally the fourth
category are the so-called macro nutrients, phosphorus, sulphur, nitrogen, and
calcium from limestone (for cement).
Some of the resulting material flows might be less polluting even if sometimes
destructive to the environment, such as the use of sand and gravel. But most of the
material flows are connected to serious environmental impacts. The linear flows
of carbon, sulphur, nitrogen, phosphorous, and metals and their consequences have
already been discussed (Chapters 9, 10, and 11).
About a quarter of the material flow is left in the built infrastructure, and
about three-quarters is dissipated. These figures are even more extreme for oil
products. Only part of the fossil fuel is used for production of material goods
such as plastic, in all some 5%, and the rest is burnt for energy. A thorough
discussion of material flows is given by Karlsson (1997).
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CONSUMER PRODUCTS AND POLLUTION
Consumer products and diffuse pollution

Figure 13.8. Consumer products. We live in a society with a wealth of products. Many of them are
contributing to our environmental impact, not the least
in the consumers hands. (Photo: Lars Rydén.)

Increased industrial production and economic growth after the second world
war has allowed a way of life characterized by a high consumption of all types
of products, high mobility, and increased importance of leisure time. New
products have made household work easier leaving more time and money for
leisure activities, which in turn stimulate consumption even more.
The increased consumption in our societies constitute a new difficult-to-manage
source of environmental impact. Consumption causes diffuse, non-point, pollution,
which means that every product constitutes a pollution source. Even if the amount
of pollution generated by a single item is small, the cumulative effect of all products
of a kind may be high. These consumption emissions, i.e. emissions during and
after the use of the products, are multiple and difficult to map and control. The
legal regulations aimed at reducing non-point pollution sources have not been
fully developed, in general this was not a priority. In addition pollution generated
by households is not often perceived as dangerous by the consumers. The amounts
are relatively small and the effects do not appear immediately. The cumulative
effect of the pollution, however, may be important. In Silesia in Poland, and
practically throughout all small Polish towns and villages, the bad quality of air
during the winter period depends mainly on the coal burned by thousands of
individual households for heating. Car exhausts contribute to the bad air quality
and long-term environmental and health effects.
The industrial products are used either for maintenance of existing processes
or building of new structures, i.e. the base for services for the citizens (e.g., water
and energy supply, transport, waste collection, medical care, etc.). Society may be
seen as a two-level organisation: the technosphere is the material base for the
services, while the human-sphere is where the services are carried out (Chapter 2).
The materials may either accumulate in the technosphere, in buildings,
infrastructure, households, etc., or flow back to the biosphere. Material flows
analysis from Germany indicates that about a quarter of the material flows in the
society is added to the built infrastructure while the rest is dissipated. In the dissipated
flows we find e.g. fossil fuel used for transport and heating houses, artificial fertilizer,
most biomass, e.g. food, and a series of other items, mostly chemicals. These
dissipated flows will thus immediately influence the environment. However, also
the materials in the built infrastructure will eventually give rise to an outflow back
to nature when the products turn into waste, although often after a long time.
Chromium (tonnes/year)
Consumption
emissions
1,000

Figure 13.9. Pollution caused by production and
consumption of chromium in Sweden, including
emissions from incineration and leakage from waste
deposits. The pollution from production peaked in the
1960s and has since declined dramatically. On the
contrary, consumption emissions have increased.
Chromium is used in production of leather, stainless
steel, many metal parts, etc. A major cause of emissions
is incineration of waste. (Source: Karlsson, 1997.)
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From the environmental point of view the use and accumulation of materials
in the technosphere is a problem if these are toxic to the ecosystems. Such
materials include heavy metals and persistent organic pollutants. Even materials
which are not regarded as environmentally dangerous may cause problems, e.g.
because of a high concentration on the site where they are used.

Pollution by consumers
Houses and homes
Heating

Water

Waste

The different kinds of consumers pollution
Knowing the extent of environmental impact of consumer products makes it
easier to understand the influence of an individual consumer. Figure 13.10 shows
some basic categories of consumption and every day activities, which contribute
to pollution of the environment when stimulated.
Houses and homes generate all types of pollution: gaseous (e.g. by burning
fossil fuels for heating), liquid (e.g. sewage), and solid (e.g. finished furniture).
Pollution is created both in the close vicinity of the houses, causing the
environmental damage near the houses and homes (e.g. uncontrolled tipping of
wastes or sewage) or far away at the waste disposal site (leaching of
contaminants). Finally pollution produced by households can be very toxic and
dangerous (e.g. burning household waste, including plastics, on a property).
Leisure activities constitute another part of a consumer’s life which have a
large and increasing impact on the environment, of which transport seems to be
the most important. In the industrialized world more and more people use not
only cars, trains, and boats but also air transport to spend leisure time very far
away from their homes, which spreads pollution by consumers to large areas.
Metals are indispensable in the society and are part of many different products.
Metals incorporated in consumer products will be released to the environment
through consumption emissions, i.e. during and after the use of the products. The
natural sinks of the metals in the environment are soil and sediments.
Different chemicals, such as drugs, cosmetics, cleaning fluids, pesticides,
fertilizers, and cooling substances are eventually released into the environment
from households.

Flue gases

Sewage

Leisure activities
transport

Solid waste

Consumer
products

Figure 13.10. Pollution by consumers.

How to measure the environmental impact of a product
In order to estimate the extent of a product’s environmental impact a life-cycle
assessment (LCA) model is used. According to this “cradle to grave” description
the environmental effects of a consumer product includes not only the time of
its usage and maintenance, but also three other phases, i.e. acquisition of raw
materials needed, manufacturing of a product, and management of the finished
product (waste). An LCA includes all releases to air, water, and soil, as well as
the environmental impact of co-products (Curran, 1996; the topic is further
dealt with in Chapter 24).
Thus, the total environmental impact of for instance a couch, a product which
does not have any impact on the environment during its use, except perhaps
maintenance and repair, includes pollution caused during the production of its
components, transportation of the product, and environmental costs for management
of the couch as a waste. In contrast to the couch, there are products which pose a
considerable threat to the environment while used, e.g. cars.
For many products the LCA has to be completed by additional investigations
in order to assess their environmental impact properly (Chapter 24). There are
many products which require a substantial infrastructure in order to be used,
e.g. a car needs roads and bridges. Thus, the picture of environmental damage
of consumer products is very complex. Some products may use the basic
infrastructure build for other products or they may create a basis for the next
demand, which may result in a product even more harmful to the environment.
Several ways of measuring the environmental impact of a specified consumer
product have been developed by the Wuppertal Institute in Germany. All of
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Measuring the
environmental impact
of a product
LCA
The extent of a product’s environmental
impact is estimated by a life-cycle
assessment (LCA). This is a “cradle to
grave” description of the environmental
effects of a consumer product, including
not only the time of its usage and
maintenance, but also three other
phases: acquisition of raw materials
needed, manufacturing of the product,
and management of the finished product
(waste). An LCA includes all releases to
air, water, and soil, as well as the
environmental impact of co-products.

MIPS
The materials intensity per service unit,
MIPS, is a measure that refers to the
materials used for a specified service. For
example, travelling a certain distance can
have very different MIPS depending on
the mode of travel: alone in a car, with
others in a car, by train, etc.

Persistent organic
pollutants, POPs
Persistent compounds stay in the
environment a long time since they are
not easily degraded .
Fat-soluble, also called lipophilic, are
mostly oily substances.
Toxic means poisonous.
Bioaccumulation refers to how POPs
accumulate in fat tissues in animals.
Biomagnification refers to increase of
POPs concentrations in the food chain.

these are based on the materials flows caused by the production, use, and waste
of a product. The ecological rucksack of a product refers to the material that is
moved without actually belonging to the product. The materials intensity per
service unit, MIPS, is a measure that refers to the materials used for a specified
service. For example, travelling a certain distance can have very different MIPS
depending on the mode of travel: by car, train, etc. (see further Chapter 25).

TOXIC ORGANIC CHEMICALS
The persistent organic pollutants
The number of chemical substances on the market in Europe was estimated in
an inventory in 1981 as just above 100,000. Currently this number is believed
to be lower, below 70,000, but is still a very high number (European
Environmental Agency, 1998). Several hundred new substances are introduced
every year. A large number of these find their way to the environment, where
they have an ecological impact and some are toxic to animals and man.
A large and important group of polluting chemical substances are the persistent
organic pollutants, POPs. Persistent means that they stay in the environment a
long time, that they are not easily degraded. The POPs are typically fat-soluble,
also-called lipophilic, that is they are mostly fatty or oily substances.
Due to their fat-soluble and stable properties POPs easily accumulate in fat
tissues in animals. Typical tissues or organs in which they may be found in higher
concentrations are liver, fat tissue, and brain in man, egg yolk from birds, and in
mother’s milk. This phenomenon is called bioaccumulation. At some concentration,
often very low, they become poisonous or toxic to the affected individual. As
contaminated individuals are eaten by predators, which in turn may be eaten by
top predators, the POPs may appear in even larger concentrations in the top of the
food chain. This phenomenon of biomagnification makes top predators, such as
humans, the species at largest risk in the environment (see further Chapter 15).
POPs are found in all parts of the environment, air, soil, and water. However,
as many pollutants, they finally accumulate in water (as they are poorly soluble in
water, they are mostly adsorbed to particles, etc.), and organisms living in water
are at risk more than many others. POPs typically originate from one of four sources:
1. Many are produced for a long range of various technical purposes such as
fire protection in electronic equipment, electric insulation, softener in building
materials, and so on.
2. Some are unwanted by-products from the chemical industry. These include
many by-products from industrial production, e.g. from the pulp and paper
industry, and substances from combustion of coal and oil.
3. The biocides. These are produced for the specific purpose of being toxic.
Many of them are persistent.
4. Metabolites or breakdown products from the above mentioned three other
categories. This is a large group of sometimes unknown substances that are
produced by abiotic degradation (sun-light, temperature, and chemical
reactions in the environment) or by metabolism in different kind of biota.
The metabolic pathway in which the transformation occurs is typically there
to detoxify the chemical but the result may be a more persistent and also
more toxic substance than the original compound.
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Chlorinated organic pollutants
A way to make organic compounds stable is to introduce one or several so-called
halogens, that is fluorine, chlorine, bromine or iodine atoms, in the molecule. These
halogenated organic compounds make up an important and dangerous class of
pollutants. The majority of the compounds are halogenated with chlorine and are,
consequently, called chlorinated organic compounds. They are often persistent,
lipophilic, and toxic. A simple rule of thumb is that the more halogen atoms an
organic molecule contains, the more persistent it will be. In addition, their persistence
is governed by the position of the halogen atoms in the molecule, and by the structure
of the basic molecule. Hydrocarbons and ethers containing more than three chlorine
atoms are especially harmful to the environment.
Polychlorinated pesticides (DDT, toxaphene, lindane), chlorinated technical
products, such as polychlorinated biphenyls (PCBs), and chlorinated by-products
in bleaching effluents from the pulp and paper industry (chlorinated phenols,
guaiacols, dioxins, and furanones) have proved to be serious pollutants. Production
and consumption of chlorinated organic solvents have increased because they are
used as good solvents in metal cleaning or dry-cleaning. In the EU countries the
usage was estimated to be between 600 and 800 thousands tonnes annually (Stanners
and Bourdeau, 1995). It should be emphasized, however, that large quantities of
halogenated substances are also produced in nature (e.g. by terrestrial plants and
microorganisms, marine organisms, and volcanic eruptions). Only a fraction of
naturally produced organohalogens are, however, bioaccumulating.
There are many recently detected new contaminants among the persistent
organic chemicals, e.g. known to occur in the water, sediment and biota of the
Baltic Sea. Data are still few and geographically unevenly distributed.
Considerable investments have been made to include these contaminants in
routine monitoring programs for a better understanding of their importance as
toxicants. Examples of such bioaccumulating, persistent contaminants are:
•
•
•
•
•
•
•

polybrominated biphenyls (flame retardants),
polybrominated diphenyl ethers (flame retardants, hydraulic fluid),
polychlorinated terphenyls (substitutes for PCBs),
polychlorinated naphthalenes (flame retardant, insulating material in
capacitors, biocide e.g. in wood preservatives, solvent),
chlorinated paraffins (flame retardants, plasticizers, additives in cutting and
drilling fluids used in metal works),
phthalates (plasticizer e.g. in PVC plastics, lubricants, floors, and paints),
nonylphenol (degradation product of nonyl phenolethoxylates which are
used as a large volume surfactant).

The toxic effects of halogenated organic compounds in organisms are complex
(Chapter 14). Prolonged exposure to many of the chlorinated compounds may
lead to teratogenic and mutagenic effects at various levels of the biological system.
To the list of chemicals mentioned above we may add the chlorofluorocarbons,
the CFC’s (Chapter 10). These are, just as other heavily halogenated hydrocarbons,
very persistent and lipohilic, but they are readily evaporated once in the environment
and thus do not accumulate in ecosystems. Instead they diffuse into the stratosphere
and add to the degradation of stratospheric ozone. The same is true for several
easily volatile chlorinated organic solvents.

Toxic chemicals in the environment
Several group parameters have been adopted to express the total amount of
halogenated organic material in environmental samples. AOX (adsorbable
organically bound halogens) and EOCl (extractable organically bound
chlorine) are the most frequently used kinds of measures. AOX represents the
fraction of the halogenated (i.e. fluorinated, chlorinated, brominated or

Figure 13.11. Chlorinated hydrocarbons are toxic
organic chemicals, often consisting of aromatic rings
with several chlorine atoms. Several thousand of these
have been identified. They range from biocides to
industrial pollutants.

Hydrocarbons
Hydrocarbons are organic chemicals
containing only hydrogen and carbon
atoms.
Halogenation is reaction with a halogen,
i.e. bromine, chlorine, fluorine or iodine.
Halogenated hydrocarbons are a group
of organic compounds in which one or
several hydrogen atoms is/are replaced
by chlorine, bromine, or fluorine.

INDUSTRIAL SOCIETY AND CHEMICAL POLLUTION 397

Methods

Analysing persistent organic pollutants

Box 13.3

The majority of persistent organic pollutants exist in the environment
in exceedingly small amounts and often in very complex mixtures.
Many compounds are in addition unknown. Even if the
substances accumulate in fat tissues, very powerful tools are
still needed to measure them. Environmental chemistry is
dependent on advanced analytical techniques which allow
detection and identification of chemicals at concentrations of parts
per million (ppm) or billion (ppb).

Sample preparation
To be able to carry out an analysis it is normally necessary to
increase the concentration of the substances through a proper
sample preparation, often more complicated and time consuming
than the analysis itself. Samples of biological tissues are dissected
out of the animal and homogenized. Thereafter an extracting solvent
is added, one uses routinely hexane or chloroform, which exclusively
extracts fat soluble substances. Recently carbon dioxide under very
high pressure, under which it becomes a supercritical fluid, is used
to extract pollutants. Supercritical carbon dioxide can be used to
extract organic substances from any sample, including e.g. soil.
Equipment exist where extraction is done in a semi-automatic
fashion to allow analysis of many samples.
The extracting solvent is then evaporated to leave behind a
solid residue that contains the pollutants to be analysed. A
sometimes large amount of bulk substances, such as lipids from
biological tissues, have to be eliminated, e.g. by chemical destruction
or dialysis.
The procedure up to this point has served to remove most of
the bulk material and concentrate the pollutant.

Separation
It is then necessary to perform a fractionation or separation of the
sample. Powerful methods to fractionate organic pollutants have
been developed, most of them relying on column chromatography.
The basis of all chromatographic methods is the separation of
individual constituents from a sample present in a mobile phase as
it passes the solid phase of the system. Properties such as molecular
size, volatility, charge, solubility or shape, decide to which degree a
compound binds to the solid phase and thereby is retarded in its
migration through the chromatographic system. Many systems are
extremely good at resolving substances.
In column chromatography the stationary phase consists of
small beads packed in a cylinder or tube, called a column, of plastic,
glass or steel. The mobile phase is a liquid or a gas that is passed
though the column with the help of a pump. The sample moves
with the mobile phase but is retarded by binding more or less to the
stationary phase. The time (or volume of mobile phase) it takes to
travel through the system is called retention time (or volume). It is
characteristic for each substance.

High performance liquid chromatography (HPLC)
In HPLC the mobile phase is a solvent. The mobile phase is pumped
through a rather short column, often only of 10-20 cm in length, at
very high pressures (about 200 bar, 3,000 psi). It transports the
injected sample through the column which contains small uniform
beads of a substance that retain the sample molecules. The eluate
from the column is then passed through the detector. Common
detectors record absorption of the sample at a wavelength often in
the UV range. Other detectors are amperometers or fluorimeters.
The signal from the detector is plotted on a paper to produce a socalled chromatogram (Figure13.12.).

HPLC can be made in a series of different modes. In each of
these separation depends on different separation principles such
as charge properties (ion exchange) hydrofobicity (reversed phase
HPLC), etc.

Gas chromatography
In gas chromatography, or gas liquid chromatography, GLC, the
mobile phase is an inert carrier gas, such as argon or helium. It
transports the injected sample through a long column (often a 1030 meters long, very thin coiled tubing, so-called capillary column)
packed with solid beads coated with adsorbent liquid, or alternatively
on the inner column wall. The column is placed in an oven which is
heated according to a pre-programmed schedule, to vaporise the
sample substances one by one. During passage through the column
individual constituents of a sample are separated. The time used
for a substance to pass through the column is proportional to the
degree to which it is retained in the stationary (liquid) phase (Figure
13.13, left).
Sample constituents will thus appear at different times in the
end of the column. There they will be registered by a proper detector.
Sensitive detectors use e.g. thermal conductivity, electron-capture
and flame ionisation, each with its specific properties. Flame
ionisation detects all organic substances while electron capture is
very sensitive to halogens. The detector sends a signal to an
amplifier and this is in turn registered on a printer or on a computer
screen.

Mass spectrometry (MS)
Mass spectrometry is used to achieve a further identification of
substances. The sample in gas phase is bombarded with an electron
beam and thus becomes ionised and partly breaks down into smaller
charged fragments. The ions are accelerated in an electrical field
into the spectrometer where they are deviated in a very strong
magnetic field according to mass and charge. They finally arrive to
the detector area where their position and amount is registered
(Figure 13.13, right).
Each substances gives rise to a characteristic pattern of
fragments which appear as lines, each one with a precise molecular
weight, or rather defined charge over mass value. The line pattern
allows in most cases the identification of the chemical composition,
sometimes even structure, of the original molecule. Mass
spectrometry is one of the most sensitive techniques available for
qualitative identification of volatile compounds. However, the
substance analysed needs to be fairly homogenous since each
substance gives rise to a series of lines. Overlaying patters might
be impossible to interpret.

Gas Chromatography Mass spectrometry (GC-MS)
A combination of gas chromatography with a mass spectrometry
constitutes a very powerful means of analysis (Figure 13.13). In
this case the outlet of a gas chromatograph leads into the ionisation
chamber of a mass spectrophotometer. Each peak in the gas
chromatogram is thus analysed by the mass spectrometry. The
compounds are identified both according to their retention time in
the chromatography and according to the line patterns in the mass
spectrometry. Substances may be detected in amounts of a pico
gram (one-millionth of a millionth of a gram). GC-MS is today the
most efficient way to identify persistent organic pollutants and may
be the only way to identify new, unknown substances in the
environment. It was the original means used to identify PCBs and
is today the standard way to analyse dioxins and dibenzofurans. It
is also possible to connect an HPLC-column to a mass spectrometor.
Such an HPLC-MS instrument is being used for analysis of less
volatile environmental pollutants.
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Simplified methods for monitoring
For routine monitoring of environmental samples simpler, quicker
and cheaper techniques than GC-MS or HPLC-MS are needed.
Liquid chromatography, LC, is a low pressure column
chromatographic method relying on fairly simple equipment. LC
may allow a crude separation of samples to prepare for identification
in e.g. GC. Separation may also be done using a thin layer of an
inert support, e.g. silica, on a glass or plastic plate, so-called thin
layer chromatography, TLC. The substances may be identified on
the plate or after removal of the separated fractions.

and gaseous samples. Measurements of environmental
contaminants using infrared techniques are applied for quantitative
determinations of such compounds as carbon monoxide, carbon
dioxide or sulphur dioxide, hydrocarbons, drugs, organic or inorganic
compounds as dust, in soil, or on leaf surfaces collected in filters or
in adsorbents.

Sum parameters
Groups of substances may be analysed together to get a measure
of the total amount of a category of substances. Thus halogenated
substances may be adsorbed onto activated carbon and a
subsequent analysis gives a value for “absorbable organically bound
halogens,” AOX. A biologically more relevant measure is obtained
if instead the sample is extracted with a solvent, to find extractable
organically bound halogens, EOX, or more specific extractable
organically bound chlorine, EOCl.

Identification of substances through
spectrophotometric methods
If enough material is available for study, analytical chemistry offers
a series of methods to identify compounds. In UV/visible
spectrometry the sample is studied in light of visible wavelength
(400-700 nm) or UV (200-400 nm). The absorption of light at different
wavelengths is characteristic for a compound and is recorded as a
spectrum. Spectrophotometrically we can measure the amounts of
such pollutants as cyanides, fluorides, phenols, phosphates, nitrates,
and ammonia.
Fluorescence spectrophotometry is used for determination for
certain compounds, also various pollutants such as benzopyrenes,
naphtalenes or anthracene. Sensitivity of fluorescence spectroscopy
is much higher than visible/UV spectroscopy. The phenomenon of
fluorescence relies on measurement of radiation from a sample
excited by incoming light. Fluorescent molecules have both an
absorption and an emission spectrum (Reed et al., 1998).
Infrared spectrophotometry is based on absorption of radiation
between 0.8 and 25 µm. The beam is usually produced from an
electrically heated ceramic rod. This system is used for solid, liquid,

Figure 13.12. High Pressure Liquid Chromatography (HPLC). The
sample is injected in the system at the top of the diagram. After having
passed the guard column it is separated in the analytical column, which
is eluted (washed out) by a mixture of two solvents (left in the diagram)
pumped at high pressure. The detector monitors the components in the
sample as peaks in a chromatogram. The position in the chromatogram
allows identification. (Modified after Fifield & Haines, 1996.)

Figure 13.13. Gas chromatography combined with mass spectrometry (GC-MS). (From Bernes, 1998. Courtesy of SEPA.)
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In common terms toxic means poisonous.
In scientific terms, toxic refers to
chemicals that already at low concentrations are harmful to living organisms.

Abbreviations commonly used in
monitoring harmful organic chemicals:
AOX – adsorbable organically bound
halogens
EOCl – extractable organically bound
chlorine
TOCl – total organically bound chlorine
EOX – extractable organic halogenated
compounds
TEQ – total dioxins and dibenzofurans

Table 13.2. Levels of some persistent organic
pollutants in food in Swedish stores. The substances
examined are PCB, DDE which is a derivative of DDT,
HCB hexacholorobenzene, and TeBDE, tetrabromodiphenylether, a brominated flame retardant (values
are in ng/100 g food). (Source: Lindström and
Wingfors, 1999.)
Food

PCB

DDE

HCB

pig meat
4.4
25
cow meat
37
38
butter
210
160
margarine
3.3
1.3
cheese
110
150
herring (south) 4,500
530
herring (north) 1,600
2,400

7
5
140
1.3
51
45
56

TeBDE
1
0.8
2.8
0.7
9.6
120
120

iodinated) organic compound which can be adsorbed onto activated carbon
and is easily determined. EOX is normally used to express the amount of
halogenated and lipophilic organics present in organisms (e.g. in the fatty tissues
of fish) and in sediments. Sometimes the parameter TOCl (total organically
bound chlorine) is used instead of AOX, but since the TOCl analysis is more
time-consuming the method is becoming less and less common. Neither of the
above mentioned parameters can, however, work as a measure of the ecological
effects of halogenated substances, since they represent a joint measure of
harmful as well as harmless components. An evaluation of the ecological effects
must be based on knowledge of the identity of individual compounds included.
Recent measurements of POPs in food from ordinary shops in Sweden (Table
13.2) proves that several categories of POPs are found in meat, milk, butter,
cheese, and fish. Herring from the Baltic Sea has a high content of most POPs,
in particular the very toxic dioxins. The substances are believed to find their
way to cow meat through contaminated fodder or from air-borne particles
attached to hay. Recently it was shown that polychlorinated dibenzofurans
originating from PCB seriously contaminated fodder in Belgium. Another
possible origin of POPs to cow meat or milk products is contaminated sludge
from waste water treatment plants used as fertilizer.
Of the substances mentioned in the measurements PCB is present in the
technosphere in large amounts in many kinds of equipment and leaks constantly
from these sources. Similarly TeBDE, a brominated flame retardant, is leaking
from all kinds of electronic equipment, especially computers.
HCB (hexachlorobenzene), and DDE, a degradation product of DDT, are
both pesticides. They are believed to mostly come from tropical areas where
they are still in use, through air transport and then condensation in colder regions.
This “global distillation” contributes to the concentrations of several POPs in
the Baltic Sea region. A seasonal deposition and re-emission has been
demonstrated in the American Great lakes district and is most likely also the
case for the Baltic Sea region.
The measurements show however that in the Baltic Sea pesticides have been
decreasing for almost 20 years by about 5-9% yearly, the level of PCBs has been
rather constant since the mid-1990s, while the level of brominated flame retardants
is increasing in an alarming way. Details on individual chemicals are given below.
A series of legal actions have been taken to outlaw the use of the most toxic
chemical compounds. Especially important is the agreement to completely phaseout 12 substances, or categories of substances, that have been very destructive
in the environment (see margin), agreed on by more than 100 nations in
Stockholm on May 23, 2001.

Figure 13.14. The adsorbable organically bound
halogens (AOX) fluxes in the Baltic Sea. During a
long period the input of organic chlorine to the Baltic
Sea was immense. In this 1991 report halogenated
organic compounds added to the Baltic Sea totalled about
40,000 tonnes per year. It came from industry on the coasts,
mostly pulp and paper, precipitation, rivers, and a few
thousand tonnes with saltwater influx. 7,000 to 14,000
tonnes left through the Belts. Large amounts became bound
to sediments each year. (From Enell, 1991.)
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CHEMICALS FOR TECHNICAL PURPOSES
Polychlorinated biphenyls, PCBs
Polychlorinated biphenyls, most often called PCBs, is a group of organochlorine
compounds which are among the most toxic environmental pollutants.
Polychlorinated biphenyls are produced by chlorination of biphenyl, a molecule
consisting of two benzene rings joined by a carbon-carbon bond. By varying the
temperature and the time of the reaction different amount of chlorination is achieved
from some 21% to 68%. The resulting mixtures of PCBs are mostly oily liquids or
low melting solid substances. They became very popular as they were inexpensive
to produce, did not evaporate, did not burn easily, were excellent insulators and
very stable. The commercial production of PCBs started in the 1930s. PCBs were
used for a number of technical purposes e.g. as insulators, in capacitors and
transformers, as hydraulic and heat-transfer fluids or cooling liquids, and as additives
in adhesives, plasticizers in paints, sealants, vacuum pump fluids or for making
carbon free paper for copying. Only in the USA the annual production of PCBs
reached in the 1970s about 40,000 tonnes. In Sweden several hundred tonnes were
imported yearly. Over 1.5 million tonnes of PCBs have been produced up to now even
if PCB was first outlawed in Sweden in 1972 and in the USA in 1977 (see below).
As the name implies PCBs contain a varying number of chlorine atoms. The
toxicity of these compounds depends on the position of chlorine in the molecule
and the degree of chlorination. There are no less than 209 possible isomers and
congeners of PCBs and, about 120 of them are present in commercial products.
PCBs were dispersed into the environment during their production, use,
storage and disposal. As it was discovered that PCB accumulated in fat tissues
and magnified in food chains the use of PCB in many products was banned in
Sweden in 1972 and in 1978 a total ban on import was introduced. There are
still many PCB leaks, not least from old equipment. Since 1995 the use of old
equipment containing PCB is also prohibited. Similar restrictions have been
introduced in many other countries as well since the 1970s. As a result the
level of PCB in the environment started to fall already in the 1970s and today
the level is much lower than a quarter of a century ago.
In parallel substitute materials have been developed. Some of the early
substitutes were later discovered to cause similar problems; many of these chemicals
are still today not sufficiently investigated. The PCBs disperse both in water and in
air. They are extremely harmful to biological life due to their high persistence and
toxicity, and their tendency to bioaccumulate and biomagnify.
A major source of PCB pollution is improperly disposed or dumped liquids
containing these compounds as well as old building materials where PCB was
used especially for sealing. Reduction of their use has been reflected in a clear
downward trend in the PCB concentrations in the Baltic biota. The downward
trend, however, has not been as rapid as that of the DDTs and it now seems to
have ceased. The concentrations have been stabilised at a level, approximately
one-third of the maximum levels in the 1970s.
Most monitoring results on PCB come from the Baltic Sea. Analysis of
bottom sediments at Landsort outside Stockholm (Kjeller and Rappe, 1995),
demonstrates 100 year old layers with a background level of 2.5 ng/g. The PCB
values started to increase slowly from about 1940 and more steeply in the 1960s.
The peak value measured from 1979 amounts to 80 ng/g of sediment.
Values in biota, especially in top predators, prove partly to be even more
dramatic. Herring from the Baltic Sea outside Stockholm had values of around
3 µg/g lipid in 1980, which since decreased continuously to about 1 µg/g in

The Black List
The 12 most toxic pollutants that will be
phased-out according to the Convention
on Chemical Pollutants (Stockholm, May
2001)

PCBs
Dioxins
Furans
DDTs
Toxaphene
Hexachlorbenzene
Aldrin
Dieldrin
Endrin
Chlordane
Mirex
Heptachlor

Figure 13.15. PCB. The structure are two out of the
209 possible congeners of polychlorinated biphenyls,
or PCBs.
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Case

The discovery of PCBs in the environment

Box 13.4

In 1964 Sören Jensen, a Danish analytical chemist, was enrolled
as a research assistant at Stockholm University. His project was to
study levels of DDT in the environment. Gas chromatography had
been improved a few years earlier to allow the detection of only a
few picograms in a sample. The project successfully studied DDT
but the results were complicated by a number of unknown peaks in
the chromatograms. Thus 14 such peaks appeared regularly, but
Jensen and his colleagues did not know what they were. They were
present in higher concentrations in fish caught closer to industrial
areas and were suspected to be some kind of pollutant.
Much higher levels of the unknown substance was detected in
white tailed eagle than in fish from the same area indicating that the
substance was persistent, lipophilic, bioaccumulating, and magnified
in the food chain. Analysis of eagle museum specimens proved the
first traces of the unknown substance in 1942, before DDT was
introduced. But no clue to the identity of the substance was there.
At this point a break in the detective work had to be done. Then,
in 1966, a dead white tailed eagle at Stavsnäs in the Stockholm
archipelago was shown to have enormous amounts both of DDT
and the unknown substances in the fat tissues in the big pectoral
muscle. The amounts were enough to isolate samples to be studied
by mass spectrometry. Each of the 12 peaks were now assigned
molecular weights and additional information about the structure
was found. It became clear that the basic substances was biphenyl
which had different numbers of chlorine atoms. The unknown was
identified as a know industrial chemical, the polychlorinated
biphenyls, the PCB.

Figure 13.17. Fluxes of PCB in the Baltic Sea (kg/
year). PCB is added through river influx (310), as wet
and dry depostion and condensation on the water
surface (1,030), and through so-called internal loading
that is from surface sediments (3,800). At the same
time 4,200 kg become bound to the surface sediments
and 12 kg leave through the Belts. 370 kg are
transferred from surface to the deeper sediments
(black) and will not return. The rate of chemical and
biological degradation, which results in a decreasing
amount of PCB in the water each year, is unknown.
(After Axelman et al., 1998.)

Figure 13.16. Sören Jensen in his laboratory at
Stockholm University in 1996. In the 1960s, Professor
Sören Jensen made a breakthrough in environmental
chemistry by identifying the PCBs as organic
pollutants. (Photo from video: Lars-Göran Andersson.)

Thus after two years of work the substance was identified
as a chemical that had been emitted into the environment for 37
years, when it was first on the market. In 1969, Jensen and a
co-worker reported high levels of PCB in the whole Baltic Sea
fauna. In 1972 the first bans on PCB were made. Soon thereafter
PCB was identified as the pollutant that was slowly killing the
Baltic grey seals.

1995 (Biegnert et al., 1998). In guillemots, that feed on herring, the values for
egg yolk were in 1970 about 350 µg/g. Since then a steady decline, which in the
1970s was about 9% per year, has been observed up to the last value at 1997 of
20 µg/g lipids. The rate of decline has been much less in the 1990s.
Seals have been particularly influenced by the PCB pollution. A report of
Bignert et al. (1994) of PCBs in seals concluded that most values were around
500 µg/g although some individuals had much higher concentrations, up to 10
fold higher. The values are heavily dependent on factors such as age, sex, and
health. Younger animals contain less of the pollutant than older ones. Females
have much higher values than males. In general, the values are about 100 times
those of their most important prey, the herring.
Analysis of women’s breast milk has also been done regularly in Sweden
since the 1970s, when the values were about 0.8 µg/g up to 1996 the last value
which was 0.4 µg/g (Norén, 1998).

Pollution from the pulp and paper industry
The pulp and paper industry was a major emission source of chlorinated organic
pollutants to the Baltic Sea up to about 1995. Both Finland and Sweden belong
to the world’s largest producers of pulp and paper (Figure 13.3).
The chlorinated compounds were formed in the bleaching of chemical wood
pulp, i.e., when the pulp was treated with oxidising agents such as chlorine gas
and chlorine dioxide in order to remove residual lignin which is left after the
cooking/washing stage (Figure 13.20).
Chlorine reacts chemically with the complex high molecular-mass lignin
molecules, breaking chemical bonds, and incorporating chlorine atoms into
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fragments of the parent molecule. The chlorinated by-products of the bleaching
process are widely dispersed in receiving waters. In addition, large quantities
of chlorinated compounds are deposited in sediments, both in the immediate
vicinity of pulp mills and further out in the open sea.
In the mid-1980s some 15,000 tonnes/year of halogenated material were
still discharged from pulp mills into the Baltic Sea. Other coastal industries
and municipal treatment plants contribute another 900-1,000 tonnes/year
(Figure 13.14). The highest concentrations of AOX have been found in the
Bothnian Bay, while the concentrations decrease moving southwards to the
Baltic Proper. Compounds from pulp bleaching include chlorophenols,
chloroguaiacols and chlorocatechols, that is a range of hydroxy and chlorosubstituted benzenes. They all were formed from the breakdown of lignin in
the wood. Severe toxic effects on plant and animal life were apparent.
The bleaching procedures have since the early 1990s been changed in all
pulp mills in Sweden and Finland to the use of hydrogen peroxide, ozone or
chlorine dioxide, all of which produce no or very little of chlorinated organic
chemicals. Pre-bleaching with oxygen is utilised in order to reduce the amount
of chlorine used later in the process. Aerated lagoons, ultrafiltration, and activated
sludge plants are examples of treatment stages, which are increasingly applied
in order to reduce the concentrations of chlorinated organics in the waste water
leaving pulp mills. The above-mentioned measures have resulted in a decrease
in the amounts of AOX in effluent waters from 5-7 to 1-2 kg/tonne pulp. Today
the use of chlorine in the pulp and paper industry is continuously decreasing in
spite of an increase in the production of bleached pulp (Figure 13.5).
Another trend is to close the waste water flow and recycle the process
water. This makes today the pulp and paper industry one of the most
environmentally successful.
However it takes a long time for the emitted substances to disappear from the
environment. For example outside the pulp mill of Munkedal on the west coast of
Sweden the levels of EOCl is clearly higher than background although the plant
closed in 1966. In a quantitative model of organically bound chlorine in the Baltic
Sea Wulff et al. (1994) concluded that even if all emissions ended in 1996 the
sediments will continue to store considerable amounts for a long time. The estimates
are 6,000 tonnes in sediments in 2040, that is almost half of maximum, while the
water mass will have negligible levels from about 2005 and on.

Figure 13.18. PCB in the Baltic Sea environment.
Monitoring PCB in the Baltic Sea shows that there are
hundreds of kg of PCB in the water, and tens of
thousands of kilos in the deeper sediments. (After
Axelman et al., 1998.)

Other industrial chemicals, flame retardants
Several technical application for which PCB was originally used also employed
polychlorinated terphenyls, PCT. These substances are made by poly-chlorination
of a terphenyl, which is made up of three rather than two benzene rings. Many
thousands of different congeners exist. In the Baltic Sea fauna they are found in
only about 1% of the concentration of PCBs, and are equally outlawed.
Polychlorinated naphthalenes, PCNs, were made by chlorination of
naphthalene, which again consists of two benzene rings, but in this case they
are fused. There are 75 different congeners, and some of them are regularly
found in the environment. They seem to leak from capacitors, cables, etc. The
PCNs do not seem to be made any more.
Chloroparaffines consists of long hydrocarbon chains substituted with
chlorine. They are commonly called chlorinated paraffines or polychlorinated
alkanes, PC or PCA. They have been used as plasticizers, lubricants as well as
flame retardants. They consists of a very complex mixture of thousands of individual
structures more or less long (10-30 carbon atoms) and more or less chlorinated.
The Swedish import of these substances were in the late 1980s thousands of tonnes.
Up to 1995 the amount had decreased by 60% on a voluntary basis. They were
predicted to be taken out of use in Sweden by the year 2000.

Figure 13.19. PCB in guillemot eggs. Measurements
over a 30 year period of guillemot eggs at Stora Karlsö,
west of Gotland in the Baltic sea, show a decrease of
about 9% yearly. (From Bernes, 1998.)
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Even if the PCNs and the chloroparaffines were used as flame retardants, in
many materials brominated compounds have proved to be more efficient for
this purpose and such substances are now in use. Brominated flame retardants
sometimes make up as much as 10-30% of the plastics used in printed circuit
boards, the housing of computers and the like. In the late 1990s only Sweden
imported 2,000 tonnes of brominated flame retardants, most of which goes into
products. Large amounts are of course imported also in finished products.
An early used compound in this group was polybrominated biphenyls, PBB.
PBBs are the same as PCBs with the difference that they contain bromine instead
of chlorine. Today their position in the market has mostly been taken over by
polybrominated diphenyl ethers, PBDE. They look structurally exactly the same
as PBB with the difference that an oxygen bridge is linking the two benzene
rings rather than a carbon-carbon bond. The PBDEs are today found in the
environment. Structures with four and five bromine atoms have proven to have
a particular tendency to bioaccumulate.
At present tetrabromobisphenol A (TBBP-A) is the most widely used
brominated flame retardant, together with hexachlorocyclododecane (HBCD).
These substances are found in the environment in smaller amounts.
Some industrial chemicals that are found in the environment are nonhalogenated. An important case is the nonylphenols and some other alkyl phenols
that seem to work as hormone disruptors (See chapter 15). The long alkyl side
chain seem to make these substances persistent. Nonylphenols are used as
industrial detergents, cleaners, and degreasing agents. They are thus often emitted
in waste-water from industries.
The number of chemicals used in industry that are environmentally
problematic is very long. Only a few of them have been mentioned here.

Figure 13.20. Chemical pulp production. The
environmentally critical component is the bleaching
of the pulp which traditionally was done using chlorine,
which resulted in huge amounts of chlorinated organic
compounds as by-products. Today chlorine-free
bleaching is normal.

PESTICIDES
Different kinds of pesticides
Biocides or pesticides are toxic chemical compounds used in agriculture,
forestry and horticulture to fight pests and weeds. Pesticides are produced and
sold in quantities of hundreds of tonnes in all countries in the Baltic Sea region.
Some of the substances are extremely toxic and are a major concern in
environmental protection. The way pesticides are used make them a difficultto-control diffuse pollution.
The nature of all pesticides produced is to act as a toxin. They are used
against insects (insecticides) and other unwanted invertebrates (i.e.
moluscicides), against fungi (fungicides), etc. Toxic chemicals against weeds
(herbicides) may also be included.
Toxicity of pesticides depends on mechanisms of their penetration and action
with particular biological structures. Generally the risk from their toxicity
increases with their increased persistence and lipophilicity, that is ability to
dissolve in organic solvents and fat tissue. Highly persistent pesticides need
more than 2-5 years for complete metabolism; less persistent compounds are
degraded to non-toxic products during 1-10 weeks.
Pesticides (excluding herbicides) belongs to three chemically different groups:
•

Chlorinated hydrocarbons (represented by DDT), persistent pesticides which
tend to accumulate in fatty tissues.
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•

•

Organophosphates and carbamates. These have a rather short half-life
(disappear after one week) with a well-defined action on nervous and
muscular junctions, where they inhibit the enzyme acetylcholine-esterase.
Pyrethrins. These are natural products of certain flowers, which are also
synthesised as photostable pyrethroids. They have progressively reduced
toxicity with increased temperature.

The use of pesticides is old. Traditional pesticides include elemental sulphur,
hydrogen cyanide, and arsenate and mercury-containing substances. All of the
traditional means were also dangerous to humans. The advent of organochlorine
pesticides, which were comparatively non-toxic to man, was thus seen as a major
step forward. One of the first substances to be used was hexachlorobenzene, HCB.
Introduced in the 1940s it was used for many decades as a fungicide. During the
same years hexachlorocyclohexane was discovered to be an effective insecticide.
There are eight isomers. Later it was discovered that only one of them, the socalled gamma-isomer, was working as an insecticide. It later got the trade name
Lindane. Finally during the same years DDT was introduced. They have all later
been proven to be serious environmental pollutants.
Plants defend themselves against insects by chemicals means, by natural
insecticides. These include the pyrethrins. It is synthesized by plants in the
Chrysantemum group, and is a rather complicated organic structure containing a
five and a three membered ring. It has been used for hundreds of years to control
insects and e.g. body lice. Another natural pesticide is rotenone, extracted from the
roots of certain beans. It has been used as an insecticide but also, e.g. to kill fish.
Below, some of these substances are described in more detail.

Figure 13.21. Pesticides. Spraying with pesticides.
(Photo: Tero Niemi.)

DDT
The most known organochlorine compound, DDT, (dichlorodiphenyltrichloroethane), was synthesised for the first time in 1873. It is a highly
persistent (its half-life in laboratory conditions is up to seven years),
lipophilic pesticide well known for its properties to accumulate in food
chains. In 1939 DDT was proven to be an effective killer of a broad range
of insect pests. As it was invented and produced in neutral Switzerland the
effect became known to both the allies and the Nazis during the Second
World War. But only the allies understood its enormous potential during
the war, e.g. to fight typhus and malaria in the war in the far east. After the
war it became a key component in fighting health problems. The World
Health Organization, WHO, estimated that it had saved five million lives
in malaria prevention alone. In recognition of the many lives it had saved
its discoverer Paul Müller was awarded a Nobel prize in 1948.
DDT is structurally a substituted ethane. On one of the two carbon atoms all
three positions are occupied by chlorine while on the other carbon two positions
are occupied by phenyl rings which both have a chlorine atom in para position.
Due to its persistence, and low vapour pressure it will stay in the environment
from weeks to years. DDT breaks down by eliminating HCl to form a double bond
in dichlorodiphenyldichloroethene, DDE. DDE is a metabolite of DDT. Also DDE
is a toxic pollutant. A further metabolite is DDD, dichlorodiphenyl-dichloroethane,
identical to DDT but one chlorine atom less. Its properties are very similar to those
of DDT. The sum of DDT, DDE, and DDD in a sample is referred to as sDDT.
In the 1950s and 1960s DDT became widely used as insecticides in many
countries. Reasons for its popularity were its low production cost and potential
safety for humans. Unfortunately it was widely overused, especially in
agriculture, which consumed some 80% of the production, which set the stage
for the future problems.
In the 1960s it was recognised that as a persistent compound DDT
accumulated in fatty tissues in organisms along various food chains causing
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serious problems in functions of neural systems of top predators and disturbing
the reproduction in birds by thinning of egg shells. Even more harmful are its
degradation products DDE and DDD both fat soluble and stable in the
environment. In the important book “Silent Spring” Rachel Carson called DDT
an “elixir of death”.
In a majority of countries the use of DDT was banned in the early 1970s, but
its production was continued in many places. Reserves of this compound are still
overwhelming. During 1948 to 1993 the world-wide production of DDT was
2.6 million tonnes (EEA, 1998). DDT is still in use in developing countries mostly
against malaria and other insect transmitted diseases. During the years of usage
some important insect pests developed populations resistant towards DDT.

The DDT substitutes – toxaphene, lindane and others

Figure 13.22. Degradation of DDT in the
environment. DDT forms DDE, which is even more
toxic, and finally DDD, which is further degraded.
DDT in the Baltic Sea environment has decreased to
very low levels after it was outlawed in the 1970s.

When the use of DDT was prohibited in the 1970s, many countries introduced
toxaphene as a substitute. Toxaphene is a complex mixture of compounds,
produced by chlorination of camphenes, including up to 8,500 individual
components. It has later been shown, however, that toxaphene poses similar
kinds of hazards to biological life as does DDT.
Also lindane is the commercial name for gamma-hexachlorocyclohexane
or γ-HCH is also used as a substitute for DDT in many countries as a fumigant
against flies and other household pests despite that it was found dangerous to
humans and domestic animals.
Chlorination of another common petroleum product, the five-membered
carbon ring cyclopentadiene, also produces substances toxic to insects. Aldrin
and dieldrin both belong to this group of substances, as do endrin, chlordane,
mirex and heptachlor. All are persistent and accumulate in food chains and
have proven to be very toxic to e.g. birds of prey which accumulate the substance
in larger concentrations.

Organophosphate and carbamate insecticides
Biocides are chemical compounds (natural or synthetic) that have toxic effects
on living organisms.

Figure 13.23. White-tailed eagle (Haliaeëtus
albicilla). This magnificent bird of prey, the largest in
the Baltic Sea region, was until recently threatened by
extinction due to the contamination of DDT and PCB.
The white-tailed eagle was saved by a longterm
programme where non-polluted carcasses were made
available as food. From 1999 the white-tailed eagle
population has been increasing in the Baltic Sea region.
(Photo: Tero Niemi.)

Organophosphate insecticides provide one answer to the problem of persistence.
These compounds do not accumulate in the environment. However they are
quite toxic also to humans and animals and thus more dangerous to use.
Organophosphate insecticides consist of substituted phosphates, trivalent
organic esters of phosphoric acid. Dichlorvos and parathion are commonly used
organophosphates. Parathion is a non-specific insecticide and has been banned in
some industrial countries but is still used widely in developing countries.
In malathion two of the oxygens in the molecule have been replaced by
sulphur. Malathion was introduced already in 1950. It is not so toxic to man and
animals. It is in many instances sprayed over large areas. Malathion acts by
intervening with the enzyme acetylcholine esterase in the nerve system.
Carbamate pesticides, also introduced in the 1950s, have the same target
group in the insect nerve system.

Herbicides
Herbicides are chemicals that destroy plants. They are widely used in agriculture
and in a number of other cases, e.g. to keep roadsides clean, on pavements and
in general to reduce the need for weeding.
Modern herbicides include the triazines, which are based on a nitrogen and
carbon containing aromatic ring substituted by one chlorine atom as well as
other organic groups. Best know in this group is perhaps atrazin, sold since the
1950s. Atrazin works by blocking photosynthesis.
Glyphosate is a substituted organophosphate that kills all kinds of plants. In
the last few years genetically modified crop varieties, GMOs, that are resistant
to glyphosate – their genom codes for a bacterial enzyme that hydrolyses the
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phosphate ester – are available on the market and are often used together with
the biocide.
The substances are all degraded in the environment. A major challenge is
handling them safely, since they are all more or less toxic to humans.
A group of weed killers introduced already during the Second World War
are the chlorinated phenoxyacetic acids. In the best know commercial substances
the aromatic ring is substituted with two chlorine atoms in 2,4-dichlorophenoxyacetic acid or three chlorines in the 2,4,5-trichlorophenoxyacetic acid,
commonly called 2,4-D and 2, 4, 5-T. Huge quantities of these two substances
are used. They are not persistent, but again toxic to the users if they inhaled in
larger quantities, and are implicated in cancer.
The more problematic aspect is however that the preparations of these two
substances may contain impurities of the extremely toxic dioxin, formed from the
chlorophenol used in the synthesis. An environmental disaster caused by this
substance occurred in a factory in Seveso in Italy in 1976, where 2,4,5-T was
produced. During an explosion large quantities were spread over the area around
the factory. Although considerable toxic effects were seen in wildlife the damages
to humans were limited. The other event in which dioxine impurities in 2,4,5-T
was implicated is the Vietnam war. During the war the US troops spread very large
quantities of this herbicide on crops and as a defoliant. Damages to the Vietnamese
civil population was blamed on dioxine contaminants in the preparation although
it is hard to find solid proof.
The chlorophenols used to produce the herbicides can also be used themselves
for this purpose. By far most efficient is the pentachlorophenol, PCP. It has
many pesticide uses: as herbicide, insecticide, fungicide, and to kill snails. It is
particularly used in the Baltic Sea region to preserve wood against fungi. PCP
may also contain dioxine contaminants.

Lindane, γ-HCH
-HCH

a toxaphene

a toxaphene
Figure 13.24. Lindane and toxaphene have been
used as substitutes for DDT. These biocides cause
similar problems as DDT.

Biocides in water ecosystems
The problem of biocide contamination is more serious in water than land
ecosystems since the bioconcentration of highly persistent compounds can
increase dramatically. In fish for example, DDT concentrations can be thousands
of times greater than in water itself. Applied in terrestrial ecosystems they reach
the Baltic Sea with percolated waters running to the rivers or straight from the
atmospheric deposits. The concentrations of DDTs are normally about 10 times
higher in fish from the Baltic Sea than from the Swedish west coast. This is why
consumption of cod liver from the Baltic Sea is discouraged in some countries. A
certain level of DDT and its degradation products is still maintained in the Baltic
Sea. It comes from a large-scale dispersion through the atmosphere from areas
where it is still in use, as well as from storages within the catchment area where
they once became deposited, or released from sediments in the sea itself.
Recently, the concentration of toxaphene was shown to be of the same
magnitude as that of DDT in all parts of the Baltic Sea. Toxaphene is, however,
more easily spread through the atmosphere and a striking effect of this is the
fact that the toxaphene levels in birds and seals from Spitsbergen (Svalbard) in
the Arctic Ocean are approximately at the same level as those in the
corresponding species living around the Baltic Sea.
Also lindane (γ-HCH) can be found in food chains of all parts of the Baltic Sea.
The persistence of lindane is slightly lower than that of DDT, but its tendency to
bioaccumulate is greater and it has been demonstrated to be carcinogenic and slightly
more toxic than DDT. γ-HCH is highly toxic to various fish species (lethal dose –
LD50 is between 0.003 and 0.01 ppm), and moderately toxic to birds.

Figure 13.25. Herbicides. The chlorinated phenoxyacetic acids, 2,4-Di chlorinated phenoxyacetic acid
(2,4-D) and 2,4,5-Tri chlorinated phenoxyacetic acid
(2,4,5-T) are very common as herbicides, as is
pentachlorophenol, PCB.
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CONTAMINATING

CHEMICALS

Dioxins – the most toxic compounds ever made by humans

Figure 13.26. The dioxins. The polychlorinated p-dioxins
and dibenzofurans are all extremely toxic chemicals formed as byproducts in many different processes. Here, two
out of 210 possible structures are shown.

Table 13.3. TCDD equivalents. The toxicity of the
various dioxins and dibenozfurans are expressed in
comparison with 2,3,7,8 TCDD, Tetra-ChloroDibenozo-Dioxin, which is the most toxic. Thus
OctaCDD is 1,000 times less toxic than the 2,3,7,8
TCDD and thus 1 gram of OctaCDD would be only
0.001 gram TCDD equivalent. (From De Wit, 1989.)
Compound

Equivalent of
TCDD

Dioxin isomers
2,3,7,8-TetraCDD (TCDD)
1,2,3,7,8-PentaCDD

1.0
0.5

2,3,7,8-substituted HexaCDD
1,2,3,4,6,7,8-HeptaCDD
OctaCDD

0.1
0.01
0.001

Dibenzofuran isomers:
2,3,7,8-TetraCDF
1,2,3,7,8-PentaCDF
2,3,4,7,8-PentaCDF

0.1
0.01
0.5

2,3,7,8-substituted HexaPDF

0.1

2,3,7,8-substituted HeptaCDF
OctaCDF

0.01
0.001

Table 13.4. Dioxin emissions in Sweden 1993.
g TCDD-equivalents (De Wit, 1998.)
Source

Iron- and steelmills
Metallurgic industry
Cement industry
Pulp- and paper
Chlor-alkali
Combustion
fossil fuels
biomass
waste
Landfill fires
Wastewater
treatment plants
Car traffic
Other traffic

to
air

to
water

in products/
waste

2-20
5
3-6
1
-

1.5-5
0.3-0.6

28
3-17
3-9
0.25

0.7-3
3.5-18
3
2.8-30
-

0.11

0.6-2.4
4.5

0.2-1.4
0.6-1.5

-

-

Polychlorinated dibenzo-p-dioxins (PCDDs) and dibenzofurans (PCDFs) are
structurally closely related groups of compounds (a total of 210 components),
which are commonly called dioxins and furans. These hydrophobic chemicals
are persistent and bioaccumulating, and some of the compounds are extremely
toxic. The tetrachlorinated compounds (2,3,7,8-TCDD, 2,3,7,8-TCDF and
2,3,4,7,8-PeCDF) belong to the most potent members of the dioxin family
(Table 13.3). In comparison, e.g., to the chlorophenols, which are toxic to
fish at the mg/l level, similar effects of 2,3,7,8-TCDD at several orders of
magnitude lower (pg/l) level occurs. Very low doses may also cause human
illness such as immunosuppresion, liver dysfunction or polyneuropathy.
The expression “TCDD-equivalent” is used to facilitate a comparison of the
toxicity of different dioxin congeners. It is a measure of the combined toxic effects
of all the individual dioxins detected in a sample, with reference to the amount of
2,3,7,8-TCDD that would have the same effect. Today it is discovered that several
of the PCBs (the so-called “co-planar” PCBs) and polychlorinated naphthalenes
also exhibit the same “dioxin-effect” and these compounds are called “dioxin-like
compounds.” In risk assessments the dioxin-like PCB are sometimes added to the
dioxin value by the means of TCDD equivalents for the individual PCB congeners.
Table 13.3 shows the TCDD equivalents of the most potent dioxin compounds.
Dioxins have been found in trace amounts in products formed in processes
involving chlorine, such as pesticides (phenoxy acids), PCB formulations and
wood preservatives (chloro-phenols). They are, however, also formed and
emitted, e.g., during waste and industrial incineration, metal smelting, the
bleaching of pulp, and the operation of cars using leaded gasoline with
halogenated additives (Table 13.4). Dioxins are subjected to long-range transport
through the atmosphere (mainly particle-bound) and are thus distributed globally.
The concentrations of dioxins in environmental samples are usually lower than
those of other known organic pollutants, but due to their extreme toxicity it is
of great importance that their production and emission is avoided. The US
Environmental Protection Agency has proposed therefore that the permissible
limit for TCDD be reduced to 0.014 x 10-14 g TCDD units in one litre of water.

Emissions of dioxins
By far the highest load comes from the iron and steel industry, and from the
incineration of waste. The emissions from waste incineration have decreased
considerably in recent years due to improved burning techniques and gas cleaning
systems. In 1985 waste incineration was regarded as the biggest dioxin source
in Sweden, with annual emissions of 200-300 g TCDD-equivalents. In 1988
the corresponding figure was 50-100 g TCDD-equivalents, and today it is close
to 10 (Table 13.4). Also the emissions from pulp bleaching have dropped
markedly in recent years due to the decreased use of chlorine gas for bleaching.
As dioxins are poorly soluble in water but show a high affinity to sediment fish
species that live near the sediment may eat some sediment and thus accumulate
dioxins. 90% of wild fish have body burdens of PCDDs of 100 ng/kg or lower. All
fish in the Baltic Sea are estimated to contain approximately 10 g TCDD-equivalent
of dioxins, a number, which may seem fairly low. But, in light of the “maximum
tolerable weekly intake” level for human consumption of 35 picogram (1 pg =
10-12 g) per kg of body weight proposed by a Nordic group, it is still a considerable
amount.
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Table 13.5 shows the TCDD-equivalents in various fish species from the
Baltic Sea. If we translate the values given to a recommended average weekly
consumption, we note that, for an adult, already 500 g of Baltic herring or a
few hundred grams of Baltic salmon will give a dioxin intake, which would
exceed the stipulated recommendations. If the presence of only dioxin-like
PCBs is also considered, these recommended levels should be lowered with a
factor 2-3. It should be remembered, however, that the recommended values
include a considerable safety factor, compared to the amount of dioxin causing
damage to laboratory animals, which means that occasional larger amounts
are not regarded as a health risk.
The levels normally found in Baltic fish are below 10 pg TCDD-equivalents/g
fresh weight, and only small downward time trends have been observed so far.
The predominant dioxin congeners in Baltic herring are the tetra and
pentachlorinated ones. Muscle homogenates from guillemot, and fat from grey
seals have been reported to contain somewhat higher concentrations of dioxins
compared to fish. The guillemot shows high bioaccumulation for some of the
PCDFs. Dioxins as fat-soluble substances move to human milk. WHO (1996)
data clearly demonstrated that the levels of dioxins and dibenzofurans in human
milk from women living in various places the Baltic Sea region had decreased
between 1988 and 1993 with the exception of Helsinki (Figure 13.28).

Volatile organic compounds, VOC, and polycyclic aromatic
hydrocarbons, PAH
Combustion of fossil fuel produce a series of pollutants to the air, which include
SOx, NOx, CO, CO2 and VOCs (Chapter 11). The volatile organic compounds,
VOC, are hydrocarbons emitted because of incomplete combustion. The estimate
is that short distance transport (cold motor) produces about 4 g/km (without
converter) and 0.3 g/km (with converter) of VOC, while in long distance transport
the figure is 0.5 (without converter) and 0.02 g/km (with converter). The amount
of organic pollutants from traffic is thus enormous, hundreds of thousands of
tonnes in Europe per year. The major impact of these substances is that together
with oxygen in the air they form ground level ozone. Sometimes methane is
excluded and NMVOC, non-methane volatile organic carbon, is treated as a
separate category. Traffic accounts for about 90% of emissions of VOC, while
stationary sources are e.g. combustion at power plants, etc.
Another important pollutant to air are the so-called polycyclic aromatic
hydrocarbons (PAH). This group of organic pollutants is well known from its
toxic, carcinogenic or mutagenic features. Chemically the PAHs are characterized
by two or several benzene rings (Figure 13.29) They could be either liquid or
solid compounds. The best known representative of this group is 3.4
benzo(a)pyrene. Many PAHs have strong carcinogenic and mutagenic properties.
The source of PAHs is mainly incomplete combustion of organic matter,
generally from fossil fuels and to a smaller extent from biomass. Thus car exhausts
contain PAH as one of the most harmful components, as does cigarette smoke. Tar
contains large concentrations of PAHs and a significant source is creosote or coal
tar varnish, which contains about 30% PAHs. Creosote, which was used extensively
to preserve wood, is now contaminating large areas of soil and sediments.
Polycyclic aromatic hydrocarbons reach the environment from the
atmosphere as deposits, mostly bound to particles, on the water surface or come
with the wastewater from industries and large cities. Another major source of
hydrocarbons is spillage of crude oil from tankers. A special case is the oil shale
industry in north-eastern Estonia, which give rise to large amounts of phenols,
such as resorcinol, which leak from the ash and enters the Gulf of Finland.
As PAHs are highly lipophilic they can be easily absorbed by living
organisms. Smaller invertebrates accumulate these compounds heavily while

Figure 13.27. PCB and DDE (derived from DDT)
in guillemot eggs at Stora Karlsö in the Baltic Sea.
The guillemot, which feeds almost exclusively on
herring, reflects the amount of dioxin in the Baltic Sea.
The values decreased up to the mid-1990s when they
leveled off. (From Bignert et al., 1998.)

Table 13.5. Dioxin and dioxin-like contaminants in
herring from the Baltic proper. The fish was collected
in the fall of 2000 in southern, middle and northern Baltic
proper. The values (pg/g fresh weight) are for 4-6 (left)
and 7-9 (right; higher values) year old fish. The European
Commission has set limits for PCDD/DF at 4 pg/g fresh
weight from July 1st 2002 and prepares to set a limit
also for dioxin-like PCBs from July 1st 2004. The Baltic
herring can thus not be marketed in the European Union.
(PCDD = polychlorinated dibenzo-p-dioxins;
DF=dibenzofurans; Non-ortho and mono-ortho PCBs
are dioxin-like PCBs) (Bjerselius, et al. 2002).
Norther BP Middle BP Southern PB
PCDD/DF

5.8

6.5

4.5

9.0

2.2 3.0

Non-ortho PCB

3.5

4.1

2.8

6.5

1.5 2.0

Mono-ortho PCB 1.5

1.8

1.1

2.5

0.8 0.9

8.4 18.0

4.5 5.9

Total TEQ

10.8 12.4

Figure 13.28. Dioxin and dibenzofuran in human
milk (pg total TCDD equivalents/g fat). Values are
given for several places in Norway, Finland, and
Denmark for 1988 and 1993. The places in the far north
(Kuopio, Skien, Tromsö, and Hamar) have the largest
decrease. (Sources: see Bernes, 1998.)
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large vertebrates, such as fish or sea birds are able to rapidly eliminate them by
biochemical transformations to more water-soluble substances. However, it is
the metabolites that have strong carcinogenic and mutagenic capacities.
Recently a new group of PAHs have been brought to the arena, namely the
nitrated PAHs. They come from the same sources, are more light sensitive but
do not need metabolic activation in order to act as carcinogenic and mutagenic
compounds.

Oil spills and oil pollution

Figure 13.29. Polyaromatic hydrocarbons, PAH.

Table 13.6. Estimated annual input of oil to the
seas. Values are given in thousands of tonnes.
(Source: Monitor 1988, Swedish Environmental
Protection Agency.)
Oil input
Baltic Sea
Mediterranean Sea
North Sea

21-70
635
260

As already mentioned, petroleum hydrocarbons are released to the environment
from many different sources. These include river and land runoffs, direct
discharges from cities and industries, and atmospheric deposits. Leakage from
oil tanks installed in the ground in many places, as well as leaking pipelines are
especially common in the eastern part of the region where large amounts of oil are
imported from Russian oilfields. The cleaning of oil tanks and other deliberate
releases from ships, as well as oil spills resulting from accidents (the grounding of
tankers, accidental releases from land-based oil containers) are important sources
of contamination at sea. A new threat, which may increase in the Baltic Sea region
in the future, is the growing impact of releases connected with oil prospecting
and offshore oil platforms. Germany is already extracting oil from platforms in
its region, and several countries in the Baltic Proper carry out further prospecting.
It is difficult to make even a rough estimate of the total load of petroleum
hydrocarbons on the Baltic Sea, because the quantities released from the various
sources are virtually unknown. According to an estimate made by the Helsinki
Commission in 1986, however, it seems that the input from rivers and atmospheric
deposits account for the majority (>50%) of the total load, while the contribution
made by ship accidents is comparable with municipal effluents. The total amount
of oil products released into the Baltic Sea was estimated to range 21,000-70,000
tonnes per year (Table 13.6). The petroleum content in the surface water is similar
in all parts of the Baltic Sea. Compared to the North Sea and North Atlantic, the
levels in the Baltic Sea are much higher. In the world as a whole, total oil entering
marine environments was estimated to3.2 million tonnes in 1981 and 2.35 million
tonnes in 1990 from which tanker operation and accidents account for nearly 34%
(Stanners and Bourdeau, 1995). During accidents large-volume of pollutants are
released and are responsible for ecological damage to aquatic biota. On the average
almost three accidents of oil spills occur every year and about 225 tonnes of oil is
spilled to the sea. An increase by 30% of oil spills in the Baltic Sea was reported
but petroleum hydrocarbons are rather evenly distributed, without indication of
major point sources (Helcom News, 1995). On the other hand, rather decreased
amounts of oil discharges, due to international regulations should be expected.
Victims are mostly sea birds and mammals. Only during the winter of 1995
about 25,000 dead oiled birds were recorded along the coasts of Sweden, Poland,
Lithuania, and Latvia.
Petroleum hydrocarbons tend to adsorb to sedimenting particles, which results
in high concentrations in soft bottom sediments around harbours and cities. The
long-term hazards of such continuous oil pollution are still insufficiently known. It
is important to note that even a small oil spill can significantly alter living conditions
on bottom flora and fauna. Due to the special conditions in the Baltic Sea, brackish
water and cold temperature, oil is degraded very slowly, which also results in
small spills staying for a very long time in the area of pollution.

Figure 13.30. Killed by oil. Repeated large oil spills
in the Baltic Sea kills and injures many thousands of
birds yearly. Some birds are saved by using a detergent
treatment. Many concerned people work without pay
to help the birds. (Photo: Joy Lindstrand. Courtesy
Pressens Bild.)
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MANAGEMENT OF CHEMICALS
IN SOCIETY

Steps in risk assessment
1. Hazard identification
2. Exposure assessment
3. Effects assessment
4. Risk characterization

Risk management
All chemicals that are introduced to the market need today to be registered and
accepted by the appropriate authorities, normally the Environmental Protection
Agency or Chemicals Inspectorate of the country. The registration requires that
basic data on the substance are provided. Data are used to assess the risk to
human health and the environmental hazard of the compound.
Also existing substances need to be registered. In the EU existing substances
are defined as those that were on the market prior to 1981 and which are listed in
the EINECS database according to EC regulation 793/93 on evaluation and control
of the environmental risks of existing substances. The EINECS database includes
more than 100,000 substances. In the regulation the data gathering is the
responsibility of the chemical producer or importer. For all products, sold or
imported in a quantity of 1 to 1,000 tonnes annually, the authorities will set priorities
based on data on exposure in the environment and to people – as consumers and
workers – and the longterm effects (the so-called IPS method).
Each substance has to undergo risk assessment. The risk assessment is carried
out according to Risk Assessment Regulation EC 1488/94. The basic steps are
hazard identification, exposure assessment, effects assessment, and risk
characterisation (see further Box 13.5).
Based on the results from the risk assessment a risk management strategy is
developed. The basic steps are risk classification, risk benefit analysis, risk
reduction, and monitoring.
Risk classification is not only based on scientific considerations but also on
what is considered to be an acceptable risk. Acceptability varies with time and
place. What was acceptable in the past might not be so any longer, and risk
acceptance varies between places and countries. One normally defines two risk
levels, the upper risk level, maximum permissible risk, and the lower level, the
negible risk. The two limits create three zones: a black (high risk) zone, a grey
(medium risk) zone, and a white (low risk) zone. An actual risk in the black zone is
not accepted and legal action is taken, while no such action is needed in the white
zone. Often one defines the low risk zone as 1% of the upper risk zone (Figure
13.31). Then there is a margin for possible underestimations due to e.g. additivity
and synergistic effects between chemicals, and in general uncertainties and errors.
When the risk classification is done, there is the difficult task of weighting the
costs and benefits of different measures of risk reduction. Before risk reduction
one needs to know the technical possibilities, costs, the social and cultural
factors, e.g does it lead to unemployment, and the legislatory possibilities. The
cost benefit analysis is carried out using estimates, most often in monetary
terms, of the benefits for human health in terms of lives saved, lifetime extended,
etc. Environmental risks are much more difficult to quantify, although costs
for abatement or clean up can be used. From the estimations of cost one then
decides on risk reduction measures.
Risk reduction deals with measures to protect man or the environment against
identified risks. There are in general three approaches to risk reduction:
1. Classification and labelling of chemicals, to communicate the risk, according
to a established system of symbols and regulations.
2. The ALARA (as low as reasonably achievable) approach which places the
responsibility for lowering the risk on the operator, manufacturer or user.

The EINECS database
includes more than 100,000 substances.
In the regulation the data gathering is the
responsibility of the chemical producer or
importer. For all products, sold or
imported in a quantity of 1 to 1,000 tonnes
annually, the authorities set priorities
based on data on exposure in the
environment and to people – as
consumers and workers – and the longterm effects (the so-called IPS method).

Figure 13.31. Risk classification. Chemicals may be
dived in three zones, based on two levels, the upper
risk level of maximum permissible risk and the lower
level of negligeble risk. Chemicals in the black zone
are thus above the upper level and are outlawed, and
chemicals in the white zone are below the lower level
and not connected to a risk. Chemicals in the middle
grey zone are targets for risk management.
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Risk management
strategies
Risk classification

Risk benefit analysis

Risk reduction

Monitoring

3. Safety standards. These are fixed upper limits of exposure to certain
chemicals as established in regulations. Examples of standards are threshold
limit values, TLV, acceptable daily intake, ADI, and environmental quality
standards (see further Chapter 14).
Finally, risk management includes monitoring and follow up. This is done
to assure that the measures taken are met and formulated standards relevant.
Monitoring also serves the purpose of control, alarm, longterm trend study,
and research to further identify the mechanisms of emissions, distribution,
toxicity, etc.

Sustainable chemistry
In 1999 the OECD countries in cooperation with United States proposed to
develop a concerted effort in the field of sustainable chemistry. This
chemistry is meant to use resources, production processes and products
that from the outset are acceptable from the standpoint of sustainability
and environmental protection.
What would this be? As an example vegetable resources, such as methanol
from wood, might be used instead of petrochemical raw materials. Production
processes should avoid halogenated organics as solvents, and products should
be such that they could not emit chemicals toxic to people or the environment.
Some such products have existed for a long time, e.g. soaps and detergents,
and many building materials, which is especially important since they are
becoming part of the built infrastructure.
New products can be tested for their biodegradability. It is possible
theoretically to get a fair idea of the property of a previously unknown chemical,
but of course the best is to test it even if tests may be very expensive. The same
applies for toxicity. Toxicity examinations may be sophisticated and include
e.g. Ames tests (see Chapter 14) which take into consideration both the products
and its metabolites. However such tests will never exclude an adverse effect in
e.g. people as all organisms have their special way of reacting. One way to
secure that a product is not harmful in the environment is of course to see that
it contains only well known natural products.
A change of the legal system will help to put this in place. The old, and in
many countries the present, legal framework asked those who suffered a damage
from toxic chemicals to prove that the cause of the damage was the emission
from the polluter. In the new legal framework in the EU, the burden of proof is
changed so it is the industry or producer that has to prove that the emitted or
used chemical is not toxic. Of course this shift of burden of proof will make the
interest to develop non-toxic products much larger. It is also increasingly
becoming an argument for selling a product that it is not environmentally harmful.

Consumers as a resource in environmental protection
Also households may play a role in good chemicals management. The
environmental impact caused by households can be divided into two main
categories, both clearly seen in the Baltic Sea region. The first is the overconsumption characteristic of an affluent society in the west. The other is basic
waste management, e.g. waste collection, sewage collection, and treatment. An
underdeveloped system of waste recycling does not reduce the volume of waste
produced. Increased consumtion results in a huge production of waste.
Consumers are, however, not only a cause of environmental impact, they
also offer a way to remedy the impact. Thus consumers choice of products that
are environmentally “safe,” so-called green products, have the last decades been
very important in the work for improving the environment. If such eco-labeled
products become popular on the market this is an incentive for industries to
improve their environmental performance. An early example was when consumer
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Risk assessment methods

Methods
Box 13.5

The basic steps in risk assessment are data gathering and
evaluation, exposure assessment, and hazard identification or
effect assessment (Leeuwen and Hermens, 1995).

Data gathering and evaluation
Data required for a risk assessment are the base data on identity,
quality and application, physical properties, chemical properties,
toxicological properties and ecotoxicological properties of a
chemical. In addition there is a requirement of establishing
precautionary measures, and methods for making the substance
harmless. Data on existing substances are found in traditional
libraries. For new substances they have to be determined
experimentally. In some cases a quantitative structure-activity
relationship is used to estimate properties of a substances.
For some categories of substances, including biocides and
polymers, extra data are required.

Exposure assessment
Ideally an exposure assessment would be performed using reliable
and representative environmental monitoring data. Such data
are however, seldom available. If they are available they are
often liable to have many weak points, such as inadequate
monitoring sites, inadequate frequencies of monitoring, variation in environmental conditions, non-representative conditions
of release, etc. Instead estimations are made on emissions rates,
distribution modules and calculated Predicted Environmental
Concentrations (PEC) and intakes.
Emissions are estimated for three categories of chemicals:
main, industrial, and use categories. For each of them emission
rates should be assessed for all life stages: production, processing, transport and storage, formulation, use, and disposal.
Computer based models are used for assessment of exposures.
The steps used in such models are 1. Identification of emission
source; 2. Estimation of the quantity emitted to water air and soil; 3.
Estimation of the subsequent transport through transformation in
the compartments; 4. Calculations of the resulting exposure
concentrations in the compartments and 5. Estimation of daily intake
rates of food and water of man and other biota.
The result of this stage are values for the predicted
environmental concentrations, PECs.

Hazard identification or effect assessment
This stage sets out to estimate the so-called no effect levels, NELs,
for each of the compartments, water, air, and soil. Data used are
often the acute or prolonged toxicity for a single or few species
(dose-response assessment and LC50 or EC50, see Chapter 14). It

Figure 13.32. Labels for chemical management. The labels are used to
communicate the risks connected with the chemicals. The labels from top
left indicate flammable, poisonous, corrosive, explosive, ecotoxic, allergic,
and oxidising. For each category there are strict rules for classification
e.g. in terms of LD50 on rats, or flame point, etc. The Chemicals Inspectorate
in each country maintains databases where the regulations for storing,
handling, and disposing of each chemical can be found.
is necessary to extrapolate the effects on a single species to a
broad range of species, that is communities or ecosystems. Data
representing toxicity at different trophic levels should if possible be
used, to account for possible bioaccumulation and biomagnification.
Computer models are then used to derive the predicted no effect
environmental concentrations, PNECs, of the substance.

Risk characterisation
The risk characterisation is the step in which the results of the
exposure assessment and the effects assessment are compared.
In effect one attempts to estimate the ratio of PEC with the
Predicted No Effect Concentration. The PNEC and the PEC/PNEC
are used as a measure of the risk. The aim is to identify a No
Observed Adverse Effect Level, NOAEL. From this, the accepted
daily intake is finally calculated.
The description of the risk assessment procedure given above
is only the basic framework. In reality many more aspects have
to be taken into consideration. These include e.g. the possible
variation in time of environmental concentrations and peak values,
the biodegradation in the environment, and the determination of
probable endpoints in the distribution of a chemical. The risk might
be very uneven in a human population, as some categories are
much more at risk than others. If a substance is considered
hazardous after the initial assessment additional data will be
required for a more thorough evaluation.

pressure forced the pulp and paper industry to discontinue bleaching paper with
chlorination, as discussed above. Today, a sophisticated system for consumers,
influence on products is developing (see Chapter 24). Large consumers, such
as municipalities, have here a very strong instrument to influence production.

A new role for industry
During the 1990s environmental management systems have been introduced in
industry on a large scale. These approaches include waste minimization
procedures, cleaner production technologies and so-called source reduction of
pollutants. This new way of seeing the manufacturing of goods has a potential
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Figure 13.33. A modern chemical industry, such as
Pharmacia Biotech in Uppsala, need not be polluting.
The environmental certification systems ISO 14001
and EMAS are in wide use today and contribute to
minimising pollution, as do legal regulations and
economic incentives. (Photo: Inga-May Lehman
Nådin.)

to transform industry dramatically from a stage where the smoking chimney
was the symbol of success to a situation where environmentally good
performance not only is possible but a requirement for economic survival.
The cleaner production approach asks for a rather detailed knowledge of
the production process itself to avoid waste of raw material and in general waste
streams, to allow for recycling within the industry of process streams and finally
to avoid toxic components in the products. Incentives for moving in this direction
includes market pressures, legal requirements, and economic incentives.
A further legal requirement that is becoming of major importance is the socalled extended producer responsibility. This means that the producer will in
the end be required to take back their product when it is no longer used, as
waste in other words. This requirement is now being introduced in countries
within the European Union.
The further development of this theme is pursued in connection with waste
management (Chapter 18), environmental management systems (Chapter 24)
and sustainable development (Chapter 25).

REVIEW QUESTIONS
1.

Describe the most important categories of environmental impact by industry.

2.

List the major kinds of material flows in industrial society.

3.

What are the principle differences between pollution at a factory and pollution by consumers ?

4.

Give some measures used to estimate the environmental impact of consumers products.

5.

Summarise the main properties, technical advantages, and some important uses of chlorinated organic substances.

6.

Give a short summary of PCBs and the problems they have caused in the Baltic Sea environment.

7.

Give a short summary of DDT and the problems it has caused in the Baltic Sea environment. Describe
some of the alternatives to DDT as an insecticide and their advantages and disadvantages.

8.

Give a short description of flame retardants and how they spreading in the environment.

9.

Describe some of the main sources of dioxin and dibenzofurans.

10.

Explain why oil spills cause more damage to the environment in the Baltic Sea region than elsewhere in the world.

11.

Describe a few strategies to make industrial production less harmful to the environment, especially how
to avoid production of POPs.
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INTERNET RESOURCES
Biodiversity and Conservation
http://darwin.bio.uci.edu/~sustain/bio65/Titlpage.htm#Table of contents
Czech Ministry of Environment
http://www.env.cz/env.nsf/homeie?OpenFrameSet

Ministry of Environmental Protection and Regional Development of the
republic of Latvia
http://www.varam.gov.lv/
Ministry of the Environment/ Miljøverndepartementet
http://www.mistin.dep.no/

Danish Ministry of Environment and Energy
http://www.mem.dk/index.htm

Ministry of the Environment/ Ympäristöministeriön
http://www.vyh.fi/

Dioxin in depth
http://www.dioxinfacts.org/

Ministry of Natural Resources and Environmental Protection of Belarus
http://www.president.gov.by/Minpriroda/english/index.htm

Dioxins and Their Effects on Human Health
http://www.who.int/inf-fs/en/fact225.html

Norwegian Pollution Control Authority
http://www.sft.no/

EEA - European Environment Agency
http://www.eea.eu.int/

Polish Ministry of Environmental Protection, Natural Resources, and
Forestry (MOSZNIL)
http://www.mos.gov.pl/

Environment of Lithuania
http://neris.mii.lt/aa/index.html

Slovak Ministry of Environment/ Ministerstvo zivotneho prostredia
http://www.lifeenv.gov.sk/minis/index.html

Estonian Ministry of Environment, Keskkonnaministeerium
http://www.envir.ee/

Swedish Environmental Protection Agency (SEPA) Naturvårdsverket
http://www.environ.se/

European Commission Environment Directorate-General
http://europa.eu.int/comm/environment/

UNEP Chemicals - Persistent Organic Pollutants
http://irptc.unep.ch/pops/

Finnish Environment Institute
http://www.vyh.fi/eng/fei/fei.html

UNEP Grid-Arendal
http://www.grida.no

German Federal Environment Ministry
http://www.bmu.de/

Unwelbundesant - Federal Environment Agency
http://www.umweltbundesamt.de/

Helsinki Commission (HELCOM)
http://www.helcom.fi
Ministry of Environment of Republic of Lithuania
http://212.59.17.243/senas/DEF200_E.HTML

Waste Prevention Association “3R” Internet resources on waste and
chemicals
http://www.otzo.most.org.pl/en/web-p2w.html

Ministry of Environmental Protection and Natural Resources of the
Russian Federation
http://www.fcgs.rssi.ru/eng/mepnr/index.htm

WWF Global Toxic Initiative
http://www.worldwildlife.org/toxics/

GLOSSARY
adsorbable organically bound halogens, AOX

chromatography

fraction of the halogenated organic compound which can be adsorbed to
activated carbon and thus is easily quantified

method to separate individual constituents in a sample between a solid and a
mobile phase during their flow in a chromatographic system

bioaccumulation

congeners

accumulation of fat-soluble and stable pollutants in fat tissues in animals,
typically fat, liver and brain in man, egg yolk in birds, and mothers milk

variants of a class of organic compounds that differ in e.g. the number of
chlorine atoms in the basic structure

biochemical oxygen demand, BOD7 or BOD5

consumption emissions

the amount of oxygen used for biological decomposition during a given period
of time, 7 or 5 days, used as a measure of discharged organic substance

emissions caused by the use and, later on, disposal of a product

biocides
natural or synthetic chemical compounds toxic to living organisms used to
control various plants (weeds) or animals (pests); used in agriculture, forestry
and horticulture

are a structurally closely related group of hydrophobic chemicals, which are
persistent and bioaccumulating, and some of them extremely toxic; Dioxins
are polychlorinated dibenzo-p-dioxins (PCDDs). The closely related
dibenzofurans (PCDFs) have dioxin-like properties

biomagnification

ecological rucksack

the increased concentration of fat-soluble and stable pollutants in the upper
parts of a food chain

material which is moved but not used, e.g. the overburden from mining

dioxins
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GLOSSARY
extractable organically bound chlorine, EOCl

liquid chromatography, LC

fraction of chlorinated organic compound which can be the extracted in an
organic solvent, such as benzene, normally used to express the biologically
relevant chlorinated organic compound in organisms (e.g. in the fatty tissues
of fish) and in sediments

a low pressure column chromatographic method relying on fairly simple
equipment, allowing a crude separation of samples

flame retardant
substance incorporated in e.g. plastics and electronic equipment to make them
resistant to fire

mass spectrometry, MS
sensitive method to identify volatile organic substances after ionisation and
fragmentation, and separation in a very strong magnetic field according to
mass and charge

materials intensity per service unit, MIPS

fluorescence spectrophotometry

a measure of the materials used for a specified service

method to determine certain pollutants such as benzopyrenes, naphtalenes or
anthracene measuring emitted light from a sample excited by incoming light

metabolites

gas chromatography, GC, or gas liquid chromatography, GLC

substances that are produced by metabolism of pollutants in the
environment, most often leading to harmless products, but the metabolites
may be more persistent and also more toxic than the original compound

chromatographic method in which the mobile phase is an inert carrier gas,
such as argon or helium, which transports the injected sample through a long
column packed with solid beads coated with absorbent liquid

gas chromatography mass spectrometry, GC-MS
a powerful means of analysis in which gas chromatography and mass
spectrometry is combined to identify substances both according to their retention
time in the chromatography and the line patterns in the mass spectrometry

organophosphate
toxic chemical compounds used as insecticides which do not accumulate in
the environment, but are quite toxic also to humans, and animals and thus
more dangerous to use

persistent organic pollutants, POPs

halogenation

a large and important group of polluting organic chemical substances, which
are persistent

incorporation of a halogen, i.e. bromine, chlorine, fluorine or iodine, in a
compound

persistent
substances that stay in the environment a long time and are not easily degraded

halogenated organic compounds, hydrocarbons
organic compounds in which at least a part of hydrogen atoms is replaced by
fluorine, bromine or chlorine, as a means to make the compounds more stable

herbicides
toxic chemical compounds used in agriculture, forestry, and horticulture to
fight weeds

pesticides
toxic chemical compounds used in agriculture, forestry, and horticulture to
fight pests

polychlorinated biphenyl, PCB

high performance liquid chromatography, HPLC

a group of organochlorine compounds which are among the most toxic
environmental pollutants, produced by chlorination of biphenyl, a molecule
consisting of two benzene rings joined by a carbon-carbon bond

chromatographic method in which the mobile phase, a solvent, is pumped
through a rather short column at very high pressures

polycyclic aromatic hydrocarbons, PAH

hydrocarbons

group of organic pollutants, characterized by two or several benzene rings,
well known from its toxic, carcinogenic or mutagenic features

organic chemicals containing only hydrogen and carbon atoms

infrared spectrometry
method to measure by absorption of infrared light, carbon monoxide, carbon
dioxide, sulphur dioxide, or organic or inorganic compounds as dust, in soil,
or on leaf surfaces collected in filters or in adsorbents

insecticides
toxic chemical compounds used in agriculture, forestry and horticulture to
fight insects

isomers
variants of an organic compound that have identical composition but different
structures, e.g. the position of chlorine atoms in the molecule

life-cycle assessment
a “cradle to grave” description of the environmental effects of a product
including acquisition of raw materials, manufacturing, usage, maintenance,
and management of the finished product (waste)

lipophilic
fat-soluble, often fatty or oily substances

sustainable chemistry
chemistry using resources, production processes, and products that are
acceptable from the standpoint of sustainability and environmental impact

TCDD equivalent
measure to express relative toxicity of a dioxin or dibenzofuran with reference
to the amount of the most toxic congenor, 2,3,7,8-TCDD, that would have
the same effect

total organically bound chlorine, TOCl
a parameter used instead of AOX, but since the TOCl analysis is more timeconsuming the method is becoming less and less common

thin layer chromatography, TLC
separation of a sample on a thin layer of an inert support, e.g. silica, on a
glass or plastic plate

volatile organic compounds, VOC
hydrocarbons emitted to the air because of incomplete combustion of fossil
fuel; sometimes methane is excluded and NMVOC, non-methane volatile
organic carbon, is treated as a separate category
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