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EXAMINING A CRITICALLY ILL ENVIRONMENT

S A [IA
Czechoslovakia emerged from a

peaceful revolution in November
1989 to face a myriad of environ-
mental problems with few resourc-

es. After 42 years of Communist
rule, the country is struggling with a
transition to a free market economy.
It is recognized that recovery of the
environment is intrinsically linked
to economic improvement.

Czechoslovakia is perhaps the
most adversely affected country in
Europe. The environmental situa-
tion in some of the country can be
described as disastrous. The atmo-
sphere, water, and food are pollut-
ed; the soil quality is gravely deteri-
orated; most of the forests are

damaged; the landscape as a whole
has lost its ecological stability; and
several species have become ex-
tinct. The Czech Republic in the
western half of the country is one of
Europe’s biggest exporters of pollu-
tion to neighboring and distant
countries. The worst consequences
of the state of the environment are
the poor health of the people and
the stagnating or even decreasing
average life expectancy which is al-
ready one of the shortest in all of
Europe (3-6 years below average).
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Once one of the most prosperous
democratic countries in all of Eu-
rope, Czechoslovakia’s economic
decline is deep, but the ecological
decline is possibly even worse.

For years environmental regula-
tions were neither enforced nor
considered a high priority, and
Czechoslovakia’s problems grew.
Some of the problems are common

to other Central and Eastern Euro-
pean countries, including (1) severe
air pollution with sulfur dioxide,
nitrogen oxides, particulate matter,
and acid rain; (2) water pollution
caused by agricultural runoff of soil,
nitrates, pesticides, and industrial
contamination by toxic organics
and metals; (3) discharges of un-

treated or poorly treated wastewater
having high levels of biochemical
oxygen demand, nutrients, and total
suspended solids; and (4) solid and
hazardous wastes at an unknown
number of sites containing metals,
organics, and radioactive contami-
nants. The pollution has been asso-

ciated with human health effects,
including polychlorinated biphe-
nyls (PCBs) in breast milk, chronic
illness among children during at-
mospheric inversions, and high iev-

14 Environ. Sci. Technol., Vol. 26, No. 1, 1992 0013-936X/92/0926-14$02.50/0 &copy; 1991 American Chemical Sociely

D
ow

nl
oa

de
d 

vi
a 

M
A

SA
R

Y
K

 U
N

IV
 o

n 
Fe

br
ua

ry
 1

6,
 2

02
2 

at
 1

9:
57

:4
0 

(U
T

C
).

Se
e 

ht
tp

s:
//p

ub
s.

ac
s.

or
g/

sh
ar

in
gg

ui
de

lin
es

 f
or

 o
pt

io
ns

 o
n 

ho
w

 to
 le

gi
tim

at
el

y 
sh

ar
e 

pu
bl

is
he

d 
ar

tic
le

s.



els of lead in children’s blood. The
food supply, especially crops, ap-
pears to be extensively contaminat-
ed with metals, and chlorinated hy-
drophobic organics have been
found in pork, beef, and poultry.

These problems are extensive, but
the Czech Ministry of the Environ-
ment has begun an assessment and
action plan with the publication of
three documents. This article is
based largely on the first step in that
plan, the “Blue Book,” entitled En-
vironment of the Czech Republic
[1). It has been followed this year by
the Rainbow Program—an outline
of where the Czech Republic would
like to go with their environmental
program—and, most recently, by
the Joint Environmental Study for
the Czech and Slovak Federal Re-
public, a joint report of the govern-
ments of Czechoslovakia, the Czech
and Slovak Republics, the European
Community, the United States, and
the World Bank (2). Czechoslovakia
comprises two republics: the Czech
Republic in the west and the Slovak
Republic in the east. This article is
primarily about the Czech Republic,
where 60% of the people and 70%
of the industry are located.

Air pollution
Although Czechoslovakia has ap-

proximately 2% of the land mass of
Europe and about 4% of the people
(16 million out of 350 million), it
emits a significant fraction of Eu-
rope's S02, NOv, and toxic metals.
The result is severe atmospheric
deposition of these contaminants
and high gaseous concentrations of
S02 and particulates in the industri-
al areas of Prague, Brno, Hradec
Kralove, Ostrava, Sokolov, Pilsen,
Chomutov, and Melnik (1, 3). The
Czech economy is based mainly on

mining, heavy industry, and build-
ing material production. These are
extractive and polluting industries.

Extensive air pollution began in
1945 with rapid expansion of the use
of soft, brown lignite for industry and
home heating that contained large
amounts of sulfur—typically be-
tween 1% and 15%. Figure 1 shows
that mining (especially surface min-
ing) of this coal increased from 14 to
more than 100 million metric tons
between 1945 and 1987 (1). Sulfur
dioxide emissions increased con-

comitantly. This coal combustion re-
sulted in extremely high S02 concen-
trations in ambient air (Figure 2),
with average concentrations exceed-
ing 100 pg m-3 in northwestern
Czechoslovakia annually and nearly
that in the city of Prague (1, 2).

Severe pollution episodes caused
by atmospheric inversions are com-
mon in the winter. The longest epi-
sode in the history of observations
occurred in January 1982, when a

temperature inversion lasted 19 days
without interruption and the average
daily S02 concentrations surpassed
400 pg m-3 for 10 days. The maxi-
mum daily average sulfur dioxide
concentration in Prague reached
3193 pg m-3, and in the town of Osek
below the Erzgebirge Mountains
(specifically, Krusne Hory, in Czech,
or Ore Mountains) it was 2440 pg
m-3. The ambient air quality stan-
dard in the United States and many
countries is 80 pg m-3 (1).

In THE CZECH REPUBLIC,

2500 MUNICIPALITIES

SERVING 2.5 MILLION

PEOPLE HAVE NO

DOMESTIC WASTEWATER

TREATMENT.

Sulfur dioxide is not the only air
pollutant of concern to human
health. There are large areas in the
Czech Republic that exceed ambi-
ent air quality standards for total
suspended particulates (TSP) as
well. Ambient air quality standards
are typically 75 pg m-3. Many urban
areas and the industrialized north-
west region exceed this standard,
with annual average concentrations
greater than 100 pg m-3 in Prague
and northwest Czechoslovakia.
Sources of particulate matter in the
northwest are power plants and
smelters burning lignite coal and, in
urban areas, automobiles, home
heating units, and cement manufac-
turing plants.

Figure 3 illustrates that Czecho-
slovakia, former East Germany, and
southern Poland have the highest

sulfur deposition in Europe (> 4 g S
m-2 year-1), the result of wet sulfate
in precipitation and dry deposition
of S02 and aerosols on foliage. Sul-
fur deposition in the Erzgebirge re-

gion of extreme northwest Czecho-
slovakia results in 15 g S m-2 year-1,
which places it among the most pol-
luted locations in the world (4).

Forest decline
It is always difficult to assess

cause and effects when forests show
symptoms of decline, hut the forest
decline in northern and western
Czechoslovakia is unmistakable.
Since the early 1960s, foresters have
noted first the decline and then the
collapse of forests in the mountain-
ous Erzgebirge region. One hundred
thousand hectares of Norway
spruce forests (Picea abies) have
died, and it is estimated that a total
of 54% of the forests in the Czech
Republic have suffered irreversible
damage (1). Dry deposition of S02
and sulfate is aided by efficient col-
lection in forest canopies (5, 6). The
problem is quite severe. Annual av-

erage sulfur dioxide gas concentra-
tions in the Erzgebirge (100 pg m-3)
are about 10 times greater than
those measured in the Bavarian and
Black Forests of Germany (7, 5), It is
not known whether the decline is
caused by the direct effects of S02
on foliage or by atmospheric depo-
sition and acidification of soils.
Other potential causes include mag-
nesium deficiency, aluminum tox-
icity to roots, drought sensitivity,
and toxic metals effects (9).

Figure 4 shows the estimated life
expectancy of the forests as assessed
from visible foliar damage and annu-
al incremental growth (tree rings) by
the Czech Research Institute of For-
est and Game Management (1). Nor-
way spruce forests are generally har-
vested for lumber anytime between
80 and 130 years of age, so a large
percentage of the forests in the north-
ern half of the Czech Republic will
not produce fully to harvestable age;
a smaller proportion (-5%) have ac-

tually died.
Figure 5a shows a stand of 80-

year-old Norway spruce in the
Erzgebirge that is growing thin from
needle loss and will soon die.
Stands that have died (Figure 5b)
are rapidly harvested, so much of
the area is grassy meadow today.
Seedlings of a more tolerant species
of spruce [Picea pungens) have been
planted, but growth and survival
are low, presumably due to the di-
rect effects of S02 gas and possibly
the toxic metals in fog and soil wa-
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ter (Figure 5c). The longest legacy of
the last 42 years may be the buildup
of toxic constituents in the soil of
the region. Foresters have scraped
away the top 15 cm of soil with bull-
dozers into windrows in order to get
seedlings to survive (Figure 5d).
They amend the soil with limestone
and fertilizers, but nonetheless
revegetation success is poor. It is
not known whether this practice is
required scientifically or whether
foresters have chosen it as a precau-
tionary measure. At any rate, a de-
crease in emissions of S02 by coal
washing, clean-coal technology,
fuel switching, fluidized bed com-

bustion, or scrubbers will be needed
to improve the situation.

Metals, including beryllium, cad-
mium, lead, zinc, aluminum, and
arsenic (a metalloid), may play a
role in the soil toxicity. All of these
metals are deposited by dry deposi-
tion, but aluminum, zinc, and beryl-
lium are liberated primarily from
native soils under extremely acidic
conditions, pFl 2.6-4.0. Concentra-
tions of these metals in soils and
runoff waters are typically as fol-
lows: Be, 0.3-3.0 pg L-1; Cd, 0.2-2.0
pg Lr1; As, 1-30 pg L_1; and Al, 0.1-
2.0 mg L-1 (10-12).

Small-catchment research has
flourished in Czechoslovakia, help-
ing to explain the regional pollution
problem (13, 14). Most of the catch-
ments that lie within areas of severe
forest dieback have crystalline bed-
rock (granitic gneiss) with acid
brown soil (spodosols), and they re-
ceive heavy loadings of acid deposi-
tion, especially dry deposition due to
sulfur dioxide. Paces (15-17) has
demonstrated that the rates of chemi-
cal weathering of calcium and mag-
nesium in these polluted forested

catchments (4.3 keq ha-1 year-1) can-

not keep pace with the acidic deposi-
tion of 6,1 keq-1 ha-1 year-1 (1.2 wet
plus 4.9 dry). The difference is made
up by aluminum mobilization and
hydrogen ion export.

In addition to aluminum, other
metals such as beryllium and zinc
are liberated from the soils. Alumi-
num is toxic to spruce trees (9), but
the concentrations of Be (3 x 10-7
M) also may be problematical, and
they are higher than those reported
in other acidified locations around
the world. Figure 6 gives the results
of a simple beryllium desorption
and chemical equilibrium model,
demonstrating the high free metal
ion concentration (Me2+) that is lib-
erated from the soil as the pH de-
creases. The source of the beryllium
is likely Be(OH)2 from naturally oc-

curring minerals in the soil, but it is
possible that fly ash deposition also
contributes at some locations.

There is evidence based on inter-
vention analysis and survey results
that soils have become significantly
more acidic since 1960. Changes in
soil pH at more than 200 sites in the
Czech Republic were measured by
1:1 exchange acidity in 0.01 N KC1
in 1960-62 and then again at iden-
tical sites in 1983—85 by the
Lesoproject (18), Czech Research In-
stitute of Forest and Game Manage-
ment. Project researchers found a

significant decrease in pH during
the intervening period from a medi-
an of pH 3.8 in 1960-62 to a median
of pH 3.3 in 1983-85, and a few
soils (4%) became extremely acidic
(pH < 2.5). If this survey is correct,
it represents one of the few exam-

ples of relatively large-scale soil
acidification caused by acid deposi-
tion reported in the literature.

Water pollution
Seventy percent of all surface wa-

ters in Czechoslovakia are consid-
ered to be heavily polluted, and
30% are not capable of sustaining
fish (2). The problems include:
• nitrate in drinking water from ag-

ricultural fertilizers,
t metals in surface water from in-

dustry,
• organics in surface water from in-

dustry,
• erosion of agricultural soils, and
• habitat alteration (dams, chan-

nelization, and siltation).
In the Elbe (Labe) River Basin, ni-

trate concentrations were measured
to be 20-150 mg L-1 in streamwater
and 1-300 mg L-1 in groundwater in
1989. (The Czech water quality
standard for nitrate is 50 mg L-1
N03-). It is common for pollutants
in rivers and streams to exceed
drinking water standards in Czech-
oslovakia. The severest problems
were found in the Elbe, Danube,
and Odra River Basins.

In 123 locations supplying
550,000 inhabitants, heavy metals
exceed drinking water standards;
oily substances exceed drinking wa-
ter standards in 169 locations serv-

ing one million people; phenols
were found to violate standards in
57 locales supplying 230,000 peo-
ple; and radioactive substances
were reported to exceed drinking
water standards at 100 locations
serving 300,000 people. Heavy met-
als were measured in streams at the
following concentrations: Cu at up
to 280 ng L-1 in the Zlaty Brook,
zinc at 1400 ng L-1 in the Cerny
Brook, nickel at 280 ng L-1 and lead
at 102 ng L-1 in the Rakovnicky
Brook, cadmium at 16 ng L-1 in the
Elbe River, chromium at 71 ng L-1
in the Dyje River, and mercury at
2.6 ng L-1 in the Jihlava River (1).

Chlorinated organics, tetrachloro-
ethylene (TCE), and PCBs occur in
streams at concentrations of 10—30
ng L-1 (200 ng L-1 in the Bilina Riv-
er). These are relatively high con-
centrations and, with bioconcentra-
tion factors of up to 100,000, result
in large body burdens in fish, hu-
mans, and other mammals.

In the Czech Republic, 2500 mu-

nicipalities serving 2,5 million peo-
ple have no domestic wastewater
treatment. Effluents discharge di-
rectly to the streams. The city of
Prague has secondary treatment of
its domestic sewage, but it has no
site to dispose of its stabilized
sludge and thus must release it back
to the Vltava River. Czechoslovakia
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does not have a permit discharge
elimination system, and there are
no estimates of the total amount of
municipal contaminants discharged
to surface waters or reaching
groundwater.

Some studies of hazardous waste
sites have been compiled in Czech-
oslovakia, but no comprehensive
list or priority ranking scheme ex-
ists. Major problems include metals
from mine tailings, organics from
industry, and jet fuel spills and sol-
vents from former Soviet military
bases. (The Soviet military vacated
Czechoslovakia completely on )une
24, 1991.) Levels of hazardous
wastes in the Czech Republic (in
thousands of metric tons per year)
include the following: arsenicals
and cyanide, 34.7; pesticides, 0.2;
chlorinated hydrocarbons, 7.7; aro-
matic hydrocarbons, 650.9; and
heavy metals, 210.2 (1). These are

quite large amounts for a republic
with fewer than 10 million people.
No hazardous waste disposal sites
are approved in Czechoslovakia to-
day. Prioritization of hazardous
waste sites and a risk-based evalua-
tion of human and ecological health

FIGURE 4

Forest longevity, estimated from visual symptoms of foliar
damage and annual growth increments

Source: Czech foresters in the Research Institute of Forest and Game Management, 1988.
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FIGURE 5

(a) Eighty-year-old spruce stand
(Picea abies) in the Erzgebirge
region beginning to show effects of
needle loss, thinning, and forest
decline

(b) Dead spruce forest near Jezeri
catchment in the Erzgebirge region

(c) Seedlings of spruce hybrid
cultivars (Picea pungens) after soil
amendment with fertilizer and
lime/limestone additions

(d) Replanted spruce (Picea
pungens) with windrow of
scraped-off soil in the background

are sorely needed before cleanup
can begin.
Food contamination, human health

One of the biggest problems fac-
ing Czechoslovakia is the contami-
nation of its food supply with toxic
organics [benzo(a)pyrene, PCBs,
hexachlorobenzene] and metals
such as Pb, Cd, Hg, and As. For ex-

ample, the concentration of PCBs in
breast milk is 3 mg kg-1, more than
three times that in Yugoslavia or
Scandinavian countries. Concentra-
tions of lead in the blood of children
were 300-450 pg L-1 in a recent
study, more than three times the
level certified as neurotoxic in the
United States. People are exposed
to high concentrations of toxins in

food. The daily intakes for a 60-kg
(132-lb) individual (mg day-1) and
the percentage of maximum allow-
able daily intake from food inges-
tion alone are: 0.46 mg day-1 (92%)
for lead, 0.55 (91%) for PCBs, 0.56
(93%) for cadmium, and 0,003
(117%) for 3,4 benzo(a)pyrene (1).

Unlike most western European
countries, life expectancy has not
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increased much in Czechoslovakia
since 1964. In 1988, mean life ex-

pectancy for both sexes combined
was 71.6 years. Average life expect-
ancy for men in the extremely pol-
luted areas of Most and Sokolov in
western Czechoslovakia was only
64.2 years. In 1985, a comparison of
mean life expectancy in Europe
showed that Czechoslovakia was
better than only four out of 25 Euro-
pean countries: 71.0 years com-

pared to Hungary (69.4 years), Yu-
goslavia (68.4 years), Poland (70.6
years), and the U.S.S.R. (67.8 years).
The longest life expectancies were
in Iceland (77.4 years) and Sweden
(76.6 years) [19).

Respiratory disease and chronic
conditions (asthma, emphysema,
and bronchitis) are epidemic among
children 0-14 years of age. The
1983-86 average winter concentra-
tion of S02 in Prague and the city of
Most was 150 pg m-3, which corre-
lated with reported respiratory tract
diseases in children, resulting in a
320% increase of occurrence rela-
tive to spring and summer condi-
tions. Last winter, it was necessary
to provide face masks to children in
Most so that they could play out-
side. Based on health criteria ex-
ceedance (including S02, TSP, and
radioactive materials), 6.9% of the
land area of the Czech Republic has
been classified as “extremely dis-
turbed environments” by the Czech
government [20). This area includes
2.5 million inhabitants.

Plan for the future
Czechoslovakia's environmental

policy is to a great extent shaped by
the urgent need to build the econo-

my and create a sustainable way of
life. There will be a focus on the
cleanup of numerous sources of se-
rious pollution, the legacy of the
past communist regime. Coal clean-
ing, clean coal technology, closing
of outdated and inefficient plants,
and some flue gas desulfurization
will be needed. Adequate treatment
of domestic wastes and a secure tox-
ic waste repository are sorely need-
ed. One of the first priorities for fu-
ture protection of the environment
will be an obligatory environmental
impact assessment process.

Lasting environmental improve-
ment can be based only on preven-
tion, on modern technologies, on re-

structuring an obsolete industrial
infrastructure, and on reducing
Czechoslovakia’s extremely high
energy consumption. Initially, eco-

logical objectives will be reached by
applying a system of fiscal instru-

ments that includes dues, charges,
taxes, and penalties. These mea-
sures should have both punitive
and stimulating characteristics. The
“polluter pays” principle is clearly
one of the fundamental rules to be
followed.

Fiscal measures are probably the
most important part of new eco-
nomic and legal principles. Laws
written during the past regime are
outmoded. The Czech Ministry of
the Environment, charged with
rule-making and environmental ac-

tion, came into existence only on

January 1,1990. There are rudimen-
tary systems of administration and
inspection as well as self-reporting
by industry of environmental dis-
charges. Usually it is cheaper to pay
the fine than to abide by the envi-
ronmental regulation or permit.

A key factor in further shaping the
environment will be the success of
the transition to a market economy
enabling fast economic growth.
However, the future must be sustain-
able. Economic and societal develop-
ment must secure human needs
without endangering the quality of
the next generation's life and without
reducing nature’s richness. The ob-
jective of development is prosperity
for all; it must not endanger human
well-being, and it must not waste
natural resources, but save them for
future generations.

Measuring economic perfor-
mance by using purely market forc-
es tends to underestimate the real
value of natural resources, includ-
ing clean water and air. The market
is not able to recognize the true
worth of such resources, which is
derived from their scarcity and irre-
placeability. Market forces are not
able to take into consideration long
time horizons. Capital that nobody
uses but that has intrinsic value,
such as wilderness areas, must be
appreciated. Prague is still one of
the most beautiful cities in all of Eu-
rope, rich in history and architec-
ture, especially in the Old Town.
Czechoslovakia has some pictur-
esque forested areas remaining, in-
cluding the Sumava Mountains in
the Bohemian Forest in the south-
west. The challenge is to preserve
the good and relatively unaffected
locations and to recover the severe-

ly depleted regions and resources.

Many of these problems are com-
mon to several Centra! and East Eu-
ropean countries. Czechoslovakia is
in a good position to affect the re-

covery of Europe because of its low
foreign debt burden, excellent uni-
versities, central location, historic

beauty, and democratic traditions
prior to 1948.

Summary
Environmental degradation has

occurred in Czechoslovakia and
other central and eastern European
countries over the past 40-50 years.
The problems are massive—air, wa-

ter, and soil pollution at the highest
levels reported in the world. Initial-
ly, the priority for cleanup and en-
forcement must be reducing the risk
of human health effects. The
projects that should be funded are
those that reduce human health risk
the most per dollar invested; how-
ever, concerns for ecological risk
should not be far behind. For now
the government will focus on air
pollution and food contamination.
Some of the oldest plants may have
to be closed, and some of the newer
ones should change to clean coal
technology, coal washing and, in a
few cases, flue gas desulfurization.
Fuel taxes will be needed on diesel
fuel, leaded gas, energy, and water
to decrease the wasteful and ineffi-
cient uses of these resources. Czech-
oslovakia will rely on market forces,
where possible, to price more wise-
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ly the use of natural resources. Ulti-
mately, a mixture of “command-
and-control” (legislation and
regulations) and market instru-
ments will be needed.

New legislation will be needed
for requiring environmental impact
assessments on new construction
projects, a phased permitting of ex-

isting discharges, restrictions on the
use of fertilizers and pesticides (and
removal of subsidies), and the des-
ignation of air quality management
regions. Existing ambient air quality
standards and water quality stan-
dards will need to be vigorously en-
forced or made less stringent, at
least temporarily, to fit the realities
of the situation.

An essential part of Czechoslova-
kia’s new environmental policy is
international cooperation. The ex-

perience of scientists from other
countries, modern technologies,
and financial assistance are badly
needed.
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