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A bstract The impact of the nitrogen fertilizer
plant in Putawy involved profound, destructive alterations
to the broad-sense natural environment which comprised
not only the soil, water and air but also plants and animals.
Initially, at the end of 1960’s and at the beginning of
1970’s the changes were very acute only to become of
chronic character later on.

The results of the studies were used as bio-indicators
to measure both the extent of damage to the environment
and to assess the validity of the methods developed to re-
claim the degraded environment.

Tested and calibrated as a synthetic bio-indicator of
air pollution in the Putawy area, lichens were used as a
tool to evaluate the extent of air contamination with diffe-
rent kinds of emission. Those measurements can also be
used in monitoring large areas, a very important practical
consideration with respect to assessing environment pollu-
tion status.
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INTRODUCTION

The area affected by the nitrogen fertilizer
plant in Putawy is one of the best studied with
respect to impact of industrial emissions, their
kind, time and mode of action. Within a very
short time after the plant was put in operation,
as early as in 1967 adverse changes were re-
corded in the surrounding forest environment,
and the affected area kept increasing in size
(Figs land 2). A zone of “biological death”
arose very quickly to be described in many
publications [e.g., 1,14,20,23-27,31,39-41,51,52,
54]. Comprehensive investigations were started

into both the effect of the damage to environ-
ment and on the search of their underlying
causes in the agricultural and forest environ-
ment [20,39-41]. The physiological response
of plants to various pollutants resulting in die
back, malformations, changes in chemical com-
position was the prime object of interest. The
survey included tree species such as, e.g.,
pine, birch, oak [8,12,15,16,20,42] different
crop plants such as cereals, root crops, vegeta-
bles, medicinal plants, ornamentals [40,41,54],
wild vegetation including changes to units of
vegetation [6,7,20,23,24,42] and changes to
the fauna [9-11,22,31-34,38,43,44]. Possibility
of using changes to the flora and the fauna as
bio-indicators of the processes taking place in
the environment was also investigated [9-11,
19,20,23-25,27,31-36].

The study was set against the background
of changes in the atmospheric pollution by
taking physical measurements [2,39-41] of mi-
croclimate [39-41,52], changes in the chemical
composition of water [5,51] and changes oc-
curring in the soil [3,17,20.39,41,51]. In addi-
tion, agricultural and forest research was con-
ducted into the possibilities of checking the
damage to the environment in the Pulawy area
[20,39-41]. Another focus of research was on
the manner in which crops grown in the “bio-
logical death zone” can be utilized [40,41] and
the issues related to health risks to humans
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Fig. 1. Range of the biological death zone in the emission-affected area of the fertilizer nitrogen plant in Putawy over the

years 1967-1974.
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Fig. 2. Range and rate of emission from the Nitrogen Plants in Putawy in 1967-1974.
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[47,48,50]. As a result of those many-sided in-
vestigations a comprehensive image was ob-
tained of the destructive impact that the
nitrogen fertilizer plant at Pulawy has on the
natural environment [20,40,41].

THE COMPLEX SYSTEM OF ENVIRONMENT
DEGRADATION

The nitrogen fertilizer plant in Pulawy
was located in a deforested area occupied by
weak habitats of dry (54%) and fresh (27%)
forest on sandy dunes low in nutrients, chiefly
in nitrogen and suffering periodical acute
water deficits.

The production of urea was started in the
autumn of 1966 and the first damage to pine
stands occurred as early as the spring of 1967
[8,12,13,41]. Since that time the area with
damage to the pine stand has been spreading
outwards [12-14,20,21,45].

Excessive concentration of nitrogen com-
pounds affects the trees in two ways: directly
by causing necrosis, death of the assimilation
apparatus and precocious shedding of needles.
In the most severely affected area only one-
year old needles were present. As a result, i.e.
because of the reduced life span of needles,
the surviving needles were excessively long.
The growth of the trees became checked and
their crowns became deformed. Branches and
twigs dried up resulting in dried tree-tops, es-
pecially during winter as the shoots, water-
soaked and not lignified enough, were killed
by frost [12,13,15,16,21].

Indirect impact was primarily related to a
sudden enrichment of the soil and water with
excess nitrogen resulting in an intensive trans-
formation of the soil environment. Before the
construction of the factory was started the
soils in the area had been generally poor and
characterized by periodical shortages of water
and of some biogenes, especially of nitrogen.
Having grown under the shortage of nitrogen
the pine trees started to take up the nutrient
from the soil more intensively leading to the
increased nitrogen contents of needles and of
bark [12,13,21]. Under the over-abundant sur-
plus of nitrogen other nutrients also were

taken up more vigorously which shortly led to
deficits of phosphorus, potassium, magnesium,
calcium and a number of micro-nutrients [1,2,
17,20,39-41].

Thus the primary cause which was the ex-
cessive fallout of pollutants enhanced by origi-
nal water relations being disturbed through the
construction work was further aggravated by
changes in the soil and water environment.

Dying of pine needles and shoots resulted
in more sunlight penetrating to the bottom of
the forest which combined with a transitory
increase in soil fertility enabled profuse deve-
lopment of the undergrowth, particularly that
of birch and oak, as well as of bushes. Those
plants benefited from the increased supply of
nitrogen, which while being toxic to the pine-
tree, was necessary for their good growth. The
makeup of the undergrowth started to shift to-
wards species characteristic of forest clearing
habitats and those associated with human
habitations, most of them thriving on nitrogen-
rich soils [6,8,20,23,24,39-42,46]. Those species,
along with trees and bushes, contributed to a
fast depletion of nutrients and to an increased
water deficit. The changes in the soil environ-
ment brought about changes in the composi-
tion of plant communities. It became manifest
as changes of the specific makeup, changes in
frequency and domination of species and in
the output of plant communities (Fig. 3).

Superimposed on changes in the soil and
in the flora were those in the fauna. Due to a
fast rate at which the weakened tree stands
died back, animal species classified as pests
(especially secondary pests attacking weak-
ened tree stands) did not manage to benefit
from the momentary surplus of food in their
natural succession cycles because the trees
were dying too fast [20,38]. Likewise, other ani-
mal species living on plants receded as the fo-
rest vegetation died back and were not capable
of colonizing large patches of transient vegeta-
tion, ruderal or native to habitations and forest
clearings. Also the predatory fauna which
plays an important balance-maintaining role in
the ecosystems died or moved elsewhere very
rapidly due to the rapid changes in the species
they preyed upon [19,20,22,31-36].
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An increased shedding of needles, water
deficit which grew from periodic to continu-
ous, the changes in the nutrient content of
water and soil, and a continued heavy fallout
of pollutants slowed down the process of
breaking down the forest litter both by soil
fauna [9-11,31,33,34] and by microbes [39,
41]. The soil fauna was the first to give way
[9-11,31,33,34] to be followed by soil microbes
transforming from active to resting stage
thereby reducing the microbiological activity
of the soil and resulting in a progressive build
up of non-decomposed organic matter contri-
buted mainly by dead trees [3,39-41].

Changes in the morphology of tree crowns,
increased access of light to the surface, changes
in the undergrowth followed by drying and
dying of trees together with an increasing
water deficit also resulted in significant micro-
climate changes, especially in an increased
difference between the minimum and maxi-
mum temperatures, changes in air humidity
and the extension of the drought period [52].
Seasonwise, there was a distict shortening of
the spring season, lengthening of the summer
drought period, and shortening of the autumn
plant growth. Autumn plant growth tended to
shift toward winter as the water deficit further
aggravated by the surplus of nitrogen com-
pounds in the soil was relieved by late-season
rains. The unprepared plants were devastated
by first autumn freezes and the ensuing losses,
especially in broadleaved stands, were sub-
stantial [52].

In the study of the area affected by the ni-
trogen fertilizer plant further account has to be
taken of the interactions between pollutants
which aggravated the contamination situation
by generating new toxic substances. It became
apparent from the study of lichens as indica-
tors of air pollution and especially by their
chemical composition resulting from absorb-
ing air-borne compounds [25,27,29,30]. The
study revealed that the environment in the
Pulawy area is damaged not only by nitroge-
nous compounds, but also by sulphur emis-
sion, both directly and by altering the acidity
of the environment [27,51].

FLORA- AND FAUNA-BASED INDICATORS
OF THE DEVASTATION OF THE ENVIRONMENT
IN THE PUIAWY AREA

The process of forest dieback brought on
by industrial emissions came about in a few
stages. The first to give way to pollution was
the pine tree through the loss of part of its as-
similation apparatus. Physically exposed to
emissions after the pine trees were felled birch
trees were the next to be affected followed by
oak trees. Initially, branches and small twigs
died during winter and new twigs and leaves
were put out from auxiliary buds on the trunk
resulting in bizarre-looking, broom-shaped
trees. The patches of vegetation which had ap-
peared in the tree-less desert-like areas also re-
treated leaving behind an exposed ground
littered with non-decompossed plant debris.
Investigations of the soil, forest trees, crops
and animals yielded evidence of the zoned
character of the effect of air-borne industrial
pollution on the environment in the Putawy
area. The zones spread outwards from the fer-
tilizer plant as the devastation of the environ-
ment progressed. Starting from zone 0 and
moving on to zone 3 the description of forest
decay along with processes and phenomena
characteristic of each zone can be made by the
use of plant and animal bio-indicators.

Flora bio-indicators

By using bio-indicators which are based
on the responses of individuals and species
and on the changes of plant communities we
obtain the assessment of both the direct impact
of the emission and of its indirect effect
through changes in the soil, water and air.
Thus it is a synthetic indicator of changes of a
number of environment parameters.

While making the assessment of the extent
of damage to the environment by the use of in-
dicator plants physiological changes were of
prime consideration. Based on this, sugges-
tions were put forward to determine pollution
zones by evaluating needle age and the rate of
needle dieback [12,14,15,20,42,46]. This me-
thod is currently used to evaluate the impact
of industrial emissions on forests. Based on
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those evaluations, in 1980 a map of damage to
forest tree stands was produced, on which 4
zones of atmospheric pollution in the Pulawy
area were shown (Fig. 3).

0 - no injury zone

I- low hazard zone

two to three needle age groups, slight light
yellow discoloration of needle tips, 25% of
trees show damage symptoms

IT - medium hazard zone

one, or occasionally two needle age groups,
light yellow discoloration gradually passing
into dark brown progressing from the base to
the tip, 25 to 75% of the trees show damage
symptoms, frequent deformations and thinning
of tree crowns, drying up of twigs and single
branches.

III - high hazard zone

one-year old needles only, extremely long
with brown lesions, pine-tree crowns severely
thinned and disfigured, entire stands dying
back quickly, more than 70% of trees show
damage.

In addition, note was taken of the fact that
the pollutant content of the bark or other parts can
also be good indicators of pollution [13,21].

In order to assess the range of the emis-
sions from the nitrogen fertilizer plant, forest
plant communities as well as the newly estab-
lished communities of plants associated with
human habitations and forest clearings can
also be screened for pollution-related changes.
Those changes involved the specific makeup,
domination, and primary productivity [16,20,23,
24,39-42]. Floristic bio-indicators were also
used to assess the validity of the several ap-
proaches used to reclaim the devastated area
[20,23,24,39,41].

The study furnished evidence that the pol-
lution-devastated area around the nitrogen fer-
tilizer plant can be reclaimed solely by resor-
ting to agricultural means which take account
of the specific husbandry applied to the area.

Since changes in the vegetation and the
reactions of individual species provide a syn-
thetic indicator that involves the action of many
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Lichen-indicatonal zones 0, 1, I1, {11
Biowogical scale by Kiszha (106) 0-10
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Fig. 3. The range of lichen-indicational zones in the environs of Putawy on the basis of epiphytic lichen distribution.
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environmental factors (soil, water, air) and in-
dustrial emissions are the basic cause behind
those changes, for the Pulawy area a method
was developed that makes use of lichens as
bio-indicators [4,25-27,29,30,39,41, 53]. In
that method lichens, local and transplanted,
are analysed for pollutant contents, rate at
which the alga component of the lichen dies
down, i.e., the ratio of living to dead cells - vi-
ability index (Tables 1 and 2).

Four zones of air pollution in the Putawy
area were distinguished based on synthetic
pollution coefficients that take account of li-
chen morphological responses (percentage of
living and dead alga cells, viability index) and
of lichen-accumulated amounts of N and S:

Zone 0 - occurred sporadically and in-
volved areas in which lichens showed no vi-
sual lesions such as discoloration or necrosis.
For the lichens of that zone the percentage of
living alga cells was from 75 to 100%. The via-
bility index was over 2.0 and nitrogen and sul-
phur contents of the thalli were below 1.3%
and 400 mg kg!, respectively.

Zone I - was characterized by the presen-
ce of light-grey lichens. The percentage of living
alga cells was 50.1 to 75%, the viability index
T able 1.Changes in the appearance of thalli across the

emissions impact zones around the nitrogen fertilizer plant
in Putawy over the years 1982 - 1989

Distance
Zone  from Morphological changes of thalli
emitter
(km)
0 >30 no visual damage to thalli
I 30-21 light ashy discoloration
11 20-16 beige or beige-pink discoloration
[ 15-0 brown discoloration with rolled

upwards gutter-like margins

from 1.0 to 2.0, and nitrogen and sulphur con-
tents 1.31 to 1.60 and 401 to 700 mg kg™

Zone Il - was characterized by heavy dama-
ge to lichens, which showed light brown, or
brown and pink discolorations, percentage of
living alga cells reduced to 25.1 to 50%, via-
bility index from 0.51 to 1.00, nitrogen con-
tent from 1.61 to 1.90% and sulphur content
from 701 to 1,000 mg kg™

In Zone III the exposed lichens turned to
brown, often with necrotic spots. The percent-
age of living alga cells was from 0 to 25%, the
viability index was below 0.50% and the ni-
trogen and sulphur contents were over 1.90%
and 1,000 mg kg™,

Fauna bio-indicators

Extensive research on the fauna occurring
in the area around the nitrogen fertilizer plant
in Pulawy was launched by the Research Insti-
tute of Forestry [20], by the Institute of Soil
Science and Plant Cultivation [39-41] and by
other research establishments [22,43,44] al-
most as soon as the factory was put in opera-
tion (Table 3). They focused on phenomena
which could be linked to particular extent of
damage to the environment and also could
provide the basis for an attempted assessment
of the impact of industrial emissions on the
different classes of fauna in the factory-af-
fected area. The responses of the fauna in the
pollution zones were as follows:

Zone 0 - alterations to the forest environ-
ment were still not found and the incidence of
pests was comparable to that in the whole area
under the Putawy Forest Administration.

Zone 1 - damage and alterations were
small. The first to occur were changes in the
patterns of animal populations [19,20]. The

Table 2.Pooled data on cell percentage and on viability index of lichens exposed to pollution in the Putawy area (af-

ter Puszkar [27])

Zone Distance % cells % cells Viability Nitrogen Sulphur
from emitter index content content
(km) living dead (%) (mg kg")
0 >30 75.1-100.0 0.0-25.0 >2.0 <l.3 <400
I 30-21 50.0- 75.0 25.1-50.0 1.01-2.00 1.31-1.60 401-700
Il 20-16 21.5- 50.0 50.1-75.0 0.51-1.00 1.61-1.90 701-1000
I 15-0 0.0- 25.0 75.1-100.0 <0.50 >1.90 >1000
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frequency curves for individual members of
soil and surface fauna became progressively
flattened as the emission pressure increased.
The shifts were towards large number of spe-
cies represented by very few individuals and a
decreased number of species characterized by
high populations. The frequency of trapping
events and the populations in soil samples
were reduced, especially in case of hitherto
populous species. Another important phe-
nomenon was the change of dominant species
belonging to different systematic groups [9,11,
19,20,39,41]. At that stage of environment
degradation a frequently observed phenome-
non was a short-lived rebound in total num-
bers of whole groups under investigation
which was very often mistaken for the re-
sponse to reduced emission pressure whereas
actually the rebound was related to changes in
domination patterns i.e., to the recession of the
dominants and the sub-dominants of the for-
mer structure, the vacant ecological niches be-
ing temporarily occupied by increased num-
bers of former recedents and influents as they
moved up to higher ranks.

In that zone there occurs what Pawtowski
[49] and Rajski [37] described as the “closed
community stage” of the order of succession.
In that stage the transformations are quantita-
tive and affect mainly the dominance systems,
the specific compositions being unchanged or
changed but slightly. In that system homeo-
static mechanisms still continue to function by
activating and mobilizing substitute chains.
Attempts to aid such an ecosystem by resort-
ing to either agriculture or forestry-based
measures is still a viable option provided that
the underlying cause, in this case further emis-
sions, is stopped thereby stopping further build-
up of pollutants in the soil.

Zone II - medium heavy damage and al-
terations. Research revealed that within groups
dissimilar with respect to their trophicity, e.g.,
ground beetles [19,20] changes in mutual ra-
tios of zoophages and phytophages occurred
[9,11,20,34]. The domination of entire animal
groups rather than individual species became
changed and replaced by other groups without
any significant reduction to the whole trophic

level. For instance, within the surface preda-
tory fauna ants and then ground beetles de-
clined and spider populations, mostly web-
less, were on the increase. Changes in domi-
nance groups and the shortening of the list of
species initiated a marked decline of the whole
animal populations in that zone.

In the order of succession, or rather reces-
sion, we deal with the stage of “open commu-
nity” in this case involving a succession of
alterations brought on by emission pressure
and environment changes destabilizing the
functioning ecosystem. Transformations in the
animal world fall into “qualitative changes”.
The changes are mostly those of the specific
makeup which is subject to substantial altera-
tions associated with the reduction in the
number of species and with the switch from
stenotypic to euritypic species. It is still possi-
ble to stop that retrograde succession, or rather
“industriogenic” recession. However, it will
involve setting up artificial ecosystems with
selected resistant species that can be main-
tained successfully only at large expense and
on condition that further buildup of pollutants
in the soil is stopped.

Zone III - described as “biological death
zone” can be characterized as an area where
the animal world becomes extinct which is
particularly true of phytophagous invertebrates
living on open surfaces [20,38]. It is also an
area from which specialized predators became
eliminated. Only part of soil-surface predatory
fauna, capable of actively adapting the envi-
ronment, such as ants [22] and irregular eaters
such as spiders remained in selected spots.
Both groups fed on the so-called atmobionts,
i.e., air-borne organisms periodically blown
there with the wind [20,34,43,44). As the ve-
getation died back cryptobiotic phytophagous
species died alongside. The decline of soil and
predatory soil-surface fauna was abrupt and
individual species were scattered in specific
environments such as bark piles, tree stumps,
along abandoned roads and houses, in land de-
pressions etc.

In zone III the issue of ecological systems
has become irrelevant since those areas can
only be reclaimed from scratch. In the Putawy
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area it was done through giving up any at-
tempts at maintaining forest vegetation and
planting agricultural crops in the deforested
area instead. Here crops are treated mainly as
a sanitizing recourse with some restricted pos-
sibility of utilizing the resulting biomass, e.g.,
for compost production [39,41]. The re-colo-
nization by animal species depended on the
crop to which it the reclaimed land was sown
but they were mainly phytophagous species,
very often crop pests which, as a rule, multi-
plied outside the emission impact area.

CONCLUSIONS

The impact of the nitrogen fertilizer plant
in Putawy involved profound, destructive al-
terations to the broad-sense natural environ-
ment which comprised not only the soil, water
and air but also plants and animals. Initially, at
the end of 1960’s and at the beginning of
1970’s the changes were very acute only to
become of chronic character later on.

The impact of the nitrogen fertilizer plant
in Putawy on the environment in the Pulawy
area, and its underlying causes and effects,
were investigated by a number of research
units including the Forestry Research Institute
and the Institute of Soil Science and Plant
Cultivation, Polish Academy of Sciences etc.

Conducted over many years, the research
involving agronomic, forestry-related, and bio-
logical aspects of the problem have contri-
buted to the development of methods for agri-
cultural reclamation of devastated areas. The
methods provided not only for the manage-
ment of the areas by merely sowing them to
grass but also involved sanitizing through the
removal of plant biomass and its utilization in
the form of compost. As was shown by the
study conducted by the Forestry Research In-
stitute re-introduction of forest can only be
made to a limited degree, outside the area of
high emission pressure.

The agricultural approach to the reclama-
tion of devastated areas received further sup-
port from floristic and fauna studies which
used qualitative and quantitative changes with-
in animal and plant communities as bio-indi-

cators. The communities were analyzed for
specific composition, frequency and domina-
tion patterns, changes in the order of succes-
sion of plant and animal communities and the
output of original plant communities.

The above data were used as bio-indica-
tors to measure both the extent of damage to
the environment and to assess the validity of
the methods developed to reclaim the de-
graded environment.

Tested and calibrated as a synthetic bio-
indicator of air pollution in the Pulawy area,
lichens were used as a tool to evaluate the ex-
tent of air contamination with different kinds
of emission. It was shown that, along with ni-
trogen-bearing emissions, the Pulawy area is
exposed to dust emissions, a source of heavy
metals and very toxic sulphur emission. Those
measurements can also be used in monitoring
large areas, a very important practical consid-
eration with respect to assessing environment
pollution status.
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