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INTRODUCTION

The ecological and technogenic situation in the zone of
influence of the Kalushmining district in lvano-Frankivsk
region is also one of the most acute environmental
problems of an interstate nature. The breach of natural
balancearoseas a result of anthropogenic transformation
of rocksduring the operation of KaluskhHolynskdeposit of
potassium salts, due to irrational location of tailings,
dumps, accumulating tanks and long functioning of
objects of chemical industry (landfill of toxic waste of
OrianaHalev Limited company in particular) The most
pronounced arethe changesin the river ecosystemsof the
region. Theybelong to the Carpathianpart of the Dniester
river and take part in the formation of its runoff. Systematic
control over changesin river water quality indicatorsis an
urgent task of ecological and applied research and a
prerequisite for effective management of the ecological
condition of the entire Dniesterriver basin

The aim is to evaluate the prospects of using morpho-
functional parameters of Elodea canadensisMichx as
bioindication markersfor integrated biological monitoring
of river ecosystemsof the Kalush mining and industrial
area

The object of the research is reactivity and bioindication
perspectiveof morpho-functional parametersof Elodeain
the conditions of saltand organochlorinepollution of river
water in the zone of influence of technogenic objects of
the Kalushmining and industrial areg the subiject is the
characterof changesin the analyzedindicators in space
and for the action of different types of pollutants. The
choice of the test object is causedby its sensitivity to the
influence of aquatictoxicantsand prevalencein nature.
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Figure 1 Thediagram of the main technogenic objects of
the Kalush mining district and catchment areas of the
studiedrivers | —the Limnytsiariver, 2 —the Sivkariver; 3 —
the Sapohivriver.

The samplesof sampling were determined on the rivers
taking into account their distance from the source of
pollution:

Fold 1 — background, at a distance of 500 m fto the
poftential sourceof pollution ;

Fold 2—dlrectly near the sourceof pollution ;
Fold 3—at a distance of 500 m after the source
Fold4 —atft a distanceof 1000 m.

The presented experiment was preceded by chemicat
analytical studies to determine the cationic-anionic
composition, background hydrological indices and
organochlorinecompounds. Theresultsallowed usto state
that the studied rivers can be referred to three quality
classesthe Sivkariver- to the 7th class(extremelypolluted
waters) the Sapohivriver — to the 3rd class(moderately
polluted waters) the Limnytsiariver — to the 2nd class
(clean water). At the same time, chlorides are a priority
factor of the pollution of the Sivkariver, and traces of
hexachlorobenzeneare present in the water of the the
Sapohivriver.
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« Water quality biotesting was performed in artificial

microecosystems of aquarium type (Andrusyak, 2008).

* Intra-tissue concentrations of photosynthetic pigments were
determined photocolorimetrically with pre-extraction with
ethanol by centrifugation.

 The concentration of chlorophyll and carotenoids was

calculated by the Werner-Wettstein formulas (Musienko et al.,
2001).

* The sensitivity of the links of the trophic network of
hydroecosystems was evaluated by the percentage of
inhibition of morphophysiological test traits of aquatic
organisms, which was calculated by the formula:

/= 100 %[(K1x 100 %) K2]

wherel -indexof inhibition of testtraits of aquaticorganismsper
cent} K1 - averagevalue of the test responseof plants in the
controf K2 - averagevalueofthe testresponsefplantsin control

EXAMPLES

The growth and development of Elodea canadensis Michx in
microcosms with water of the studied rivers were evaluated by
the change in the length of the main and lateral shoots, as well
as by the growth of roots. When exposed to water samples of
the Limnytsia and Sivka rivers, no trustworthy difference
between the length of the mam shoot of control and
experimental plants was found (Table 1).

Table 1 Thepercentageof inhibition of vegetativebodiesgrowth
and productivity indexes of Elodea canadensis Michx in
microecosystempercentofthe backgroundvalue
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The Limnytsya river
2 ND 52 90 25 22 ND
3 ND 43 87 13 Yy ND
4 ND 33 75 8 Yy ND
The Sivka river
2 ND 100 100 22 33 ND
3 ND 100 100 11 22 ND
4 ND 70 96 6 17 ND
The Sapohiv river

3 32 100 100 30 45 ND
4 22 73 100 10 39 ND

ND - trustworthy differencein control was not detecteq * - fest
objectdied

Slow appearance of necrotic spots was also found in the water
of the Sivka river. The water of the Sapohiv river has a high
toxicity for the indicated test indicator. It is known that under
favorable environmental conditions, the main shoot of Elodea
forms numerous branches. Violation of the development of
lateral shoots of Elodea canadensis plants was stated. In all the
studied water samples depression of growth of lateral shoots of
the test plants in comparison with the control value was
revealed. The mmimum length of lateral shoots of test plants
was recorded m water samples Fold 1 ofall studied rivers.

The determination of the content of photosynthetic
pigments is informative enough to establish the degree of
harmfulness of pollutants, ways of adaptation of plants to
them, as well as to normalize and predict anthropogenic
load in the conditions of the environment.

From the data shown in Table 2, it is seen that with the
approach to the source of contamination, the number of
photosynthetic pigments decreases in all experimental
variants. The highest percentage of inhibition of
photosynthetic pigments was found in the water of the
Sivka river in Fold 2.

Table 2 The percentage of inhibition of the content of
photosynthetic pigments of Elodea
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The Limnytsya river

2 22 ND 63

3 ND ND 61

4 ND ND 59
The Sivka river

2 33 ND 63

22 ND 58

4 17 ND 29
The Sapohiv river

%) * 100 *

45 ND 81

4 39 ND 49

Against the background of reduced chlorophyll content,
the amount of carotenoids also decreases. Thus, the high
sensitivity of the Elodea pigment complex to water
pollution by industrial pollutants of the Kalush mining and
industrial area was determined.

CONCLUSIONS

Toxic influence of industrial pollutants in the zone of
influence of technogenic objects of the Kalush mining and
industrial area at the biotestor is manifested by the change
of morphometric and physiological and biochemical
indicators. The maximum changes were observed during
exposure to the waters of the Sapohiv river; the minimum
— the Limnytsia river.

The length of roots and lateral shoots of Elodea was
marked by the maximum reactivity, and accordingly by the
bioindication perspective, at the organ level, and at the
molecular level by the intra-tissue concentrations of
carotenoids.

The studied morpho-functional parameters are
recommended for implementation as bioindication
markers of the ecotoxicological state of rivers in the zone
of influence of technogenic objects of the Kalush mining
and industrial area.
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