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POLLUTION OF THE RIVER NYSA LUZYCKA
IN TUROSZOW COAL MINING REGION

PART I. PHYSICOCHEMICAL EVALUATION OF POLLUTANT

The purpose of the paper, being the first part of the larger study, was to apply physicochemical
criteria for the evaluation of the pollution state of the river Nysa Euzycka in Turoszéw coal mining
region. It has been stated that the river examined was heavily polluted along the distance between the
outles of the tributaries Biedrzychoéwka and Witka and that in many cases the pollution degree
exceeded the Polish admissible standards for inland waters. Within the river segment examined
the oxygen contents in the waters were, however, fairly high, which in the case when the measures of
water protection were observed would enable an efficient course of biodegradation. The disturbances
in the cycle of nutrients (phosphorus and nitrogen) occurring in large amounts that have been obser-
ved probably influenced the development of biocenosis. Substantial amounts of suspended matter oc-
curring in the river water exerted probably various disadvantageous effects on the biotope being stu-
died.

1. INTRODUCTION

In view of the intense industrialization of Turoszéw region the problem of surface
waters protection in this area is of a special importance. The main sources of the river
Nysa Luzycka pollution along the distance between the outlets of the rivers Biedrzychowka.
and Witka are [l]:

discharged of polluttants from brown coal strip mine TUROW,

pollution washed out by precipitation from dumps localized in the brown coal mine
TUROW and from the catchment area,

gaseous pollutants diffusing from the atmosphere to surface waters, especially sulphur

* Institute of Environment Protection Engineering, Technical University of Wroctaw, pl. Grun-
waldzki 9, 50-377 Wroclaw, Poland.
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Fig. 1. Schematic map of the investigated area of Turoszéw brown-coal field
® station 2 — sampling stations located on surface affluents, ® station Il — mine-water discharges, 1 _reservoir ““Witka’’, 2 —
«dump, 3 — pumping station , — power station ‘“Turéow”’, @ — power station ‘‘Hirsh>’, 6 — water diversion
Rys. 1. Szkic sytuacyjny objetego badaniami Turoszowskiego Zaglebia Wegla Brunatnego
® stanowisko 2 — punkty pomiarowe na sciekach powierzchniowych, ® — stanowisko IT — zrzuty wod obiektow kopalnianych,
i — zbiornik ,,Witka’’, 2 — halda, 3 — pompowniu,@ - elektrownia ,,Turéw",E_] — elektrownia ,,Hirsh”’, 6 — odprowadzenia
z obiektéw kopalnianych
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and carbon dioxides large amounts of which are produced in brown coal combustion in
power plants within this region.

It should be also emphasized that the pollution state of Nysa fuzycka is directly in-
fluenced by the river Miedzianka loaded with wastewaters from the town of Bogatynia
and cotton industry plants, as well as by the pollutants introduced into the river above
the segment examined, coming especially from Czechoslovakia. Consequently, the water at
Czechoslovakia—-Poland border does not meet the bounding standards [I, 5].

The purpose of the present paper was to determine the pollution conditions of the river
Nysa Fuzycka from the results of physicochemical, bacteriological, and hydrobiological
investigations and from the calculation of saprophytic index. First part of the paper pre-
sents the characteristics of physicochemical background of the environment examined,
that decides upon qualitative and quantitative composition of biocenosis. The direction
and intensity of metabolic transformations of this complex were, in turn, the factor deciding
upon the ability and progress of water selfpurification.

2. MATERIAL AND METHODS

The investigations included a segment of the river Nysa Luzycka (left-bank tributary
of the river Odra) from 191.8 km to 166.4 km of its course. The sample were taken in one-
-month intervals during one year. The investigations were started in September 1976 and
ended in August 1977.

3. CHARACTERISTICS OF THE SAMPLING STATIONS

Nine sampling stations have been distributed along the examined segment of the river
at its characteristic points, thus above and below the estuaries of the rivers Biedrzychowka,
Miedzianka, and Witka, as well as the runoff of mine waters (fig. 1).

4, PHYSICOCHEMICAL EXAMINATIONS

A full physicochemical analysis of water samples has been performed according to the
methods given by HERMANOWICZ et al. [2]. In the present paper the most characteristic para-
meters, i.e. temperature, dissolved oxygen content, iron, sulphates and suspended matter
contents, as well as the amounts of nutrients (inorganic and organic nitrogen and phospha-
tes) have been assumed.

4 — EPE 3/83
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5. RESULTS OF INVESTIGATIONS

Variations in water temperature, amounts of oxygen dissolved and nutrients in the river
Nysa Fuzycka waters occurring in the separate months of the one-year cycle are presented
in figs. 2-12. Within the segment examined the water of the river Nysa fuzycka showed
seasonal temperature variations, ranging from 3°C in January 1977 (fig. 5) to 21°C in
June and July 1977 (figs. 10 and 11) [6] and typical of the Polish rivers. In April 1977 within
the whole segment examined one observed a substantial drop in the temperature of water
(fig. 8) with respect to the previous month (fig. 7), which was followed by its rapid increase
in May (fig. 9).
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Fig. 2. Variations in water temperature, quantities of dissolved oxygen and nutrients in the waters
of Nysa Luzycka in September 1976
® — temperature, [ — dissolved oxygen, A — phosphates, 0 — organic nitrogen, x — mineral nitrogen
Rys. 2. Zmiany temperatury wody, ilosci rozpuszczonego tlenu i pierwiastkow biogennych w wodach
Nysy Luzyckiej we wrzesniu 1976 r.
@ — temperatura, l — tlen rozpuszczony, A — fosforany, o — azot organiczny, x — azot mineralny
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During the whole period of examinations it was observed that the temperature of the
river Nysa Luzycka increased due to warmer waters of the river Miedzianka and of waters
coming from the pumping station and from the so-called ,,Szybik’” (small shaft). Only in
February 1977 (fig. 8) temperature of the river Miedzianka waters was lower than that of
the river Nysa fuzycka.

Oxygen conditions in the water of Nysa Luzycka were, in general, good. The amount of
oxygen dissolved in water varied from 5.6 mg O,/dm? in June 1977 (fig. 10) to 19.8 mg O,/
dm?3 in January 1977 (fig. 5). It has been observed that the waters coming from the pumping
station Turdw I exert an advantageous effect on oxygen conditions in the river Nysa fuzyc-
ka, whereas the river Miedzianka waters caused the decrease of dissolved oxygen, because
of the increasing temperature as well as due to the high amounts of non-biodegraded organ-
ic pollutants.
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Fig. 3. Variations in water temperature, quantities of dissolved oxygen and nutrients in the waters
of Nysa Fuzycka in October 1976

For explanations see fig. 2
Rys. 3. Zmiany temperatury wody, ilosci rozpuszczonego tlenu i pierwiastkéw biogennych w wodach
Nysy Fuzyckiej w pazdzierniku 1976 r.
Objasnienia jak na rys. 2
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During the whole period of investigations the amounts of suspended matter varied from
trace to 2158 mg/dm? along the river segment examined (tab. 1). In Nysa Euzycka the
admissible amounts of suspended matter for I and II classes of water purity [5] occurred
only sporadically, generally exceeding the standards. Enormous amounts of suspended
matter were introduced by the river Miedzianka. The amount of suspended matter obser-
ved in June 1977 at the outlet of the river Miedzianka to Nysa Luzycka (station 19) amoun-
ting to 4666 mg/dm? (tab. 1) is a drastic example.

The quantities of total iron in the river Nysa Luzycka waters at station 6 varied from
trace to 3.3 mg Fe/dm? in February 1977 (tab. 2). Substantial quantities of iron occurred
in November 1976 and February, March, June, and July 1977. In the remaining months
the amounts of iron ranged within the values admissible for I class of water purity [5]

(tab. 2). The quantities of sulphates within this same period ranged from 45 to 312 mg
SO,/dm3 (tab. 3).
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Fig. 4. Variations in water temperature, quantities of dissolved oxygen and nutrients in the waters
of Nysa Luzycka in November 1976

For explanations see fig, 2
Rys. 4. Zmiany temperatury wody, ilosci rozpuszczonego tlenu i pierwiastkdw biogennych w wodach
Nysy fuzyckiej w listopadzie 1976 r.
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In general, it should be stated that the quantities of sulphates were not large, being
higher only in February and June 1977 (tab. 3). The quantities exceeding the standards
admitted for inland waters were stated only at the station 21 in June 1977, thus below
the outlet of the river Miedzianka. During the whole period of investigations there occurred
elevated quantities of sulphates in waters coming from pumping station of Turéw I (tab. 3)
which, however, had not any influence on the change of this parameter in the water exa-
mined.

As far as the biocenosis and water protection problems are concerned, the quantities
of nutrients (nitrogen and phosphorus) are of a great importance.

The amounts of phosphorus in the river Nysa Luzycka waters varied from 0 to 3.75 mg
PO,/dm3. Large quantities of phosphates were observed especially along the distance bet-
ween the stations 3 and 20. In most months the quantities of phosphates exceeded the
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Fig. 5. Variations in water temperature, quantities of dissolved oxygen and nutrients in the waters
of Nysa Fuzycka in January 1977

For explanations see fig. 2
Rys. 5. Zmiany temperatury wody, ilosci rozpuszczonego tlenu i pierwiastkow biogennych w wodach
’ Nysy Euzyckiej w styczniu 1977 r.
Objasnienia jak na rys. 2




Suspended matter (mg/dm?) in water of the river Nysa Euzycka and its affluents at the sampling station
(X 1976-VIII 1977) .
Tlos¢ zawiesin (w mg/dm3) w wodzie Nysy Luzyckiej i ciekow uchodzacych do niej na stanowiskach
badawczych w cyklu rocznym (IX 1976-VIII 1977)

Term of sampling

Sampling
station
211X 76 28X 76 30XI76 12177 211177 23 111 77 201V 77 25V 77 15VI 77 12 VII 77 24 VII 77
3 92 . 10 173 40 82 45 91 trace 132 70 79
2 47 trace trace 40 — = — — — — =
.4 175 trace 202 69 620 82 104 437 108 60 82
5) 46 ~ trace 151 112 10 . 28 343 trace 101 68 50
1t 9 . - 40 51 92 241 108 928 127 51 139 65
6 58 . 14 172 154 101 135 343 104 152 99 74
7 54 207 415 - 60 S = 60 103 trace 36
11 — = 29 — — —~ . -~ = = — -
8. — — 121 — — 88 trace — = = —
20 50 - 23 1 82 353 39 trace 235 trace trace 102
19 1002 - 179 254 1071 1273 58 43 trace 4666 836 172
21 1211 199 353 1495 899 115 146 116 2158 262 140
24 — trace — trace — 93 — 0 — 0 =
26 — —

trace I 71 T ) 38 : — 208 — trace



Concentrations of iron (mg Fe/dm?) in water of the river Nysa Euzycka and its affluents at the sampling
station (IX 1976-VIII 1977)
Tl0§¢ zelaza (mg Fe/dm?) w wodzie Nysy Luzyckiej i ciekow uchodzacych do niej na stanowiskach badaw-

czych w cyklu rocznym (IX 1976-VIIL 1977)

Table 2

25 V71 15 VI 71

Sampling Term of sampling
station o
201X 76 28X 76 30XI76 12177 211177 23 1II 77 20 1V 77
3 0.31 0.04 1.7 0.32 0.52 0.72 0.32 0.6
2 0.56 0.46 2.3 1.5 — — = —
4 0.11 0.2 2.3 0.32 0.72 0.36 0.32 0.6
S 0.08 0.04 0.9 0.32 0.72 1.92 0.32 0.6
1I 0.11 trace 0 0.54 1.12 4.12 0.02 1.56
6 0.08 0.04 1.7 0.34 33 0.84 0.32 0.6
7 0.4 0.04 1.9 — 1.12 — — 1.0
III — = 4.6 — — — — —
8 — — 1.7 — — 13.6 0.72 —
20 0.09 0.03 1.7 0.32 1.48 1.48 0.32 1.56
19 0.33 0.01 0.15 0.94 0.62 1.92 1.6 0.6
21 0.15 0.02 0.96 0.94 1.24 1.8 1.03 1.0
24 — 0.03 — 0.16 — 0.24 — 0.9
26 — 0.01 — 0.38 — 0.36 — 0.9

0.9
0.9
0.9
0.9
0.9
0.6

1.4
2.6
2.6

12

VIII 77 27 VII 77

3.2
0.92
0.92
0.5
0.72
0.92

0.9
1.4
1.25
0.16
0.92

1.0
0.5
0.45
0.25
0.6
0.8

0.4
0.7
0.7
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admissible ones for inland waters (figs. 1-3, 5, 9, 11) [5]. Elevated quantities of phosphates
occurred also in November 1976 (fig. 4). In the remaining months their amounts did not
exceed the standards for II class of water purity [5] except for the station 6 in August 1977
(1.19 mg PO,/dm?).

No elevated quantities of inorganic nitrogen were observed during the whole period
of investigations. Only in October 1976 increased amounts of ammonium nitrogen (5 mg
NH,/dm?) belonging to inorganic nitrogen were stated at the stations 3-4. Whereas till
November 1976 ammonium nitrogen was the chief constituent of inorganic nitrogen, then
starting with January 1977 up to the end of experiments nitrate nitrogen prevailed quanti-
tatively [3]. The quantities of organic nitrogen varied in a different way, being characteristic
of the III class of water purity [5] during the whole period of investigations and exceeding
the standards for inland waters [5] in November 1976 at station 4 (fig. 4), in January 1977
at the station 26 (fig. 5), and in March 1977 at the station 20 (fig. 7), thus proving that
the waters of the river Nysa Euzycka are substantially polluted with organic compounds.
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Fig. 6. Variations in water temperature, quantities of dissolved oxygen and nutrients in the waters
of Nysa Luzycka in February 1977
For explanations see fig. 2
Rys. 6. Zmiany temperatury wody, ilosci rozpuszczonego tlenu i pierwiastk Ow biogennych w wodach
Nysy Luzyckiej w lutym 1977 r.
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Table 3
Contents of sulphates (mg SO,/dm?3) in water of the river Nysa Luzycka and its affluents at the sampling
stations (IX 1976-VIII 1977)
Tlo¢ siarczanow (mg SO./dm?) w wodzie Nysy Euzyckiej i ciekéw uchodzacych do niej na stanowiskach
badawczych w cyklu rocznym (IX 1976-1X 1977)
Sampling Term ‘of sampling
steton IX76 28X 76 30XL76 12177 20177 231077 201IV77 25V 77 15VI77 12 VIL77 24 VUL 77
3 65 65 83 75 117 75 91 91 90 95 T
2 58 45 96 66 — — — — — — —
4 5 67 73 51 202 72 75 49 90 85 77
5 53 58 70 66 174 51 54 90 48 49 75
1I 263 220 443 244 290 253 287 227 276 276 465
6 67 106 116 70 200 136 54 92. 135 67 98
7 75 79 83 — 120 — — 50 71 93 75
11T — — 82 — — — — - — — —
8 - — 121 - — 88 trace — — — —
20 80 80 204 128 170 83 100 182 91 108 137
19 170 107 228 165 165 87 104 91 272 111 136
21 160 105 204 157 159 149 104 138 312 100 193
24 — 39 — 50 — 50 — 45 — 60 —
26 — 86 - 87 = 75 == 91 — 87 —
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6. SUMMARY

The performed physicochemical analyses allow us to state that the river Nysa Fuzycka
‘waters show seasonal temperature variations, typical of polish rivers [6]. The somewhat
warmer water of the river Miedzianka caused a local increase of the temperature of the water
in the river Nysa Luzycka by 2-3°C. During the whole cycle of investigations oxygen
-conditions in the examined river waters were good. An advantageous influence being exerted
by the waters from Turéw I pumping station.

It seems that large amounts of suspended matter observed during investigations had
a diversified effect of the biotop examined. They, among others, inhibited the penetration
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Fig. 7. Variations in water temperature, quantities of dissolved oxygen and nutrients in the waters
of Nysa Fuzycka in March 1977

For explanations see fig. 2
Rys. 7. Zmiany temperatury wody, ilosci rozpuszczonego tlenu i pierwiastkéw biogennych w wodach

Nysy Luzyckiej w marcu 1977 r.
Objasnienia jak na rys. 2
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of light what might reduce the development of algae and other aquaeous plants. Their
influence on the changes in heat circulation is also essential. It is known that the sediments
coming from coal mines are deposited on the bottom, thus making impossible the develop-
ment of benthos.

Substantial amounts of iron occurring periodically most probably came from mine wa-
ters. Tt is known that excess of this element is undesirable because of economic reasons [2],
but small amounts of iron are, however, of a great importance for production of some
enzymes in bacteria, plants, and animals.

During the whole investigation cycle sulphates did not occurr in amounts which would
be significant for water protection. Larger amounts of these compounds appearing spora-
dically came probably from mine waters. The fact, that sulphates result from transforma-
tions of hydrogen sulphide and sulphites (reduced forms of sulphur), as well as from sulphur
dioxide diffusing into water, is also not meaningless in this respect.
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Fig. 8. Variations in water temperature, quantities of dissolved oxygen and nutrients in the waters
of Nysa FEuzycka in April. 1977
For explanations see fig. 2
Rys. 8. Zmiany temperatury wody, ilosci rozpuszczonego tlenu i pierwiastkoéw biogennych w wodach
Nysy Buzyckiej w kwietniu 1977 r. o
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A much important problem is the concentration of nutrients in water [4]. During the
whole investigation period variations in the amounts of phosphates in the river Nysa Luzyc-
ka water have been observed.

Under normal conditions phosphorus contents decrease in spring and summer, being
utilized by plants, and increase in autumn and winter. Such a regularity has not been found
in the river Nysa Luzycka waters. Substantial amounts of phosphates occurring periodically
came most probably from municipal sewage. The amounts of phosphorus discharged is
a limiting factor for the biological production and its content may influence the qualitative
composition of algae. During the whole investigation cycle large amounts of nitrogen, chiefly
organic ones, have also been stated. Like in the case of phosphates, the natural cycle of
transformations of nitrogen compounds was disturbed. No increase of inorganic nitrogen
at the cost of organic nitrogen was observed. Large amounts of organic nitrogen, occurring
in almost entire investigation cycle, came most probably, directly from the effluents of
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Fig. 9. Variations in water temperature, quantities of dissolved oxygen and nutrients in the waters
of Nysa Euzycka in May 1977

} For explanations see fig. 2
Rys. 9. Zmiany temperatury wody, ilosci rozpuszczonego tlenu i pierwiastkow biogennych w wodach

Nysy Luzyckiej w maju 1977 r.
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municipal sewage and industrial wastewaters, and in a less degree from the deadened parts
of plants and animals. Disturbance in the transformation cycle of nutrients influences the
development of biocenosis giving the evidence to its irregular functioning which conse-
quently disturbes the selfpurification process.

Summing up, in view of the investigations performed, it should be stated that along the
segment investigated the river Nysa Luzycka waters were strongly polluted and that in many
cases they did not meet the standards assumed for inland waters [5] due to the excess of
suspended matter and phosphates. The remaining parameters ranged within the values ad-
missible for II and III classes of water purity.
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Fig. 10. Variations in water temperature, quantities of dissolved oxygen and nutrients in the waters
of Nysa Euzycka in June 1977
For explanations see fig. 2
Rys. 10. Zmiany temperatury wody, iloéci rozpuszczonego tlenu i pierwiastkow biogennych w wodach
Nysy Euzyckiej w czerwecu 1977 r.
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The performed assessment of the Nysa Fuzycka water pollution, based on physico-
chemical criteria, is the background against which the biocenosis of the river and changes
in its ecological conditions can be determined.

7. CONCLUSIONS

1. The carried out physicochemical examinations of the Nysa Fuzycka have shown that
along the segment investigated its waters were strongly polluted exceeding in many cases
the admissible standards for inland waters [3].
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Fig. 11. Variations in water temperature, quantities of dissolved oxygen and nutrients in the waters
of Nysa Luzycka in July 1977
For explanations see fig. 2
Rys. 11. Zmiany temperatury wody, iloici rozpuszczonego tlenu i pierwiastkow biogennych w wodach
Nysy Yuzyckiej w lipcu 1977 r.
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2. Good oxygen conditions along the segment examined would enable an efficient course:
of biodegradation, providing that the measures of water protection are observed.

3. Some disturbances have been observed in cycles of nitrogen and phosphorous..
These nutrients occurring in large amounts have probably a deciding effect on the develop-
ment of biocenosis and, consequently, on selfpurification process.

4. Substantial amounts of suspended matter, stated in investigations, exerted probably
a diversified and disadvantageous effect on the biotope being investigated.

5. Large amounts of iron occurring periodically in water along the examined segment
of the river Nysa Luzycka came from mine water.

6. No significant, from the viewpoint of water protection, quantities of sulphates have:
been observed in the river Nysa Luzycka water.
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Fig. 12. Variations in water temperature, quantities of dissolved oxygen and nutrients in the waters
of Nysa Euzycka in August 1977
For explanations see fig. 2
Rys. 12. Zmiany temperatury wody, iloéci rozpuszczonego tlenu i pierwiastkow biogennych w wodach
Nysy Euzyckiej w sierpniu 1977 r.
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STAN ZANIECZYSZCZENIA NYSY LUZYCKIEJ] W REGIONIE TUROSZOWSKIM
CZESC 1. OCENA FIZYCZNO-CHEMICZNA

Celem pracy bylo okreslenie stanu zanieczyszczenia Nysy EFuzyckiej na podstawie wynikow badan
“fizyczno-chemicznych. Stwierdzono, ze Nysa Euzycka na odcinku od ujscia Biedrzychowki do ujscia Witki
byla silnie zanieczyszczona i ze czgsto normy dopuszczalnych zanieczyszczenn wod $rodladowych byty
przekroczone. Na badanym odcinku rzeki wody byly jednak do$¢ dobrze natlenione, co umozliwialoby
sprawny przebieg proceséw biologicznego rozktadu pod warunkiem zachowania dyscypliny ochrony waod.
Zaobserwowano zaklocenia w obiegu pierwiastkow biogennych, azotu i fosforu, ktore wystepuja w znacz-
nych ilo$ciach, co zapewne mialo decydujacy wptyw na ksztalttowanie sie biocenozy. Duze ilosci zawiesin
w wodzie Nysy Euzyckiej wywieraly wieloraki, niekorzystny wplyw na badany biotop.

DIE VERSCHMUTZUNG DER LAUSITZER NEISSE IM REGION VON TUROSZOW
TEIL I. BEURTEILUNG DES PHYSIKALISCH-CHEMISCHEN VERSCHMUTZUNG

Ziel der Arbeit war die Beurteilung der physikalisch-chemischen Verschmutzung der Lausitzer NeiBe.
Auf dem Abschnitt zwischen der Biedrzychéwka-Miindung und der Witka-Miindung ist der FluB dusserst
stark verschmutzt. In zahlreichen Fillen werden die Grenzwerte der Verschmutzungen, die fiir Ober-
flachengewasser festgelegt wurden, weit iiberschritten. Auf dem untersuchten FluBabschnitt wies zugleich
das Wasser einen hohen Sauerstoffgehalt, auf der — bei Einhaltung einer entsprechenden Disziplin des
Gewisserschutzes — den Selbstreinigungsvorgang fordern kann. Beobachtet wurde eine Storung des
Kreislaufs der biogenen Substanzen — des Stickstoffs und des Phosphors, die in betrichtlichen Konzen-
trationen vorkommen. Das spielt eine ausschlaggebende Rolle bei der Entwicklung einer spezifischen
Biozonose. Hohe Suspensionskonzentrationen {iben einen vielseitigen, ungiinstigen EinfluB auf den unter-
suchten Biotop.

COCTOSHUE 3ATPASHEHUS B HBICE JIVXKUIIKOM B TYPOIIOBCKOM PAVIOHE
YACTb. 1. ®MBUKO-XNUMHNYECKAS OLIEHKA COCTOSHUS 3ATPS3HEHUS

II>1510 paboTsl G5110 Omperenenae CocTosHAA 3arpsa3aennst Heicel JIyKHIKOH HA OCHOBE pe3yib-
TaToB (P3MKO-XAMHYECKAX HCClenoBaHmit. OTMedyeHo, yto Heica JIyxnnka Ha yd4acTtke oT ycres be-
OKHXYBKM O YCTbsl BATKH ObLia CHIBHO 3arpsi3HeHa. Bo MHOTHX CIydasx HOPMEIL JOIYyCKaeMbIX 3arpsi3-
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HEHMil BHYTPEHHUX BOX ObLIH IpeBhImIeHsl. OMTHAKO HAa UCCIEAYEMOM Y1aCTKe PEKH BOIbBL OBUTH JOBOJIBHO
XOpOLIO HACHIIIEHHEIMH KHCIOPOIOM, YTO CHOCOOCTBOBATIO GBI COOTBETCTBYIOIIEMY NPOTEKAHHIO MPO-
LEeCCOB GHOXMMIYECKOTO PA3IOKeHHsI IPA YCIOBHM COOIOAEHHs AMCLUIIAHBI OXPAaHBI BOJHBIX Oacceii-
HOB. BTy 3aMedeHbl HAPYLICHHS B IUPKY/IAAE OHOTEHHBIX 3JIEMEHTOB — a30Ta M (ocdopa, KOTOpbIe
BBICTYMAIOT B 3HAYATENBHBIX KOIMYECTBAX, YTO, HECOMHEHHO, MMEIO pellalollce BIMIHUE HA dbopmu-
poBaHue GHOLEH03a. BosbuIe KoaniecTsa cycnensuit B Bofe Hbicol JIyKHALKOH OKa3bIBATH MHOroo6pas-
HOe BIMSHHE HAa MCCIeLyeMblil OGHOTOI.
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