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ABSTRACT

The aim of this non-radiological research was to determine the influence of uranium mine Zirovaki vrh
(Stoveniny with two dumps of tailings on the macrozoobenthic communities of four streams in the environs.
The mine has not been closed yet, but there has been no mining and processing since 1990, and the research
was carried out four years later. The quantity of some non-metal oxides and heavy metals in water exceeded
the acceptable maxima levels for the second quality class, and concentrations of metals were approsching
toxic concentrations in the stream under the mine. The density of macrozochenthic organisms decreased, the
number of taxa was reduced, some orders vanished completely. Some kilometres downsiream the quakity of
the stream improved. Our rescarch shows very clearly that the uranium mine has been still influencing the
biocenoses of streams, but only in the nearest environs. ©@ 1998 IAWQ. Published by Elsevier Science Lid
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INTRODUCTION

Unpolluted freshwater ecosystems support a diverse and balanced flora and fauna, with all trophic levels
proportionally represented. In polluted ecosystems, some taxa may be uniformly depressed or unbalanced
with some species eliminated and other ones dominant. This is the case in the environs of the only uranium
mine in Slovenia. The uranium mine with two dumps of tailings is located in the mountains on the side of
the hill Zirovski vrh (440 m above sea-level), about 30 km west of the capital Ljubljana. The mine has not
been closed yet, but there has been no mining and processing since July 1990, dnd the rescarch was carried
out four years later. In the environs there are four streams, three of them receiving wasie waters from the
dumps and/or from the mine's effluent directly. Both dumps of tailings are !y_mg on slopes and there is g
possibility that 'immobilised’ material is washed into the streams during rains and presenls a potential
hazard to water quality.

METHODS

Non-radiological physical and chemical analyses of water (Standard Mc-thogs’qui:x :::iv:n:l:lses of

macrozoobenthos were performed. The sampling sites (Map 1) were chosen in ¢ c'r};dmﬁcica were n under

the polluted effluents, except in the brook Jazbec. The brook Jazbec and the nver receivin g
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waste waters from the dumps. Both streams are tributaries of the river Brebovicica. The latter, which flows

into the river Poljancica, was receiving waste waters also directly from the dump Jazbec and from the
mine's effluent.

Quantitative sampling of macrozoobenthos on stony subsirata was used (ISO 8265:1988; ISO 5667/3-1994).
Taxa determination (Schoenemund, 1930; Illies, 1955; Aubert, 1959; Bole, 1969; JeZek et al., 1980;
Quigley, 1980; Tachet et al., 1984; Kerovec, 1986), density of organisms, abundance, saprobic and Wilhm-
Dorris diversity indices and Kothé index for taxa-deficit were performed (Zelinka and Marvan, 1961;
Sladecek, 1973; Wegl, 1983; Besch, 1984; Margreiter-Kownacka et al., 1984). Because of the determination
of higher taxa as species, the diversity indices could have lower values. The streams were classified into
corresponding quality classes according to the Slovenian legislation (Official gazette, 1978a, b), considering
Sladecek's system supplemented with cited biological indices (Sladecek, 1973; Besch, 1984).

In the class Oligochaeta each chain represented one organism. For taxa of the family Chironomidae, and for
the subfamilies Chironominae, Diamesinae, and Orthocladiinae the saprobic values and the indicative
weights were counted as the averages of the values for their subfamilies or tribes (Margreiter-Kownacka et
al., 1984).

Poljaniica

# Dump of tailings
X Sampling site
R Uranium mine

Map 1. The location of the uranium mine Zirovski vrh in Slovenia and the streams with the sampling sites in the
environs of the mine.

All streams in the environs of the uranium mine are swift, well-aerated, with stony beds, except the brook
Jazbec on the dump and under it, where the brook is in a man-made channel. Temperatures were between
11°C and 15°C. There were higher concentrations of chlorides, nitrates, sulphates, and heavy metals, like
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cadmium, strontium, and/or lead in the water under both dumps and mine on the sampling sites T2 and B2
(Table 1),

Table 1. Physical and chemical analyses of water from the streams Jazbec (§2), Todra3cica (T1, T2),
Brebovicica (B1, B2, B3), and Poljanicica (P1, P2), in the environs of the uranium mine Zirovski vrh
(Slovenia), August 1994

Stream: Jazbeo Todra¥¥ica Brebovitica Poljaniica
Sampling site: J2 Ti T2 B1 B2 B3 Pl P2
T.'C 139 i1.6 14.2 13.6 123 12.5 14.8 145
0,, %oftheoretical 103 92.8 98.4 98.3 96.3 93.8 99.6 100
saturation

pH 8.1 8.2 84 8.2 8.2 8.2 8.5 8.5
Conductivity, pS/cm 1093 387 365 231 240 257 305 305
CODy, mg/! 8 2 2 3 4 3 10 8
BODs, mg/l 1 1 1 1 2 2 3 5
Suspended solids, mg/! 3 7 3 5 3 3 5 3
Dissolved subs., mg/l 835 188 192 13 149 119 154 141
K, mg/l 8.7 04 0.7 05 0.7 0.8 0.8 0.8
Na, mg/l 25.0 0.7 34 1.3 25 2.5 1.7 1.7
NH,'-N,mg/l 0.20 0.05 0.06 0.08 0.06 0.06 0.08 0.06
Ca, mg/l 131 4.4 43,1 26.0 286 31.0 39.3 39.5
Mg.mg/l 49.2 24.7 20.5 10.8 11.0 123 15.8 15.4
C1,mg/l 311 1.0 56 1.1 23 2.8 1.8 1.7
NO,-N,mg/l <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
NO4-N, mg/l 15.2 04 i.0 06 1.2 1.3 0.3 1.0
HCOy , mg/t 121 257 210 133 124 139 186 186
50,5, mgh 406 4.0 18.5 6.2 16.6 16.8 14.5 14.)
As,mgft <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
AL mg/t <0.1 0.14 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Cu,mg/l 0.002 0.003 0.001 0.002 0.003 0.016 0.004 0.004
Ba,mg/l 0.05 0.04 0.03 0.07 0.07 0.06 0.003 0.003
Zn,mg/l 0.01 0.02 0.01 0.01 0.03 0.17 0.02 0.03
Cd, mg/t 0.0003  <0.0001 0.0003 00005 <0.0001 <0.0001 <0.0001 <0.0001
Co,mg/l <0.03 <0.03 <0.03 <0.03 <0.03 «0.03 «0.03 <0.03
Cr,mg/l 0.005 0.004 <0.001 0.004 0.012 0.014 0.016 0.007
Mn, mg/l <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Mo, mg/l <0.03 <0.03 <0,03 <0.03 <0.03 <0.03 <0.03 <0.03
Ni,mg/ <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Si,mg/l 33 1.3 16 2.1 1.9 2.0 1.6 1.6
Sr,mgft 0.76 0.03 0.07 0.04 0.10 0.09 0.13 0.13
Pb, mg/l 047 0.04 0.06 <0.001 <0.001 0.04 0.04 0.03
V,mgfl <0.03 <0.03 <0.03 <003 <0.03 0,03 <0,03 <0.03
Fe,mg/l 0.08 0.04 0.03 0.05 0.04 0.05 0.08 0.04
Hardness, mg CaCO;3 /1

carbonate 8.9 205.3 160.7 98.2 91.0 103.5 142.8 141.0
noncarbonate 521.2 7.1 303 10.7 25.0 25.0 19.6 19.6
Quality class - water IV. L 1L 1 L il . 1L

*Valuesthat exceed maximum allowable concentrations of dangerous substances in surface waters forsecond
quality class (Official gazette, 1978 b)are underlined.

Th k Jazbec

Water was hard in the brook Jazbec (Table 1) (Hsli, 1986). The carbonate hardness was low, the
noncarbonate hardness was high due to concentrations of chlorides, suiphates, and nitrates. The
concentration of the latter classified the brook in the fourth quality class. The concentration of lead exceeded
the value permitted for the second quality class.

In the brook, there were twenty different taxa (Table 2), due to sampling of animals in different habitats,
lotic and lentic. Also the density of organisms was not low. The family Chironomidae (53.1%) were
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prevailing and the mayflies (Ephemeroptera) with genus Baetis (32.8%) were abundant in the brook Jazbec
(Table 2). Obviously adapted species of the macrozoobenthos were present which supported the high
concentrations of some substances. The dominant genus of the subfamily Tanypodinae Macropelopia was
present only on this sampling site. The saprobic and diversity indices showed better quality class than
chemical analyses of water (Table 3).

The river Todrascica

In the river Todralcica the sampling sites were differently exposed to the sun: the upper sampling site was in
forested location, the Jowcer one was sunny. There were also higher concentrations of chlorides, nitrates,
sulphates, and heavy metals (Cd, Sr, Pb) in the water under the dump (Table 1). Only the concentration of
lead exceeded the value permitted for the second quality class.

In the upper sampling site the Amphipoda with the species Gammarus fossarum prevailed (51.9%), beetles
{Coleoptera) and may flics (Ephemeroptera) with genus Baetis were abundant. The insects constitute only
45% of the total fauna.

In the lower sampling site the species Gammarus fossarum vanished. Its disappearance could be due to the
exposition to the sun and/or to higher concentration of lead in water. The crustaceans are the most sensitive
among freshwater invertebrates, especially for lead, and synergistic effects with temperature may occur
(Moore and Ramamoorthy, 1983; Mance, {987). The insect larvac wcre present. Among freshwater
invertebrates they are least affected by heavy metals. The stoneflies (Plecoptera) with genus Leuctra
(51.1%) prevailed, the Ephemeroptera with genus Paraleptophlebia and the family Chironomidae were
abundant.

Both the density of organisms and the number of taxa increased in comparison with the upper sampling site.
The Insecta percentage was higher twice with regard to the total fauna, Contradictory to chemical analyses
(Table 1) the saprobic and diversity indices showed better quality class (Table 3).

The river Brebovigica

There was soft water in the river Brebovicica (Table 1) (Holl, 1986). In soft, poorly buffered water rapid
change in pH may occur, which can, in turn, do harm to many organisms. In the water under the mine there
were higher concentrations of chlorides, nitrates, sulphates and heavy metals, Some kilometres downstream
of the mine the concentrations of zine, lead, and copper increased due to the effluents from populated region.
The river was still classified in the second quality class.

In the sampling site above the mine the Plecoptera with genus Leuctra, the Ephemeroptera with genus
Buetis, the Coleoptera, and the Chironomidae were abundant. The insect faunas constituted 92% of
macrozoobenthos.

Under the mine number of taxa was reduced from 33 to 7, the density of organisms decreased 16 times.
Some complete main taxa, like the orders Plecoptera and Ephemeroptera and the family Chironomidae,
which were all abundant above the effluents, vanished. Between first two sampling sites, taxa-deficit
according to the Kothé index was high. almost 79%. It is a question, which quality class does it mean. The
Wilhm-Dorris diversity index revealed worse biological quality also, but the saprobic index did not reflect
the bad situation. With only chemical analyses of water and saprobiclogical analyses of macrozoobenthos,
which are prescribed by Slovenian legislation, we would not detect the damaged zoocenoses and really
worse quality class of the river Brebovicica,
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Table 2. Abundance of taxa of macrozoobenthos in the streams in the environs of the uranium mine Zirovski
vrh (Slovenia), August 1994

Stream: Jazbec Todraslica BrebovEica Poljan¥ica

Sampling site: 32 Ti T2 Bl B2 B3 P1 P2

Taxa Abundance/%

Hydra 0.2 02

Turbellaria 08

Lumbricidae 02

Qligochaeta, 2 taxa 3.7 2.5 1.5 2.8 219 7.0 2.1

Ancylus fluviatilis 0.1 0.6

Physaacuts 0.1

Gastropoda, n.det. 0.1

Gemmarus fossarunt 2.7 51.9 0.1 2.7

Hydracarina 0.3 1.5 6.7 1.1 06 0.9 i
Leuctra 0.2 2.5 511 4.5 319 487 44.7
Amphinemurz 04 1.4 0.2 02 '
Protonemura 0.2 0.1 0.1 5
Nemoura 22 ‘
Dinocras 0.1

Perla 0.7

Perlodidae 03

Plecoptera, 1.sp., n.det. 02 0.6 13 2.7 1.1

Ephemera 0.2

Ephemerella, 2taxa, 33 L3 35 83 7.3

Baetls 32.8 106 34 6.5 266 7.3 30.1
Habrophicbia 02

Paraleptophlebia 04 114 8.2 22 0.6

Ecdyonurus 0.1 0.4 0.2

Epeorus 0.1 0.2

Heptagenia 0.1 0.5 0.4 1.1 0.2 0.5

Rhithrogena 0.1 0.1

Heptageniidae, n.det. 0.6

Ephemera 23

Ephemeroptera, n.det. 0.3

Corixidae 1.1

Hydropsychae 11 0.9 ~ 3.1

Hydropsychidae, n.det. 0.8 02
Limnephilidae : 0.4 02
Philopotamidae 0.1 : .
Polycentropodidae 04 - 0.2 ‘;
Rhyacophilidae 0.7 : 2.9 o
Sericostomatidae 0.4 0.9

Trichoptera, 3.taxa 0.4 0.4 0.1 04 04 0.5

Elmidae, 3.taxa 1.4 14.3 7.3 180 50.5 1.5 73 2.1

Coleoptera, ad., 2 taxa 0.7 37 19 6.3 29 22 02 0.9

Tipulidae 2.0 5.4

Simuliidae 0.2 0.4 0.1 0.4 29 1.6

Atherix marginata 1.0 0.5 1.3 12.4 0.7 0.2

Ceratopogonidae 0.3 0.1

Empididae 0.2

Limoniidae, 2 taxa 0.2 0.1 04 0.2 0.7 02 0.7
Stratiomyidae 02
Tanypodinae, 2taxa 26.7 0.4 42 3.6 4.1 4.6 1.6

Chironomini 52 2.1 42 4.0 0.4 1.3 0.5

Tanytarsini 13.8 0.1 14 1.5 22 1.9 0.7 ‘
Orthocladiinae+Diamesinae, 3.taxa 52 L2 1.0 5.6 8.6 2.7 2.1 !
Chironomidae, n.det. 2 13 2.1 22 2.1 21

Diptera, 1.sp., n.det. 0.2 0.1 9 0.2 05
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Table 3. Biological analises of macrozoobenthic communities and quality classes of the streams in the
environs of the uranium mine Zirovski vrh {Slovenia), August 1994

Stream: Jazbec Todradfica Breboviica PoljaniZica
Sampling site: J2 T1 T2 B1 B2 B3 Pl P2
Numberof organisms/m” 897 1789 3885 1690 105 896 1221 1060
Numberoftaxa 20 24 30 33 1 25 24 21
Kothéindex - - . 0 188 - - -
Saprobicindex 2.0 1.7 1.5 1.6 1.9 1.5 1.5 1.5
Saprobiclevel B o-f o-p o-p p o-B o-f o-p
Wilhm-Dorris diversity index i1 2.6 2.9 38 23 3.2 3.0 2.5
Saprobiclevel ° B-a B-(@) o fa o o B-(a)
Quality class -macrozoobenthos 11 iL L-IL L-IL 1L L-L LI 1L
Quality class - water IV, L 1L L 1 11 11, 1L
Quality class V. i 1L -0 IL T In. I,

{macrozoocbenthos + water)

*Valuesthat represent thecritical situation of macrozoobenthic communities are underlined.

From the biological point of view, some kilometres downstream the river quality improved, but it did not
reach the quality of the first sampling site. Taxa of the Plecoptera, Ephemeroptera, and Chironomidae
appeared again. The improvement was due not only to self-purification but also to small flows of polluted
effluents and relatively great flows of other tributaries, including the river Todraicica,

he rive janScica

The river Brebovicica did not have any effect on the river Poljan§cica under their confluence in the time of
our research. On sampling sites Leuctra (Plecoptera) prevailed. The number of taxa, density of organisms,
saprobic and diversity indices indicated the second quality class for the river Poljanicica. But it was
classified into the third quality class due to organic poliution (BODs) with domestic and agricultural waste
waters from the populated region.

CONCLUSIONS

Non-radiological research showed very clearly that the uranium mine Zirovski vrh and its two dumps of
tailings four years after the cessation of mining and processing have been still influencing the streams,
Suspended matter, non-metal oxides, and heavy metals constitute a potential hazard to water quality. The
nearest environs of the uranium mine are almost completely devoid of macrozoobenthos. The permanent
monitoring should be continued.

With analyses prescribed by Slovenian legislation, we can not determine the real state of quality in the
freshwater ecosystem. It would be necessary to change or to complement our legisiation with other chemical
and biclogical analyses.
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