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INTRODUCTION
One of the purposes of this study is to gain knowledge on the possibilities of

accumulations of the radioelements (238U, 232Th, 226Ra) in a given ecosystem, and,
particularly, the knowledge of the mechanisms implied in the transfer of these radioelements
around the abandoned mining exploitations. The final purpose is the evaluation of the quantity
of the radioelements susceptible to reach the man.

The research is directed towards a quantitative evaluation of the transport rate of the
contaminating element in the soil.

There have been studied the surrondings of ore mines in the Boul Massif in Poiana
Rusca Mountains in Romania. These exploitations had been closed and abandoned in 1990.
From a geoogical point of view, the region is formed from crystalline schists, banat eruptive
and sedimentary rocks. The iron deposit is totally situated in crystalline rocks in Poiana Rusca
Mountains. The concentration of magnetite in the deposit is 25% with a relatively uniform
dissemination in the ore. Brannerite (UCaThY)(TiFe)2O6, was also found in the same place. It
is an ore should contain UO3 in proportion of up to about 33%.

In 1963 there were stood out areas with radioactive minerals with gamma doses in the
range of 500-9100 nGy/hour. In the same time, there were also identified a few points in
which the concentration of thorium and uranium were significant. The areas with radioactive
mineraliztions were generally limited and strictly located in the limit of the iron ores deposit.

By closing the mining activities huge quantities of waste rock stored in unprocted
dump remained abandoned. As a result of the process of ore extraction, the waste rock and a
very low percentage of metallic minerals were stored in tailing ponds, with a clay liner
necessary to isolate the tailing from the reast of the aquifer.

MATERIAL  AND  METHOD
This study was made on an abandoned tailing pond containing silt with increased

radioactivity above the natural background.
This pond was used to store materials from different flotations from Boul Massif.

There were done measurements both on the surface and at 1 m in depth with a portable
radiometer with NaI probe. Values between 500 and 1500cps have been found. On the access
road the dose values were between 500-600cps. Vegetation completly misses.

Samples were collected from two layers in the same place: from a surface layer 0-25
cm in depth and a deep layer at 1 m from the surface. The samples were measured by gamma
spectrometry.



Another study was done on the dump of waste rock resultin from the extraction of
magnetite with thorium from Varnita. The radiometric determinations gives values in the
range of 600 – 800cps. These values were found on the surface of the dump near the galleries
or at a distance of 10 m from the dump. Because the galleries were caved in, the
measurements were executed only at the entrance where the values were relatively normal
reported to the rest of the dump (300-400cps). There were some galleries with doses about
1500cps. The samples were gathered randomly from different points and were measured by
gamma sectrometry in the laboratory.

There was measured the pH of the waters within the galleries and within the decanter
in many points. The result were not very conclusive because the waters within the galleries
were confluent upstream in heavily accesible zones.

There was also used a dynamic model in laboratory to simulates the action of
infiltration of water through the tailing due to the mobilization of the radioactive elements in
solid phase. There were taken samples from the 0-25 cm layer of the tailing and were
introduced in columns and eluted using distilled water wich flow ower the coloumn with very
smale velocity. 

There were determined the content of  Ca2+ of the elution water by atomic absorbtion
spectrophotometry and the content of radium by measuring the alfa radioactivity of the
precipitate of radium sulphate, radiochemically separated, beside barium and lead sulphates.
The work conditions are presented in table 1:

Table 1. The parameters of elution columns:
CHARACTERISTIC VALUE

Diameter [mm] 30
Waste rock mass [g] 540
Eluent volume [ml] 500

Height of the material column [mm] 703
Granulation [mm] 0,5-1

The flow control of water was follewed especially, to mentaint it constant and at
lowerest possible values.

RESULTS AND DISCUSSIONS
a).The radioactivity of solid samples

The solubility of a radionuclide governs its absorbtion by plants and animals. The
factors that governs the solubility of a radionuclide in the terrestrial environments are the
characteristics of soil as the ion exchange capacity, cations being reamarkable, the soil
structure, organic elements, carbonates, pH and humidity.( Eriksson 1982).

The ion exchange capacity of soils is the main force that determine the behaviour of
the radionuclides in a terrestrial ecosystems. The soils with a high content of clay, organic
elements or anorganic bounds (Fe/Mn oxydes, sulphates, sulphides, carbonates and
phosphates) contain more place of exchange of the cations and better absorb the



radionuclides. These bounding places are binding elements that donate electrons to the metal
cations in absorption reactions. (Eriksson a., Fredriksson,1981)

The absorbtion in clay often immobilizes the radionuclides in the case in which
conditions of low pH are absent. For a low pH, H+ ions displace these metal cations from the
bounding places so that their solubility as free cations grow up. The precipitation with binding
elements, as Fe/Mn oxydes or sulphides, make many radionuclides to be insoluble and less
available for biological absorbtion.(Reid and col1994).

Table 2. Concentration of  238U, 232Th and 226Ra  from the samples gathered from the waste
rock dump from Varniţa.

238U
[Bq/Kg]

232Th
[Bq/Kg]

226Ra
[Bq/Kg]

1 27.31±23.05 296.63±13.16 23.45±12.66
2 ND* 421.54±11.12 23.56±19.72
3 20.88±30.16 38.36±9.80 26.01±15.65
4 48.08±32.13 1309.46±6.01 54.12±17.98
5 12.68±17.56 16.33±21.38 12.78±15.04
6 ND* 743.14±6.25 42.89±12.78
7 44.93±26.34 167.38±12.13 80.18±9.47
8 ND* 1228.51±2.27 12.58±17.09
ND* -not determined

The soil structures is directly connected to the capacity of exchange of cations of the
soils. As the size of the particles decreases from sand to silt, then to clay, the available surface
to bound H+, K+, Ca2+, Mg2+ and the metal cations increases. Most of the radionuclides exist
as cations bounded to these places. The activity of the radionuclides increases as a result of
the decreasing of the size of particles in certain soils, (Sheppard,1987).

Figure 1. 238U and 226Ra concentration in the top
layer (25 cm) of the tailing

0
10
20
30
40
50
60
70

1 2 3 4 5 6 7

sample location

co
nc

en
tra

tio
n 

(B
q/

K
g)

U-238 Ra-226



In the two investigated zones (the dump of waste rock from Varniţa and the tailing pond from
Boul Massif ) there were followed the concentration of natural radioactive elements (uranium
and thorium, respectivelly 226Ra) in solid phase.

In table 2 there are presented the results obtained for the waste rock dump from
Varniţa. It can be noticed that both the concentration of uranium and 226Ra in all the gathering
points are at the level of natural background, excepting point 7 where the concentration of
radium is near the superior value of the variation domain of the respective radionuclide in
nature. 

Figure 2. 238U and 226Ra concentration in
the deep layer (100 cm) of the tailing

Figure 3. 232Th concentration in the upper
layer (25 cm) of the tailing
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The concentrations of thorium (it was determined 232Th) in two points correspond to the
values in normal soil. Otherwise, the variation of the concentration spreads between large
limits (from a few hundreds to over a thousand Bq/kg). From the experimental data it results
that the ore from which this waste rock comes beside the useful substance also contained
important quantities of thorium. The content of uranium was not determined in points 2,6 and
8 from technical reasons.

In figures 1-4 there are presented the concentrations of the same radioactive elements
in the tailing pond from Boul massif at two depths: 25 and 100cm (fig.1-2 uranium and 226Ra,
respectively fig.3-4 thorium).from the first two figures results that both uranium and 226Ra
present in concentrations at the level of the natural background at the both depths. It can be
seen a slight increasing of the concentrations at the 100cm that can not be considered
significant

If at 25 cm distance from the soil surface the maximum values for Th are high, its
average value is lower than that for 1 m in depth that indicates globally a migration of Th in
the sediment of the pond. This possible migration is not uniform on the whole surface, while
the migration is totally absent or is insignificant in points 4,5and 7, in points 2 and 6 the
differences of concentration are about two orders of magnitude that indicate a strong
migration. 

The content of organic material in soil can increase U and Th solubility and, as a
consequence, can facilitate their transport through the ecosystems. These are immobile
enough in soils due to the absorbtion at the precipitation reactions. The erosive characteristics
of the tailing pond remove these radionuclides from the soil basin.

b).The characteristics of the elution water resulted in the dynamic model.
Even if they were not too conclusive, the measurements of pH from the mine waters

and the tailing pond showed values between 3 and 7,2. The elution water from the laboratory

Figure 2. 232Th concentration in the deep
layer (100 cm) of the tailing
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simulation model present values of the pH aproximately in the same domain of variation (see
table3).

Table3. The variation of the pH and the concentration of 226Ra and Ca2+ in elution water wich
is resulting in the modelation process

Flow
[ml/day]

Time for elution
[day]

pH Ca 2+

[mg / l]
226Ra
[Bq/l]

1 7 25 4.72 380.62 0,719
2 9 50 5.68 340.51 0,725
3 7 65 6.00 325.02 0,662
4 9 85 5.90 316.53 0,541
5 7 100 7.31 294.61 0,513
6 9 125 8.20 124.07 0,653
7 7 150 8.00 78.42 0,541
8 9 179 7.87 83.65 0,538
9 7 200 7.94 80.68 0,486

The characteristics of the soil from this zone contributes in a less measure to the
variation of the content of total activity of 226Ra, while pH influences the quantity of Ra
soluble in the soil. This leads to the fact that Ra solubility increases when pH is low. In the
case of low values of pH, the fraction of soluble Ca is high and it decreases in the same time
with the increasing of pH, as we can see in table 2. Russannova, (1984) indicated that Ra
desorbtion takes place very quickly at pH=3. When pH increases, desorbtion decreases. This
phenomenon is confirmed in this case too. Thus Ra migration in soil depend on Ca2+

concentration in an indirect way. The loss of Ca was a few hundred times bigger than that of
Ra. The technical conditions did not allow determinations of thorium in the elution water.

CONCLUSIONS
Both in the dump of waste rock and in tailing pond, the contents of thorium are high

which should be a potential sources of pollution. The variations of „the migration degree” of
232Th from the material in the tailing can be correlated with the quality of clay liner, in some
points/areas the liner should be thinner or should be completely dissapeared. The content of U
and 226Ra from the waste rock and the material in the tailing are at the level of natural
background indicating a variable degree of equilibrium, from a situation very close to secular
equilibrium to a lack of equilibrium in favour of radium. It appears due to the differences in
the transport of U and Ra, caused by the physical and chemical proprieties of soil.

Clay and organic material can decrease the U transport reported to the 226Ra one. A
high value of pH, on the other side will encourage the U transport probably as complex
carbonate. When U is absorbed in the organic elements from soil, it is more soluble than Th.
Subsequent studies through elution experiments with the material from the tailing are
necessary to clear up the behavior of thorium.

Also, the high Ca2+ concetration causes the permanent fixation of 226Ra in soil. Thus,
reducing the quantity of changed 226Ra decreases the available quantity for the plants



absorbtion. The reduction of absobed 226Ra was strongly dependent on the solution pH that
was influenced by Ca2+ concentration.
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