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INTRODUCTION
Natural radioactivity, a basic component of the environment, is determined by the

presence in soil, atmosphere, water, vegetation, live elements and humans of radioactive matter
of terrestrial origin, naturally existing from the very beginning. To all these, extra-terrestrial
cosmic radiation must be added.

Human exposure to terrestrial radiation [1] is due to radionuclides present in the earth
crust or to those transferred from atmosphere or hydrosphere. An abundance of radionuclides
present in the crust are radioactive. Their lifetime is shorter or equal to the estimated age of the
earth crust and, consequently, they are presumed to represent a primordial inventory.

Uranium and thorium in natural state decay in three different series, the first ones being
the radionuclides 238U, 235U and 232Th.

The population exposure to radiation must take into account both natural and artificial
radiation.

ENVIRONMENT MONITORING AROUND ICN/FCN SITE
ICN Pitesti has some nuclear facilities such us the nuclear fuel factory (CANDU-type) based on
natural uranium, a material testing reactor (TRIGA-type) and a facility for treating radwaste
resulted from regular activities. An environmental   surveillance program has been implemented,
in compliance with art. 109 in the Radiation Protection Act and based on IAEA
recommendations.

ICN Radiation Protection Department holds the necessary equipment for preparing
samples for all kinds of analyses (overall beta activity, gamma spectrometry, uranium
concentration) for all environment factors.

The collected samples are dried to  constant weight and then milled as fine powder. For
the determination of the natural uranium concentration in the sample, 2 grams of powder are
weighted and mineralized. Uranium extraction is done with TOPO in toluene in nitric acid 1M
environment, while re-extraction is performed with oxalic acid 0.5% followed by the reduction
of natural uranium valence VI to natural uranium valence IV in an environment of chlorine
hydride 4.5N with metallic zinc grains. Then, it is completed with arsenazo III after which it is
spectrophotometrically determined by measuring the color intensity of the color complex U IV-
arsenazol III.

Out of the site perimeter there have been installed 4 posts for collecting samples of soil,
vegetation, water and air, in order to judge the impact of the institute nuclear activities on the
environment.



The present paper submits the results obtained between 1991 - 2000 with respect to
uranium concentration in samples of soil and vegetation around the ICN/FCN location.

RESULTS AND DISCUSSIONS
Uranium is to be found in most rocks and soils [2] in differing concentrations. Thus, acid volcanic
rocks have a 3 ppm concentration, which means one hundred times more than in ultrabasic
volcanic rocks, or 40 times less than in phosphatic rocks.

In accordance with the program of environment inspection, the soil and vegetation
samples are collected every 6 months. Uranium concentration is determined by radiochemical
methods. Table 1 presents the average values of U concentration in soil samples.

Table 1. Annual average values of uranium concentration (µg soil) around ICN location

SAMPLING
 POINT

1992 1993 1994 1995 1996 1997 1998 1999 2000

RIU
 ARGES

5.35 4.25 5.01 5.09 7.82 3.38 15.39 9.115 25.90

RIU
ARGESEL

6.32 5.76 5.12 4.53 7.05 2.52 4.42 10.81 10.42

RIU
DOAMNEI

6.60 4.14 4.32 5.24 7.00 3.60 14.02 12.755 28.83

RIU
TIRGULUI

6.62 5.72 5.40 5.26 9.26 4.10 8.54 9.98 14.19

For the vegetation samples the average values of uranium concentration are shown in Table 2.

Table 2.  Annual average values of uranium concentration (µg vegetation) around ICN location

SAMPLING
POINT

1992 1993 1994 1995 1996 1997 1998 1999 2000

RIU ARGES 2.52 3.20 5.15 4.89 4.80 2.91 8.26 2.10 4.91

RIU
ARGESEL

4.80 4.21 3.51 3.00 4.63 1.60 6.53 3.20 5.62

RIU
DOAMNEI

5.33 3.09 4.49 7.05 5.78 3.49 7.16 3.58 6.79

RIU
TIRGULUI

3.60 3.51 4.65 3.60 5.72 2.90 3.61 2.46 7.47

After analyzing the experimental data no significant differences were observed between
inside and outside ICN perimeter samples[12]. However, the nuclear activities performed on the
site (CANDU-type fuel manufacturing, radwaste treatment, etc.) generate a slight increase of



uranium concentration in soil and vegetation.
 The radionuclides are carried over from the soil to the surface and underground waters

and vegetation, penetrating the trophic chains and, finally, the human body. In terrestrial
ecosystems, natural or artificial (agro-ecosystems), radionuclides are taken over by plants,
especially from aerosols, atmospheric deposits or resuspensions of fine soil particles entailed by
air streams. The main ways for radionuclides to pervade plants are the leaves, stems (annual and
biannual plants), flowers and even fruit. The plants are able to extract through roots various
amounts of soil-soluble radionuclides, mainly those that are essential for growth. Retention of
radionuclides through the roots varies a great deal depending on the chemical pattern, on the type
of soil, weather conditions and the plant variety. In acid soils the transfer of some radionuclides
occurs faster than in alkaline soils; hence the likelihood of alkalization of certain soils after
nuclear accidents followed by substantial contamination. The transfer from soil into plants by root
absorption is particularly important for long-lived radionuclides. Generally speaking, the
concentration factors for natural radionuclides are either sub-unitary [11] for Ra-226, or at the
unit level, for K-40.

Thus the concentration factor (Fc) can be estimated for plants in the terrestrial
ecosystems, i.e.:

specific activity in plant (Bq/dried kg)
Fc = -----------------------------------------

specific activity in soil (Bq/dried kg)

The soil/vegetation concentration factor (Table 3) displays values ranging between
9.35*10-2 and 1.12*10-1.

Table 3. Soil/vegetation concentration factors outside the ICN location

SAMPLING
POINT

1992 1993 1994 1995 1996 1997 1998 1999 2000

RIU AG 4.63E-02 3.65E-02 2.27E-02 2.50E-02 7.99E-02 1.34E-01 9.35E-02 3.043E-02 2.202E-
02

RIU AG-EL 2.44E-02 2.78E-02 3.33E-02 6.02E-02 7.77E-02 5.53E-02 1.51E-01 3.119E-02 7.401E-
02

RIU D 2.19E-02 3.79E-02 2.60E-02 8.68E-02 1.71E-01 1.42E-01 9.08E-02 4.206E-02 3.354E-
02

RIU TG 3.25E-02 3.33E-02 2.52E-02 1.12E-01 5.94E-02 1.09E-01 3.32E-02 2.304E-02 8.783E-
02

The radionuclides behaviour in the soil samples is influenced by the physical and
chemical characteristics (pH, clay content, sand content, etc.) and by the grain size of particles;
they are important in the determination of the chemical reactivity, mobility and biological
availability [9, 10].



The higher values of uranium concentration in soil samples collected in the vicinity of
objectives such as FCN or STDR [12] confirm the influence of nuclear activities developed near
the sample collecting posts.

The values obtained for the soil collecting points outside the ICN/FCN location
demonstrate their extent within the limits of natural background [11].
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