
SESSION Hl PROCEEDINGS

XA05C0055

MEASUREMENTS OF PLUTONIUM IN ENVIRONMENTAL SAMPLES

F. d'Alberti, L. Risposi

Instituto dí Fisica Applicata, University of Milan, Italy

INTRODUCTION

Within the activities connected with the start up of the PETRA Laboratory (Processo per l'Estrazione di
Terre Rare ed Attinidi, i.e. process for extraction of rare earths and actinides), the Radiation Protection Unit
of the J.R.C.-Ispra has carried out a well planned set of experimental measurements aimed at evaluating
the zero point of the isotopes of plutonium in environmental samples by alfa spectrometry. After the
International Moratorium in 1963, no release of plutonium has occurred in the environment apart from the
burn up of SNAP 9A satellite in April 1964. Since then the plutonium concentration in air and in fallout
samples has been continuously decreasing requiring, therefore, optimization of both instrumentation and
experimental measurement procedures in order to obtain better sensibilities. In this work, the experimental
methodology followed at the J.R.C.-Ispra for measurementes of plutonium concentration in air, deposition
and soil is described and the plutonium behaviour in these samples is reported and discussed starting from
1961.

SAMPLE COLLECTION AND TREATMENT

The environmental surveillance of plutonium in the region surrounding the J.R.C.-Ispra is accomplished
by measurements carried out on samples of soil, air and depositions. Soil samples are collected twice per
year in four sites (Ispra, Cadrezzate, Brebbia, Barza) located in correspondence to the cardinal points
around the J.R.C.-Ispra at a distance of about 2 km. For each site, the soil sampling is carried out by a usual
core lifter penetrating the soil down to 15 cm. The collected soil is subdivided in three parts consisting of
the soil amounts included between the depths 0-5 cm, 5-10 cm and 10-15 cm and 50 g of each part are used
as samples to be treated. Air and deposition samples are collected by devices placed over the building of
the Radiation Protection Unit of the J.R.C.-Ispra. Air sampling is carried out by collecting for one month
atmospheric dust over a fixed filter with a surface of 0.25 m2 through which 110 m3-h"' of air is pumped.
Deposition samples are monthly collected in four caissons each one with a surface of 1 m2 and with a
column containing a cotton filter and an ion exchange resin (which is used for a preliminary separation of
deposition radionuclides in the following chemical treatment). Depending on the type of sample, a different
physical pre-treatment [1] is carried out to prepare the sample for the next chemical procedure. The
chemical preparation of the sample to be analyzed plays a fundamental role in the measurement procedure.
It consists of three steps:

• separation of plutonium and iron (chemically similar) from all other compounds (silicates, Ca and Sr
salts, );

• separation of plutonium from iron and heavy metals by strong anionic resins type DOWEX 1-X8 Cl ;
• electrodeposition of plutonium over a titanium disc, working also as a support for the measurement.

Details of this procedure are given elsewhere [2]. The electrodeposition facilitates in obtaining a very thin
layer of sample avoiding, therefore, autoabsorption of a-particles.

EXPERIMENTAL APPARATUS AND PROCEDURE

Because of the low activities of plutonium involved in environmental samples, measurements have to be
carried out over a long period of time (about one week). This requires high stability of the detector during
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the measurement period. For this reason, it was decided to use a solid-state detector instead of an ionization
chamber, this latter exhibiting spectrum shifting and, consequently, a decrease in resolution over long
periods of measurement. The requirement of detector stability for this type of measurements is so
important to overcome the disadvantages of low efficiency and small sample volumes connected with the
use of a solid-state detector. Prior to the beginning of each measurement, a vacuum pump is used for a
rough evacuation (10 Pa) of an aluminium chamber (11.4 cm wide by 16 cm high by 15.7 cm deep)
supplied by EG&G ORTEC containing an ion implantation silicon semiconductor detector also supplied
by EG&G ORTEC with the following operating characteristics:

resolution at 5.4856 MeV
active area
depletion region
background noise

<
900 mm2

300 urn

25

20

keV

keV

The sample to be analyzed is placed in the detection chamber at a distance of about 2 cm from the detector.
This distance, together with the pre-evacuation of the detection chamber, was found to be an optimal
solution in order to obtain a remarkable improvement of the detection efficiency. A detection efficiency
of 21% was thus obtained. The detection chamber is polarized with 50 V positive and connected to a
preamplifier mod. 142 supplied by ORTEC in series with an amplifier mod. 7612/L supplied by SILENÁ,
an ADC mod. 7411/S supplied by SELENA and a multichannel analyzer (MCA) type LIVIUS 16K supplied
by SILENÁ. Preliminary calibrations have indicated that an optimal spectrum resolution is obtained by
operating the MCA at 5 keV/channel.

BACKGROUND EVALUATION AND MINIMUM DETECTABLE ACTIVITY (MDA)

Prior to a set of measurements, background was evaluated taking into account the following sources:

• instrument background, corresponding to the measurement of a "blank" support disc, i.e. a support disc
without electrodeposition of the sample;

• background with reagents, evaluated by placing in the detection chamber a support disc over which
the chemical reagents used for the separation of plutonium were electrodeposited;

• background with reagents plus filter, obtained by measuring the activity of a sample prepared by
electrodeposition of the filter used for the collection of the air samples burned and treated with the
above said chemical reagents.

Obviously, the last background term includes the second one which, in turn, includes the instrument
background. The background with reagents is taken into account for activity measurement of soil and
deposition samples, while background with reagents plus filter is considered for measurements of air
samples. The background values obtained for the above mentioned sources are reported in Table I .

Background
source

instrument

reagents

reagents + filter

Sample type

-

soil and deposition

air

Pu-239+240

(8.69±1.80) 10"6

(2.07±0.30) 10"5

(2.28±0.42) 10"5

Pu-238

(l.ll±0.20)
(1.19*0.44)

(1.44±0.66)

io-5

io-5

io-5

Unit

counts •

counts •

counts •

s"1

s"1

s"1

Table I : Background values for measurements of enviromental samples.

In evaluating the background for air and deposition samples, account must also be taken of the presence
of Po-210. This radionuclide comes from the readioactive decay chain of Pb-210 (always present in air)
and is an a-emitter with a 100% emission at 5304 keV. Even if the Pb-210 concentration in the sample
under measurement is reduced by a factor 103 by the chemical treatment for the separation of the plutonium,
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the remaining Pb-210 generates an amount of Po-210 in the air sample which, after a few months from the
sample preparation, can become even higher than plutonium present in the sample. The presence of a
remarkable amount of Po-210 affects the measurement of Pu-239+240 (which shows an emission peak at
about 5156 keV), because of the overlapping between the peak tail of Po-210 and the peak area of Pu-
239+240. It has been estimated by measurements performed in our laboratories that this phenomenon can
be, on average, taken into account by increasing the background value in the area of Pu-239+240 by an
amount equal to 0.75% of the Po-210 present in the sample. For these reasons, measurements of plutonium
in environmental samples should be carried out as soon as possible after the sample preparation in order
to minimize the effect of the presence of Po-210.

The Minimum Detectable Activity (MDA) has been calculated as twice the standard deviation from the
mean background value, representing 95.4% of the gaussian curve associated with background counts:

MDA =
e %-chemical yield %• sample volume

where e is the detection efficiency and a 100% emission at 5156 keV and 5499 keV were taken for Pu-
239+240 and Pu-238, respectively. The MDA values for the three different types of environmental samples
are reported in Tab. II. One observes that the experimental metodology previously described for the MDA
of air and deposition samples has been improved of a factor 102 with respect to the values previously
reported [1].

sample type Pu-239+240 Pu-238 Unit

air
deposition
soil

1.13-10"9

3.94-10"5

1.60-10"3

7.69-1010

2.32-10"5

1.21-10"3

Bq-nV3

Bq-m"2

Bq-kg1

Table II: Minimum Detectable Activity in environmental samples.

RESULTS AND DISCUSSION

Experimental measurements of plutonium in environmental samples of air and deposition around the JRC-
Ispra have been carried out monthly since 1960 according to the procedure described above..In Fig. 1, the
results of measurements for Pu-239+240 and Pu-238 in air samples are reported, each experimental point
corresponds to the annual average of the monthly measurements. Both the radionuclides show a sharp rise
which corresponds to the nuclear explosions which occurred between 1960 and 1970. Moreover, the
behaviour of Pu-238 exhibits a rise which again corresponds to the burn-up of SNAP 9A satellite which
took place in April 1964. After these events, Pu-239+240 and Pu-238 concentrations continuously decrease,
denoting the absence of measurable releases of plutonium into the atmosphere. This suggests that the
contribution to the plutonium concentration in the environment coming from nuclear plants is negligible.
Trends for both the radionuclides approached an asymptotic behaviour at about 8-10'° Bq-m~3 between
1980 and 1990, representing the old value of MDA. The values obtained after 1992 are 2 orders of
magnitude lower and essentially of the same order of the MDA reached with the experimental apparatus
described here (Tab. II). This would indicate that plutonium concentration in air has approached the
minimum measurable level and an improvement has been made in measurement sensibility in this field.
The behaviour of the radionuclides under examination in deposition samples is very similar to that obtained
for air samples. Correlations between plutonium concentration and rainfall have been studied but the
results are so far unsatisfatory. This can be explained by the fact that the radionuclides come from the
stratosphere while rain comes from the troposphere.
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Fig. 1: Pu-239+240 and Pu-238 in air 1961-1995.

BREBBIA

CADREZZATE

ISPRA

0+5 cm
5+10 cm
10+15 cm

0+5 cm
54-10 cm
10+15 cm

0+5 cm
5+10 cm
10+15 cm

Pu-239+240

(4.22±0.24) -101

(6.36±0.37) -10-1

(5.83±0.36)-101

(5.18±0.31) -101

(5.02±0.30)-10-'

(2.30+0.16) -10'

(2.32±0.18)-10-]

(4.78±0.26)-10'
(6.74±0.46) -101

Pu-238

(1.07+0.19) -10-2

(1.79±0.34)-10"2

(1.55±0.35)-102

(1.57±0.29)-102

(1.48±0.30)-10"2

(9.15+0.24)-10"2

(1.05±0.34)-10"2

(1.52+0.18)-10"2

(2.56±0.64)-10"2

The measurements of soil samples from the BARZA site gave unsatisfactory results.

Table III: Concentrations of Pu-239+240 and Pu-238 in soils [Bq -kg1].
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