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Summary

The present study concerns itself with decontamination of
gravel that had been contaminated with Ra-226 from natural
origins. Aqueous solutions of different compositions including
water, and various concentrations of CaCh and BaCh were used to
leach the contaminated gravel. The leaching experiments were
carried out in glass columns. In some leaching experiments a
sample of a common brand of sandy soil (fine sand with traces of
silt) was placed below the gravel to test the binding capacity
(sorption) of this soil for the leached Ra-226.

The relative efficiency of the leachants and the extent of
sorption of the leached radionuclide were determined both by
liquid scintillation counting (LSD) and by use of thermo-
luminescent (TLD-200) chips. The TLD chips record the dose
before and after decontamination of the gravel and before and
after contamination of the soil samples when used.

The results obtained indicate 1.75 N BaCl2 in 0.1 N HC1 was
• relatively the most effective leachant of Ra-226 contamination. It
reduced the dose from the contaminated gravel to almost half. The
soil sample used adsorbed the leached radionuclides efficiently,
increasing thus the soil's naturally low dose by about five - fold.

Introduction

Cleanup of soil contaminated with concentrated levels of
naturally occurring radioactive materials (NORM) is becoming
increasingly important because of the concern about protection of
man and his biocnvironment. These concentrated levels of NORM
arc brought about by technological enhancement of natural
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radioactivity levels of elements such as 2 2 6 Ra, as in the oil and
phosphate industries.

Soil contaminated with 2 2 6 R a may be disposed of by
spreading over clean soil [1-3] that has certain favorable
characteristics. Because of the potential generation of 2 2 6Ra conta-
minated side products from the local oil industry and from future
processing of local phosphate ore deposits, it is important to
investigate the environmental impact of such 2 2 6 Ra contaminated
soils and products when disposing them by spreading over clean
soil. There is a need to ensure that, should heavy rainfall occur,
the leached radionuclides, if any, will not contaminate ground-
water in the vicinity [4]. Towards this end, the present study
concerns itself with assessing the leachability of 2 2 6 R a off
contaminated gravel using leachants simulating rain and aqueous
solutions having different salinities. The extent of leaching
(cleanup) efficiency of the contaminated gravel is assessed by
liquid scintillation counting [5-7] of the leachant radioactivity post
leaching. Similarly comparative radiation dose measurement both
before and after leaching of the gravel sample and of the
originally clean soil sample placed underneath it, using
thermoluminescent dosimetry, will also indicate the cleanup
efficiency of the leaching treatment and, in addition, the retention
capability of the used soil for the leached radionuclides. Hence the
aim of this work is to attempt to demonstrate at the laboratory
scale, the efficiency of the cleanup or restoration activities of
2 2 6Ra contaminated gravel.

Materials And Methods

a) Gravel particles about 2-3 mm in diameter that had been
contaminated with 2 2 6Ra from natural origins were placed in
a glass column, about 2 cm in diameter for the leaching
experiments (Fig. 1). Twenty grams of gravel were always
used unless otherwise indicated. Leachant volume was
always 100 mL. Only one leaching is carried out. Water,
calcium chloride solutions of different concentrations and
barium chloride solutions of different concentrations in 0.IN
HC1 were used as leachants. Samples of clean soil were
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placed underneath the gravel, in some experiments, to test
its retention of leached radionuclides. At end of leaching, 10
mL sample from the leachate are placed into the scintillation
vial along with 10 mL of the scintillation fluid, and the vial
is capped tightly and the time is recorded.

Glass Column

•Leachant

Ra-226 contaminated
'gravel
. Glass wool

.Soil

• Glass wool

O Glass beaker

Collected contaminated
Leachant

Fig. ( 1 ) Glass column used in leaching Ra-226
contaminated gravel wi th dif ferent leachants.
Leaching Is done wi th or without addition of soil.

179



b) After end of leaching, the leached materials are left to dry
up partially. The gravel is then carefully removed with a
spatula and left for a while till complete dryness. This is
followed by removing the soil sample if it were used and
similarly dried. The gravel and the soil samples were then
placed in separate small vials with the TLD-200 chips (in
paper wrapper) positioned at the bottom, middle and top of
the samples. Exposure was for 38 hours. After which the
doses received by the chips were assessed in a system
calibrated for TLD-200.

c) Scintillation counting: Liquid scintillation counter type LSC2
(NE Technology), scalar/rate meter type SR8 (NE
Technology), high efficiency mineral oil based liquid
scintillator (Du Pont de Nemours Co.), borosilicate
scintillation vials and certified Ra-226 standard solutions
(U.S. National Bureau of Standards) were used.

Activity measurements of Rn-222 were carried out after
secular equilibrium is attained between Rn-222 and its decay
products. Any Ra-226 in the leachate will remain mostly in the
aqueous phase and will not contribute significantly to the scin-
tillations produced in the organic scintillator phase. 2 2 2 Rn present
in the aqueous phase will diffuse to the organic phase. The total
measured Rn-222 in the scintillator phase is composed of the
initial Rn-222 which must have decayed some since leaching, and
the newly generated Rn-222 from the leached Ra-226 present in
the aqueous sample. Both radons will diffuse upwards to the
scintillator phase in the scintillation vial. The activity of Rn-222
and Ra-226 in the leachate could be obtained from the measured
total Rn-222 activity by graphically plotting the equation:

Rnt = Ra + (Rnlo - Ra) e"XRnl

where Rnt, Rn to are the total Rn-222 activity found at time of
measurement and the initial Rn-222 activity respectively, t is the
time elapsed between leachatc sample collection and its counting,
and XRU is the decay constant for Rn-222. Each leachate sample is
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counted over several Rn-222 half lives and the total measured
activity is plotted against e"Xl, (Fig. 2).

The liquid scintillation counting system was calibrated using
the standard 226Ra/222Rn source and the system efficiency was
calculated.
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t2t, ) Estimation of Ra-226 and Rn-222 in an aqueous sample. The time ( t ) is in
Rn-222 half lives. After one Rn-222 half life e"Xt = 0.5 and the measured activity
should be equal to half the secular equilibrium value, and hence also equal to half
the activity of Ra-226 present in the leachate sample. Added to this is half of the
initial Rn-222 activity in this sample. Initial Rn-222 activity was approximately
10400 pCi/L and the Ra-226 activity in this leachate sample was approximately
then =17750 - 5200 =12550 x2 = 25100 pCi/L.
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•Results and Discussion:

Fig. 3 shows the effect of increasing the duration of time
during which the TLD chips are exposed to the radiations whether
coming from the contaminated gravel or the used soil. As expected
the TLD chips placed in the midst of the gravel received more
radiation dose than those placed at the lower or upper surface of
the gravel. The highest exposure time, namely 38 hours was
adopted for the current experiments. Fig. 4 shows the leaching
effect of several leachants on the contaminated gravel. Water had
little leaching effect, similarly with 0.5 N CaCh while 1.0 N CaCl2
leached about 1/4 of the contaminating radioactivity as evidenced
by the decrease in TLD doses from about 800 u.Sv to about 600
u.Sv. Fig. 5 shows the leaching (cleanup) effect of different
concentrations of BaCl2 with 1.75 N BaCh in 0.1 N HC1 producing,
relatively, the highest cleanup effect. Fig. 6 shows the effect of
increasing the soil mass placed below the contaminated gravel
and receiving its leachate, in terms of the net radioactivity
retained by the soil. The smaller soil mass acquired a higher
specific activity and was giving the highest dose to the TLD chip.
Fig. 7 shows the dose received from 226Ra contaminated gravel as
compared to the dose from maximally leached gravel. Since only
one leaching is done in all leaching experiments, the figure shows
that 1.75N barium chloride in 0.1 N HC1 can reduce the
radioactivity contamination to one half its initial value in one
leaching. Fig. 8 shows the effectiveness of using the selected soil
for sorption of the leached radionuclides from the contaminated
gravel. Under the conditions of the experiment, the soil
radioactivity increased about five times its initial value. This
means that in the real field situation the upper layers of the soil,
just underneath a layer of contaminated soil or gravel spread over
it, will retain much of the radionuclides that may be leached by
rain or aqueous saline solutions from the soil layer above. The
retained radionuclides are of course adsorbed by a much larger
mass of the clean soil and although the clean soil has increased its
radioactivity, yet it will be a lot lesser than that of the original
contaminated soil.
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Fig. ( 3 ) Effect of exposure time on dose received by TLD chips
from Ra-226 contaminated gravel. Chips placed at middle of
gravel mass receives highest dose.
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Fig. (4 ) Effect of different concentrations of CaCl2 as leaching
agent on cleanup of Ra-226 contaminated gravel as indicated by
dose received by TLD chips from treated gravel.
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Fig. ( 5 ) Effect of different concentrations of BaCL2in 0.1 N HCL
as leaching agent on cleanup of Ra-226 contaminated gravel as
indicated by dose received by TLD chips from treated gravel.
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Fig. ( 6 ) Adsorption of leached Ra-226 from contaminated
gravel by different masses of soil using constant volume
of 0.7N BaCl2 in 0.1N HCL as leachant. Dose indicated by
TLD chips was highest from smaltest soil mass.
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Fig.( 7) Dose received by TLD chips from unleached
Ra-226 contaminated gravel and maximally cleaned
gravel using 1.75N barium chtoride in 0.1 N HCL.
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Fig. ( 8 ) [1] Dose recived trom clean uncontaminated soil.
[2] Dose trom 30g soil used to receive leachate trom ten
gram Ra-226 contaminated gravel.
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Th se experiments at the laboratory scale level under

controlled conditions, should help in the understanding of the

various factors involved in the mobility of radionuclides in the

soil.
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