J. Nucl. Phys. Mat. Sci. Rad. A. Vol. §, No. 2 (2021), pp.115-120

- Journal of Nuclear Physics, Material Sciences,

Radiation and Applications
CHITKARA Journal homepage: https://jnp.chitkara.edu.in/

Determination of 24U and 8U Activities in Soil by Liquid Scintillation and High-Resolution
Alpha Spectrometry

Caraveo-Castro Carmen del Rocio!, Montero-Cabrera Maria Elena'"" ", Méndez-Garcia Carmen Grisel’, Mendieta-Mendoza Aurora?,
Renteria-Villalobos Marusia® and Cabral-Lares Rocio Magaly'*

'Centro de Investigacion en Materiales Avanzados (CIMAV), Miguel de Cervantes 120, Compl. Ind. Chihuahua, Chihuahua CP 31136,
Mexico

2CATEDRAS-CONACYT Instituto de Fisica de la UNAM. Circuito de la Investigacion Cientifica, Ciudad Universitaria CP 04510,
CDMX, México

3Universidad Autonoma de Chihuahua, Facultad de Zootecnia y Ecologia, Chihuahua. Periférico Francisco R. Almada Km.]1,
Chihuahua, Chih, CP 31453, México

4Tecnoldgico Nacional de México, Campus Chihuahua II, Ave. de las Industrias #11101, Complejo Industrial Chihuahua, Chih. CP
31130, Mexico

“elena.montero@cimav.edu.mx (Corresponding Author)

ARTICLE INFORMATION ABSTRACT

Uranium is a radioactive element with a special presence in the rocks, waters, sediments, soils, and
Received: September 24, 2020 plants at the state of Chihuahua. The activity ratio of **U/*U is used to explain the uranium transport by
Accepted: January 07, 2021 surface water and its deposition in arid environments. In this work, the activity concentration of natural
Published Online: February 10, 2021 U isotopes is determined by PERALS liquid scintillation and high-resolution alpha spectrometry (AS,

Canberra camera 7401VR) in the Environmental Radiological Surveillance Laboratory (LVRA) at
Keywords: CIMAY, Chihuahua. Uranium is extracted from soils through the scintillating liquid extractor URAEX
Uranium, Alpha spectrometry, IAEA-375 for PERALS, with chemical recovery (CR) of 80 — 85 %, and through the ion exchange resin UTEVA

+ electrode position by the Hallstadius method, with CR of 85 — 90 %, for AS. The procedures of
24U and 2*U activity concentration (AC) determination in soils were validated by their application
to the certified reference material IAEA-375. The resulting values were in the reference range of the
certified or informative values. Both procedures were applied to 6 representative soil samples, with AC
of the same order of magnitude or greater, and similar CR and compatible results. Both procedures are
satisfactory for the purposes of LVRA research and in general.
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1. Introduction The health damage associated with uranium depends
on its chemical and physical form and the route of

In the State of Chihuahua, 56 uranium deposits locations . . L .
exposure. The uranium chemical toxicity is the main cause

have been recognized. Recently two important deposits .
of concern because soluble uranium causes damage to

kidney tissue [5].

Uranium, under reduction conditions, acquires a +4
valence and is insoluble; under oxidation conditions, it
takes valence +6 and forms the uranyl ion (UO,) %, soluble.

of uranium minerals, Victorino and San Marcos I, were
characterized [1-2]. Bazdn Barrén in 1978 [3] described the
uranium deposits in the state of Chihuahua and the Mexican
Republic, mainly indicating the genesis and deposition
of molybdenum and uranium minerals, particularly in

. . . Igneous rocks and minerals commonly present a uranium
h Pefia Bl h lity of Aldama, & yp
E:Ei:iz‘}iiade efia Blanca in the municipality of Aldama +4 oxidation state [4]. The U/ 28U activity ratio (AR) is

often far from the equilibrium value in water and can also
occur in rocks [6]. This disequilibrium is related to the
phenomenon of change in oxidation status due to alpha

Metallic uranium oxidizes immediately, and it does
not exist in nature. Uranium presents five oxidation states,
b | ble. Th 1 i IV) f

UL oY EWO are Staple. The teTravalent species UdV) forms decay or the effects of “recoil” [4]. The uranium activity in
uo,, hydroxides, hydrated fluorides, and phosphates of el . 28
. - : soils is approximately 15 Bq / kg of #*U (about 1.2 mg /
exceptionally low solubility. The hexavalent species U(VI) ke) with ical activity of 10-50 Bq / ke (0.4 to 2 /
forms the uranyl or uranyl (UO,)** ion, the UO, and the &) with a typical activity of 1U=00 Bq [ kg (U4 to 2 mg

U, O, form. The uranyl ion is soluble in water [4]. kg) [7-8].
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The purpose of this work is to contrast the characteristics
and results of the extraction and determination methods for
the activity concentrations of natural uranium isotopes by
liquid scintillation and high resolution alpha spectrometries,
applied to typical soils of Chihuahua, which are also applied
to sediments. For this, the techniques were applied for the
determination of activity concentrations of U and **U in
a certified soil reference material and to 6 laboratory samples.
The discussion of results allowed to suggest the relative
uncertainties of the activity concentration determinations,

appropriate for the applied methods.

2. Materials and Methods

2.1. Samples

The certified reference material IAEA-375 is a soil collected
from Brjansk region, Russia, in July 1990 by the International
Atomic Energy Agency Seibersdorf Laboratory. The
abundant material was processed in the laboratory’s facilities
and distributed in about 50 laboratories around the world
for an intercomparing exercise. The complete description,
sample processing, instructions and reference information
and informative values of the soil, among other details, are
described in the Reference Sheet IAEA / AL / 375[9].

Six soil samples were obtained in an area of the town
of Jimenez, Chihuahua. They were used to verify the
repeatability of procedures for determining the activity
of the isotopes #*U and #*U. The samples were air-dried
before undergoing the procedures described below.

2.2. Radiochemical Procedure to Determine the
Concentration of ***U and #*U in Soil Samples
and Reference Material [AEA-375

Samples were traced with a certified activity solution of
#2U from the NPL of the United Kingdom to quantify
the activities of natural uranium isotopes. Then, they were
digested with HNO, (J.T. Baker), HCIO4(C), (J.T. Baker),
and HF | (Meyer), in Parr acid digestion vessels model
4745, at 145 ° C for 9 hours. The uranium activities of the
natural uranium isotopes were calculated in both procedures
using the ratio of intensities of the alpha transitions of the
respective isotopes (equation 1).

Two ways of separation and purification of U were
used; both procedures are detailed in Figure 1.

The first procedure was measured by liquid scintillation
(LS) in a PERALS (ORDELA, Inc.) spectrometer. The
procedure described by McDowell [10] was applied, the
extracting scintillation liquid URAEX® (ETRAC) was used.

The second one was measured by the Alpha Spectroscopy
(AS) Canberra camera 7401VR. To guarantee the extraction
of uranium only, the solution resulting from digestion was
filtered through a UTEVA® ion exchange resin (Eichrom)
[11]. The extracted uranium solution was electrodeposited
on a stainless steel planchette by the Hallstadius method
[12]. The planchette was placed in an alpha chamber
7401VR under vacuum and measured for 48 hours.

To verifiy quality, the analysis of the isotope ?**U content
in the reference material was performed by inductively
coupled plasma mass spectrometry (ICP-MS). A fraction of
the IAEA-375 sample was homogenized and guaranteed a
particle size of less than 2 pm. Then 0.2 g were taken from
this sample. Microwave digestion was performed, adding 10
ml of HNO, (c) and 5 ml of HCI (c), and the sediment
treatment and digestion method established by EPA 3051
was applied.

2.3. Activity Calculation

Activity is determined separately for uranium isotopes (U
and #*U) present in the samples, applying equation:

A = Cpsﬂi.VO/UpL’ A’)‘(l('@r /Cps(‘l’l‘alfer (Bq) (1)

Where cps . is the counting rate of the isotope of
Q 1sotope

interest registered in the sample measurement, A is the

tracer

tracer activity (**U) aded to the sample and cps _  is

the counting rate of tracer added registered in the sample
measurement.

3. Results and Discussion

Uranium isotopes spectra are presented in Figures 2 and 3.
In Figure 2 the energies are presented on the abscissa and the
pulse time on the ordinate. The horizontal cut is made so as
not to show the background of beta particles, whose pulses
are shorter than those, corresponding to alpha particles. The
peaks of %2 U, U and **U isotopes are found at energies
5322 keV, 4772 keV and 4198 keV, respectively, in both
Figure 2 and 3.

The high resolution of the AS spectrum is contrasting
compared to the spectrum obtained by liquid scintillation.
The extraction and measurement procedure using the
liquid scintillation method is less complicated and shorter
than those of AS, and for this reason its use is usually
recommended for routine work or when the number of
samples to be processed is large. Table 1 shows the results for
the IAEA-375 CRM, for comparison of the three procedures
applied.
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Soil sample

Pretreatment and digestion of soil samples

HNO; (c) and 1 ml of HCIO, (c).

5. Let the system cool down to room temperature.

1. Calcinate a mass of 1 g soil in a porcelain crucible at 600 ° C for 72 hours in a muffle furnace.
2. Work with 0.2 g in dry weight of the sample. Transfer to a Parr vessel Teflon vial.
3. Add 0.5 g of certified 22U tracer solution (Activity = 0.1393 = 0.0015 Bq g), 4 ml of HF (c), 4 ml of

4. Accomplish the acid digestion in an isothermal bath for 9 hours at 145 ° C.

6. Transfer the digestion residue to a Teflon beaker to eliminate the presence of HF; bring to dryness.
7. Dissolve the precipitate with 20 ml of 8M HNO; and 30 ml of H;O.

Determination of uranium in soil samples by liquid
scintillation at PERALS spectrometer[10]

1. Transfer the digestion solution to a glass
beaker. Bring to total dryness and add 20 ml of
HNOsi and 30 ml of HO, evaporate to
approximately 5 ml.

2. Work with the digestion residue at room
temperature, add 1 ml of 5 M H2804 and 2 ml of
IM Na;SOs. Bring to total dryness. Repeat
twice.

3. Dissolve the residue obtained with 4 ml of
deionized H20.

4. Transfer to a test tube and set the pH between
13and 1.5

5. Add 1.5 ml of URAEX®. Shake gently by
hand for 5 minutes.

6. Let stand for approximately 15 minutes, until
the phase separation is reached.

7. Extract the organic phase (approximately 1
ml). Place the organic phase in a culture tube 10
mm diameter by 75 mm long.

8. Deoxygenate the organic phase in the culture
tube with a flow of argon and toluene for 2
minutes.

9. Take the culture tube to the PERALS
spectrometer and measure the uranium isotope
spectrum for 12 hours.

Uranium extraction technique in sediment samples using

UTEVA® resin[11]

1. Transfer the digestion solution to a glass beaker. Add 20 ml
of deionized water and evaporate to dryness.

2. Add 15 ml of deionized water, 5 drops of HNO; (. and 12
drops of ammonia.

3. At room temperature, add 1 ml of Fe*? carrier solution (5
mg / ml).

4. Add ammonia until reaching pH 9, to obtain iron hydroxide
and actinide precipitate.

5. Centrifuge the solution with its precipitate for 10 min at
4500 rpm until complete separation of the precipitate and the
supernatant.

6. Remove the supernatant. Dry the precipitate under a heat
lamp for 1 to 24 hours.

7. Dissolve the precipitate obtained from centrifugation with
5 ml of 3M HNOs.

8. Place the solution in 2mL prepacked cartridge, 50-100 pm
UTEVA® resin, preconditioned with 5ml of 3M HNOs.
Repeat twice.

9. Elute 4 ml of 9M HCI, followed by 20 ml of 5M HCIL.
Discard all the residue obtained

10. Extract the uranium fraction from the UTEVA column by
elution with 10 ml of 0.01M HCI. The resulting 10 ml solution
is electroplated.

1. Evaporate the 10 ml aqueous phase from eluting UTEVA
resin to approximately 2 ml.

2. Add 1 ml of 0.3 M Naz80s4 to avoid adsorption on the walls
of the container.

3. Evaporate to dryness. Dissolve the precipitate with 0.25 ml
of concentrated HaSOu).

4. Add 4 m] of ammonia solution and 2 drops of thymol blue
indicator, which turns pink due to a very acidic pH.

5. Adjust the pH between 2 and 2.2 using ammonia until the
color of the solution is yellow.

6. Transfer the solution to an electrodeposition cell previously
prepared for uranium. Electrodeposit for 1 hour at a current
intensity of 1.2 A[12]

Figure 1: Flow chart of the sample pretreatment and digestion, common for LS and AS determinations of 2*U and /U activities, and details
of the respective chemical procedures for each type of measurement.
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Figure 2: Spectrum of the reference material JAEA-375 with
20 tracer in the PERALS spectrometer. The colors of the pixels
correspond to the recorded pulses, according to the scale of the
left band. The rectangles correspond to the regions of interest

(ROI).

The activity and mass concentration values reflected in
Table 1 are within the limits reported in the Reference Sheet
of the IAEA-375 certified material, thereby validating the
results of the soil samples analyzed by the two procedures.
The #%U concentrations were calculated by the average
of the activities of the two repetitions of each method.
The relative uncertainty is 2%. The certified value of the
uranium mass of IAEA-375 has a confidence interval
that implies a relative standard deviation of 5.2%, with
results obtained by 30 laboratories. The recommended

2y
(5322 keV)

2y
(4772 keV)

Counts

28y
(4198 keV)

o L

Energy (keV)

Figure 3: Spectrum of the reference material IAEA-375 with the
22U tracer in the alpha spectrometer.

value of the activity of #%U for the IAEA-375 material
has a confidence interval that implies a relative standard
deviation of the order of 10% with results obtained by 7
laboratories.

Table 2 shows the activity concentration results for six
soil samples, obtained by both procedures, the extraction
using the UTEVA® resin and high-resolution alpha
spectrometry, as well as using the URAEX® extracting
scintillator + PERALS spectrometer.

Table 1: Concentration and concentration activity results from the IAEA-375 reference material by the different procedures and equipment
PERALS liquid scintillation, high resolution alpha spectrometry and ICP-MS.

Isotope Activity Activity concentration AR TAEA-375 % CR
URAEX extraction technique

28U 4.96 22.80(2) 0.94 19.0 - 29.8 91.9

By 3.13 21.53(2) 17-32.5

#8U 4.33 21.76(1) 0.90 19.0-29.8 95.52

»iy 3.58 19.64(1) 17-32.5

#8U mass mean value (mg/kg) 1.80(4) 1.66-2.05* -

Uranium extraction technique using UTEVA

=80 4.61 22.11(2) 0.77 19.0-29.8 96.73

»iy 3.55 17.04(2) 17-32.5

887 4.26 20.46(1) 0.86 19.0-29.8 95.02

Biy 3.67 17.61(1) 17-32.5

238
o 1720) 1.66-2.05"
Determination of total uranium by ICP-MS
ppm (mg/kg) 1.8 1.66-2.05°

(a), (b) range values from the reference sheet of the reference material IAEA-375. CR-chemical recovery values. AR — activity ratio of U/

#8U. The uncertainty value of the last figures is presented in parentheses.
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Table 2: Comparison of U activity concentrations obtained by liquid scintillation and alpha spectrometry methods in soil samples.

ALPHA SPECTROMETRY PERALS
Activity Activity U
Samples Isotope concentration U total AR concentration  total AR
(Bq/g) (Bag (Bq/g) (Bq/g)

»4iU 0.419(4) 0.404(5)

Soil-1 U 0.003(4) 0.704(7) 1.48 ND 0.676(7) 1.48
28U 0.282(4) 0.272(5)
»iU 0.089(8) 0.081(9)

Soil-2 25U 0.004(8) 0.164(14) 1.25 ND 0.143(13) 1.32
28U 0.071(8) 0.061(2)
B4y 0.035(2) 0.030(2)

Soil-3 U 0.002(2) 0.064(3) 1.29 ND 0.057(3) 1.11
3877 0.027(2) 0.027(2)
»iU 0.048(6) 0.059(8)

Soil-4 55 0.000(6) 0.093(8) 1.09 ND 0.101(11) 1.43
28U 0.044(6) 0.041(8)
34y 0.036(1) 0.026(2)

Soil-5 »U 0.002(1) 0.060(2) 1.63 ND 0.051(3) 1.04
23877 0.022(1) 0.025(2)
»iU 0.035(1) 0.028(5)

Soil-6 55 0.015(1) 0.078(2) 125 ND 0.052(7) 1.16
28U 0.028(1) 0.024(5)

* ND - Activity not detected by the device. AR — activity ratio of 4U/ 2**U.The uncertainty of the last figure is presented in parentheses.

The two methods applied to the soil samples in Table
2 produce values for the U isotopes activities that show
uncertainties resulting from the counting rate statistics.
The PERALS and alpha spectrometry values differ from
the average of the two methods by a relative deviation
between 2 and 8%, not considering those uncertainties.
The application of the Students t test of paired samples to the
results of the total uranium activity concentrations of the 6
soils studied causes a statistical result of the values of the two
procedures as different with value of P < 0.001, since the
variance within the groups is small.

The difference in values between the two methods is
due to the chemical differences in the uranium extraction
procedures and the physical differences in the detection of
alpha particles. These cause more significant uncertainties
than the counting statistics. These latter uncertainties can be
neglected in comparison with those of physical or chemical
origin. The activity results for ?*U and U of our methods
should be reported with 10 % relative uncertainties, and not
with the ones resulting from the uncertainty of the counting
rate.

Table 2 also shows the isotopic activity ratio values
AR (P'U / 8U) for the studied samples, with all values

AR>1. This isotopic relationship results can be explained
by the fact that »*U atoms have been subjected to the
called “recoil” effect of the alpha decay resulting in
oxidation conditions where they are more soluble than

28 [13].

Conclusions

The radiochemical methods for uranium extraction from
soils through the scintillating liquid extractor URAEX for
the PERALS and through the ion exchange resin UTEVA,
for the determination of **U and **U implemented for
soil were successfully validated, through its satisfactory
application to the JAEA-375 CRM.

As the activity values of *#U and ***U of the CRM
IAEA-375 have a confidence interval that implies a 10%
relative uncertainty, it is suggested that the results of our
methods for those activities should be reported with the
same 10% relative uncertainties, and not with the ones,
resulting from the counting rate uncertainties.

All these considerations allow us to conclude that the
application of the methods described for the determination
of uranium in soils in the LVRA produce reliable values.
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