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A Valence Control Method Based on a NaNO,-Aided Hydrogen
Peroxide Treatment for Determination of Plutonium

in Soil Samples

Chi-Chang Liu*, Wen-Hsien Tsai, Chia-Yin Pan ,Ming-Chi Homg, Wen-Hsi Liu
Radiation Monitoring Center, AEC, 823 Chemng Ching Road, 833 Koahsiung, Taiwan

ABSTRACT

Plutonium ions exist in several oxidation stales
from Il to Vi in nature concurrently, and the
chemical behavior of Pu depends highly on these
various oxidation states. Although the interferences
present in the samples could be related to the
recovery decrease in the separation process, an
Incomplete valence control of the target analytes in
the sample solution often causes problems of a
significant loss of them in the subsequent sample
loading step. Thus, adjustment of the Pu oxidation
state is a crucial step in the quantitative chemical
separation of Pu for the separation methods such
as anion exchange, extraction chromatography
and liquid-liquid extraction. Various reducing
reagents have been used for the adjustment of the
Pu oxidation state. Hydrogen peroxide has been
reported also capable to be used as a reducing
reagent. It introduces no foreign ions, acts rapidly,
is inexpensive and has been eary used for
adjusting  oxidation states of Pu in the
radiochemical separation method. However, poor
and inconsistent recoveries for Pu were often
observed that might due to complex environmental
matrices.

This study describes a method based on a
combination of H,0, and NaNO, for the valence
adjustment for determining Pu in soil samples.

INTRODUCTION

Plutonium  (Pu) is an  anthropogenic
radionuclide which is analyzed mainly for the
purposes of monitoring of the environment around
nuclear facilities such as nuclear power plants,
nuclear fuel reprocessing plants and nuclear
waste storage sites, as well as for surveys of the
contaminated areas resulting from nuclear
weapons fests, nuclear accidents, and the
discharge of nuclear waste. The most abundant of
Pu isotopes, #%Pu and *0Pu, are very long-lived
in the environment with radioactive half-lives of
24100 years and 6,564 vyears, respectively.
Besides the content of Pu, many environmental
studies have shown the measurement of the
240Pu/239Pu ratio would be useful for providing
information on various sources. For instance, the
240py/?38Py ratio for reactor grade Pu can vary
from 0.23 to 0.65 according to the irradiation
conditions of the fuel. The weapons-grade Pu is
characterized by low 2°Pu/?*Pu atom ratios of
0.02-0.06, while the worldwide integrated global
fallout Pu from the atmospheric nuclear weapons.
tests is characlerized by a 249Pu/2*%Pu atom ratio
of 0.17810.024. In the deposition originating from
the Chernobyl accident, the 24°Pu/?39Pu ratio was
approximately 0.4 [1-5]. The determination of the

240py/2%Py  ratio is therefore important in
understanding the origin of the contamination.
For most analytical laboratories, alpha

spectrometry in the past has been routinely used
to determine Pu in environmental samples and it
is now still the most widely used analytical
technique. However, the application of this
technique is limited by its difficulty to distinguish
240py and 2*9Pu due to the similarity of their alpha
energies. Therefore, there is only a limited data
available on the levels and distributions of #?Pu
and ?*Pu isotopes in environmental samples.
During the last two decades, inductively coupled
plasma mass spectrometry (ICP-MS) has been
increasingly applied in the determination of Pu
isotopes in various environmental samples as a
result of considerable developments in mass
spectrometry technology [6].

For further information .,

Please contact Dr. ChiChang Liu
TEL:886-7-3709206 ext 200
E-mail:chichang@trme.aec_gov.tw

ChiChang@trmc.aec.gov.tw*®
EXPERIMENTAL

Soil samples were dried at 105 °C, sieved out from
small stones and plant roots and homogenized. After that,
50 g of each sample was taken and put to a muffle
furnace, ashed at 500 °C for 4 h or more to decompose
the organic matter. The sample was spiked with 242Pu
(NIST) tracer and leached with 250 mL of hot 8 M HNO;
for 2h. During the leaching step the beaker was covered
with a watch-glass to prevent significant evaporation of
the solution, which was occasionally stired with a glass
rod. The mixture was then filtered and evaporated to
dryness. The residue was dissolved in 50 mL of 8 M
HNO, again.

For the valence adjustment of Pu, distinct methods
were tested and compared. The detailed valence
adjustment conditions are discussed under Results and
discussion. The final selected valence adjustment was
performed by adding 1 mL of 30% H,0, and the solution
was gently heated for about 15 min, until the bubbles did
not occur. After cooling at room temperature, 2g of
NaNQ, were cautiously added. The beaker was then
covered, heated and left untl the brown gases
disappeared. Another 100 mL of 8 M HNO, were added
to the solution and then brought to cooling. This
procedure has been performed to produce a final 150 mL
sample solution.

After the adjustment of the oxidation state of Pu to
Pu(IV), the solution was added into a preconditioned
anion exchange column (Dowex 1x8, 100-200 mesh,
SIGMA Chemical Co.,USA). After loading the sample
solution, the column was washed with 150 mL of 8 M
HNO, and 300 mL of 9 M HCI to remove the interfering
elements and Pu was eluted from the column by
reduction with 50 mL of freshly prepared 9 M HCI-0.1M
NH,l. The eluted solution was heated to incipient dryness.
In order to volatilize iodine completely, 5 mL of conc.
HNO3 and 1 mL of 30% H,0, were added and the
solution was heated to dryness. Finally, Pu was
electrodeposited on stainless planchets.

e T

Alpha spectrometer
RESULTS & DISCUSSION

To test the conversion of all Pu into Pu(lV), H,0, or
NaNO, was added to 8 M HNO, sample sclution
extracted from 50 g soil spiked with tracer. As shown in
Table 1 (Method a, c), the chemical yields obtained by
H202 were higher than those by NaNO2. The worse
results for both reagents were obtained after prolonging
the time to column separation (Method b, d).

Table 1 Chemical yields for the valence adjustment
using H,0, and NaNO,

Method  Step1:H,0,  Step 2: NaNO, c"'""‘m‘ vield
a + = 657
b +  (ovemight) 46.5
= + 492
d +  (ovemight) 244
e + (ovemight) + 628
f + (ovemight) + (ovemight) 56.4
a + + 878

s 2 |

To assess different sample matrix effects, 5 soil samples were
evaluated. The results in Fig. 2 showed that a better and more
consistent recovery were observed by our proposed method
compared to the method with H,O, alone. In our another
experiment, after the conversion of Pu into Pu(IV) by H,0,
alone in 8 M HNO,, the solution was stand for 12 hr before the
column separation and the recoveries were poor and
inconsistent (14~87.8%, average: 48.8%, n=7).
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Fig. 1 Chemical yields of SRM (NIST) using H202 and
NaNO?2 for the valence adjustment
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Fig. 2 Chemical yields from five different soil samples
using H,0, and NaNO, for the valence adjustment

CONCLUSION

Mean recoveries of six different soil samples were
66.0% (RSD: 16.6%) and 82.4% (RSD: 8.3%) for the
method using H,0, alone and our proposed method,
respectively. The accuracy of the methed for the 239+240py
activity and 2¢0Pu/?*9Pu ratio was verified using reference
materials of soil sample. For comparison, the proposed
method was used for the determination of Pu in soil
samples and the results of 23%240Py activity obtained by
alpha-spectrometry compared with those obtained from
SF-ICP-MS were in good agreement. The method
demonstrates that a higher and more consistent recovery
was obtained compared to the traditional one only using
H,0,. Uncertainties of analyzed results could be controlled
within better confidence interval.
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Measurement for the Dose-rates of the Cosmic-ray neutron

on the Ground in Taiwan
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Cosmic galactic P
and solar flares radiation originating from outer space
generates secondary high energy radiations across the
atmosphere of the earth. Those high energy secondary
radiations include the cosmic neutron whose energy
ranges from 0.01eV to 10GeV. In the past, limited by the
neutron dosimeter energy response below 20MeV, the
cosmic neutron dose contributed from high energy
neutron was ignored. So with the advance of neutron
detection technique to extend the energy response to the
level of GeV, we try to determine the portion of the
cosmic high neutron dose rate.

The aim of this research is to re-evaluate the cosmic
neutron dose rate referring to the natural background
radiation measurement in Taiwan. We utilized hand-held
neutron dosimeter Berthold LB-6411-Pb, a proportional
counter tube filled with *He and methane and its neutron
energy response from thermal to 1GeV.

Methods(Con

ue)

Because cosmic neutron flux varied with altitude, we
choose 28 spots with different altitude range from 3 to
3263 meters to measure cosmic neutron dose rate.
During the route, we utilized global position system and
google map fo record the altitude variation. And, we took

Neutron dose rate monitoring at neutron energies of
several hundreds of MeV requires special
instr ion. Berthold Technologies has developed a
new version of the widely used LB6411 neutron dose rate
monitor for high energies, the LB6411-Pb. A prototype
was calibrated at the CERF at CERN in
Geneva/Switzerland with neutron energies ranging up to
1 GeV.

For

were

made with a conventional LB 6411. The conventional
neutron dose rate meter shows a underestimation,
reporting only 68.9% of the reference dose. However, the
results of the new version LB 6411-Pb with an additional
lead layer of 10 mm thickness agree with the reference
values by 98.8%!1.

the p phy to I the
effort caused by the in situ topography.

1 i eareens at the roecofcarc £ o Chiap Connty 1 Taan

se1e

Those in field measurements show that the cosmic
neutron dose rate is 7.02 ~ 50.9 nSv/h in Taiwan
where the vertical cut-off geomagnetic rigidity is
16GV . geomagnetic latitude locate from 21°N to
25°N and in the period of 24" solar cycle. Besides,
We also find out a surge increase of dose rate
around 1100 meters in height.

= 20,6900 (6
R1=09024

‘Gasimic peulron count rate versus altiudo

y=7.298900 00
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‘cosmic neulron doss rate versus aiifudelconverted by 127uSwiicos from
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MCHP stimulation of cosmic
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For the purpose of verifying the response of cosmic
high energy neutron, we setup the instrument at
different spots including the grassland, basement and
hydroelectric power plant maintenance passage.

With increase the shielding effort by the soil above, it
shows that the neutron counting rate of the new
LB6411-Pb and the conventional LB6411 seems to
gradually similar and can proof that the high energy
cosmic neutron successfully been slow down and
recorded by both dosimeters which have different
energy response.

LB6411-Pb LB6411 LB6411-
(CPH) (CPH) Pb
/LB6411
Grassland
| (with 23 meters in height) | 2* s e
Basement
(underground 1.1 meter) | '+ 1o i ‘
Zengwen Reservoir
Hydroelectric power plant
Maintenance passage 10.8 86 1.25
(Shield by 230 meters soil
above)

Mcasurement on the grassand

=3

Conclusio

Furthermore, to comply with the sea level neutron
spectrum of Taiwan, we recalibrated the dose rate
conversion factor and estimate 9.13 nSv/h on the
ground at the sea level neutron dose rate which
similar to 9 nSv/h of the UNSCEAR 2000
report .According to this result, it's necessary to re-
evaluate the neutron dose rate contributed from
cosmic high energy neutrons.

neutron s response and
Cormversion actoe cabbeated by C1.252

Pp—.
R2= 05024

cosmic
eutron spectrum in Tswan and LBB411-Pb newtron fu response |

by the sea level
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