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1. INTRODUCTION 

The University of Nevada, Las Vegas (UNLV) Department of Health 
Physics was awarded grant DE-FG08-94NV11665 entitled *fSoil 
Contamination Studies" on October 14, 1994. The objective of the 
project was to develop a quick screening method that accurately 
identifies and quantifies the amount of alpha-emitting 
radionuclides in infinitely-thick soil samples using a Frisch 
grid ionization chamber. An additional objective of the work was 
to provide the U . S .  Department of Energy, Nevada Operations 
Office (DOE/NV) and its contractors with information on the 
theoretical and actual measured results of atmospheric testing 
contamination of soil and water at the Nevada Test Site (NTS) 
through a comprehensive search of existing literature. 

2. Determination of Alpha-Emitting Radionuclides in Infinitely- 
Thick Soi l  Samples 

Soil sample preparation techniques for alpha spectroscopy are 
often quite tedious and labor intensive. Because of the 
extensive use of chemicals, and subsequently, required use of 
fume hoods, current methods are fine for laboratory settings but 
unsuitable for timely field assay analyses. The Frisch grid gas 
ionization chamber has shown promise for near real-time analysis 
of in-field environmental soil samples, with minimal space and 
cost requirements. 

There are several advantages to using a Frisch grid system for 
alpha spectrometry work. It has a large interior counting 
chamber that can accommodate several sample geometries. The 
chamber has a full 2 pi geometry allowing the counting gas to 
completely circulate around the sample resulting in efficiencies 
approaching 5 0 % ,  which lowers detection limits and minimizes 
required counting times. Its resolution is comparable to that of 
conventional solid state a1 ha detectors. An electroplated alpha 
standard (239Pu, 241Am, and 24'&m) was counted both on a Frisch grid 
detector and a state-of-the-art solid state detector to compare 
the efficiency and resolution of these two types of systems. 
Results shown in Figures 1 and 2 indicated that the Frisch grid 
used in this study provided efficiencies of 40-45% versus an 
efficiency of 24% for a typical solid-state silicon detector. --- 
The Frisch grid gave a resolution of 3.31 keV/channel for the 
u9Pu peak versus 2.7 keV/channel for a solid state silicon 
detector. 

Because the Frisch grid can accommodate odd sample geometries, it 
can be used for rapid quantification of environmental samples, 
specifically soil samples, when a quick determination of alpha 
contamination is needed. However, determining the total alpha 
activity of individual radionuclides in infinitely-thick soil 
samples with a Frisch grid ionization chamber presents a number 
of problems. First, the introduction of loose, uncovered alpha- 
emitting material in the sensitive volume of the detector may 
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Figure 1. Frisch grid spectrum obtained with 5 nCi 239Pu, 241Am I 
and *%a electroplated standard. 
reSolUtion = 3.31 keV/channel. 

Efficiency for  239Pu = 40%, 
300-sec count. 
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Figure 2. 
nCi u9Pu, 241Am, and 2 4 4 ~  electroplated standard. 
239Pu = 24%, resolution = 2.7 keV/ehannel. 

Sol id-s tate  s i l i c o n  detector  spectrum obtained with 5 
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result in' the contamination of the detector's sensitive volume- 
The extent of detector contamination is further exacerbated when 
contaminated soil particles are aerosolized during purge/fill 
cycles of the P-10 counting gas and adhere on counting chamber 
surfaces- Increases in background levels decrease the resolution 
of the detection system. In addition, decontamination of a 
Frisch grid detector chamber is very time consuming and requires 
great care to ensure delicate features of the detector such as 
the grid are not damaged. 

Full alpha energy peaks in the spectra taken of infinitely-thick 
soil samples in a Frisch grid detector are often convoluted due 
to tailing effects and superposition of monoenergetic peaks as 
shown in Figure 3 .  The low energy tailing effect is caused by 
the partial energy loss of alpha particles caused by interaction 
with the soil particles. 
the alpha particle in the detector sensitive volume and leads to 
a drastic reduction in resolution. To attain sufficient 
resolution between pulse height distributions, soil samples must 
be counted for extended periods of time, or very small sample 
sizes must be used. If precautions are taken and full energy 
peaks are discernable in the spectrum, commercially-available 
software programs that deconvolute spectra can be utilized to 
accurately determine net counts in each peak. 

This prevents full energy deposition of 

In this study, a number of soil sample preparation techniques for 
counting on a Frisch grid ionization chamber were investigated. 
Planchettes containing arid soil samples collected from the 
Double-Tracks Site at the Nevada Test Site were treated with 
various materials prior to counting to determine the optimal 
means for preventing aerosolization of the soil in the sensitive 
volume of the detector and preventing/minimizing tailing effects 
in spectra duriiig analysis. 
and was estimated to have a specific activity of 239Pu of 
approximately 2 9  nci/g. 

The soil was assayed in the field 

The Frisch grid used was a model Adiago 114 manufactured by 
Numelec-Instruments. The detector was constructed to run through 
2 purge/fill cycles per sample which lasted for 175 seconds. 
Each sample w a s  counted for 20 minutes. 

contaminated soil had aerosolized during analysis. 

The sample preparation methodologies investigated as part of this 
study include: 

A 5-minute background 
was taken after each sample was counted to determine if any -..- 

1. UNLV radiochemical procedure (baseline) 
2. Dispersing soil in methanol 
3 .  Dispersing soil in a methanoljnitric acid solution 
4 .  3M adhesive 
5. Double-sided tape 



! '  i '  
i i  

386 - ;  

32 1 

257 

193 - 

129 i 
I 64 - 
I 
I 
I 
I 

Energy (keV) 

Figure 3 .  
by a Frisch grid spectrum upon analysis of thick, z9Pu- 
contaminated soil sample. 1200-sec count. 

Low energy tailing effects typically seen in spectrum 



Methanol Methodology 

This methodology was adopted from Sill' and was demonstrated 
during preliminary cleanup efforts at the Radioactive Waste 
Management Complex at the Idaho National Environmental and 
Engineering Laboratory. The modified procedure involves adding 2 
mL of methanol to a known mass of contaminated soil on a 2-inch 
diameter aluminum planchet and then heating the sample to dryness 
on a hotplate. The methanol acts to disperse the soil on the 
planchet to reduce soil clumping, and subsequently, alpha 
particle absorption. The 5-minute backgrounds obtained after 
each sample analysis indicated that some of the contaminated soil 
had aerosolized during the analysis. 
proved to be inadequate for binding the contaminated soil to the 
planchet during the purge/fill cycles. Sill successfully fixed 
soil on planchets with his method by grinding the soil after the 
methanol application. This approach was not used in this study 
to prevent the generation of airborne, respirable u9Pu- 
contaminated soil particulates. 

Methanol/Nitric Acid Methodology 

This methodology was adopted from Lally' and involves ac 3ing 
methanol and 1 M nitric acid to a known mass of contaminated soil 
on a 2-inch diameter aluminum planchet and then heating the 
sample to dryness on a hotplate. Both the methanol and nitric 
acid act to disperse the soil on the planchet to reduce soil 
clumping. The nitri'c also provides some initial leaching of the 
soil surfaces to-further disperse the contamination. The 5- 
minute backgrounds obtained after each sample analysis indicated 
that there was no contamination of the Frisch grid chamber. The 
actual procedure used is outlined below: 

The methanol methodology 

1. 

2 .  

3 .  

4 .  

5 .  

6. 

Clean 2" diameter aluminum planchet with methanol and allow 
to dry. 

Weigh dry planchet and record weight. 

Pass soil sample through 50-mesh screen (250pm) and set 
aside. 

- - -  
Place planchet on scale and transfer no more than 0 . 2 5  g of 
sample and record weight. 

Add 2 mL of methanol to soil/planchet and swirl gently to 
disperse sample and place on WARM hotplate. 
is too warm, the methanol will splatter. 

If the hotplate 

Add 1 mL of 1 M nitric acid and s w i r l  planchet to disperse 
sample. 

Note: Additional nitric acid can be added if necessary. 
Volumes can be adjusted as needed depending on the area and 



volume of the planchet. It is not recommended adding more 
liquid while planchet is in direct contact with hotplate 
because splattering can occur. 

7. Allow planchet to dry completely. This can be checked by 
re-weighing after drying, 

Figures 4-6 are examples of spectra obtained by counting Double 
Tracks soil on the Frisch grid for 20 minutes. Figures 4 and 5 
show a relatively well defined 239Pu peak at 5.15 MeV with some 
tailing effects at lower energies. Note also in both cases that 
there is a fairly well defined 241Am peak at 5 . 4 0  MeV. 
Tracks soil has a high enough specific activity that it takes 
only - 0.01 g of soil to actually see 239Pu activity. This 
suggests that rad.d quantification (i.e:, 20 minutes) of 
plutonium in soils using the methanol/nitric acid method and a 
Frisch grid detector can only be obtained in high specific 
activity soils. Another weakness of any Frisch grid analysis of 
soils, regardless of preparation technique, is that the presence 
of too many alpha-emitting radionuclides may convolute a spectrum 
to the point where quantification may be impossible, 

The Double 

Note that the spectrum in Figure 6 shows poor resolution and a 
large amount of low energy tailing. This most likely is due to a 
"geometry effect." It appears that in some cases, the 239Pu may 
be sorbed on the underside of a soil particle causing its alpha 
emissions to be partially absorbed by the soil. This will be a 
shortcoming of any of the soil preparation methods and will need 
to be investigated in the future, Finally, the three 
methanol/nitric samples soil samples tested showed a relatively 
large variation in their activities even though they were taken 
from the same 100-g soil sample (14.6 nCi/g, 65.7 nCi/g, and 9.04 
nCi/g, average - 2 8 . 6  nCi/g). Soils contaminated by discrete 
fallout are known for their inherent inhomogeneity and this 
problem is compounded when the sample sizes are in the range of 
only - 0 . 0 5  g. The small sample size necessary to ensure 
sufficient soil dispersion is one drawback of quantifying alpha- 
contaminated soils by the methanol/nitric acid method. 

3M Adhesive Methodology 

This procedure involves coating a 2-inch diameter aluminum 
planchet with 3M spray adhesive, adding a known mass of soil to 
the planchet, and then heating t h e  sample to dryness on a 
hotplate, The adhesive spray does not provide any dispersion of 
the soil. The 5-minute backgrounds obtained after each sample 
analysis indicated that there was no contamination of the Frisch 
grid chamber. Figures 7-9 are examples of spectra obtained by 
counting Double Tracks soil on the Frisch grid for 20 minutes. 
Organic compounds in the spray adhesive appear to offgas and 
quench the ionization events in the chamber which causes a marked 
increase in low energy tailing and poor resolution. Note that 
the offgasing is so severe that there is no discernable 239Pu peak 
at 5.15 MeV in any of the spectra. 

-". 
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Figure 4. 
Tracks soil sample after sample preparation by methanol/nitric 
acid methodology. 14.6 nCi/g. Efficiency = 19.2%. 1200-sec 
count 

Spectrum obtained from analysis of a 0.0174-g Double 
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Figure 5 .  
Tracks soil sample after sample preparation by methanol/nitric 
acid methodology. 65 .7  nCi/g. Efficiency = 19.2%. 1200-sec 

Spectrum obtained from analysis of a 0,0138-g Double 

count. 
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Figure 6. 
Tracks soil sample after sample preparation by methanol/nitric 
acid methodology. 9 - 0 4  nCi/g. Efficiency = 20.3%. 1200-sec 
count. 

Spectrxm obtained f r o m  analysis of a 0.0132-g Double 
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Figure 7. 
Tracks soil sample after sample preparation by 3M adhesive 
methodology. 1200-sec count. 

Spectrum obtained from analysis of a 0.0130-g Double 
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Figure 8. 
Tracks soil sample after sample preparation by 3M adhesive 
methodology. i200-sec count. 

Spectrum obtained from analysis of a 0.0260-g Double 
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F i g u r e  9. 
Tracks s o i l  sample after sample preparation by 3M adhesive 
methodology. 1200-sec count. 

Spectrum obtained from analysis of a 0.0334-g Double 



Double-Sided Tape Methodology 

This procedure involves placing a 4 cm2 section of double-sided 
tape in the center of a 2-inch diameter aluminum planchet and 
adding a known mass of soi l  to the tape. The double-sided tape 
prevented any dispersion of the soil. The 5-minute backgrounds 
obtained after each sample analysis indicated that there was no 
contamination of the Frisch grid chamber. Double-sided tape was 
investigated because it w a s  thought to offer the same amount of 
adhesion as the 3M spray, but with no offgasing effects. Figures 
10-12 are examples of spectra obtained by counting Double Tracks 
soil on the Frisch grid for 20 minutes. There is a large amount 
of l o w  energy tailing and poor resolution associated with each of 
these spectra. The double-sided tape methodology did not perform 
well primarily because it w a s  difficult to disperse the soil by 
hand on the planchet. 

Conclusions 

Preliminary results indicate that a methanol/nitric acid sample 
preparation methodology can be used to identify and quantify the 
amount of plutonium isotopes and other alpha-emitting 
radionuclides in infinitely-thick arid soil samples using a 
Frisch grid ionization chamber. Limiting factors include the 
inhomogeneity of contamination on the soil, sample size, and the 
presence of a large number of alpha-emitting radionuclides in the 
soil sample. Despite these limitations, the Frisch grid detector 
continues to s h o w  promise for near real-time analysis of in-field 
environmental soil samples. 
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Figure 10. Spectrum obtained from analysis of a 0.0260-g Double 
Tracks soil sanple after sample preparation by double-sided tape 
methodology- 1200-sec count. 
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Figure 11. Spectrum obtained from analysis of a 0.0326-g Double 
Tracks soil sample after sample preparation by double-sided tape 
methodology. 1200-sec count. 
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Figure 12. Spectrum obtained from analysis of a 0.0272-g Double 
Tracks soil sample after sample preparation by double-sided tape 
methodology. 1200-sec count. 



3. Literature Search 

A literature search on theoretical and actual measured results of 
atmospheric testing contamination of soil and water at the NTS 
was completed in July 1995. Literature was obtained from the 
DOE/NV reference library, Reynolds Electrical and Engineering 
Coordination and Information Center, and the University and 
Community College System of Nevada library system. 
and documents secured from the search were immediately delivered 
to Reynolds Electrical and Engineering Company (currently Bechtel 
Nevada) waste management personnel in support of their 
performance assessment and risk assessment studies of the NTS. 
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