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Attached is a revision of one of the reports. | had one of our
radiochemist review it. One of the comments or suggestion is the
idea of filtering a solublized sample and checking the filter for hot
particles. Apparently the lab has some experience with this
technique for Sr-90 hot particles.

| will be doing some DHS activities tommorrow and Wednesday. I'll
be checking my e-mail, so if you have any immediate concerns or
comments you can e-mail them to me.

Regards,

Peter Shebell, Physicist

Environmental Sciences Divison
Environmental Measurements Laboratory
201 Varick St 5th Floor

New York, NY 10014-4811

Voice: (212) 620-3568

email: peter.shebell@ eml.doe.gov
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Introduction

The purpose of this brief report is to discuss a few key issues associated with sample collection,
sample preparation and radiochemical analysis of radionuclides associated with heterogeneously
distributed contamination. Issues regrading sample design for heterogeneously distributed
contamination will not be addressed. References are provided so that more detailed information
may be obtained.

Sample collection

Previous reports on sampling for heterogeneously distributed contamination, i.e., hot spot and
hot particles, have advocated the use of scanning techniques as the only effective approach to the
problem. However, scanning data should always be supplemented with media samples that are
analyzed in a fixed laboratory using approved or appropriate radioanalytical techniques, so-called
analytical data. It should be noted that comparisons of field data and analytical data can be
problematic, especially if the contamination is heterogeneous. Therefore, analytical data should
be used to determine information that cannot be determined by using field methods (e.g. isotopic
information that could be used to establish surrogates).

The challenge of sample collection for heterogeneously distributed contamination deals primarily
with representativeness. By definition, a representative sample must, in this case, exhibit the
average concentration, to a specified degree of accuracy, over an area or volume. Unfortunately,
there may not be any way to know or estimate the degree of heterogeneity that could be used to
develop a sampling strategy. In this case, the goal of sampling would be to establish bounds or a
worst case scenario. Also, the approach should not be prescriptive. Instead, the approach should
be interrogative, with ability to modify the sampling strategy as more information from the
characterization process becomes available. This idea of using real-time, field generated data to
support real-time decision-making to manage the uncertainty associated with site characterization
has been addressed by the EPA and is referred to as the Triad Approach (Crumbling et al. 2001).
It is an outgrowth of the DQO process and elements of it are reflected in MARSSIM. It is
mentioned here because the Triad Approach provides a frame work that combines the use of

_ novel field screening techniques (e.g., FIDLER, AXISS, SCM/SIMS, etc.) and traditional

sampling, with laboratory analysis, to manage the uncertainty associated with analytical and
sampling errors that are connected with site characterization.

Sample Preparation

Most samples that are collected cannot be assayed directly but must be converted to a more
suitable form. One of the first steps in that process involves homogenization. The degree of
processing required to achieve some level of homogeneity is largely a function of the form of the
sample (e.g., sediment, soil, rock) and the desired degree of reproducibility, which is a function
of the size of the sub-sample that is required to perform the analysis. For example, the analysis
of gamma-emitting fission products in sediment using gamma-ray spectrometry needs almost no
processing. This is because sediment usually consists of fine particles and the amount needed for
gamma-ray spectrometry can be a significant fraction of the sample collected (i.e., a large sub-
sample). However, if the analytical method involves Inductively Coupled Plasma Mass
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Spectrometry, then only a few micrograms out of a much larger sample (~10 - 20 grams) are
required. In this case, the small sub-sample increases the chance for error and it is therefore
essential that the sample is well-homogenized. Moreover, if the sample consists of hot particles ,
then a significant amount of grinding and blending will be necessary to reduce (not eliminate) the
uncertainty associated with sub-sampling. Standard practices for soil sample preparation may be
found in ASTM C999-90 (ASTM 1990). Clearly, if hot particles are an issue, then techniques
such as ICP-MS should be avoided. The canonical work on sampling theory and practice is
attributed to Pierre Gy and is summarized in Pitard (1993). A more concise treatment may also
be found in MARLAP (ref).

Once sample has been sufficiently homogenized, then chemical treatment on the sample begins
with the addition of a tracer, which is used to make corrections (for losses) on the target analyte.
Several other steps are necessary before a activity measurement can be performed. These steps
include: conversion of contaminates into acid soluble form (dissolution), radiochemical
separation, purification and source preparation. Of special note is the dissolution of refractory
plutonium (di)oxide (PuO,), which is a common form of plutonium in spent fuel. If the
dissolution of refractory PuQ, is not done correctly, it can be a source of significant error when
analyzing samples that could contain fuel fragments. It should be noted that the recoveries that
might be associated with a given technique could be very good, but misleading in the case of Pu.
This is because the tracer is not same chemical form often’Pﬁ“‘tTme(Ekason 2002). Leaching
methods using a Aqua Regja-tamixture of nitric and hydrochlonc acid) cdn leave as much as
40% of Pu activity undisso : ve up to 50% (Croudance
98)-However, a mxxtlg/of hydrofluoric and{xt;c acid has beeysuccessful in extracting
PuO2 from environmental sam : € total dissolution methods
use very small samples size (~ at most a few-grams), which agam can be problematic for
heterogeneous contamination. Again, if hot particles are suspected, then it might be a good idea
to filter the solution after the dissolution step and screen the filter for activity. If activity is found,

{5{\\/‘}\ then one could use autoradiography to confirm the presence of hot particles.
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There are two basic approaches to determining activity: atom counting and decay counting For
low specific activity radionuclides(T,, > 1000 yrs), one method involves atom counting using
Inductively Coupled Plasma Mass Spectrometry. This technique is very sensitive and can detect
elements at the parts-per billion and parts per trillion level (in some instances parts per
quadrillion). This sensitivity makes it ideal for trace analysis. But given our earlier comments, is
probably not the best method for the analysis of hot particles. Fortunately, many transuranic
isotopes decay by alpha and therefore alpha spectrometry can be used, providing both
quantitative and qualitative information about the nuclides in the sample. Quantitative
determination using alpha spectrometry presents its own problems mainly due to the nature of
alpha particles . Because alpha particles interact strongly with matter, alpha spectrometry sources
must be very thin. Also, the counting geometry should be optimized to ensure good separation
among the alpha peaks.
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It should be noted that given some of the challenges associated with the radioanalytical
techniques for transuranics (e.g. refractory Pu), the service laboratory must have a measurement
quality assurance (MQA) program. The minimum requirements necessary to maintain a viable
measurement assurance program by a radioassay laboratory may be found in ANSI N42.23-1996
(ANSI 1996). It is essential that radioassay laboratory that is performing the analysis participate
in a MQA assessment program. The laboratory should have acceptable or satisfactory
performance for the radionuclides and matrices associated with the site characterization in
question.

For a more complete listing of standard laboratory methods and instruments see the NUREG-
1575 (NRC 1997), and for specific radiochemical techniques consult the EML procedures
Manual (DOE 1997) .

Conclusion

For hot particles and heterogeneous contamination, samples must be well homogenized. Also,
avoid techniques that use very small sample sizes. Use gamma ray spectroscopy when possible.
If radiochemistry has to be done, be sure to use the appropriate techniques for the given analytes
and matrices and that the laboratory performing the analysis participates in an MQA assessment
program. The laboratory should have acceptable performance for the radionuclides and matrices
associated with the site characterization in question
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