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Environmental Sampling 

John M. Puckett, Los Alamos National Laboratory (LANL) 
Presented at the 3'd Workshop on Transparency in Nuclear Nonproliferation 

Introduction 

Environmental Sampling (ES) is a technology option that can have application in 
transparency in nuclear nonproliferation. The basic process is to take a sample from the 
environment, e.g., soil, water, vegetation, or dust and debris from a surface, and through very 
careful sample preparation and analysis, determine the types, elemental concentration, and 
isotopic composition of actinides in the sample. The sample is prepared and the analysis 
performed in a clean chemistry laboratory (CCL). This ES capability is part of the IAEA 
Strengthened Safeguards System. Such a Laboratory is planned to be built by JAEN at 
Tokai and will give Japan an intrinsic ES capability. This paper presents options for the use 
of ES as a transparency measure for nuclear nonproliferation. 

Environmental Sampling 

The focus of ES in this application is on isotopes with half-lives greater than 1000 years, 
primarily the actinides. For lesser half-lives, radiation counting techniques provide analytical 
information needed to determine the composition of a sample. However, for longer half-life 
isotopes, such as uranium and plutonium, mass spectrometry sensitivities are required. Mass 
spectrometry can provide both the elemental abundance and the isotopic ratios at very low 
levels, far below any levels that might pose any health hazard. The abundance measures the 
total amount of the material in the sample, and the isotopic ratios provide information about 
the source or use of the material. In uranium, these isotopic ratios can tell the difference 
between depleted, natural, low-enriched (GO% U235) and high-enriched uranium. In 
plutonium, the isotopic ratios can determine the source process by which the plutonium was 
produced (e.g., world-wide fallout or domestic activities) and verify that the plutonium is 
consistent with the declaration from high burnup reactor fuel. 

To understand the levels of sensitivity of ES analysis, consider that world-wide fallout of 
plutonium, primarily from atmospheric nuclear testing, is about 8 femtograms of Pu in each 
gram of surface soil. This can also be expressed as 8 x grams of Pu in each gram of 
surface soil. Or expressed another way, a sample size of about 5 x lo8 atoms of Pu is 
sufficient for determination of the isotopic ratio. Picture the Tokyo Dome stadium filled 
with ping-pong balls and let three of the balls be colored red. If the ping-pong balls represent 
the atoms in the total sample, then the analysis is sufficiently sensitive to detect the three red 
balls. 

In order to perform such sampling and analysis, several key building blocks are required. In 
all of these building blocks, the focus is on the integrity of the sample to assure the sample 
can never get contaminated with any material that does not represent the true sample. These 
key building blocks are 



the protocols and procedures that define how samples are obtained and handled 
during transfer to a laboratory; 
the facility, the building with the proper construction and air flow is essential; 
the equipment within the building that can handle the samples, do the chemical 
separations, and perform the mass spectrometry analysis; 
the protocols that define the fundamental approaches to the facility operation; 
the procedures that will be used throughout the facility, including quality assurance 
(QA) and quality control (QC); and 
the training of the personnel who will operate the facility. 

These building blocks, and their details, have been developed over the last several decades as 
the technology in ES has been pushed to the 100 million atom level achievable today. 

Japan’s Planning for Environmental Sampling Capability 

The DOE and LANL are working with JAERI under the Agreement for Cooperation in 
Safeguards to provide the technical expertise to support the construction of a CCL at Tokai. 
The CCL will have the capability to perform the ES analysis that has been demonstrated in 
the US and throughout the world. 

Although the author of this paper cannot speak for Japan or JAERI, the author believes it is 
Japan’s desire to have the capability within the State to perform analysis of environmental 
samples that can duplicate those samples obtained and analyzed by the IAEA. In addition, 
with time and experience in operating a CCL, the JapdJAERI CCL could become a member 
of the IAEA Network of Analytical Laboratories (NWAL) and provide routine analytical 
support for the IAEA. A CCL must be qualified to become an NWAL, through a process 
where pre-characterized blind samples are submitted for analysis and the candidate laboratory 
must demonstrate their capability to perfonn the analysis at the environmental level, which 
varies with the element being measured because of environmental background (for example, 
uranium is much more abundant than Pu in the environment) with the proper protocols and 
QNQC procedures in place. 

As the IAEA implements the Strengthened Safeguards Systems, they are investigating the use 
of new technologies, such as ES, to enhance some existing safeguards techniques. So Japan 
will be at the leading edge for these applications when they have their ES capability. 

Use of Environmental Sampling in Transparency for Nuclear Nonproliferation 

The ultimate goal would be to show through environmental sampling and analysis that Japan 
is adhering to her commitments to nonproliferation. The result of the sampling and analysis 
would show that all activities were consistent with Japan’s declared activities and 
commitments under the NPT. 

However, this does not happen simply by taking some samples and having them analyzed. 
All samples must be referenced to a pre-existing status. For example, uranium is naturally 
present in the crust of the earth. So how does a new sample taken near a facility compare to 
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what is naturally present? The use of environmental sampling must start with establishing a 
baseline showing the present existing conditions by taking many samples both near and away 
from any PNC nuclear facilities. PNC must consider this a decade-long process, and this part 
of the process will involve the technical facility operators, the public (including press), and 
political leaders. One must remember that the levels of detection are so low that all samples 
will see plutonium and uranium far below health hazard levels. The education process is 
making the public, press, and political leaders aware of that fact and gain a much needed 
recognition of the natural environment and level of hazards. However, there is a downside. 
PNC will release environmental sampling results that will indicate the levels of actinides in 
the environment. There will be people and organizations that will use the information against 
PNC, and indeed some past statements may have to be corrected. In the long-run, PNC will 
establish a baseline of the environment around its nuclear facilities, and it is fiom that base 
that future environmental sampling will demonstrate to IAEA and other States, PNC’s 
commitment to nonproliferation. The IAEA will not release any results so it is the State’s 
and the operator’s (PNC) discretion that makes the results available to the audiences desired. 

Although the goal of this action sheet is nonproliferation and has been the focus of this 
discussion, there are other reasons for obtaining a baseline of environmental data for PNC 
facilities. First, in accidents or events that can happen where some material is released to the 
environment, knowing the baseline can be very important in answering question about what 
was released and doing post-event analysis. Also it eliminates accusations that the baseline 
levels are the result of the event. In a similar way, an accident or event in a neighboring State, 
which may deposit material in the Japan environment, can be differentiated fiom the baseline 
that already exists and is known. 

Environmental sampling can be a very powerful technical option in demonstrating PNC’s 
commitment to nonproliferation. However, it is a long-term commitment (and one Japan may 
already be committed to) and will require the involvement of the technical community, the 
public, and the political leaders. LANL has been performing environmental surveillance and 
analysis for the last 15 years and has characterized the environment around Los Alamos in 
very great detail. This activity has served LANL well in clearly identifling what is in the 
environmental and thereby eliminating many accusations that often come from rumors rather 
than fact. Our experience is that one must perform the analysis, present the facts in an open 
and honest forum, and do any cleanup where it is warranted, and then support will increase 
for the activities being carried out by the operator. The annually published LANL 
Environmental Surveillance report, discussed at the second workshop, is one example. 


