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Abstract - The paper describes the controls implemented by the U.S. Department of 
Energy (DOE) at the Radiological and Environmental Sciences Laboratory (RESL) to 
secure data quality. A description of the analytical instrumentation and methodology 
employed by RESL is provided. The results of the intercomparison program with the 
National Institute of Standards and Technology (NIST) are provided to demonstrate 
traceability to a primary source. A description of the methods and techniques used to 
ensure quality control on a daily basis is given. The techniques used to evaluate the 
sources of uncertainty are reviewed and specific examples cited. The intercomparison 
programs operated by RESL are discussed.

RESL is one of the three federally owned and staffed laboratories operated by DOE. RESL, located 
at the Idaho National Engineering Laboratory (INEL), fifty miles west of Idaho Falls, Idaho, was 
created as the Health Services Laboratory as part of the Atomic Energy Commission (AEC). During 
the reorganization of the AEC, a legislative mandate appointed RESL as the reference laboratory for 
the newly created U.S. Nuclear Regulatory Commission (NRC) in the Confirmatory Measurements 
Program. At that time, RESL established a traceability program with the National Bureau of 
Standards (NBS)/NIST in gamma-, alpha-, and beta-emitting nuclides. The traceability program also 
provides for the preparation of standards at RESL for analysis by NIST. This aspect of the program 
has been in place for about 15 years. The term "traceable" is defined by this program as producing a 
result that is within 5% of the value postulated by NIST as the true value of some common source. 
The program evaluates the analytical capability in the Uci - Pci /unit range and not at environmental 
levels. RESL has operated its own intercomparison program for about 10 years. On a quarterly 
basis, standards are provided to the participants of the program. The program was established to 
provide a means of support for the NRC regional-mobile laboratories. Because these laboratories 
usually have limited analytical capability, the gamma-emitting standards are prepared in a variety of 
matrices that include water, vegetation, air filters, or charcoal cartridges.

The Radiological and Environmental Sciences Laboratory serves as the Performance Testing 
Laboratory for the U.S. Department of Energy’s Laboratory Accreditation Program (DOELAP).

Radiological and Environmental Sciences Laboratory, Idaho Falls, Idaho 83401-1562.
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RESL also provides technical support for the Analytical Services Program operated by the Office of 
Technology in the DOE. While the Analytical Services Program is not an accreditation program, it 
does provide the external assessment and performance evaluation testing that an accrediting 
organization would incorporate.

Quality assurance (QA) is defined in almost as many ways as there are quality assurance officers.
John Taylor has described quality assurance as a system of activities that assures the producer or user 
of a product or a service that defined standards of quality are met at a stated level of confidence. 
Quality control (QC) differs in that it is an overall system of activities that controls the quality of a 
product or service so that it meets the needs of the users. From this definition, we can interpret 
quality control to consist of the internal, day-to-day operation, which could include QC check 
samples, spikes, blanks, etc. to control and assess the quality of the measurements. Quality assurance 
is the management system that ensures an effective quality control system is in place and functioning 
properly.

The purpose of a laboratory quality assurance program is to prevent, detect, and correct problems in 
the measurement process, while establishing the desired statistical control through quality control 
samples. The aim of the quality assessment, which may be defined to include both quality assurance 
and quality control programs, is to control analytical measurement errors at levels acceptable to 
laboratory standards/controls and to the data user. Once this initial goal is satisfied, then the 
assurance that the analytical results are of an acceptable quality increases in probability.

For better or worse, most data is evaluated on the basis of its uncertainty when compared with the 
user-defined requirements. The uncertainty associated with each link in the collection-analysis- 
reporting chain should determine the uncertainty in the final result. However, as is too often the 
case, the only uncertainty associated with the sample is that reported by the analyst. Laboratory 
quality assessment measures, at most, can only account for errors that occur after sample collection.
If the analytical process produces results that are excessively variable due to some analytical 
unknown, or the associated uncertainty exceeds the user’s requirements, then the data may be of such 
a low quality as to be essentially useless. If the uncertainty of the results satisfies both the internal 
and external requirements, then the data should be considered to be of adequate quality. In some 
cases, this may produce a result and uncertainty for two different sample/analytical processes that are 
identical, thus proving that the phrase quality data may be a relative term.

The time allowed does not provide for even an adequate summary of all the criteria that should be 
incorporated in a comprehensive quality assurance program. With that boundary condition 
established, I will address a few areas that are of concern to an analytical chemistry laboratory 
performing analyses for radioactive constituents at concentrations found in the typical environment.

In 1967, Pontius and Cameron published NBS Monograph 103, "Realistic Uncertainties and the Mass 
Measurement Process." This monograph was the first publication that addressed the measurement as 
a process that could be held in a state of statistical control. Their work was based on the lectures of 
Walter Shewhart. Control charts in all their forms have evolved to be one of the most basic tools for 
quality assurance in use today. Most, if not all, types of control charts can be placed in one of two 
categories: a "property" chart or a "precision" chart. The precision chart consists of plotting the 
standard deviation, evaluated at various times. The obvious problem with the precision chart lies in 
the requirement of plotting the standard deviation. This requirement limits their use in analytical 
chemistry because of the time-consuming techniques necessary to produce the desired result. A

330



property chart which plots the selected property of a single measurement, is more susceptible to the 
unpredictable blunder. A blunder may be defined as simply a mistake that occurs on occasion to 
produce erroneous results. Examples of blunders include measuring the wrong check source, making 
a transcription error, misreading the scale, or applying the wrong decay time to the check source.

The most common format of all control charts include a center line that establishes the best estimate 
of the selected property. A property chart contains a plot of the data points for the selected property 
verses time. To assist the user in visualizing the response of a system for the selected properly, the 
control chart will indicate, in some manner, limits within which the measured value or selected 
property may be expected to lie with some established probability. These limits establish a boundary, 
which, if exceeded, must produce some action on the part of the analyst to assess why the limits were 
exceeded. These then can be labeled as the upper- and lower-action limits or control limits. Most of 
the current references establish three-sigma as the bounds within which virtually all values should lie 
when produced by a system in statistical control. A second set of limiting values may be plotted to 
serve as warning limits. This set of limiting values is usually at the two-sigma value within which 
most (95%) of the values should lie. Only a few measurements should lie between these two limits.
It should be remembered that when establishing the control limits, the population standard deviation, 
sigma, is an unknown quantity, but is estimated based on a limited data set.

The procedure in use at RESL establishes the central line from the mean of a number of measured 
values and the experimentally estimated standard deviation to define the warning and action limits. 
When using a reference material, such as a Standard Reference Material (SRM) for the control 
sample, the certified value may then be used as the center line. Even so, that value must be evaluated 
by the laboratory’s statistics of measurement used to define the control limits to show that it does not 
differ significantly from the measured value. It is suggested that 15 independent measurements be 
performed to obtain the initial estimates of these statistics. The measurements must be truly 
independent, meaning that the interval between measurements is long enough to eliminate artifacts of 
successive measurements, i.e., removing the source and replacing it on the detector, using the same 
working solvents, using the same detector to verify the value for a standard reference material.
The monitoring of the data output to assure quality using the necessary techniques of measurement is 
the main objective of quality assurance. The incorporation of these techniques and their results 
should provide confidence to the analyst and user that statistical control has been realized and is being 
sustained. They should also provide realistic estimates of the accuracy of the resultant data.

The time-honored method used to evaluate precision is repetitive measurement. For some types of . 
rad analytical procedures, repetitive measurements are less restrictive than others. For instance, 
repetitive measurement by gammaspectroscopy is certainly less restrictive than say, sample 
decomposition, separation, and concentration for the identification of strontium. Another approach 
may be the analyses of an appropriate number of duplicate measurements, the examination for beta 
particles only. This could offer the possibility of evaluating the precision that is required and should 
therefore minimize questions regarding the suitability of the quality assurance samples.

Realizing that few if any analytical facilities have the time necessary to do repetitive measurements on 
all but a.select few of the samples analyzed, the above requirements must be satisfied in a timely 
fashion. This is typically accomplished using internal test samples. These test samples may consist 
of internal reference materials, spiked samples, split samples, and surrogates. These internal test 
samples can be included with the batch of true samples or analyzed as a group themselves to evaluate 
the precision of the measurement process. If the concentration of the internal standard is known to
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the required, accuracy then bias may be evaluated. Ideally, these test samples should originate from 
an organization (Laboratory Quality Branch) that is external to the group performing the actual 
analyses.

Measurement bias may be the result of the analyst, or the instrumentation or the procedure, or may 
be a combination of some or all of the above. Internal studies used to investigate such a bias may 
include the use of independent techniques to measure the samples, or the interchange of analysts 
and/or instrumentation. If the appropriate quality assurance procedures were followed when the 
calibrations were performed, then the measurement process should be independent of who performed 
them and the instrumentation used. If this is found not to be the case, the calibration procedure 
should be examined for any inadequacy. The procedure should then be evaluated for technique 
dependent steps. The use of control charts, when evaluating the analysts and the instrumentation, 
should identify the problem. When the data are not sufficient to produce statistical judgements, then 
only large differences are significant. Usually these cases involve small differences in precision; 
therefore, statistical evaluations should be based on a relatively large database.

Unfortunately, one of the most driving reasons for evidence of quality in the measurement process by 
external means may be how it is perceived by regulators and compliance requirements. From the 
quality assessment point of view, this is not true. In many cases, this approach can reduce the effort 
required for internal evaluation. Further evidence of quality in the measurement process may be 
gained by several procedures. The internal evaluation of precision and an independent assessment of 
bias may be confirmed by these external procedures. These could include participation in round robin 
studies conducted by the various standards committees, exchange of standards and well-characterized 
samples with other analytical facilities, participation in external performance evaluation programs, and 
the analysis of standard reference materials from NIST. If one so chooses, or it is necessary from 
contractual obligation, the collaborative tests provide a means to compare performance with other 
facilities performing comparable types of analyses. If the standard or round robin sample is 
sufficiently well characterized to a specified accuracy, bias can be minimized. The exchange of 
samples with other analytical facilities or with other groups within the same lab can only provide 
some degree of evidence of agreement or disagreement. The obvious problem with the exchange of 
samples is the inherent lack of characterization.

If the results are not in the range of agreement specified, where does the problem reside—in the 
sample inhomogeneity or in the procedure? It should go without saying, then, that the use of 
appropriate reference materials to evaluate the data quality is the procedure of choice.

The NIST Technical Note 1297, Guidelines for Evaluating and Expressing the Uncertainty of NIST 
Measurement Results, states: "In general, the result of a measurement is only an approximation of 
the value of the specific quantity subject to measurement, and thus the result is complete only when 
accompanied by a quantitative statement of its uncertainty." The publication goes on to define the 
random and systematic uncertainty by defining an alternative nomenclature, a "component of 
uncertainty arising from a random effect" and a "component of uncertainty arising from a systematic 
effect" where a random effect is one that gives rise to a possible random error in the current 
measurement process, and a systematic effect is one that gives rise to a possible systematic error in 
the current measurement process. The random uncertainty can be evaluated by the statistical analysis 
of a series of observations. The evaluation of uncertainty by means other than the statistical analysis 
of a series of observations can be the systematic uncertainty. This type B is usually based on 
scientific judgement using all relevant information available which may include:
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• previous measurement data
• experience with, or general knowledge of, the behavior and property of relevant materials and 

instruments
• manufacturer’s specifications
• data provided in calibration and other reports
• uncertainties assigned to reference data taken from handbooks.

Examples of the uncertainty evaluation and quantitative propagation may be found in the Technical 
Procedures Manual, Analytical Chemistry Branch, RESL.
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