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Foreword

The symposium on Evaluation and Accreditation of Inspection and Test
Activities was presented in Washington, D.C., 28-29 April 1981. The sympo-
sium was sponsored by ASTM Committee E-36 on Criteria for the Evalua-
tion of Testing and Inspection Agencies. Harvey Schock, Product Assurances
Consultant, presided as symposium chairman and editor of this publication.
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Introduction

Growing complexities in testing and inspection have resuited in the need
for a clear base to communicate information and criteria on actual capabili-
ties and performance of testing and inspection agencies. Facts are required
for business transactions and in capability reviews of outside party skiils es-
pecially for new technologies. These facts are also useful as part of formal
contracts and international understandings and treaties.

Proper use of evaluation and possibly resulting accreditation facts and
practices should permit benefits without permitting systems to grow beyond
commensurate value to concerned parties and the public. Obviously such
systems should not impose any unnecessary restraints or release proprietary
information.

To better understand these opportunities, an international Symposium
was held in Washington on 28-29 April 1981, providing a forum for the ex-
change of experiences on benefits and problems encountered with evaluation
and accreditation in the United States and in several other countries.

This publication provides papers presented at the Symposium arranged
according to:

1—Evaluation and Accreditation Concepts.
2—Laboratory Applications and Computer Systems.
3—Evaluation and Accreditation in Government.
4—International Evaluation and Accreditation.

The development and use of evaluation and accreditation are growing rap-
idly in the United States and on a bilateral and multinational base interna-
tionally. This Special Technical Publication provides background to encour-
age participation in the further development of necessary standards and
practices. Interested parties are cordially invited to participate in the generic
work of ASTM Technical Committee E-36 on Criteria for the Evaluation of
Testing and Inspection Agencies and in the specific work of many other
committees working on the development of national and international
standards and their application to products and methods.

The assistance of the authors, reviewers, and ASTM staff in the presenta-
tion of this material has been appreciated. Your interest and successful ap-
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2 EVALUATION AND ACCREDITATION

plication of this information is ample reward to all of those involved in this
effort.

Harvey Schock
Product Assurance Consulting
Haddonfield, NJ 08033



Evaluation and Accreditation Concepts



D. M. Dymond'

Some Viewpoints on
Evaluation/Accreditation Systems

REFERENCE: Dymond, D. M., “Seme Viewpoints on Evalnation/Accreditation Sys-
tems,” Evaluation and Accreditation of Inspection and Test Activities, ASTM STP 814,
Harvey Schock, Ed., American Society for Testing and Materials, 1983, pp. 5-10.

ABSTRACT: This paper describes the early development of ASTM Standard E 548,
Recommended Practice for Generic Criteria for Use in the Evaluation of Testing and
Inspection Agencies. It describes some of the essential concepts developed by Commit-
tee E-36 and its task forces and shows how these concepts relate to the work of other
ASTM committees and to national and international accreditation programs. He de-
fines the goals of a successful accreditation system as (1) credibility and (2) acceptance.
He hopes that ASTM through its Committee E-36, working with the other ASTM
committees and outside organizations, can provide national and international leader-
ship in the development of accreditation systems,

KEY WORDS: laboratory accreditation, systems evaluation, laboratory evaluation

The purpose of this paper is to provide information concerning some of
the essential concepts developed by Committee E-36 and its task forces and
to show how these concepts relate to the work of other ASTM committees
and to national and international accreditation programs. The overall objec-
tives and outline of the work program of ASTM Committee E-36 on Criteria
for the Evaluation of Testing and Inspection Agencies are described in the
paper by G. A. Berman beginning on page 11.

The Resources Task Group that originally structured ASTM Recom-
mended Practice for Generic Criteria for Use in the Evaluation of Testing
and Inspection Agencies (E 548) was formed in 1973 and consisted of repre-
sentatives from a number of organizations including testing laboratories, in-
spection agencies, associations, governments, and public interest groups.
The representatives of testing laboratories included those from industry and
from independent laboratories.

Documents issued by the American Council of Independent Laboratories,
the National Bureau of Standards, the College of American Pathologists,

! Vice-President, Standards and Association Affairs, Canadian Standards Association, Rex-
dale, Ont., Canada M9W |R3.
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6 EVALUATION AND ACCREDITATION

and the Occupational Safety and Health Administration were used as refer-
ence materials by the original Resources Task Force.

During the discussions that lead to the formulation of ASTM method E-
548-76, it was recognized by the Resources Task Force that a comprehensive
approach to standardization in the evaluation of testing and inspection
agencies should be undertaken by ASTM. The Appendix to the first edition
of E-548 issued in 1976 reflected those concerns. The Resources Task Force
was disbanded in 1976 when the first edition of E 548 was published.

The following statements were included in the Apendix to E 548-76:

These basic criteria should be supplemented by more specific criteria
and requirements for each particular class of testing and inspection
agencies. Since this document is only a part of an ultimate system of
judgement, it cannot be used in isolation. For specific services or appli-
cations the document (E548-76) must be supplemented by additional
criteria.

This theme was taken a step further in 1978 when a new task force was ap-
pointed by Committee E-36 to review and report on future plans, programs,
priorities, and resources. This new Task Force recommended a “framework™
for an effective system for accrediting testing or inspection agencies. The
framework developed by the Task Force took the form of a triangle consist-
ing of four levels.

The apex of the triangle was an “‘overall systems document,”” which stated
the scope and purpose of an accreditation system, and specified documenta-
tion, follow-up, and requirements for appeals and redress. The second level
of the triangle would hold two documents: E-548 covering “accreditees” and
a new generic standard for “accreditors.” The third level of the triangle
would include documents by discipline, field, or product and would provide
specific guidance in the application of an accreditation system. The fourth
level, or base of the triangle, would include the detailed methods of test, in-
spection, and evaluation of those materials, products, and processes covered
under the accreditation system. This framework is outlined in Fig. 1.

When the Task Force was preparing its recommendations, a detailed study
was made of accreditation systems, not only in North America but also in
Australia, New Zealand, and other countries. By 1978, a number of public
and private accreditation systems either were operating or were under devel-
opment in several countries, including the United States. Within ASTM sev-
eral technical committees also had activities underway related to the objec-
tives of E-36.

In 1980, another task force was established by Committee E-36 to develop
the criteria for a model accreditation systems document (that is, the apex of
the triangle) and the generic criteria for assessors. Work on these two docu-
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8 EVALUATION AND ACCREDITATION

ments is proceeding at this time, and it is likely that suitable ASTM stand-
ards will be available by 1982.

It is proposed that the ASTM model “systems” document be patterned
after the conditions for entry into the draft of the Directory of Laboratory
Accreditation Systems being prepared by the International Laboratory Ac-
creditation Conference (ILAC). This ILAC activity is being related to the
work of the International Organization for Standardization (ISO) Guide 25
to ensure harmony between ILAC and ISO activities. It is considered desira-
ble that the future work of ASTM Committee E-36 also be related to ILAC/
ISO activities. By relating the ASTM model systems document to interna-
tional activities in the field of laboratory accreditation, those establishing ac-
creditation schemes based on the ASTM model should be able to achieve recog-
nition in the international arena.

The conditions specified in the draft ILAC directory include criteria that
are basic to the operational accreditation systems covered in the directory.
The current draft of the directory lists accreditation systems in operation in
eleven countries, including a number of North American systems. It is of in-
terest to note that the United States is represented by 13 federal government
systems, 8 state systems, and 12 professional and trade association systems.

The conditions for entry in the draft ILAC directory, although compre-
hensive, do not cover some criteria considered desirable to ensure credibility
and broad acceptance. For example, it is proposed that the ASTM model
systems document include adequate appeal procedures in the event of dis-
agreements during the process of accreditation. Consideration also is being
given to criteria for fully documented procedures, for an interpretation ser-
vice, for discipline, for withdrawing accreditation, for follow-up evaluations,
and for independent audit.

The generic criteria documentation being developed for “‘evaluators’ or
‘““assessors’’ poses a unique challenge to ASTM. There is, as yet, no interna-
tional documentation containing criteria for assessors. Some national activ-
ity is underway in Canada to develop documentation to assess “‘technical
auditors.”

The development of generic criteria for assessors is complicated by the
need to include criteria not only for individuals and organizations who carry
out assessments, but also for teams of assessors who may represent different
groups or organizations. Some national accreditation schemes already in-
volve such team assessments (for example, the U.S. nuclear industry).

The short-term interpersonal relationships that are important to the suc-
cess of a team assessment must be considered when criteria for assessors are
prepared; particularly important are those cases where the team members
come from different organizations and indeed from different backgrounds.
Further complications are introduced in attempting to quantify criteria re-
lated to the personal traits and other attributes of individual assessors and
teams of assessors. Yet the credibility of an accreditation scheme and ulti-
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mately the acceptance of such a scheme can hinge upon the personal traits
and other characteristics of individual evaluators.

One further area that the current Task Force is addressing is the relation-
ship between testing laboratories and inspection agencies. The original Re-
sources Task Group that prepared ASTM Standard E 548 considered that it
was important to address both testing laboratories and inspection agencies.
Testing laboratories and inspection agencies may or may not be interrelated
in a particular accreditation scheme. Some may, in fact, rely on one or the
other scheme, not both, thereby creating a duality of purpose. The title of the
current edition of E-548 reflects this duality of purpose.

Because of recent international developments that relate to ILAC, coupled
with the objectives of accreditation schemes being developed nationally by
the American Association for Laboratory Accreditation (AALA) and the
National Voluntary Laboratory Accreditation Program (NVLAP), it is likely
that this duality of purpose will have to be reviewed once again. There are a
number of successful accreditation schemes in existence that operate without
the direct support of testing laboratories. The existence of these schemes
poses a problem in terms of developing a dual-purpose model accreditation
system. It may be that further documentation will have to be developed by
Committee E-36 to overcome this duality of purpose or that the scope of
Committee E-36 will have to be modified.

In some sectors of industry, inspection-based accreditation systems are the
norm. A number of multinational agencies operate such systems on a
worldwide basis in transportation, energy, and other sectors. The use of test-
ing laboratories often is peripheral or incidential to such systems, with the
main emphasis placed upon the inspection or audit activities of individuals or
teams of assessors. For such systems it is essential that comprehensive doc-
umentation be developed that relates to the performance of individual asses-
sors and teams of assessors. A comprehensive technical audit may be com-
pared to a financial audit. Some of the performance criteria applied to
standards for financial auditors may be useful in developing criteria for indi-
viduals operating in an inspection-based accreditation system. In such sys-
tems, criteria that relate to individual judgment, to independence and uni-
formity in application of judgments, to knowledge of auditing techniques
and principles, and to other factors such as evaluating documentation and
reporting systems are of considerable importance.

Conclusion

In developing accreditation systems for testing and inspection agencies, a
number of important issues have to be considered and resolved. Many of
these issues have been addressed by ASTM Committee E-36 and its task
forces.

An ongoing task for Committee E-36 is relating to the work of other
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ASTM technical committees concerned with accreditation or evaluation.
Liaison also is maintained with a member of organizations external to
ASTM with the view toward providing a coordinated national approach to
the basic concepts involved in an accreditation system. The generic criteria
documentation produced by Committee E-36—the first two levels in Fig.
1—should facilitate the establishment of accreditation systems by other
committees and organizations.

Organizations operating accreditation systems then can put their expertise
to work in developing or identifying suitable documentation for the third
and fourth levels of the systems triangle in Fig. 1. Such an approach ensures
that the collective resources, experiences, and expertise available to the dif-
ferent committees and organizations involved in the development of docu-
mentation for accreditation systems are put to the best use.

The most important goals of a successful accreditation system are credibil-
ity and acceptance. The contents of the model documents being developed
by Committee E-36 are designed to reflect concern for credibility and accep-
tance, and ultimately for the success of accreditation schemes patterned after
the ASTM model. The authors hope that ASTM, through its Committee E-
36 working with other ASTM committees and with outside organizations,
can provide national and international leadership in the development of ac-
creditation systems.



Gerald A. Berman’

ASTM Committee E-36 Activities in
Standards Development for
Laboratory Evaluation and
Accreditation

REFERENCE: Berman, G. A., “ASTM Committee E-36 Activities in Standards Devel-
opment for Laboratory Evaluation and Accreditation,” Evaluation and Accreditation of
Inspection and Test Activities, ASTM STP 814, Harvey Schock, Ed., American Society
for Testing and Materials, 1983, pp. 11-17.

ABSTRACT: Accreditation is a formal determination and recognition that a labora-
tory has the capability to carry out specific activities. It is conferred by an accreditor
following an assessment of a laboratory against applicable criteria. Since its formation
in 1973, ASTM Committee E-36 on Criteria for the Evaluation of Testing and Inspec-
tion Agencies has been actively working to develop consensus criteria that could be
used by others to evaluate and accredit laboratories. This paper highlights the activi-
ties, accomplishments, and future plans of Committee E-36 in the development of
standards for laboratory evaluation and accreditation.

KEY WORDS: ASTM Committee E-36, laboratory accreditation, laboratory evalua-
tion, accreditation criteria, evaluation criteria

Accreditation is a means frequently used to identify competent testing lab-
oratories. It implies that a laboratory has been evaluated by a recognized au-
thority and found capable of conducting specific activities. In the early 1940s
there were only two or three formal accreditation systems in the United
States operated by recognized authorities. That number has grown steadily
over the years and now includes about 70 formal systems. These are identi-
fied and described in a report prepared in 1980 by the Department of
Commerce.’

Of the 70 systems examined in the report, 26 are sponsored or operated by
the federal government, 20 by state and local governments, and 24 by profes-
sional and trade associations. While not identifying each specifically, the re-

'National Bureau of Standards, Washington, D.C. 20234

2U.S. Department of Commerce, “Principal Aspects of U.S. Laboratory Accreditation Sys-
tems,” NTIS Acquisition No. PB80-199-86, National Technical Information Service, Spring-
field, Va., July 1980.

11
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12 EVALUATION AND ACCREDITATION

port also indicated that literally hundreds of formal and informal private ac-
creditation systems exist that serve principally to fulfill contractual require-
ments between producers and users of goods and services. It is estimated that
these private systems, along with the 70 identified formal systems, evaluate
and accredit some 60 000 laboratories in this country, ranging from one-person
test stations to complete multidisciplinary commercial testing organizations.

Little reciprocity seems to exist between these accreditation systems. It is
apparent therefore that in order to do business some laboratories must un-
dergo evaluation by several different accreditors. This duplicative effort is
costly in terms of time and money. While it may be argued that the lack of
reciprocity between systems exists for “political” reasons, that is, the unwill-
ingness of accreditors to give up “turf,” the fact is that the evaluation criteria
and procedures used in the various systems differ. Some systems use criteria
and related assessment procedures that are very demanding. Others are less
rigorous and thorough. This naturally leads to differences in the meaning
and significance of accreditation and provides technical grounds for the au-
tonomous operation of accreditation systems with little interrecognition of
accredited laboratories.

It became apparent that some of the burden on laboratories, particularly
the necessity for duplicative evaluation caused by nonreciprocal systems,
could be reduced if standards for laboratory evaluation existed. For this rea-
son, in 1973 ASTM established Committee E-36 on Criteria for the Evalua-
tion of Testing and Inspection Agencies. Since its formation the committee
has been actively working to develop consensus criteria that could be used by
others to accredit laboratories. It must be emphasized at this point that
neither the committee nor ASTM accredits or intends to accredit laboratories.

To date, the major achievement of Committee E-36 has been the prepara-
tion of E 548, the ASTM Practice for Generic Criteria for Use in the Evalua-
tion of Testing and Inspection Agencies. This standard provides guidelines
for information disclosure in the categories of laboratory organization,
human and physical resources, operational procedure, and quality assurance
practices. However, it does not define a complete evaluation system or pro-
vide generic requirements that should be met by laboratories seeking accred-
itation. The responsibility for establishing requirements for accreditation in
each category has been viewed as the province of accreditors based on the
individual system needs and intended rigor and thoroughness.

Although quite different in detail, the requirements of many existing ac-
creditation systems show a number of generic similarities. For example, all
systems generically require laboratories to have competent staffs, a qualified
technical director, and appropriately maintained and calibrated equipment.
The benchmarks that define the level of adequacy of each are the specific de-
tails that distinguish accreditation systems. In the area of health care, the
benchmark of adequacy for the director of a laboratory is frequently a li-
censed M.D. In some physical construction materials testing areas, the
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benchmark is a professional engineer, and in yet other areas the benchmark
is simply demonstrated competence without the need for licenses or degrees.

While ASTM E 548 has been widely referenced in many accreditation sys-
tems, Committee E-36 clearly recognizes the need for further work in estab-
lishing a basis for standardization in accreditation. To this end the commit-
tee has embarked on the development of additional documents. Accreditation
can be viewed in terms of components that include an accrediting authority,
accreditation criteria, and an evaluation and monitoring process. The com-
mittee has structured these components into a model consisting of a frame-
work of documents arranged in hierarchical order. This model is shown by
the triangle in Fig. 1. At the top of the triangle are generic guidelines for a
laboratory accreditation system. An accreditation system can be thought of
as an ordered arrangement of rules, procedures, and management that gov-
erns the function of an accrediting authority. The system guideline identifies
the attributes that should be present in any accreditation system.

Every accreditation system involves an evaluation process. Guidelines for
system managers are viewed as the second level from the top in the triangular
model. These guidelines describe the necessary characteristics of the evalua-
tion process and include elements of proficiency testing, on-site review, qual-
ity assurance audit, calibration practice, and assessor selection and
qualifications.

In the model (Fig. 1), generic criteria for use in the accreditation of labora-
tories are shown on the same level as guidelines for the evaluation process.
The current ASTM standard E 548 is viewed as part of this document in that
it provides guidelines for the information that should be sought from labora-
tories being evaluated. It is anticipated that this document will also contain
generic requirements that a laboratory should meet in order to be accredited.
In context of the discussion presented earlier, these criteria would be a com-
pilation of the generically similar requirements found in the many accredita-
tion systems that currently exist. Combining common requirements into a
single document will provide a basis for standardization of criteria and the
possible harmonization of language among current and future accreditation
systems. Examples of generic criteria that could be included in such a docu-
ment are:

Personnel
Be staffed by individuals having the necessary education, training,
technical knowledge, and experience for their assigned functions.

Facilities and Equipment

Have available all items of equipment and facilities for the correct
performance of the tests and measurements for which recognition is
granted. Hold out of service any item of equipment which is defective
or out of calibration or gives suspect results until it has been repaired
or recalibrated.
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Calibration

New testing equipment must be calibrated before being put into
service. In-service testing equipment must be recalibrated at regular
intervals specified or approved by the accrediting authority.

Establishment of requirements that are specific to a particular field of test-
ing, or the benchmarks as earlier characterized, would still be the province of
an accreditor based on particular systems needs or intended rigor and thor-
oughness. Alternatively, benchmarks or other specific requirements could be
established by technical groups or committees having jurisdiction for partic-
ular test methods. Within ASTM, for example, the technical committee hav-
ing responsibility for a given test method may wish to add a laboratory eval-
uation appendix to the standard. This would enhance the possibility for the
uniform evaluation of a laboratory conducting the test regardless of the ac-
crediting body, with the added potential for reciprocity among accreditors.

The concepts outlined above are captured by the documents composing
the third and fourth levels of the accreditation model shown in Fig. 1. The
third level represents the definitions of fields of testing categorized in terms
of test methods or procedures. The fourth level represents specific require-
ments for particular test methods. These are the benchmarks for compliance
with the generic criteria and guidelines that form the upper levels of the ac-
creditation model. For example, where the generic criteria require a labora-
tory to calibrate in-service equipment, the benchmark for a particular test
method may specify the equipment subject to calibration and the frequency
of calibration.

It is anticipated that when a need exists, these specific requirements or
benchmarks will be prepared by technically qualified individuals working in
the context of standards-writing bodies, criteria committees, advisory
committees, or peer assessors engaged by an accrediting authority. Committee
E-36 would be available to provide coordination, as required, to ensure uni-
formity and compatibility with the generic criteria and guidelines of the ac-
creditation model.

An example of the application of the documents composing the accredita-
tion model is shown in Fig. 2. This example traces only selected elements in
each document as they apply to a specific test method. The test method is the
ASTM Test for Steady-State Thermal Transmission Properties by Means of
the Guarded Hot Plate (C 177). Technical materials relative to C 177 were
developed by the author as an example and should not be ascribed to ASTM
Committee C-16 on Thermal Insulation, which has responsibility for the
standard. The example shows the type of benchmarks that could be provided
by a technical committee.

A number of specific criteria documents currently exist as ASTM stand-
ards. Examples include Criteria for Evaluation of Agencies Involved in Test-
ing, Quality Assurance, and Evaluating Building Components in Accord-
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ance with Test Methods Promulgated by ASTM Committee E-6 (E 699),
the Practice for Inspection and Testing Agencies for Concrete, Steel, and Bi-
tuminous Materials As Used in Construction (E 329), Criteria for Agencies
Engaged in System Analysis and Compliance Assurance for Manufactured
Building (E 541), the Practice for Evaluating Laboratories Engaged in Sam-
pling and Analysis of Water and Wastewater (D 3856), and Evaluating Lab-
oratories Engaged in Sampling and Analysis of Atmosphere and Emissions
(D 3614). These have been independently developed by ASTM technical
committees over the past several years without strong coordination from
Committee E-36. As a result the language in the standards is inconsistent
and sometimes redundant with E 548. 1t is hoped that with development of
the documents composing the accreditation model, future specific criteria
will be presented in a uniform format so as to initiate establishing a basis for
standardization in accreditation activities.

Finally, an issue of particular concern to Committee E-36 is the laboratory
accreditation activities occurring on the international scene. The sixth meet-
ing of the International Laboratory Accreditation Conference (ILAC) was
held in Tokyo, Japan, in October 1982. One of the purposes of ILAC is to
explore means of lowering barriers to trade by mutual recognition of prod-
uct testing among trading nations through reciprocity of accreditation sys-
tems. ILAC Task Groups are developing an accreditation model and related
documents based on this ASTM E-36 model. Work with regard to accredita-
tion is also progressing in the International Organization for Standardization
(ISO). That body in response to a request from ILAC has revised ISO Guide
25, ““General Requirements for the Technical Competence of Testing Lab-
oratories.” This document sets forth the general requirements with which a
testing laboratory must comply if it is to be recognized as technically
competent.

Committee E-36 intends to monitor and interact when appropriate with
these organizations in the hope of developing standards that provide a basis
for uniformity in testing laboratory evaluation and accreditation, both na-
tionally and internationally.
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REFERENCE: Locke, J. W., “Toward Adoption of a Universal Laboratory Accredita-
tion Criteria,” Evaluation and Accreditation of Inspection and Test Activities, ASTM
STP 814, Harvey Schock, Ed., American Society for Testing and Materials, 1983,
pp. 18-23.

ABSTRACT: This paper presents a comparison of five laboratory accreditation crite-
ria in six basic categories: organization, human resources, material resources, operat-
ing procedures, record keeping, and other. A brief analysis of each set of criteria
points out their strengths and weaknesses. The intent of the paper is not to present a
proposed set of universal criteria but rather to present comparisons of the elements of
the criteria in order to assist standards development organizations to expedite the evo-
lution of such a universal set of criteria.

Laboratory accreditation criteria for measuring the competence of testing laborato-
ries significantly affects the acceptance of test data produced by laboratories in differ-
ent accreditation systems. In determining whether one system will accept test data
produced by laboratories accredited by another system, a detailed comparison of
criteria used by each system must be made. Differences must be resolved, either by ac-
cepting the fact that one or more criteria are absent in one system as compared to
another or else by causing the criteria in one or both systems to change so that the
criteria in both systems are in harmony with each other.

KEY WORDS: laboratory accreditation criteria, criteria comparisons

There are those who claim that the differences in criteria between accredi-
tation systems are unimportant. To play down these differences, claims
sometimes are made that the criteria are “based on the International Organi-
zation for Standardization (ISO) Guide 25" or ““just like ASTM E548 (Prac-
tice for Generic Criteria for Use in the Evaluation of Testing and Inspection
Agencies).” However, when you are operating a laboratory accreditation
system that requires visits to the laboratories to specifically determine com-
pliance with the accreditation criteria, “being based on” or “just like™ isn’t
good enough. The assessors of the laboratories cannot apply what amount to
vague generalities as the criteria by which they must evaluate laboratories.

! Currently, Manager, Laboratory Accreditation, National Bureau of Standards, Washington,
D.C. 20234.
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Criteria vary markedly from one laboratory accreditation system to
another. Mr. T. R. Young prepared a report in January 1981 entitled “A
Comparative Survey of U.S. and Foreign Criteria for Accrediting Testing
Laboratories™ that graphically illustrates the point and has led me to the
conclusion stated in the first paragraph above. Young states:

Differences must be resolved, either by accepting the fact that one or more criteria are lack-
ing in one system as compared to another or else by causing the criteria in one or both sys-
tems to change so that the criteria in both systems are in harmony with each other.

When criteria change to be more alike we have a tendency toward achieve-
ment of universal criteria.

My review of the criteria for a variety of systems leads me to believe that
the criteria are different, not by design, but because different groups of peo-
ple, at different points in time, and with different backgrounds, came to-
gether to develop them. I have high hopes that the experience gained to date
in developing and applying criteria can be brought together through ASTM,
ISO, or some other internationally recognized organization so that differ-
ences in criteria, many of which are not critical, can be eliminated.

Before going any further, let me say that there will be very legitimate rea-
sons for some differences in criteria among various technical disciplines and
possibly among various countries. These should be kept to an absolute min-
imum and each deviation from the universal should be explained fully.

Basis for Analysis

To fully compare several prominent criteria, I categorized them and
printed them side by side. Detailed comparisons brought three questions to
mind:

1. Are there substantive differences?

2. If T were organizing an accreditation system, what kind of procedures
would I have to use to assure that my accredited laboratories meet these
criteria?

3. Would there be substantive differences between the procedures and the
criteria?

The goal in establishing universal criteria should be to eliminate trivial dif-
ferences in language and to treat the substantive differences as exceptions.

The basic elements of my categorization scheme are fundamental to all ac-
creditation system criteria, where accreditation criteria are defined as a set of
requirements that a testing laboratory must meet to achieve recognition by
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an accreditation body. The basic categories of criteria for the evaluation of a
testing laboratory are:

Organization.

Human resources.
Material resources.
Operating procedures.
Record keeping.
Other.

When comparing criteria, one of the most difficult issues-to resolve is the
tremendous difference in the way different systems treat the same accredita-
tion element. In some instances, key personnel (management) are treated
under “organization.” Elements affecting personnel evaluations appear in a
variety of other categories as, for example, under “‘procedures,’ or under the
quality assurance systems, which I have placed in the category “other.”” Of
course, there is the usual problem of distinguishing between quality control
and quality assurance as applied to laboratory operations.

Existing Criteria

A comparison of laboratory accreditation criteria from five different
sources was made in preparation for this paper. The documents studied were
these:

1. ASTM E 548.

2. National Voluntary Laboratory Accreditation Program (NVLAP)
General and Specific Criteria for Accrediting Testing Laboratories, pub-
lished in the Federal Register, January 23, 1980.

3. ISO Guide 25-1978(E), Guidelines for Assessing the Technical Compe-
tence of Testing Laboratories.

4. ISO/CERTICO ad hoc group Guide 25/2, Proposal for a Further De-
velopment of ISO Guide 25, dated February, 1981.

5. Organization for Economic Cooperation and Development (OECD)
Principles of Good Laboratory Practice for Testing Chemicals, presented at
the International Laboratory Accreditation Conference (ILAC) 80, dated 21
October 1980.

I'd like to make a few comments on what I believe are the strengths and
weaknesses of each criteria document.

ASTM E 548

These criteria get off t0 a good start—organizational requirements are
clear. The human resources section is weak, since there do not appear to be
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any measurables. There is no requirement that equipment appropriate to the
test methods be available. The term quality system causes confusion. Infor-
mation about procedural systems affecting calibration programs does not
really result in a requirement. A quality assurance system is suggested, sepa-
rate from quality control. Any relationship between that quality assurance
system and the accreditation procedures is unstated. (In a sense, the accredi-
tation provides elements of a quality assurance system at the laboratory.)

NVLAP

Criteria are separated into general criteria dealing with the laboratory as
an entity and specific criteria dealing with the competence of the laboratory
in performing a test. This is the only criteria document in the group that at-
tempts to deal with professional and ethical practices. A quality control sys-
tem is required but not clearly defined. The significance of a laboratory di-
rector or approved signatory for accredited laboratory test reports is not
recognized. The criteria do require that employees be explicitly found capa-
ble of performing specific tests, an important element not found in the other
criteria.

ISO Guide 25

Requirements relevant to the laboratory organizations are practically
nonexistent. There is no reference to training or personnel record keeping
requirements. Requirements for facilities and equipment are relatively com-
plete. The requirements for documented test procedures or a test plan are
missing, although some elements of such a plan are present. Requirements
for record keeping are relatively complete.

Proposed Guide 25

This is the only criteria document that recognizes the distinction between
providing information to the laboratory accreditor to identify characteristics
of the laboratory and criteria that the testing laboratory must comply with in
order to be accredited. Requirements for internal quality assurance pro-
grams, internal audit procedures, and involvement in proficiency testing are
weak and unclear. There is a melding of records and test report require-
ments, which should be separated and clarified.

OECD Good Laboratory Practices (GLP)

The format used for the GLP is considerably different from the others.
There are few requirements relevant to the organization of the laboratory.
Emphasis is placed on the responsibilities of management (which other crite-
ria seem to presume is the laboratory). There is considerable repetition in
these criteria, which start out with the responsibilities of the personnel, much
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of which is then repeated under other headings. In addition, there are a
number of criteria dealing with animals and other living systems that are not
contained in the other four criteria documents and must clearly be added to
a universal set of criteria for these types of tests. In this criteria document
there is also a very heavy emphasis on the complete control, performance,
and documentation of a single study. Such emphasis on a single study is
probably not warranted in other types of laboratory accreditation.

The Link Between Criteria and Test Methods

Criteria in and of themselves do not provide all that is needed to evaluate a
laboratory. Accreditation relates to the competence of a laboratory to per-
form tests properly, thereby obtaining correct answers. Some laboratory ac-
creditation systems stress frequent and periodic proficiency tests and close
monitoring of results obtained by the laboratory. In effect, this is an end
item check (end item as far as the laboratory is concerned) of results based
upon high frequency sampling. In this case, exact compliance with test
methods is not critical.

But in most systems such end item check testing is not possible, either be-
cause of the nature of the product or because of the complexity and expense
of performing the check testing. In these cases it becomes much more impor-
tant, when determining the competence of a laboratory, that the laboratory
perform the tests as specified. The laboratory accreditation criteria then
must not only set out requirements expected of the laboratory but must as-
sure that the test methods are being performed properly. This often leads to
confusion—just how much detail needs to be in the criteria? Resolution of
this question also affects the fundamental nature of the criteria.

The ASTM E 548 criteria document, at one extreme, provides practically
no detail with respect to the performance of tests according to the test meth-
ods. Unfortunately, it does not stress the need for the laboratory to follow
the test methods. The NVLAP criteria are much more explicit with respect to
this need. The GLP, on the other hand, provides much more detail in its
criteria, relying less on the specifics of the test methods. To a certain extent,
the characteristics of these criteria are affected by the degree of specificity in
the test methods. When the test methods are detailed and clear, specificity in
the criteria is not required. When the test methods are general and details are
absent, then detail may need to be provided in the criteria.

Although I have limited my observations to laboratory accreditation crite-
ria, believing that much can be done to clarify and unify language, I must
point out that the procedures used in assessing the laboratory will have some
impact on the nature of the criteria. The Australian National Association of
Testing Authorities (NATA) system uses assessors who are expert in the test
methods for which a laboratory is to be accredited. They are expected to
know the specific requirements of the test methods and make their judge-
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ment on laboratory performance accordingly. The NVLAP system uses ex-
pert assessors also, but goes one step farther by providing supplemental in-
formation to the criteria that describes how the criteria will be interpreted
for each specific test method in the program. The OECD is presently evolv-
ing their implementation procedures. The ISO Guide 25 and ASTM E 548
do not relate to implementation procedures.

Concluding Remarks

It has not been the intent of this paper to recommend specific universal
criteria. Rather, I have tried to put down certain observations that should be
considered by those groups that are developing criteria. These observations
are based on a side-by-side comparison of the five accreditation criteria doc-
uments. It is my hope that this small service will expedite the evolution of
universal criteria or, if not, at least that the different criteria will include as
many identical statements as possible. I will be glad to provide a copy of the
side-by-side comparison of the documents upon request.
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ABSTRACT: The rebirth of coal as a fuel and feedstock has increased the concern
about and the need for accurate and precise analytical results. As environmental poli-
cies and regulation become more stringent and as worldwide energy costs continue to
rise, the economic incentives associated with compliance testing increase. This presen-
tation explains how one coal producer is attempting to meet this need for timely, cost-
effective analytical results and how this relates to accreditation activities.
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The goal of every analytical laboratory and of every analyst is to produce
precise and accurate analyses in a timely and cost-effective manner. The re-
birth of coal as an energy source and as a feedstock for other technologies
has evaluated the need for increased quality certification of coal shipments.
This is partly due to continually rising worldwide energy costs and the eco-
nomic incentives associated with compliance testing. Stricter environmental
regulations make it essential that required analyses are not only precise and
accurate but also rapid. Adding to the difficulty in obtaining accurate analy-
ses are the demands made by an ever-increasingly more technologically ori-
ented society. Because of great strides and achievements made by technol-
ogy in other areas, consumers and regulating agencies insist that coal and
coal-related analyses always be done more quickly and more accurately at
lower and lower concentrations.

At present there is no certifying or accrediting body specifically for labora-
tories engaged in coal and coal-related activities. Therefore, each independ-
ent producer must be certified or accredited in whatever manner is accepta-
ble for their own peculiar situations. This accreditation is formed by the
various forces impinging upon the group: by the state and federal regulations
under which the group operates, by the contracts formed by the producer
and its customers, by economic concerns, and by acceptable good laboratory
practices.

! Manager, Midwest Area Laboratory, Amax Coal Company, Evansville, Ind. 47715.
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AMAX Coal Company, a division of AMAX, Inc., operates ten mines in
Illinois, Indiana, and Wyoming. In 1981 AMAX Coal Company produced
and shipped 40.5 million tons of coal under contract, primarily to electric
utilities throughout the United States. This makes AMAX Coal Company
the nation’s third largest producer of coal.

This work will endeavor to show how AMAX Coal Company is attempt-
ing to meet the challenge of the need for fast, accurate, and precise analyses
and to show how this relates to accreditation activity on the national and in-
ternational levels.

The Initial Step: Exploration Drilling

Whenever a coal shipment leaves any one of the mines, the analysis of the
sample representing that shipment marks neither the beginning nor the end
of the certification process. It is merely one in a series of events that establish
the values of the characteristic properties of the coal.

The first step in the process of guaranteeing the analysis of the shipped
product could actually begin years before the first shipment of coal leaves for
market. This initial process begins with exploration drilling and coring. Core
hole locations are selected based upon the geology and the topography of the
area and the need to supplement information available from other sources.
These other sources could be the Bureau of Mines, the Geological Survey,
past and present neighboring operations, prior drilling data if available, and
publications from other sources.

All cored exploration samples are subjected to a basic analytical scheme.
The proximate analysis, sulfur, and Btu values so determined allow for a
general characterization of the coal resources in an area. Washability data
are generated, from which washability curves (such as Fig. 1) can be pro-
duced. Based upon these curves and assumptions about the type of prepara-
tion facility proposed, its expected operating efficiency, and the expected
out-of-seam dilution, projections about the marketability of the coal can be
made.

Additionally, at least one fifth of all cored exploration samples are desig-
nated special analysis samples and as such are analyzed for a complete suite
of routine analyses for which the central laboratory, the Midwest Area Labo-
ratory, is equipped and staffed. This provides better quality information for
marketing purposes. Based upon the results of the analysis of the exploration
cores, additional developmental drilling may or may not proceed. In some
exploration projects only three to six core samples may be taken. It would
not be unusual to perform the complete suite of routine analyses upon all
cored samples from such a project.

Developmental Drilling

Developmental drilling occurs whenever decisions have been made to de-
velop or expand a mine, whenever additional information is needed to pro-
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FIG. 1—Typical washability curve taken from Ref 2.

ject mining plans, or whenever more information is needed to inventory the
quality of reserves. Development drilling occurs on a tighter pattern than
does exploration drilling; that is, if exploration cores are taken, say, one per
square mile, developmenta drilling will core a substantially higher number.

Developmental core samples are subjected to the same basic analytical
scheme as exploration core samples and at least one fifth of all cored devel-
opmental samples are also designated as special analysis samples. Thus de-
velopmental core samples supplement and define to a much higher accuracy
the data developed during the exploration phase of the project. Developmen-
tal core drilling and analysis are ongoing processes during the life of an ac-
tive mining operation. Core samples are taken yearly and tend to be concen-
trated in the areas that make up the proposed mining plan for the next few
years.

Based upon core hole data, isopleths can be made. Isopleths are lines con-
necting points on a map that have equal or corresponding values with regard
to a particular parameter. These isopleths can be based upon the in-situ qual-
ity of the coal or they can be projections of anticipated produced quality (see
Fig. 2). These isopleths are plotted and drawn while making use of core hole
coordinates supplied by geology, core sample analysis provided by the labo-
ratory, and computer programs developed to suit the requirements of fore-
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FIG. 2—Typical isopleth showing ash distribution.

casting coal quality. Thus a means of predicting mined coal quality by staff
personnel is feasible. Based upon new core hole data supplemented by in-pit
channel samples and revised mining plans, these projections are updated on
a yearly basis. These forecasts are the best available estimates of what the
mined coal quality will be.

The Mining Process

During the mining process, the produced or washed coal is continuously
sampled by using mechanical sampling systems. Depending upon opera-
tional circumstances at the particular mine, the samples are collected either
by the shift, the day, or the shipment. The sampling system can be located
between the preparation facility and the washed coal storage silo or it can be
located between the washed coal storage silo and the load-out area (see Fig. 3).

There are advantages to having the sampling system located between the
preparation facility and the washed coal storage silo. The greatest advantage
is that a quick analysis of the sampler product will immediately tell how the
preparation facility is performing. Adjustments can be made to the pit oper-
ations or to the preparation facility to assure that acceptable quality is main-
tained on a more or less continuous basis. This could not be done as readily
if the sample were taken on the other side of the washed coal storage silo.
This is due to the two- to three-day delay that sometimes occurs between the
time the coal is produced and the time it is shipped.
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There is also a distinct advantage to having the sampler located at the load-
out. This sampler position will yield a sampler product that is representative
of the unit train being shipped rather than one representative of the coal
produced during that day. If the mine is a captive mine, that is, if it has but
one customer, the discrepancies of shipping coal based upon produced sam-
ples rather than shipped samples will be negligible over the course of the con-
tract. By providing daily analysis of the produced coal, it allows each prepa-
ration facility to more accurately modify operating parameters and thus
assure a more constant uniform compliance product than could be expected
if adjustments were made based upon analyses of shipped samples.

Contracts

Many contracts under which producers operate do not necessarily reflect
the best interests of the buyer or the seller whenever they are strictly inter-
preted. Flexibility is always built into such a contractual relationship by
reason of the individuals who administer enforcement of the contract. Each
side must consider the intent of the contract and make adjustments in the en-
forcement provisions to make allowances for operational problems incurred
by the other, problems incurred by a third party (e.g., a carrier), and acts of
God that may prevent the carrying out of the provisions of the contract. At
times the buyer or seller may find themselves in situations where because of
improper advisement certain provisions of the contract cannot be fulfilled.
This is because it is not always possible for legal and marketing personnel to
completely understand operational nuances, which may prevent absolute
compliance with certain contract provisions. Therefore, it is always best to
have someone who represents the operations group participate in contract
approval.

One typical provision of many contracts requires that sampling and analy-
sis be representative of a particular day’s shipment. There has been much
discussion as to whether this is possible, depending upon the location of the
sampling station. This is an important consideration as variances in sam-
pling and sample preparation will introduce greater variability in analytical
differences between buyer and seller than will the analysis itself. Other possi-
ble sources of concern include:

1. The number of reserve samples prepared and the length of time they are
retained. (Coal samples deteriorate with time, especially if not adequately
protected from contact with the atmosphere.)

2. The manner in which disputes are settled whenever discrepancies exist
between the analysis of the seller’s sample and the analysis of the buyer’s
sample. The two parties usually negotiate a mutually agreeable settlement.

3. The time frame in which copies of analyses are mailed, the protest
period allowed after receipt of the analyses, and the time given for retention
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of the reserve samples often allow for disposal of the reserve sample before
the end of the protest period in which the buyer may request that the sample
be sent to an independent commercial laboratory for analysis.

Some tests are so empirical in nature that without exact duplication of
equipment, operating conditions, and measurement technique there could be
no agreement between even the most conscientious individuals (for example,
volatile matter or moisture analysis of low rank coals). Thus while objectiv-
ity may require that in compliance testing the participatory factions obtain
their respective analyses independently, common sense will require that their
initial action be agreement upon common or standard procedures by which
each shall independently procure, prepare, and analyze the material in
question.

Sample Exchange Programs

The laboratory should engage in more than one proficiency testing pro-
gram, especially in those sponsored by federal agencies such as the U.S. En-
vironmental Protection Agency, the National Institute for Occupational
Safety and Health, and the Department of Commerce. These provide an
economic source of high-quality standards and under some circumstances,
participating can be paramount to certification.

A special type of proficiency sample is that from a program set up for in-
terlaboratory comparison. These split sample or round robin samples can be
done routinely to monitor or to assess results produced by different laborato-
ries or it can be done whenever two or more laboratories produce disparate
results.

Whenever undertaken for the latter reason, the exchange should be pre-
ceded by a visit to each laboratory by members of the other’s staff. This
audit or assessment is done as an attempt to eliminate any obviously non-
standard practices or to select potential sources of error that will be moni-
tored by the exchange. Whether the bias is caused by something within the
laboratory or whether the bias has been introduced in the sampling or prepa-
ration steps of reduction and division could be determined by such a visit.
This could be less expensive than conducting a sample exchange that may
otherwise not locate the source of the disparity.

If the source of the bias is not located by the exchange visits, then the
length of the sample exchange, the type of sample exchanged, and the ana-
lyses determined will depend upon the nature of the suspected problem. Rep-
resentatives of AMAX Coal Company’s customers routinely visit the labora-
tories of our system to evaluate their operation. These visits are often in
conjunction with sample exchanges.

The sample exchange program must be well planned in order to guarantee
that once the exchange is complete, meaningful results will be obtained that
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will either locate and identify the source of the bias or will give direction as
to what to do next.

As already stated, improper sampling or sample preparation has a far
greater potential of introducing bias into the analytical results than does the
analysis itself. Considering the technique necessary to properly take a repre-
sentative sample from ten thousand tons of a material as heterogeneous as
coal, dividing and reducing this representative sample into 50 to 100 g of
laboratory sample suggests the validity of this statement.

Reproducible methods of receiving, logging, and storing samples must be
included as a part of the protocol. These should allow for tracing the history
and custody of the sample for later reference (chain of custody). The method
of logging and storing samples as they are received can also be applicable to
logging and storing reserve splits and analytical samples after analysis.

Special consideration should always be given to instrument calibration
and standardization. Accurate chemical analyses cannot be based solely
upon the response of a device, be it an instrument, human eye, or black box.
One needs to consider the change of the response of the test instrument to
the characteristic properties of the sought-for component as it changes with
concentration, time, temperature, humidity, and other environmental fac-
tors. The effect of other properties of the component being sought and the
properties of other components within the matrix of the sample being tested
must also be considered.

If the exchange is a periodic interlaboratory comparison mutually agreed
upon in advance by the parties, it is important to establish what methods will
be used by each participant. Different methods can yield slightly different re-
sults. A slightly positive or slightly negative bias by one method as compared
to another is not to be unexpected. The report form should contain space to
state which method is used or how the method used varies from the standard
procedure.

Some round robin programs are available commercially and are especially
useful to laboratories that have inadequate time or expertise to formulate
their own program or to those who want an independent third-party basis
for their quality control program. _

Presently, AMAX Coal Company is engaged in numerous round robin
programs. Several of these are initiated by our central laboratory. In one
such program approximately 25 of the utilities that purchase coal from
AMAX Coal Company participate twice a year in a round robin exchange.
This exchange involves analysis of a —60 mesh sample for residual moisture,
ash, sulfur, and Btu.

Another of our exchange programs involves the sending of —60 mesh
samples to approximately 25 commercial and other coal producers’ laborato-
ries throughout the United States. This is done twice a year. In this exchange
not only the basic analysis of residual moisture, ash, sulfur, and Btu are de-
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termined; additionally, participating laboratories determine ultimate analy-
sis, mineral analysis of coal ash, forms of sulfur, and ash fusion temperatures.

On a weekly basis AMAX Coal Company participates in an internal
round robin program with our seven mine laboratories in the Midwest and
our Western Division and Midwest Area Laboratories. Residual moisture,
ash, sulfur, and Btu are determined in this exchange.

Our system also participates in several round robin programs originated
through other organizations. These exchanges and other analytical exchange
programs such as participating in the work of ASTM Committee D-5 on
Coal and Coke is another link in our ““accreditation” process. These occur
on a continual basis under normal working conditions and will, therefore, be
of more value than a single proficiency sample done one or two times a year.

Other Analytical Determinations

Briefly, other processes which affect the overall characterization and valid-
ity of the analytical results produced by the system will be described.

1. Two times per year, each over a two-month period, composites of daily
production samples are taken from each mine. Additionally, the under 1.65
specific gravity material recovered from monthly washability tests of channel
samples from each active mine is composited over the respective six-month
period. All of these samples are subjected to the full suite of routine analyses
for which the Midwest Area Laboratory is equipped. Trace elemental analy-
sis is also performed upon each composite. All these tests help to further
characterize the coal being produced from each mine.

2. A schedule of monthly in-plant sampling is carried out. Various points
are sampled several times per week and are then immediately analyzed or are
composited and analyzed on a monthly basis. These tests provide insight
into both the physical nature of the run-of-mine coal and the condition of
circuits within the preparation facility.

3. Alldaily production samples are performed in duplicate. If the two du-
plicate analyses do not agree within acceptable limits of repeatability, the
sample is analyzed a third time. A reserve split is analyzed if no agreement
can be attained by reanalysis of the same sample. At the Midwest Area Labo-
ratory, two —8 mesh splits are prepared for each daily production sample
and separately analyzed. At the mine laboratories, the —60 mesh sample is
analyzed in duplicate, and only if agreement cannot be attained from dupli-
cate analysis of the same —60 mesh sample is a second —8 mesh reserve sam-
ple analyzed.

4. Correlation between dry ash results and dry Btu results have been es-
tablished. These ash-Btu correlations, as well as ranges derived from the past
few months’ analysis trends and repeatability limits established for each test,
are the basis for our recheck criteria of daily mine production analyses. The
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ash-Btu correlation is both a simplification and an extension of work pre-
viously done by various individuals and groups. Essentially the correlation is
based upon the premise that the calorific value of the pure coal substance, or
the dry, mineral matter-free coal substance, from a given location and coal
seam is typically quite constant. The calorific value of a coal shipment can
then be calculated provided that the moisture, ash, and in some cases, the
sulfur values are known. For a more complete description of this process
refer to the Chemistry of Coal Utilization [1].

AMAX Coal Company has independently determined these ash-Btu
correlations from both core sample data and daily production samples.
Table 1 gives the values of the multiple linear regression coefficients and con-
stant term determined for various coal seams at various locations in the West
and Midwest. Figure 4 gives typical ash-Btu correlation curves established
for some seams at some locations.

Accreditation

Up to this point, this paper has noted the various links in AMAX Coal
Company’s “certification” scheme. Several references will now be cited that
either have or will possibly have an impact upon the accreditation efforts of
sundry groups, possibly including AMAX Coal Company at some time in
the future:

1. The National Voluntary Laboratory Accreditation Program (NVLAP)
procedures as published in the Federal Register on 23 Jan. 1980 (45 FR
5572-5600) and the proposed ammendments thereto as published in the Fed-
eral Register on 27 Jan. 1981 (46 FR 8910-8919).

2. The Office of Management and Budget Circular No. A-119 issued 17
January 1980.

3. The Final Procedures under Part 19 of the Code of Federal Regula-
tions, Federal Interaction with Voluntary Standards Bodies, as published in
the Federal Register on 6 Jan. 1981, (46 FR 1574-1587).

4. H.R. 2313, the Federal Trade Commission Improvements Act of 1980,
Public Law 96-252.

These regulations affect or will affect standardization and accreditation
processes throughout the United States.

National accreditation is a double-edged sword. On the one side, accredita-
tion will help to improve quality or at least will project an image of improved
quality. Most independent coal-testing laboratories do a good job of produc-
ing high-quality results, but accreditation will encourage more emphasis on
quality assurance. National accreditation will lead to the belief that as long
as a laboratory is accredited the quality of its results are assured. This will
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TABLE 1—Typical ash-Btu correlations.”

Multiple Linear Regression

Constant Term

Regression Coefficient

Mine Location

Daily Production

Daily Production

and Type Data Core Data Data Core Data
Indiana, surface 14 358 14285 149 149
Indiana, surface 14 600 14 595 161.5 158.4
Hlinois, surface 14764 14672 161 159.5
Indiana, surface 14325 14420 136 147
Indiana, surface 14411 14420 143 147
Indiana, surface 14543 14420 150 147
Hlinois, surface 14 289 14185 146 143
Hlinois, surface 14410 14491 122 156.3
Hlinois, surface 14537 14 491 145 156.3
Illinois, underground 14559 14 386 155 150.5
Indiana, surface 14409 14467 154 163.3

“Formula used to calculate dry Btu from the dry ash value: {constant term—(dry ash) (regres-

sion coefficient)] =(calculated dry Btu).

improve the consumer’s confidence in the accredited laboratory and it may
even improve quality as well.

On the other side, the need for national accreditation implies that the in-
dependent laboratory is presently not producing results of adequate quality.
Are there really laboratories doing unacceptable work, or do we simply have
a public relations problem? Certain unscrupulous businessmen will take ad-
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vantage of the public and the system whether accreditation is part of that
system or not. But it is difficult to believe that in today’s highly competitive
market, laboratories that produce inaccurate, imprecise analyses could sur-
vive. But this may only be naivete.

Conclusion

In the area of coal testing there is no accrediting authority. This author be-
lieves that a national accrediting body would be valuable for this area of test-
ing. However, it is felt that such a body is not the only alternative to greater
acceptance. Furthermore, such national accreditation without changes in
other areas would not be worthwhile.

Education in the why’s and how-to’s of quality assurance, sampling theory,
and information handling would be a great boon to coal testing laboratories.

More commitment to development of effective standards is essential. For
years the western coal fields were largely ignored as a source of fuel. The
standards that were written and work extremely well for Eastern and Mid-
western coals are not quite adequate for some Western subbituminous coals.
Standards that will find applicability and acceptance for coal conversion
techniques must be developed.

Most importantly, upper management must make a commitment to
achieve the goals of a national accreditation program. This could be accom-
plished either through a federal program or through actions generated within
the coal testing community. The latter option has the greater appeal to this
author. The coal testing laboratories of the United States are performing
adequately and such an accreditation program should prove this. Let’s hope
that politics and regional differences do not interfere with the accomplish-
ment of these goals.
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ABSTRACT: The purpose of this paper is to discuss a public utility’s approach to ob-
taining satisfactory and reliable evaluation, verification, and accreditation of its labo-
ratory testing. These activities include fuel testing, chemical testing, identification and
analysis of biological samples, testing of electrical equipment, and the like. An essen-
tial need is to demonstrate credible results and test procedures that will be accepted by
regulatory agencies, fuel vendors, and the courts if necessary.

This paper will present the pros and cons of several evaluation techniques. These in-
clude a company-wide quality assurance program, sample verification by expert con-
sultants and third party laboratories, split sample analyses with vendor laboratories
and sister utilities, and sample splits with government laboratories.

The licensing or certification of individuals, laboratories, and equipment is impor-
tant in the context of this discussion. Although individuals and equipment can be
tested and certified, it is difficult to certify technique in the daily laboratory routine.
This paper will also review the concept of a national standardized accreditation pro-
gram versus accreditation by professional societies and organizations closely allied to
certain disciplines.

KEY WORDS: accreditation, evaluation, quality control, quality assurance

In my position at Georgia Power Company, I am responsible for the cen-
tralized testing of fuel, water, and environmental parameters.

This includes analysis of coal and oil for heating value, sulfur, ash, and
moisture; fuel oil stability; engine and turbine oils for metals analysis; min-
eral, microbiological, and other standard analyses of water for environmen-
tal permits; calibration of oil receiving meters; amount and composition of
boiler tube deposits; analysis and collection of meteorological data; collec-
tion of radiochemistry samples in the environs of nuclear power stations; col-
lection, identification, and interpretation of terrestrial and aquatic biological
data; and any other function that can be addressed by chemists, meteorolo-
gists, biologists, or engineers with specialities related to those disciplines.

Other laboratories in the company test electrical equipment and soils. At

'Power Supply Laboratories Manager, Georgia Power Co., Atlanta, Ga. 30302.
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the power plants, laboratories perform chemical analyses and (at nuclear
plants) radiological analyses essential to the daily operation of the facility.
Although these latter three categories are not a functional part of our central
laboratory group, this paper attempts to express the collective opinions of all
laboratory management within Georgia Power Company. Personnel from
our service company, Southern Company Services, have also contributed to
this paper, especially in the area of fuel analysis.

The basic premise upon which this paper is based is that laboratory eval-
uation is something that must be handled on a case-by-case basis to the mutual
satisfaction of the parties involved. Let us begin by defining the terms ac-
credit and evaluate.

Accredit—To put into a reputable category; to give official authorization
to or approval of; to provide with credentials; to vouch for as in conformity
with a standard [/].

Evaluate—To examine or judge.

Quality assurance and quality control are both integral parts of a labora-
tory evaluation program. For the purpose of this particular industry applica-
tion, these terms are defined as follows:

Quality control (QC)—Inspection, surveillance, and review activities per-
formed for the purpose of process control or product acceptance, or to verify
that an activity conforms to specified requirements. Those things done be-
fore or during any operation so that the finished product is within specifica-
tions. (The preceding definition appears in the American Nuclear Society/
American National Standards Institute [ANSI] standard, Administrative
Controls and Quality Assurance for the Operational Phase of Nuclear Power
Plants [ANSI N18.7].) Quality control is considered to be a line function.

Quality assurance (QA)—All those planned and systematic actions neces-
sary to provide adequate confidence that a structure, system, or component
will perform satisfactorily in service. It applies to all activities associated
with doing a job correctly as well as verifying and documenting the satisfac-
tory completion of the work. (Definition from ANSI N18.7.) In other words,
checks to determine if quality control is effective. Quality assurance is consid-
ered to be a staff function.

Our quality control efforts exist at the first line level in the laboratory.
These consist of cross-checks in the laboratory, reruns of suspect samples,
internal sample splits, round robin analyses, etc.

Quality assurance begins with verification and documentation within a
particular laboratory section. This is followed by periodic inspection by the
company QA organization or by the service company QA organization.
Another level of QA comes from regulatory agency audits or visits from rep-
resentatives of vendor laboratories with whom we split samples.
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T. E. Byerley, our manager of environmental affairs, says, “First, we must
determine if we are doing the right job. Then we must determine if we are
doing the job right.”” Finally, we must determine if the job was done right.
Regulatory agencies, upper management, or contracts tell us what the right
job is. Then, it is up to line and middle management to determine that the
job is done right, by developing and enforcing proper procedures.

I shall first discuss methods by which we satisfy ourselves that our scien-
tists, engineers, and technicians are performing credible work, then discuss
the means by which we decide that our vendors are performing credible
work, and finally describe how we have demonstrated to regulatory agencies
or courts that our work is credible. The final discussion will examine the
problems associated with a national accreditation program and will suggest
some alternatives that we believe are quite effective.

Evaluation of Our Staff and Facilities

Every laboratory operation has a different approach that is tailored to
management philosophy, regulatory requirements, and company needs. In
our environmental laboratory all the scientific personnel hold at least a
bachelor’s degree in the discipline in which they work. About half hold mas-
ter’s degrees. Others have advanced training in addition to their degree. The
academic training is varied among biology, entomology, zoology, mechanical
engineering, environmental health, ecology, wildlife, botany, meteorology,
and other fields. In the chemistry laboratory, all analysts have degrees in
chemistry or laboratory technology. The fuel laboratory is staffed by non-
degreed personnel and chemistry and physics graduates with special expertise
in coal. Clerical personnel are selected for their ability to deal with technical
and scientific material. Supervisory personnel have advanced degrees or ex-
tensive experience in the public utility laboratory. We feel this mix provides a
good array of education and experience to address our needs.

Our first consideration is that our own laboratory work and that of
vendor laboratories meets the approval of the supervisor and company man-
agement. Having passed this test, the work is generally acceptable to regula-
tory agencies.

Mutually agreed upon procedures are used. In the case of a regulatory re-
quirement, we may follow or modify an Environmental Protection Agency
(EPA) guide, a Nuclear Regulatory Commission Regulatory Guide, Ameri-
can Public Health Association Standard Methods, or an ASTM procedure.

The methodology is generally agreed upon through discussions between
both parties at the technical level, whether we are dealing with a vendor or a
regulatory agency. In the case of coal analysis, some vendors have their own
laboratories and participate in cross-checks with our company. In most
types of environmental sampling, work is done in-house, and third parties or
consultants are seldom used for routine analysis, although they are used for
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verification. (Our state regulatory agencies prefer this approach.) A substan-
tial proportion of our radiological work is performed by contract laboratories.

In our laboratories, instrument calibration is performed and recorded rou-
tinely according to the manufacturers’ specifications and instructions.
Where applicable, standards are used. For example, National Bureau of
Standards calibrated thermometers are used to calibrate thermographs, ben-
zoic acid is used to standardize calorimeters, and gold wire is used as a
standard in ash fusion tests.

In the environmental laboratory, each program is audited annually by a
scientist in the laboratory who is familiar with that program but is not work-
ing directly with it. In the laboratory, approximately 10% of the biological
samples are cross-checked at random by peer inspection. Routinely, individ-
ual organisms are sent to accepted outside experts, usually at a respected
academic institution, who verify the correctness of sample identification. In
the case of nuclear power plant sampling, once each year the company qual-
ity assurance representative inspects the laboratory programs. The company
inspection is followed by an audit from the U.S. Nuclear Regulatory Com-
mission. In the case of studies performed for the State of Georgia, the state
scientists have visited our laboratory and observed work in progress. Occa-
sionally, samples are split with a state laboratory.

In the fuel laboratory, quality control is handled by duplicates, retests on
suspect results, comparison with past and current results, and sample splits
with other labs. There are many comparisons with fuel vendor and commercial
laboratories on routine analysis, and comparisons among different methods
of analysis.

In the chemistry laboratory, we follow the EPA recommendation of run-
ning duplicate tests on 10% of samples and running QC standards for each
parameter once per quarter. A QC supervisor for each month is appointed
from within the laboratory.

In our physical testing facilities, the ASTM standards are used extensively
and incorporated into our procedures manual. (One court case that involved
a challenge to our results concerned a procedure that had been slightly modi-
fied to meet our needs. The judge ruled in favor of our company because our
procedures more closely followed ASTM than those of the plaintiff.)

Evaluation of Vendor or Consultant Laboratories

Informal opinions of colleagues from other utilities have strong influence
on the acceptability of a consultant laboratory. Another important aspect in
the selection of a vendor laboratory is its willingness to provide service. Such
service includes providing prompt analyses when requested, processing reruns,
answering inquiries responsibly, and the ability to promptly determine the
status of a sample that is being processed.

Our laboratories cross-check and split samples with vendors and contrac-
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tors and thereby we satisfy ourselves that their work is acceptable. Before a
vendor laboratory is selected, we satisfy ourselves that credible work will be
produced. The staff and facility are inspected or at least the staff is inter-
viewed by our technical people. In some instances, third parties are brought
in to perform independent analyses. In other cases, samples are split with a
state regulatory agency.

The Accreditation Question

Laboratories seeking national accreditation run the risk of falling into the
same trap that snares academic institutions. A facility may have all the in-
gredients for being accredited, save one. In the case of a university, it may be
too few books in the library, or one too few PhDs on the faculty. I can envi-
sion a laboratory that cannot be accredited because one of its staff may not
have the proper academic degree, even though he or she may have 20 or 30
years of experience and be the best chemist in the state. With respect to
grandfather clauses, we face the problem of the employee with longevity who
may be the worst chemist in the state.

Both academic training and certification are important. A dean’s list stu-
dent may be clumsy or sloppy in laboratory work. However, the academic
credentials can indicate something about the candidate’s ability to think
scientifically. In some laboratory applications this is more important than in
others.

A number of our laboratory personnel have become certified in their dis-
cipline by peers in professional societies. This is encouraged by management,
but not required. If the certification process functions properly, it is an ad-
junct to the employee’s credentials. If not handled properly and conscien-
tiously, it becomes a farce.

If the conditions of a contract can be satisfied to the agreement of the cus-
tomer, client, vendor, regulatory agency, or other parties involved, then no
additional accreditation is necessary. This could be accomplished by follow-
ing ASTM procedures, an EPA manual, or a mutually acceptable procedure
from the literature.

Evaluation of a laboratory must be handled on a case-by-case basis. Out-
side inspectors and auditors can only inspect a procedures manual or inter-
view employees. They are seldom capable of assessing the quality of tech-
niques used, the credibility of the individual technicians, or the calibration
and reliability of all equipment. These items must be handled by the frequent
attention of an employee in that laboratory who is intimately familiar with
its operation. Employees should know that management expects quality
work and stands behind them.

National programs are too inflexible and too susceptible to bureaucracy.
National accreditation of personnel will most likely be done through: (1)
testing, (2) a requirement of experience, and (3) the possible added require-
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ment of a recommendation of one or more persons who are already accredited.
Let us look at these individually.

Many persons are not adept at taking written examinations: an excellent
laboratory technician might fair poorly on a written exam. By the same
token, an individual with extremely poor laboratory techniques might per-
form very well on a written test.

Second is the requirement of experience. The saying that “experience is the
best teacher” is often, although not always, true. This area also includes
grandfather clauses, which were discussed earlier.

Recommendations by peers offer little uniformity. We only ask persons to
serve as references whom we expect to give us a good recommendation. This
aspect of certification or accreditation has the “fraternity” approach.

Standards for evaluating laboratories are good and necessary, but should
be applied by the individual laboratory using the accepted literature in its
field. A laboratory’s reputation spreads quickly. Most potential clients will
check with other customers before selecting a laboratory and then invoke
the criteria of cross-testing split samples, previously mentioned, before mak-
ing a final decision. A laboratory that produces poor work will not survive in
today’s business and regulatory climate.

Standards that include experience, education, techniques, procedures, eval-
uations, audits, etc., are fine, but the willingness and ability of a laboratory
to implement those qualities and to expedite work are much more important.
Standards should be invoked voluntarily in the form of individual labora-
tory goals, guidelines, and accepted manuals.

Certification by professional societies may be the best type of certification.
A national association that attempts to certify all types of laboratories is im-
practical. It will be by nature inflexible and prone to bureaucratic bog-down.

Next is the possibility of federal management of the accrediting body. Be-
fore long, standards become regulations, or at the least, regulatory guidance
which if not followed could result in a laboratory’s data not being accepted
or a revocation of laboratory certification. Then there is the possibility that
an accrediting agency would not agree with a regulatory agency and the cor-
porate laboratory would be caught in the middle.

Another negative aspect of a federally controlled standards organization is
that it would be supported with tax dollars, so everyone pays for the service
whether they use it or not. Independent evaluation as discussed in this paper,
rather than blanket accreditation, places the expense on the user, who be-
cause it is his money and not everybody’s money, will be more conscientious
about the costs of evaluation.

Bureaucratic systems generate paperwork. There is already enough of this.
Time, money, and resources would be wasted filling out the forms, check
lists, and audit reports that would result from a nationwide program. A pro-
gram this general would not be specific enough to many clients and the inde-
pendent evaluations would continue.
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General Conclusions

Laboratory evaluation can be accomplished most effectively by the com-
panies that are involved. It is the responsibility of laboratory management to
evaluate company and vendor laboratories using voluntary standards, such
as those developed by ASTM, and to assure upper management that these
laboratories are in conformance with these standards.
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ABSTRACT: Effective accreditation of third-party laboratories offering product eval-
uation and follow-up inspection services requires a prescription of laboratory perform-
ance and measures to assure compliance with the prescription. While documenting the
established criteria can be considered the major hurdle for effective laboratory accred-
itation, the most difficult step may well be assuring that the accredited laboratories
meet and maintain desired levels of performance. An effective accreditation program
is more than rules: it is evaluation, audit, and follow-up.

This paper reviews key elements of laboratory accreditation programs that must be
considered to achieve the targets that the rules have established. Consideration is also
given to the critical elements required by agencies implementing laboratory accredita-
tion programs.

An analysis of hypothetical programs that lack these critical elements is presented
with the purpose of demonstrating that accreditation programs lacking one or more of
the critical elements are ineffective and allow laboratory performance to be lowered to
a marginally acceptable level.

KEY WORDS: accreditation, laboratories, accrediting agencies, critical elements, fol-
low-up, audit, standards, performance, evaluation

The stated 'goal of most laboratory accreditation programs is to verify that
a laboratory providing specific testing services is technically competent. This
goal may be achieved only when testing laboratories seek the accreditation
and are found, by valid evaluation procedures, to meet the qualification cri-
terion established. It should be emphasized that completing an application
form, which provides a written response as a means to show compliance with
the rules, should not by itself be relied upon to determine that testing labora-
tories meet the established qualification criterion. Laboratory accreditation
is more than rules!
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Establishing the Standard of Performance

A laboratory accreditation program must strive to establish an overall
standard of performance, with sufficient detail and procedural guidance
aimed at producing a suitable level of performance, if it is to become the cri-
terion adopted by the industry and regulatory community. The standard of
performance chosen, while meeting the objective of the accreditation pro-
gram, can also influence such factors related to the testing operation as de-
mand for and cost of the service, competitive incentives, and management
complexities. Furthermore, this influence may not always be beneficial. An
accreditation program does not, by its nature, provide assurance that the
overall effort will be for the good of all. Developing an accreditation pro-
gram that will achieve the stated goal while remaining essentially free of spe-
cial interest influence is not an easy task.

A laboratory accreditation program must consider more than written
rules to be effective. In addition to establishing the criterion to which a lab-
oratory’s testing program is evaluated, and providing a means whereby each
organization can be examined against the rules, additional factors must be
considered. For example, the information provided in the written applica-
tion from the laboratories should be determined to be accurate. This may
only be accomplished by including in the evaluation process an inspection of
the laboratory facilities. It is during the inspection of a facility that an oppor-
tunity is provided to spot-check the documentation provided by the labora-
tory and confirm that the written responses agree with the laboratory’s per-
formance ability. It would also be reasonable for an accreditation program
to consider conducting future unannounced inspections as a means of ensur-
ing that the competency is maintained.

A laboratory accreditation program should include a procedure to handle
the violations noted where procedural documentation has been required.
The ability to efficiently resolve an appeal by a laboratory disputing the vio-
lation should be considered. The procedure must be established without bias
and with the purpose of evaluating disputes against the original objective of
the accreditation program, considering current information.

Additionally, the accreditation program should, where documentation is
required, insist that the written descriptions correlate with the current and
accepted practice. Where alternative practices are considered and accepted,
and documented procedures are required, these too should be formalized by
the accredited laboratory.

When variations of the documented practices are discovered by inspec-
tions of a laboratory facility, that laboratory should make a formal response
to the accreditation agency for review, detailing the action proposed by the
laboratory.
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Critical Elements of Laboratory Accreditation Programs

What are the critical elements that must be considered in establishing an
effective laboratory accreditation program?

The general criteria should determine the capability of a laboratory to per-
form the testing program to be accredited, objectively and competently,
without conflict of interest. To accomplish this, the accrediting process must
measure, to a reasonable and generally accepted degree, levels of engineering
and technical proficiency, testing accuracy, and ethical practices. The proce-
dures should also determine that the services provided by the organization
are without prejudice due to such matters as affiliations with other agencies
or organizations.

An accreditation program must insist that the information provided con-
tain the detail necessary to disclose limitations or deficiencies of the labora-
tories being considered for accreditation. A program effective in this en-
deavor obtains an important measure of credibility.

To maintain long-range effectiveness, an accreditation program must re-
quire accredited laboratories to report in writing fundamental changes that
occur after the original application was submitted and accepted. In this re-
gard, fundamental changes are such things as changes in the laboratory’s
ownership, affiliations, facilities, key personnel, major test equipment, basic
testing procedures, and business interest.

Review of Information

Following the development of an effective application form and the meth-
odology to acquire the basic information needed by the accrediting au-
thority, the next important aspect of the program to be considered is the
process used for evaluating the submitted information.

The evaluation of the information provided in the application form and
the basis for judging a laboratory’s conformance to the applicable test pro-
gram criteria will necessitate the development of a norm or standard to as-
sess the effectiveness of the accreditation program. This norm or standard
should be developed in advance of implementing the laboratory accredita-
tion program and should adopt the generally accepted guidelines for good
laboratory practices. Establishing the criteria used to judge applicants in ad-
vance will reduce subjective judgements and the need to revise the criteria
each time a new situation is encountered.

The information should be confirmed by an on-site inspection that will
also countercheck conformance to the specific criteria applicable to the test
program for which the laboratory seeks accreditation. The inspector con-
ducting the audit of the laboratory must be capable of making independent
and unbiased judgements based on valid written and uniform criteria. To
support the inspector in this effort and to speed the audit process, the appli-
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cation form information should be assigned priorities indicating relative
importance.

The desire to audit the data provided by applicants may suggest to some
an indictment that, in general, laboratories will provide only favorable in-
formation or bias their responses in the accreditation process. However, a
closer look at the audit function will show that this is not the case. The audit
process serves many purposes.

The audit process will help maintain and enhance the desired level of
competence by providing a means to confirm that the intended meaning of
the questions in the application form was properly interpreted. It also allows
for verification that the criteria level established is reasonable. The facility
inspection audit can provide an accreditation agency, through their inspec-
tor, with feedback on the impact of any rule with regard to time or cost for
the laboratory operation, which in turn could be helpful in judging requests
for revisions. Again, the accreditation effort must be more than regulations.

Requiring a Quality Assurance Program

Currently, laboratory accreditation programs sponsored by federal, state,
and local regulators place a major emphasis on the written documentation of
conformance to established criteria, stressing testing, calibration, and main-
tenance programs as primary basis for judging compliance with accredita-
tion rules. However, limited attention is given to the quality assurance pro-
grams within the laboratory being accredited. The quality assurance programs
provide the control that maintains the overall accuracy and uniformity of the
test results for that laboratory. Perhaps, then, laboratory accreditation pro-
grams should permit a determination that a quality assurance program is
suitable and in operation and that the program maintains the desired control
of the laboratory operations.

Laboratory quality assurance programs should be based on generally ac-
cepted guidelines for the quality control of the laboratory’s method of opera-
tion. The guidelines should:

1. Be documented and include specific information and procedures for
conducting each individual test program being accredited.

2. Respond to the detail required by the accreditation program criterion
to the extent that applicable requirements of the specific criteria are
described.

Where then must accreditation programs go beyond these rules?
The Facility Audit

Accreditation programs that require the laboratories to provide, in writ-
ing, laboratory quality control practices have, as a result, established rules
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that define the objectives for the entire program. To be more than rules, the
accreditation program must conduct an on-site audit of the quality control
practices. This audit should include determining that the information pro-
vided in the application is in effect and is adequate to guide a testing techni-
cian in conducting the tests accredited under the program.

Few currently active accreditation programs provide for meaningful audit
of the laboratory facilities and operation. Accreditation programs that do
require a laboratory facility audit generally place little or no emphasis on
countercheck procedures or other methods to verify the details of the de-
scriptive procedures submitted. Too frequently, the inspection is only a cur-
sory examination that provides little more than an opportunity for the exam-
iner to visit the laboratory and make general facility observations. An
accreditation program must direct more attention to the actual evaluation of
personnel capabilities and the accuracy of test equipment required to per-
form the tasks for which the laboratory is being accredited. Detailed specific
criteria must be provided that will require a decision by the accreditors. Ad-
ditionally, the site inspections must be more than a one-time effort of limited
scope and must include follow-up confirmation in the future. Here is where
accreditation programs must go beyond the rules!

Reference Testing

The follow-up inspection of a laboratory’s facilities and quality control
procedures on some periodic and unannounced basis will reasonably assure
that the desired criteria of the accreditation program are satisfied. However,
it may not assure that the test and evaluation service covered by the accredi-
tation program meets the intended level of quality. Therefore, reference test-
ing should be another critical element. An accreditation program that in-
cludes reference testing in the accreditation process further enhances the
program’s achievement of the stated goal. Further, the reference testing pol-
icy must be mindful that an initial evaluation that shows that a laboratory is
capable of performing the testing program provides no assurance that the
laboratory will continue to do so in the future. A laboratory’s capability is
affected when personnel change or are transferred or promoted and the new
personnel are not adequately trained to fully understand the accredited test-
ing programs. Also, the desire to reduce costs can produce an unintended re-
duction in quality. Therefore, the critical element should be a policy of peri-
odic reference testing by an independent facility. This random countercheck
test function may also serve as the basis to measure the effectiveness of the
accreditation program.

Without All Critical Elements

Consider for the moment an accredited laboratory operation where all
critical elements of an effective accreditation program are not included.
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First, consider the accreditation program that does not have an on-site in-
spection requirement to determine that the criteria established by the rules
are in fact being met. It has already been acknowledged that accreditation
programs of this type would allow the applying laboratories to have the op-
portunity to present information in the application without the need to be
able to support that information.

[t is also recognized that this approach reduces the opportunity for the ac-
crediting agency to validate the feedback it receives on the program. The
ability to change a criterion that is ineffective, inappropriate, or just expen-
sive to implement, when considering the little perceived benefit obtained by
the criterion, is hampered. In these situations, laboratories participating in
the accreditation program who choose not to, or for various reasons cannot
fully satisfy the accreditation agency’s requirements may have an effect of
lowering the performance level to which other laboratories accredited under
the program must compete. Consider then, the effect this would have on
other accredited laboratories if the accreditation program has, in effect,
tended to equalize competition for the testing program accredited. Would it,
for example, have the effect of forcing all laboratories to a level of perform-
ance equivalent to the lowest level of performance? If so, this would be con-
trary to the basic objective desired by the laboratory accreditation effort.

Second, consider an accreditation program that has on-site inspection but
does not require future follow-up to assure that-a laboratory continues to
provide a technically competent testing service. Recognizing that accredita-
tion programs tend to neutralize any difference in the performance of com-
peting laboratories, some laboratories may, in order to be more competitive,
desire to reduce the costs of their service. Without the threat of future inspec-
tions to confirm that the level of technical competence is being maintained, it
is conceivable that these laboratories may find that reducing the quality con-
trol on the service performed provides the easiest way to reduce cost. While
the intent may not be to reduce the quality of the testing services, wouldn’t
one expect that such measures as reducing the testing technicians training
program, abbreviating the quality assurance program, or curtailing other lab-
oratory practices would result in a reduction of overall testing quality? Usu-
ally, any change in testing ability tends to be a gradual process that may only
be detected by a continuous unannounced audit of a laboratory’s operation.
Here then is another reason for accreditation programs going beyond the
simple implementation of rules. There must be future unannounced inspec-
tions by examiners qualified to evaluate the established criteria.

Finally, consider the laboratory that has tried to meet all of the criteria re-
quired of an accredited laboratory, at least on paper. Reference testing con-
ducted under the supervision of the accreditation agency may find that the
product testing being conducted by the laboratory does not satisfy the appli-
cable testing requirements. Impossible? Not really. Testing personnel, while
technically competent, may not be fully informed on the accredited testing
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methods. The allowance for subjective decisions by the quality assurance
program in effect within a laboratory may allow the actual results to diverge
from the intended results. All of us, on occasion, have found great difficulty
in explaining how a mistake that should not by all standards have occurred
was discovered through countercheck procedures.

When a program designed to verify a laboratory’s technical competence
fails, who is to blame? Is it the manufacturer, who produced a product that is
only marginally able to meet the specified testing criteria? Is it the laboratory
that failed to conduct the level of evaluation necessary to disclose a marginal
design? Maybe it is the laboratory accreditation program that does not go
beyond the rules to assure compliance with the stated goal.

There is no one right answer and no single blame. The real point to be
made is that compliance with an adopted testing program is the responsibil-
ity of all concerned. Again, the laboratory accreditation program must go
beyond the rules.

Summary

Based on the considerations that have been discussed herein, and the expe-
rience that has been gained to date with laboratory accreditation programs,
a recommendation can be made that these programs include:

The maintenance of performance records.

Feedback mechanisms for program improvements.

Procedures in case of noncompliance or errors.

Unannounced audits of the laboratory facilities at random intervals.
A quality assurance program.

Evaluation of personnel proficiencies.

Independent countercheck reference testing.
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These critical elements establish the points where laboratory accreditation
goes beyond the written rules.

Laboratory accreditation programs encompassing the key ingredients of
the recipe discussed in this paper can meet their established objectives. These
guidelines will also permit laboratories accredited under the program to be
able to function objectively and competently.

This paper has stressed the methods by which laboratory accreditation
programs can achieve their stated goal. It must also be emphasized that lab-
oratory accreditation is only the process whereby a determination is made
that a laboratory is capable of performing a testing program properly. There
is nothing in the accreditation process that states or guarantees that a labora-
tory will perform the test method properly. Also, there is no implied or es-
tablished standard or range of values to evaluate the quality of testing that a
laboratory performs. It is important, therefore, that an accreditation pro-
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gram recognize the program’s limitations and not try to promote or allow
accredited laboratories to advertise their accreditation on products tested by
the laboratory. An advertisement hangtag or label on a product announcing
that the laboratory is accredited tends to assure the end user that the product
meets a standard. This is not the objective or intent of laboratory accredita-
tion programs.
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duction in significant discrepancies in laboratory reports since its inception.
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Testing laboratories have a responsibility to ensure the information they
provide is free of bias and truly describes the conditions their tests claim. At
Ford Motor Co. Central Laboratory Services, a program to assure that labo-
ratory data met these requirements was implemented in 1978. The program,
called “The Quality Audit,” consists of assigning one individual the respon-
sibility to sample reports completed during the previous month and conduct
a detailed evaluation of all data reported. Special emphasis is placed on
equipment calibration and standards, test methods and sampling, test out-
comes, report quality, and record retention. The audit is conducted in a con-

" Test Development Analyst and Development Group Coordinator, respectively, Ford Motor
Company, Central Laboratory Services, Dearborn, Mich. 48121.
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fidential, nonthreatening manner between the “auditor’ and laboratory per-
sonnel. The findings, expressed in generalities rather than specifics, are
reviewed and agreed upon by supervisors and selected laboratory engineers
before being forwarded to laboratory management. This paper describes
that program: how it is organized, the dynamics and mechanism of its opera-
tion, and its results. It is being presented as our contribution to the present
dialog on laboratory quality and accreditation with the hope that other labo-
ratories might repeat, and possibly confirm, our success.

Audit Procedure

To appreciate the details of our audit program, it is necessary to describe
the function and organizational structure of the laboratory. Central Labora-
tory is Ford Motor Company’s largest nonresearch materials testing labora-
tory. It consists of a technical staff in excess of 100 people and over $4 mil-
lion worth of equipment with approximately 4000 m? (45000 ft?) of test area.
The primary function of the laboratory is to support engineering, manufac-
turing, and purchasing decisions on material/component usage in company
products and manufacturing operations. Materials tested include metals,
plastics, elastomers, paints, fuels, lubricants, textiles, adhesives, sealers,
deadeners, wastewater, and ceramics. The laboratory performs work for all
divisions of the company and charges fees to the requesting activity only for
the work requested.

The laboratory is divided into three organizational groups reporting to a
Services Manager: Metallurgy Department, Chemistry Department, and an
Administrative/Development Group. All testing is concentrated within the
two operating departments while the Development Group acts in a staff or
supportive role. The quality program centers the auditing responsibility in
the support arm. It audits the tests performed in the operating departments
using a single auditor.

In addition to this formal organizational structure, there is also an infor-
mal structure. It is composed of supervisors of all departments who are
members of a long-standing committee that discusses laboratory-wide prob-
lems and recommends corrective actions or procedures. Problems relative to
billing and operating procedures and administrative issues are routinely
channelled to this committee. Quite naturally, this committee plays a key role
in the quality audit program. The initial guidelines were accepted by it and
any changes in the audit procedure must have its approval. This is a crucial
point of the audit and contributes to its acceptance by the supervisors since
they are involved in the procedure formally by reason of their operational
role and informally by reason of their association through the supervisors’
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committee. The three principal steps of the Central Laboratory quality audit
are:

® Evaluation and detection
Test engineer(s)
Supervisor(s)
—Standards
—Specifications
—Calibration
—Methodology
Procedures
Sampling
Testing/retesting
Computations
—Report
—Record retention
® Assessment
Supervisors
—Discrepancies
Minor
Significant
—Categories
Equipment calibration and
standards
Test methods and sampling
Test outcomes
Report quality
Record retention
® Feedback
Quality audit report
—Section review
—Supervisory review
—Management report

Evaluation and Detection

The initial step in the quality audit includes evaluation and detection.
First, the auditor selects ten reports randomly from the approximately 700
reports completed in the preceding month. Second, each report is evaluated
by the auditor to determine if the customer’s request has been met by com-
paring the final report with the initial request. Then, all of the standards,
specifications, and test methods used or noted in the report are studied.
Next, the auditor conducts in-depth interviews with the engineers and super-
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visors responsible for the ten reports selected. The meetings are confidential,
and none of the details of the evaluation are revealed to others by the audi-
tor. During this phase, a review is made of the calibration and standardiza-
tion of all equipment, solutions, and test fluids used to develop the test data.
Additionally, laboratory engineers’ notebooks and other retained records of
the section are used to reconstruct all of the tests performed. Special atten-
tion is given to sampling, testing and retesting, all computations, and record
retention. Section records are reviewed to ensure the most current specifica-
tions, standards, and procedures were used. Printouts from computerized
equipment and data from recording devices such as x-y plotters are reviewed.
Sometimes it is necessary to run some tests over to confirm the original data.
Reruns are requested only when the test data indicate a possible error or mis-
interpretation. Also, during this phase of the audit all potential discrepancies
are identified.

Assessment

The second step in the quality audit is the assessment phase. During this
phase, all questionable results or practices are reviewed privately between
the auditor and the section supervisor responsible and any discrepancies are
classified as minor or significant discrepancies. A significant discrepancy is
one which effects the conclusion of a report. All other discrepancies are con-
sidered minor. The audit program requires that the section supervisor assign
and rank the discrepancy; that is, even though the auditor may detect a ques-
tionable result or practice, it does not become one unless it is verified by the
section supervisor. At first appearance, one might expect that this practice
would risk bias. On balance, it is the opinion of the authors that the section
supervisors have been quite realistic and straightforward in accepting discrep-
ancies during the assessment phase.

Feedback—The Quality Audit Report

A quality audit report is written by the auditor. It includes statistical data
regarding the discrepancy rate on the current audit and how it relates to pre-
vious audits. All discrepancies are reported in very general terms so that an-
onymity is preserved. The focus is on identifying the discrepancy rather than
the individual, section, or department where it occurred. This point is crucial to
the audit procedure. A great deal of caution is taken to ensure that the actual
discrepancy cannot be traced to the individual involved. It is necessary, how-
ever, to provide enough information to alert the entire laboratory as to the
kind of discrepancy that has occurred. The report also contains a section for
remarks, which provides a means of communicating recommendations and
alerts of conditions that are uncovered during the audit to all levels of the
laboratory. The review has proven to be a powerful tool to highlight areas of
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difficulty as they are encountered. Since the report is addressed to manage-
ment, high-level visibility is easily and rapidly obtained. Management sup-
port for the audit program is evidenced not only by its original insistence
that it be instituted but also by its quick response to the items detailed in this
section.

Another important feature within the feedback process is the review of the
auditor’s report with a small group (15 to 20) of test engineers. A rotating
schedule provides that each test engineer will be invited to participate in this
review at least once every four months. This practice encourages greater par-
ticipation and more support on the part of laboratory engineers. The report
requires the concurrence of the people attending the meeting before it can
move to the next level of acceptance. Every effort is made to reach a consen-
sus before the report is forwarded to The Supervisors Committee for its re-
view and approval.

Usually, only minor changes or recommendations are made before the
“final report™ is sent to the department managers and the laboratory services
manager. The report provides management with a quantifiable measure of
quality in the laboratory and a tool to implement corrective actions on qual-
ity issues. The report is reviewed at the management staff meeting and with
the supervisors at department meetings. Each step of this entire process of
feedback cdncentrates on the reinforcement of the concepts of quality. The
amount of time spent at meetings dealing with quality is minimal compared
to the overall benefit.

Results and Benefits

The Quality Audit Program at Central Laboratory has been very success-
ful in improving laboratory quality. Figure 1 shows the reduction in discrep-
ancies from August 1978 through November 1980. The numbers along the
horizontal axis represent the numbers of months and the vertical axis repre-
sent the discrepancy rate per audited sample. All discrepancy categories used
to evaluate quality, except for minor discrepancies in report quality, have
shown impressive reduction since the introduction of the audit system. To
improve in this area, a formal procedure for report writing has been pre-
pared and is currently being reviewed by the laboratory supervisors.

In general, the laboratory audit program has been an extremely useful tool
to identify problems and assure that corrective actions are taken. One such
example was the lack of adequate equipment certification and calibration. It
has been decided by the supervisors committee (as a result of the quality
audit) that certification must be accomplished on no less than an annual
basis. Certification is the responsibility of the section supervisor who deter-
mines how often equipment is to be certified if less than annually. In the
course of the audit, the certification documents are reviewed, as are the
values obtained during the course of the analyses. Calibration and repair rec-
ords are maintained for each instrument and piece of equipment.
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FIG. 1—Central Laboratory quality audit report.

Another example deals with test methods. ASTM standards and practices
are used extensively in the testing conducted at Central Laboratory. In those
cases where ASTM does not provide suitable standards, Ford laboratory test
methods are used. For tests where there are no published methods, either in-
dustry or corporate local methods are developed in the laboratory. The audit
has identified these local methods as a potential risk.

Quality has become a visible consideration in the laboratory during the 2%
years that Central Laboratory has used this quality assurance program.
Issues are now discussed regularly between personnel in the auditing group
and in the operating departments. Items identified as discrepancies are re-
viewed with affected sections after the audit report to insure that recom-
mended changes have been made. Current discussions are underway in the
laboratory at this time on new test methods, calibration of new equipment,
and programs on repeatability and statistical analysis of results. The quality
program has made “‘quality” a high priority item throughout the laboratory
by addressing quality issues to the supervisors and test engineers and labora-
tory management. The program involves everyone in the laboratory, espe-
cially the people who really have the greatest impact on quality—the labora-
tory engineers.

Auditor Qualifications

The qualifications of the auditor must be carefully considered when a
quality program is being initiated. The original auditor’s background con-
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sisted of experience in manufacturing, laboratory testing, and engineering
(approximately ten years in each area). This background was instrumental, if
not necessary, in the formulation and implementation of the quality audit
program but was found not to be a requirement for its continuation. The
auditor should have a technical background, be analytical and inquisitive, and
be willing to do the necessary detail work of reading through the sometimes
lengthy test procedures and specifications. This observation has been sup-
ported by our experience of employing three different auditors with varying
backgrounds. These auditors were selected by asking for volunteers from
among the operating department supervisors and the Development Group.
The first “trainee” was a computer programmer who had three years of pre-
vious testing laboratory experience. He observed one audit and then success-
fully conducted the second audit with a minimum of support from the regu-
lar auditor. The second volunteer was from one of the operating departments.
To maintain separation between the auditing activity and the “operating”
departments, the volunteer was transferred on special assignment to the De-
velopment Group. Here again, the volunteer observed an audit and the next
month conducted the audit alone. This procedure was repeated a third time
using an administrative supervisor who had ten years of previous laboratory
testing experience. The results of the audit conducted by the substitutes were
well within the discrepancy rate we were experiencing during the period. Ad-
ditionally, we find merit in the idea of training others to perform the audit
both from the standpoint of cross-training and from the positive effect the
experience has on the trainees’ attitude about laboratory quality and, specif-
ically, the quality within the individual’s section.

Costs

The direct cost for the Central Laboratory Quality Audit is 130 hours per
month or slightly less than two hours per month for each person working in
the laboratory in a testing or report-writing capacity (see Table 1). These
costs represent less than 1% of all time charged.

TABLE 1—Hours per audit.

Phase Auditor Supervisor Test Engineer

Evaluation and

detection 30 20 20
Assessment 10 10 v
Feedback 12 .. 32°
Total 52 30 52

“A group activity includes a maximum of four hours of supervisors’ time.
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Conclusion

The movement towards laboratory accreditation is a positive step in estab-
lishing higher levels of quality and professionalism within the laboratory
community. The criteria established in the ASTM Practice for Generic Crite-
ria for use in the Evaluation of Testing and Inspection Agencies (E 548) are a
significant contribution towards accreditation, however, a major weakness
in these criteria is the absence of performance criteria. As published, the
criteria are static, in that they provide a framework that can be constructed
in any time frame and then stored on a shelf. Under the current system, an
accredited laboratory would not necessarily produce quality results. From
our experience at Central Laboratory, we believe that to improve laboratory
quality, a dynamic quality program is necessary. Similarly, if accreditation is
to be meaningful, the accreditation procedure must be a dynamic one.

A second concern is cost. The present annual costs associated with accred-
itation under the National Voluntary Laboratory Accreditation Program
cannot be justified from the perspective of cost versus benefit for any labora-
tory that cannot tack on the accreditation costs to the cost of doing business.
Under the federal accreditation program, it would cost $3370 to evaluate
nine simple, seven intermediate, and two complex test methods for accredita-
tion. (See Example 5, Federal Register, Vol. 45, 16, 23 Jan. 1980, p. 5600.)

If accreditation is to become a true instrument of quality and professional-
ism, the costs to be a fully accredited laboratory would be so enormous a
burden that the accreditation movement would become a limited procedure
to qualify suppliers of federally mandated materials. It would take a full-
time evaluator at least one year to accredit all the tests performed at Central
Laboratory, and the effect on quality would be minimal at best, without an
ongoing detection, evaluation, and feedback system. The need for less costly
ways of achieving accreditation is apparent. One of the ways might be to pro-
vide laboratory-wide accreditation rather than accreditation by specific test.
On-site inspection should be retained, but more emphasis is needed to ensure
that the laboratory have an active and dynamic quality control program.
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KEY WORDS: automation, water quality, quality assurance, computers

The design and implementation of a computerized automation system that
will produce quality work is not a simple task. A systematic approach, as ad-
vocated in the standards developed by ASTM Committee E-31 on Comput-
erized Systems (see Table 1), is imperative. If one goes into an automation
project without it, it is almost impossible to produce a quality system with-
out many iterations, costly delays, and intolerable frustration. The members
of E-31 have learned this the hard way.

In 1972 the National Environmental Research Center of the U.S. Environ-
mental Protection Agency (EPA) in Cincinnati commissioned a study by a
University of Cincinnati team to determine if automation of the EPA labora-
tories was a valuable and economically feasible thing to do. The study con-
cluded that it was, but the EPA staff did not have the in-house expertise to do
it by themselves. They searched in the private sector and concluded that ap-
propriate help was not available at that time from commercial firms. In 1973

!'Section Leader, Lawrence Livermore National Laboratory, Livermore, Calif. 94550.
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TABLE |—Standards developed by ASTM Committee E-31.

Designation Title
E 622 Generic Guidelines for Computerized Laboratory Systems
E 623 Guidelines for Developing Functional Requirements for Computerized
Laboratory Systems
E 624 Guidelines for Implementing Computerized Laboratory Systems
E 625 Guidelines for Training Users of Computerized Laboratory Systems
E 626 Guidelines for Evaluating Computerized Systems
E 627 Guidelines for Documenting Computerized Laboratory Systems
E 730 Guide for Developing Functional Designs for Computerized Systems
E 731 Guide for Procurement of Commercially Available Computerized Systems

an interagency agreement was entered into between the EPA and the then~
Atomic Energy Commission (AEC) for the services of scientists and engi-
neers from the Lawrence Livermore National Laboratory (LLNL). The first
laboratory was to be the Environmental Monitoring and Support Labora-
tory (EMSL—then the Methods Development and Quality Assurance Lab-
oratory) in Cincinnati.

We agreed that this job should be done in an orderly fashion, in stages from
functional requirements all the way through to final documentation. It is no
accident that the Standard Guides for computer automation, produced by
ASTM Committee E-31, so closely resemble the procedure used here. Jack
Frazer, and then I, directed the EPA project, and Jack, and then I, chaired
E-31. It was not all one way, though. The experience in our project was com-
bined with the experience of others in the forum provided by E-31 to pro-
duce the current standards.

Procedure

As we produced the first of the functional requirements we established
many things. This laboratory is a methods development laboratory. The au-
tomation system must be flexible and able to accommodate many variations
of a proposed procedure. Accuracy and precision of the results must be estab-
lished over a wide range of conditions by using the best available statistical
techniques. In order to do this, many standards, blanks, and samples must
be run, with multiple repeats and spiked samples included.

We chose to implement the system using time-shared BASIC. After our
experiences with writing a time-sharing operating system for a PDP-7, we
certainly did not want to do that again. To be sure, operating systems that
would support time-sharing in other languages than BASIC were available,
but we wanted one that would require minimum modification. That way, the
supplier would be in charge of finding and fixing most bugs (errors), not us.
Now, only eight years later, all major computer manufacturers supply oper-
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ating systems that make it easy to time-share a mix of BASIC, FORTRAN,
PL/1, etc., but this was not true in 1974,

The advantages of BASIC in the development laboratory are many. The
chemist has great flexibility to make changes in the operation, data collec-
tion, and data reduction. Sophisticated statistical calculations were pro-
grammed and made available, including Shewhart and Cusum real-time cal-
culations and periodic charts. Calls to the instrumental functions were
inserted into the BASIC interpreter, which returned data and flags directly
to the BASIC program. Program branches were taken according to the sta-
tus of the flags.

The configuration of the system installed is shown in Fig. 1. Actually, not
all of these instruments are installed on any of the six systems now opera-
tional, and some others are included in some locations, but they all can be
installed, according to the needs of the particular laboratory.

The next laboratory automated was the Municipal Environmental Re-
search Laboratory (then the Advanced Waste Treatment Laboratory), also
in Cincinnati. We again followed a systematic procedure, revised and im-
proved as we and E-31 learned more. This laboratory differs from EMSL in
that it is an analytical laboratory in support of research into improvements
in sewage treatment plants. Analytical procedures are well worked out. They
just have to cope with a high sample rate and wide concentration ranges. The
quality assurance protocol is enforced by the computer program, and excep-
tions are reported to the operator as soon as a duplicate or spiked sample
gives a result outside the established limits.

I will illustrate the principles by referring to the procedure for the Tech-
nicon AutoAnalyzer [I]* (Fig. 2). This instrument is a continuous flow col-
orimeter used for analysis for many anions, as well as other species. Samples
are placed in the circular tray at the right of the picture and aspirated into a
continuous stream of reagents. A coiled tube provides time for the colori-
metric reaction to take place, and finally the sample passes into a photometer.
The output of the photometer is an almost linear function of the concentra-
tion of the sample.

The computer program prompts the operator for the sequence of samples
required by the quality assurance protocol (Fig. 3). The three synchroniza-
tion standards are used to indicate the start of the run to the data acquisition
routines. They are also used to refine the nominal sample rate entered by the
operator. This rate continues to be refined throughout the run by measure-
ments on those sample peaks whose signal exceeds a set threshold. Two
blanks follow, to establish the baseline of the measurement, in turn followed
by up to ten calibration standards. Two more blanks follow, to determine if
there is a drift in the baseline. A small drift is corrected for, and a calibration

? The italic numbers in brackets refer to the list of references appended to this paper.
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AUTOMATED LABORATORY FOR EPA 1]

FIG. 1—Configuration of a typical automated water quality laboratory system. Components in-
clude (counterclockwise from the upper right) atomic absorption spectrophotometer, AutoAnalyzer,
electronic balance, total organic carbon analyzer, ultraviolet and visible spectrophotometer, and
the computer.

curve is established. If the drift is too great, the run is aborted and the opera-
tor notified. The calibration curve need not be linear, as the program will fit
to linear, quadratic, or cubic polynomials, as directed by the operator. A
coefficient of determination is calculated and printed, and if the calibration
samples deviate too much from the fitted curve, the run is again aborted.
The instrument has now been calibrated, and the samples are run. This
typical sample wheel pattern cycles through the pattern indicated on the
right of Fig. 3 until all the samples have been completed. If the known check
standard differs from the calibration by a little, the operator receives a mes-
sage. If it differs too much, the run is aborted. The five unknowns are then
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FIG. 2—Technicon AutoAnalyzer.

measured, followed by a spiked sample. This is a previously run sample,
spiked by a known amount of the analyte of interest. A percent recovery is
calculated and printed, and if this differs too much from 100 percent, a mes-
sage is printed indicating that there are other species in the sample that are
interfering with this measurement. A duplicate of a previous sample is mea-
sured and then two blanks for the baseline. If the instrument is misbehaving,
the operator is notified or the run aborted, as appropriate.

3 Synchronization Standards I—»l Check Standard

2 Blanks 5 Unknown Samples

5 Calibration Standards 1 Spiked Sample

2 Blanks 1 Duplicate Sample
2 Blanks

Y

FIG. 3—Typical quality assurance pattern.
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Four more laboratories have been automated, EPA Region V in Chicago
[2], Region III in Annapolis [3], and the U.S. Geological Survey (USGS) Na-
tional Water Quality Laboratories in Denver and Atlanta [4]. These are four
of the routine working surveillance and analysis laboratories for mainte-
nance of the nation’s water quality. They have three major responsibilities:

(1) They conduct regional surveys to establish the baseline conditions for
water composition.

(2) They conduct routine surveillance analyses to detect anomalous
conditions.

(3) Finally, if they find a condition requiring action, they must measure
samples to establish the factual basis for a legal action against a polluter.

As we established the functional requirements for these laboratories, an
additional important requirement appeared, data management [5]. These lab-
oratories have a large volume of data, which needs to be examined in many
ways. Measurements of different analytes in the same sample need to be
brought together. Measurements of the same analyte in different samples
need to be displayed. Time histories of sampling stations need to be exam-
ined. Outliers must be detected. Consolidated reports must be prepared.
These things were being done by hand, but transcription errors are always a
problem with hand-prepared tables. Computerized handling of data greatly
simplifies the preparation of these tables and greatly simplifies the selection
and manipulation of these numbers. Furthermore, once a datum is entered
correctly into a good data management system, it stays correct through all
these manipulations.

To emphasize this problem, let us examine Fig. 4. Based on reports from
previous studies, the field engineers, in cooperation with the analytical lab-
oratory management, plan the study. They choose locations for sampling,
times of sampling, shipping arrangements, and analyses to be made in the
field and the laboratory. As the samples and field data are collected, they are
entered into the sample log. From the sample log, a laboratory work plan is
developed, so that all the analyses needed can be completed in the alloted
time, and before the samples deteriorates. Quality control is assured, and the
field data are combined with the laboratory data in the data log.

Other quality control tests are made on the data log, and local reports are
produced. In one of the systems implemented in EPA, the data are entered as
shown into a national database through ILDMS (standing for Interim Lab-
oratory Data Management System, a prototype for systems now being im-
plemented) and additional quality control checks, some of which are re-
dundant, are made. Finally, when the manager of this study is satisfied that
the values are as correct as they can be, the data are sent to STORET (for
storage and retrieval), the statutory national water quality data base.

Finally, STORET reports are produced. These, together with local re-
ports, are used by environmental scientists for scientific studies, by lawyers
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for enforcement of laws, rules, and regulations, and finally to plan future
surveys, thus closing the loop. This system just described is being maintained
and enhanced by EPA-Cincinnati with a nationwide network of PDP-11s. A
similar system, which was delivered by us to USGS to run on Data General
ECLIPSE C-330s, is being maintained and enhanced by USGS.

We found that BASIC still had advantages in the routine laboratory, but
some disadvantages appeared. Bugs in programs were still easily fixed. It
continued to be simple to install new programs in these geographically sepa-
rate locations. But, under the pressure of the sample load, some operators
have made changes in the programs that simplified their operations, but by-
passed some of the on-line quality assurance checks. The data management
system in Fig. 4 has several quality control checks in it. This redundancy de-
tected the problem, and the missing program steps were restored.

It is difficult to balance the requirements for flexibility and ease of main-
tenance with those for quality assurance. If we introduce a powerful system
manager at the national level, and give him absolute control over program
changes, his staff has to be traveling much of the time to fix bugs and intro-
duce changes. If we have local system managers at each laboratory, they
have to have a level of skills and integrity that cannot easily be found at the
salary levels prescribed for such functions. The ordinary computer system
manager has to understand programming, accounting, and auditing. The
people we need have to understand chemistry and statistics as well.

Conclusion

What about the future? Figure 5 shows the timesharing configuration that
was still the most cost-effective as late as 1977, when we produced the feasi-
bility study for the USGS [4]. The rapid drop in microcomputer prices and
improvement in their hardware and software capabilities had changed that
by the time the system was installed in 1979. Instead of automating an exist-
ing atomic absorption spectrophotometer in the timesharing mode as we did
in 1977, it had become more cost-effective to replace it with one of the many
new *“‘smart’’ instruments. With other instruments, if a smart version is not
yet available, it is more cost-effective to automate it by giving it a dedicated
microcomputer.

Some things have not changed. Programming costs are still high, but if the
manufacturer of a smart instrument can spread the cost over many instru-
ments, the incremental cost to each instrument is small. Even if an instru-
ment is automated as a one-time project, the elimination of interactions be-
tween instruments makes programming much easier. The cost of mass
storage on magnetic disks has come down, but nowhere near as dramatically
as the cost of microcomputers.

Smart instruments are still not smart enough. They do not or cannot pro-
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PRESENT TIMESHARING USES A SINGLE CPU L

Mag CPU Printer
tape

TAA

FIG. 5—Time-sharing computer controlling several instruments.

vide many of the features described earlier and in the feasibility studies. They
do not now provide the elaborate quality assurance needed, and may never
provide a flexible capability tailored to the needs of each laboratory. They
cannot produce consolidated reports of the results from many different in-
struments, or archival storage of all this data in machine readable form.
They cannot produce retrospective reports summarizing what is in the data
archives. For these, we will continue to require a central processing unit
somewhere in the network to perform data management and archival stor-
age and retrieval.

Figure 6 shows an abbreviated network of the kind we see for the foresee-
able future. In this system all the real-time instrumental functions are carried
out by microcomputers dedicated to their respective instruments. There are
also two special functions shown on this figure. The computer at the top is in
charge of consolidating all the data, producing reports, storing data perma-
nently, and recalling it on command. The graphics terminal on the lower
right has a TV-like picture tube that allows the user to examine many possi-
ble displays of the information before outputting it to a high-quality graph-
ics device ready for the camera.

The Lawrence Livermore National Laboratory has now withdrawn from
this consulting business. We still establish functional requirements for our
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FUTURE AUTOMATION WILL INCLUDE MANY CPUs L=
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F1G. 6—Resource sharing using many computers.

own instruments, and implement systems if they cannot be procured from
the private sector. Several things contributed to our decision. Smart instru-
ments are readily available. Competent consulting has become available
from private firms. This kind of work is not in the basic charter for the U.S.
Department of Energy, but belongs properly in the private sector. Finally,
when we received inquiries from firms like U.S. Steel or Celanese, there was
no way we in government could help them, so it is better that we, too, work
with private firms to give them the experience they need to do a first-rate job.
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APPENDIX

Automating water quality laboratories seems like a strange area for a nuclear weap-
ons research and development laboratory to be in, so I will explain some background.

The Lawrence Livermore National Laboratory started in 1952 as the Livermore
branch of the University of California Radiation Laboratory, 40 miles away. Its spe-
cific mission was to be a second laboratory to work on nuclear weapons for the
Atomic Energy Commission in parallel with the Los Alamos Scientific Laboratory.
Over the years it has grown and changed names several times to become what it is
now, a National Laboratory reporting to the Department of Energy (DOE). As the
range of responsibility of the former AEC has changed to that of DOE, so has the
laboratory.

I joined the Chemistry Group in 1952 and Jack Frazer joined in 1953. My field at
that time was isotope ratio mass spectrometry and Jack’s was vacuum fusion for
trace impurities in metals. We consulted on each other’s problems, and came to real-
ize that there was a real need for automation in both our areas. Before 1960, I was
routinely using ion counting and accumulation [6] in a digital multichannel analyzer
connected to a mass spectrometer. In the early 1960s the affordable minicomputer
became available. We realized that it was a powerful extension to the capability of the
multichannel analyzer because it could control experiments and perform calculations
as well as just collect data. Minicomputers were then still quite expensive, and could
not be justified for a single instrument. For a production operation, with a number of
instruments, they could barely be justified (hence, the founding of the Control Data
Company), but we were in a research laboratory.

Jack managed to justify a Digital Equipment Company PDP-7 on the basis that it
would be used in a timesharing mode for the automation of many instruments; in-
deed, at the peak of its use it operated eight instruments, two of which required dedi-
cation of the computer. At that time, higher level languages were not available, so all
work had to be done in assembly language. Even worse, a time-shared operating sys-
tem for the computer had to be written from scratch. But it was the first time-shared
laboratory automation computer system.

Things improved after that. Digital brought out the PDP-8 at a price that could be
justified for single instruments. High-level languages such as FORTRAN and BASIC
were made available. Operating systems were developed by the manufacturers and
were delivered with the computers. Other manufacturers entered the business, and
prices fell and fell.
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ABSTRACT: A computerized approach to the massive record-keeping involved in a
modern laboratory quality assurance program is described, with the Technical Center
of Owens-Corning Fiberglas Corporation being used as an example.

KEY WORDS: information retrieval, computerized systems, quality assurance

According to Webster, a laboratory is a place for experimental study in a
science or for testing and analysis of a product. Laboratory quality assur-
ance is the auditing of the factors contributing to a quality laboratory. Qual-
ity control is concerned with ‘“‘are we doing things right?”’—quality assur-
ance is concerned with “are we doing the right things?”” This is the reason
that a laboratory quality assurance program provides an audit of the factors
that make a quality laboratory, such as the organization, the competence of
the human resources, the adequacy of the physical resources, and the quality
control system.

Corporate laboratories have always concentrated on these four factors by
nature of their business. Historically, the customer required some assurance
that the product purchased met the standard that had been selected, and in
many instances, also listed requirements for a quality laboratory. Today,
with the current product liability situation, the manufacturer in effect be-
comes the only one who can certify a product. The manufacturer is required
to declare in writing that the product has certain performance values and
meets certain standards. This puts even more emphasis on the need for effec-
tive laboratory quality assurance programs.

The ASTM Practice for Generic Criteria for Use in the Evaluation of Test-

'R&D Services, Technical Center, Owens-Corning Fiberglas Corporation, Granville, Chio
43023.
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ing and Inspection Agencies (E 548) requires that a laboratory shall establish
a quality assurance system and accompany that system with a written man-
ual. Similar requirements exist in most of the various laboratory accredita-
tion programs around the world.

Developing a quality assurance manual using E 548 as a guide is relatively
easy for a corporate laboratory, by assembling existing documents. It al-
ready has its organization established and a variety of documents such as the
Annual Report and Technical Center Brochure to satisfy the needs of Sec-
tion 4 in E 548, “Organization of the Agency.” Conformance to Section 3,
“Human Resources of the Agency,” is not difficult because each laboratory
usually has an organizational chart. Every position has a written description
including education, training or experience required, and other qualifica-
tions. Every employee has a personnel file that maintains records of the em-
ployee’s qualifications, experience, achievements, training, and an annual
performance appraisal. The requirements of Section 6, ‘“Material Resources
of the Agency,” can be met with a documentation of the test equipment,
storage and sample conditioning facilities, calibration standards and equip-

TABLE 1—Elements of a corporate quality assurance manual.

Section 4. Organization of the Agency
1. Annual report
a. Legal name and address
b. Name of principal officers
c. List of internal organizations
2. Technical center brochures
a. Laboratories covered
b. Listing of services
c. Organizational structure
Section 5. Human Resources of Agency
1. Organizational charts by laboratory
2. Position descriptions
3. Personnel record system
. Employee qualifications
. Employee work experience
. Employee work achievements
. Employee training
. Employee annual performance appraisal
Section 6. Materials Resources
. Test equipment
. Storage facilities
. Sample conditioning facilities
. Calibration standards
. Library of standards and procedures
. List of test methods
. Data processing equipment
Section 7. Quality Systems of the Agency
. Laboratory operation manual
. Equipment maintenance and calibration procedures
. Audits of test results and round robin results
. Test report records
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FIG. 1—Owens-Corning Fiberglas laboratory system.

ment, library of standards and procedures, data processing equipment, etc.
Section 7, “Quality Systems of the Agency,” is covered by a description of
the quality control program describing the laboratory method of operation,
equipment maintenance and calibration programs, system of auditing test
results and detecting errors, and basic rationale of quality assurance (see
Table 1).

Therefore, generating a quality assurance program and manual is not dif-
ficult for a corporate laboratory. The major problem of the quality assur-
ance program in a large, high-activity laboratory is finding a means of bring-
ing under control the flood of information and records generated. The
purpose of this paper is to outline an approach used by Owens-Corning
Fiberglas Corporation in its laboratories. This system utilizes a computer
but can be applicable to smaller laboratories since even the smaller home
computers are capable of handling the needs.

The Owens-Corning Fiberglas (OCF) primary laboratory is located at the
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Corporate Technical Center in Granville, Ohio. Other laboratories within
the corporation are satellites of this laboratory and by corporate directive
use the same test methods, equipment, calibration standards, and quality
assurance procedures. A sketch of this system is shown on Fig. 1.

Notice the primary laboratory P is composed of several specialized labora-
tories, SP-1, SP-2, etc., which include laboratories that study and test in the
fields of thermal, sound, fire, chemical, electrical, physical, metallurgical,
rheological, and air handling testing, etc. Under this system the satellite lab-
oratories, S1, S2, etc., receive their quality assurance assistance and audits
from several qualified sources.

With a laboratory complex such as this, a key issue is the execution of the
equipment maintenance and calibration system traceable to accepted me-
trology standards. A computer system was established to identify and log
every piece of equipment used in the laboratory covered by a quality assur-
ance manual. An example of the print-out of this is shown on Fig. 2. Each
piece of equipment is given a number that identifies the laboratory location,
the department within the location, and the type of test for which it is used
(physical, chemical, thermal, etc.). The information specified in E 548, such
as description, range, accuracy, frequency of calibration, calibration proce-
dure, calibration standard, and date of last calibration, is also included in the
system. The calibration can be done either by OCF personnel or an outside
contractor who can provide traceable standards.

Every month or on demand, the computer will itemize by laboratory, in a
form shown on Fig. 3, the list of equipment that requires traceable calibra-
tion. Notice the double asterisk for attracting special attention to past due
equipment inspections. When the scheduled equipment calibration has been
completed, the record of calibration data is put in the equipment file, and the
computer is notified of the new calibration date. Each laboratory manager is
responsible for ensuring that calibration is maintained on a current basis.

Other issues in a laboratory quality assurance program that can be man-
aged by the computer are tracking the work request (Fig. 4), recording and
retrieving test records, and personnel records {Fig. 5). In this manner, the re-
cords for the equipment, the people who run the equipment, and the proce-
dures used to produce test results can be maintained in the computer in a
form to ensure laboratory quality control without being an administrative
nightmare.

The conclusion to be drawn from this system is that laboratory accredita-
tion does not become burdensome for laboratories involved in a broad spec-
trum of testing and several accreditation programs. This approach provides
a method for the laboratory to satisfy the requirements of a product-based
National Voluntary Laboratory Accreditation System (NVLAP) accredita-
tion system or the discipline-based accreditation system, favored by the
American Association for Laboratory Accreditation, Australia’s National
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AT 02-06-31

SCLIPMENT RCQUIRIAG CALIBRATIGN DURING 02-81

PLANT PROCCFSS-=QULALTTY

TONTRCL MARAGE+==wAXAHACHIE PLANT

FARGO ON AN INDUSTRY APPROACH 79

PacE €

PTC21

LASNC JEICAIOT 1N JATe CALIBRATEN DATE DUE PAST DUt COMFLETICM C2TE
t04s2C2001 DIAL GAGE aMES 13 01-90 01-81 ak
10442738001 JIF CUTTES  FaM(C) 01-80 01-81 e
1044208CC2 DIE 7TLTTE NCLAHALY 01-80 01-81 .
1044204003 TZ4pLATE J1-80 a1-81 ..
10442313004 TEMPLATE a1 -80 J1-81 LR
10442DB00S  TEMPLATE 01-80 al-81 .
10442)RC0& TeMpLATE al1-80 0l-81 L
10442DR007 ToMPLATE 01-30 01-81 -
1044218009 TEMPLATE 0:1-30 ai-81 b4
1044213007 TCupPL AT E 01-80 d1-81 i
10442048010 TEMPLATE 01-80 vl-81 A
1044208011 NIE CUTTER 01-30 01-81 -
1044208012 DIE CLYT=R 01-8¢ J1-81 LAd
1044208013 K 30X CGBGE R INTS 01-30 0i-8l1 -
10442P1001 MITTLF2 BALANCE KS 08-40 02-81
10442P1002 TCLEZD SCALE 3710 08-80C 02-81
1044221002 TOLENC SCALE 3710 038-80 02-81
1044171004 TZLL 30 SCALZ 2071 08-80 a2-8i
10442P1005 TCLEDU SCALE 2071 08-80 02-81
1044201005 TCLENC STatz 21#1 03-80 J2-31
10442P1007 TALECr SC 2181 06-40 02-81
1044221008 TCLEDT SCALT 2381 08-30 02-81
10442”71009 TOLEDD SCAL: 22852 G8-BQ J2-81
10442P1010 TCLEDS STALR 2352 0B=-30 02-81
10442P1011 TOLEDD SCALE  23fL LLEL1) 92-81
10442°P1012 TCLECC SCALE  402C 08-8o0 02-81
10442P1013 TILFOC SCoLE 711-2151 08-80 02-41
1044201014 METTLER P12IC aa-8y 9Z-81
1044221014 GRAM= AT BALANCY Q8-40 0z-81
1044 2P 5001 FLUTE SPAN TEST MATHINT 01-39 Jl-981 .=
10442P5002 TENSIL TEST MASHIAS 01-39 01-81 e
1044295003 SCOTT TESTER 01-80 01-81 e
10442P 5004 COMPRESSION TEST MACHIAEZ 01-30 01-81 L
10442P5005 AAG TEST MACHINE 91-80 01-81
1044 2P5005 NETFILIT TZST WMICHINE TT-1 J1-30 01-81 .
10442P8001 MUFFLE FyYANACE 01-230 01-81 bad
10442PR002 MUFFLc FURNACE THERMCLYNC ol-80 01-81 L34
1044258001 AZIGHTS 01-a0 01-38l1 ¥
1044273001 MEATED TUB L & M 01-80 01-81 .=
10442 TA001L K 20x 01-80 J1-41 P
N

PLFASE FILI [N CCMPLETIFN C2TZ ANC FETURN TO 24 2. BAZL(K =- SIANVILLE TECH CENTER

FIG. 3—Sample equipment calibration schedule.

Association of Testing Authorities, or the Testing Laboratory Registration
Council of New Zealand. The computer can cross-compile test methods,
equipment, calibration, people, and other elements common to different
programs. Each added program may require only one or two items added to
those already in existence. As an example, NVLAP test 01/F02 of the insula-
tion laboratory accreditation program (LAP) and NVLAP test 03/F01 of the
Carpet LAP are identical—the ASTM Test for Surface Burning Characteris-
tics of Building Materials (E 84). This eases the burden of multiple programs
for both the administrator and the laboratory.

A more general conclusion to be drawn from laboratory quality assurance
and accreditation is that both are good business for several reasons (see
Table 2). The quality level is improved in all laboratories. The independent
commercial laboratory is given a means to provide an attestation of its com-
petence and proficiency. Manufacturers may have their own laboratories ac-
credited for the same reasons. Code and regulatory authorities can request
data generated from accredited laboratories and avoid the expense of estab-
lishing individual programs for their needs. Laboratory accreditation is re-
ceiving international attention via the International Laboratory Accredita-
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TABLE 2—Laboratory quality assurance and accreditation is good business.

1.
2.

5.

Accreditation improves the quality of all laboratories.
The commercial laboratory is given a means to provide an attestation
of its competence and proficiency.

3. Manufacturers may have their own laboratories accredited.
4.

Code and regulatory authorities may request data generated from
accredited laboratories.
International attention is growing through ILAC and GATT.

tion Conference (ILAC) and the Section 5.2 on Standards of the General
Agreement on Tariffs and Trade (GATT).

The laboratory quality assurance and accreditation programs at Owens-
Corning Fiberglas have been developed to be compatible with all systems.
Since we have laboratory responsibility in other countries, international sys-
tems are included in our program.
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Peter S. Unger'

Evolution of the National
Voluntary Laboratory Accreditation
Program Procedures

REFERENCE: Unger, P. S., “Evolution of the National Voluntary Laboratory Accredi-
tation Program Procedures,” Evaluation and Accreditation of Inspection and Test Activi-
ties, ASTM STP 814, Harvey Schock, Ed., American Society for Testing and Mate-
rials, 1983, pp. 85-95.

ABSTRACT; The Department of Commerce published its original procedures for the
operation of the National Voluntary Laboratory Accreditation Program (NVLAP) on
25 Feb. 1976. Three revisions have been made since then and another is currently
under consideration. This paper briefly reviews the development of the NVLAP
procedures since they were proposed in May 1975.

KEY WORDS: laboratory accreditation, NVLAP procedures

Last February 25 marked the fifth anniversary since the Department of
Commerce published its procedures for the National Voluntary Laboratory
Accreditation Program (NVLAP). Since then, three laboratory accreditation
programs have been established, for test methods of thermal insulation, con-
crete, and carpet, and 95 laboratories have been accredited. Four other pro-
grams are under development. Although two sets of optional procedures and
one amendment have been adopted in the last two years, the department is
considering further revisions to streamline the procedures.

The purpose of this paper is not to evaluate or propose revisions to these
procedures; rather, it is to recount the revisions that have been made and are
being considered from the time the procedures were developed to the pres-
ent. A chronological list of publications documenting these revisions is set
out in Table 1.

Origins of the NVLAP Concept

The development of NVLAP stems from the fact that the department,
through its technical agency the National Bureau of Standards (NBS), had

! Assistant coordinator, NVLAP, Office of Product Standards Policy, U.S. Department of
Commerce, Washington, D.C. 20230. Currently Associate manager, Laboratory Accreditation,
National Bureau of Standards, Washington, D.C. 20234.

85

C,opyright© 1983 by ASTM International www.astm.org



86 EVALUATION AND ACCREDITATION

TABLE 1—Federal Register publications relative to the NVLAP procedures.

Publication Date Short Title

8 May 1975 Proposed NVLAP Procedures (40 FR 20092-20095)

25 Feb. 1976 Original NVLAP Procedures (Part 7) (41 FR 8163-8168)

25 Oct. 1978 Proposed Optional NVLAP Procedures (Part 7b) (43 FR 49812-49818)

26 Oct. 1978 Proposed Optional NVLAP Procedures (Part 7c) (43 FR 49994-50000)

9 March 1979 Optional Procedures for Federal Agencies (Part 7b) (44 FR
12982-12990)

25 April 1979 Optional Procedures for Private Sector Organizations (Part 7c)
(44 FR 24274-24282)

23 Jan. 1980 Criteria and Fees for NVLAP Accreditation (45 FR 5572-5600)

21 April 1980 Amendment for Adding Test Methods (45 FR 26993-26994)

27 Jan. 1981 Proposed Amendment to Incorporate Criteria Into the Procedures,

Establish a NVLAP Advisory Committee, and Eliminate Need for
Separate Criteria Committees (46 FR 8910-8919)

for many years assisted industry and government in the evaluation of testing
laboratories. Since 1929, NBS has participated with federal and state agen-
cies and private interests in developing criteria for evaluating testing labora-
tories and in providing on-site examinations, proficiency test samples, and
calibration standards.

In 1969, ASTM requested that NBS participate with ASTM and other inter-
ests in establishing a ‘““testing agency inspection service’” over a broad range
of product areas wherever needs developed. In the same year the National
Conference of States on Building Codes and Standards asked NBS to develop
evaluation criteria and examination methods for determining the capability
of agencies that test and certify mobile homes. In response to these requests,
drafts of criteria and methods for examination were prepared.

The ASTM suggestion of a need for a testing agency inspection service in-
volving NBS led to an NBS study. The study supported the ASTM proposal
but suggested that the developing needs of domestic and international com-
merce and of public health and safety would benefit from a program that
would also provide a public recognition (accreditation) of testing laboratories
found qualified. NBS sponsored a Conference on Laboratory Evaluation
and Accreditation in September 1970 to discuss the concept of a national lab-
oratory accreditation system. An ad hoc committee was formed at the con-
ference to pursue the concept. Active participants included ASTM, the
American National Standards Institute, Underwriters’ Laboratories, and the
American Council of Independent Laboratories. During the period 1972 to
1974 this concept received a broad informal review. Because of evident inter-
est in a national program for laboratory accreditation, such as that indicated
by members of the U.S. Congress and the National Business Council for
Consumer Affairs, the department decided to initiate NVLAP.

Proposed Procedures

The department published its proposed NVLAP procedures on 8 May
1975. The proposal specified that NVLAP would be composed of several lab-
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oratory accreditation programs, one for each class of technology where a
need is established and where a significant user constituency is represented.
Each program established under NVLAP would consist of an identifiable set
of product standards and test methods. A National Laboratory Accredita-
tion Board made up of federal employees and a National Laboratory Ac-
creditation Advisory Committee made up of private sector interests would
be established for each program. Each board would identify, on the basis of
requests, the product standards to be served and would identify or develop
needed criteria, examination methods, and examiner qualifications required
for the identified test methods. Each board would also recommend accredi-
tation action. Each advisory committee would provide advice to its respec-
tive board.

Comments on Proposed Procedures

In response to the request for comments on the proposed procedures, the
department received 153 written statements and 26 oral statements at two
public hearings held during the 60-day public comment period. Four of the
principal issues raised by the comments were:

1. Need for the program.

2. Structuring of NVLAP on a class of technology versus a product basis.

3. Participation of the private sector in the development of accreditation
criteria.

4. Need to coordinate with existing or developing laboratory accredita-
tion systems within the private and public sectors.

The department’s position on each issue was recorded in a summary and
analysis report dated 3 Dec. 1975. Each position as drawn from that report is
paraphrased in the next four sections of this paper.

Need for the Program

A categorization of respondents according to their technological areas of
interest and their opinions for or against the need for the program, is given in
Table 2. The polarization of opinion suggests that it may be inadvisable to
require the initiation of programs on the basis of classes of technology. For
example, concrete, steel, aluminum, bituminous materials, and wood prod-
ucts are all generally considered construction materials. If the department
were to consider proposing a program for construction materials as a class of
technology, it would, on the basis of the categorization of needs in Table 2,
find different needs for the products involved. However, according to the
categorization, initiation of programs on a product by product basis or on
the basis of similar or related products does seem feasible. Needs for accredi-
tation programs with scope limited to particular products could be evaluated
with greater specificity and existing programs serving such needs could be
more readily identified. Such revision of the proposed procedures would be
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TABLE 2—Public input on the need for NVLAP programs.

Number of Respondents

Indicating
Technology Need No Need

Aerospace 3

Appliances, gas, electrical 3

Analytical; chemical, biological 14 -
Concrete, cement, aggregates 28 4
Electric, electronic ... 3
General testing 23 5
Mechanical; vehicles, tools 3
Metals; steel, aluminum 5
Petroleum; oil, gas e 12
Safety of products 3 2
Textiles 2

Utilities; gas, electricity, nuclear 2 1
Wood products 5

responsive to those that commented concerning the broad potential scope
inherent to programs developed on a class of technology basis and the possi-
bility that implementation on such basis could result in duplication and
undue overlap with effective existing programs.

Class of Technology Versus Product

The proposed procedures provided for the department’s establishment of
a National Laboratory Accreditation Board for each class of technology for
which the department determines there is need for accredited testing labora-
tories. This presumed the existence of general and concurrent needs within
various classes of technology for the accreditation of laboratories to test all
or most of the various products within each class. The comments indicated
that this assumption may not have been valid. For instance, steel and con-
crete are both construction materials. Comments indicated needs in the con-
crete area but no need for accredited laboratories in the steel area. Given this
situation, the department could have been limited in establishing an accredi-
tation program to serve concrete testing needs because a determination of
need for a construction materials class of technology including steel might
not be justified. Therefore, a suggested revision of the proposed procedures
allowed the initiation of accreditation services on a product by product
basis.

Participation of the Private Sector

The proposed procedures provided for the establishment of a National
Laboratory Accreditation Advisory Committee for each board and required
the board to consult with the advisory committee when developing accredi-
tation criteria. The functions of the advisory committee (composed in part
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with a chairman and members other than federal employees) are essentially
limited to a consultative relationship with the board. The board, consisting
of federal employees, however, was to recommend to the department the ac-
creditation criteria to be promulgated and to make other recommendations
of an operational nature in assisting the department to administer and man-
age the programs.

Many comments contended that the private sector should have more di-
rect and equal involvement with the federal sector in recommending actions
to the department and that recommendations for accreditation criteria
should, in particular, have private sector participation. Some comments sug-
gested that the private sector should also have a role in administering and
managing the operational activities of a voluntary accreditation program, al-
though it was recognized that this would probably require additional legisla-
tive authority.

In response to these comments, a suggested revision to the proposed
procedures was to abandon the concept of separate boards and advisory
committees in favor of the establishment of National Laboratory Accredita-
tion Criteria Committees. Composed of public and private sector members,
these committees would recommend to the department the accreditation
criteria to be promulgated by the program. The department would consider
these recommendations in promulgating criteria.

Coordination with Other Laboratory Accreditation Systems

Except for Section 15 of the proposed procedures, which provided for
support of coordination efforts, the proposed procedures lacked any general
or specific provisions regarding the promotion or arrangement of coordina-
tion with other systems that may exist or be in development. Many com-
ments pointed to this deficiency. These comments indicated that a major
benefit to be derived from a national institutional mechanism for laboratory
accreditation would be its service as a focus for coordination of laboratory
examination and accreditation systems that now exist or may develop in the
public and private sectors. Such coordination would work to minimize the
duplication of laboratory examination efforts, reduce confusion regarding
the criteria used, and promote reciprocal recognition of adequate laboratory
assessment systems, domestically and internationally.

Therefore, a suggested revision of the proposed procedures was to include
a statement concerning coordination in the goal of the program and to pro-
vide for, as appropriate, the establishment of federal agency coordinating ac-
tivities to advise the department on federal agency utilization of accredita-
tion services provided under the procedures. In particular, a section was
recommended for the revised procedures that would have required the de-
partment to solicit the views and participation of federal agencies affected by
a program established under these procedures. In addition, this revision of
the procedures allowed a federal regulatory agency to halt the establishment
of a program when it would, as indicated by the agency’s written objection,
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adversely affect an existing or developing accreditation program of that
agency. '

Procedures as Adopted
Original Procedures

The department incorporated these suggested revisions and published the
original NVLAP procedures on 25 Feb. 1976. As stated in the original
procedures, the goal of NVLAP is to provide, in cooperation with the private
sector, a national voluntary system to examine upon request the professional
and technical competence of private and public testing laboratories that
serve regulatory and nonregulatory product certification needs.

Anyone may request a program under the NVLAP system. Such a request
is required before a program will be started. The requestor of the program
must identify the product, the relevant standards, and the applicable test meth-
ods to be included in the proposed program (the term product is defined
broadly by the procedures to include manufactured goods, constructions, in-
stallations, materials, or associated services). In addition, the number of lab-
oratories likely to request accreditation and the number of users who will
seek accredited laboratories must be estimated. The requestor must also in-
dicate the basic need for the program in terms of its potential public benefit,
the lack of existing alternative systems, the existence of standards and test
methods of importance to commerce or consumer well-being, and its feasi-
bility and practicality of administration.

The department determines the priority of the request in relation to other
requests that may be pending. If resources are available, it then publishes for
public review a preliminary finding of need for the program. If the public
registers evidence of significant support, the department will announce a
final finding of need for the program and announce the establishment of a
National Laboratory Accreditation Criteria Committee to develop and rec-
ommend criteria for accrediting laboratories under the program (the com-
mittee is composed of equal numbers of public and private sector representa-
tives).

Taking into account the recommendations of the committee, the depart-
ment then publishes for public comment proposed accreditation criteria and
estimates of fees that it intends to charge for the program. If the public gen-
erally supports the proposal, the establishment of the program is formally
announced and applications for accreditation from laboratories are ac-
cepted. All accreditation decisions are published in the Federal Register, as
are other major program announcements. Appeal procedures are set out
should a laboratory disagree with the department’s accreditation decision.

Three revisions have been made since the original procedures were pub-
lished. Two sets of optional procedures were adopted in 1979 and an
amendment was added in 1980. Title 15, Parts 7a, 7b, and 7¢ of the Code of
Federal Regulations includes all three sets of procedures.
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Optional Procedures (Part 7b)

On 9 March 1979, the department published optional procedures for use
by federal agencies (these optional procedures were designated Part 7b and
the original procedures were redesignated Part 7a), which differ from the
original procedures in two ways. First, they eliminate the requirement for the
department to make a finding of need. The federal agency involved deter-
mines whether a need exists to accredit laboratories that serve a product of
interest to that agency. This is appropriate, and in the case of certain regula-
tory programs, necessary, when the statutory responsibility of the agency is
involved. Second, they eliminate the requirement that the department estab-
lish a criteria committee to recommend criteria for accrediting testing labor-
atories. The requesting federal agency may elect to submit recommended
criteria directly to the department for consideration, or may choose to re-
quest that the department establish a National Laboratory Accreditation
Criteria Committee (NLACC) to recommend such criteria.

Two federal agencies—the Department of Housing and Urban Develop-
ment (HUD) and the Nuclear Regulatory Commission (NRC)—have used
the Part 7b procedures. HUD has made two requests, for a program cover-
ing the testing of carpets (which is operational) and for one on solid fuel
room heaters (which is under development). NRC has requested a program
(which is also under development) to accredit processors (laboratories) of
radiation dosimeters used by employees of NRC licensees,

Optional Procedures (Part 7¢)

On 25 April 1979, the department published optional procedures for use
by qualified private sector organizations that are similar to the optional
procedures for federal agencies. These optional procedures (designated Part
7c) allow any private sector organization to request a program without hav-
ing the department formally determine a finding of need, as long as the re-
questing organization demonstrates that it arrived at the decision to make
the request through open proceedings based on a consensus of all interested
parties. The primary purpose of this option was to simplify the use of
NVLAP by the private sector. No requestors have used this option as yet.

Amendment to Allow the Addition of Test Methods to Existing Programs

On 21 April 1980, an amendment was published to allow the department
to include additional standards and test methods to an existing program
when in the department’s judgment the standards and test methods are:

1. Directly relevant to the product for which the program was established.

2. Found to be technically suitable.

3. Such that an evaluation of a laboratory is feasible using already estab-
lished criteria.

4. Likely to be those for which laboratories will seek accreditation.
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The original procedures were not clear on how one could add standards
and test methods to existing programs without following the lengthy “find-
ing of need” process.

Proposed Amendment

On 27 Jan. 1981, the department published a proposal to amend the
NVLAP procedures in three ways. First, it would add to the procedures some
general and specific criteria (published on 23 Jan. 1980) for accrediting all
types of testing laboratories. Second, it would eliminate the need to establish
separate National Laboratory Accreditation Criteria Committees to develop
and recommend criteria for each program. Third, it would provide for the
establishment of a National Laboratory Accreditation Advisory Committee
that would advise the department on the NVLAP accreditation process, on
amendments to the criteria, and on accreditation at the national and interna-
tional levels. A total of 14 written comments on the proposed amendment
were submitted by the March 30 deadline for public comment. These com-
ments are currently being analyzed.

Purpose of Proposed Amendment

This section explains the basis and purpose of the proposed amendment,
which is paraphrased from the text of the 27 January Federal Register notice.

The department believes that the criteria should be identical or as consist-
ent as possible among various product or service areas for which accredita-
tion is granted. It is generally understood that there are certain fundamental
elements relative to the facilities, equipment, personnel, and quality control
practices that all laboratories should possess. The established criteria reflect
the basis of those fundamental elements as they apply to the programs for
thermal insulation, concrete, and carpet. The consistent criteria for these
three programs are expected to be applicable to future programs in other
product or service areas.

The use of consistent criteria will tend to assure that NVLAP-accredited
laboratories have been uniformly assessed regardless of the product or serv-
ice area. Similarly, laboratories seeking accreditation under more than one
program will be less likely to be faced with different and possibly conflicting
criteria. From an operational point of view, consistent evaluation criteria,
regardless of the number of programs or test methods for which a laboratory
may seek accreditation, are desirable in order to minimize accreditation
costs to the laboratories and the likelihood of confusion in administering the
program.

The department has concluded, through the actual implementation of the
criteria in assessing the approximately 100 laboratories that have requested
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accreditation in the three programs, that the present criteria are appropriate
to these programs and practical to the operations of NVLAP.

Since the department anticipates that the criteria will continue to be similar
from one product to the next, the agency believes there is no longer a need to
develop new criteria for each requested program. Using a single set of crite-
ria would mean that a laboratory would not have to supply similar data in
different formats when seeking accreditation in more than one program. The
laboratory would be required to supply only additional data as needed to
evaluate new test methods being added to its list of accredited methods. The
testing laboratory would be supplied with supplemental information that
adapts the criteria to the particular characteristics of each test method for
which it has applied for accreditation.

The department realizes that changes in the universal language of the
criteria may be necessary in the future, but believes these changes are likely
to be few in number. Sound analysis and persuasive logic will be needed to
justify proposing a change in the present criteria.

The department believes that since these criteria can be used in all future
programs with only occasional changes, there is no longer any need to estab-
lish a separate criteria committee for each new product or service area. How-
ever, to continue to receive the benefit of the knowledge, experience, and ex-
pertise of individuals involved in accreditation or the operation of testing
laboratories, the Department believes that a single National Laboratory Ac-
creditation Advisory Committee should be established and maintained. This
advisory committee would be composed of qualified individuals from federal,
state, and local governments, testing laboratories, users of testing laborato-
ries, academia, consultants, and consumers. The committee would meet at
the request of the department and would function solely in an advisory
capacity.

In the past, the criteria committees also served as an informal source of in-
formation on precision and accuracy expectations for test methods, on pro-
ficiency testing approaches, on materials and protocols for assessing a labor-
atory’s performance, and on the generation of supplemental information to
adapt the criteria to the test methods within each program. To continue to
receive this valuable information on technical matters, the department plans
to hold workshops for each newly proposed program as appropriate. These
workshops will be open to anyone from the public and private sectors inter-
ested in the specific program, and could include people from laboratories,
manufacturers, research organizations, standards writing bodies, and fed-
eral, state, and local agencies whose regulations affect the product or service
area under consideration. The department believes that the combination of
workshops for each newly proposed program plus a single advisory commit-
tee, approximately one-third of which will be composed of government rep-
resentatives, assures greater private sector input for NVLAP.

The department believes that this amendment is necessary at this time in
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order to expedite establishment of future programs and to ensure that labor-
atories wishing to apply for accreditation in more than one program will not
be required to submit similar information in different formats. The depart-
ment plans to undertake a further rulemaking proceeding to consolidate the
procedures, once the advisory committee has been formed. At that time,
every effort will be made to present the procedures in a fashion that will
make the procedures easier to read and reference. (This completes the mate-
rial that was drawn from the 27 January Federal Register notice to amend the
procedures.)

Amendment’s Effect on Part 7a Procedures

If this amendment is adopted, the major steps involved in establishing a
program under Part 7a procedures would be:

1. A formal request to establish a program for a particular product or
service area that meets the requirements of the NVLAP procedures is
submitted.

2. The department contacts other parties, especially federal agencies and
trade associations, that may have an interest or may be affected by the pro-
posed program.

3. The department decides on the priority of the request.

4. The department publishes in the Federal Register for public comment a
preliminary finding of need for the proposed program.

5. If there is substantial public support for establishing the program, the
department publishes a final finding of need (if not, a withdrawal of the pre-
liminary finding is published).

6. If appropriate, workshops are arranged to receive expert advice on the
supplemental information and other technical details needed to implement
the program.

7. Once the technical details are developed, the department announces in
the Federal Register the establishment of the program, inviting interested lab-
oratories to apply for accreditation. Also, a separate notice setting forth the
schedule of fees for the program is published.

Amendment’s Effect on Parts 7b and 7c Procedures

Similarly, for Part 7b and 7¢ procedures, the major steps would be:

1. A federal agency (Part 7b) or “qualified” private sector organization
(Part 7¢) requests a program for a particular product or service area and cites
the basis for which it determined the need.

2. The department contacts other parties that may have an interest or may
be affected by the proposed program.

3. The department decides on the priority of the request.
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4. The department publishes in the Federal Register the request for the
program, asking that any comments regarding the need for the program be
directed to the requestor with a copy forwarded to the department.

5. If after a 60-day period both the department and the requestor agree to
proceed, workshops may be arranged to receive expert advice on the supple-
mental information and other technical details to implement the program.

6. Once the technical details are developed, the department announces in
the Federal Register the establishment of the program, inviting interested lab-
oratories to apply for accreditation. Also, a separate notice setting forth the
schedule of fees for the program is published.
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Laboratory accreditation is becoming widely accepted as a means for rec-
ognizing the capability of a laboratory to properly perform specific test
procedures. Accreditation may be voluntarily requested by a laboratory or
may be mandated through regulation from accrediting bodies such as the
federal, state, or local governments, trade associations, manufacturers, and
numerous private entities. The need for such accreditation systems arises
from the demand for reliable, accurate, and authentic test results by the users
of laboratory services.
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Seventy systems that formally recognize over 6800 laboratories are identi-
fied in Principal Aspects of U.S. Laboratory Accreditation Systems [1]). This
represents an increase in the number of accreditation systems from two in
1947 to 70 in 1980, with a significant portion of this increase occurring be-
tween 1977 and 1980 (Fig. 1). Each system seeks to establish authenticity and
creditability of test results rendered by a laboratory. Many systems, how-
ever, such as the Program for the Evaluation of Milk Laboratories (Food
and Drug Administration, Bureau of Foods) and the Massachusetts Pro-
gram for Licensing of Concrete Testing Laboratories (Massachusetts State
Building Code Commission), address a single testing discipline or narrow
spectrum of products. With the increasing number of accreditation systems,
many of which address narrow fields of testing, the possibility that a labora-
tory will require accreditation by more than one system to conduct business
is enhanced. This duplication creates an economic and manpower burden for
multidiscipline laboratories, which are subject to a variety of audits from
narrowly focused accreditors.

In 1976, the Department of Commerce established the National Voluntary
Laboratory Accreditation Program (NVLAP) to provide a national, multi-
disciplinary laboratory evaluation system. This system is designed to ac-
credit in any testing area where a need is determined. Programs established
by NVLAP must be requested by an individual, a group, or a government
body. NVLAP is administered by the Office of Product Standards of the De-
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partment of Commerce, with technical evaluation of laboratories performed
by the National Bureau of Standards.

In evaluating the capabilities of a laboratory under such a national system,
it is necessary to define common fundamental elements expected of reputa-
ble testing laboratories. The Department of Commerce established two advi-
sory committees, with membership representing industry, federal and state
governments, academia, and the testing community to recommend criteria
on which the laboratory evaluations are based. The committees were aided
in the preparation of these recommendations by the NVLAP technical staff
at the National Bureau of Standards, who conducted in-depth reviews of
other national and international laboratory accreditation systems. The rec-
ommendations of these committees were formalized for public comment in
proposed criteria of September 28, 1979. Final criteria based on guidance
from these committees and public comment became effective on March 7,
1980.

The Department of Commerce has identified in these final criteria for ac-
creditation essential elements of laboratory management and operation to
assure the quality of results from specific test methods. These criteria address
the operation of the laboratory by focusing on the organizational structure,
technical management, professional and ethical business practices, and the
system for assuring the quality and consistency of test results. The criteria
also generically indicate those fundamental elements necessary for the suc-
cessful performance of a test method, which include staff competence and
training, laboratory facilities and equipment, test plans, equipment calibra-
tion procedures, laboratory records, data handling procedures, and quality
control checks and audits. Prior to evaluation, each applicant laboratory is
supplied with supplemental information that details how the criteria are to
be integrated and implemented for each test method. The criteria and sup-
plemental information establish a framework for a laboratory operations
model that provides a basis for the uniform evaluation of laboratories re-
gardless of product testing area.

Evaluation for accreditation of approximately 100 testing laboratories
during 1980 in the three current laboratory accreditation programs (LAPs)—
carpet, concrete, and thermal Insulation Materials—has shown these criteria
to be generally applicable among the diverse testing areas. These versatile
and comprehensively broad criteria enhance the prospect for a consistent
quality assurance program within each laboratory and reduce the economic
and manpower burdens incurred in preparing for accreditation in more than
one testing area.

In the NVLAP evaluation process, the concept of peer review is key in
achieving insight and depth in the technical analysis of laboratory operating
procedures. Recognition of the professional and technical competence of the
NVLAP peer assessors by the applicant laboratory aids in establishing a
rapport that is vital in a thorough evaluation of the laboratory. Acknowl-
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edgment as a peer or authority by the scientific testing community most fre-
quently emanates from recognition of a combination of the following
qualifications:

® Advanced degree in a field of science or engineering.

® Knowledge and experience of product standards and test methods in
the technical field.

® Experience as a lecturer or author of technical material.

® Recent firsthand experience with laboratory management and operation.

® Contribution to consensus standards organizations.

® Understanding of laboratory practices for assuring the quality of test
results in the technical field.

Peers are selected to serve as assessors by the NVLAP technical staff at the
National Bureau of Standards. Nominations are sought from academia and
professional and technical societies. Final selection and assignment of these
peers to serve as assessors during laboratory on-site surveys or as members
of the evaluation panel who review all information submitted by and about a
laboratory applying for accreditation is based upon the following:

Education, experience, and qualifications related to a specific LAP.
Interpersonal communication skills.
Ability to summarize observations in writing.
Absence of all grounds for conflict of interest in the assessment or evalu-
ation of applicant laboratories.

® Peer availability during scheduled laboratory visits and evaluations.

® Geographic proximity of peer to applicant laboratories.

The evaluation of a laboratory for NVLAP accreditation is based on three
broad inputs (Fig. 2):

® Written information supplied by the laboratory in response to ques-
tions included in the application form or LAP specific questionnaires.

® Results of proficiency testing.

® On-site survey of the laboratory by a NVLAP assessor.,

A laboratory initiates the accreditation process (Fig. 3) by requesting an
application form from NVLAP. Following review and acceptance of the
completed application, NBS notifies the laboratory of evaluation and fee re-
quirements. Upon payment of fees, the laboratory is enrolled in required
proficiency testing programs, is scheduled for an on-site laboratory survey,
and is notified of additional written information that must be supplied for
the evaluation. The NVLAP assessor reviews proficiency testing results and
the laboratory’s written information prior to the laboratory visit to become
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FIG. 2—Major components of the evaluation process.

familiar with the laboratory’s operation and to identify potential trouble
spots.

Since the on-site survey is a major component of the evaluation process,
individuals selected to serve as NVLAP assessors undergo intensive training
in NVLAP evaluation techniques. The training program is designed to thor-
oughly familiarize assessors with the history and operation of NVLAP so
that they are comfortable with the evaluation process. Joint training sessions
are held at NBS for assessors in all laboratory accreditation programs to dis-
cuss such topics as national and international implications of laboratory ac-
creditation, the roles of DOC and NBS in the evaluation process, legal issues
for the NVLAP assessor, and general practices for the audit of quality con-
trol systems in the laboratory. Individual sessions follow for assessors of
each laboratory accreditation program during which NVLAP criteria, sup-
plemental information detailing the requirements for each LAP, and the
laboratory assessment form are reviewed and discussed in detail for each
relevant test method. Audiovisual presentations and actual demonstration of
test methods afford hands-on experience in using the assessment form. Asses-
sors view the actual conduct of a test method while completing the NVLAP
assessment form simulating on-site survey conditions. A discussion led by an
NVLAP project leader follows this activity to review the assessors’ responses
on the forms, to pursue a uniform approach to the audit of the test method,
and to exchange observational techniques among assessors. This interactive
training activity is intended to convey to each assessor a uniform under-
standing of the NVLAP evaluation process and the effective implementation
for each LAP. All training sessions are recorded and transcribed so that each
assessor may refer to the information at any time during the evaluation proc-
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ess. Assessors may be invited to NBS for additional training whenever re-
quired. Members of the NVLAP technical staff occasionally accompany as-
sessors during laboratory surveys to provide feedback for future individual
and general training needs and to assure uniformity of inspection among
laboratories.

An important goal of the on-site survey is to achieve uniformity and objec-
tivity in checking conformance with the criteria during normal daily opera-
tion of the applicant laboratory. During the evolution of the survey process,
members of the NVLAP technical staff reviewed other major laboratory
evaluation systems, visited laboratories, and talked in depth with laboratory
assessors. This research led to the implementation of a quality assurance
audit and a critical element audit for NVLAP laboratories. An assessment
form was developed as an instrument to guide the assessor in confirming in-
formation supplied by the laboratory and determining compliance with
criteria while providing a means for consistent interview techniques. Com-
ponent parts of the form are (1) general operation checklist, (2) quality assur-
ance checklist, and (3) critical element checklist.

In conducting an audit of quality assurance in each laboratory, the asses-
sor is obliged to examine in detail all facets of laboratory operation that may
affect the performance of the test method(s) for which the laboratory seeks
accreditation. The number of test methods examined in detail is determined
by the assessor with guidance from the NVLAP staff and is representative of
all technical areas for which the laboratory seeks accreditation. The quality
assurance checklist is organized so that the assessor may examine compe-
tency, training, and calibration/verification records for a selected test method
to provide background for a laboratory walk-through. Following this in-
depth examination of records, a representative sample is selected from the
laboratory’s recording system. This sample is used as a guide for the assessor
to follow the laboratory’s normal conduct of the test method. The assessor
examines records and equipment and interviews staff members in the normal
flow of operation to the final test report. If possible a demonstration of criti-
cal portions of the test method is observed.

Supervisors and technical staff members are interviewed regarding quality
control practices. Staff members’ notebooks, calibration/verification rec-
ords, equipment maintenance logs, and other records are examined when nec-
essary to verify discussions with staff members and observations of their per-
formance in testing the representative sample. In the case of inconsistencies
among records, observations, and responses, deficiencies are noted and
another randomly selected sample is traced. Thus, the assessor in following
the suggested order of the audit verifies written and actual laboratory practi-
ces in the natural progression of a test sample from receipt to test report.
Specific deficiencies are noted in writing.

Once the assessor has conducted a detailed quality assurance audit for se-
lected test methods, he or she reviews the remaining test methods for which
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accreditation is sought according to a predetermined set of critical element
categories (Fig. 4). Elements including environmental or sample condition-
ing equipment and facilities, test equipment, and procedural function are in-
vestigated to determine if they meet the requirements of each test method.
Based on overall observations and interviews, assessors are asked to respond
to a general laboratory operation checklist regarding factors common to the
general operation of the laboratory.

The assessor must identify specific deficiencies in compliance with NVLAP
criteria to laboratory management during an exit briefing and in writing to

United States Department of Commerce
National Voluntary Laboratory Accreditation Program
(NVLAP)

CRITICAL ELEMENT CHECKLIST

Name of the Laboratory

Assessor NYLAP Lab Code #

Survey Date LAP

INSTRUCTIONS FOR THE ASSESSOR:

Review the laboratory's facilities, equipment, and procedures as identified in
the critical elements for each test method for which the labortory is seeking
accreditation. Respond to each of the categories for each test method as
appropriate: NOT APPLICABLE (N/A); MEETS NVLAP CRITERIA (Y): DOES NOT MEET
NVLAP CRITERIA {N); COMMENTS WITH NUMERICAL REFERENCE (Cp).

Critical Element Categories NVLAP Test Method Code

Environmental or sample condition-
ing equipment and facilities meet
requirements as specified

Test equipment and apparatus
meets raguirements as specified

Procedural functions for test
methods are performed as specified

Laboratory records show that no
degradation of performance has
resulted from the use of eguipment,
facilities, or procedures which do
not strictly conform to prescribed
test methods.

FIG. 4—Critical element checklist.
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the National Bureau of Standards. The laboratory is required to respond
within 30 days regarding the correction of these deficiencies noted during the
on-site survey. Upon receipt of the laboratory’s response, a team of assessors
are assembled at NBS to review written information submitted by the labora-
tory in the application form and questionnaire when required, proficiency
testing results, the report of the on-site laboratory survey, and the labora-
tory’s response regarding correction of deficiencies noted during the labora-
tory visit. Based on this review, the National Bureau of Standards prepares a
recommendation for the deputy assistant secretary for product standards
policy, who grants accreditation on behalf of the secretary of commerce. If
accreditation is denied the laboratory may appeal through formal adminis-
trative procedures established by law.

The immediate reward for a laboratory’s participation in NVLAP is the
recognition of professional competence in testing, a valuable asset in today’s
competitive market of commercial testing. Through the evolution of labora-
tory evaluation technology, models for laboratory operation and perform-
ance are emerging. A mechanism exists in the evaluation process for self-im-
provement by identifying weaknesses in organization, performance, or
quality assurance and providing guidance towards improvement. In this
sense, laboratory evaluation technology may serve not only to assure uni-
formity of laboratory competence but also to promote standards of excellence.

Reference

[1] U.S. Department of Commerce, Office of Product Standards Policy, and Hyer, C. W.,
“Principal Aspects of U.S. Laboratory Accreditation Systems,” NTIS PB80-199086, Na-
tional Technical Information Service, Springfield, Va., 1980, pp. 2-6.
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Much of the equipment used to monitor and control a nuclear power plant
is highly standardized and, in many cases, the reliability of the equipment
has been established through many years of operation in fossil-fueled gener-
ating stations. A significant difference between the application of the equip-
ment in a nuclear plant and a conventional generating station is the envi-
ronment in which the equipment might be called on to perform safety-related
functions.

Under normal operation in the nuclear plant, some of the equipment is
subjected to radiation and, in the event of a loss-of-coolant accident, some of
the equipment may be subjected to a combined harsh environment—such as
radiation, chemical spray, and high temperatures and pressures. Because of
the potential for radioactive release under accident conditions, the conse-
quences of equipment failure in the nuclear plant are significantly more im-

!'Senior mechanical engineer, Vendor and Special Programs Branch, Office of Inspection and
Enforcement, U.S. Nuclear Regulatory Commission, Washington, D.C. 20555.
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portant than in the conventional plant. For these reasons, the U.S. Nuclear
Regulatory Commission (NRC) requires that all safety-related equipment
that could be subjected to a harsh environment and that must continue to be
operable be prototype tested in that simulated environment prior to installa-
tion in the nuclear plant.

In 1977 the Sandia Laboratories were performing method tests for the
NRC. During one of the tests designed to study synergistic effect, several
types of electrical connector assemblies failed to function throughout the
test. Following the investigation of the connector failures several NRC Bul/-
letins were issued that uncovered the generic problem of gross inadequacies
in safety-related equipment environmental qualifications conducted by the
nuclear industry. Over the past few years, NRC has been actively engaged in
verifying the adequacy of the environmental qualification of safety-related
equipment used in nuclear power plants. Our effort has resulted in the devel-
opment of new criteria, intensified reviews, in-depth inspections, and the in-
itiation of new program activities designed to improve standards and pro-
vide greater consistency, uniformity, and control of safety-related nuclear
equipment qualification programs.

Study of Alternatives

On 13 April 1978, the commission directed the staff to provide the com-
mission with an analysis of alternatives for conducting independent verifica-
tion testing of environmentally qualified equipment that is required to oper-
ate in safety systems.

The NRC staff developed a plan that consisted of an analysis of the follow-
ing three alternatives, each representing a course of action that provided
greater NRC involvement in equipment environmental qualifications than
previously existed:

1. NRC environmental test facility.

2. NRC contract environmental testing to existing Department of Energy
or independent laboratories.

3. NRC review and witnessing of vendor tests conducted to meet NRC
requirements.

Combinations of these alternatives were also considered in search of the
optimum method of monitoring and controlling the adequacy of equipment
qualifications. Under NRC’s guidance, Sandia Laboratories performed the
study of the alternatives in accordance with the plan developed by the staff.

Sandia completed the study and recommended the following:

1. A dedicated autonomous NRC staff, at least at a branch level, be estab-
lished immediately to be responsible for reviewing, witnessing, evaluating,
and approving all safety-related equipment qualification programs.

2. Within six to twelve months after its inception, the dedicated staff
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should be supplemented with sufficient additional staffing to continue this
study and to define and implement the longer-range activities.

3. Strong consideration should be given to the “optimal’ alternative, that
is, a combination of Alternatives 1 and 3.

New Program

Following the Sandia study the NRC established a dedicated branch that
has overall responsibility for coordinating equipment qualification pro-
grams, NRC continued the study and proposed a program designed for short-
range and long-range results.

The short-range program will monitor and control equipment qualifica-
tions through the following activities:

1. Performing in-depth inspection and witnessing of selected equipment
qualifications.
2. Performing selected independent verification testing.

During implementation of the above program activities, the following
long-range program activities will be developed and implemented to assure
the quality and efficiency of equipment qualifications:

1. Standardization of qualification criteria.

2. Accreditation of testing laboratories.

3. Improvement of test standards, specifications, procedures, and accep-
tance standards.

4. Consider the addition of other equipment requiring qualification by
test into this program.

On 16 Sept. 1980 the commission formally authorized the staff to develop
and implement the program for conducting independent verification testing
and inspection of environmentally qualified equipment and approved the in-
itiation of the laboratory accreditation program.

The scope of the program includes all environmentally sensitive safety-
related equipment located in areas potentially exposed to a harsh environ-
ment and required to function during or following an accident for safe plant
shutdown, or required to mitigate the consequences or an accident. Specifi-
cally, the program covers safety-significant electrical, instrumentation, and
control equipment intended for installation in plants under construction and
replacement or requalified equipment for plants in operation.

As part of our overall equipment qualification program, NRC will inspect
and review in depth the industry test programs of selected critical compo-
nents. This will include an NRC review of equipment specifications, test
plans, test procedures, and acceptance standards before the industry’s quali-
fication tests are performed. NRC will also witness the assembly and prepa-
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ration of specimens, review the test set-up, and witness the actual qualifica-
tion tests. This review and inspection of the ongoing qualification tests will
afford NRC the opportunity to ensure that necessary changes or adjustments
are made before the work is completed.

In addition to its audit of industry test programs, NRC will conduct inde-
pendent qualification tests of important equipment to verify the industry re-
sults. To the extent practicable, NRC tests will be conducted on equipment
that has been in use in a nuclear power facility. When this is not practical,
specimens will be obtained from stock designated for a nuclear power facil-
ity, artificially aged and then tested.

One important longer range activity of our new program includes the in-
itiation of a testing laboratory accreditation system. To implement this fea-
ture, a new regulation is being prepared that will require qualification of cer-
tain safety-related equipment by laboratories that have received a certificate
of accreditation through a third party accreditation program.

Need for a Laboratory Accreditation System

Requiring that equipment be qualified in laboratories accredited for that
specific purpose will help assure that all testing is conducted in a uniform,
consistent, and controlled manner and that the test results are rehable.

Several types of organizations are currently involved in the equipment
qualification testing business. In varying degrees of interest and involve-
ment, these organizations include equipment manufacturers, independent
testing laboratories, utilities, universities, and independent research and de-
velopment institutes. The expertise and skills of these organizations vary sig-
nificantly. Past reviews of laboratory reports, direct observations of labora-
tory activities, and discussions with laboratory clients have led to a clear
conclusion that improvements in the credentials of the testing laboratories
must be made in order to assure the adequacy of equipment qualifications.

We believe that the laboratory accreditation system will provide an effec-
tive and efficient method of assuring that all laboratories performing qualifi-
cation testing services satisfy an acceptable performance level. At present,
the nuclear utilities are responsible for assuring the adequacy of test facilities
they use. This approach results in nonuniform reviews of the laboratories by
many different utilities and their agents. The proposed accreditation system,
conducted by a nonpartisan organization, will produce a standard and uni-
form review process that can be expected to produce consistent and reliable
results. The system can be used by all licensees and their agents in lieu of
their individual efforts.

Accreditation System

The accrediting organization will require a dedicated technical staff to aid
in the development of the accreditation system and to administer the
program.
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The major functions of the accrediting organization will include develop-
ment of accreditation policy, operating procedures, and appropriate stand-
ards, periodic survey of laboratories, review of survey reports, and issuance
of certificates of accreditation.

Under the proposed system, each testing laboratory would be accredited
for the scope of work for which the laboratory applies and for adequate
demonstration of acceptable performance to the survey team.

The policy on accreditation can be initially based on a mandatory re-
quirement; that is, the forthcoming regulation requiring that environmental
qualification testing be performed in a laboratory accredited by an accredita-
tion program endorsed by NRC. The regulation will identify equipment man-
ufacturers, utilities, independent research and development institutes, uni-
versities, and independent testing laboratories as organizations that may
apply for accreditation. Additional services requiring accreditation will be
considered under the new regulation. These services will be discussed with
the accrediting organization as the base accreditation system is developed.

NRC will assist the accrediting organization in the development of the ac-
creditation system, operating procedures, and standards. Our joint partici-
pation will assure the development of a program that will best serve the
health and safety of the public.

Our concept of the program manpower, relative to development and op-
eration, is that it will require a permanent technical and administrative staff
in addition to various volunteer subcommittees. For example, the quality as-
surance and technical standards can be developed by dedicated volunteer
subcommittees. Participation in the subcommittees must be diverse. How-
ever, the laboratory surveys must be performed by permanent staff or con-
sultants specifically trained for that purpose.

NRC is currently working with the Institute of Electrical and Electronics
Engineers (IEEE) to initiate the laboratory accreditation system.

Schedule

NRC’s program commitment requires having an acceptable laboratory
accreditation system functioning by late 1982. [At the time this paper went to
press, Commission action was still pending.]

In our judgment, the following are some of the actions and commitments
that the lead organization should initiate to assure a successful program.
These are offered as guidance to assist IEEE in its decision to assume the
lead role.

1. A steering committee should be initiated to develop the appropriate
criteria, procedures, and standards no later than the first quarter of 1981.

2. A staff organizational structure with suitable delegated authority
should be established to manage the development and implementation of the
laboratory accreditation system by the second quarter of 1981.
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3. A written agreement between NRC and IEEE should be reached to
document the objectives, commitments, duties, and responsibilities to be hon-
ored by the two organizations in the development and implementation of the
proposed program.

4. The accreditation system should be implemented by December 1982.

5. Both NRC and IEEE should agree to implement and support the ac-
creditation system for a period of no less than five years.

Why IEEE

At present, IEEE has taken the lead in the development of industry stand-
ards related to environmental qualification of safety-related equipment used
in nuclear plants and currently has the expertise in environmental
qualification.

Much of the equipment used to monitor and control a nuclear plant in-
cludes electrical, instrumentation, and control types of equipment. Many of
the materials used in this type of equipment are sensitive to the harsh envi-
ronments that can exist in a nuclear plant. Since IEEE develops the technical
standards for the equipment of primary concern, it is logical that it is best
suited, technically, to control an accreditation program addressing the test-
ing of that equipment.

The success of the accreditation program requires the support of a techni-
cally sound organization familiar with the problems and current knowledge
associated with equipment qualification. IEEE is well suited for this
challenge.

Status

IEEE has established an ad hoc committee to define the laboratory accred-
itation system and study the legal and financial aspects associated with im-
plementation of the system.

In June 1981, the system and the study results will be presented to IEEE’s
Executive Committee and Board of Directors for a final decision relative to
IEEE accepting the lead in developing and implementing the laboratory ac-
creditation system.
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The following presentation describes the environmental laboratory certifi-
cation program in the State of Illinois. The program is administered jointly
by the Illinois Department of Public Health and the Illinois Environmental
Protection Agency.

Rules for Certification and Operation of Environmental Laboratories was
adopted August 1979. This document specifically applies to analyses for con-
taminants in potable water as specified in the Safe Drinking Water Act. The
certification program and amended rules are now being expanded to include
waste water and land pollution parameters of interest.

As the number of environmental programs grew in the United States dur-
ing the 1970s, more and more analytical laboratory data were generated.
Many new laboratories were formed. Those already in existence went into
expansion programs. The regulations of pollution sources by state and fed-
eral agencies called for an enormous amount of analyses of many types of
environmental samples. In Illinois, this situation drew attention to the need
for some type of program to establish a common language among the var-
ious laboratories and the environmental engineers and specialists who were
using the data for decision making. Data from one laboratory had to be
equivalent and usable with that of another laboratory. Methods of analyses

lManager, Quality Assurance, Division of Laboratories, Illinois Environmental Protection
Agency, Springfield, IlI. 62706.
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had to be standardized and data had to be generated under a good quality
assurance program.

The passage of the Safe Drinking Water Act (SDWA) made it necessary
for Illinois to establish a certification program for the chemical parameters
included in this act. Since the Illinois Environmental Protection Agency
(IEPA) has the public water supplies under its jurisdiction, statutory author-
ity was sought from the General Assembly to establish a certification pro-
gram. This legislation was passed in July 1977. Those responsible for the
passage of this legislation showed good foresight, and the law granted the
IEPA authority for certification of laboratories performing analysis for any
type of environmental sample.

This law provides us with a means of implementing a comprehensive certi-
fication program for the state.

The Illinois Department of Public Health (IDPH) already had a certifica-
tion program in place for bacteriological analyses, and that department also
had the radiological health program for the state; therefore a memorandum
of agreement (MOA) was signed by IEPA and IDPH, whereby the new
chemical certification and the existing bacteriological certification were com-
bined. The bacteriological program remained under the IDPH. A new radio-
chemistry certification program became the responsibility of IDPH. IDPH
has also retained the milk laboratory certification program.

This memorandum created an immediate need for IEPA to establish a
chemical environmental laboratory certification program. The fact that Illi-
nois also petitioned for primary enforcement of the SDWA hastened the im-
plementation of the program.

During the summer of 1977, when the statutory authority for certification
was granted the IEPA, an interest survey letter was sent by the Division of
Laboratories to members of the regulated community. Letters were sent to
municipalities, county health departments, industries, utilities, statewide
trade associations, and professional societies involved in environmental
work. The response was largely affirmative for the proposed program. Most
respondents seemed to think that such regulation was long overdue. The
costs of laboratory analysis were rising rapidly, and the users were concerned
about the quality of the work they were buying. Most laboratories were anx-
ious to be certified to establish the credibility of their work.

Armed with the legislation and the favorable response of the survey, the
IEPA Division of Laboratories established a certification office in the early
months of 1978. Its first job was to certify laboratories for chemical analysis
of public water supplies. IDPH continued the bacteriological certification
under the new MOA.

Several chemists and laboratory managers from IEPA attended the short
course at the U.S. Environmental Protection Agency (USEPA) training center
in Cincinnati for certification officers in the state programs. We also became
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acutely aware of what certification was all about when our own four state lab-
oratories were audited for certification by Region V of the USEPA.

Procedures following the scheme set up by USEPA were drafted. Because
some of our state regulations for public water supplies were more stringent
than those of the SDWA, we had to make mandatory many of the rules that
were guidelines or optional in the federal program.

The program is voluntary in that anyone can operate a laboratory and an-
alyze environmental samples, whether certified or not. But if the reports are
to be acceptable to the IEPA, they must be from a certified laboratory.

It was also decided early on that we would certify the laboratory and not
the analysts. Our premise is that the director of the laboratory is responsible
for the analysis reported from the laboratory. Certain requirements are
stated in the rules for the personnel of a laboratory, but an individual analyst
does not receive certification that he or she carries from one place of em-
ployment to another. It was felt by the steering committee that a person
might be well qualified and competent in a given laboratory, but could be to-
tally ineffective in another situation with differing equipment, methods, and
workload. So the program was drawn up with emphasis on the laboratory
output as a whole.

The certification of an environmental laboratory in Illinois is based upon
filing of administrative questionnaires, performance evaluation sample anal-
ysis, and on-site visits to the petitioning laboratories by a survey officer. The
survey of the laboratory includes physical facilities, personnel, instrumenta-
tion, analytical methods, and a comprehensive quality assurance program.
Rules specifying acceptable conditions were promulgated in August 1979.

Since the 1979 rules were concerned primarily with the laboratories per-
forming analysis of potable waters and their sources in order to meet the re-
quirements of the USEPA, it has now become necessary to revise those rules
and expand them to include waste water and land pollution analysis. These
rules are now in proposed form and are out for public comment. It is ex-
pected that they will become final in approximately 90 days. They must wind
their way through the reqiurements for rule making under the Illinois Admin-
istrative Procedures Act of 1977. This includes their registration and publica-
tion by the secretary of state, an additional 60-day hearing period, and pas-
sage through a Joint Committee of the Legislature on Rules.

The rules define certain terms used. They set down requirements concern-
ing the use of a certificate of approval. A mechanism is included for revoca-
tion of a certificate for cause. There is also a mechanism for appeal of a lab-
oratory that has been denied certification. The certificate is valid for two
years unless either voluntarily surrendered or for some reason revoked by
either IDPH or IEPA.

The certification process is not unduly complicated. One application for
request for certification can initiate the process for any or all parameters in-
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volved in environmental laboratory work. Applicable administrative ques-
tionnaires are sent to the requesting laboratory for the areas of analysis of its
interest. Following the examination of the answers on the questionnaires by
the laboratory evaluator to ascertain that the basic requirements of the rules
are met, a set of performance evaluation samples are provided. These sam-
ples are to be analyzed and results reported to IDPH or IEPA within 30 days.
The results are evaluated using statistical programs that have been estab-
lished. If a problem with results is found, the laboratory is informed and, if
desired, help is given to ascertain the cause of the poor results. When the lab-
oratory feels that its problems have been corrected, another set of samples is
sent for a new analysis. The last phase in the certification process, and per-
haps the most important, is the on-site audit made by an evaluator from
either IDPH or IEPA.

It is our observation that the personal communications we have with the
laboratories, either by phone or in person, are the catalyst that has made the
program work. We have learned much about the operations of many types of
laboratories throughout the state. No two organizations are alike. Some
have common problems, but these problems take on different faces.

The outstanding deficiency in most laboratories has been in the area of -
quality assurance. Few laboratories have a written, viable program. The ana-
lysts in some cases were doing something about quality assurance, if nothing
more than noticing when “‘the results don’t look right.”” Sampling tech-
niques, preservation of samples, holding time from sampling to analysis,
quality of reagent water, instrument calibrations, close adherence to stand-
ard methods, and analysis of “knowns’’ or of blind standards were not being
done. A great deal of folklore exists in some laboratories. Methods evolve
but not always by survival of the fittest.

When the rules say a laboratory must have a written quality assurance
program, the laboratory director has to think seriously about what his or her
laboratory is doing in these matters. When the director has to start a pro-
gram, hopefully the analysts become involved. We fully realize that all re-
sults do not magically become right results because of a written document,
but we do know that they are probably a great deal better than without one.

Both agencies provide assistance by persons with particular expertise in
the various areas of analysis. We draw from the staffs of our wn laborato-
ries people who are particularly qualified in organic chemistry, metals analy-
sis, microbiology, and radiochemistry. These persons assist the laboratory
evaluators, who are themselves experienced in the work of the environmental
laboratory and are professionals. This service to the laboratories throughout
the state has been rewarding. It is done solely for the purpose of upgrading
the analytical work available to the people of the state.

While the program is basically for those laboratories within Itlinois, we
have a reciprocity mechanism available for out-of-state laboratories to con-
duct analysis that are destined for use within the state. This certification may



SCHWAGER ON LABORATORY CERTIFICATION IN ILLINOIS 115

be accomplished in one of two ways: either the state in which the laboratory
is already certified has certification requirements comparable to those in Illi-
nois, or the laboratory may go through the process as in-state laboratories
do. In the latter case, the laboratory will be charged for the actual costs in-
volved in the process. There is no certification fee for in-state laboratories at
the present time,

We believe that this certification of environmental laboratories in Illinois
will furnish a common language of analytical results for the use of the agen-
cies in their many regulatory, emergency, and monitoring decisions. The en-
vironmental engineer, specialist, or attorney will not have to probe the signif-
icance of each laboratory report received. He or she will be able to interpret
results in a language that will be common to all the laboratories. This could
save the state agencies many dollars. Many times knowing that a pollutant
does not exist is as important as knowing that one does. There is no point in
going after a problem with a bulldozer if a teaspoon will alleviate it. Preci-
sion and accuracy statements of analytical results are also important for the
data user.

These limits are invaluable in evaluating the data.

In summary, at the present time we have 75 laboratories certified under
the potable water program, and 25 laboratories ready for legal certification
for waste water or land pollution analysis when the amended rules become
final. One hundred eighty-one laboratories within the state have expressed
interest in becoming certified.

Out-of-state laboratories will become eligible for certification when the
new rules become final. Approximately 25 laboratories outside Illinois have
requested certification.

Addendum

The expanded rules were published as proposed rules in the Hlinois Register
and were subject then to public comment required by the Illinois Adminis-
trative Procedures Act of 1977. Approval of the Joint Committee on Admin-
istrative Rules (JCAR) of the legislature is also a part of the procedure for
final promulgation. A very powerful industrial lobby prevailed upon the
members of JCAR to withhold its approval. The IEPA withdrew the rules
for further study and formulation of alternate methods of application of use.

The rules for certification of laboratories for the analysis of potable water
are still in effect, and the program is on-going.
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The mission of the U.S. Army Environmental Hygiene Agency (USAEHA)
includes support of the worldwide health and environment programs of the
Army through consultations, supportive services, investigations, and training.
To aid the performance of this mission, USAEHA maintains an Analytical
Quality Assurance Program for its Aberdeen Proving Ground-Edgewood
Area and Regional Division Laboratories. Assurance of high-quality analyt-
ical data is provided to management and survey officers who must interpret
health and environment data. The program encompasses the analytical areas
of air pollution chemistry, water and waste water chemistry, industrial hy-
giene chemistry, toxicology, clinical chemistry, and radiochemistry, and is
coordinated by the Analytical Quality Assurance Office (AQAO) of the Di-

NOTE: The opinion or assertions contained herein are the private views of the authors and are
not to be construed as reflecting the views of the Department of the Army or the Department of
Defense.
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ance Office, U.S. Army Environmental Hygiene Agency, Aberdeen Proving Ground, Md.
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rectorate of Laboratory Services. To preclude hindrance of mission accom-
plishment, AQAO is organizationally placed so that it is independent of all
laboratories and equivalent to them in organizational status.

To perform this mission, AQAO is staffed with a small number of chem-
ists, a biologist, and technicians, and is provided laboratory space and in-
strumentation sufficient for preparation and confirmatory analyses of
standard audit solutions. Chemicals obtained from the National Bureau of
Standards or highly reputable companies are used for preparation of audit
solutions. State-of-the-art equipment in spectrophotometry and gas chroma-
tography is utilized for analyses. Whenever possible, reference standards ob-
tained from the Environmental Protection Agency are analyzed simultane-
ously to support the validity of the true values assigned to the audit samples.

Authority for establishment of the USAEHA Analytical Quality Assur-
ance Program originates from USAEHA Regulation 702-1. The regulation
delineates the responsibilities of all organizational elements impacted upon
by the Analytical Quality Assurance Program. Quality assurance procedures
are established for all USAEHA programs involving analytical testing. For
each such program, an appendix is added to the regulation that includes
quality assurance criteria, quality control systems, and review procedures
specific for that program.

In general, quality assurance criteria are accuracy and precision require-
ments for analytical procedures and are obtained from current literature,
government regulatory agency handbooks, or determinations at USAEHA.
Final criteria are arrived at by combined efforts of laboratory personnel,
program managers, and AQAO. Two standard deviation limits are estab-
lished for most analytical procedures.

In order to achieve the criteria, quality control systems are developed and
implemented by the laboratories. Guidelines are well established for these
systems in publications of government regulatory agencies. The systems
focus on daily analyses of quality control solutions and plotting or tabulat-
ing results versus control limits. Contingency plans are formulated in the
event plotted points or tabulations fall outside of the statistical control
limits.

Various procedures are utilized to review the quality control systems to de-
termine if compliance with respective criteria is being sustained. These
procedures include injecting blind chemical controls among incoming sam-
ples, inspections and audits of the laboratories by AQAO, and peer review of
the laboratories by other government agencies and professional societies.

All samples incoming to USAEHA for analysis are directed to AQAO for
administrative processing. AQAO logs in the samples, distributes them to
the proper laboratory, receives the data back from the laboratory, and
routes it to respective customers. This practice allows AQAO to intermingle
controls with the samples unbeknownst to laboratory analysts, and thereby
obtain an unbiased evaluation of the laboratory performance. If the controls
were identified, the laboratory could spend an inordinate amount of time on
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them or purposefully utilize their best analyst. Either practice could produce
a false representation of analytical quality. Control data are statistically
evaluated and formally reported to the director of laboratory services and
respective laboratory supervisors. Results exceeding quality assurance crite-
ria are immediately reported to laboratory supervisors who initiate correc-
tive action. Such action may include repeat analyses or collection of new
samples. The centralized sample and data routing also provides customers,
USAEHA management, and survey officers with a single point of contact for
tracking samples and identifying their status. Such a process also lends itself
to automation, which is currently being studied. Computerized storage and
retrieval of information regarding samples and data will significantly in-
crease the efficiency of processing.

AQAQOQ inspects the analytical laboratories and the Regional Division Lab-
oratories annually to determine if the quality control systems are being
maintained. An exception to this is the Toxicology Laboratory, where fed-
eral law requires AQAO to conduct almost daily inspections. Reports of
findings are forwarded through channels to the laboratory supervisors and
corrective actions are taken. Since geographical separation precludes inject-
ing blind controls among samples incoming to the Regional Division Labor-
atories, formal audits are conducted. Chemical standard solutions are for-
warded to the Regional Division Laboratories for analyses twice a year. The
results are statistically evaluated and forwarded to the Regional Division
Laboratories with recommendations for improvement and additional audit
solutions if required.

Where appropriate, peer review of USAEHA analytical operations is
sought and coordinated by AQAOQO. In accordance with the Safe Drinking
Water Act (Public Law 93-523), the Environmental Protection Agency and
the State of Maryland inspect and audit annually the Water and Waste Water
Laboratory, Radiochemistry Laboratory, and Pesticide Laboratory. Under
the Clinical Laboratories Improvement Act (Public Law 90-174), the federal
Center for Disease Control inspects the Clinical and Radiobioassay Lab-
oratories on an annual basis. The Clinical and Hematology Laboratories are
audited on a bimonthly basis by the College of American Pathologists. The
Industrial Hygiene Laboratory participates in the Laboratory Accreditation
Program of the American Industrial Hygiene Association (AIHA). Partici-
pation requires a triennial inspection of the USAEHA Industrial Hygiene
Chemistry Laboratory by AIHA and quarterly auditing of the laboratory by
the National Institute for Occupational Safety and Health. The Toxicology
Laboratory undergoes a triennial inspection by the American Association of
Laboratory Animal Care to maintain accreditation status. Also, it is antici-
pated that the Toxicology Laboratory will be inspected by the Environmen-
tal Protection Agency to determine compliance with their regulations for
Good Laboratory Practices (Toxic Substances Control Act, Public Law
94-469).
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In addition, AQAO provides quality assurance support to other Army or-
ganizations, including the U.S. Army Environmental Engineering Agency in
Sagami, Japan, the U.S. Army 10th Medical Laboratory in Landstuhl, West
Germany, and those Army installations conducting chemical analyses in
support of National Pollutant Discharge Elimination System Permits in ac-
cordance with the Clean Water Act (Public Law 95-217). Technical audits of
analytical performance are conducted twice a year. Statistical evaluations of
audit results are reported along with follow-up audit samples if necessary.
Laboratory consultation visits are performed to provide assistance in resolv-

ing technical problems and in development and implementation of quality
control systems.
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ABSTRACT: The U.S. Army Corps of Engineers has been evaluating contractor qual-
ity control laboratories, commercial laboratories being used by either the corps of en-
gineers or its contractors, and government quality assurance laboratories for a quarter
of a century. All of the corps division laboratories (New England, Ohio River, South
Atlantic, Missouri River, Southwest, North Pacific, South Pacific, and the Waterways
Experiment Station, acting as the division laboratory for the Lower Mississippi Valley
Division) are evaluated by the Cement and Concrete Reference Laboratory sponsored
by ASTM Committees C-1 on Cement and C-9 on Concrete and Concrete Aggregates
and located at the National Bureau of Standards. In turn, representatives of these di-
vision laboratories evaluate the above-mentioned laboratories being used by construc-
tion contractors for quality control at corps projects. In addition, corps government
quality assurance laboratories normally located at project sites are evaluated to verify
that the procedures being used by government technicians and engineers comply with
the specified standard. The Corps of Engineers Laboratory Evaluation Program does
not certify; it only evaluates to verify that the capability exists, that the laboratory em-
ployees know how to perform, and that the necessary facilities and laboratory equip-

ment are available to permit the performance of the tests and inspections correctly.
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Test results of materials, elements, and structures can only be meaningful
if the sampling, testing, and analysis are performed under the jurisdiction of
standard procedures. In the United States and a number of other countries,
these standards are developed by ASTM. Employees of the U.S. Army Corps
of Engineers responsible for establishing standards, testing procedures, and
specifications for materials to be used in construction of corps projects work
very actively in various ASTM technical committees for the purposes of con-
tributing to the usefulness of the standards developed by all consumers and

! Chief, Concrete Technology Division, Structures Laboratory, U.S. Army Engineer Water-

ways Experiment Station, Vicksburg, Miss. 39180,

2 Chief, Concrete Section, Structures Branch, Civil Works Directorate, Office of the Chief of

Engineers, Washington, D.C. 20314.
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especially to cause the standard to be developed in such a way that our con-
struction or supply specifications can refer to the ASTM standards in toto
without adding exceptions. If the standards developed by ASTM are such
that the corps must refer to it with exceptions or in an extreme case not be
able to use it at all, it becomes not only very costly to write a corps standard
but much confusion with contractors results because of their inexperience in
using such a standard. Whether the standards referenced in corps specifica-
tions are federal, military, corps, or ASTM, it is still important that the lab-
oratories evaluating materials by these standards have the personnel, equip-
ment, and facilities to permit the materials to be evaluated as specified by the
standard. Due to this fact, the corps recognized over a quarter of a century
ago that a system had to be developed that could provide relative assurance
that the test results obtained could be relied upon to represent the properties
of the materials incorporated in the projects.

History

On 16 June 1775, a day recognized as the founding date of the U.S. Army
Corps of Engineers, General George Washington appointed ex-British Colo-
nel Richard Gridley, a 65-year-old Boston native, who gave up extensive
British land grants and pensions to be the first chief of engineers. By mid-
night, Gridley and his men were at work, and a well-designed earthwork for-
tification was completed by dawn of the next day—the 17th—to protect
American soldiers in the historic battle of Bunker Hill.

From this beginning, the corps has gone on to win 150 battle streamers in
its traditional role, and, when called upon by the demands of an expanding
nation, to become a major civil works engineering resource for the country
and the biggest developer of the nation’s water resources. Today, the corps is
the world’s largest engineering organization. The corps established the U.S.
Military Academy on a permanent basis in 1802, which for the next 18 years
was the first and only engineering school in America. Army engineer officers
began establishing science courses in other colleges as early as 1820, though
mostly after 1840. By 1860, they had helped establish science or engineering
colleges or departments in at least 13 universities, including Yale, Harvard,
Michigan, and the U.S. Naval Academy, which was founded in 1845. Addi-
tional information pertaining to the history of the Corps may be found in
Historical Highlights of the United States Army Corps of Engineers (EP 360-1-
13, April 1973).

Organization

The functions of the Corps of Engineers are assigned to 14 separate di-
visions, of which there are eight that have division laboratories, as follows:

1. New England Division (NED), Waltham, Mass.
2. South Atlantic Division (SAD), Atlanta, Ga. (see Fig. 1).
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FI1G. 1—South Atlantic Division Laboratory in Marietta, Ga.

Ohio River Division (ORD), Cincinnati, Ohio.

Missouri River Division (MRD), Omaha, Neb.

Lower Mississippi Valley Division (LMVD), Vicksburg, Miss. (see Fig. 2).
Southwest Division (SWD), Dallas, Tex.

South Pacific Division (SPD), San Francisco, Calif.

North Pacific Division (NPD), Portland, Ore.

P NRGn AW

Each division is composed of from one to five districts. A division labora-
tory maintains assigned capabilities to perform evaluations of various con-
struction materials, as shown in Table 1.

Districts do not have district laboratories unless these laboratories serve as
the project laboratory for two or more construction projects. Project labora-
tories are normally located on the project site and are authorized to perform
testing such as is shown in Table 2. In addition to government project labor-
atories, the contractors normally have a quality control laboratory at the
project site; this laboratory permits the contractor to control his production
so that the end result will most likely comply with the requirements of the
project specifications. The government laboratory technicians have the re-
sponsibility to verify that the end product does actually comply with these
requirements.

F1G. 2—Concrete Technology Division, U.S. Army Engineer Waterways Experiment Station, in
Vicksburg, Miss. This facility serves as the LMVD laboratory as well as the corps’ Concrete Re-
search Center.
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TABLE 2—Testing authorized at project laboratories.

Concrete
Air content
Slump
Compressive strength
Flexural strength
Sieve analyses of aggregate
Aggregate material finer than No. 200 sieve
Flat and elongated particles
Specific gravity of aggregates
Absorption by aggregates
Free moisture content of aggregates
Concrete mixer performance {except cement content)

Masonry
Relative humidity of concrete masonry units

Soils
Water content
Classification
Compaction
Field density
Unconfined compression
California bearing ratio
Plate bearing

Bituminous materials
Stability and flow values
Sieve analysis of aggregates
Water content of aggregate from hot bins
Extraction tests
Density of specimens and finished pavements
Bituminous materials
Percentage of fractured faces of aggregates

Laboratory Evaluation Requirements

The U.S. Army Corps of Engineers is a charter member supporting the
Cement and Concrete Reference Laboratory (CCRL), established in 1929 by
ASTM and administered by the National Bureau of Standards. As a conse-
quence of this sponsorship, all of the Corps of Engineers division laborato-
ries are evaluated at least every two years to verify that:

1. The equipment complies with the appropriate ASTM standard.

2. The procedures and techniques being used by Corps Division Labora-
tory technicians are in compliance with procedures and techniques envi-
sioned by the standard.

3. The laboratory facilities comply with the standards.

In order to assure that the techniques, equipment, and facilities are main-
tained in compliance with requirements, the professional staff has an indi-
vidual assigned as a quality assurance inspector who randomly evaluates the
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techniques, equipment, and facilities used during everyday operations. In
addition, the division laboratories receive concrete reference samples twice a
year from the CCRL, prepare the necessary specimens, perform the neces-
sary tests, and send the results to CCRL, where the results are compared on a
statistical basis with results obtained by hundreds of other laboratories. The
Waterways Experiment Station (WES) also participates in the Cement Ref-
erence Sample and Masonry Cement Reference Sample Programs in the
same manner. The preparation and testing of these reference samples are
performed by different technicians each time. On critical tests, two techni-
cians may perform the same test on the same material and at the same time,
neither knowing that the results should be similar; the quality assurance in-
spector evaluates these results and maintains such records to verify compe-
tence of the technicians.

Although Engineer Regulation (ER) 1110-1-8100, Laboratory Investiga-
tions and Materials Testing, has required division laboratory staffs to period-
ically evaluate project laboratories since about 1950, it was not until 1966
when ER 1110-1-261, Control of Field Testing Procedures, was distributed
that the procedures were formalized. Presently, this regulation is ER 1110-1-
21, Control of Field Testing Procedures, and division laboratory directors
are required to send one or more representatives to visit each project labora-
tory or other laboratory doing testing for a project, at least once prior to in-
itiation of the testing and at least once every two years thereafter:

1. The personnel assigned to a project laboratory have to be verified to be
fully qualified to perform all tests required by ER 1110-1-8100.

2. The Division Laboratory Director will establish a statistically signifi-
cant schedule of certification of all equipment required to perform standard
tests.

3. All field testing procedures shall fully conform to those in the standard
referred to in the project specifications.

4. Records of all technical training of technicians shall be maintained for
each project.

Typical Laboratory Inspections

Although the staff of each division laboratory establishes its own independ-
ent procedures for carrying out the requirements of the engineering regula-
tion, the procedures vary only slightly. In the Lower Mississippi Valley Di-
vision, which obtains its division laboratory services from the WES, three
teams of inspectors visit each laboratory performing either engineering ser-
vices, quality control, or quality assurance for a project. These three teams
include highly trained technicians who maintain a high level of expertise in
concrete technology, soil mechanics, and water and wastewater quality. In
order to prevent duplication in evaluating the same equipment, each team



126 EVALUATION AND ACCREDITATION

provides the other two teams with their reports; for example, if the soil me-
chanics team verified all balances, the other two teams would ignore the bal-
ances on that particular project unless the requirements for balances were
more stringent.

Quality control procedures for individual water analyses are located in the
chemical section of the division laboratory, referencing one of the following
standard testing procedures: Standard Methods for the Examination of Water
and Wastewater, (published jointly by the American Public Health Associa-
tion, the American Waterworks Association, and the Water Pollution Con-
trol Federation), the U.S. Environmental Protection Agency’s Methods for
Chemical Analysis of Water and Waste (EPA 600-4-79-020), or any of the
many standards under the jurisdiction of ASTM Committee D-19 on water.

Very seldom is more than one day required to evaluate the capabilities of
one project laboratory. Following the project laboratory inspection, a com-
plete narrative report is furnished to the division, district, and project Engi-
neer. After about one month, a report is furnished to the division laboratory
relating how each of the discrepancies was corrected. Typical discrepancies
include:

1. Too large an aggregate sample either being used in a test or contained
on any one sieve.
2. Concrete compression machine exceeding the required 1% accuracy.
Slump cones being too thin.
Testing standards not available for review by project staff.
Sieve openings too large.
Curing temperature out of acceptable range.
Weight of compaction rammer being out of acceptable range.
Procedures for determining saturated surface dry condition incorrect.
9. Leaking concrete molds.
10. Not waiting at least 24 h for proctor materials to obtain uniform
moisture.

X NN B W

When the program first started in 1966, pages and pages were written on
discrepancies, but due to the efforts of all concerned, very seldom do we now
find more than two or three items to be concerned with at any one project. In
the beginning project engineers disliked division laboratory personnel com-
ing to their project, but now they request the evaluations and pride them-
selves in having excellent capabilities,

The Corps of Engineers quality assurance program in the division labora-
tories is inspected by CCRL. The division laboratories inspect the project lab-
oratories and contractor laboratories. Since 1966, the Corps of Engineers
has had a quality assurance program for inspecting laboratories. Therefore, at
the present the Corps of Engineers has not established a policy on the use of
the U.S. Department of Commerce National Voluntary Laboratory Accredi-
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tation Program (NVLAP). However, the NVLAP program, when used by a
commercial laboratory, will complement and assist the Corps of Engineers
quality assurance program. The present NVLAP program is for fresh con-
crete, whereas the Corps of Engineers has a quality assurance program for
concrete, soils, rock, water, and miscellaneous materials. Therefore, the
Corps of Engineers may not for their own laboratories be involved in the
NVLAP program for fresh concrete.

Conclusions

The Corps of Engineers is very interested in accreditation programs for
nongovernment laboratories; such a program would assist corps division lab-
oratories in evaluating private and possibly contractor quality control lab-
oratories. The corps laboratories will not presently request accreditation for
its division and research laboratories under NVLAP because we feel that our
system may presently be more strict than the NAVLAP system, and because
we only evaluate a laboratory for its capability for performing tests that we
desire to be performed.
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It was recognized early that while questionnaires and site visits could provide valua-
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termined through proficiency testing.

This paper discusses the design and operation of the proficiency testing portion of
the evaluation of laboratories that test thermal insulation materials and carpets.
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In 1976 the U.S. Department of Commerce initiated a program to accredit
testing laboratories upon their request. The program is entitled the National
Voluntary Laboratory Accreditation Program (NVLAP). The task of eval-
uating laboratories applying for NVLAP accreditation rests with the Na-
tional Bureau of Standards (NBS). To this end, the NBS Office of Testing
Laboratory Evaluation Technology uses a three-part evaluation approach
that includes questionnaires, on-site examination, and proficiency testing.
Although a laboratory’s facilities, equipment, and personnel may be assessed
through questionnaires and on-site examination, the actual ability of a lab-
oratory to produce reliable testing results can only be verified by examining

Updated with additional data on carpet test methods from “Proficiency Testing: An Essential
Element of Laboratory Accreditation,”” D. Kirkpatrick and J. Horlick, ASTM Standardization
News, Vol. 8, No. 12, Dec. 1980, pp. 14-17, 48.

! National Bureau of Standards, Washington, D.C. 20234.
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its performance through proficiency testing. Thus for certain designated test
methods, proficiency testing is a required part of the NVLAP accreditation
process. This paper will be limited to a discussion of the proficiency testing
portions of two operational Laboratory Accreditation Programs (LAPs):
thermal insulation materials and carpet.

Laboratory Accreditation Program for Thermal Insulation Materials

The insulation LAP was the first NVLAP program to become operational.
In order to create a viable program, the nature of the proficiency testing por-
tion of the insulation LAP was examined in depth in the developmental
stages of the LAP at meetings of NVLAP staff and representatives of indus-
try, ASTM committees, and the testing community. The purpose of the
meetings was to establish the important components of a proficiency testing
program. Among the components considered were:

1. The testing areas (such as thermal measurements, fire tests, etc.) that
were in need of proficiency testing.

2. The types of test equipment for which proficiency testing was needed.

3. The types of materials most desirable as specimens for each test area
and test method, including their immunity from problems associated with
handling, shipping and storage.

4. The parameters for each test that best characterize the laboratory’s
performance.

These issues were examined in depth by the National Laboratory Accredi-
tation Criteria Committee for Thermal Insulation Materials. This advisory
committee was established by the Department of Commerce to assist in the
development of criteria for assessing laboratories in the insulation LAP.
Public comment also provided input when the proposed LAP was published
in the Federal Register in March of 1977 [1].

Several conclusions were drawn from the information generated from
these sources. These conclusions, which formed the basis for the proficiency
testing portion of the LAP, included the following:

1. A variety of types of materials should be used in successive proficiency
testing rounds for each test area. This variety of specimen material would
allow participating laboratories to become familiar with the characteristics
of many materials, including some outside their normal scope of operation.

2. For thermal resistance measurements, low-density materials should be
provided in a range of densities. These low-density materials would reveal
measurement problems related to radiative thermal components and speci-
men compressibility. Also, problems associated with packing density and
specimen preparation techniques would be revealed through the use of loose-
fill materials.
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3. A statistical package would have to be developed for data analysis for
each test method.

4, A collection of precharacterized, reusable proficiency materials would
be acquired for use as test specimens over several years.

The insulation LAP began its third year of operation in 1981 and is pro-
viding a variety of materials to participating laboratories for proficiency test-
ing in the areas of thermal conductivity measurements and flammability
properties measurement. The proficiency testing materials are produced ac-
cording to NVLAP specifications. Generally, a special run is requested and
the entire lot of material is tested for uniformity during its manufacture.
Check tests may be conducted to assure the material’s conformance to
NVLAP specifications. These tests are conducted when possible by NBS per-
sonnel or when necessary by a qualified outside laboratory. Once the mate-
rial’s conformance to NVLAP specifications and its uniformity have been
assured, it is ready to be packaged and shipped to NVLAP proficiency test-
ing participant laboratories. So far, the preparation, packaging, and ship-
ping of thermal insulation proficiency samples have been handled under con-
tract. Precharacterized low-density fiber glass batts, a variety of loose-fill
cellulosic materials, and rigid foam board have been used as proficiency
samples for thermal properties tests. These materials were selected to deter-
mine a laboratory’s ability to make thermal resistance measurements, to ex-
amine their sample preparation techniques, and to reveal problems in deal-
ing with very compressible materials. Similarly, several cellulosic loose-fill
materials were selected for flammability and smoldering combustion tests.
Flammability testing results also reflect the participant’s sample preparation
techniques as part ot the testing procedures.

The frequency of proficiency testing is annual or semiannual, depending
on the particular test method. Currently, specimens for most proficiency
tests are provided twice a year. Certain exceptions may occur since a min-
imum number of participants is required to allow for meaningful data analy-
sis in those instances when the material has not been precharacterized. When
there is an insufficient number of laboratories enrolling for a particular test
method, the proficiency testing requirement may be waived for that testing
round. This requirement will be discussed in the section on data analysis.

Insulation LAP Proficiency Tests

Test results for the thermal insulation proficiency tests will be presented
and discussed in two parts: (1) an analysis of the thermal properties mea-
surements utilizing the ASTM Test for Steady-State Thermal Transmission
Properties by Means of the Guarded Hot Plate (C 177) and the ASTM Test
for Steady-State Thermal Transmission Properties by Means of the Heat
Flow Meter (C 518), and (2) an analysis of data from laboratories that partic-
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ipated in 25-foot tunnel tests according to the ASTM Test for Surface Burn-
ing Characteristics of Building Materials (E 84) and the flooring radiant
panel and smoldering combustion tests according to HH-I-515D, Federal
Specification for Cellulosic or Wood Fiber Loose-fill Thermal Insulation.

Each proficiency testing participant received an information package con-
taining detailed instructions for specimen preparation, conditioning, and
mounting. Data sheets for each test with step-by-step directions for conduct-
ing the test were included. Cutting instructions were furnished where test
specimens had to be prepared from a larger sample of material.

Although tests are generally conducted in accordance with the applicable
test method, NVLAP routinely specifies temperature and relative humidity
conditions, test density, thickness, and other parameters dictated by the
material in question. These parameters are specified to ensure uniformity in
procedures and test conditions among the participants. NVLAP has endeav-
ored to design the proficiency testing so as to minimize possible sources of
confusion and error for the participants. In addition to actual test data, par-
ticipants are asked to furnish copies of any charts or graphs generated as a
part of the test. They are also asked to comment on any unusual events ob-
served during the test. In one instance, this information allowed a recon-
struction of the test to explain an unexpected anomaly in the test results.
This test reconstruction led to acceptance of test data from several laborato-
ries that otherwise might have been rejected.

Insulation LAP data were analyzed to determine consistent performance
among participating laboratories. In addition, both thermal and flammabil -
ity test data were analyzed to determine compliance with the accuracy re-
quirements specified in the Federal Register notice of 18 Jan. 1979 [2].

Thermal Resistance Measurements

During the first year (Rounds 1 and 2) of proficiency testing for the two
ASTM test methods C 177 and C 518, three versions of these tests were of-
fered, depending on the materials to be tested [3]. The three versions re-
quired the testing of batt and blanket, board and block, or loose-fill mate-
rials. This was done in an attempt to provide flexibility to the participant
who tested only one or two types of materials. This approach is no longer in
use. Currently only one type of specimen is provided per test method. The
discussion of the data that follows is presented for three material categories
with each of the rounds of proficiency testing described separately. Data are
grouped by either C 177 or C 518 under each category and are presented in
Tables 1, 2, and 3 with the following statistical parameters included:

® N, the number of laboratories participating in a given test method.
® Mean, the average of the test values from all participants. For materials
that were not precharacterized, the mean is used in place of a target value.
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TABLE 1—Proficiency testing results for board and block.

Parameter C 177 and C 518 c1m C 518
Rounp |
Mean’ 0.2647 0.2673 0.2639
Std. Dev.” 0.0078 0.0067 0.0082
N 27 7 20
%CV 2.95 2.49 3.09
RouNnD 2
Mean’ 0.2543 0.2550 0.2541
Std. Dev.” 0.0040 0.0055 0.0034
N 26 7 19
%CV 1.56 2.17 1.32

“Values given for thermal conductivity are in Btu-in./h-ft*-°F; 1 Btu-in./h-ft*-°F = 0.1442
W/m-K.

® Standard Deviation (Std. Dev.), an indication of the spread of results
from the mean among the participants.

® Percent Coefficient of Variation (%CV), a measure of the dispersion of
the data; %CV = (standard deviation/mean) X100

Examination of the tables shows no significant variation in test values as a
function of test method or apparatus used.

Board and Block Specimens

A single specimen of polystyrene beadboard was sent to each participant
for use in thermal resistance measurements. Participants were asked to test
the material using either ASTM C 177 or C 518 and to identify which method
had been chosen. Results are shown in Table 1. Tests were conducted at a
mean temperature of 24°C (75°F). In Round 1 (spring 1979), 28 laboratories
reported data, but one was excluded from the analysis because of late report-
ing. The analysis, based on data from 27 participants, gave an average ther-
mal conductivity of 0.0385 W/m-K (0.2673 Btu-in./h-ft*-°F) for C 177
with a standard deviation of 0.000965 (0.0067). For C 518 the average ther-
mal conductivity was 0.0380 W/m-K (0.2639 Btu-in./h-ft*-°F) with a
standard deviation of 0.00118 (0.0082). In Round 2 (fall 1979), on a different
material, the average thermal conductivity by C 177 was 0.0367 W/m-K
(0.2550 Btu -in./h - ft*- °F) with a standard deviation of 0.000793 (0.0055).
Measurements by C 518 gave an average thermal conductivity of 0.0366
W/m-K (0.2541 Btu-in./h-ft*- °F) with a standard deviation of 0.0004899
(0.0034).

Loose-Fill Specimens

In Round 1, thermal resistance tests were conducted on a loose-fill cellu-
losic material with two specimens. Although this material was not an insula-
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TABLE 2—Proficiency testing results for loose fill.”

Standard

Mean Deviation N %CV

RounD 1
C 177 and C 518 0.2767 0.0062 15 2.24
C177 0.2797 0.0073 5 2.62
C 518 0.2753 0.0053 10 1.94

RounDp 2
C 177 and C 518 Material A 0.2797 0.0037 13 1.32
C 177 and C 518 Material B 0.2754 0.0023 13 0.82
C 177 Material A 0.2808 0.0022 4 0.78
C 177 Material B 0.2760 0.0024 4 0.87
C 518 Material A 0.2793 0.0042 9 1.50
C 518 Material B 0.2752 0.0023 9 0.84

Values given for thermal conductivity are in Btu-in./h - ft?+°F; 1 Btu-in./h- ft*+°F = 0.1442
W/m-K.

tion product, it was similar to cellulosic insulation products in its thermal
properties. Fifteen laboratories reported data, each laboratory making one
determination on each of the two specimens provided. Results are shown in
Table 2. For this material, the average thermal conductivity for C 177 was
0.0403 W/m+K (0.2797 Btu-in./h-ft*-°F) with a standard deviation of
0.001052 (0.0073). For C 518 the average thermal conductivity was 0.03967
W/m-K (0.2753 Btu-in./h- ft*+°F) with a standard deviation of 0.000764
(0.0053). In Round 2, two different but very similar cellulosic materials were
provided to participants for thermal conductivity measurements. The C 177
average thermal conductivities were 0.04046 and 0.03977 W/m K (0.2808
and 0.2760 Btu-in./h-ft’-°F), with corresponding standard deviations of
0.000317 and 0.000346 (0.0022 and 0.0024). For C 518 measurements, the
average thermal conductivities were 0.0402 and 0.03966 W/m-K (0.2793
and 0.2752 Btu -in./h-ft*+ °F), with corresponding standard deviations of
0.000605 and 0.000331 (0.0042 and 0.0023).

Batt and Blanket Specimens

Low-density fiber glass batts from a collection of precharacterized mate-
rial at NBS were provided to the participants for Rounds 1, 2, and 3. Each
batt in the collection had a different premeasured thermal conductivity.
Each participant was sent batts in two different thermal conductivity ranges.
The test results are presented in Table 3, which shows these two thermal
conductivity ranges identified as Materials A and B. The data shown are ex-
pressed as a percent deviation of each laboratory’s value from the predeter-
mined thermal conductivity. The data are presented in this manner so as not
to reveal the actual value of the specimens so that they may be used in future
rounds of testing. The data presented in Table 3 are grouped according to
whether the reported test values fell within +2%, 4%, or 6% of the actual
premeasured thermal conductivity. Performance guidelines published in the
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Federal Register [2] with the criteria for the thermal insulation materials
LAP specify good performance as falling within a +4% range. A value
within the range of £6% was considered acceptable. A deviation beyond
+6% represents poor proficiency and may indicate that the laboratory is not
properly following the standard procedure or has an instrument calibration
problem.

Flammability Tests: Insulation LAP

Proficiency testing samples were offered for three flammability test methods
in Rounds 1 and 3. These methods were the ASTM E 84 7.6-m (25-ft) tunnel
and the flooring radiant panel and smoldering combustion tests of Federal
Specification HH-I-515D. Under the same rationale as was described for the
thermal measurements section, the 7.6-m (25-ft) tunnel test was initially of-
fered for each of three materials (batt, board, and loose fill). However, be-
cause of the limited number of laboratories enrolled for the tunnel tests, all
three versions of this test were eventually conducted on the same material, a
cellulosic loose fill. This same material was also used for the flooring radiant
panel and smoldering combustion tests. No flammability test methods were
offered in Round 2.

The loose fill cellulosic material selected for Round 1 and provided for the
three test methods was chosen to produce definite and not borderline results.
This cellulosic material was not an insulation product, but was chosen for
characteristics similar to thermal insulation products combined with an un-
familiar appearance. This material presented a considerable specimen prepa-
ration challenge to the laboratories. For Round 3, the proficiency sample
material was an actual insulation product that had been specially formulated
for NVLAP.

Table 4 gives the test results for the group of laboratories that performed
the E 84 tunnel tests in Rounds 1 and 3. Table 5 gives the test results for the
group of laboratories that performed the smoldering combustion tests in
Rounds 1 and 3. Table 6 gives the test results for the group of laboratories
that performed the flooring radiant panel tests in Rounds 1 and 3. In Round
1, the data for all 13 laboratories was off scale, with a value of less than 0.12
W/cm®. The insulation material used in Round 3 gave on scale results.

TABLE 4—ASTM E 84 tunnel proficiency testing results.

Parameter Round ! Round 3
Mean flame spread” 69.3 215
Standard deviation 4,1 1.4
N 7 6
%CV 5.9 6.3

®Flame spread index—average of three replicates.
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TABLE 5—Smoldering combustion proficiency testing results.

Parameter Round 1 Round 3
Mean weight loss, %° 82.5 0.51
Standard deviation 2.0 0.27
N 12 11
%CV 2.38 53

? Average of two replicates.

Additional Test Methods

In Round 3, proficiency samples were provided for two additional test
methods for the first time. These methods were settled density as referenced
in the current version of HH-1-515D, Amendment 1, and the ASTM Test for
Thermal Conductance and Transmittance of Built-Up Sections by Means of
the Guarded Hot Box (C 236). For the settled density test method, a loose fill
cellulosic material was used. This same cellulosic material was also used for
the flammability tests; because it was for this purpose, no thermal conductiv-
ity measurements were made on the material. Because of the very limited na-
ture of the results available from the single experience in Round 3, test re-
sults for this method will not be discussed until more data have been
analyzed. For the guarded hot box method, foil-faced rigid fiber glass speci-
mens were provided. Instructions were given for the cutting and construction
of a 51-mm (two-in.) thick assembly that served as the test artifact. Since
participating laboratories have had difficulty in meeting the schedule for per-
forming this test, an extension was granted for the reporting of data. Thus,
no data for this method are presented in this paper.

Laboratory Accreditation Program for Carpet

Background

The carpet LAP was requested by the Department of Housing and Urban
Development (HUD). The request for the carpet LAP was made under Op-
tion 7b of the NVLAP procedures. This option permits a federal agency to
request a LAP and eliminates the necessity for a separate finding-of-need by

TABLE 6—Radiant panel proficiency testing results.

Parameter Round 1 Round 3
Mean® 0.12 0.20
Standard deviation vee 0.03
N 13 13
%CV - 14

“Critical radiant flux—average of three replicates.
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the Secretary of Commerce. A notice of HUD’s request for a carpet LAP was
published in the Federal Register [4). Under Option 7b, the federal agency
that requests the LAP may recommend evaluation criteria. HUD’s criteria
recommendations were consistent with the criteria for the insulation LAP.
The proposed carpet LAP was published for public comment in the Federal
Register [5]. During the public comment period, a public hearing regarding
the content of the carpet LAP was requested and the hearing was held on 26
Nov. 1979. As a result of this hearing, several test methods were added to the
LAP and proficiency testing was expanded to include more tests of interest
to industry and the testing community.

Carpet Test Methods

The carpet LAP embodies tests for colorfastness, durability, and flamma-
bility. As with the insulation LAP, samples are sent to participants on a semi-
annual basis for a number of test methods available in the LAP. In Round 1
(summer 1980), each participant was provided a single sample, 1.2 by 1.8 m
(4 by 6 ft), from which individual test specimens were cut in accordance with
a detailed cutting diagram. The cutting diagram was part of an information
package containing testing instructions and data sheets sent to each
participant.

The specific tests or portions of tests for which there were proficiency test-
ing requirements were as follows:

® A xenon arc colorfastness test of the American Association of Textile
Chemists and Colorists (Colorfastness to Light: Water-Cooled Xenon-Arc
Lamp, Continuous Light, AATCC 16E).

® The ASTM Test for Critical Radiant Flux of Floor Covering Systems
Using a Radiant Heat Energy Source (E 648).

® Pile weight and pile thickness tests from ASTM’s Testing Woven and
Tufted Pile Floor Covering (D 418).

® The ASTM Test for Tuft Bind of Pile Floor Coverings (D 1335).

® A delamination test (Adhesion of Plied [Double Texture] Fabric, Fed-
eral Test Method 191-5950).

Each of these tests was conducted in accordance with the requirements of
the test method, except for variations in the number of replicate measure-
ments, which were requested to increase the sample size.

By designating the area of the carpet sample from which individual speci-
mens for each of the tests were taken, an attempt was made to reduce the po-
tential spread in the data due to the variability of the carpet across its width.

For each of the tests, Table 7 presents a summary of the mean, number of
participants, the standard deviation, and the coefficient of variation (%CV).
Since the AATCC xenon arc colorfastness test and the ASTM E 648 radiant
panel test were both pass/fail tests, only the counts of laboratories reporting
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and passing are reported for either. It should be noted that the analysis of the
carpet data was based on comparisons with the mean of the data for all par-
ticipants and that there were no established precharacterized or target values
that could be used for comparative purposes. As the carpet LAP continues, a
data base will be developed so that statistically valid accuracy and precision
figures can be derived. When available, these figures will be provided to in-
terested standards writing groups for consideration and possible inclusion in
relevant standards and test methods.

Conclusion

The results of proficiency testing for the first two years of NVLAP opera-
tion have shown that by judicious selection of test specimen materials, rea-
sonably well-behaved results can be generated to assess laboratory perfor-
mance. It should be noted that due to the limited nature of the proficiency
testing data obtained thus far, and since proficiency testing represents only
one element of the total NVLAP evaluation process, the identification of cer-
tain laboratories as outliers this time did not necessarily mean that those lab-
oratories would not receive initial accreditation. Laboratories that produce
outlying test results will be examined more closely in successive rounds of
proficiency testing to determine whether their testing reflects a consistent
pattern of poor performance unworthy of accreditation.

Based on the data presented in this paper, the completion of several tours
of on-site laboratory inspections, and the evaluation of all questionnaires, 30
laboratories were accredited by NVLAP for the testing of thermal insulation
materials. The list of 30 laboratories accredited to test thermal insulation
materials was published in the Federal Register [6]. A notice of the renewal
of accreditation for 30 laboratories, the accreditation of seven new thermal
laboratories, and the initial accreditation of 23 carpet laboratories was also
published in the Federal Register [7).

Proficiency testing programs for thermal insulation and carpet are being
updated continually in an attempt to realize the goals of NVLAP and the
needs of the participating laboratories. NVLAP’s goals include the upgrad-
ing of professional and technical competence of testing laboratories, the
granting of recognition of a laboratory’s competence through accreditation,
and the provision of a national voluntary system in cooperation with the pri-
vate sector to examine laboratories upon request. In addition, it is the aim of
NVLAP to benefit the public interest by helping to assure consistent quality
test results and to avoid possible misrepresentation.

In summary, on-site visits, questionnaires, and other evaluation tech-
niques generally provide a valid indication of whether or not a laboratory
can perform acceptably. A true measure of a laboratory’s capability is ob-
tained only through a long-term analysis of its performance. The relatively
small values for dispersion and spread in the NVLAP test data provide con-
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firmation that a laboratory’s capability is clearly evidenced by proficiency
testing. Based on the experience of the first three rounds, proficiency testing
will continue to be an important part of the NVLAP process.
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ABSTRACT: Laboratory performance evaluation of the U.S. Department of Agricul-
ture (USDA) Food Safety Inspection Service (FSIS) Science chemistry sections is ad-
ministered by the quality assurance coordinator, who operates interlaboratory check
sample programs (known and blind), uses the accredited laboratory program and con-
tract laboratory generated check samples as an outside data source, and conducts on-
site laboratory audits. USDA-FSIS-Science laboratory chemistry sections have im-
proved their ongoing analytical capability by the adoption of a formal Quality Control
and Quality Assurance Program. Each chemistry section has appointed a Laboratory
Quality Control Officer; keeps a Laboratory Standards Book, laboratory performance
charts, analyst performance charts, and critical control points evaluation for each ana-
lytical procedure; maintains sample tracking control; and operates an intralaboratory
check sample program with the associated feedback and corrective actions being taken
and recorded.

KEY WORDS: quality assurance coordinator, laboratory quality control officer, Labo-
ratory Standards Book, interlaboratory check samples, intralaboratory check sam-
ples, laboratory and analyst performance charts, critical control points, laboratory
audits

The laboratory chemistry sections in the U.S. Department of Agriculture’s
(USDA) Food Safety and Inspection Service (FSIS) provide analytical sup-
port to the meat and poultry inspection regulatory program. This support
must demonstrate that the highest possible level of analytical capability and
laboratory competence is being achieved.

Laboratory Quality Control Officer

Each chemistry section has a laboratory quality control officer (LQCO)
who is responsible for maintaining the overall laboratory quality control

! Staff Officer, U.S. Department of Agriculture, Food Safety and Inspection Service, Washing-
ton, D.C. 20250.
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program. The USDA-FSIS-Science chemistry section quality control pro-
gram includes the maintenance of a laboratory standards book, the opera-
tion of an intralaboratory check sample program, the maintenance of labora-
tory and analyst performance charts, adherence to determined analytical
_critical control points, and a quarterly quality control report submitted by
the laboratory quality control officer. In this report, the quality control sta-
tus of the laboratory is reported to the laboratory director and to the quality
assurance coordinator.

Laboratory Standards Book

The laboratory standards book is considered a primary laboratory quality
control tool. It is a permanently bound book with sequentially numbered
pages and is expected to contain all readings and calculations for standardi-
zation of solutions, determination of recoveries, and calibration of instru-
ments that relate to the accuracy of the analytical procedures performed in
the laboratory. Entries must be dated and signed by the analyst performing
the operation and countersigned by the laboratory quality control officer,
who is required to recheck each entry for accuracy. Immediate corrective ac-
tion is taken when any item fails to meet acceptable criteria.

Interlaboratory Check Samples

The interlaboratory check sample program, which is administered by the
quality assurance coordinator, is composed of three kinds of check samples:
known check samples that arrive at the laboratory identified as check sam-
ples, blind check samples that arrive at the laboratory identified as usual
laboratory samples, and a contract laboratory check sample. A contract labo-
ratory check sample is a known check sample and serves as an outside source
check on the laboratories. The summarized, statistically analyzed results of
each type of check sample are immediately provided to each participating
laboratory so that any necessary corrections may be made. Laboratories that
fail to meet acceptable limits are notified in writing and must respond in
writing explaining what corrections were made.

Intralaboratory Check Samples

The LQCO is responsible for maintaining known and blind intralabora-
tory check samples for each analyst in the laboratory. Usually, the LQCO
obtains a completed sample, replaces its identification with a new one, and
returns it to the work flow for a second analysis. Because the analyst cannot
predict which samples will be selected for this second analysis, the first sam-
ple analysis is considered to be blind. The results of the first and second
analysis are immediately made known to both the first and second analyst,
who are required to plot the results on their own continuing performance
chart. The LQCO and analysts interpret these charts in combination with the
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results from the interlaboratory check samples in order to more accurately
determine the need for corrective action.

Laboratory and Analyst Performance Charts

The LQCO is responsible for maintenance of laboratory performance
charts for each analytical procedure performed in the laboratory. The use of
the cusum chart (cumulative sum) provides the LQCO with rapid insight to
the continued quality of the laboratory performance (see Fig. 1). Analyst
performance charts are plotted by each analyst so that any necessary correc-
tions can be made immediately (see Fig. 2).

Critical Control Points

Critical control points are those places in an analytical procedure that, if
varied by more than a predetermined amount, will result in a significant
change in the final answer. Critical control points are determined in an ana-
lytical ruggedness test.

The LQCO is responsible for ensuring that the analysts in the laboratory
are observing the critical control points in each procedure and taking correc-
tive action when deviations from the critical control points are observed.

Laboratory Audits

Laboratory audits are a quality assurance function. One announced and
one unannounced laboratory aduit is presently being conducted yearly by
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different laboratory auditors. Different auditors are employed because one
may see a need for corrective action which another auditor might fail to rec-
ognize. The laboratory auditprs are members of the Planning, Review, and
Evaluation Branch, Chemistry Division, Science, who have many years of
experience in chemistry laboratories of the same kind as they are now ex-
pected to audit. A standardized checklist is used by the laboratory auditors
as a guide. The auditor interviews each analyst, asking probing questions
about the particular procedure the analyst is currently performing, and re-
quests the analysts to provide their personal performance charts and quality
control records. The LQCO must also produce the laboratory performance
charts and quality control records for appraisal by the laboratory auditor.
Audit check samples are selected, at the time of the laboratory audit, from
previously analyzed samples, and are split between two other laboratories
for analysis. The results of the completed analyses are statistically analyzed
and are included in an overall laboratory audit report that contains any nec-
essary suggestions to correct observed deviations from accepted laboratory
practice.

Summary

The FSIS-Science laboratory performance evaluation is an ongoing com-
posite of several approaches. It relies heavily on a strong laboratory quality
control program, interlaboratory and intralaboratory check samples, and
laboratory audits and audit check samples. New ideas and procedures will be
added in the future to further strengthen the program.



International Evaluation and Accreditation



David H. Stanger'

The Development of National
Laboratory Accreditation Schemes
with International Acceptance in Mind

REFERENCE;: Stanger, D. H., “The Development of National Laboratory Accredita-
tion Schemes with International Acceptance in Mind,”” Evaluation and Accreditation of
Inspection and Test Activities, ASTM STP 814, Harvey Schock, Ed., American Society
for Testing and Materials, 1983, pp. 147-152.

ABSTRACT: The development of the United Kingdom’s National Testing Laboratory
Accreditation Scheme is used as an example of the progress being made to effectively
coordinate existing approval agencies so as to minimize the burden on laboratories
being accredited while maximizing the benefits derived from accreditation schemes.
Also discussed are the support required from governments and the role of the Interna-
tional Laboratory Accreditation Conference.

KEY WORDS: laboratory accreditation, International Laboratory Accreditation
Conference, National Testing Laboratory Accreditation Scheme (United Kingdom)

The main thrust of this paper will be to identify the progress being made to
effectively coordinate existing approval agencies so as to minimize the
burden on laboratories being accredited while maximizing benefits derived
from accreditation schemes, thus promoting uniformly acceptable standards
of laboratory accreditation in the interests of national and international
trade.

The views expressed in this paper are those of the owner of an independent
testing laboratory that has provided a materials consulting and laboratory
testing service throughout the world since 1874 and will include comment on
the following topics:

® The support required from governments, with particular reference to
the custodians of national standards.

® The development of the National Testing Laboratory Accreditation
Scheme (NATLAS), the British accreditation scheme first announced by the
British government on 30 June 1980.

® The role of the International Laboratory Accreditation Conference
(ILAC).

' Managing Director, Harry Stanger, Ltd., Elstree, Herts., United Kingdom.
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The Role of Governments

At the time of the first conference of ILAC in Denmark in 1977 there ex-
isted only three operational national accreditation systems, in Australia,
Denmark, and New Zealand, with the National Voluntary Laboratory Ac-
creditation Program (NVLAP) in formation by the U.S. Department of
Commerce. It was of particular significance that during ILAC/80 eleven
countries reported current developments of their individual national accredit-
ation schemes. Written reports were received by the conference from Canada,
France, Indonesia, Japan, Mexico, West Germany, New Zealand, the United
Kingdom, and Czechoslovakia.

Recognizing that the legislation concerning trade between nations con-
tinues to become more complex, it is of even greater importance to prove
product performance. This, in part, can be provided by the production of an
authoritative laboratory report. It is therefore in the interest of nations to
form schemes that will allow laboratories to apply for national recognition.
With national support, laboratories will be able to play a significant part in
the development of international trade.

Firstly, it is of fundamental importance that nations drafting national ac-
creditation regulations and procedures compile their documents with inter-
national acceptance in mind. It is an opinion that incorporation of the Inter-
national Organization for Standardization (ISO) Guide 25 (Guidelines for
Assessing the Technical Competence of Testing Laboratories) would be the
cornerstone for achieving that acceptance.

Secondly, the area of support that laboratories seek from government is
for funding to launch national accreditation schemes. Laboratories will join
national schemes for commercial reasons and, therefore, do recognize that
they will be required to share the financial burden. However, in the initial
stages of the development of a national scheme, it is essential that govern-
ments provide adequate funds to cover the initial administrative costs.

Thirdly, the point where government, and only government, can play a
leading role is the establishment of national standards of measurement.
Within the United Kingdom, the National Physical Laboratory is responsi-
ble for this duty and, in turn, provides substandards through various organi-
zations. In years gone by, minimal demands have been made on those bodies
holding the national standards but national accreditation schemes are now
demanding, rightly, traceability back to national standards. It is therefore
beholden upon governments to ensure that a commercially oriented service
is provided by the custodians of national standards to support the national
laboratory accreditation scheme.

NATLAS

As was stated at the beginning of this paper, the secretary of state for in-
dustry, Sir Keith Joseph, announced in the House of Commons on 30 June
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1980 the government’s intention to launch the National Testing Laboratory
Accreditation Scheme. Prior to that date, the secretary of state had at his
disposal the Advisory Council for Calibration and Measurement. The secre-
tary of state extended the terms of reference of the Advisory Council to in-
corporate the development of a National Testing Laboratory Accreditation
Scheme. The Advisory Council formed a Steering Committee and at the time
of compiling this paper (27 January 1981) the Steering Committee had met
on six occasions. In addition, specialist subcommittees have convened cover-
ing criteria to be met by laboratory assessors, the training requirements for
laboratory assessors, and the criteria to be met by testing laboratories.

The work of the Steering Committee was presented to the Advisory Council
during February 1981 and the scheme was launched by the British govern-
ment in October 1981.

It is true to say that the Steering Committee has been very conscious of the
fact that for the scheme to be successful a number of parameters must be
met, which, in turn, would encourage laboratories to apply for accreditation.
The scheme must be designed to limit costs for all parties concerned; be de-
signed with international acceptance in mind (in this regard, the definitions
and terms of ISO Guide 25 have been adopted). The scheme will invite exist-
ing accrediting bodies to initially provide assessors for the national scheme,
with the ultimate aim that NATLAS shall take over the duties of the existing
accrediting bodies. Recognizing that the scheme is voluntary, only time will
establish the true commercial value of NATLAS and whether the existing
agencies are prepared to hand over the duties they currently cover to a na-
tional scheme. The draft documents so far produced leave absolutely no
doubt that the working arrangements within laboratories must certainly
have a more formal approach than exists at present.

It is to be borne in mind when compiling criteria for an accreditation
scheme that the levels of manpower and facilities vary considerably from one
laboratory to another. This can best be illustrated by the staffing levels exist-
ing within testing laboratories both in the United Kingdom and the United
States, where the numbers of staff range from two to 900, with 60% of the
laboratories employing under 25 staff per laboratory. With these data in
mind, it is essential that accrediting authorities tailor their regulations and
administrative requirements to a level that, on the one hand, provides an ac-
ceptable standard for a national scheme and, on the other hand, does not
burden laboratories with excessive administrative functions.

ILAC

As a result of discussions between Denmark and the United States,
ILAC/77 was held in Copenhagen, resulting in the formation of three task
forces. These task forces reported to ILAC/78, which was held in Washing-
ton, D.C., from which this second conference gave terms of reference to
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three other task forces and called upon their chairmen to produce formal re-
ports for evaluation by a conference to be held in Paris in 1980.

At the request of the Australian delegation and their National Association
of Testing Authorities (NATA), a meeting took place in Australia in October
1979, to coincide with the retirement of Mr. H. F. Monaghan, who had been
registrar of NATA for 30 years; thus ILAC/79 was held to review the work
of the three task forces. ILAC/80, held in Paris in October 1980, received the
full reports of the three task forces. The terms of reference of the three task
forces were established during ILAC/78 and, in part amended during
ILAC/79 and were as follows.

Task Force A

This task force was directed to continue its study of the legal data it had
received and to examine the extent to which national testing laboratory ac-
creditation systems could grant accreditation to foreign laboratories. It was
also asked to examine the reasons for granting or withholding accreditation
of foreign laboratories, and any difficulties that may have arisen in such
granting or withholding of accreditations. In addition, the task force was
asked to list the legal problems that may be created by international recogni-
tion of testing laboratory accreditation systems.

At the Sydney conference, Task Force A was instructed not to investigate
the issues of product liability or the implementation of international agree-
ments or technical barriers to trade. As a direct result of pressure from many
delegations, the recommendation from Task Force A that a model law be de-
signed was withdrawn during the debate on its report. It was generally
agreed that the contents of that report would be of value to countries devel-
oping bilateral agreements and some delegates wished to see the report dis-
tributed to all major international bodies. The conference noted that there
appears to be no “forbidding” law, but there exist many legal problems
when entering into bilateral negotiations,

Task Force B

ILAC/79 asked Task Force B to continue its work in the light of the dis-
cussion at the conference, and further “to review and, where necessary, to
revise criteria for entry into the Directory of National Testing Arrangements
and Testing Laboratory Accreditation Systems, noting reasons for adoption
of those criteria.

“To advise NATA on preparation of a second draft of the Directory, for
consideration by ILAC/80.

“To include in its report to ILAC/80 on those matters, referred to:

(i) Problems encountered in collecting and presenting Directory
information.
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(ii) Estimates of costs and size of the Directory.
(iil) Proposals for maintenance and dissemination of the Directory.

and further, that Task Force B be asked to note that responsibility for com-
parison of criteria for accreditation of laboratories used by national testing
laboratory accreditation systems has been allocated to Task Force C.”
After a number of delegations, including those of France, Italy, the
Netherlands, and West Germany had expressed views that might have de-
ferred the production of the Directory, the conference agreed that the Direc-
tory should be published on a commercial basis in time for distribution at
ILAC/81 and that entries were to be submitted by 1 Feb. 1981 to the edito-
rial committee who, in turn, would act as the liaison to the publishers.
The debate left unresolved the commercial use of the title “ILAC.”

Task Force C

ILAC/79 redefined the task force’s terms of reference as follows:

(a) To undertake a comparison of criteria used by a representative selec-
tion of testing laboratory accreditation systems in assessment of testing lab-
oratories, as a basis for a recommendation to ILAC/80 on minimum criteria
for international recognition of test reports.

(b) To recommend a basis for proposals by ILAC for further development
of ISO Guide 25 and the ASTM Practice for Generic Criteria for Use in the
Evaluation of Testing and Inspection Agencies (E 548).

(c) To provide the chairman of ILAC with guidance and assistance in the
nomination of qualified persons to participate in the work of ISO/CERTICO
(Committee for Certification of International Standards Organizations) in
the development of definitions required for testing laboratory accreditation
purposes (ILAC/79 Resolution 3.2.).

The task force considered its terms of reference and interpreted paragraph
(a) to be an instruction to develop a framework under which laboratory ac-
creditation organizations would be able to study and compare themselves
systematically with other systems and thus develop mutual recognition with
these other bodies. Such recognition would, in turn, lead to international re-
cognition of test reports, but the task force did not consider its task to be
that of developing criteria for the acceptance of test reports as such.

Apart from that amendment, which was regarded as a clarification only,
the task force accepted its terms of reference.

Summary

The delegates at ILAC/80 were in general agreement with the framework
for the comparison of criteria for laboratory accreditation systems and rec-
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ommendations were made for their work to be further developed and ex-
tended into the areas of quality control manuals and calibration.

For those directly involved with the services provided by test laboratories,
encouragement can be drawn from the fact that ILAC/80 received more
delegations than ever before. With the arrival of China, Czechoslovakia, and
Bulgaria, the conference enjoys the attendance of delegations from all parts
of the world. The active participation of an ever-increasing number of inter-
national bodies makes a valuable contribution towards the development of
the objectives of ILAC.

That ILAC/80 set aside a complete session for the announcement of new
national laboratory accreditation schemes or the development of existing
ones is a further indication of the increasing importance being given by na-
tions to laboratory accreditation.

It will only be those who actually attended ILAC/80 in Paris or ILAC/79
in Sydney, Australia, who can be fully aware of the fragile and, on occasions,
highly charged environment within which ILAC operates. The vast majority
of delegations endorse the continuation of ILAC in its present non-
incorporated status; however, the total lack of rules, including voting proce-
dures, makes progress at all times difficult and all too frequently impossible
when delegations adopt a “negative” position.

The British accreditation scheme, NATLAS, is being developed within an
acceptable time frame and, rightly, considerable emphasis is being placed on
the standard required of assessors. On a worldwide basis, capacity within lab-
oratories in the private sector can, as has been proved in the past, be capable
of rapid expansion. Governments must be encouraged to recognize and uti-
lize the special value of independent testing laboratories within their interna-
tional trade policies.
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ABSTRACT: With the increase in the diversity of dairy products and their specifica-
tions, the laboratories of New Zealand dairy companies are accredited as the govern-
ment’s agent to test their products to establish their quality for export. In order for gov-
ernmental bodies like the Dairy Division to accredit these factories and to guarantee
their results, all laboratories seeking this status are required to participate in the inter-
laboratory comparison program.

The interlaboratory comparison program sends up to 9 different dairy products a
month to over 60 dairy company laboratories in New Zealand for the entire dairy sea-
son. The activity is coordinated at the national coordinating laboratory while the
agency-certified laboratories are under the direct control of 4 regional reference lab-
oratories, depending on their geographical position.

The agency-certified laboratories analyze the product, the results of which are sent
to the coordinating laboratory via the regional reference laboratories. The regional ref-
erence laboratories scan for gross errors and scrutinize the agency-certified laborato-
ries results using preliminary means.

The national coordinating laboratory analyzes these results for statistics (bias, vari-
ability, and consistency) and returns the results to the agency-certified laboratories
and the regional reference laboratories. Control charts of their performance are also
distributed to aid the quality control function of the agency-certified laboratories.

KEY WORDS: dairy industry, interlaboratory comparisons, quality control, statistical
analysis

The necessity for the New Zealand dairy industry to diversify its product
range and change from traditional markets in the United Kingdom to a new
market area created the need for a new quality control system. Traditionally
analysis and certification of all exported dairy products was performed by
the New Zealand government.

The bulk of the load has now been shifted to the manufacturing companies,

' Superintendent, National Dairy Laboratory, Ministry of Agriculture and Fisheries, Welling-
ton, New Zealand.
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who perform the analyses while the government oversees their work and
guarantees the results.

A system of accreditation was devised to cover 9 basic dairy products hav-
ing 202 specifications and requiring 20 different analyses. The system is
based on method standardization, laboratory inspection and licensing, ana-
lytical performance evaluation based on production, analytical comparisons
of “official”’ samples, and an interlaboratory comparison program (ILCP).

Interlaboratory Comparison Program

The main objective of the interlaboratory comparison program is to assist
the New Zealand Dairy Division agency certification scheme in its function
of maintaining and monitoring the analytical accuracy and integrity of agency-
certified laboratories.

The ILCP accomplishes this by providing:

1. Information on analytical performance of participating laboratories to
supplement data obtained by routine product analysis comparison.

2. An independent external monitoring system whereby participating lab-
oratories can accurately assess their own analytical performance.

3. An effective mechanism for the early detection of and response to ana-
lytical problems.

4. A constant surveillance of national analytical standards in order to
maintain uniformity within the Ministry of Agriculture and Fisheries Dairy
Division and within industry, and provide impetus to improve analytical
standards.

5. A wealth of statistical data giving an in-depth insight into the nature of
analyses, together with their variances, reproducibilities, and limitations.

During 1980 and 1981, 65 dairy factory laboratories and 7 Governmental
dairy laboratories participated in the ILCP. Nine different dairy products
were analyzed and over 80000 analyses were performed.

The ILCP operates on a monthly basis during the entire dairy season,
which allows a periodic check on the analytical performance of agency-
certified laboratories.

Historical Aspects of the Interlaboratory Comparison Program

When the ILCP was introduced to the dairy industry in 1977, considerable
opposition and uncertainty was generated. This was because of the increased
workload imposed on the factories by the program and also because some-
body was monitoring the analytical capability and integrity of agency-certified
laboratories. These negative attitudes were due to the failure of'the Dairy
Division to impress on the producers the relevance of the program as a quality
control check for the manufacture of a high-quality product. The value of an
independent body to assess the performance of dairy product laboratories is
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vital to the credibility of their results and analysis. For a national program to
work successfully, the input and cooperation of the industry was essential.
Therefore we had to do considerable groundwork to establish a working
group, determining the range of analyses and the required accuracy, selecting
analytical methods, estimating within-laboratory precision by statistical
analysis, setting up quality control charts, checking between-laboratories
bias, and providing feedback of information to participating laboratories.

Once the program had been running for a period, constant improvements
were made to overcome the shortcomings and inefficiencies of the system.
Some early faults involved:

1. Dispatch of samples, sample integrity, types of products, and range of
attributes.

2. Computation of results and the selection of an appropriate statistical
method.

3. Feedback of results; turnaround time is an important factor for man-
agement of agency-certified laboratories.

For systems such as the ILCP to be successful, the communication between
participating laboratories and reference laboratories must be clear and direct.
The system must be simple and the results of the analysis understood and
used as a management tool.

The Interlaboratory Comparison System

The three elements involved in the ILCP are agency-certified laboratories
(ACL), regional reference laboratories (RRL), and the national coordinating
laboratory (NCL). Their relationship is shown in Fig. 1.

AGENGY GERTIFIED L ABORATORY
1

res]ults1
AGENGY CERTIFIED{
LABORATORY 2
samples T
results 2
REGIONAL REFERENGE
L ABORAT ORY sampies
all results 3
results !
AGENCY CERTIFIED
LABORATORY 3
samples samples
NATIONAL GO - ORDINATING
LABORATORY

FIG. 1—The interlaboratory comparison system.
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Staff and Their Functions in the ILCP

The national coordinating laboratory has a number of scientists and tech-
nicians to carry out the functions of the ILCP. This involves policy making,
planning, and the maintenance of the program. The NCL is also responsible
for the data analysis of all the results generated and communicates this in-
formation to the ACLs and RRLs.

The regional reference laboratories have a scrutiny officer to organize the
ILCP and communicate with the ACLs from his region. He is also responsible
for the distribution of control charts from the results of the ILCP and any
follow-up actions in his region. The ACLs perform the tests in the ILCP and
the laboratory managers communicate the results to the RRLs. The managers
ensure that the tests are performed under routine conditions following
standard methods and that the results are timely.

ILCP Operation

The ILCP operates on a monthly basis during the entire dairy season.
During the first week of the month, samples are dispatched to all regional ref-
erence laboratories. The samples are tested and results obtained.

Two weeks later, the same samples are dispatched to all agency-certified
laboratories, with the results due back to the regional reference laboratory
within two weeks.

Meanwhile, the results from the RRLs are scrutinized for fit by the NCL
and a set of preliminary means (see below) is released to the RRLs.

The RRLs use these preliminary means as a quality control check on the
ACL results. When all the ACL results are handed in, they are then sent to
the NCL for data analysis and computation. A computer printout of the re-
sults with national averages, regional laboratory averages, and factory per-
formance will be distributed to all participating factories.

Maintenance of the Program

There are nine different dairy products handled in this program (Table 1),
and considerable planning is required in the acquisition, pretesting, blending,
packaging, and storage of the products. It is important to ensure that the
composition characteristic of the products are accurate and the products are
homogenous, and also that there is a reasonable range of variables in the
analysis.

TABLE 1—Products dispatched in the ILCP.

High-Fat Products Low-Fat Products Protein Products
High-fat milk powder buttermilk powder casein
Butter skim milk powder caseinate
Anhydrous milk fat (AMF) lactalbumin

cheese
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The products, with the exception of butter, cheese, and AMF are sacheted
in 170-g and 90-g lots in plastic-coated aluminum foils.

Initial Quality Control Check (Preliminary Means)

The ILCP is an information generation system and the use of computers
to process data helps in the reduction of turnaround time. At present we
have access to computers only at the NCL; this results in a turnover time of
about five to six weeks in the ILCP. In the near future, an interactive computer
terminal system of data entry will be available at the RRLs; this will signifi-
cantly reduce the editing and transmission times for the information flow.
However, to overcome the present difficulties the RRLs use a preliminary
means scheme, whereby each RRL will pretest the next month’s ILCP sam-
ples in advance and thus obtain a preliminary mean. The means are then
scrutinized for closeness of fit by the NCL. A preset limit (obtained from the
past season’s analysis of the test) is used, and the raw data are subjected to
transformation to ensure a normal distribution of data. If the standard devi-
ations of the RRLs are acceptable then the preliminary means are released.
Thus when the ACLs perform the tests and send the results to the RRLs, an
immediate feedback of information to the ACLs is effected by using the pre-
liminary means system.

Typical preset limits used to obtain the preliminary means are listed in
Table 2.

Data Analysis and Statistical Evaluation

Once the data of the ACL arrive at the RCL the results are processed by
the data entry staff. For the chemical tests the data are analyzed separately
for each product, but for the microbiological tests, the data are combined
across products. Each factory’s performance for each test is measured by
calculating three statistics, bias, variability, and consistency.

The results for each factory are compared with the results from the four
RRLs for the corresponding sample. The results are transformed where ap-
propriate to make the distributions of the data more nearly normal (Gaussian)
and the variability independent of the mean.

The difference between the factories’ results (transformed if necessary)
and the average of the four RRL’s results is scaled by a standard deviation

TABLE 2—Regional reference laboratory preliminary means for high-far milk powder.

Type of Transformation Preset Limit
Test Used with Raw Data Standard Deviation
Fat square root 0.04
Moisture square root 0.043
Acidity square root 0.015

Solubility index square root 0.07
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that has been determined from the between-RRL results over many samples
and several years.

These differences for the various samples, called standardized deviations,
are combined across samples to obtain measures of the average bias and the
variability of each factory’s results for each test relative to the RRL’s results.

Bias

The measure of bias printed is actually a measure of the significance of the
test of the hypothesis that the bias is zero. Hence it measures the confidence
one has that there is bias rather than the size of the bias. The statistic used is
3n"? X average of standardized deviations (# = number of samples), which
has as its distribution three times a standardized normal distribution (when
the true bias is zero). The multiplying factor of 3 was simply used so that a
test significant at the 0.1% level would have a value of 10 or greater and
therefore stand out.

Consistency

Because of the problem that one grossly biased value among a series of
good resuits would have an unduly large effect on the bias measure, a non-
parametric test was also used. This test simply looks to see whether or not
the standardized deviations for a particular factory for a particular test are
too often positive or too often negative. The statistic used is

3(P—NY(P+ N2
where

P = Number of positive deviations.
N = Number of negative deviations.

This has approximately a null distribution of three times a standardized
normal distribution.

Variability

As well as looking to see whether a factory is obtaining a biased result on
average over several samples, the scheme looks at the variability among the
standardized deviations to obtain a measure of the variability of the factory’s
results relative to the RRL results. The obvious measure for this is the sum of
the squared deviations about their mean. The sum of squares S will have a
chi-squared distribution, assuming the data are normal and the standard de-
viation of the factory’s results equals the fixed standard deviation used in
calculating the standardized deviations. For ease of interpretation, this sta-
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tistic is transformed into one that has roughly three times a standardized
normal distribution. The transformation used is

3[28)* — 2n — 3)'")

where n is the number of samples.

Coliforms and Fungi

For all the chemical tests and the standard plate counts, one of three trans-
formations (none, square root, log) was found to normalize the data. But for
the 0, 1 coliform data and the fungi data, no such transformation was possible.

For the coliform data, a standardized deviation for each sample is calcu-
lated as

[(m+ Dx — S§]
[s(m + 1 — )"

(§#0,m+1)

where

m = Number of laboratory results (=4 usually).

x = Factory result (0 or 1).

s = Sum of laboratory results and factory result—number of positives
out of m+ 1

If S =0 or m+ 1 (if all results are the same), the sample is excluded.

This can be shown to have approximately a standardized normal distribu-
tion. It can be thought of as the difference between the factory result and the
average of the RRL results standardized by the standard deviation of this
difference conditioned on the observed s. These standardized deviations are
used as stated previously.

The inconsistency of the fungi data meant that a nonparametric approach
was necessary. The result for each factory is ranked with the corresponding
results from the RRLs. The difference between the rank for the factory and
the average for the RRLs is again standardized by the standard deviation for
this difference to produce a statistic

2r—m-—2)
[4R — (m + 2)11*
where
r = rank of factory result,
m = number of RRLs, and
R = average of squared ranks of all m + 1 results.
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Again the standardized deviation has an approximate normal distribution.
Examples of typical information given in computer printouts are depicted
in Tables 3 (chemistry) and 4 (microbiology).

Control Charts

The results of these samples are plotted on a control chart to give trends
depicting performances of the various factories. The action limits for the
tests are dependent on the tests and these are given in a manual called the
Standard Operating Procedures for Agency Certification.

Follow-Up Action

When a participating laboratory shows a consistent bias or gross deviation
in any tests or a series of tests, follow-up action is taken up by the RRL staff.
Methodology, test techniques, and other factors are inspected; ILCP has been
successful in many cases in detecting and offering solutions to these problems.

TABLE 3—Typical chemistry data from ILCP.*

Sample Fat Moisture WPNI® Acidity Solubility

Sample |

ACL result 1.4 3.8 6.5 0.125 0.1

RRL average 1.3 3.8 6.4 0.129 0.1

National average 1.1 3.7 6.0 0.125 0.1
Sample 2

ACL result 1.0 43 2.0 0.135

RRL average 0.9 43 1.8 0.140

National average 0.8 4.2 1.8 0.135
Sample 3

ACL result 1.0 4.2 35 0.125 0.4

RRL average 0.9 4.1 34 0.129 0.4

National average 0.8 39 33 0.124 0.3
Sample 4

ACL result 1.2 4.4 57 0.125 0.1

RRL average 0.9 44 5.6 0.129 0.1

National average 0.9 4.3 53 0.124 0.1
Sample 5§

ACL result 1.2 5.0 5.0 0.130 0.1

RRL average 0.7 5.0 4.3 0.132 0.1

National average 0.8 4.8 44 0.129 0.2
Month® B Vv C B v C B v C B v C B v C

This 12 5 7 1 -5 3 9 3 7 -3 =7 =7 -12 23 =3

Overall 24 —5 20 12 -11 13 13 19 9 -1 —-19 -5 -3 14 1

“Data given are for Region 2, Factory 2, 1979, Month 8.

®WPNI = whey protein nitrogen index.

“ For this month, number of samples = 5. Overall = cumulative data for the entire dairy season; number of
samples = 44. B = bias, V = variability, and C = consistency.
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TABLE 4—Typical microbiology data from ILCP.”

Sample SPC Coliform Fungi

Sample 16

ACL result 200 0 3

RRL average 140 0000 1

National average 93 0/30 1
Sample 17

ACL result 180 0 10

RRL average 140 1000 1

National average 138 4/30 1
Sample 18

ACL result 160 0 8

RRL average 140 0000 1

National average 106 0/30 1
Month® B V C B V C B V C

This 1 —4 5 -1 0 -3 8§ =5 §

Overall 8 1 6 —4 -4 -7 -1 0 =2

“Data given are for Region 3, Factory 632, 1980, Month 4.
For this month, number of samples = 3. Overall = cumulative average for the entire dairy
season; number of samples = 16. B = bias, V = variability, and C = consistency.

Conclusion

In conclusion, the ILCP plays an important role in the accreditation of
dairy laboratories in New Zealand by monitoring the performance of these
factories. The performance of individual analysis is depicted as bias, variabil-
ity, and consistency and accumulated for the entire season. Using information
from other sources (factory inspection, official samples) the Dairy Division
can piece together a complete picture of the ability of any ACL to perform
agency-certified analyses.

To effect a quick feedback to all participating laboratories, a preliminary
means system is used that is based on the scrutinized average result of the
four regional reference laboratories. This permits the agency-certified lab-
oratories to know their performance in about ten days. Timely management
information is the key to success in any quality control system. The ILCP is
an accepted quality control tool in the New Zealand dairy industry and is ef-
fective in the detection of analytical errors in participating laboratories.
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The Standards Council of Canada (SCC) is a statutory corporation
created by an act of Parliament in 1970 (the Standards Council of Canada
Act). However, it is important to emphasize that it is not a government
agency nor are its employees public servants. In effect, the council is inde-
pendent of government in its policies and operation, although it is financed
by a grant from the federal government and reports to Parliament through
the minister of industry, trade, and commerce.

The council consists of 57 members, 6 of whom are from federal govern-
ment departments, 10 from provincial governments (one from each prov-
ince), and 41 from the private sector. These latter members are nominated by
a wide variety of national associations (industrial, professional, consumer,
etc.) who have interests in the field of standardization.

! Manager, Certification and Testing Division, Standards Council of Canada, Ottawa, Ont.,
Canada.

162

C,opyright© 1983 by ASTM International www.astm.org



ROUE ON STANDARDS COUNCIL OF CANADA 163

The prime objective of the council (as stated in the Standards Council Act)
is to foster and promote voluntary standardization “as a means of advancing
the national economy, benefiting the health, safety, and welfare of the public,
assisting and protecting consumers, facilitating domestic and international
trade, and furthering international cooperation in the field of standards.”

An important consideration made clear in the Act is that the Council will
““to the greatest extent practicable make use of the services and facilities of
existing organizations in Canada engaged in standards formulation testing
and certification.”

The council was not created with the intent of duplicating the expertise
and facilities of existing organizations. It does not itself prepare, write, or
publish standards. These functions are performed by the Standards-Writing
Organizations (SWOs), which are accredited by the council in accordance
with approved criteria. Similarly, while the council does not operate certifi-
cation programs or possess testing laboratories, it is empowered to accredit
organizations in these areas in accordance with criteria that it develops.

Council policy decisions are implemented by an executive director and
staff, who are also responsible for all administrative and operational
matters.

National Standards System

A brief reference may help to clarify the relationship of the testing accredi-
tation program to the National Standards System (NSS). The NSS is formally
defined as ““a federation whose components are accredited standards-writing,
certification, and testing organizations, the Canadian committees concerned
with international standardization, and the Standards Council of Canada.
The system provides a coordinated approach to the development and ad-
vancement of voluntary standardization in the national interest.”

Thus, the major components of the NSS are:

The Standards Council of Canada.

The Canadian National Committee of the International Organization for
Standardization (CNC/ISO).

The Canadian National Committee of the International Electrotechnical
Commission (CNC/IEC).

Accredited standards-writing organizations (SWOs).

Accredited certification organizations (COs).

Accredited testing organizations (TOs).

Background of Program

Before discussing the details of the Standards Council’s accreditation pro-
gram for testing organizations, and the criteria it has developed, it might be
helpful to give a brief review of the background of the program with references
to its scope and limitations.
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The objective is to provide an accreditation program in support of product
and technical testing in all fields. However, it should be noted that the National
Research Council of Canada is responsible for maintaining Canada’s national
metrological standards, while the Department of Consumer and Corporate
Affairs is responsible for regulating and inspecting measuring devices used in
trade.

Several federal government departments conduct programs to determine if
manufacturing and service organizations are qualified in accordance with
legislated requirements or, in other cases, with specific contract specifica-
tions. The Department of Health and Welfare is an example of the first case
in its administration of the Food and Drug Act. Under the act the manufac-
ture of drugs is strictly regulated and the production and testing facilities, as
well as the qualifications of employees, must meet certain requirements. The
Department of National Defence (DND) is an example of the second case.
Manufacturers wishing to bid on certain types of defense contracts must apply
to the department to have their testing facilities inspected and, provided they
meet the requirements specified by the department, are then listed in a direc-
tory of DND-recognized facilities.

The Department of Supply and Services also operates a laboratory quali-
fication program, which is limited to laboratories capable of testing products
to federal government procurement specifications.

With respect to the activities of these federal government programs for lab-
oratory ‘‘qualification’ (accreditation), it is noted that the SCC act does not
give the Standards Council authority in any area expressly provided for in
existing legislation.

In addition to government activities in laboratory qualification there are
also some programs operated by nongovernment agencies. One example is
the standard Qualification Code for Concrete Testing Laboratories (CSA
A283-1974). This standard was developed by the Canadian Standards Asso-
ciation, which is an accredited standards-writing organization of the National
Standards System.

One point to be stressed is that the council program for the accreditation
of testing organizations envisages testing as a function in itself. The purpose
is to develop a voluntary accreditation program that will identify those or-
ganizations that are competent in their fields of testing and also promote a
general improvement of testing services in Canada. The concept is to provide
a system that will permit competent organizations in all fields of testing to
qualify for national accreditation. This would include calibration services,
testing for product development, research, and control monitoring as well as
testing in support of certification programs. It is anticipated that the pro-
gram will eventually minimize duplication in the area of laboratory accredi-
tation programs.

While it is noted that the program will be eventually financially self-
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supporting, it is realized that this goal cannot be achieved in the early stages.
This point is discussed later.

Accreditation Criteria and Procedures

At its 21st meeting on 5 June 1978, the council approved a policy docu-
ment entitled Criteria and Procedures for Accreditation of Testing Organiza-
tions (CAN-P-4, June 1978). This document was developed by the Council’s
Advisory Committee on Certification and Testing (ACCT).

The ACCT consists of 24 members, including the chairman, who is nor-
mally a member of Council. Its terms of reference, inter alia, are to advise the
council on policy matters regarding certification and testing, including the
implementation phases of the accreditation programs in these areas. Its
membership includes representatives of federal and provincial government
departments and regulatory agencies. From the private sector representation
is provided from certification, testing, and consumer organizations as well as
from various industrial and trade associations.

CAN-P-4 consists of a foreword, preface, nine sections, and three annexes.
The sections cover scope, applicability, definitions, eligibility, application,
procedure for accreditation, maintenance of accreditation, withdrawal of ac-
creditation, and criteria and requirements for accreditation of testing organ-
izations. The annexes provide details of application procedures, withdrawal
of accreditation, and fields of testing.

Section 9, on testing organizations, includes the following seven criteria:

Criterion 1—The organization shall have the ability to operate and main-
tain a testing capability to perform the tests and examinations for which it is
requesting accreditation.

Criterion 2—The organization shall be managed by staff with knowledge
of standards and related matters of philosophy, policy, and techniques and
shall be structured administratively so as to be capable of maintaining rec-
ords and providing adequate reports.

Criterion 3—The organization shall have technical expertise and profes-
sional competence in the pertinent field of testing and examination for which
accreditation is sought.

Criterion 4—The organization shall be adequately equipped with facilities
to carry out tests and examinations in the pertinent fields of testing. This
does not preclude appropriate use of outside facilities.

Criterion 5—The organization shall have documented and acceptable
procedures for:

(a) Maintaining records and reporting test data.
(b) Maintaining appropriate confidentiality.
(c) Maintaining appropriate standards of accuracy.
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(d) Calibration of test equipment.

(e) Tracing all calibrations to the appropriate national standards.
(f) Consideration and settlement of complaints or appeals.

(g) Monitoring the test work done by its testing personnel.

Criterion 6—The organization shall be prepared to allow examination of
records and procedures in the fields of testing for which accreditation has
been granted or is being sought and to allow verification of the accuracy of
results by the Standards Council of Canada.

Criterion 7—The organization, if dependent upon manufacturing or sup-
plier interest, shall have an established and acceptable system of independent
surveillance.

CAN-P-4 is, in essence, a generic document in that its criteria and re-
quirements must be met by any applicant seeking accreditation regardless of
the field, or fields, of testing in which it is engaged. Field of testing is defined
as ““a range of related testing activities as defined by the Standards Council
of Canada.” In Annex C to CAN-P-4 the fields are listed as chemical, electrical,
mechanical, nondestructive, and physical testing. It is recognized that as the
program develops there may be a need to increase the number of fields.

The *‘field”” approach was selected as being the most flexible to accomo-
date the program concept and to minimize the administrative procedures in-
volved in the evaluation and assessment of applications and facilities.

Implementation of the Program

In approving CAN-P-4 the council also authorized the Advisory Commit-
tee on Certification and Testing to proceed with the development of evalua-
tion procedures and to conduct a limited program, primarily to verify the
procedural aspects and to obtain realistic cost estimates. From those organi-
zations expressing an interest in participating in this program a representa-
tive sample of four was selected and evaluation in accordance with the provi-
sions of CAN-P-4 commenced. In June 1981, the council approved the
accreditation of two testing organizations—one in the mechanical and chem-
ical fields (textile technology) and one in the electrical field (electronic
components).

Based on the response to the program and the experience gained from the
limited program, the council approved a national program in October 1980.
In approving this program the council directed that a conservative approach
be taken consistent with existing resources. Thus, the program will be ini-
tiated with a low growth rate and will be reviewed in all its phases before the
end of the fiscal year 1983-1984 in order to recommend improvements as
requisite. Subsequent to the announcement of the national program a
number of applications were received and several other testing organizations
have expressed an intent to apply.
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Accreditation of testing organizations is a two-level procedure. As men-
tioned before, the first level consists of compliance with CAN-P-4, which is
basically a generic document. The second level is defined by supplementary
documents related to that portion of the specific field (or fields) for which
the applicant has requested accreditation. These supplementary documents
may be established standards, specifications, or specific requirements. It will
be the responsibility of the applicant organization to supply this documenta-
tion and in so doing to identify those portions of the fields of testing con-
cerned for which it claims competence and for which it is requesting accredi-
tation. Evaluation for both levels will be in accordance with the procedures
developed by ACCT.

It is intended that a directory of accredited testing organizations will be
published. This directory will list details of those fields (including classes of
tests) for which each organization has been accredited. In addition, notices
of accreditation will be included in the council’s quarterly publication
Consensus.

Program Administrative Procedures

For the purposes of the limited program, the Advisory Committee on Cer-
tification and Testing (ACCT) established a three-member Testing Accredi-
tation Subcommittee (TASC), which was responsible for the review and eval-
uation of applications for accreditation and for making recommendations to
the advisory committee. The TASC was also authorized to arrange for the
services of specialist assessors as requisite. Although no problems were en-
countered in obtaining qualified assessors it was found that a three-member
committee was too small, particularly if the question of conflict of interest
arose. Approval was therefore obtained to increase the membership to a
minimum of five (with a maximum of twelve). In addition to eliminating the
problem mentioned above, this will allow for a wider range of professional
expertise which, augmented by the assessors’ specialized knowledge, will give
a broader and more balanced approach to the committee’s recommendations.

As part of its task the TASC also developed two preliminary documents—
Guidelines for Application (CAN-P-1510) and Administrative Procedures
(CAN-P-1511) for use in connection with the limited program. The reconsti-
tuted TASC has under development a document (CAN-P-1510A) that com-
bines these two preliminary documents. Other documents under develop-
ment include a revised Guidelines for Assessors and an informational
publication that will describe the program in general terms.

Consideration was given to the formation of a separate accreditation sub-
committee for each field (five) but it was decided that for administrative and
financial reasons this approach was not justified, particularly in the initial
stage of the national program. However, this, among other aspects of the
program, will be reviewed at a later date.
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Financial forecasts for the program have been based on the premise that
the assessors will be available on an actual expense basis—that is, that it will
not be necessary to pay consultant fees. So far this approach has proven sat-
isfactory. With reference to the assessors it is noted that the individuals se-
lected for a particular evaluation must be acceptable to the testing organiza-
tion concerned.

One administrative matter junder review relates to the approval proce-
dures. At present there exists a four-level committee structure through which
recommendations for accreditation must be processed:

1. Testing Accreditation Subcommittee (TASC)—five to twelve members.
2. Advisory Committee on Certification and Testing (ACCT)—24 members.
3. Executive Committee (EC)—nine members of the Standards Council.
4. Standards Council—57 members.

This, of course, is a time-consuming process, added to which is the fact
that council meets only twice a year. However, as the program develops and
all levels concerned have obtained more experience in the process it may be
possible to reduce this rather lengthy administrative channel by a suitable
delegation of authority.

The question of fees was the subject of considerable discussion. The cur-
rent agreed schedule is that application and annual maintenance fees of $500
each will be charged. These fees will be levied on an application basis, re-
gardless of the number of fields covered in any one application. While the
object is to have the program operate on a self-supporting basis, it is consid-
ered that this ideal will not be reached for some time to come. Once again,
this is a matter that is being kept under review.

Future of Program

The council’s national program for accreditation of testing organizations
is still in its embryonic stage. While the experience gained from the limited
program has been of considerable value, it is recognized that there is much to
be learned and a flexible rather than a rigid approach is indicated. The basic
document, CAN-P-4, may require amendment in the light of further expe-
rience. The growing trend towards the harmonization of accreditation criteria
in order to facilitate the recognition of test data on an international basis
may also generate changes.

It is anticipated that the program will assist in identifying those organiza-
tions that have demonstrated competence to perform tests in support of such
activities as research, product development, contract monitoring, and certi-
fication programs. Objectivity, impartiality, and accuracy are the major ele-
ments to be considered in establishing the credibility of an organization that
provides such testing services. The establishment of a list of organizations
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that have demonstrated their ability to comply on a continuing basis with
common agreed criteria and procedures that encompass those elements will,
it is believed, considerably enhance their status and recognition both nation-
ally and internationally, as well as being of considerable value to potential
users of their services.

The program for accreditation of testing organizations is a part of the
National Standards System which is, by definition, a voluntary federation of
organizations. The success of this program will depend to a large extent on
the response this program receives from both the participating testing organ-
izations and the users of their services. While it is still too early to determine
this response or to assess the impact on national testing activities, surveys
have indicated that there is a large potential interest.

Other Programs

In conclusion, the work of others involved in the field of laboratory
accreditation should be acknowledged. The pioneer work done by the National
Association of Testing Authorities of Australia (NATA) and their counter-
parts in the Testing Laboratory Registration Council of New Zealand
(TELARC) is noted specifically in this respect. In the U.S. close association
has been maintained with the U.S. Department of Commerce (DOC) and the
National Bureau of Standards (NBS) and the National Voluntary Labora-
tory Accreditation Program (NVLAP). The work of the American Associa-
tion for Laboratory Accreditation (AALA) has been also noted, as well as
that of the National Conference of Standards Laboratories (NCSL) in the
field of metrology.

In the United Kingdom the programs operated by both the British Stand-
ards Institution (BSI) and the British Calibration Service (BCS) have pro-
vided much useful background information. Liaison has also been main-
tained with the Executive of the National Testing Laboratory Accreditation
Scheme (NATLAS), sponsored by the U.K. Department of Industry.

Other national programs have been monitored through the International
Laboratory Accreditation Conference (ILAC) in whose work SCC has par-
ticipated since the first conference (ILAC 77) in Copenhagen. Membership
has also been provided on one of the ILAC task forces. The requirements for
international acceptance of test data resulting from the General Agreement
on Trade and Tariffs (GATT) Agreement on Technical Barriers to Trade
have been also recognized.
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It has been said that laboratory accreditation is an idea whose time has
come.

The idea itself, however, is anything but new. Types of approved test
houses have existed throughout the world for many years, serving special in-
dustries, groups of people, or interests. Examples of such specialized schemes
include approval and quality assurance programs operated by automotive
manufacturers and military purchasing authorities. The term accreditation as
now used, however, implies a more precisely defined evaluation process than
was used in most of these laboratory approval or registration systems.

The idea of establishment of a national laboratory approval system for
Australia was first proposed in the early 1920s, at the time of formulation of
the nation’s first science policy. The original concept envisaged a network of
government-operated laboratories that would provide for any necessary of-
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ficial testing. For various reasons, no action was taken until the early 1940s,
when, as an emergency measure, the Approved Wartime Test House Scheme
was introduced. This scheme permitted routine testing of war materials in
laboratories other than the official defense establishments and other gov-
ernment laboratories that had become severely overloaded as wartime pro-
duction soared. This scheme was truly a laboratory accreditation system.

After the war, the Munitions Supply Department stated that the Approved
Wartime Test House Scheme had enabled it to exercise adequate control of
the quality of materials bought in or manufactured by its own plants. The
success of the scheme demonstrated the possibilities of a broadly based lab-
oratory accreditation system incorporating industrial and commercial lab-
oratories. So, in 1947, the National Association of Testing Authorities
(NATA) was formed and embarked upon an experiment in laboratory ac-
creditation that had a number of novel features.

Firstly, this Australian system was designed to provide a national testing
service that would serve the needs of government, industry, and commerce,
and would have no scientific, technological, or industrial boundaries. If the
community had a need for a certain type of laboratory service, then the system
could provide the necessary accreditation.

Secondly, there would be no geographic limitations within Australia. The
system had to operate uniformly throughout a country approximately the
size of the United States and comprising six states and two territories.

Thirdly, the system was to be based on a unique method of assessment of
the competence of laboratories by a comprehensive examination of labora-
tory operations by independent experts. The assessment was to take the form
of a true peer group review with an emphasis on evaluation of management.
The word accreditation, currently enjoying considerable popularity in the
context of this and similar conferences, was not used in 1947, but the concept
on which NATA was based contained all those elements regarded as so essen-
tial today.

That the time has come for the idea is obvious by the international interest
shown in the International Laboratory Accreditation Conferences (ILAC) of
1977, 1978, 1979, and 1980. What was a bold experiment in 1947 is now
widely accepted as an obvious solution to a general problem.

In terms of development of secondary industry, New Zealand has tended
to lag behind Australia by about 15 to 20 years. It wasn’t until the early
1960s, therefore, that New Zealand seriously began to broaden its industrial
activity to complement its efficient and, at that time, extremely profitable
agricultural industries.

Government scientific and technological advisers realized that in any
modern industrial environment, quality control by manufacturers must be
an integral part of all production units and that the marketplace was showing
more and more interest in the quality of goods. These same advisers were
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quick to perceive that NATA had had a tremendous impact on the develop-
ment of measurement science and quality control practice in Australia.

By the early 1970s there was widespread agreement that a NATA-style or-
ganization would be valuable to New Zealand. So, in late 1972, the govern-
ment established its Testing Laboratory Registration Council, TELARC. It
was anticipated that TELARC would bring to New Zealand the same benefits
and advantages brought to Australia by NATA.

The two organizations do have sqme subtle differences, but in all essential
matters they are identical and the following sections of this paper apply
equally to both countries unless specific mention is made to the contrary.

Basic Criteria

In 1947 the NATA Council defined the basic criteria against which labora-
tories would be assessed. These are directed to judging technical competence
only. NATA firmly believes that competence is independent of ownership
and government and institutional laboratories are not regarded necessarily
as having special competence not available in commercial enterprises. These
basic criteria are formally defined as:

® The person in direct charge of the laboratory and all officers having
technical supervisory responsibilities in the conduct of the laboratory must
be properly qualified for, and have had adequate experience in, the testing
work concerned.

® The other members of the laboratory staff must be suitably qualified for
the work on which they are engaged, and the proportion of partially trained
members may not be more than that which is appropriate for such a
laboratory.

® The laboratory practice, including the supervision of staff, the checking
of calculations and results, and the keeping of records must be satisfactory.

® The laboratory equipment and facilities must be adequate for the per-
formance of the testing work concerned and appropriately housed and
maintained.

® The measuring and testing equipment maintained by the laboratory to-
gether with any appropriate auxiliary equipment must, at a sufficiently re-
cent date, have been calibrated in terms of the relevant national standards
and found satisfactory.

As fundamental statements of the elements essential for technical compe-
tence these basic criteria are appropriate. They are applied to all laboratories
operating in all fields of testing, but require detailed interpretation and defi-
nition that is very dependent on the technical sophistication of the testing
work involved before they can be implemented in practice.
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Fields of Testing

Testing is divided into nine fields, namely:

® Acoustic and vibration measurement—measurement of noise and vibra-
tion; tests on acoustic and vibration characteristics of materials, assemblies,
and structures; acoustic performance tests.

® Biological testing—biological, microbiological, and biochemical testing
and measurement, including examination of foods, drugs, and pharmaceuti-
cals and tests for medical and veterinary purposes; tests on biocides; tests on
industrial cultures; examination of plants and animals for freedom from
disease.

® Chemical testing—all methods of chemical analysis and detection,
chemical tests on all materials, associated physical tests (such as determina-
tion of viscosity), testing and calibration of chemical and associated physical
testing equipment.

® FElectrical testing—measurement of electrical quantities, including fre-
quency and time interval; calibration and testing of electrical and electronic
components, instruments, and equipment, including industrial equipment
and domestic appliances; tests on telecommunication equipment; high-volt-
age and high-current tests.

® Mechanical testing—measurement of strength of material and assem-
blies; aerodynamic, hydraulic, and pneumatic tests; calibration and testing
of mechanical equipment (including pressure gages, flow meters, acceler-
ometers, and the like); metallographic tests.

® Metrology—precise measurement of mass, length, and time and their
immediate derivatives; calibration and testing of metrological equipment;
examination of limit gages; testing of machine tools; assessment of geometric
form; examination of gears and components.

® Nondestructive testing—examination of articles and structures by tech-
niques such as radiography, ultrasonics, penetrants, magnetic particles, and
eddy currents.

® Optics and photometry—optical and photometric tests, measurement of
color, calibration and testing of optical and photometric equipment, tests on
luminaires, spectrophotometry.

® Thermal testing—heat, temperature, and thermal conductivity tests; fire
tests; tests on heat-actuated devices; calibration and testing of heat-measuring
equipment; heat transfer measurement; thermal and solar radiation
measurements.

Due to the limited numbers of laboratories in New Zealand, particularly
in some fields of testing, TELARC consolidated these nine fields into six by
combining acoustics and vibration measurement, optics and photometry,
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and thermal testing into a single field called physical testing and by incorpo-
rating nondestructive testing into the field of mechanical testing. More re-
cently TELARC has established a separate field for medical testing, which is
an area not covered specifically by NATA. In all other respects the defini-
tions of the fields of testing are identical for both organizations.

Criteria Committees

For each broad field of testing a committee of independent technical ad-
visers is appointed. These committees are known as Registration Advisory
Committees (RACs) and their essential functions are to:

® Advise the council on precise criteria for accreditation within the spe-
cific field of testing.

® Recommend changes to criteria from time to time in the light of scien-
tific and technological developments.

® Recommend suitable individuals for appointment as assessors.

® Review assessors’ reports and make recommendations to council on ac-
creditation of laboratories.

® Generally supervise, on behalf of the council, the day-to-day assessment
work in the specific field of testing.

Members of committees are appointed by the council and chosen for their
own personal expertise and not as representatives of organizations. They are
drawn from government establishments, academic institutions, research or-
ganizations, consultants, and industrial and commercial enterprises.

There are, therefore, nine (in NATA, seven in TELARC) criteria commit-
tees that are responsible for developing the basic criteria into precise state-
ments that apply to particular groups of laboratories and for ensuring that
these criteria statements are updated from time to time.

There are also a number of subcommittees that deal with subsections of
the major fields. For example, the field of chemical testing has subcommit-
tees working on specific criteria for laboratories engaged in testing of inor-
ganic materials, organic materials, fuels and lubricants, surface coatings, the
environment, foods, and drugs.

Laboratory Assessment

The concept of the assessment of a laboratory is that of a peer group re-
view and is made in terms of the state of the art for the particular industry,
scientific discipline, or technology. As has already been indicated, the fun-
damental criteria against which the review is conducted are independent of
the sophistication or complexity of the work of the laboratory, but criteria
development by RACs and implementation by assessors are not.

A laboratory assessment takes the form of detailed discussion between lab-
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oratory staff, the assessors, and staff of NATA or TELARC, together with an
inspection of the premises and laboratory equipment, including an examina-
tion of all calibration information. The assessors normally witness the labor-
atory staff performing routine testing tasks, including field work where
appropriate.

Discussions commence with consideration of the scope of the work of the
laboratory. The assessors try to reach some appreciation of the particular
problems faced by the laboratory staff in their day-to-day work, so that the
assessment is directed to that particular laboratory and this is reflected in
terms in which accreditation is finally granted. The terms of accreditation
are tailor-made for each laboratory.

Staffing is a recurring topic and during the later tour of inspection the as-
sessors talk to the individuals. At the outset, however, the concentration is
on:

® Qualifications and relevant experience of the supervisory staff.
® Lines of responsibility in technical areas.
® Training programs within the laboratory.

The assessors inspect the test equipment used in the laboratory. Special at-
tention is paid to the following areas:

® Standards of measurement—mass, volume, temperature, force, length,
electrical quantities, etc.

® Specific itemﬁ of equipment required by particular test methods.

® Instrumentatior and sophisticated measuring equipment.

® General purpose equipment—glassware, thermometers, ovens, water
baths, balances, etc.

In addition, the assessors also investigate the training of staff in the use of
their equipment and provisions made for the routine maintenance and recal-
ibration of equipment.

The laboratory accommodation is assessed to ensure that it has sufficient
space and physical facilities to cope with the range and volume of work nor-
mally undertaken. The assessors consider noise levels, lighting, storage
space, convenience of layout, sample receiving areas, ventilation and safety,
etc.

The assessors spend much of their time in an examination of the labora-
tory’s management procedures. They are given free rein to probe those areas
where they believe there may be problems. The following areas are selected
for specific investigation:

® Collection of samples—transport, handling, and storage.
® Receipt of samples and their identification.
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® Nonacceptance criteria for samples.
® Specification of tests to be carried out.

® Allocation of work to staff—instructions to staff and supervision of
staff.

Quality control programs.
® Recording of test results.

® Checking of calculations.

® Reporting of test results—precision and accuracy data.

® Security of the system—retention of test records.

All these are fruitful areas for discussion, but one of the most informative
is the records system and hence assessors usually explore this aspect of lab-
oratory management very thoroughly.

At each phase of the inspection, the assessors discuss the practice adopted
by the laboratory and talk to individual staff members in an attempt to as-
sess attitudes that may reflect on the work of the establishment. The asses-
sors also investigate the test methodology adopted by the laboratory. Labor-
atories are expected to work to well-defined procedures, either in the form of
standard methods of test or methods manuals that have been prepared by
the laboratory staff.

Laboratories producing their own manual would be expected to follow
normal good practice by including in their methods manual:

Adequate identification of method and date of issue.
Source of reference.

Equipment to be used.

Step-by-step description of method.

Calibration and controls.

Treatment of results.

A laboratory may be asked to arrange check tests on samples provided, or
to participate in interlaboratory test programs.

This basic assessment process has been used since the very beginning, but
naturally as new criteria are used the assessment itself must be modified or
extended. The constant element is the peer review for compliance with the
specified criteria, whatever they may be.

Assessors

The technical aspects of assessment of laboratories are performed by
members of panels of assessors recruited from similar backgrounds to RAC
members. The essential requirements are that assessors be individuals with
recognized knowledge and reputation in a particular area of testing or tech-
nology. They must be people with status within the scientific and technologi-
cal communities.
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In addition to their technical attributes, assessors are also required to be
people of integrity, with an ability to communicate with the people that they
are likely to be called upon to assess. Before being invited to join the panel of
assessors each assessor is either interviewed by a senior member of staff or
a member of the appropriate Registration Advisory Committee, or is ap-
pointed on the personal recommendation of a member of the committee.

For a specific assessment, assessors are chosen whenever possible on the
basis of commercial impartiality and objectivity. The laboratory under as-
sessment is free to veto the use of any nominated assessor. If the laboratory
does not believe that it is likely to receive an objective assessment from
someone within its own country then TELARC and NATA are quite pre-
pared to bring the necessary assessors from overseas, and consequently
there is considerable interchange of assessors between the two organizations.

Following the assessment, the assessors either jointly or individually pre-
pare detailed reports on their visit to the laboratory. They are asked to criti-
cally appraise all elements of the laboratory management and technical op-
erations and their reports reflect this appraisal.

Reassessment

Laboratories are assessed at intervals not exceeding two years. The actual
period between successive reassessments may be very much less than this
two-year interval, depending on the original assessment report, the stability
of the laboratory staff, or requests for some variation of accreditation by the
laboratory.

In between formal assessments, the staff of each organization maintain a
high level of personal contact with laboratories within each system.

Criteria Development

The criteria defined and used by the committees are not static. Committee
members and assessors are mostly laboratory managers who are concerned
with developments in techniques and equipment for the better management
of their own establishments. As they learn, so do the accreditation systems,
and therein lies one of the great strengths of the systems: Australasian crite-
ria development goes hand in hand with development of the appropriate
state of the art in a particular area of testing.

The constant assessment activity and the review of assessors’ reports is
another mechanism for updating criteria, as it provides information on any
inadequacies in the current criteria.

The systems therefore consist of interactive groups of people, all having
input into the criteria development process—Ilaboratory personnel, asses-
sors, technical group members, registration advisory committees, and finally
members of council who promulgate the criteria. There is a general review of
all criteria every four years.
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Proficiency Testing

Proficiency testing is an integral and expanding part of the NATA and
TELARC accreditation programs. In both organizations special criteria
committees have been established to advise the other committees on the
planning, execution, and analysis of proficiency testing exercises and to mon-
itor the effectiveness of exercises that originate outside the control of NATA
and TELARC.

Participation in appropriate interlaboratory tests on a continuing basis
can be mandatory and the performance of any particular laboratory is taken
into consideration by the relevant RAC in determining compliance with the
criteria for registration. Both NATA and TELARC view proficiency testing
as making an important contribution in their overall assessment procedures.

New Developments

As has been mentioned, TELARC has now defined a separate field in
which to deal with the accreditation of hospital, private, and public medical
testing laboratories. Some of these laboratories are among the largest and
most complex testing laboratories in New Zealand. Others, while modest in
size, may specialize in particular areas that involve complex methodology.

The field of medical testing has been divided into various subfields that
identify specialist disciplines that require individual assessment by appro-
priately experienced assessors, such as microbiology, hematology, clinical
biochemistry, etc.

To meet the need created by the establishment of this field, new criteria
have to be developed. The New Zealand committee, while remaining within
the basic guidelines applying to all fields, has taken advantage of material
published by other medical laboratory accreditation programs such as that
operated by the College of American Pathologists, and has been able quickly
to develop detailed criteria for this field. The program has the support of the
various national medical and paramedical societies and associations as well
as the New Zealand Department of Health.

In other fields the major recent developments in criteria have been related
to the introduction of computers into the laboratory and of on-line instru-
mentation into the production process. In this latter case, the testing is taken
out of the formal laboratory environment and located on the factory floor.
The testing, however, must be just as valid as more conventional testing and
may be accredited in the same way, criteria must be developed to recognize
this new situation.

Computers have not only transformed some laboratory operations but
have also changed the concept of records systems and authentication of test
reports. Laboratory accreditation systems must not inhibit such develop-
ments but must develop criteria against which the security and integrity of
the new systems can be judged. Along with computer technology there has
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been growth in the area of automation of testing and accreditation proce-
dures must allow for this.

New areas of conventional testing open up fairly regularly. For example,
offshore oil production has led to a need for underwater ultrasonic examina-
tion of welded structures. Accreditation of the testing services performing
these tests is required and NATA in particular has had to develop criteria to
cope with this demand.

Conclusion

Criteria for the accreditation of testing laboratories in Australia and New
Zealand are constantly being developed to meet new needs such as:

® New fields of testing.
® New tests.

® New equipment.

® New technologies.

It is clearly an evolving process and in some areas what was acceptable ten
years ago is not acceptable today.

The process by which all new criteria are developed is by consensus among
laboratory managers and technicians and scientific experts in all sectors of
the community. There is also increasing input from new foreign accredita-
tion systems, which are bringing a fresh approach to the work. The long-
term objective of both NATA and TELARC is to develop criteria for accredi-
tation that are in harmony with criteria developed by kindred organizations
in other parts of the world. Although much new thought is being injected
into the subject, however, the basic elements of people, hardware, facilities,
and management are unchanged.
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Summary

The papers in this book have been divided into four sections: concepts,
applications, government programs, and international experiences. The em-
phasis is on practical aspects of evaluation and accreditation for testing and
inspection agencies and laboratories.

Concepts

The concepts section leads with a paper by Dymond describing early de-
velopment of ASTM Standard E 548, Recommended Practice for Generic
Criteria for Use in the Evaluation of Testing and Inspection Agencies. This
work reflected the original concern to provide a base for the development of
later specific evaluation criteria. The author describes the development by a
task force of a framework, in the form of a triangle, defining the need for ad-
ditional criteria on evaluation systems and evaluators, with supporting
lower level details for disciplines or fields and a base for detailed methods of
test, inspection, and evaluation. This framework constitutes an original ap-
proach being emulated internationally. He mentions the related work of the
International Organization for Standardization (ISO) and the International
Laboratory Accreditation Conference (ILAC). Of further importance is
work addressing relationships between testing laboratories and inspection
agencies. The author identifies the similarity in the practices of evaluators
and financial auditors, especially for independence and uniformity in appli-
cation of judgements and use in supporting systems.

The paper by Berman describes the more recent work of ASTM Commit-
tee E-36 in developing revisions of its Standard E 548-79. Assuring the com-
petence of laboratories is the purpose of over 70 formal systems that evaluate
and accredit more than 60000 laboratories in the United States. The need for
systems reciprocity is identified to reduce unnecessary time and costs. The
author describes the work done in the committee to develop generic criteria
for evaluators and evaluation systems. Certain specific criteria are identified
in areas of building components, manufactured buildings, sampling and
analysis of water and wastewater, and sampling and analysis of atmosphere
and emissions. The ongoing work of the committee, in international areas
is described.

Author Locke compares five laboratory accreditation criteria in six basic
categories. A brief analysis of each criteria points up alleged strengths and
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weaknesses. Comparisons and resolution of differences could result in uni-
versal criteria. The author suggests the need to resolve differences to permit
harmony between systems and originators of differing requirements. Docu-
ments explored by the author are ASTM Practice for Generic Criteria for
Use in the Evaluation of Testing and Inspection Agencies (E 548), National
Voluntary Laboratory Accreditation Program (NVLAP) General and Spe-
cific Criteria for Accrediting Testing Laboratories, ISO Guidelines for As-
sessing the Technical Competence of Testing Laboratories (Guide 25-1978),
ISO/CERTICO Guide 25/2 Proposal, and the Organization for Economic
Cooperation and Development’s (OECD) Principles of Good Laboratory
Practice for Testing Chemicals. Six basic categories include organization,
human resources, material resources, operating procedures, record keeping,
and other areas, including quality systems.

Applications

The applications section of the book starts with a paper by Graham de-
scribing coal industry testing to support the commercial requirements of a
corporation, customer requirements, and regulatory requirements for environ-
mental policies. Accuracy of determinations at lower concentrations and
quality certification effects are described for economical concerns. Details
are provided on the use of early coal exploratory findings, core sampling,
and special analysis sampling before property options are taken or addi-
tional exploration is conducted. Developmental core sampling is described
as it relates to final mining prediction of product quality for the company
and customers. Actual production processes and facilities are related to con-
sensus contracts, advertising, incentives, and, possibly, dispute settlements.
Company and national exchange programs are described for commercial
product handling and test methods, using survey visits and improvements in
understanding of intent to reduce expenses of exchange sampling. Details are
described for composite, in-plant, and split and reservesplit sampling. Inter-
esting concepts are described for correlating findings with customer product
Btu values and fly ash results. The program recognized possible opportuni-
ties in using NVLAP and further improvements in voluntary standards and
their government acceptance.

Woodall describes how a coal-using public utility applies evaluation of in-
ternal and external laboratories to improving the productivity of purchasing
and quality processes, and in satisfying regulatory requirements for envir-
onmental protection and billing rates. Personnel qualification variations are
discussed relating to confidence of expected laboratory performance. The
author suggests reaching agreement on the actual methods used by a specific
laboratory through discussion and sampling rather than by relying on broad
accreditation because laboratories are used for various applications and
therefore have differences in management philosophy and operating
approaches.



SUMMARY 185

Harris and Castino present key elements of laboratory accreditation pro-
grams, which include needs for contracts, follow-up, and handling of appeals
and legal matters. They describe some laboratory management activities for
random unannounced inspections and countercheck testing. Possible defi-
ciencies are noted for questionnaire responses or rule evaluations when
standards of laboratory performance are established and evaluated. Critical
elements are identified for laboratory accreditation programs, especially the
need to identify specific criteria applicable to the test program for which the
laboratory seeks accreditation. The importance of audit programs is identi-
fied along with the need for understanding of the laboratory’s documented
supporting quality assurance program. The authors note the importance of
criteria requirements’ not leveling or lowering laboratory implementation of
its activities, simply because its program was more extensive than stipulated.

Author Gaft presents examples of an innovative self-evaluation program
for a corporate central research and investigative laboratory of multiple dis-
ciplines. He describes a system’s achieving, through awareness and auditing,
improvement of laboratory operations and a reduction of 83% in significant
discrepancies on laboratory reports. Details are provided of quality assur-
ance techniques and measurement of laboratory output.

The Barton paper discusses the impact of computerized systems in water
quality laboratories to automate surveillance for regulatory requirements of
the U.S. Environmental Protection Agency (EPA) and the U.S. Geological
Survey (USGC). Laboratory development activities include analytical meth-
ods and validation; sewage treatment processes; baseline water standards;
routine surveillance; and pollution action data collection. Scientific insight is
still required as the final judge of quality.

Fargo describes corporate laboratory management and quality assurance
activity for internal control and for future product liability protection. An
interesting approach is the development of relationships between a corporate
central laboratory and specialized satellite laboratories, including thermal,
sound, fire, chemical, electrical, physical, metallurgical, rheological, and air
handling laboratories. Computerized control is described for laboratory
management, based on ASTM E 548 and specific test method standards. Ref-
erence is noted for the Standards Section of the General Agreement on Tar-
iffs and Trade (GATT).

Government Programs

The section of the book dealing with government programs includes var-
ious federal and state programs. Unger describes the evolution of NVLAP
procedures in the National Bureau of Standards (NBS), noting that since
1929 the NBS has been involved in developing criteria for evaluating testing
laboratories and in providing on-site examinations, proficiency test samples,
and calibration standards. The author details the federal development proc-
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ess of criteria committees and discusses the problems encountered. Ap-
proaches are described to develop priorities, cooperation, and acceptance.

The paper by Federline describes the basis for NVLAP and the relation of
criteria to peer review. Flexibility for state-of-the art laboratory technology
is described relating to flexibility for diverse testing of thermal insulation,
carpet, and concrete. Details relate to application examination, on-site in-
spection, and proficiency testing. Examples of technique are-provided for lab-
oratory improvement.

The paper by Rutherford gives details on a proposed U.S. Nuclear Regula-
tory Commission (USNRC) program for safety-related equipment in nuclear
generating stations. Alternatives are described for use of NRC facilities,
NRC direct contracting, or NRC review and witnessing of vendor tests.
Short- and long-range options consider sampling and accreditation with use
of qualification standards and improvement of test standards, specifications,
procedures, and acceptance standards. Audits and independent qualification
tests of important equipment are considered. The needs for a laboratory ac-
creditation system are described with considerations for such a system.

Schwager describes the certification programs of the State of Illinois De-
partment of Health and the Illinois Environmental Protection Agency for
operation of environmental laboratories for analysis of contaminants in
potable water. Common language requirements are noted for laboratories, en-
vironmental engineers, and specialists in regulatory, emergency, and decision-
monitoring areas. Certification is required for laboratories engaged in any
type of environmental work. A memorandum of agreement is described that
combines the needs of various certification programs while retaining special-
ization and meeting primary enforcement implementation in bacteriological,
radiological, and milk laboratory programs. A state certification office is
described to facilitate implementation with savings, improvement of work
quality, and meeting of various levels of federal and state stringency.

Sneeringer et al describe the U.S. Army Environmental Hygiene Agency
(USAEHA) program of consultation, laboratory service, investigation, and
training (as requested) for preventive medicine programs throughout the
world. A wide range of disciplines comes under an USAEHA Analytical
Quality Assurance Program based on federal law and army regulations. The
Analytical Quality Assurance Office (AQAQO) adds quality assurance criteria
to each regulation, including necessary audit activity, and requires that sam-
ples be taken and subsequent controls be used. Continuing inspections are
conducted by federal and state agencies as well as by professional organiza-
tions. The list of references is valuable for all chemical organizations.

The Scanlon and Lamond paper describes the U.S. Army Corps of Engi-
neers’ continuing evaluation program for contractor quality control labora-
tories, commerical laboratories, and government quality assurance laborato-
ries. Use of ASTM standards eliminates the need for exceptions and
variations, utilizing existing wide understanding. Use of the Cement and
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Concrete Reference Laboratory (CCRL), established by ASTM and admin-
istered by NBS, aids in verification of equipment, procedures, and tech-
niques. Quality assurance is performed on an assigned, continuing basis for
concrete technology, soil mechanics, and water and wastewater treatment.
With skilled personnel evaluation usually takes no longer than one day and
includes a supporting complete narrative report for follow-up action. The
program has reduced exceptions to no more than two or three items per proj-
ect. Pride has now been developed so that those being appraised now re-
quest appraisals and pride themselves in having excellent capabilities for
specific tests.

A paper by Kirkpatrick and Horlick describes the NVLAP program for
thermal insulating materials with use of proficiency samples. Stress is on
handling and preparation of samples and quality measurements through
proficiency testing. Use of a voluntary system, in cooperation with the pri-
vate sector, raises and helps assure the quality of test results. Questionnaires
and on-site visits supplement the proficiency testing for a true measure of ac-
tual performance. Dispersion and spread values are used to confirm labora-
tory capability. Details are given for tests of insulating materials and carpets
relating to specific ASTM standards, actual values, and relative laboratory
performance.

The Barth paper describes the U.S. Department of Agriculture (USDA)
program of the Food Safety and Quality Service (FSQS) supporting the
Meat and Poultry Inspection regulatory program. The adoption of a formal
quality assurance and quality control program is continuing to improve ana-
lytical capability through samples checked by outside data sources and on-
site laboratory audits. Each chemistry section has a Laboratory Quality
Control Officer (LQCO), keeps a laboratory standards book with perform-
ance charts and evaluations of critical control points for each analytical
procedure, maintains sample tracking control, and operates an interlabora-
tory program to check samples and provide feedback and corrective action
records. Standardized checklists are maintained for laboratory audits as a
guide. Emphasis is placed on interlaboratory and intralaboratory check
samples.

International Experiences

The international experiences discussed in this book show the wide effect
of accreditation on standards development and commerce throughout the
world, with examples from Britain, New Zealand, Canada, and Australia.
Stanger provides in his paper an overview of the British development of the
National Testing Laboratory Accreditation Scheme (NATLAS) and its rela-
tion to the ILAC. The role of government is discussed; various levels of gov-
ernment are increasing their use of voluntary systems combined with regula-
tions. A detailed review of three ILAC task forces covers assignments in
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legal data, reasons for granting and withholding accreditation to foreign lab-
oratories, difficulties that may arise in such granting or withholding, crite-
ria for entry into a Directory of National Testing Arrangements and Testing
Laboratory Accreditation Systems, comparison of criteria, and work with
ISO.

The Twomey paper describes the New Zealand dairy products program.
Participation in an interlaboratory comparison program is required for lab-
oratories seeking status to participate as accredited factories and to provide
guaranteed results. A national coordinating laboratory is used with four re-
gional reference laboratories to control agency-certified laboratories. Details
are provided on statistical techniques for preliminary means, bias, variabil-
ity, and consistency.

Author Roué provides details on the Standards Council of Canada (SCC)
and the National Standards System (NSS). The document on Criteria and
Procedures for Accreditation of Testing Organizations (CAN-P-4) is de-
tailed. Relationships are noted between the Department of Supply and Serv-
ices Laboratory qualification program for products to the federal govern-
ment procurement specifications. Details are provided on validation
procedures and techniques to obtain cost estimates.

Authors Garside and Gilmour provide details on developments in Austra-
lia and New Zealand where laboratory accreditation was formalized nation-
ally in 1947 by an Australian organization, the National Association of Test-
ing Authorities (NATA). First, the intent was to provide a national testing
service to serve the needs of government, industry, and commerce, with no
scientific, technical, or industrial boundaries. Second, there would be no
geographic limitations within Australia. Third, the system was based on as-
sessment of competence of laboratories by comprehensive examination of
laboratory operations by independent experts. New Zealand adopted a
NATA-style system in 1972, called the Testing Laboratory Registration
Council (TELARC). The authors detail the basic criteria with an explana-
tion of the ““fields of testing” concept for nine fields. Registration Advisory
Committees (RACs) are described with specific functions in developing
criteria. Assessor activities are described with details on examination of lab-
oratory management procedures, Criteria are provided for test or methods
manuals. Details are provided for cooperation and the exchange of person-
nel between NATA and TELARC.

Harvey Schock

Product Assurances Consultant, Haddonfield,
N.J. 08033; symposium chairman and
editor.
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