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Abstract - Formalized quality assurance program requirements for the U.S.
Environmental Protection Agency (EPA) have been established for more than a decade.
During this period, the environmental issues and concerns addressed by the EPA have 
changed. Many issues, such as ozone depletion and global climate warming, have 
become international concerns among the world environmental community. Other issues, 
such as hazardous waste cleanup and clean air, remain a focus of national environmental 
concerns. As the environmental issues of the 1980’s evolved, the traditional quality 
assurance (QA) program was transformed through the use of quality management 
principles into a Quality System to help managers meet the needs of the 1990’s and 
beyond.

Since 1984, the EPA has incorporated fundamental concepts of quality management into integral 
elements of how the Agency conducts environmental programs. This includes a reliance on customer- 
supplier partnerships as the basis to define the measures of success for determining quality in environ
mental programs. The Quality System is structured to provide the necessary management and technical 
processes to effectively plan, implement, and assess the results of work performed in environmental 
programs.

EPA is revitalizing its Quality System through two initiatives: the use of a new national consensus QA 
standard for environmental programs, ANSI/ASQC E4, and the development of a new series of 
requirements and guidance documents to implement the quality management "tools" now available. It is 
expected that new standards will increase consistency across EPA Quality Systems and between EPA and 
the regulated community. The new QA documents will provide current, focused guidance on imple
menting the various elements of the EPA Quality System.

U.S. Environmental Protection Agency, Quality Assurance Management Staff (MD-75), Research Triangle Park, North Carolina 
27711.
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QUALITY MANAGEMENT AND THE EPA MISSION

In recent years, there have been increasing successes by businesses and industry in the use of quality 
management principles to achieve more effective operations. The EPA is one of several federal agencies 
successfully applying these same principles to government operations and activities. This paper describes 
the EPA Quality System for environmental data collection and evaluation that is based on these 
principles, and provides an overview of the Quality System "tools" used to plan, implement, and assess 
the effectiveness of that system.

EPA is a large government agency, employing more than 18,000 people nationwide. The Agency’s 
mission is to protect human health and the environment. This mission is accomplished through 
implementation of laws such as the Clean Air Act, Clean Water Act, Resource Conservation and 
Recovery Act (RCRA), and Comprehensive Environmental Response, Compensation, and Liability Act 
(CERCLA), by 50 headquarters offices, regional offices, and research laboratories. Because of EPA’s 
authority to regulate many activities that may affect health and the environment, EPA decisions have a 
wide impact in terms of both quality of life and costs imposed on regulated parties. It is therefore of 
utmost importance that EPA serve its constituents in the most effective way, and ensure that technical 
and regulatory decisions are developed with quality as a first priority.

In 1984, EPA began to utilize quality management principles as the foundation for the Agency’s 
mandatory quality assurance (QA) program. Quality management, in the context of its use by EPA, may 
be defined as follows:

Quality Management is that aspect of the overall management systems of an organization 
that determines and implements policy regarding the Quality System, including strategic 
planning, allocation of resources, and the planning, implementation, and assessment of 
programs by the organizations^

EPA has drawn from many sources of well-known principles of quality management to provide the basis 
for a Quality System for environmental programs. These principles include:

• a focus on meeting customer requirements
• long-term commitment to the quality management process
• management involvement in leading Total Quality Management (TQM) efforts
• effective communications across all levels of the organization
• use of quality goals and measures of effectiveness
• employee involvement and recognition
• training and education for all employees.

The goal of the Quality System is to provide the necessary framework embodying these principles to 
enable the mission of the organization to be conducted successfully. For EPA, a critical part of its 
operations involve the collection and evaluation of environmental data for use in making decisions 
involving rulemaking, regulatory actions, and research.

®  ANSI/ASQC E4-19xx, "Quality Systems Requirements for Environmental Programs," American Society of Quality Control 
(DRAFT).
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THE IMPORTANCE OF ENVIRONMENTAL DATA COLLECTION ACTIVITIES

Since 1984, EPA has been applying quality management principles to the collection, analysis, and use of 
environmental data. Environmental data help form the basis for nearly all policy, technical, and 
regulatory actions at EPA. Therefore, it is vital that the collected data are of the type, quantity, and 
quality needed to make decisions with the desired degree of confidence; that is, to assure management: 
that the data do not lead to an incorrect decision and that the data can withstand scientific and litigative 
scrutiny. The quality of environmental data may be affected by any aspect of data collection, including 
sampling, analysis, validation of results, and evaluation of the complete measurement system, that may, 
in turn, impact the decision-making process adversely. The EPA commitment to quality is embodied in 
EPA Order 5360.1, "Program and Policy Requirements to Implement the Mandatory Quality Assurance 
Program," which requires all EPA organizations collecting environmental data to implement an effective 
Quality System.

The cost of incorrect decisions may be high for both EPA and the parties it regulates. Incorrect 
decisions could lead to inadequate health protection on one hand, or an inefficient expenditure of 
resources on the other. For example, EPA uses air monitoring data to determine if an area is in 
compliance with the air quality standard for ozone, a hazardous pollutant. Error in the data could cause 
the decision to be incorrect in one of two ways. EPA could determine that the location was out of 
compliance with the ozone standard when it was actually in compliance; or EPA could determine that the 
location was in compliance when it had actually exceeded the standard. In the first case, EPA might 
require the facility owner to install more efficient and more costly pollution control devices or require a 
state to reduce new industry starts when there was no real need for these actions. In the second case, no 
action would be taken when, in fact, the protective air standard had been exceeded and a health threat 
could exist. The impacts of either decision are significant. This example illustrates the critical role of 
environmental data in EPA decision making and the importance of ensuring that the data are of the 
quality needed and specified for the decision to be made.

THE COMPLEXITY OF REGULATORY DECISION MAKING

In addition to the importance of environmental data to EPA decision making, there is another reason why 
application of quality management to environmental data collection is so vital: the complexity and 
variability of the decision-making process in a regulatory agency. The ozone example above involves a 
fairly straightforward compliance decision, but most EPA technical and regulatory decisions are more 
complex and are not generally amenable to a standard or repetitive problem-solving approach. Some of 
the many variables affecting the decision-making process are discussed below:

• Uncertain Targets: Unlike the compliance example, the end-product or specific definition of the 
decision to be made is often not obvious at first, and considerable effort may be required to 
define the decision in a way that directly addresses the problem at hand. For example, at a 
hazardous waste site, how will it be determined that clean-up efforts have been successful and 
that the site is "clean"? Will the decision be based on the concentration of one chemical or ten 
chemicals, will chemical concentrations be measured in soil or in water or in both, at what 
location(s) on or near the site will measurements be taken, how will data from various chemicals 
be combined, etc.
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• Sequencing of Issues: Each decision or action may be comprised of multiple questions and 
sub-decisions to be answered that rely largely on data; the proper sequencing of these decisions 
can be crucial to arriving at the correct decision in a timely way.

• Multiple Organizations and Jurisdictions: For each decision or related set of decisions, there 
may be a different group of participants cutting across several organizational boundaries. These 
individuals may have varying technical backgrounds and approaches to problem solving or may 
have different goals.

• Variation in Data Types: Each problem requires various types of environmental data that need to 
be combined in different ways for decision making. For example, at a hazardous waste site, 
measurements of several chemicals in water, soil, and air may need to be combined with data on 
health effects of each compound, their ability to migrate in each medium, and the characteristics 
of the nearby population. The most meaningful way to incorporate all of this information must 
be determined.

• Statistical Variability: With all data collection, there is uncontrollable variability inherent in the 
environment and in the environmental measurements (which is controllable to some extent); this 
means that decisions based on data are probabilistic in nature, that an element of risk always 
remains, and that the objective of the decision-making activity is to minimize that risk to 
acceptable levels.

There is a distinction between this type of problem-solving activity and a manufacturing or continuous 
service operation. For every environmental data operation that is not a straightforward compliance 
determination, the specific end-product (decision or action) and the means to attain it with a defined 
degree of confidence have to be specified at the outset. Each new environmental problem presents 
different pollutants and health threats, different media that may be affected (air, surface or ground water, 
soil), and different regulatory goals to be met. The integration of these factors is unique for each new 
data operation. The problem-solving process often is akin to creating a new blueprint for each situation 
rather than finding new ways to refine and improve an existing blueprint.

EPA QUALITY MANAGEMENT PROCESS

Because the content of each decision-making activity is so variable, a consistent structure and process are 
crucial to ensure that all critical planning steps are addressed and that the focus of each data operation is 
on the needs of the data user or customer. The ultimate quality of any product or service is determined 
largely by whether or not the needs and expectations of the customer have been satisfied. Moreover, it 
was necessary to create and adapt several quality management tools in order to be able to apply the 
desired quality management principles to the Agency’s environmental programs.

Quality management must be embedded in the organization so that the many sources of variability do not 
lead to inconsistent or inadequate environmental data collection activities. Consequently, the overall 
focus of quality management efforts at EPA is on the institutionalization of a quality consciousness in the 
planning, implementation, and review of data collection efforts. That is, everyone must have an 
awareness that quality must be a principal consideration in the planning, implementation, and assessment 
of every program. Through a two-tiered quality management structure, as shown in Table 1, EPA is 
addressing both the organizational and project decision-making aspects of the Agency’s environmental
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data collection activities using a variety of specialized "tools" to achieve this awareness and to ensure 
that Agency projects meet the needs and expectations of their customers.

EPA Quality Management Process Tools

There are eight specific tools or components used in EPA’s two-tiered process for quality management, 
as given by Table 2. These elements reflect such basic principles as management direction and in
volvement, open and effective communication, a focus on customer requirements, use of quality goals 
and measures to assess progress, and employee involvement. Three of the tools deal with functions that 
are common to all activities and operations conducted by the organization: human resources, Quality 
Management Plans, and Management Systems Reviews. The other tools apply to project-specific 
activities that are planned, implemented, and assessed under the umbrella of the Quality System structure 
defined by the organization.

Quality Management at the Organizational Level

An important way that institutionalization of the quality management process at the organizational level is 
being achieved is through ongoing human resources development: training, communications, and recog
nition. For the Quality System to be successfully implemented, it is critical that each person understand 
the quality management fundamentals and his/her role in making things work right the first time. To 
help convey this message, EPA provides:

• training for employees in the principles and application of quality management

• training in setting quality goals for data collection and decision-making operations

• direct implementation support for quality management activities in EPA organizations

• extensive communications focused on quality awareness including a monthly newsletter, written 
guidance, monthly conference calls, and an annual national conference

• an annual Quality Manager of the Year Award, for which EPA employees nominate a peer for 
recognition of his/her contribution to quality improvement.

These efforts help to create a positive climate in which all employees understand the importance of 
quality management and proactive problem solving in environmental data operations, understand their 
role in the overall scheme, and have access to the tools and skills needed to carry out their 
responsibilities.

Communication and training are integrated with the other components of the EPA Quality System to 
enable planning, implementation, review, and follow-up action on two levels: the individual EPA 
organization and the specific data operation/decision-making activity within an organization. At the 
organizational level, the Quality Management Plan (formerly called the Quality Assurance Program Plan) 
defines a framework for line management to set organizational goals and creates a quality management 
system tailored to the particular mission of the organization. The Management Systems Review provides 
a process for assessing the effectiveness of the organization’s approach to quality management. At the 
project level, the Data Quality Objectives process provides a structure and a systematic approach for 
defining quality goals for data collection operations. Technical Assessments and the Data Quality
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Assessment (DQA) process may be used to determine if the planned technical and quality goals have 
been met.

Implementation of the quality management process is decentralized to provide greater flexibility to line 
management in tailoring a process that best fits the particular EPA organization and mission. EPA’s 
Quality Assurance Management Staff (QAMS) provides guidance and oversight of quality management 
activities throughout the agency, but the primary responsibility for implementation of the process rests 
with each organization’s line management. The EPA Quality System has been designed to be responsive 
to the needs of EPA headquarters offices, regional offices, and research laboratories. The system must 
be flexible because each organization has a different mission with widely varying activities and data 
collection needs. For example, the data collection programs of an office conducting research in 
atmospheric transport of pollutants will differ greatly from those of an office studying contamination of 
ground water from solid waste landfills.

In addition to being responsible for implementation of their organization’s quality program, line 
managers have an important role in the institutionalization of the quality management process. These 
managers are likely to be career government employees who represent a longer-term presence at the 
Agency, in contrast to the more frequent changes in politically appointed managers at the highest levels. 
The acceptance and active endorsement by the career managers of quality management principles is 
essential to its acceptance and effectiveness over the long term. The "buy-in" of quality management 
principles by the career managers bolsters senior management support for the Quality System and 
provides organizational continuity that might otherwise be reduced by the periodic turnover in senior 
management.

At the level of the individual EPA organization, the Quality System is documented by the Quality 
Management Plan (QMP). The QMP is the blueprint for an organization’s quality management process 
for data collection operations. The QMP identifies the mission and customers of the organization, 
documents specific roles and responsibilities of top management and employees, outlines the structure for 
effective communications, and defines how measures of effectiveness will be established. The QMP is 
an organization’s commitment to quality management principles, tailored by top management to meet the 
organization’s needs. The QMP also identifies training needs and environmental data operations for 
which quality goals will be developed over the next year. The process of developing and annually 
updating the QMP provides an opportunity for management and staff to clarify roles and responsibilities, 
address problem areas, and acknowledge successes so that they may be fostered and rewarded.

Effective implementation of the activities documented in the QMP relies on ongoing communications and 
a consistent emphasis on quality from the organization’s top management. To assess the effectiveness of 
the organization’s implementation of the quality management process outlined in the QMP, managers 
may use the Management Systems Review (MSR). MSRs examine the structure and process of the 
organization’s quality management activities as applied to a particular environmental data collection 
activity. The review focuses on specific issues identified by program management. Through the MSR, 
management may identify and highlight those areas where significant achievements have been made, and 
target areas where additional work or corrective action is needed. MSRs may be conducted by the 
organization itself or by QAMS at the organization’s request. This type of review is particularly 
effective at addressing quality issues that cross organizational boundaries, when multiple organizations 
such as the EPA regional offices participate in the data collection.
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For example, QAMS conducted a study of the Superfund hazardous waste clean-up program at the 
request of top management in that office. The review identified significant strengths in the Regional 
Quality Systems being applied to the Remedial Investigation/Feasibility Study process, as well as areas 
where improvements were needed. With this information, senior management was better equipped to 
take effective and appropriate action. Another MSR for the pilot study of the "National Survey of 
Pesticides in Ground Water" provided management with important information which enabled them to 
develop a more comprehensive and effective quality management program for the full national survey.

Taken together, the thoughtful planning involved in development and implementation of the QMP and the 
assessment of effectiveness achieved with the MSR provide a comprehensive system for planning, 
implementing, and evaluating the effectiveness of quality management activities at the level of the EPA 
organization.

Quality Management at the Project Level

With the organizational framework and process in place, attention can be focused on quality management 
at the next level; that of the environmental data collection activity.

EPA has developed a process that can be used to determine customer requirements for a particular data 
operation and articulate those requirements in a way that can be used as a basis for planning and 
designing the data collection program. The Data Quality Objectives (DQO) process results in a statement 
of quality standards or goals for environmental data used in decision making. Critical to the success of 
this process is communication between the data provider and the data user or customer. The DQO 
process provides a systematic way to approach complex technical problems, define the action that will be 
based on data, specify what inputs are needed and how data should be applied to provide the necessary 
inputs to the decision(s), and define the acceptable level of error that can be tolerated in these inputs.
The data user must specify a level of error that he or she will find acceptable when relying on the data to 
make a decision. This specified level, along with other technical constraints, represents the customer 
requirements. Subsequently, the data collection activity is designed to attain these requirements, and the 
most cost-effective data collection design that meets specifications is chosen for implementation. Thus, 
the DQO process provides a helpful planning tool for the project decision maker to use in striking a 
balance between risk in decision making and the resources available for data collection.

The quality standards, goals, and performance specifications derived through the DQO process, and the 
QA/QC activities necessary to achieve them, are incorporated into a specific Quality Assurance Project 
Plan (QAPP) for the data collection activity. The QAPP serves as the blueprint for implementing the 
data collection activity in order to achieve the technical and quality goals of the operation. General 
guidance for preparing QAPPs is available; however, individual organizations have substantial flexibility 
to tailor the QAPP requirements to their particular mission or needs. As a result, QAPP requirements 
vary among the EPA program offices, regions, and ORD laboratories. The QAPP provides the 
necessary link between the required data quality constraints and the sampling and analysis activities to be 
conducted. To assure that the data collection effort will produce results meeting the DQOs, the QAPP is 
the focus of rigorous review before the data collection begins. Experience has shown that when well- 
thought-out and focused QAPPs are implemented properly, the resultant data are cost-effective and 
timely, and meet quality performance expectations.

One of the keys to successful implementation of the approved QAPP is the development and use of 
Standard Operating Procedures (SOPs). Standardization of methods and protocols has been shown to
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reduce error and costs of rework. EPA strongly encourages organizations to develop and implement 
SOPs for their unique Quality System procedures. Moreover, communications among users is also 
encouraged to reduce duplication of SOPs. Many functions are common across organizational 
boundaries and need not be duplicated.

During implementation of a data collection program or afterwards, technical assessments may be used to 
check progress against data quality constraints and other QA/QC specifications. EPA uses several types 
of technical assessments to evaluate the effectiveness of the QAPP implementation, including 
Surveillance, the Technical Systems Audit (TSA), and the Performance Evaluation (PE).

Surveillance is an important technical assessment tool involving the first-hand observation of the 
implementation of planned procedures. Surveillance determines whether or not the critical steps in the 
measurement process are being executed in the correct manner and sequence.

The TSA is a qualitative assessment of the total measurement system being employed to collect the data. 
The objective of the TSA is to assess all facilities and equipment used, and to examine and document 
data validation procedures, maintenance records, calibration procedures and records, and QC procedures. 
The approved QAPP provides the "measure of success" for the TSA. This means that the QAPP provides 
the criteria by which the measurement system used for data collection is evaluated qualitatively.

The PE is a quantitative evaluation of the effectiveness of the measurement system in meeting specified 
standards for precision and accuracy (or bias). The expected performance goals are defined in the QAPP 
and are derived from the DQOs. The PE will determine if the measurement system is operating within 
the established control limits necessary to achieve the DQOs for the data collection effort.

The Data Quality Assessment (DQA) process allows the data user to determine if data quality is adequate 
for the intended use; that is, were the data obtained within the limits given by the DQOs. The DQA 
process is a systematic, statistically-based evaluation of the data and the overall measurement process that 
may be employed without DQOs having been specified at the beginning. Its results may be used to set 
limits on the use of the data if the original criteria were not met completely. The results of TSAs and 
PEs are often important inputs to the DQA process. Experience has shown that even when measurement 
systems perform as expected, unexpected factors can influence the usability of data, and the quantitative 
assessment of the usefulness of the data for their intended purpose provides a measure of assurance for 
the decision maker.

Thus, the EPA Quality System incorporates several helpful tools to enable users to conduct the needed 
planning, implementation, and review functions for ensuring the quality of specific environmental , data 
collection activities conducted by EPA.

NEW INITIATIVES AND DOCUMENTS

Later this year, the American Society for Quality Control (ASQC) will publish the first American 
National Standard for environmental programs, ANSI/ASQC E4, "Quality Systems Requirements for 
Environmental Programs." It is EPA’s intention to adopt this standard as the basis for its internal 
Quality System. Already there is substantial consistency between the EPA Quality System and E4, and it 
is expected that the adoption of E4 will have little impact on the Agency’s existing programs.
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The availability of an American National Standard provides a reference basis for a new array of 
requirements and guidance documents describing the quality management "tools" discussed in this paper. 
These documents will include "requirements documents" that will undergo internal consensus approval 
and be issued as official EPA policy, and "guidance documents" that will issued through regular 
reporting mechanisms following internal peer review. The requirements documents will define the 
minimum criteria for various activities and will define WHAT must be done. The guidance documents, 
on the other hand, are non-mandatory and will offers suggestions on HOW certain activities may be 
accomplished. During the next 18-24 months, QAMS expects to issue requirements and guidance 
documents for QMPs, QA PPs, MSRs, DQOs, DQAs, and many other QA and QC activities.

CONCLUSION

The organizational level and technical/project level of EPA’s quality management process, combined 
with communication and training efforts, form an integrated Quality System in which each component 
supports and adds to all others. The stage is set on the organizational level for successful 
implementation of program-level activities. At the project level, the Quality System results in well- 
planned and executed data collection activities that meet data quality goals. This two-tiered approach to 
quality management has been successful in EPA’s highly decentralized operations. It supplies EPA 
employees at all levels with the training and tools that they need to create the larger framework for 
quality management and then carry out the specific goals for program activities. The process provides 
implementation support through outreach and training. It also provides mechanisms to determine if the 
organizational system is working as intended and that program data quality objectives have been attained. 
These checks provide an opportunity for follow-up actions.

EPA has been implementing this quality management-based program since 1984. During this period, we 
have repeatedly confirmed the importance of applying quality management principles in a regulatory 
agency where the quality of operations relies heavily on the reliability and appropriate use of scientific 
data. Quality management efforts are needed to provide a consistent structure and process to complex 
and variable decision-making activities with many technical inputs, to promote a focus on customer 
requirements in these activities, to limit the probability of making an incorrect regulatory or compliance 
decision, and to encourage open communications and contribution by all employees.

EPA’s Quality System is evolving and will continue to evolve as we learn to use the fundamental 
principles of quality management more effectively. The quality of our decisions reflects the quality of 
the data used to make them. As a government agency and a steward of the public’s trust and funds, our 
continued commitment to quality must be an integral part of how EPA operates, both now and in the 
future.
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Table 1 - Quality Management Process Structure
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