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FOREWORD

The U.S. Environmental Protection Agency (EPA) has developed the Data Quality
Objectives (DQO) Process as the Agency’s recommended planning process when environmental
data are used to select between two alternatives or derive an estimate of contamination. The
DQO Process is used to develop performance and acceptance criteria (or data quality objectives)
that clarify study objectives, define the appropriate type of data, and specify tolerable levels of
potential decision errors that will be used as the basis for establishing the quality and quantity of
data needed to support decisions. This document, Guidance on Systematic Planning Using the
Data Quality Objectives Process (EPA QA/G-4), provides a standard working tool for project
managers and planners to develop DQO for determining the type, quantity, and quality of data
needed to reach defensible decisions or make credible estimates. It replaces EPA's August 2000
document, Guidance for the Data Quality Objectives Process (EPA QA/G-4), (U.S. EPA, 2000a)
that considered decision-making only. Its presentation and contents are consistent with other
guidance documents associated with implementing the Agency’s Quality System, all of which
are available at EPA’s Quality System support Web site (http://www.epa.gov/quality).

As provided by EPA Quality Manual for Environmental Programs, EPA Manual 5360
(U.S. EPA, 2000c), this guidance is valid for a period of up to five years from the official date of
publication. After five years, it will be reissued without change, revised, or withdrawn from the
EPA Quality System series documentation.

Guidance on Systematic Planning Using the Data Quality Objectives Process provides
guidance to EPA program managers and planning teams as well as to the general public where
appropriate. It does not impose legally binding requirements and may not apply to a particular
situation based on the circumstances. EPA retains the discretion to adopt approaches on a case-
by-case basis that differ from this guidance if necessary. Additionally, EPA may periodically
revise the guidance without public notice.

This document is one of the EPA Quality System Series documents which describe EPA
policies and procedures for planning, implementing, and assessing the effectiveness of a quality
system. Questions regarding this document or other EPA Quality System Series documents
should be directed to:

U.S. EPA

Quality Staff (2811R)

1200 Pennsylvania Ave, NW
Washington, DC 20460
Phone: (202) 564-6830

Fax: (202) 565-2441

e-mail: quality(@epa.gov

Copies of EPA Quality System Series documents may be obtained from the Quality Staff or by
downloading them from the Quality Staff Home Page: www.epa.gov/quality
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PREFACE

Systematic Planning Using the Data Quality Objectives Process provides information on
how to apply systematic planning to generate performance and acceptance criteria for collecting
environmental data. The type of systematic planning described is known as the Data Quality
Objectives (DQO) Process. This process fully meets all aspects of the EPA Order 5360.1 A2,
2000, that establishes a Quality System for the Agency and organizations funded by EPA.

The DQO Process is a series of logical steps that guides managers or staff to a plan for
the resource-effective acquisition of environmental data. It is both flexible and iterative, and
applies to both decision-making (e.g., compliance/non-compliance with a standard) and
estimation (e.g., ascertaining the mean concentration level of a contaminant). The DQO Process
is used to establish performance and acceptance criteria, which serve as the basis for designing a
plan for collecting data of sufficient quality and quantity to support the goals of the study. Use
of the DQO Process leads to efficient and effective expenditure of resources; consensus on the
type, quality, and quantity of data needed to meet the project goal; and the full documentation of
actions taken during the development of the project.

This guidance document is intended for use by technical managers and Quality Assurance
staff responsible for collecting data by: (1) providing basic guidance on applicable practices; (2)
outlining systematic planning and developing performance or acceptance criteria; and (3)
identifying resources and references that may be utilized by environmental professionals during
the application of systematic planning.

The guidance discussed is non-mandatory and is intended to be a QA guide for project

managers and QA staff in environmental programs to help them to better understand when and
how quality assurance practices should be applied to the collection of environmental data.
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CHAPTER 0
INTRODUCTION

After reading this chapter, you should understand the basic structure of
EPA’s Quality System, the general concepts of EPA’s Information Quality
Guidelines, the role of systematic planning in the Quality System, the steps
of the Data Quality Objectives (DQO) Process, and the benefits of
applying the DQO Process for an environmental data collection project.

Unless some form of planning is conducted prior to investing the necessary time and
resources to collect data; the chances can be unacceptably high that these data will not meet
specific project needs. The hallmark of all successful projects, studies, and investigations is a
planned data collection process that is conducted following the specifications given by an
organization’s Quality System'. The Environmental Protection Agency (EPA) has established
policy which states that before information or data are collected on Agency-funded or regulated
environmental programs and projects, a systematic planning process must occur during which
performance or acceptance criteria are developed for the collection, evaluation, or use of these
data. For this reason, systematic planning is a key component of EPA's Quality System.

The Agency has issued Guidelines for Ensuring and Maximizing the Quality, Objectivity,
Utility, and Integrity of Information Disseminated by the Environmental Protection Agency
(IQGs) (U.S. EPA, 2002a), an integral component of the EPA’s Quality Program. The IQGs
were developed by the Agency to comply with the 2001 Data Quality Act (February 2002),
which directs OMB to provide “policy and procedural guidance to Federal Agencies for ensuring
and maximizing the quality, objectivity, utility, and integrity of information, including statistical
information, disseminated by Federal Agencies.” (Office of Management and Budget, 2001).
Data collected according to the IQGs are in compliance with the Quality System and information
on the guidelines may be obtained from www.epa.gov/quality/informationguidelines.

0.1 EPA Quality System

Policy and Program Requirements for the Mandatory Agency-Wide Quality System, EPA
Order 5360.1 A2 (U.S. EPA, 2000b) and the applicable Federal regulations establish a Quality
System that applies to all EPA organizations as well as those funded by EPA. It directs
organizations to ensure that when collecting data to characterize environmental processes and
conditions, these data are of the appropriate type and quality for their intended use. In addition,
it directs that environmental technologies be designed, constructed, and operated according to
defined expectations. In accordance with EPA Order 5360.1 A2, the Agency directs that:

Environmental programs performed for, or by, the Agency be supported by
environmental data of an appropriate type and quality for their expected use. EPA

" A Quality System is the means by which an organization ensures the quality of the products or services it provides
and includes a variety of management, technical, and administrative elements such as policies and objectives,
procedures and practices, organizational authority, responsibilities, and accountability.
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defines environmental data as information collected directly from measurements,
produced from models, or compiled from other sources such as databases or literature.

Decisions involving the design, construction, and operation of environmental technology
be supported by appropriate quality-assured engineering standards and practices.
Environmental technology includes treatment systems, pollution control systems and
devices, waste remediation, and storage methods.

The Order is supported by the EPA Quality Manual for Environmental Programs, EPA
Manual 5360 Al (U.S. EPA, 2000c), which implements EPA’s Quality System.

EPA’s Quality System is divided into three types of components: Policy, Organization/
Program, and Project. Figure 1 illustrates the Project components, which include activities and
tools which are applied or prepared for individual data collection projects to ensure that project
objectives are achieved. More information on EPA’s Quality System is found in Overview of the
EPA Quality System for Environmental Data and Technology (U.S. EPA, 2002b).

Systematic QA Data Data
Planning Project Verification Quality
(e.g.,DQO |—» Plan and Assessment
Process) Validation

PLANNING ——» |IMPLEMENTATION >

Defensibhle Products and Decisions

Figure 1. Project Life Cycle Components

0.2 Systematic Planning for Environmental Data Collection

Systematic planning is a process based on the widely-accepted “scientific method” and
includes concepts such as objectivity of approach and acceptability of results. The process uses a
common-sense approach to ensure that the level of documentation and rigor of effort in planning
is commensurate with the intended use of the information and the available resources. The
systematic planning approach includes well-established management and scientific elements that
result in a project’s logical development, efficient use of scarce resources, transparency of intent
and direction, soundness of project conclusions, and proper documentation to allow
determination of appropriate level of peer review.

Policy and Program Requirements for the Mandatory Agency-Wide Quality System, EPA
Order 5360.1 A2 (U.S. EPA, 2000b) demands that systematic planning be used to develop
“acceptance or performance criteria” for the collection, evaluation, or use of environmental data
or information generated by, or on behalf of, the Agency. The document EPA Quality Manual
for Environmental Programs, EPA Manual 5360 Al (U.S. EPA, 2000c) further details the
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elements of a systematic planning process and forms of documentation for the process, and it
emphasizes the “specification of performance criteria for measuring quality” in the context of
planning activities.

0.3 Performance and Acceptance Criteria

In general, performance criteria represent the full set of specifications that are needed to
design a data or information collection effort such that, when implemented, generate newly-
collected data that are of sufficient quality and quantity to address the project’s goals.
Acceptance criteria are specifications intended to evaluate the adequacy of one or more existing
sources of information or data as being acceptable to support the project’s intended use.

The DQO process is designed to generate performance criteria for the collection of new
data. The generation of acceptance criteria will be discussed in the development of QA Project
Plans (Guidance for Quality Assurance Project Plans EPA QA/G-5) (U.S. EPA, 2002d).

0.4 The Elements of Systematic Planning
The elements of systematic planning are stated in Chapter 3 EPA Quality Manual for
Environmental Programs, EPA Manual 5360 Al (U.S. EPA, 2000c) and are listed in Table 1.

Table 1. Elements of Systematic Planning

Elements

Organization: Identification and involvement of the project manager, sponsoring organization and
responsible official, project personnel, stakeholders, scientific experts, etc. (e.g., all customers and
suppliers).

Project Goal: Description of the project goal, objectives, and study questions and issues.

Schedule: Identification of project schedule, resources (including budget), milestones, and any
applicable requirements (e.g., regulatory requirements, contractual requirements).

Data Needs: Identification of the type of data needed and how the data will be used to support the
project’s objectives.

Criteria: Determination of the quantity of data needed and specification of performance criteria for
measuring quality.

Data Collection: Description of how and where the data will be obtained (including existing data) and
identification of any constraints on data collection.

Quality Assurance (QA): Specification of needed QA and quality control (QC) activities to assess the
quality performance criteria (e.g., QC samples for both field and laboratory, audits, technical
assessments, performance evaluations, etc.).

Analysis: Description of how the acquired data will be analyzed (either in the field or the laboratory),
evaluated (i.e., QA review/verification/validation), and assessed against its intended use and the quality
performance criteria.

When specifying the project goal (element #2 in Table 1), a key activity is to determine
the key questions which the study will address once data and information are properly collected
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and analyzed. The manner in which study questions are framed will differ depending on whether
the study is qualitative or descriptive in nature, will support the quantitative estimation of some
unknown parameter, or will provide information for decision-making.

For qualitative projects, the study question may simply address what the information will
be used to describe, for example:

e What is the state of nature in a particular location?
e What species of invertebrates, emergent plants and algae are present in specified
locations along a watershed?

For quantitative projects involving estimation studies, the study question should include a
statement of the unknown environmental (or other) characteristics (e.g., mean, median
concentration) which will be estimated from the collected data. Choosing a well-defined
parameter of interest leads to simplicity in data collection design. For example, to
investigate what organic and inorganic air toxicants are present downwind from a smelter,
the question should be framed in terms of the summary statistic (e.g. median) to be
estimated.

For quantitative projects intended to test a specific preconceived theory, framing the
study question typically leads to some type of statistical hypothesis test. For example,
rather than using a model to estimate the mean concentration of air toxicants, the project
may want to compare that concentration over time, or after some new pollution control
device has been installed.

In all projects, it is important to concisely describe all information related to the project
and to provide a conceptual model that summarizes information that is currently known and how
this relates to the project’s goal. A concise summary of the underlying scientific or engineering
theory should be appended to the information that describes the project’s goal to help facilitate
any necessary peer review.

0.5 Systematic Planning and the EPA Information Quality Guidelines

The collection, use, and dissemination of environmental data and information of known
and appropriate quality are integral to the Agency’s mission. The IQGs describe the Agency’s
policies about the quality of information that the Agency disseminates. The IQGs apply to
information generated by or for the Agency and also to information the Agency endorses, uses to
develop a regulation or decision, or uses to support an Agency position. The IQGs also describe
the administrative mechanisms by which affected parties may seek correction of information
which they believe does not comply with OMB or EPA guidelines (U.S. EPA, 2002).

In order to assist in applying these guidelines, the EPA Science Policy Council (SPC)
published A Summary of General Assessment Factors for Evaluating the Quality of Scientific
and Technical Information (U.S. EPA, 2003) as part of the Agency’s commitment to enhance the
transparency of EPA’s quality expectations for its information.
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These factors apply to data and information generated under EPA’s Quality System as
well as data and information voluntarily submitted by or collected from external sources.
Although data from external sources may not have been collected according to specifications
existing within EPA’s Quality System, EPA does apply appropriate quality controls when
evaluating this information for use in Agency actions (U.S. EPA, 2003). When evaluating
scientific and technical information, the SPC recommends using the five General Assessment
Factors (GAFs) documented in Table 2.

Table 2. EPA General Assessment Factors

Soundness: The extent to which the scientific and technical procedures, measures, methods or
models employed to generate the information are reasonable for, and consistent with, the intended
application.

Applicability and Utility: The extent to which the information is relevant for the Agency’s
intended use.

Clarity and Completeness: The degree of clarity and completeness with which the data,
assumptions, methods, quality assurance, sponsoring organizations and analyses employed to
generate the information are documented.

Uncertainty and Variability: The extent to which the variability and uncertainty (quantitative and
qualitative) in the information or the procedures, measures, methods or models are evaluated and
characterized.

Evaluation and Review: The extent of independent verification, validation, and peer review of the
information or of the procedures, measures, methods or models.

Using systematic planning to collect environmental information and data allows the
project team to address all of the GAFs cited in Table 2. Although there is no direct one-to-one
mapping between the eight elements of systematic planning (Table 1) and these five GAFs
(Table 2), considerable commonalities do exist between them. Table 3 shows these major areas
of commonality.

Some of these commonalities lead to the conclusions that:

e Achieving clarity in a project’s development becomes straightforward when using
systematic planning, as almost every element of the planning process contributes to
understanding how the project’s assumptions, methods, and proposed analyses will be

conducted.

¢ Planning for analyzing the data and information before collection clearly meets the intent
of the GAFs.

e C(Clear statements on the goals of the project developed through systematic planning leads
to a better understanding of purpose and credibility of the results.

e Systematic planning leads to a clear statement of information needs and how the
information will be collected, and leads to transparency in data quality.
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e When performed correctly, systematic planning can fully address all questions raised by
the GAFs, and it enables a project to fully meet the needs established by peer review
policies.

Table 3. Commonalities Between EPA’s GAFs for Evaluating the Quality of
Scientific and Technical Information and the Elements of Systematic Planning

GAFs
Soundness Applicability | Clarity and | Uncertainty and | Evaluation
and Utility | Completeness Variability and Review

Organization T
2
= Project Goal T T T
£
A Schedule
2
=
g Data Needs T T
D
>
(Z’ Criteria T T
s
E’ Data Collection T T T
D
E, QA T T
=

Analysis T T T

0.6 Types of Systematic Planning

Various government agencies and scientific disciplines have established and adopted
different variations to systematic planning, each tailoring their specific application areas. For
example, the Observational Method is a variation on systematic planning that is used by many
engineering professions. The Triad Approach, developed by EPA’s Technology Innovation
Program, combines systematic planning with more recent technology advancements, such as
techniques that allow for results of early sampling to inform the direction of future sampling.
However, it is the Data Quality Objectives (DQO) Process that is the most commonly-used
application of systematic planning in the general environmental community. Different types of
tools exist for conducting systematic planning. The DQO Process is the Agency’s
recommendation when data are to be used to make some type of decision (e.g., compliance or
non-compliance with a standard) or estimation (e.g., ascertain the mean concentration level of a
contaminant).
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0.7 The DQO Process

The DQO Process is used to establish performance or acceptance criteria, which serve as
the basis for designing a plan for collecting data of sufficient quality and quantity to support the
goals of a study. The DQO Process consists of seven iterative steps that are documented in
Figure 2. While the interaction of these steps is portrayed in Figure 2 in a sequential fashion, the
iterative nature of the DQO Process allows one or more of these steps to be revisited as more
information on the problem is obtained.

Each step of the DQO Process defines criteria that will be used to establish the final data
collection design. The first five steps are primarily focused on identifying qualitative criteria,
such as:

e the nature of the problem that has initiated the study and a conceptual model of the
environmental hazard to be investigated;

o the decisions or estimates that need to be made and the order of priority for resolving
them,;

e the type of data needed; and

e an analytic approach or decision rule that defines the logic for how the data will be used
to draw conclusions from the study findings.

The sixth step establishes acceptable quantitative criteria on the quality and quantity of the data
to be collected, relative to the ultimate use of the data. These criteria are known as performance
or acceptance criteria, or DQOs. For decision problems, the DQOs are typically expressed as
tolerable limits on the probability or chance (risk) of the collected data leading you to making an
erroneous decision. For estimation problems, the DQOs are typically expressed in terms of
acceptable uncertainty (e.g., width of an uncertainty band or interval) associated with a point
estimate at a desired level of statistical confidence.

¢ In the seventh step of the DQO Process, a data collection design is developed that will
generate data meeting the quantitative and qualitative criteria specified at the end of Step
6. A data collection design specifies the type, number, location, and physical quantity of
samples and data, as well as the QA and QC activities that will ensure that sampling
design and measurement errors are managed sufficiently to meet the performance or
acceptance criteria specified in the DQOs. The outputs of the DQO Process are used to
develop a QA Project Plan and for performing Data Quality Assessment (Chapter 8).

The DQO Process may be applied to all programs involving the collection of
environmental data and apply to programs with objectives that cover decision making,
estimation, and modeling in support of research studies, monitoring programs, regulation
development, and compliance support activities. When the goal of the study is to support
decision making, the DQO Process applies systematic planning and statistical hypothesis testing
methodology to decide between alternatives. When the goal of the study is to support
estimation, modeling, or research, the DQO Process develops an analytic approach and data
collection strategy that is effective and efficient.
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Step 1. State the Problem.
Define the problem that necessitates the study;
identify the planning team, examine budget, schedule

v
Step 2. Identify the Goal of the Study.
State how environmental data will be used in meeting objectives and
solving the problem, identify study questions, define alternative outcomes

v

Step 3. Identify Information Inputs.
Identify data & information needed to answer study questions.

v
Step 4. Define the Boundaries of the Study
Specify the target population & characteristics of interest,
define spatial & temporal limits, scale of inference

v
Step 5. Develop the Analytic Approach.
Define the parameter of interest, specify the type of inference,
and develop the logic for drawing conclusions from findings

Decision making Estimation and other
(hypothesis testing) analytic approaches
v v
Step 6. Specify Performance or Acceptance Criteria
4 v
Specify probability limits for Develop performance criteria for new data
false rejection and false being collected or acceptable criteria for
acceptance decision errors existing data being considered for use
v v
A
v

Step 7. Develop the Plan for Obtaining Data

Select the resource-effective sampling and analysis plan
that meets the performance criteria

Figure 2. The Data Quality Objective Process
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The DQO Process is flexible to meet the needs of any study, regardless of its size.
Reflecting the common-sense approach to systematic planning, the depth and detail to which the
DQO Process will be executed is dependent on the study objectives. For example, on a study
having multiple phases, the DQO Process will allow the planning team to clearly separate and
delineate data requirements for each phase.

For projects that require answers to multiple study questions, the resolution of one key
question may support the evaluation of subsequent questions. In these cases, the DQO Process
can be used repeatedly throughout the Project Life Cycle (Chapter 8). Often, the conclusions
that are drawn early in such projects will be preliminary in nature, thereby requiring only limited
initial planning and evaluation efforts. However, as the study nears completion and the
consequences of drawing an incorrect conclusion become more critical, the level of effort needed
to resolve the study questions generally will become greater. This iterative application of the
DQO Process is illustrated in Figure 3.
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OF THE STUD
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COMPLETED
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NEEDED
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TH
BOUNDARIES APPROACH
OF THE

DEFINE IDENTIFY
THE INFORMATION
INPUTS

STUDY

BOUNDARIES
OF THE STUDY!

v

INCREASING LEVEL OF EFFORT

Figure 3. How the DQO Process Can be Iterated Sequentially Through the
Project Life Cycle

Although statistical methods for developing the data collection design in Step 7 are
strongly encouraged, not every problem can be resolved with probability-based sampling
designs. On such studies, the DQO Process is still recommended as a planning tool, and the
planning team is encouraged to seek expert advice on how to develop a non-statistical data
collection design and how to evaluate the results of the data collection.

All of the activities that occur among the eight elements of the systematic planning

process (Table 1) occur at some point within the DQO Process or later in the Project Life Cycle
Components (Figure 1 and Chapter 8) as a result of performing the DQO Process, see Table 4.
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0.8 Benefits of Using the DQO Process

During initial planning stages, a planning team can concentrate on developing
requirements for collecting the data and work to reach consensus on the type, quantity, and
quality of data needed to support Agency goals. The interaction amongst a multidisciplinary
team results in a clear understanding of the problem and the options available. Organizations
that have used the DQO Process have found the structured format facilitated good
communications, documentation, and data collection design, all of which facilitated rapid peer
review and approval.

o The structure of the DQO Process provides a convenient way to document activities and
decisions and to communicate the data collection design to others.

e The DQO Process is an effective planning tool that can save resources by making data
collection operations more resource-effective.

e The DQO Process enables data users and technical experts to participate collectively in
planning and to specify their needs prior to data collection. The DQO Process helps to
focus studies by encouraging data users to clarify vague objectives and document clearly
how scientific theory motivating this project is applicable to the intended use of the data.

e The DQO Process provides a method for defining performance requirements appropriate
for the intended use of the data by considering the consequences of drawing incorrect
conclusions and then placing tolerable limits on them.

e The DQO Process encourages good documentation for a model-based approach to
investigate the objectives of a project, with discussion on how the key parameters were
estimated or derived, and the robustness of the model to small perturbations.

Upon implementing the DQO Process, your environmental programs can be strengthened
in many ways, such as the following:

e Focused data requirements and an optimized design for data collection

e Well documented procedures and requirements for data collection and evaluation
e (learly developed analysis plans with sound, comprehensive, QA Project Plans

e Early identification of the sampling design and data collection process.
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Table 4. When Activities Performed Within the Systematic Planning Process Occur
Within the DQO Process and/or the Project Life Cycle

Activities Performed within the When These Activities Occur Within the DQO
Systematic Planning Process (as featured Process and/or the Project Life Cycle
among the eight elements in Table 1)
Identifying and involving the project Step 1. Define the problem
manager/decision maker, and project Part A of the Project Plan (Chapter 8)
personnel

Identifying the project schedule, resources, Step 1. Define the problem
milestones, and requirements

Describing the project goal and objectives Step 2. Identify the goal of the study

Identifying the type of data needed Step 3. Identify information needed for the study

Identifying constraints to data collection Step 4. Define the boundaries of the study

Determining the quality of the data needed Step 5. Develop the analytic approach
Step 6. Specify performance or acceptance criteria

Step 7. Develop the plan for obtaining data

Determining the quantity of the data needed | Step 7. Develop the plan for obtaining data

Describing how, when, and where the data Step 7. Develop the plan for obtaining data
will be obtained

Specifying quality assurance and quality Part B of the QA Project Plan (Chapter 8)

control act1v1t1e§ tq assess the quality Part C of the QA Project Plan (Chapter 8)
performance criteria

Describing methods for data analysis, Part D of the QA Project Plan (Chapter 8)
evaluation, and assessment against the

intended use of the data and the quality The Data Quality Assessment Process (Chapter 8)

performance criteria

0.9 Categories of Intended Use for Environmental Data

Throughout this document, the concept of intended use of the data is used to set the
context for planning activities and focus the attention of the planning team. This guidance
focuses on two primary types of intended use: decision-making and estimation. Details on each
type and how they are related to some common analytic approaches (i.e., methodologies for
using data to draw conclusions in support of the intended use) are as follows:

Decision making. Perhaps the most common category of intended use is decision
making. In this context, decision making is defined as making a choice between two alternative
conditions. At the time a decision maker chooses a course of action, the resulting consequences
are usually unknown (to a greater or lesser degree) due to the uncertainty of future events.
Therefore, a good decision maker should evaluate the likelihood of various future events and
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assess how they might influence the consequences or “payoffs” of each alternative. This is
where statistical methods help a decision maker structure the decision problem. The
methodology of “classical” Neyman-Pearson statistical hypothesis testing provides a framework
for setting up a statistical hypothesis, designing a data collection program that will test that
hypothesis, evaluating the resulting data, and drawing a conclusion about whether the evidence is
sufficiently strong to reject or (by default) accept the hypothesis, given the uncertainties in the
data and assumptions underlying the methodology. The DQO Process has been designed to
support a statistical hypothesis testing approach to decision making.

Other statistical methods can be used to support decision making. For example, Bayesian
decision analysis provides a coherent framework for structuring a decision problem, eliciting a
decision maker’s value preferences about uncertain outcomes, evaluating evidence from new
data and information, and deciding whether to choose one of the alternatives now or continue to
collect more information to reduce the uncertainty before deciding. This approach uses
probabilities to express uncertainty and applies Bayes’ Rule to update the probabilities based on
new information.

Estimation. Often the goal of a study is to evaluate the magnitude of some
environmental parameter or characteristic, such as the concentration of a toxic substance in
water, or the average rate of change in long-term atmospheric temperature. The resulting
estimate may be used in further research, input to a model, or perhaps eventually to support
decision making. However, the defining characteristic of an estimation problem versus a
decision-making problem is that the intended use of the estimate is not directly associated with a
well-defined decision.

Uncertainty in estimates is unavoidable due to a variety of factors, such as imperfect
measurements, inherent variability in the characteristics of interest of the target population, and
limits on the number or samples that can be collected. Statistical methods provide quantitative
tools for characterizing the uncertainty in an estimate, and therefore play an important role in
designing a study that will generate data of the right type, quality, and quantity.

The final sections of Chapters 1 through 7 illustrate how to apply each step of the DQO
Process within the context of two examples that have been derived from real-life DQO
development efforts. The same two examples are used within each chapter. Some background:

Example 1. Making Decisions About Incinerator Fly Ash for RCRA Waste Disposal

A waste incineration facility located in the Midwest routinely removes waste fly ash from
its flue gas scrubber system and disposes of it in a municipal landfill. Previously the fly
ash was determined not to be hazardous according to RCRA program regulations. The
incinerator, however, recently began accepting and treating a new waste stream which
may include, among other things, electrical appliances and batteries. For this reason,
along with a recent change occurring in the incinerator process, the representatives of
the incineration company are concerned that the fly ash associated with the new waste
stream could contain hazardous levels of toxic metals, including cadmium. They have
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decided to test the fly ash to determine whether it now needs to be sent to a hazardous
waste landfill, or whether it can continue to be sent to the municipal landfill.

As a precursor to the DQO Process, the incineration company conducted a pilot study to
determine the variability in the concentration of cadmium within loads of waste fly ash
leaving the facility. From this pilot study, the company determined that each load is
fairly homogeneous, but there is considerable variability among loads due to the nature
of the waste stream. Therefore, the company decided that testing each container load
before it leaves the facility would be an economical approach to evaluating the potential
hazard. If the estimated mean cadmium level in a given container load was significantly
higher than the regulated standards, then the container would be sent to a higher-cost
RCRA landfill. Otherwise, the container would be sent to the municipal landfill.

Example 2.  Monitoring Bacterial Contamination at Alki Beach

0.10

Citizens, city officials, and environmental regulators are concerned that individuals using
a recreational beach (Alki Beach) on a river that flows through the city may be exposed
to unacceptable levels of pathogens (disease-causing microorganisms) at certain points
in time. A chicken farm is located close to the river about one mile upriver from Alki
Beach. There is concern that heavy rainfall or other adverse events at this farm could
result in discharge of chicken wastes into the river, and as a result, individuals using Alki
Beach have the potential of being exposed to pathogens at health-threatening levels if
there is inadequate monitoring of the beach waters.

At the present time, there is no beach water sampling program in place for Alki Beach.
However, there is strong community support for developing a sampling program that
would specify the type, number, location, and frequency of Alki Beach water samples to
be collected and analyzed in order to yield an estimate of the density of pathogens
present in beach waters (counts per 100mL).

This study will require the development of a beach water sampling plan and a means of
estimating a specified parameter, calculated from the measured pathogen levels, which
city health department staff can use with a predictive model to determine future actions.
The scope of the DQO Process will focus on collecting information needed to estimate
this parameter within an acceptable range of uncertainty.

Organization of This Document

The objective of this document is to describe how a planning team can use the DQO

Process to generate a plan to collect data of appropriate quality and quantity for their intended
use, whether it involves decision-making or simple estimation.

Following this introductory chapter, this document presents seven chapters (Chapters 1

through 7), each devoted to one of the seven steps of the DQO Process (Figure 2). Each chapter
is divided into four sections:
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Background — Provides background information on the specific step, including the
rationale for the activities in that step and the objectives of the chapter.

Activities — Describes the activities recommended for completing that step, including
how inputs to the step are used.

Outputs — Identifies the results that may be achieved by completing that step.
Examples — Presents how the step is applied in the context of two different data
collection examples, each focused on a different intended use (Section 0.11).

Chapter 8 shows how outputs of the DQO Process are used to develop a QA Project Plan

and serves as important input to completing the remainder of the Project Life Cycle. Chapter 9
provides additional examples of implementing the DQO Process.
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CHAPTER 1

STATE THE PROBLEM

The DQO Process

1. State the Problem ‘

2. Identify the Goal of the

3. Identify Information Inputs
4

1. State the Problem
* Give a concise description of the problem
* Identify leader and members of the
planning team.
* Develop a conceptual model of the
environmental hazard to be investigated.

. Define the Boundaries of the Study
5. Develop the Analytic Approach
* Determine resources - budget, personnel,

6. Specify Performance or Acceptance Criteria
and schedule.

. Develop the Detailed Plan for Obtaining Data

After reading this chapter you should understand how to assemble
an effective planning team and how to describe the problem and
examine your resources for investigating it.

1.1 Background

The first step in any systematic planning process, and therefore the DQO Process, is to
define the problem that has initiated the study. As environmental problems are often complex
combinations of technical, economic, social, and political issues, it is critical to the success of the
process to separate each problem, define it completely, and express it in an uncomplicated
format. A proven effective approach to formulating a problem and establishing a plan for
obtaining information that is necessary to resolve the problem is to involve a team of experts and
stakeholders that represent a diverse, multidisciplinary background. Such a team would provide:

the ability to develop a concise description of complex problems, and
multifaceted experience and awareness of potential data uses.

1.2 Activities
The most important activities in this step are to:

e describe the problem, develop a conceptual model of the environmental hazard to be
investigated, and identify the general type of data needed,;

e cstablish the planning team and identify the team’s decision makers;

e discuss alternative approaches to investigation and solving the problem;

¢ identify available resources, constraints, and deadlines associated with planning, data
collection, and data assessment.
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The planning team will typically begin by developing a conceptual model of the problem, which
summarizes the key environmental release, transport, dispersion, transformation, deposition,
uptake, and behavioral aspects of the exposure scenario which underlies the problem. The
conceptual model is an important tool for organizing information about the current state of
knowledge and understanding of the problem, as well as for documenting key theoretical
assumptions underlying an exposure assessment.

How do you establish the planning team and decision makers? The DQO planning team is
typically composed of the project manager, technical staff, data users, and stakeholders. The
development of a set of data quality objectives does not necessarily require a large planning
team, particularly if the problem is straightforward. The size of the planning team is usually
directly proportional to the complexity and importance of the problem. As the DQO Process is
iterative, team members may be added to address areas of expertise not initially considered.

As the project manager is familiar with the problem and the budgetary/time constraints
the team is facing, this person will usually serve as one of the decision makers and actively
participate in all steps of the DQO Process. In cases where the decision makers or principal data
users cannot attend team meetings, alternate staff members should attend and keep the decision
makers informed of important planning issues.

Technical staff should include individuals who are knowledgeable about technical issues
(such as geographical layout, sampling constraints, analysis, statistics, and data interpretation).
Depending on the particular project, the planning team of multidisciplinary experts may include
Quality Assurance managers, chemists, modelers, soil scientists, engineers, geologists, health
physicists, risk assessors, field personnel, regulators, and data analysts with statistical
experience. Often, a single person will have more than one required scientific background, and
therefore, can represent multiple disciplines on the team.

Stakeholders are individuals or organizations that are directly affected by a decision or
study result, may be interested in a problem, and want to be involved, offer input, or seek
information. The involvement of stakeholders early in the DQO Process can provide a forum for
communication as well as foster trust in the research or decision making process. The
identification of stakeholders is influenced by the issues under consideration, but because EPA is
organized into multiple program areas that are concerned with different environmental media
that address different regulatory areas, identification of stakeholders is often not easy. EPA
provides online guidance regarding stakeholder and public involvement in data collection
programs at http://www.epa.gov/stakeholders.

How do you characterize the problem? As the problem is defined, important information from
previous studies that solved similar problems, such as the performance of sampling and
analytical methods, should be identified and documented. This information may prove to be
particularly valuable later in the DQO Process. All relevant information and assumptions should
be organized, reviewed, identified according to its source, and evaluated for its reliability. The
planning team should be considerate of issues such as the regulatory requirements, organizations
having an interest in the study, potential political issues associated with the study, non-technical
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issues that may influence the sample design, and possible future uses of the data to be collected
(e.g., the data to be collected may be eventually linked to an existing database).

It is critical to carefully develop an accurate conceptual model of the environmental
problem, as this model will serve as the basis for all subsequent inputs and decisions. The
conceptual model is often portrayed as a diagram that shows:

known or expected locations of contaminants,

potential sources of contaminants,

media that are contaminated or may become contaminated, and
exposure scenarios (location of human health or ecological receptors).

Errors in the development of the conceptual model will be perpetuated throughout the other steps
of the DQO Process and are likely to result in developing a sampling and analysis plan that may
not achieve the data required to address the relevant issues.

It is important to identify theories and assumptions underlying the conceptual model to
ensure adequate transparency. If the problem is complex, the team may consider breaking it into
more manageable pieces, which might be addressed by separate studies. Priorities may be
assigned to individual segments of the problem and the relationship between the segments
examined.

What should be considered when identifying available resources, constraints, and deadlines?
The planning team should identify and examine limitations that would be present on resources
and time constraints associated with the process of collecting data and conducting activities that
constitute the Project Life Cycle (Chapter 8). These activities would include completing the
DQO Process (e.g., developing performance or acceptance criteria), preparing the QA Project
Plan for collecting and analyzing samples, and interpreting and assessing the collected data. As
far as possible, practical constraints such as right of entry, seasonality, or physical location
affecting the taking of samples should be documented. The planning team should also examine
available personnel and contracts (if applicable) and identify deadlines for collecting data.

How do you identify the type of intended use for the study data? At this point in the project, the
planning team may be able to make a preliminary determination of the type of data needed and
how it will be used. The two primary types of intended uses are decision making and estimation.

Sometimes the type of intended use will be obvious, such as when data are needed to
determine whether a facility is in compliance with a regulatory limit. It is clear that these data
would be used for decision making purposes. However, in other instances, the type of intended
use may be difficult to identify this early in the process. For example, consider the situation
where data are needed to support development of a regulation, which ultimately may involve
making decisions about regulatory thresholds that reflect acceptable public health risks, as well
as regulatory implementation structures. However, this early in the DQO Process, many of the
regulatory alternatives may not yet be developed, and in fact, may depend on the findings of the
study. Consequently, the intended use of the collected data may be to generate a set of estimates
that will 