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Standard Guidance for the Preparation of Quality Assurance Project Plans 
(TRD-97-1) 

ISSUE: The U.S. Army Corps of Engineers has the 
mission to conceive and execute civil works projects 
in the nation's waterways. Projects relating to this 
mission are subject to various environmental regula- 
tions that require the collection of environmental 
data for project planning, design, construction, and 
operation. These data-collection processes must be 
performed under controlled conditions to be legally 
defensible. An effective quality assurance (QA) 
plan is needed to meet these requirements. 

RESEARCH: In response to the need for a guid- 
ance document to assist Corps personnel with the 
preparation of QA project plans, a task group met 
and recommended the preparation of a single stand- 
ardized approach that would be applicable to all 
civil works data-collection programs. This guidance 
report was prepared in response to this recommen- 
dation. 

SUMMARY: Elements of a QA project plan are 
described together with basic concepts associated 

with their use. All aspects of project activities are 
covered, including staff responsibilities, selection of 
measurement methods, designation of project- 
specific performance requirements (data quality 
objectives), data quality assessments, and corrective 
actions. A systematic process is described that will 
ensure the production of quality environmental data. 

AVAILABILITY: The report is available on Inter- 
library Loan Service from the U.S. Army Engineer 
Waterways Experiment Station (WES) Library, 
3909 Halls Ferry Road, Vicksburg, MS 39180- 
6199; telephone (601) 634-2355. 

To purchase a copy, call the National Technical 
Information Service (NTIS) at (703) 487-4650. For 
help in identifying a title for sale, call (703) 487- 
4780. NTIS numbers may also be requested from 
the WES librarians. 

"\ 
About the Author: The report was written by Mr. Russell H. Plumb, Jr., Lockheed Environmental 
Systems and Technology. Point of contact is Ms. Ann B. Strong, WES, telephone (601) 634-2726. 
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1     Background 

A major mission of the U.S. Army Corps of Engineers is to conceive and execute 
civil works projects in the waterways of the country. This mission has included the 
dredging of channels and harbors to maintain navigation, the construction of dams 
and the channelization of waterways for flood control, and the construction and 
operation of dams and impoundments for water supply. The management and plan- 
ning of these projects has historically focused on engineering and budgetary con- 
cerns such as design, operation, and maintenance. While these issues must still be 
addressed to successfully complete a project, environmental legislation of the past 
20 years has expanded the scope of individual civil works projects performed by the 
Corps. Regulations such as the Clean Water Act, the Marine Protection, Research, 
and Sanctuaries Act, the Resource Conservation and Recovery Act, and the Super- 
fund Amendments and Reauthorization Act require the collection of environmental 
data that are used in all phases of project planning, design, construction, and opera- 
tion and to demonstrate environmental compliance. 

The type of activities conducted by the U.S. Army Corps of Engineers that 
require the collection of environmental data1 are as diverse as the civil works mis- 
sion. The Corps routinely collects environmental data to characterize environmental 
resources, monitor the effects of existing projects and operations, predict possible 
impacts of proposed projects, protect and preserve environmental resources, and 
maintain compliance with applicable laws and regulations. Examples of these data- 
collection efforts include the following: 

a. Collection and analysis of surface water samples to evaluate possible envi- 
ronmental effects of proposed dredging operations. 

b. Collection and analysis of harbor and riverine sediment samples to charac- 
terize and evaluate possible environmental effects of proposed dredging 
operations. 

c. Conducting bioassays to assess the potential toxicity of sediments to be 
dredged. 

1  A glossary of selected quality assurance terms is presented in Appendix A. 
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d. Conducting biological surveys in conjunction with planning activities or the 
selection of a project site. 

e. Analysis of biological tissue samples for body-burden surveys and assess- 
ment of contaminant-bioaccumulation potential. 

/    Collection and analyses of water samples to ensure the quality of water in 
recreational areas and parks. 

The above list is not meant to be comprehensive. It simply illustrates the breath 
of environmental data-collection activities undertaken by Corps personnel and that 
these activities may require the collection of different sample types (water, sedi- 
ment, soil, and biological organisms or tissue), that the collected samples be ana- 
lyzed to determine specific chemical, biological, or physical characteristics of the 
samples, and that these analyses may be performed under controlled laboratory con- 
ditions or in the field. A common feature of these diverse data-collection programs 
is the need for an effective quality assurance plan to ensure that data of known 
quality are produced to satisfy project-specific requirements. 

There are three important considerations that mandate the use of quality assur- 
ance plans in environmental data-collection programs conducted by the Corps or 
their contractors. First, good science and management of good science require effort 
in the area of quality assurance to control the performance of the data generation 
process in order to produce valid data that can be used in the decision-making pro- 
cess. Many investigators already use elements of a quality assurance plan (i.e., rep- 
licate sample analysis, analysis of blank samples); but their use is highly variable in 
different programs, and the results are poorly documented. Second, the Administra- 
tor of the U.S. Environmental Protection Agency (EPA) has established a regulatory 
requirement that all environmental data mandated or supported by EPA through 
regulations, grants, or contracts be collected pursuant to an approved quality assur- 
ance project plan.1 The significance of this point is that a project-specific quality 
assurance plan that defines data quality requirements for a project and the pro- 
cedures to be followed to ensure that these requirements are met must be in place 
before actual environmental sampling is conducted if the resultant data are to be 
submitted to EPA. Third, the Corps has established a minimum of 11 Engineering 
Regulations (ERs) and Engineering Technical Letters (ETLs) that require quality 
assurance to be adequately considered in individual programs (Table 1). Thus, the 
need to incorporate adequate quality assurance activities in environmental data- 
collection programs conducted or sponsored by the Corps has been recognized. 

Based on the issues identified above, quality assurance is an essential technical 
component and an administrative requirement of all environmental data-collection 
programs. Therefore, the Committee on Water Quality convened a Quality Assur- 
ance Task Group in 1993 to survey the status of quality assurance activities in the 
individual Corps Districts. The survey results indicated a general recognition of the 

1  U.S. Environmental Protection Agency. (1980).  "Interim guidelines and specifications for prepar- 
ing quality assurance project plans," Document QAMS-005/80, Office of Monitoring Systems and 
Quality Assurance, Washington, DC. 
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Table 1 
Regulations and Technical Guidance Established by the U.S. Army 
Corps of Engineers that Address the Topic of Quality Assurance and 
Quality Control 

Reference Year Subject of Regulation or Guidance 

ER 1110-1-12 1993 Quality Management 

ER 1110-1-261 1986 Quality Assurance of Laboratory 
Testing Procedures 

ER 1110-1-263 1990 Chemical Data Quality Management for 
Hazardous Waste Remedial Activities 

ER 1110-1-1401 1989 Interlaboratory Testing Program for 
Chemical Analyses 

ER 1110-1-8100 1994 Laboratory Investigations and Materials 
Testing 

ER 1130-2-407 1977 Operating and Testing Potable Water 
Systems in Compliance with the "Safe 
Drinking Water Act" (PL 93-523) 

ER 1130-2-415 1976 Water Quality Data Collection 
Interpretation and Application Activites 

ETL 1110-2-244 1979 Water and Wastewater Laboratory 
Quality Control 

ETL 1110-2-252 1980 Quality Control of Water Quality Field 
Sampling 

ETL 1110-2-298 1986 Contracting Guidelines for Water 
Quality and Other Chemical Analyses 

ETL 1110-2-309 1988 Water and Wastewater Laboratory 
Inspections 

need for quality assurance but that no standardized approach was being used to 
implement quality assurance activities in District programs. Factors that have 
contributed to this situation include the following: 

a. The requirement to conduct appropriate quality assurance activities is dis- 
persed in 11 ERs and ETLs (Table 1) and the administrative policy of a 
second Federal agency (EPA). 

b. The ERs and ETLs that established the need for quality assurance activities 
do not describe the quality assurance activities that are required or provide 
guidance on the preparation of quality assurance project plans. 

c. Personnel involved in data-collection programs on behalf of the Corps may 
range from professional staff, to contractors, to part-time staff or summer 
hires. The knowledge and experience with quality assurance activities will 
vary with the skill mix selected for individual projects. 
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d.    There is a perception that quality assurance is an analytical laboratory 
requirement when, in fact, it relates to all environmental data-collection 
programs. 

After evaluating the results of the quality assurance survey, the Quality Assur- 
ance Task Group recommended the development of a comprehensive guidance 
document to assist Corps personnel with the preparation of quality assurance project 
plans (QAPPs). The consensus of the Task Group was that a single standardized 
approach to the preparation of required quality assurance plans could be prepared 
that would be applicable to all environmental data-collection programs conducted by 
the Corps. A single approach to quality assurance would be easier to implement and 
result is an improved and more consistent application of quality assurance activities 
throughout all Corps programs. 

This report was prepared in response to the recommendation of the Quality 
Assurance Task Group. Its primary objective is to provide detailed guidance on the 
preparation of quality assurance project plans for all environmental data-collection 
programs conducted by the Corps except the Hazardous, Toxic, and Radioactive 
Wastes Program. This guidance will include an identification of the specific topics 
to be addressed in preparing a quality assurance project plan and a discussion of the 
purpose for each of these topics. In addition, it is intended that this report be used 
to address several additional needs associated with the preparation of quality assur- 
ance project plans. These needs, as identified by the Quality Assurance Task 
Group, are as follows: 

a. Education. The survey conducted by the Task Group indicated that person- 
nel recognized the general need for quality assurance activities but did not 
understand how the process works. One objective of this report is to pro- 
vide an improved understanding of the concepts associated with quality 
assurance. This material is intended to be of use to management personnel 
that oversee the implementation of quality assurance activities, project 
management that must prepare project-specific quality assurance project 
plans, and project staff that must conduct the quality assurance activities 
required in the quality assurance project plan. 

b. Responsibilities. A second objective of this document is to define the roles 
and responsibilities for various individuals in the chain of command in order 
to implement a successful and effective quality assurance program. 

c. Training. One of the issues identified in the Task Group survey is that the 
approach to quality assurance can vary with the skill mix of the personnel 
assigned to a project, from District to District, and the selection of a support 
contractor. By defining a single, standardized approach to the preparation 
of quality assurance project plans, the report can be used as a training aid 
and a project planning document to ensure that quality assurance considera- 
tions are applied in a consistent manner in all environmental data-collection 
programs performed on behalf of the Corps. 

4 
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Chapter 2 of this guidance report identifies each of the individual components of 
a quality assurance project plan and discusses the need for including them in a qual- 
ity assurance program. In addition, it includes a presentation of some of the basic 
concepts that should be considered in preparing a quality assurance project plan. 
This section is intended to be of general interest to all Corps personnel and their 
contractors and provide a better understanding of the quality assurance planning 
process. Chapter 2 also describes the roles and responsibilities for Corps personnel 
at various levels of the chain of command. This section should facilitate the prep- 
aration and implementation of quality assurance project plans. Lastly, Chapter 2 
provides detailed guidance on the preparation of a quality assurance project plan. 
This material is presented in general terms in order to implement a single standard- 
ized approach in all environmental data-collection programs conducted by the 
Corps. This section will be most applicable to project managers and project leads 
that are responsible for preparing quality assurance project plans and the project 
staff that are responsible for performing the assigned tasks. 
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2    Quality Assurance Project 
Plan 

Introduction 

Quality is an intrinsic property of all goods and services including environmental 
monitoring data. This property increases the value or ensures the suitabihty of a 
product for a particular purpose. In effect, quality establishes the confidence or 
trust that a product, a service, or environmental data can be used in a reliable man- 
ner. Although most individuals have a general awareness of quality and its value, 
there are three distinct characteristics of quality that need to be recognized in order 
to develop and implement a quality assurance program. First, quality is not an 
absolute property, but a relative property that depends on how the product, the ser- 
vice, or the data are to be used. A product or a set of environmental monitoring data 
that is considered of high quality in one situation may be considered of low quality 
in a second situation. Thus, the intended use of a product needs to be known in 
order to assess the quality of the item. Second, although quality is a fundamentally 
important property, it can seldom be measured directly. Therefore, several attri- 
butes of the product are usually measured to provide an indirect indication of the 
overall quality of a product. Third, the consistent production of high-quality pro- 
ducts is not a random event or accident. Rather, it is the result of proper planning 
and process control to achieve a desired end product. The systematic process of 
specifying the intended use of a product and monitoring product attributes to ensure 
the necessary performance or compliance with required conditions is referred to as 
quality assurance. 

Quality assurance is a production and management tool that has its modern 
origins in the industrial sector approximately 75 years ago. At that time, quality 
assurance consisted of simply comparing some characteristic of the items being 
manufactured (quality attribute) with the design specifications of the product 
(intended use) to ensure acceptability. In the intervening years, the process of 
quality assurance has become more sophisticated, but the general approach to 
quality assurance that is currently used with environmental data is similar, with one 
exception, to that used in production process control used by industry. The one 
exception concerns knowledge of the final product. Whereas the desirable proper- 
ties of a product produced in an industrial setting are known and can be measured 
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directly, the true value of the environmental property or condition being monitored 
or observed is seldom known. Therefore, the primary function of quality assurance 
in environmental monitoring programs is to define necessary operating conditions 
and performance requirements for the measurement process to be used. In effect, 
the performance of the measurement process is used as a surrogate for the quality of 
the data being produced. The reasoning behind this approach is that if the measure- 
ment process can be shown to be operating in an acceptable manner, then the mea- 
surement data or observations are of known quality and acceptable for the intended 
use. 

A quality assurance program consists of three basic elements. The first element 
is a Quality Assurance Management Plan (QAMP). This plan is a document or a 
series of documents such as those listed in Table 1 in which an organization states 
its commitment to a quality assurance program. A QAMP describes the manage- 
ment structure of an organization, defines functional quality assurance responsibili- 
ties for both management and staff, and identifies key personnel in the organization. 
The second element of an effective quality assurance program is the personnel of an 
organization. Knowledgeable and well-trained staff are necessary to implement an 
organizational QAMP on a routine basis. The third element of a quality assurance 
program is the development and use of a QAPP. The QAPP is a detailed planning 
document that specifies the quality assurance activities that are considered necessary 
to produce data of acceptable quality for a specific project. The QAPP is a project- 
specific blueprint that defines the procedures to be followed by project personnel in 
order to to obtain environmental monitoring data of known quality. The goal of this 
document is to explain the concepts necessary to prepare quality assurance project 
plans in support of the environmental data-collection programs conducted by the 
Corps. 

Quality Assurance Project Plan 

A common feature of every environmental data-collection or monitoring program 
is the need to obtain measurements or observations of some condition being studied 
or characterized. This need exists whether the data-collection program involves the 
chemical analysis of environmental samples, an assessment of biologic activity, or a 
survey of environmental conditions. This information is usually gathered as part of 
a decision-making process to issue regulatory permits or to characterize and under- 
stand environmental processes. It is therefore necessary that the measurements and 
observations be accurate, unbiased, and representative of the conditions being 
studied to ensure that the data can be used with confidence and the resultant deci- 
sions or project results are valid. 

The mechanism through which project-specific data quality objectives are estab- 
lished to define the operating requirements of the environmental data measurement 
system, and therefore to control the quality of the data to be produced, is the QAPP. 
The QAPP is a companion document to a project plan or a study design. The dis- 
tinction between these two documents is that a project plan states why a particular 
study is being conducted, why the study is important or necessary, and possibly the 
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type of measurements or observations to be collected during the course of the study. 
The QAPP, on the other hand, specifies the analytical and measurement procedures 
to be used to obtain the desired data and the operating criteria that must be satisfied 
to demonstrate that the data measurement system is functioning properly and ensure 
the data are of acceptable quality. Thus, a project plan or study design states "why" 
a project is being conducted, and a QAPP states "how" the environmental data or 
observations will be obtained. 

The process of assuring the quality of environmental data would simply be one 
of comparing the measured result with the known value for the condition being 
studied if the true value were known. However, this condition is seldom the case 
with environmental measurements. Therefore, the general approach to quality 
assurance plans for environmental data-collection programs is to establish perfor- 
mance requirements for the data generation system. The logic behind this approach 
is that if a measurement system can be shown to be operating properly with samples 
of known composition, the results for unknown environmental samples can reason- 
ably be assumed to be correct. However, if the analytical system cannot produce 
acceptable results for known samples, the results for unknown environmental sam- 
ples should be considered suspect. When this condition occurs, the analysis of sam- 
ples should cease until the analytical system has been inspected to identify and 
correct the problem. 

An essential consideration in every environmental data-collection program must 
be the recognition that every measurement and observation are subject to some 
degree of variability and uncertainty. The uncertainty associated with an environ- 
mental measurement has two components. One of these components is natural 
fluctuation that can cause some environmental condition to vary over time and 
space. Examples of these fluctuations are seasonal changes in water quality param- 
eters due to thermal stratification in lakes and reservoirs, seasonal changes in 
anadromous fish populations on spawning beds, and temporal fluctuations in 
streamfiow due to snowmelt or rainfall events. These fluctuations are characteris- 
tics of the condition being studied and must be addressed through adequate 
sampling. The second component that contributes to uncertainty in environmental 
measurements is error. Examples of these errors include sampling error, analytical 
or measurement error, and human error. Each of these error factors reduce the 
reliability and usability of the environmental data being collected. The prime pur- 
pose of a quality assurance project plan is to specify a required set of operating 
conditions or performance requirements for the data-measurement process that will 
identify these errors when they occur and define a course of action that will elimi- 
nate, if possible, or reduce these errors to acceptable levels. This is accomplished 
by using standard operating procedures, providing detailed guidance for critical 
operations, and establishing adequate controls to demonstrate that the data- 
generation process is functioning correctly. 
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Elements of a Quality Assurance Project Plan 

The basic function of a Quality Assurance Project Plan is to establish a series of 
operational controls for the data measurement or observation process to be used 
during a project. This goal is accomplished by critically considering each of the fac- 
tors that can potentially influence the performance of the measurement system and 
defining acceptable performance limits to eliminate or minimize the error and uncer- 
tainty in the data. The list of factors that should be considered in developing a 
QAPP is variable and subject to discussion. However, the list of quality assurance 
elements that has received the widest usage in the environmental field is that first 
developed by the EPA.1 This list of 16 QAPP elements is presented in Table 2. 
Although these elements were originally selected and have been extensively applied 
to chemical measurement systems in the past 15 years, they are also functionally 
appropriate for other types of measurements such as those used in biological, hydro- 
logical, and physical studies. 

Table 2 
Elements of a Quality Assurance Project Plan as a Function of QA 
Level 

QA Element QA Level 1 QA Level 2a QA Level 2b QA Level 3 

Title page X X X X 

Table of contents X X X X 

Project description X X X X 

Project organization X X 

QA level determination X X X X 

Sampling procedure X X X X 

Sample custody X 

Analytical procedures X X X X 

Calibration frequency X 

Data quality objectives X X X 

Internal QA checks X X X 

Performance/system audits X X X 

Preventive maintenance X 

Data assessment procedures X X X 

Corrective action X X X 

QA reports to management X X X 

1   U.S. Environmental Protection Agency. (1980). "Interim guidelines and specifications for prepar- 
ing quality assurance project plans," Document QAMS-005-80, Office of Monitoring Systems and 
Quality Assurance, Washington, DC. 
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The preparation of a QAPP is a systematic planning process during which the 
project manager or task lead develops written guidance for each of the QAPP ele- 
ments included in Table 2. This guidance should be presented in sufficient detail to 
demonstrate the following: 

a. A thorough understanding of the environmental data-collection effort to be 
performed. (Are the methods appropriate for the measurements to be made? 
Is the project staff skilled in the proper use of these methods?) 

b. The methods selected for data acquisition or measurement are capable of 
producing the data required to achieve stated project objectives. (Can the 
analytical method measure the parameter of interest at the low levels needed 
for the project?) 

c. Appropriate operating conditions and data quality objectives have been 
established to define acceptable performance by the data measurement sys- 
tem. (How often will the analytical system be calibrated? Have acceptable 
limits been defined?) 

d. A data assessment process has been established to evaluate the quality of the 
information being produced and document that the measurement system was 
operating in an acceptable manner. (How will it be demonstrated that the 
system was operating properly while project data were being produced?) 

The following is a brief synopsis or overview of the information to be presented 
for each of the QAPP elements. The purpose in presenting this material is to make 
the reader aware of the issues that must be addressed in preparing a QAPP. Each of 
these points will be discussed in more detail later. 

Title page 

The title page serves two project management functions. First, it performs a 
standard title page function and identifies the title of the project for which environ- 
mental data are to be collected and the individual or organization that will perform 
the work. Second, the title page includes a signature block to record the individuals 
that have reviewed and approved the QAPP prior to its implementation. 

Table of contents 

The table of contents simply lists the major sections and subsections of the 
QAPP and identifies the tables, figures, references, and appendixes that are included 
in the document. The table of contents can also serve as a convenient checklist to 
ensure that all relevant quality assurance issues have been addressed in the prepara- 
tion of the QAPP. 

10 
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Project description 

The project description describes the purpose of the project for which the envi- 
ronmental data are to be collected. This discussion should include background 
information relevant to the project, a description of the work to be performed, and 
the schedule for project implementation. Depending on the nature of the project for 
which data are being collected, the following issues should be addressed as needed 
in this section of the QAPP: 

a. Describe the site, facility, or condition that is to be studied. 

b. Identify the problem to be solved or the decision that is to be made. 

c. Identify any applicable regulatory, administrative, or technical requirements 
that must be fulfilled in conducting the project. 

d. Discuss the measurements or observations to be collected and how this 
information will be used to solve the problem or reach the decision that must 
be made. 

e. Identify all special personnel or equipment requirements that are required to 
complete the data-collection program. 

/    Provide a tentative project schedule. 

There are three guiding principles that can be helpful in preparing the project 
description of a QAPP. First, the purpose of preparing a QAPP is to plan the data- 
collection program for a project. The better a project setting can be discussed, the 
easier it will be to plan a data-collection program that will satisfy project needs. 
Second, the level of detail presented in this section should be understandable by a 
technical person that is not familiar with the project. Third, it is recognized that 
many of the topics to be covered in this section may be required in other documents 
(i.e., project plans). It is perfectly acceptable to cite these other documents in order 
to shorten the preparation time and size of the QAPP provided they are properly 
referenced and available for review. 

Project organization 

The primary purpose of the project organization is to identify all key project 
participants. The list should include upper management personnel responsible for 
approving the work plan and the QAPP, project management personnel responsible 
for completing the project, project staff responsible for implementing the project 
activities, and the quality assurance officer for the organization. The usual method 
of presenting this information is with an organizational chart that defines the rela- 
tionships and lines of communication between participating groups. 

This section should clearly define the roles and responsibilities for each indi- 
vidual identified in the organizational chart with respect to the completion of the 
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project. The project activities to be discussed include management oversight func- 
tions, technical functions, and quality assurance functions. 

QA level determination 

One of the features of the quality assurance planning process is the general 
recognition that it is not necessary to address all of the QAPP elements for every 
project. This has led to the concept of a graded approach for the preparation of a 
QAPP in which the number of QAPP elements for which guidance must be devel- 
oped is dependent on the purpose of the project and the intended use of the data to 
be collected.1'2 As indicated in Table 2, where the QAPP elements were first intro- 
duced, there are four possible levels of quality assurance guidance. These levels are 
defined as follows: 

a. QA Level 1. This is the most stringent level of quality assurance and 
requires the development of project-specific guidance for all QAPP ele- 
ments. Examples ofprojects in this category are those that provide direct 
support to enforcement, regulatory, or policy decisions. These projects may 
become involved in legal matters (i.e., permitting) and require the highest 
level of QA to ensure both legal and scientific validity of the data. 

b. QA Level 2a. Projects in this category provide complementary support to 
enforcement or policy matters or are "high visibility" type projects that may 
see intense public scrutiny. 

c. QA Level 2b. Projects in this category are generally considered to be interim 
studies. They include such activities as environmental data-collection opera- 
tions performed as part of larger operations, method development, feasibility 
studies, and preliminary assessments that could lead to more extensive 
future work. 

d. QA Level 3. Projects in this category are basic studies that are being con- 
ducted to develop "proof of concept" or for qualitative screening. These 
studies require the least stringent QAPP. 

The purpose of this section of the QAPP is for the project manager to select the 
most appropriate QA level for the project based on the objectives of the study to be 
conducted. Since the distinction between each of the four QA level categories is not 
distinct, the following thoughts may prove useful in selecting the QA level for a 
project: 

U.S. Environmental Protection Agency. (1989). "Preparing perfect project plans (a pocket guide 
for the preparation of quality assurance project plans)," Document EPA/600/9-89/087, Risk Reduction 
Engineering Laboratory, Cincinatti, OH. 
2  U.S. Environmental Protection Agency. (1996). "EPA requirements for quality assurance project 
plans for environmental data operations," Document EPA QA/R-5, Quality Assurance Management 
Staff, Washington, DC. 
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a. If the data to be collected will be used in a permitting process or in a public 
meeting, QA Level 1 would be an advisable choice. 

b. If the data to be collected are preliminary in nature and will be used to define 
more extensive studies, QA Level 3 would be a likely choice. 

c. If the data to be collected do not fall into either QA Level 1 or QA Level 3, 
they belong in either QA Level 2a or QA Level 2b. Since the QAPP distinc- 
tion between these two categories is slight (QA Level 2a requires a project 
organization and QA Level 2b does not), the selection is a matter of 
preference. 

Data quality objectives 

The data quality objectives are the single most critical component of a QAPP 
because it defines the performance requirements of the data measurement system 
that are considered necessary by the project manager to successfully complete the 
project. The data quality attributes for which project-specific goals are developed in 
this section are precision, accuracy, representativeness, completeness, comparabil- 
ity, and method detection limit. The QAPP should identify reasonable objectives for 
each of these data quality characteristics for each important parameter in each 
sample matrix. 

The purpose of these data quality attributes is as follows; 

a. Method detection limit. This is a quantitative data quality objective (DQO) 
that defines the smallest concentration or quantity of a substance that can be 
reliably measured. A consideration of this parameter during the preparation 
of the QAPP ensures that the data measurement system selected will be 
sensitive enough to measure important project parameters at low concentra- 
tions of interest during the project. In addition, a consideration of the 
method detection limit provides guidance on the necessary size of sample 
that must be collected. 

b. Accuracy. This is a quantitative DQO that expresses how closely the 
reported result for a sample parameter is to the actual or true value for that 
parameter. The difference between the actual value for a concentration or a 
characteristic of a parameter and the measured value for that parameter is an 
expression of the bias in the measurement system. The purpose of this 
DQO is to define the amount of bias that will be considered acceptable dur- 
ing a project. In addition to stating the required accuracy level for a project, 
the QAPP should also state the frequency that accuracy checks should be 
performed during a project. 

c. Precision. This is a quantitative DQO that defines the variability or scatter 
between two or more consecutive measurements of the same sample charac- 
teristic. The purpose of this DQO is to define the level of data reproducibil- 
ity that must be achieved for project data to be considered acceptable. In 
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addition to stating the required level of precision required during a project, 
the QAPP should also state the frequency that precision checks will be per- 
formed during a project. 

d. Completeness. This is a quantitative DQO that describes the amount of 
acceptable data produced by a data measurement system compared with the 
total amount of data that would be generated if the measurement system 
operated error free. In effect, this is a measure of the efficiency of the data- 
measurement system. 

e. Representativeness. This is a qualitative DQO that expresses the degree to 
which sample data accurately and precisely represent a characteristic of the 
condition being monitored, or variations in that characteristic at a particular 
sampling point. This particular DQO is frequently hard to quantify.1 One 
method of defining this DQO is to discuss the nature of the sample collec- 
tion program to be used during the project (i.e., either (a) a random grid will 
be sampled to ensure that the collected samples are representative of the 
condition being monitored, or (b) authoritative or stratified sampling will be 
conducted to ensure that the samples represent an area or condition of 
interest). 

/    Comparability. This is a qualitative DQO that expresses the confidence 
with which the data to be generated can be compared with other data of the 
same type. Again, this concept is difficult to quantify1 and is best 
approached by corifirming that measurement techniques are similar (com- 
parable) to those that have been used previously to measure the same envi- 
ronmental property elsewhere and the resultant measurements will be 
expressed in the same units to provide comparability with historical infor- 
mation or environmental criteria. 

Because of the large number of factors that must be addressed in this section 
(each critical project parameter in each sample matrix must have a specified DQO 
for detection limits, precision, accuracy, completeness, representativeness, and 
comparability), this information can best be summarized in tabular form as sug- 
gested in Table 3. Using this type of format, separate numerical limits are specified 
for each of the quantitative DQOs. 

The single most common reason for QAPPs not being approved in a timely man- 
ner, particularly QA Level 1 QAPPs, is incomplete or inadequate development of 
the required DQOs. The most common errors and omissions that should be guarded 
against during the preparation and review of a QAPP are as follows: 

a.   Failure to specify DQOs. Without establishing these goals for the project, 
it is not possible to determine whether the data generation system is 

Taylor, J. K. (1987). Quality assurance of chemical measurements. Lewis Publishers, Chelsea 
MI. 
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Table 3 
Example of a Data Quality Objective Summary for a Project 

Parameter 
Sample 
Matrix 

Analytical 
Method1 

Accuracy 
% 

Precision 
% 

Detection 
Limit Completeness 

Sodium Water 6010* 90-110 20 1.0 mg/L 95 

Potassium Water 6010* 90-110 20 3.0 mg/L 95 

Calcium Water 6010* 90-110 20 1.0 mg/L 95 

Magnesium Water 6010* 90-110 20 0.1 mg/L 95 

Chloride Water 300* 90-110 20 1.0 mg/L 95 

Sulfate Water 300* 90-110 20 0.5 mg/L 95 

Alkalinity Water 310.0** 90-110 20 1.0 mg/L 95 

Conductivity Water 9050* 90-110 20 5 mgo/cm 95 

pH Water 9040* 0.1 su - -- 95 

1   Refers to methods listed in Test Methods for Evaluating Solid Wastes, EPA SW-846 (*) or 
to methods listed in Methods for Chemical Analysis of Water and Wastes, EPA-600/4-79- 
020(**). 

operating properly or if the data being produced are adequate to satisfy 
project needs. 

b. DQOs only specified for a single sample matrix. Some projects, such as 
the evaluation of sediments to be dredged, require the collection of different 
sample types (sediment and water). Since precision, accuracy, detection 
limits, and concentration units will vary with the sample matrix, the quality 
assurance planning process must specify separate DQOs for each sample 
matrix to be collected. 

c. Indirect reference to third-party DQOs. Draft QAPPs will frequently cite 
the use of DQOs established by the laboratory that will analyze the samples. 
There are two problems with this approach. First, the project lead cannot 
assess the quality of the data because numerical DQOs are not specified. 
Second, laboratory personnel cannot evaluate the suitability of the data for 
project purposes since samples are usually submitted blind to eliminate or 
minimize bias. Laboratory DQOs can be used, but they must be explicitly 
listed in the QAPP and not included by reference. 

d. Specifying the QA activity without establishing a specific DQO. Draft 
QAPPs will frequently state that replicate samples will be analyzed to cal- 
culate the precision of the measurement process or known reference mate- 
rials will be analyzed to calculate the accuracy of the procedure being used. 
The problem with this approach is that the activity only defines data quality 
after a project is over, but it does not control the quality of data as they are 
being generated. If the data-measurement system functions improperly, the 
error is not detected until after the project is over. However, by specifying a 
data quality goal in the QAPP, the data-measurement system can be 
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recalibrated, repaired, or, if necessary, replaced in a timely manner to ensure 
that data of acceptable quality are produced. 

Sampling procedures 

One of the most important considerations in an environmental monitoring pro- 
gram is the sample-collection process. Since the proper analysis of an improperly or 
poorly collected sample will not provide useful information for achieving project 
objectives, this element is included in a QAPP to be able to specify the required 
sampling methods and equipment that must be used by field personnel to obtain 
acceptable samples for subsequent analysis. 

The purpose of this section of the QAPP is to identify critical steps in the sample 
collection process that could influence the quality of the data to be produced and to 
define a course of action that will minimize or eliminate the error from these 
sources. The type of sampling issues that should be discussed in the QAPP are as 
follows: 

a. Describe the techniques or guidelines to be used in selecting the sampling 
points and frequencies. 

b. Provide a detailed discussion of the sampling procedure and equipment to be 
used to obtain the required samples. 

c. The QAPP should specify the type of materials to be used or the equipment 
decontamination procedure to be followed if sample contamination from the 
sampling equipment is a topic of potential concern. Equipment decontami- 
nation should be verified through the analysis of equipment blanks when 
necessary. 

d. The QAPP should specify the types of containers that are acceptable for the 
storage and transport of the collected samples. If necessary, the QAPP 
should also describe special procedures that should be used to clean or pre- 
pare the sample containers. 

e. The QAPP should specify the size of sample to be collected in order to 
achieve the required detection limits during sample analysis. 

/    The QAPP should specify any preservatives that are to be used to minimize 
sample deterioration between collection and analysis. The discussion should 
also identify maximum holding times and any other special storage require- 
ments that are necessary. 

g.    For large and complicated projects, the procedures to record the location and 
pertinent ambient conditions during sample collection and the method of 
sample labeling should be described. 
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In order to simplify the preparation of this section, routine sampling methods can 
be incorporated by referencing appropriate work plans or standard operating proce- 
dures. Also, sampling requirements for sample containers, preservatives, holding 
times, and sample size can be conveniently summarized in table form. 

Sample custody 

Sample custody or chain-of-custody is a mechanism to track the possession and 
handling of samples, data, and records from initial collection to data reporting. This 
process provides a written record of accountability that ensures the physical security 
and integrity of the samples. Since these records may be required if the data are 
used in legal proceedings, chain-of-custody procedures must be described for a 
Level 1 QAPP. These procedures may be useful for other QAPP levels, but their 
use is not mandatory. 

When chain-of-custody is necessary, the QAPP should describe the specific pro- 
cedures that will be used to maintain the scientific credibility and legal defensibility 
of the samples or environmental information to be obtained. This discussion should 
describe the forms that will be used to label the samples (sample number, location, 
date, sample preservative), the custody seals that will be used to maintain sample 
integrity during transport, and the procedures to be followed when the samples 
change possession. 

Analytical procedures 

The purpose of the analytical procedures element of the QAPP is to identify the 
analytical methods and equipment that will be used to perform the required analysis. 
The methods that are selected must be appropriate for the parameters to be mea- 
sured and should be capable of measuring the parameters at the anticipated concen- 
tration levels in the sample matrix. In addition, the QAPP should describe all of the 
sample handling and preparation procedures (i.e., sample filtration, sediment diges- 
tion, extraction methods, elutriate preparation) that will be used in conjunction with 
the analytical procedures. 

The following considerations may be helpful in the selection of analytical pro- 
cedures to be used. First, if the project is a QA Level 1 project (and the results 
could be reviewed or used in a legal matter), standardized, validated analytical pro- 
cedures should be used whenever possible. Second, a general statement such as 
"only EPA-approved methods will be used" is usually insufficient. The problem 
with this statement, which could cause a delay in the approval of the QAPP, is that 
there may be more than one EPA-approved method for the same constituent and 
each method could have a different detection limit. The QAPP should explicitly 
identify the methods to be used (i.e., it should state that EPA Method 7190 will be 
used for chromium rather than an EPA-approved method will be used for chro- 
mium). Third, if it is necessary to use a nonstandard method or a modification of a 
standardized method, the QAPP should provide a detailed description of the analyti- 
cal procedure. This information should include a discussion of the sample 
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preparation technique, the necessary guidance to use the method correctly, and the 
plans for validating the performance of the method. 

Each of the analytical procedures should be described in detail to avoid ambigu- 
ity over which method is to be used. Since the guidance for performing each analy- 
tical method can be quite lengthy, it is acceptable to reference a standard method or 
standard operating procedure for these methods. The analytical method citations 
can be presented in a summary table whenever possible. 

Calibration frequency 

The purpose of the calibration frequency element of the QAPP is to identify all 
tools, gauges, and equipment to be used in the sample collection and analysis that 
must be calibrated prior to their use. The QAPP should describe the process that 
will be used to calibrate each of the instruments. This process should include a 
discussion of the standard material used to calibrate the instrument response (i.e., 
the source and the traceability to certified standards). This material can be incor- 
porated by reference to another document such as a standard operating procedure if 
the referenced document describes the calibration process in sufficient detail. 

The instrument calibration section of the QAPP should address three primary 
issues. These issues are the initial calibration of the instrument, the continuing 
calibration checks or recalibration of the instruments, and the acceptance criteria for 
calibrating the instrument. 

a. Each instrument must be properly calibrated so that the response provides 
an unbiased estimate of the condition or characteristic being measured. As 
discussed above, the QAPP should provide detailed guidance on how to cali- 
brate each critical instrument and the materials used in the process. 

b. The performance of an analytical instrument can vary with time. The pur- 
pose of a continuing calibration check is to document that the instrument is 
properly calibrated after a period of use. The QAPP should specify how 
often continuing calibration checks are to be performed for each instrument. 

c. As with other data quality objectives such as precision and accuracy, the 
QAPP should specify the acceptance limits for the continuing calibration 
checks. If the check results are in the acceptable range, the instrument is 
considered to be calibrated, and sample analysis can continue. However, if 
the calibration check falls outside the acceptable range, sample analysis 
should be interrupted and the instrument recalibrated. 

Internal QC checks 

Internal quality control checks are a series of procedures used to verify the per- 
formance of a data-measurement system during the course of a project. These 
procedures are usually applied to demonstrate that each component of the 
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data-measurement process, from sample collection to sample analysis, is func- 
tioning properly. Examples of the quality assurance check activities that are 
considered in this category include the following: 

a. Collection and analysis of collocated samples. 

b. Collection and analysis of split samples. 

c. Collection of a sample and analysis of replicate portions of the sample. 

d. Analysis of field, trip, method, reagent, and instrument blank samples. 

e. Analysis of equipment leachates. 

/ Analysis of enriched (spiked) samples and blanks. 

g. Analysis of surrogate and internal standards. 

h. Analysis of laboratory-control sample. 

z. Analysis of standard reference materials. 

/    Use of second-column analysis to confirm initial gas chromatography (GC) 
analysis. 

k.    Use of standard toxicants in a bioassay. 

/.    Use of a second laboratory to confirm initial results. 

By proper selection of these QC check procedures, it is possible to demonstrate 
that there is no contamination of the samples during transport (field blanks and trip 
blanks); there is no cross contamination of samples in the field (equipment leach- 
ates and equipment blanks); the sample matrix is not interfering with the data- 
measurement process (spiked-sample analysis); initial sample analysis is acceptable 
(second-column or second-laboratory analysis); and that organisms to be used in a 
bioassay procedure are healthy (standard toxicant). 

The use of all of these QC checks is not required in a program. However, as a 
QAPP is being developed, these procedures should be reviewed for suitability and 
need. If it is decided that some of these techniques are necessary, the QAPP should 
describe the procedure to be used, the frequency at which the check will be per- 
formed, and the data quality objective (response) that will signify acceptable 
performance. 

System/performance audits 

An audit is a formal process to demonstrate that the data-measurement process is 
operating in a manner consistent with the requirements and quality objectives 
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established in the QAPP. The two types of audits that may be performed are a 
systems audit and a performance audit. The difference between these two types of 
audits are as follows: 

a. System audit. The system audit is an examination of the entire data- 
generation process including the personnel assigned to the project, the 
equipment being used, the procedures being followed, and the documenta- 
tion for the project activities. This type of audit can be accomplished using 
a comprehensive checklist to document the areas that are in compliance with 
me project QAPP and to identify those areas that require improvement 
and/or corrective action. 

b. Performance audit. The performance audit is a quantitative test of the data- 
measurement system to demonstrate that a sample can be correctly analyzed 
or characterized with the procedures being used. This type of audit is 
accomplished by submitting a sample of known composition and comparing 
the reported sample results with the actual value. 

Each of these audits is usually performed one to four times a year. Therefore, 
the need to include these procedures in each project will depend on the duration of 
the project and the QA level of the project. Projects that require a single-sampling 
event or are to be completed in a short period of time (less than one quarter) will 
probably not need a formal audit, while projects that extend for 1 year or longer 
should use audits to verify acceptable performance of the data-generation system 
during the course of the project. Similarly, exploratory projects that are considered 
QA Level 3 will not require audits of the data-measurement system, but QA Level 1 
or high-visibility projects may require the audits. When audits are considered neces- 
sary, the QAPP should specify the schedule for planned system audits and for per- 
formance audits and should identify the individual(s) responsible for completing the 
audits. 

Preventive maintenance 

The purpose in considering preventive maintenance during the planning stages of 
a project is to ensure that critical instrumentation will be available and functional 
when needed by project staff. This section should identify those instruments or 
data-generation systems that require periodic maintenance for proper operation. For 
each identified instrument, the schedule of preventive-maintenance tasks should be 
described or referenced. The intent is to demonstrate that the instrument has been 
properly serviced and can reasonably be expected to be in good operating condition 
when used in the project. 

Another aspect of the preventive-maintenance category is to identify specific 
components of the instrument or data-generation system that are essential for proper 
operation. This discussion should focus on critical replacement parts that will be 
available to minimize downtime in the event of equipment failure during sample 
collection and analysis (i.e., how will necessary equipment repairs be handled in a 
timely manner). 
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Data assessment procedures 

The data assesment procedures that will be used to evaluate and summarize the 
quality assurance data generated during a project are presented in this section. Each 
of the data evaluation techniques that will be used to validate the quality assurance 
data and compare the results to project data quality objectives should be discussed 
in detail. This section is one of the most critical elements of a QAPP because it 
demonstrates and documents that data of acceptable quality have been produced. 

In preparing this section of a QAPP, the following issues should be addressed: 

a. First, the specific method of comparing data to the proj ect DQOs should be 
outlined. This may involve the use of cumulative sum charts or relatively 
simple checklists. The choice between these options will be influenced by 
the length of the project, the amount of data to be generated, and possibly 
the QA level for the project. When sufficient data are available, cumulative 
sum charts are effective for documenting the acceptability of the data being 
produced. 

b. Second, this data evaluation step should be conducted as soon as the data are 
received from the laboratory. If the data are deemed acceptable, the data- 
generation system is operating properly and they can be used as intended. 
However, if the data fall into the unacceptable category, the quality control 
process is operating properly and flagging data of suspect quality. When 
this situation occurs, the analytical system should be recalibrated or fixed, 
samples should be reanalyzed, and/or additional samples should be collected 
and submitted for analysis if the sampling crew is still in the field. An 
understanding and implementation of this process is at the heart of the qual- 
ity control process since it provides the control over the data-generation sys- 
tem. If data are evaluated in a timely manner as they are being generated, 
there is increased assurance that the system is operating properly and the 
data are acceptable. However, if data quality are assessed at the conclusion 
of a project, data of unacceptable quality may still be identified; but it is too 
late to obtain data of necessary quality to complete the project without incur- 
ring the added expense of remobilizing a field crew and/or extending a 
project. 

c. Third, this section of the QAPP should describe all mathematical procedures 
to be used in assessing the data. Specific examples for calculation of preci- 
sion and accuracy should be provided. The objective of this process is to 
avoid any ambiguity on how the data are to be evaluated. 

Corrective action 

The primary function of a quality assurance program is to produce data of 
acceptable quality. The criteria that define acceptable quality are identified in vari- 
ous elements of a QAPP (QA-level determination, sampling procedures, analytical 
procedures, calibration frequency, data quality objectives, and system and 
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1 
performance audits). When each of the project-specific criteria have been met, the 
resultant environmental measurements or observations are acceptable. The purpose 
of the corrective action element is to define a contingency course of action to be fol- 
lowed by project staff if and when the data-measurement process is not operating 
properly. 

The intent of the corrective action element in the planning process is to anticipate 
potential problems in the data-measurement process and to specify the actions that 
will be taken to correct the problem. These actions may range from collecting a new 
sample, to recalibrating an instrument and reanalyzing an entire set of samples, to, 
in an extreme case, completely shutting down the data-measurement system until the 
problem has been identified and corrected. This section should specify the condi- 
tions that will trigger a corrective action, identify the individuals that will be autho- 
rized to take corrective action, and describe the actions that will be taken. 

The most critical component of this particular QAPP element is the timing of the 
corrective actions to be taken. If problems with the data-measurement process can 
be identified while the system is still in use, there is time to correct the problem, 
reanalyze samples, and produce project data of acceptable quality for project use 
(i.e., the quality of the data being produced is being controlled). However, if the 
performance of the data-generation system and the quality of the data being pro- 
duced are only reviewed at the end of the project, the results can be flagged as 
unacceptable or unusable; but it is too late to produce data of acceptable quality 
(data quality is being defined but not controlled). Thus, one of the characteristics of 
an effective data quality assurance program is the timing of the necessary corrective 
actions. 

QA reports to management 

There are two types of reports that may be submitted during the course of a proj- 
ect to inform management of the status and performance of a quality assurance 
program. The first is a regularly scheduled report (i.e., monthly or quarterly) to 
document the preparation of a QAPP prior to the collection of environmental 
monitoring data, the approval of the QAPP by all project participants (including 
outside organizations such as EPA when a QA Level 1 QAPP is needed), modifica- 
tion of the QAPP during the course of the project, the results of system and perfor- 
mance audits, and the amount of acceptable data being produced to achieve project 
objectives. The second report is prepared to describe significant quality assurance 
problems with the data-generation system, the corrective actions that were taken, 
and the results of the corrective actions. These reports are prepared on an as-needed 
basis to inform management in a timely manner. 
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Basic Concepts for Preparing and Implementing 
Quality Assurance Plans 

The function of a quality assurance program is to define the operating conditions 
and performance requirements that are considered necessary for a data-generation 
system to produce data of acceptable quality during a project. This goal is accom- 
plished by preparing a quality assurance project plan that addresses each of the ele- 
ments listed in Table 2 and described in the previous section. In addition to the 
functional elements of a quality assurance plan, there are several concepts that can 
be beneficial in preparing and implementing quality assurance plans. These con- 
cepts include applicability, timing, the selection of project-specific data quality 
objectives, and understanding the role of a quality assurance program. 

Applicability 

The principles of quality assurance have been more extensively applied to chem- 
ical analysis rather than other types of environmental measurements. This has led to 
the perception that formal quality assurance activities are only necessary for chemi- 
cal analyses. However, since the EPA first established QAPP requirements in 
1980,1 they have expanded the scope of their original program and now require an 
approved quality assurance project plan for any environmental project that must be 
submitted for Agency review or approval.2 Therefore, all anticipated environmental 
measurements, whether chemical, biological, geological, hydrological, or physical, 
should be described in a project quality assurance plan. 

Timing 

One of the most critical issues in the preparation of a quality assurance plan is 
timing. It is essential that the quality assurance plan and the required data quality 
objectives be prepared prior to the initiation of any data-collection activities. There 
are a minimum of three reasons for this condition. These reasons are EPA approval, 
planning for project activities, and timely evaluation of data quality. 

a.   EPA approval. The EPA has established an administrative requirement that 
all environmental data to be submitted for Agency review be collected in 
accordance with an approved quality assurance project plan.1,2 This means 
that all QA Level 1 projects should have an approved QA plan in place 
before any actual sampling is initiated. In a worst case scenario, the Agency 
could reject any data collected prior to the preparation of a quality assurance 

1 U.S. Environmental Protection Agency. (1980). "Interim guidelines and specifications for 
preparing quality assurance project plans," Document QAMS-005/80, Office of Monitoring Systems 
and Quality Assurance, Washington, DC. 
2 U.S. Environmental Protection Agency. (1996). "EPA requirements for quality assurance project 
plans for environmental data operations," Document EPA QA/R-5, Quality Assurance Management 
Staff, Washington, DC. 
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plan as suspect or of unknown quality and require additional sampling. This 
action could increase project costs or delay project completion. A quality 
assurance plan prepared and approved in advance of actual sampling can 
avoid these undesirable repercussions. 

Although the EPA requirement strictly applies only to data that must 
be submitted to the Agency, all quality assurance plans (i.e., QA Level 2a, 
QA Level 2b, and QA Level 3) should also be prepared prior to data col- 
lection. This would provide the Corps with a single approach to the prepa- 
ration of quality assurance plans that would be easier to implement in a 
consistent manner. 

b. Planning for project activities. The preparation of a quality assurance proj- 
ect plan is a planning process designed to select the most appropriate samp- 
ling and analytical methods for the project. By identifying the necessary 
equipment before going to the field, the sampling crew will have adequate 
time to acquire and become familiar with their operation. In addition, the 
quality assurance plan will provide detailed guidance for critical situations 
such as which equipment to use, how and when to calibrate instruments, and 
how to handle or store environmental samples. 

c. Timely evaluation of data. A primary objective of a quality assurance pro- 
gram is to ensure that the environmental measurements to be taken satisfy a 
set of predetermined requirements for usability or acceptability. These cri- 
teria for the acceptability of the measurements are the project data quality 
objectives listed in the quality assurance plan. The real-time process of 
verifying data quality consists of comparing the measured data properties 
(precision, accuracy, detection limits, holding times, etc.) with the required 
data quality objectives. This process can have one of three possible results: 

(1) If the data are within the specifications listed in the project quality 
assurance plan, the measurements are of acceptable quality and can be 
used as intended. 

(2) If the data do not meet the project specifications in the quality assur- 
ance plan, the data are not of acceptable quality. While this is not a 
desirable result, the benefit of having a quality assurance program in 
place is that the malfunctioning of the data-generation system can be 
detected and identified in a timely manner. This allows the measure- 
ment system to be corrected so that all subsequent samples are ana- 
lyzed properly and the unacceptable results can be replaced or 
reanalyzed. 

(3) If project data quality objectives have not been established before the 
environmental measurements are taken, it is not possible to demon- 
strate that the measurement process is operating properly. As result, 
measurements will continue to be produced whether the results are of 
acceptable quality or not. After a project is over, acceptable data can 
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be distinguished from unacceptable data. However, the amount of 
acceptable data may not be sufficient for project purposes. 

The concept of establishing data quality objectives before environmental data are 
collected is an important consideration in an effective quality assurance program. 
This is the mechanism that provides operational control over the measurement pro- 
cess during the life of a project. The timely preparation of a quality assurance plan 
will not guarantee that all measurements are acceptable. However, a quality assur- 
ance plan will (a) provide detailed guidance that should eliminate or reduce errors of 
omission or commission, (b) provide a tangible mechanism to demonstrate that the 
measurement process is operating properly and the results are acceptable, and 
(c) function as a safety net to detect errors in the measurement system that adversely 
impact the usability (quality) of the data being produced. The early detection of 
problems in the measurement process will limit the amount of unacceptable data 
that are produced. 

Selecting data quality objectives 

The data quality objectives defme the required performance characteristics for a 
measurement process during a project. However, despite the functional importance 
of data quality objectives, the most problematic issue in developing a quality assur- 
ance plan is selecting data quality objectives. In fact, one of the most frequently 
cited reasons for failing to approve a quality assurance plan is the absence of data 
quality objectives. Therefore, the following general guidance is presented as an aid 
in selecting these parameters. 

a.    Specify a numerical value for each objective. Many unapproved quality 
assurance plans will state the quality assurance activity to be performed but 
will not specify a data quality objective. For example, it will be stated that 
duplicate analyses will be performed to calculate analytical precision. 
Although the activity of collecting duplicate samples is a necessary part of 
determining precision, there is no stated numerical goal to compare the 
results against to determine acceptability or unacceptability of the result. 
The essential component of the data quality objective element of a quality 
assurance plan is the numerical value that will be used to determine whether 
the data are of acceptable quality. 

As a corollary to this point, one should not simply reference data qual- 
ity objectives listed in another quality assurance plan or used by a particular 
laboratory. The referenced objectives could commit the project to unneces- 
sary audit activities or specify measurement methods that are not necessary 
for the project. Also, this approach does not provide the necessary guidance 
to the project staff or inform a quality assurance plan reviewer of the quality 
assurance activities to be used during a project. If the data quality objectives 
listed in an outside document are considered appropriate for use, the specific 
objectives should be extracted and discussed in terms of planned project 
activities. 
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Recognize the difference between "best data" and "needed data." There is a 
common perception mat the requirement for a quality assurance plan can 
only be fulfilled by specifying the highest quality measurement that is pos- 
sible. This is not the intent of a quality assurance plan. When there is a 
need for the most sensitive, most precise, or most accurate method, it should 
certainly be included in the plan. However, establishing strict data quality 
objectives when they are not necessary can be costly and inefficient. (If 
stringent limits for precision, accuracy, etc., are not achieved, the data will 
be flagged as suspect). The best guidance when establishing limits is for die 
project manager or project lead to make them reasonable and doable. 

Address all points in the data quality objective element. There may not be a 
need for all of the data quality objectives in every project. However, when 
preparing the quality assurance plan, each of the topics should be addressed 
so a reviewer does not consider the plan incomplete. For example, detection 
limit is more appropriate for a chemical analysis procedure than a wildlife or 
fisheries survey. When preparing a quality assurance plan for a fisheries 
study, it should simply be stated that detection limits are not applicable for 
the study. Also, in a study to evaluate a new method or compare it to an 
existing method, it will not be possible to specify a data quality objective for 
precision or accuracy. In this case, the quality assurance plan should simply 
state that it is not possible to specify these data quality objectives because 
the purpose of die study is to determine the accuracy or precision of the 
procedure. 

Data quality objectives can be changed during a project. One issue that 
occasionally arises is that a data quality objective established at the begin- 
ning of a project may be too stringent or too lenient. It is important to 
recognize that data quality objectives are goals considered necessary for a 
measurement process to perform in a satisfactory manner. If a new method 
becomes available or an existing measurement process does not perform as 
expected, data quality objectives can be changed during a project. (This is 
more likely in bigger, longer term projects rather than smaller, QA Level 3 
projects). This issue can be addressed by submitting a revised quality assur- 
ance project plan with modified data quality objectives. 

There is one other point that should be raised related to this point. If 
data quality objectives are not established at the beginning of the project, the 
ability to control the measurement process is lost, and the potential problems 
identified in the timing section could occur. It would be better to establish 
initial data quality objectives and maintain control over the measurement 
process and modify the data quality objectives, as necessary, rather than pro- 
duce data of unknown quality. 

Role of quality assurance project plan 

Quality assurance is a dynamic process, and the quality assurance project plan 
fulfills several roles during the successful completion of a project. These functions 
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include serving as a checklist, serving as a planning document, auditing the perfor- 
mance of the measurement system during a project, and documenting the perfor- 
mance of the measurement process at the conclusion of a project. In order to better 
appreciate the process of preparing a quality assurance project plan, it is beneficial 
to understand the function of the plan at various stages of a project. 

a. Checklist. At the beginning of a project, the quality assurance elements 
listed in Table 2 serve as a checklist for the items that should be considered 
in establishing a measurement program. It may not be necessary to include 
all of these elements in a project-specific quality assurance plan, but it is 
incumbent on the project manager or project lead to include each of the ele- 
ments as needed. 

b. Project planning. Once the appropriate elements of a quality assurance 
plan have been selected, the specific details of the measurement process to 
be used must be defined. The quality assurance plan addresses all of the 
critical factors that can influence the quality of the data to be produced. 
These factors include instructions on the type of equipment to be used dur- 
ing sample collection; how to collect, handle, and store samples; how to cali- 
brate the instruments to be used; the method to be used to analyze the 
samples or measure the property of interest; and the type of quality control 
activities to be incorporated into the project. In effect, the completed quality 
assurance project plan becomes a blueprint for the project activities. In 
much the same way that a blueprint defines the features of a building to be 
constructed (size, shape, material), a quality assurance plan establishes the 
necessary activities of an environmental data collection program. 

The completed quality assurance project plan also serves as a project- 
specific guidance document. The completed plan informs project staff of 
specific procedures to follow, equipment and materials to use, and quality 
assurance activities that must be performed. Therefore, the more explicitly 
the quality assurance elements can be described, the better the measurement 
process can be operated during a project. Also, the ability of the quality 
assurance project plan to function as a guidance document reinforces the 
need to complete the plan before the process of data collection is initiated. 

c. Auditing. The function of a quality assurance project plan is to specify the 
necessary performance requirements that must be met to produce valid data. 
After the data-collection process has begun, the performance of the measure- 
ment system can be monitored by comparing the project data with the estab- 
lished control limits. This process provides active control over the 
measurement system. If the data quality objectives for the project are being 
met, the measurement system is operating correctly, and the data are accept- 
able for use in the project. However, if the data quality objectives for the 
project are not being met, the measurement process is not functioning prop- 
erly, and the data are of suspect quality. When this situation occurs, the 
measurement process can be interrupted to identify and correct the cause of 
the problem. Also, the auditing process will identify any results that might 
be affected by the improperly functioning measurement system. These 
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samples can be reanalyzed after the measurement system is operating prop- 
erly, or fresh samples can be collected and analyzed, as appropriate. The 
result of constantly monitoring the performance of the measurement system 
is early detection and correction of any problems that may occur and an 
increased confidence in the usability of the data that are produced. 

Documentation of system performance. Another function of a quality 
assurance plan is to document the performance of the measurement system 
after the project has ended. An assessment of project activities will demon- 
strate mat appropriate methods were specified and used during the project, 
that data quality objectives were met during the course of the project, and 
that any problems that occurred were quickly identified and corrected. 

28 
Chapter 2   Quality Assurance Project Plan 



3    Summary 

The purpose of a quality assurance program is to ensure that monitoring results 
and environmental measurements are of acceptable quality. This goal is accom- 
plished through the preparation and implementation of a quality assurance project 
plan. The objective of this module is to describe each of the elements of a quality 
assurance project plan and discuss some of the basic concepts associated with their 
use. 

A quality assurance project plan contains 16 functional elements. These ele- 
ments cover all aspects of project activities including staff responsibilities, selection 
of measurement methods, designation of project-specific performance requirements 
(data quality objectives) for the chosen methods, procedures for assessing the qual- 
ity assurance data, and specification of corrective actions that will be taken, if neces- 
sary. The preparation of a quality assurance plan is a systematic planning process 
to anticipate the potential problems that could adversely affect the performance of a 
measurement system and to establish a program that will eliminate these errors if 
possible and identify and correct them when they occur. 

Although all 16 elements of a quality assurance plan are necessary, the two most 
critical elements are the selection of data quality objectives and the evaluation of the 
project quality assurance data. The data quality objectives are specified perfor- 
mance requirements that indicate when the measurement process is operating in an 
acceptable manner and, therefore, the resultant environmental data are also of 
acceptable quality. The evaluation procedures are the specific techniques that will 
be used to compare the quality assurance data with the data quality objectives of the 
project. When the objectives are met, the measurement system is functioning cor- 
rectly and the data are valid. However, when the data quality objectives are not met, 
the system is not operating properly, the data are unacceptable, and corrective action 
is required to eliminate the errors that are adversely affecting the performance of the 
measurement system. 

The single most important concept in preparing and implementing a quality 
assurance project plan is the issue of timing. One consideration of this issue is that 
the quality assurance project plan must be prepared before any environmental mea- 
surements are taken. Therefore, the plan functions as an effective blueprint for how 
data are to be generated and acceptable procedures can be used during the entire 
project. A second consideration of this issue is that the data must be compared with 
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the project data quality objectives on a real-time basis. This results in the earliest 
detection of any errors that may be occurring and timely control over the perfor- 
mance of the data-measurement process. 
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Appendix A 
Glossary of Selected Quality 
Assurance Terms 

Accuracy A data quality attribute that is a measure of how close the 
measured value or property of a sample is to the actual or true 
value ofthat property. 

Assessment The process through which the performance or effectiveness of a 
measurement system or the data produced with the measurement 
system are evaluated. This procedure consists of comparing 
actual performance or environmental measurements with the 
required performance requirements to determine project-specific 
acceptability of the results. 

Audit A formal process in which all or part of the measurement system 
are evaluated to determine compliance with the quality assurance 
objectives of a project. The two types of audits are performance 
audits and a systems audit. 

Bias A systematic error in the measurement process that consistently 
causes the measured value to be different from the true or 
expected value. 

Calibration A process of using a known standard to standardize the response 
of an analytical instrument or measurement tool. 

Chain of custody A written record of sample possession from collection to analysis 
that identifies individuals responsible for the security and 
integrity of samples, data, and records. 

Comparability      A measure of the confidence with which one set of data or 
observations can be compared with another. 
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Completeness 

Confidentiality 
procedure 

A measure of the amount of valid data obtained from a 
measurement system compared with the amount that was 
expected or required at the beginning of a project. 

A formal procedure used to protect confidential business 
information (including proprietary data and personnel records) 
from unauthorized access. 

Control chart       A graphical plot of test results over time or a measurement 
sequence compared with the selected data quality objective that is 
expected when the measurement system is operating properly. 

Consensus A standard established by a group or subgroup representing a 
standard cross section of a particular industry or trade group. 

Contractor An organization or individual that performs work or provides 
services to a sponsoring organization. 

Corrective A course of action taken to correct and, where possible, prevent 
action the reoccurrence of identified problems in the measurement 

system that result in the production of data of unacceptable 
quality. 

Data quality A process of statistical and scientific evaluation to assess the 
assessment validity and performance of data collection design and statistical 

tests to determine the adequacy of a data set for its intended use. 

Data quality Quantitative performance criteria that must be achieved in order 
objectives to demonstrate that the data-measurement system has operated in 
(DQO) an acceptable manner and the data for each parameter can be 

used with confidence. 

DQO planning 
Process 

Data usability 

Detection limit 

A formal process developed by the U.S. Environmental Protec- 
tion Agency, and adapted for use by other organizations, to select 
required operating requirements for measurement systems. 

A process of comparing data from a measurement system with 
the established data quality objectives of a project to determine 
whether the data are acceptable for use. 

The smallest concentration or amount of a parameter that can be 
measured by a single measurement with a stated level of 
confidence. 

Duplicate 
measurement 

A second measurement made on the same sample. 
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Environmental Any measurement or observation that describes or charac- 
data terizes physical, chemical, biological, or radiological processes 

or conditions in the environment. 

Error 

Graded approach 

Performance 
evaluation 

Precision 

Quality assurance 

Quality assurance 
project plan 

Quality control 

Quality assurance 
management plan 

Replicate 
measurement 

The difference between the true or expected measurement and 
the actual measurement of a parameter. 

A flexible approach to the development of a project quality 
assurance plan in which the scope of the quality assurance 
project plan (QAPP) is determined by the anticipated use of the 
project results. Projects for which the data are likely to be 
subjected to higher scrutiny, such as regulatory affairs, will 
require a more comprehensive QAPP than projects for which 
the data will receive a lower degree of scrutiny (exploratory 
studies or proof of concept studies). 

A type of audit in which a known standard or sample is 
submitted for analysis to independently evaluate the 
performance of a measurement system. 

A data quality attribute that is a measure of the reproducibility 
of two measurements of the same property of a sample. 

An integrated system of management activities involving 
planning, implementation, assessment and verification, and 
documentation to ensure that environmental data and 
observations are of acceptable quality to satisfy project 
objectives. 

A formal planning document that describes the quality 
assurance, quality control, and other activities that must be 
performed to ensure that environmental data and observations 
of acceptable quality are produced by a measurement system. 

A complete system of planned activities to control and evaluate 
the quality of environmental data produced with a measure- 
ment system to ensure that the data can be used as intended. 

A formal document that describes the commitment of an 
organization to a quality assurance program. The document 
describes the organizational structure, the functional 
responsibilities of management and staff, and the chain of 
command to be followed in planning, implementing, and 
evaluating quality assurance data. 

A measurement on two separate samples collected from the 
same location. 
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Representativeness A subjective measure of the degree to which data 
accurately and precisely represent a characteristic of a 
population being sampled, a process condition, or an 
environmental condition. 

Reproducibility 

Standard operating 
procedure (SOP) 

Suspect data 

Valid data 

A measure of the variability for measurement results of the 
same sample produced at different laboratories. 

A written document that thoroughly describes the steps and 
procedures that must be followed to correctly apply a 
method during the collection of environmental samples and 
the subsequent analysis of the samples. 

Data produced at a time when the measurement system 
does not meet the performance requirements specified in 
the quality assurance project plan. 

Data produced with a measurement system that fulfills all 
of the performance requirements specified in the quality 
assurance project plan. 
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