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Standard Practice for

Generation of Environmental Data Related to Waste
Management Activities: Development of Data Quality
Objectives *

This standard is issued under the fixed designation D 5792; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilone} indicates an editorial change since the last revision or reapproval.

1. Scope priate safety and health practices and determine the applica-

1.1 This practice covers the process of development of datlility of regulatory limitations prior to use.
quality objectives (DQOSs) for the acquisition of environmental
data. Optimization of sampling and analysis design is a part o
the DQO process. This practice describes the DQO process in2-1 ASTM Standards: _ o
detail. The various strategies for design optimization are too C 970 Guide for Sampling Special Nuclear Materials in
numerous to include in this practice. Many other documents _Multi-Container Lots _ _ o
outline alternatives for optimizing sampling and analysis € 1215 Guide for Preparing and Interpreting Precision and
design. Therefore, only an overview of design optimization is ~ Bias Statements in Test Method Standards Used in the
included. Some design aspects are included in the practice’s _Nuclear Industry

. Referenced Documents

examples for illustration purposes. D 5283 Practice for Generation of Environmental Data
1.2 DQO development is the first of three parts of data Related to Waste Management Activities: Quality Assur-
generation activities. The other two aspects a)draplemen- ance and Quality Control Planning and Implementation

tation of the sampling and analysis strategies a?iddata Terminology
quality assessment. This guide should be used in concert Wit%' IN , o

Practice D 5283, which outlines the quality assurance (QA) 3-1 Definitions—Where applicable, the originating refer-
processes specified during planning and used during imple2NCe i associated with the definition and follows the definition
mentation. in boldface type. _ _

1.3 Environmental data related to waste management activi- 5-1-1 &ccuracy (see bias)(1) bias; @) the closeness of a
ties include, but are not limited to, the results from theMeasured value to the true value) (the closeness of a
sampling and analyses of air, soil, water, biota, or wastdneasured value to an accepted reference or standard value.
samples, or any combinations thereof. 3._1.1.1 Dlsc_ussmn—For many mvestlgatorsaccura_cy is

1.4 The DQO process should be developed and initiate Ftalned only if a procedyre is b(_)t_h precise and unbiased (see
prior to the application of planning, implementation, and iasg). Because this blending pfecisionandaccuracycan lead
assessment of sampling and analysis activities.

to confusion, ASTM requires a statement bias instead of
1.5 This practice presents extensive requirements of mal

fccuracy D 5283
agement, designed to ensure high-quality environmental data, 3-1:2 action levei—the numerical value that causes the
The words “must” and “shall’ (requirements), “should” (rec- decision maker to choose one of the alternative actions (for
ommendation), and “may’ (optional), have been selecteg@Xample, compliance or noncomphanc;e). It may be.a regula-
carefully to reflect the importance placed on many of thetory threshold standard, such as maximum contaminant level

statements in this practice. The extent to which all requirefor drinking water, a risk-based concentration level, a techno-

ments will be met remains a matter of technical judgement. !0gical limitation, or reference-based standard. .

1.6 The values stated in Sl units are to be regarded as the ) _ EPA QA/G-4 (1)
standard. The values given in parentheses are for information 3-1-3 Pias (see accuragy-the difference between the popu-
only. lation mean of thg test r_esults and an accepted reference value.

1.7 This standard does not purport to address all of the 3-1.3.1Discussior-Bias represents a constant error as
safety concerns, if any, associated with its use. It is thé?PPosed to @andom error Amethodbiascan be estimated by

responsibility of the user of this standard to establish approth€ difference (or relative difference) between a measured

1 This practice is under the jurisdiction of ASTM Committee D34 on Waste 2 Annual Book of ASTM Standardéol 12.01.

Management and is the direct responsibility of Subcommittee D34.01.01 on *Annual Book of ASTM Standardgol 11.04.

Planning for Sampling. 4 The boldface numbers in parentheses refer to the list of references at the end of
Current edition approved Nov. 10, 1995. Published January 1996. this practice.
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average and an accepted standard or reference value. The dbjaa decision rule when action should not be taken.
from which the estimate is obtained should be statistically 3.1.9 decision rule—a set of directions in the form of a
analyzed to establishias in the presence afandom errotr A conditional statement that specify the followind) how the
thoroughbias investigation of a measurement procedure ressample data will be compared to the action levg), Which
quires a statistically designed experiment to repeatedly mealecision will be made as a result of that comparison, &d (
sure, under essentially the same conditions, a set of standardéat subsequent action will be taken based on the decisions.
or reference materials of known value that cover the range of 3.1.10 precision—a generic concept used to describe the
application Biasoften varies with the range of application and dispersion of a set of measured values.
should be reported accordingly. C 1215, D 5283 3.1.10.1 Discussior-It is important that some quantitative
3.1.4 confidence intervat-an interval used to bound the measure be used to specffiecision A statement such as “the
value of a population parameter with a specified degree ofrecisionis 1.54 g” is useless. Measures frequently used to
confidence (this is an interval that has different values forexpressprecision are standard deviation, relative standard
different samples). deviation, variance, repeatability, reproducibility, confidence
3.1.4.1 Discussior—When providing aconfidence interval interval, and range. In addition to specifying the measure and
analysts should give the number of observations on which thtéhe precision it is important that the number of repeated
interval is based. The specified degree of confidence is usuallpeasurements upon which the estimapdcisionis based
90, 95, or 99 %. The form of eonfidence intervallepends on also be given. D 5283
underlying assumptions and intentior@onfidence intervals 3.1.11 quality assurance (QA}an integrated system of
are usually taken to be symmetric, but that is not necessarily smpanagement activities involving planning, quality control,
as in the case afonfidence intervalfor variances C 1215  quality assessment, reporting, and quality improvement to
3.1.5 confidence levekthe probability, usually expressed as ensure that a process or service (for example, environmental
a percent, that aonfidence intervabill contain the parameter data) meets defined standards of quality with a stated level of
of interest (see discussion obnfidence intervl confidence. EPA QA/G-4
3.1.6 data quality objectives (DQOs}qualitative and 3.1.12 quality control (QC)}—the overall system of technical
guantitative statements derived from the DQO process descrilactivities whose purpose is to measure and control the quality
ing the decision rules and the uncertainties of the decision()f a product or service so that it meets the needs of users. The
within the context of the problem(s). aim is to provide quality that is satisfactory, adequate, depend-
3.1.6.1 Discussior—DQOs clarify the study objectives, de- able, and economical. EPA QA/G-4
fine the most appropriate type of data to collect, determine the 3.1.13 random error—(1) the chance variation encountered
most appropriate conditions from which to collect the data, andn all measurement work, characterized by the random occur-
establish acceptable levels of decision errors that will be usetence of deviations from the mean valu) @n error that
as the basis for establishing the quantity and quality of dataffects each member of a set of data (measurements) in a
needed to support the decision. The DQOs are used to develélifferent manner. D 5283
a sampling and analysis design. 3.1.14 risk—the probability or expectation that an adverse
3.1.7 data quality objectives processa quality manage- effect will occur.
ment tool based on the scientific method and developed by the 3.1.14.1 Discussior—Riskis frequently used to describe the
U.S. Environmental Protection Agency (EPA) to facilitate theadverse effect on health or on economics. Health-baskds
planning of environmental data collection activities. The DQOthe probability of induced diseases in persons exposed to
process enables planners to focus their planning efforts bphysical, chemical, biological, or radiological insults over
specifying the use of the data (the decision), decision criteriéime. This risk probability depends on the concentration or
(action level), and decision maker’s acceptable decision errdevel of the insult, which is expressed by a mathematical model
rates. The products of the DQO process are the DQOs. describing the dose anikk relationship.Riskis also associ-
3.1.7.1 Discussior-DQOs result from an iterative process ated with economics when decision makers have to select one
between the decision makers and the technical team to devel@stion from a set of available actions. Each action has a
qualitative and quantitative statements that describe the prolgorresponding cost. Theisk or expected loss is the cost
lem and the certainty and uncertainty that decision makers af@ultiplied by the probability of the outcome of a particular
willing to accept in the results derived from the environmentalaction. Decision makers should adopt a strategy to select
data. This acceptable level of uncertainty should then be use@ftions that minimize the expected loss.
as the basis for the design specifications for project data 3.1.15 standard deviation-the square root of the sum of the
collection and data assessment. All of the information from thesquares of the individual deviations from the sample average
first six steps of the DQO process are used in designing theivided by one less than the number of results involved.
study and assessing the data adequacy. EPA QA/G-4
3.1.8 decision error
3.1.8.1 false negative errethis occurs when environmen- S=
tal data mislead decision maker(s) into not taking action
specified by a decision rule when action should be taken. ~ Where: o
3.1.8.2 false positive erroethis occurs when environmen- = sample standard deviation,
tal data mislead decision maker(s) into taking action specifiedn = number of results obtained,
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jth individual result, and 5.3 To determine the level of assurance necessary to support
sample average. the decision, an iterative process must be used by decision

3.1.15.1 Discussior—The use of thestandard deviationo ~ makers, data collectors, and users. This practice emphasizes
describeprecisionimplies that the uncertainty is independent the iterative nature of the process of DQO development.
of the measurement value. The practice of associatingtthe Objectives may need to be reevaluated and modified as
symbol withstandard deviatiofor RSD) is not recommended. information related to the level of data quality is gained. This
The = symbol denotes an interval. Tlstandard deviatiois ~ means that DQOs are the product of the DQO process and are
not an interval, and it should not be treated as su€h5283  subject to change as data are gathered and assessed.

. 5.4 This practice defines the process of developing DQOs.

4. Summary of Practice Each step of the planning process is described.

4.1 This practice describes the process of developing and 5.5 This practice emphasizes the importance of communi-
documenting the DQO process and the resulting DQOs. Thisation among those involved in developing DQOSs, those
practice also outlines the overall environmental study procesglanning and implementing the sampling and analysis aspects
as shown in Fig. 1. It must be emphasized that any specifiof environmental data generation activities, and those assessing
study scheme must be conducted in conformity with applicablelata quality.
agency and company guidance and procedures. 5.6 The impacts of a successful DQO process on the project

4.2 For example, the investigation of a Superfund siteare as follows:1) a consensus on the nature of the problem and
would include feasibility studies and community relationsthe desired decision shared by all the decision makgyslata

XX

plans, which are not a part of this practice. quality consistent with its intended usé) @ more resource-
o efficient sampling and analysis desigd) & planned approach
5. Significance and Use to data collection and evaluatiorg)(quantitative criteria for

5.1 Environmental data are often required for making reguknowing when to stop sampling, ané)(known measure of
latory and programmatic decisions. Decision makers mustisk for making an incorrect decision.
determine whether the levels of assurance associated with the . L
data are sufficient in quality for their intended use. . Data Quality Objective Process
5.2 Data generation efforts involve three parts: development 6.1 The DQO process is a logical sequence of seven steps
of DQOs and subsequent project plan(s) to meet the DQO#hat leads to decisions with a known level of uncertainty (Fig.
implementation and oversight of the project plan(s), andl). Itis a planning tool used to determine the type, quantity,
assessment of the data quality to determine whether the DQ@#d adequacy of data needed to support a decision. It allows
were met. the users to collect proper, sufficient, and appropriate informa-
tion for the intended decision. The output from each step of the
process is stated in clear and simple terms and agreed upon by
LStatement(s) of )4

all affected parties. The seven steps are as follows:
the Problem J‘ (1) Stating the problem,
it (2) Identifying possible decisions,
Identify Possible 3) Ider_1t|_fy|ng inputs to decisions,
Decisions & Actions (4) Defining boundaries,
| (5) Developing decision rules,
¥ : v (6) Specifying limits on decision errors, and
Identify Necessary » Define Boundaries (7) Optimizing data collection design. _
Information/Inputs All outputs from steps one through six are assembled into an
{ ] integrated package that describes the project objectives (the
problem and desired decision rules). These objectives summa-
rize the outputs from the first five steps and end with a
[ 1 statement of a decision rule with specified levels of the
Develop Decision Specify Limits on decision errors (from the sixth step). In the last step of the
Rule(s) Decision Error process, various approaches to a sampling and analysis plan for
the project are developed that allow the decision makers to
select a plan that balances resource allocation considerations
(personnel, time, and capital) with the project’s technical
objectives. Taken together, the outputs from these seven steps
comprise the DQO process. The relationship of the DQO
process to the overall project process is shown in Fig. 2. At any
stage of the project or during the field implementation phase, it
may be appropriate to reiterate the DQO process, beginning
with the first step based on new information. See R&f8)for
examples of the DQO process.
6.2 Step 1—Stating the Problem
FIG. 1 DQO Process 6.2.1 Purpose—The purpose of this step is to state the

DQO's

Optimize Data Collection
and Design
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(11) Has anything been (might anything be) done to
mitigate the problem?
(12) What contaminants are (could be) involved?
(13) How reliable is the information?
(14) What regulations could or should apply?
(15) Is there any information that suggests there is not a
problem?
This list of potential information is not exhaustive, and there
may be other data applicable to the definition of the problem.
6.2.2.2 Identification of the DQO TeamEven as informa-
tion is being gathered, it is necessary to begin assembling a
Sampling and team of decision makers and technical support personnel to
lmp’j‘;”;'gj'tztion organize and evaluate the information. These individuals
become the core of the DQO team and may be augmented by
others as information and events dictate. The identities and
roles of the DQO team members are usually determined by the
decision makers who have either jurisdiction over the site and

Project Initiation

DQO Process 4

Data Assessment personnel or financial resources that will be used in resolving
the problem. The DQO team is usually made up of the
following key individuals:

l (1) Site Owners or Potentially Responsible PartieBhese
individuals have authority to commit personnel and financial

resources to resolve the problem and have a vital interest in the
Decision definition of the problem and possible decisions.

(2) Representatives of Regulatory Ageneid$ese indi-
viduals are usually responsible for enforcing the standards that
have been exceeded, leading to classifying the observations or
problem clearly and concisely. The first indication that a€vents as a problem. Additionally, they have an a}ctive role in

characterizing the extent of the problem, approving any pro-

problem (or issue) exists is often articulated poorly from a - ) : X 2
technical perspective. A single event or observation is usuallf©Sed remedial action, and concurring that the action mitigated
e problem.

cited to substantiate that a problem exists. The identity an ) o
roles of key decision makers and technical qualifications of the ~ (3) Project ManagerThis individual generally has the
problem-solving team may not be provided with the firstresponsibility for overseeing resolution of the problem. This
notice. Only after the appropriate information and problem-P€rson may represent either the regulatory agency or the

solving team are assembled can a clear statement of tfRotentially responsible parties. o
problem be made. (4) Technical SpecialistsThese individuals have the ex-

6.2.2 Activities pertise to assess the information and data to determine the
6.2.2.1 Assembling of all Pertinent InformatieaThe nec-  nature and extent of the potential problem and may become key
essary first action to describe a problem is to verify thePlayers in the design and implementation of proposed deci-
conditions that indicate a problem exists. The pertinent inforS10NS.
mation should be assembled during this phase of prob|em Itis important that these individuals be assembled early in
definition. A key source is any historical record of events at théhe process and remain actively involved to foster good
site where the problem is believed to exist. This enables thé0mmunications and to achieve consensus among the DQO
decision makers to understand the context of the problem. Aéam on important decision-related issues.
series of questions need to be developed concerning the 6.2.3 Outputs

FIG. 2 DQOs Process and Overall Decision Process

problem. 6.2.3.1 Statement of Problem and Contex®nce the initial
(1) What happened (or could happen) that suggests Bnformation and data have been collected, organized, and
problem? evaluated, the conclusions of the DQO team should be docu-
(2) When did it (could it) happen? mented. If it is determined that no problem exists, the conclu-
(3) How did it (could it) happen? sion must be supported by a summary of the existing condi-
(4) Where did it (could it) happen? tions and the standards or regulatory conditions that apply to
(5) Why did it (could it) happen? the problem.
(6) How bad is (might be) the result or situation? (1) If a problem is found to exist, the reasons must be stated
(7) How fast is (might be) the situation changing? clearly and concisely. Any standards or regulatory conditions
(8) What is (could be) the impact on human health and thehat apply to the situation must be cited. If the initial investi-
environment? gation concludes that the existing conditions are the result of a
(9) Who was (could be) involved? series of problems, the DQO team should attempt to define as
(10) Who knows (should know) about the situation? many discrete problems (or issues) as possible.
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(2) The following are examples of problem statements: e R
() Aformer pesticide formulation facility is for sale, but it is Assemble all State and Prioritize
unknown whether it meets local environmental standards for Pertinent the Problem(s)
property transfer. Information L )
(b) An industrial site is known to be contaminated with low v
levels of lead, but it is unknown whether levels are below
risk-based standards. _ List Possible
(c) Most of a vacant lot is believed to be uncontaminated with Identify the DQO Decision(s)
PCBs (<2 ppm), but it is unknown whether abandoned, leaky Team
transformers in the vacant lot make it necessary to remove any
of the top layer of soil.
(d) The former industrial site has contaminated soil areas that Identify
may be contaminating ground water, and it is necessary to Resources Prioritize and
decide which type of monitoring program will satisfy local Narrow the Number
health requirements. of Decision(s)
(e) The city would like to use local ground water on an athletic
field near a Superfund site, but must know how this water will b
. evelop *
impact the health of the athletes and spectators. Conceptual

(3) Complex problems should be broken down into man- Site & Risk Final list of
ageable smaller problems that are linked together to form the Model Decision(s)

final decision. As an example, the sale of a piece of property
may involve solving the following problems:

(a) Is the site contaminated? If yes, then,

(b) Is off-site disposal required? If no, then

(c) Which of two allowable on-site treatment options shoulgesult in actions that resolve the problem. The activities that
be used? lead to identifying the decision(s) are shown in Fig. 3 and

discussed in 6.3.2.

FIG. 3 Stating the Problem and Identifying the Decisions

6.2.3.2 Identification of ResourcesAs the nature and mag- 6.3.2 Activit
nitude of the problem is being documented, the decision -2+ A\CUVIIES

makers should be conferring to determine the type and amount 6.3.2.1 L'St'r.'g of Possible DeC'S'OHSA." possmle_ deci-
of resources that can be committed. Preliminary budgets'ons concerning the problem should be listed. Choices should

personnel assignments, and schedule should be establishg(?.t be eliminated at this time. Possible decision statements are

Preliminary milestones, timelines, and approvals should bgresented in the form of a series of questions that, when

documented and concurred upon by affected decision make nswered, result in actions that will resolve the problem.

The DQO team leader and technical specialists should b ))(ergp;essfgrlg:é?t'ons related to problems given in 6.2.3 (Step
included in these discussions where possible. At a minimun, . : .

they should be kept informed of these issues so their impa%1 (13] Ak;efossmle contaminants on the site below regulatory

can be anticipated in the definition of the problem. resholds:

(1) Fig. 3 shows the primary components of the problem5 péﬁ)} ll\ggzt’)all of the surface soil be remediated to less than

statement step. After this step is completed, the DQO team (3) Can only locations with PCB levels above 2 ppm be
moves on to the next step, where the process to resolve ﬂ?@mediated?

problem continues. (4) Will a ground water monitoring program at the site

_ (2)Itis important to remember that the DQO process is arsapaple of detecting contaminants at the 5-ppm level satisfy
iterative one. New information is collected as projects proceedeqgylatory requirements?

The DQO team members associated with the problem- = g) \wj| a single monitoring point on or near the athletic
statement step should remain involved with the DQO processie|d pe sufficient?
If new data, unavailable to the DQO team during the develop- g 3 3 Output—After all possible decisions that might be
ment of the problem statement, demonstrates that the statemefRLqe have been documented, those determined to be most
is incomplete or otherwise inadequate, the problem statemen,nropriate to resolve the problem should be prioritized by the
should be reconsidered. DQO team in decreasing order of level of effort (available
6.3 Step 2—ldentifying Possible Decisions resources and technical challenge). Justification for the rank-
6.3.1 Purpose—The purpose of this step is to identify the ings should be provided. The recommended sequence in which
possible decision(s) that will address the problem once it hathe decisions are made should also be listed. In cases in which
been stated clearly. Multiple decisions are required when tha complex decision statement has been broken down into a
problem is complex. Information required to make decisionsseries of simpler decisions, the DQO team should identify
and to define the domain or boundaries of the decision will bavhether the individual decisions should be addressed sequen-
determined in later steps (6.4 and 6.5, respectively). Eachally or in parallel. After the possible decisions have been
potential decision is tested to ensure that it is worth pursuingdentified, the DQO team focuses on gathering the information
further in the process. A series of one or more decisions wilhecessary to formulate the decision statements in Step 3 (6.4).
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6.4 Step 3—Identifying Inputs to Decisions tion needs that may be considered for each decision. It is not
6.4.1 Purpose—The answers to each of the questions iden-nclusive of all important data, but it provides examples
tified by the previous step in the DQO process must be resolvecbommon to many environmental problems.
with data. Fig. 4 shows the key activities that lead to develop- (a) (&) What regulatory limits may be associated with the
ment of the data requirements. This sequence of activities mugtoblem or regulatory issue?
be performed for each question. Note that the limits of the (b) (b) Does contamination exceed regulatory limits?
study (or boundary conditions) are determined in a parallel step (c) (c) What tests must be performed for the type of waste
identified as “define boundaries” in Fig. 1. This is another typen question?
of data requirement and is discussed in 6.4. (d) (d) What are the hydrogeological considerations?
6.4.2 Activities (e) (6) What populations are at risk?
6.4.2.1 Determination of Data RequiremenrtsAt this stage () () What are the ecological considerations?
of the process, it is important to carefully examine the (g) (g) What process knowledge is available?

complete set of data requirements needed to support each of the (h) (h) What historical/lbackground data (past uses or
decisions. Each possible decision to be made should beyills) are available?

considered independently of others to ensure that no omissions (j) (i) What are the budget constraints?
have occurred. After all possible questions concerning the (j) (j) What is the time schedule?

decisions have been considered, group the data rgquirements (k) (K What potential health, political, and social factors
together to determine overall data needs for the project. It may, st pe considered?

be possible to plan efficiencies in collecting and processing () (I) What is the potential for legal action?
data to meet multiple needs and thereby lower overall project (m) (m) Who is the end-user of the data?
costs or reduce the time necessary to meet important mile- (n) (n) What data validation criteria will be used?

stones, or both. (0) (0) What, if any, limitations exist on the data collection

(1()1 \éV?en Cﬁ_nsme[jmq whether ﬁp%‘:'f'c mformatlohn 'S brocess (detection limits, matrix interferences, or no known
needed for making a decision, test the data to ensure that it [S¢.2c\ rement technology)?

appropriate for the decision statement. If no use of the data can 5 , 5 Outputs

be identified, it may _be extraneous to the needs. . 6.4.3.1 The DQO team must specify data needs for each
(2) The following list Is indicative of some of;the informa- problem/decision that has been identified in the first two steps.
6.4.3.2 List the types of data required. Some example data
types include, but are not limited to, the following:
(1) Chemical,
(2) Physical (including site hydrogeology and meteorol-

I PTTrIE—

Identify the
Decision(s)

Identify
Necessary
Information and
Inputs
Ne—

Determine Data
Requirements

List Types of Data
Required

v

List Data
Generation
Activities

e

Define Data Uses

L

Define
Boundaries

Define Spatial
Boundaries

:

Define Temporal
Boundaries

v

Define use of
Facilities/land

e

Define regulatory
and politicat
issues

Define Demographic
and Ecologicai
Receptors

]

v

Develop Decision
Rules

FIG. 4 Determination of Information Inputs and Study Boundaries

ogy),

(3) Biological,

(4) Toxicological,

(5) Historical,

(6) Economic (time, budget, and manpower),

(7) Demographic,

(8) Toxicity characteristics, and

(9) Fate and transport model output.

6.4.3.3 Listing of Data Generation ActivitiesDetermine

which data can be acquired from historical records and which
new data must be obtained in the field or laboratory, or both. If
the DQO team determines that no new data are necessary to
make a decision, they should document their reasoning. If new
information is necessary, activities that will be required to
generate inputs (data) affecting the decision should be listed.
Examples of these include, but are not limited to, the follow-
ing:

(1) Assembly of historical data,

(2) Sampling and chemical analysis,

(3) Physical testing, and

(4) Modeling.

6.4.3.4 Definition of Data Use(s)-Each set of data will be

used for some purpose. This purpose must be defined. For
example, will action levels for contaminants be determined by
a risk-based calculation, by reference dose, or by pre-defined
threshold values established by regulators? If so, ensure that
data requirements are consistent with the criteria against which
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